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Introduction

Perampanel (PER) occupies a singular place in anti-seizure
pharmacology. As the only anti-seizure medication (ASM)
that acts through selective, non-competitive blockade of
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors, the principal mediators of fast excitatory
neurotransmission in the brain, it brings a mechanistic
distinctiveness that sets it apart from agents targeting sodium
channels, calcium currents, or synaptic vesicle proteins [1,2].
While its unique mechanism of action initially generated
considerable interest, its clinical value has ultimately been
established through a decade of accumulating real-world
evidence rather than pharmacological novelty alone.

Theoriginal registration trials established efficacy in refractory
focal-onset seizuresand defined a tolerability profile associated
with primarily dizziness and somnolence [3-5]. Subsequent
Phase 3 trials extended this evidence base to generalized
tonic-clonic seizures [6] and to pediatric populations through
an open-label study [7]. These pivotal studies, however, were
designed to meet regulatory thresholds rather than to reflect
the complexity of everyday clinical practice. Key questions
remained unanswered: How durable is treatment response
over time? Does effectiveness vary meaningfully across age
groups? How does PER perform in patients with psychiatric
and cognitive comorbidities, conditions that are consistently
underrepresented in randomized trials?

Two major real-world studies, the PERMIT pooled analysis
of 44 clinical-practice cohorts across 17 countries [8] and the
United States-based Phase 4 PROVE study [9], have evaluated
the effectiveness, safety, and tolerability of PER in routine
clinical care. The PERMIT Extension study combines these
datasets, encompassing nearly 7,000 patients, and represents
the largest pooled analysis of PER use in focal and generalized

epilepsy conducted to date [10]. By evaluating PER across the
full heterogeneity of routine care, PERMIT Extension provides
insights that traditional registration trials cannot capture and
offers a more accurate picture of how the drug performs in the
patients clinicians actually treat. A summary of pivotal trials,
major real-world studies, and key evidence syntheses are
summarized in Table 1.

Broadening the Therapeutic Horizon
A true broad-spectrum agent

Approximately 10 to 15% of individuals with idiopathic
generalized epilepsy (IGE) develop drug-resistant epilepsy
(DRE) [11]. Furthermore, among adults with IGE, drug-resistant
seizures occur in up to one-third of patients depending on age
of onset and subtype, a proportion comparable to that seen in
focal epilepsy [12-14]. Despite accounting for approximately
20% of the overall epilepsy burden, IGE receives fewer than
1% of epilepsy-related scientific publications, owing in part
to limited awareness of DRE in this population [14]. There
is therefore a pressing need to evaluate newer therapeutic
options in IGE, particularly for patients with DRE. One of
the most consequential developments in PER literature is
the growing body of evidence supporting broad-spectrum
efficacy. Although early trials focused exclusively on focal
epilepsies [3,4], a subsequent randomized controlled trial in
generalized tonic-clonic seizures, combined with real-world
data, now consistently demonstrate robust effectiveness
across generalized seizure types [10,15]. Notably, the
PERMIT Extension study demonstrated that both responder
and seizure-freedom rates were consistently higher for
generalized seizures than for focal seizures [10]. This pattern
has been corroborated by multiple independent analyses
[7,15], positioning PER as a compelling therapeutic option for
this population.
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Table 1. Evolution of the perampanel evidence base: pivotal trials, major real-world studies, and key evidence syntheses*.

Study Population Design Key Efficacy Findings Retention Key Safety/
Tolerability Findings

Pivotal Trials
Frenchetal. 2012 Refractory focal Phase Il RCT Significantimprovementin  NR Dizziness, somnolence,
(Study 304) [3] epilepsy responder rates vs placebo fatigue most common AEs
French etal. 2013 Refractory focal Phase Il RCT Significant seizure reduction NR Dose-related neurological
(Study 305) [4] epilepsy with PER 8-12 mg and behavioral AEs
Krauss etal. 2012  Refractory focal Phase Il RCT Significant reduction in NR Generally well tolerated;
(Study 306) [5] epilepsy seizure frequency dizziness most frequent AE
French etal. 2015 Idiopathic Phase Il RCT 64.2% responder rate NR Safety profile consistent with
[6] generalized vs 39.5% with placebo; focal epilepsy studies

epilepsy with significant reduction in

GTCS GTCS frequency
Fogarasi et Childrenaged ~ Open-label Clinically meaningful seizure High study No new pediatric safety
al. 2020 [7] 4-<12 years pediatric study reduction across seizure completion signals

Major Real-World Studies

PERMIT
(Villanueva et

5,190 patients
with focal and

Global pooled real-

world analysis

types

58.5% achieved > 50%
seizure reduction; 23.6%

67.6% at 12
months

AEs in 37.4%; behavioral AEs
generally manageable

al. 2022) [8] generalized seizure freedom

epilepsies
PROVE (Wechsler Real-world Retrospective Effectiveness demonstrated  Similar to other No unexpected safety
etal. 2022) [9] epilepsy Phase IV study across focal and generalized real-world cohorts findings

population epilepsies
PERMIT Extension Focal and Real-world Effectiveness maintained ~60% at 12 Psychiatric AEs ~20%; higher
(Wheless et generalized extension study across age groups months discontinuation in younger
al.2023) [10] epilepsies across patients and those with

age groups psychiatric comorbidity

ELEVATE (Punia et
al. 2024) [24]

Monotherapy or
first adjunctive
therapy

Key Evidence Syntheses

Fan et al. 2023
[30]

Sun etal. 2023
[25]

Real-world
epilepsy studies

Children and
adolescents

Phase IV open-
label study

Systematic review/

meta-analysis

Systematic review/

meta-analysis

78.7% responder
rate overall; 85.7% in
monotherapy subgroup

Confirmed effectiveness
across diverse populations

Demonstrated efficacy and
acceptable tolerability in
pediatric populations

High treatment
persistence

Retention
generally 54-77%
in adults and 65—
77% in children

NR

Favorable tolerability in
early-line treatment

Safety profile consistent with
individual real-world studies

No new safety concerns
identified

Kumaretal. 2025 Lennox—Gastaut GRADE-assessed  50% responder rates NR Behavioral AEs more
[33] syndrome systematic review/ ranging from 26-69%; common than in broader
meta-analysis seizure freedom epilepsy populations
approaching 10%
Alyazidi et Dravet Scoping review Evidence suggests NR Behavioral AEs and variable
al. 2024 [43] syndrome meaningful seizure treatment response warrant

reduction and improved
quality of life

individualized management

* Summary of pivotal clinical trials and selected real-world studies evaluating the efficacy and safety of perampanel. This table highlights key studies and is
not intended to provide an exhaustive review of all available evidence.

AE: Adverse Effects; NR: No Retention assessed; RCT: Randomized Controlled Trial.
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Timing of initiation and concomitant ASMs

It is well established that early response to ASM is strongly
associated with improved long-term prognosis in epilepsy
[16], whereas failure of two or more ASMs markedly reduces
the likelihood of achieving seizure control with subsequent
therapies [17,18]. As polytherapy increases the risk of adverse
effects (AEs), drug interactions, psychiatric and behavioral
complications, and reduced quality of life [19-22], emerging
evidence suggests that PER may be associated with higher
responserateswhenintroduced earlierin the treatment course.
In an exploratory post hoc analysis of all individuals included in
the PERMIT Extension, the number of prior ASMs was inversely
associated with PER retention, treatment response, and
seizure freedom, suggesting greater effectiveness when PER
is introduced earlier in the treatment course [23]. However, in
this cohort, patients were taking a median of two concomitant
ASMs, and PER was initiated as monotherapy in only 6.6%
of participants [10]. Consequently, the ability to assess the
impact of early initiation or monotherapy use is limited, and
these findings should be interpreted cautiously.

The ELEVATE study extends this evidence into early-line
therapy. The reported 50% responder rate of 78.7%, and
85.7% in the monotherapy subgroup, compares favorably
with outcomes reported in more treatment-resistant
populations [24]. However, the study was small, open-label,
and lacked a comparator arm, limiting conclusions regarding
the comparative effectiveness of early versus later PER
initiation. Therefore, while these findings suggest that PER
may be effective when used earlier in treatment, they require
confirmation in larger controlled studies.

Regarding concomitant ASMs with PER, the PERMIT
Extension post-hoc analysis demonstrated that response and
seizure freedom were significantly less likely in individuals
receiving concomitant sodium channel-blocking or
GABAergic ASMs, likely reflecting reduced PER exposure
due to enzyme-inducing properties of agents such as
carbamazepine, phenytoin, and phenobarbital [23]. These
associations may also indicate greater underlying treatment
refractoriness in patients requiring these concomitant
therapies, rather than a direct pharmacodynamic interaction
alone. Importantly, these findings arise from a heterogeneous
real-world cohort spanning diverse epilepsy types, ages,
seizure profiles, and ASM regimens, and should therefore
be considered preliminary pending confirmation in more
targeted prospective studies.

PER across the lifespan: age-dependent benefits and
risks

The PERMIT Extension’s lifespan design provides a
comprehensive view of how PER performs across different

age groups. Most participants were adults aged 18-64 years
(81.1%), with smaller proportions of children <12 years (4.5%),
adolescents 12-17 years (8.4%), and older adults =65 years
(5.9%) [10]. Older adults (> 65 years) achieved some of the
highest responder and seizure-freedom rates, likely reflecting
the pharmacosensitivity of late-onset epilepsies and the use
of lower starting doses with slower titration. At the same time,
they experienced the highest rates of AEs and discontinuation,
consistent with the greater clinical impact of dizziness, gait
instability, and falls in this population [10]. These findings
reinforce established geriatric principles: start low, go slow,
and prioritize fall-risk mitigation.

Pediatric outcomes in the PERMIT Extension revealed total
seizure responder rates at 12 months were 52.6% (10/19) in
children younger than 12 years and 62.0% in adolescents
aged 12 to under 18, with corresponding seizure-freedom
rates of 15.8% and 24.6%, respectively [10]. These figures
are consistent with other meta-analytic estimates reporting
responder rates of approximately 50% and seizure-freedom
rates of approximately 20% across pediatric cohorts [25],
rising to a 55% responder rate and 29% seizure-freedom in
studies with at least one year of follow-up [26]. Efficacy in
the adolescent population is further supported by a meta-
analysis of three randomized controlled trials, which found
that PER was associated with a significantly greater reduction
in seizure frequency compared with placebo (OR 2.49) [27].
The tolerability profile in younger patients is similarly well
characterized. Dizziness, somnolence, and behavioral effects
are the most frequently reported AEs across pediatric cohorts,
and slow titration consistently emerges as a modifiable factor
that improves both tolerability and treatment response
[26,28,29].

Retention

Retention, an integrated measure of efficacy, tolerability,
and patient acceptability, provides an important real-world
benchmark. The PERMIT Extension’s 12-month retention of
approximately 60% [10] closely mirrors the 63% retention
observed in subsequent studies, including the prospective
ELEVATE study [24] and the 65-77% (children) and 54-77%
(adults) ranges reported in the Fan et al. meta-analysis [30].
These convergent findings across methodologies strengthen
confidence in PER'’s long-term clinical utility.

Although the overall incidence of AEs in PERMIT Extension
(49%) was lower thanin clinical trials (62-92%), discontinuation
due to AEs was higher (18% vs. 3-19%), likely reflecting the
much longer follow-up period in real-world practice compared
with the 17-19-week duration of registration trials [3-7].
Individualized dosing and titration strategies used in clinical
practice appear to mitigate tolerability challenges despite the
greater heterogeneity of real-world patients.
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Age-stratified analyses reveal additional nuances. Retention
was highest in adults aged 18-65 years and lowest in children
<12 years [10]. Interestingly, psychiatric AE rates were
relatively consistent across age groups (18.9-22.2%) [10],
suggesting that age alone does not determine psychiatric
vulnerability. Yet younger patients, particularly children
and adolescents, had higher discontinuation rates despite
older adults experiencing more AEs overall. This pattern
possibly reflects the nature rather than the number of AEs,
as behavioral symptoms such as irritability, aggression, and
agitation are more disruptive in younger patients, prompting
earlier discontinuation by families and clinicians. In addition,
children may have less physiological reserve for dizziness or
gait disturbance, and concerns related to school functioning,
caregiver burden, and developmental impact often lower the
threshold for stopping a medication. These factors together
may explain why discontinuation rates were higher in younger
patients even though older adults reported more AEs.

Neuropsychiatric and Cognitive Tolerability: A More
Precise Risk Profile

Neuropsychiatric AEs remain the most closely scrutinized
aspect of PER's safety profile. In the PERMIT Extension study,
approximately one in five patients experienced a psychiatric
AEs, a higher rate than reported in registration trials,
likely reflecting the inclusion of patients with pre-existing
psychiatric comorbidities who are routinely excluded from
clinical studies [31,32]. Nearly one-quarter of participants had
baseline psychiatric conditions, most commonly depression
and anxiety, which may have contributed to the observed AE
rates [10].

The study also provides important insights into age-related
risk. Although psychiatric comorbidities increased with age,
from 13% in children <12 years to 27% in adults =65 years,
the incidence of psychiatric AEs remained relatively consistent
across age groups (19-22%) [10]. However, adolescents
demonstrated higher rates of treatment discontinuation due
to aggression and behavioral disturbances, highlighting a
subgroup that may require particularly close monitoring [10].

Behavioral AEs appear especially relevant in Lennox—Gastaut
syndrome (LGS) and other developmental and epileptic
encephalopathies (DEEs). A recent meta-analysis reported
irritability in 13.7%, aggression in 11.4%, and broader
behavioral change in 24.7% of patients with LGS, with more
than 10% discontinuing treatment because of behavioral AEs
[33]. These rates exceed those reported in broader epilepsy
populations and underscore the heightened vulnerability of
patients with DEEs.

Several modifiable risk factors for psychiatric AEs have
been identified, including higher PER doses, rapid titration,
and pre-existing psychiatric disorders [15,23]. Patients with

baseline psychiatric comorbidity are more likely to experience
psychiatric AEs and discontinue treatment, with risk appearing
greatest at doses of 8-12 mg/day [23,34,35]. Importantly,
behavioral symptoms are often reversible and may improve
following dose reduction or discontinuation [23,29,34,36].
Additional factors associated with poorer tolerability include
older age, longer epilepsy duration, and greater prior
ASM exposure, likely reflecting increased polypharmacy,
comorbidity burden, and drug-drug interactions [10,23].

From a practical standpoint, psychiatric history should be
routinely assessed before initiating PER. A slow, individualized
titration strategy, particularlyinadolescents, patients with DEEs
and LGS, those receiving polytherapy, and individuals with
pre-existing psychiatric disorders, may improve tolerability.
Caregivers should be counselled regarding potential mood
and behavioral changes, and regular behavioral monitoring
should be considered, especially during titration and after
dose escalation. Early recognition of emerging symptoms may
permit dose adjustment before treatment discontinuation
becomes necessary.

A key distinction emerging from literature is the separation
of behavioral effects from cognitive toxicity. Scorrano et
al. found no evidence of global cognitive impairment and
even observed slight improvements in verbal memory,
although attentional decline was noted [28]. This supports
balanced clinical counseling: cognitive function is generally
preserved, but behavioral monitoring, particularly after dose
escalations, remains essential. Controlled data reinforce
this cognitive-behavioral distinction. In a randomized,
double-blind study of healthy volunteers, PER 4 mg/day
did not significantly affect overall cognitive or behavioral
performance compared with baseline [37]. Only minimal
changes were detected on 2 of 19 neuropsychological
measures, suggesting that PER at therapeutic doses is broadly
cognitively neutral with few neuropsychological AEs. Notably,
4 mg was the median dose in PERMIT Extension.

Remaining Evidence Gaps
Head to head ASM data

Despite the substantial expansion of the PER evidence
base, several important knowledge gaps remain. A clear
understanding of these limitations is essential for interpreting
current data and guiding future research.

The most pressing gap is the near-total absence of direct
head-to-head comparative trials. Clinicians choosing among
modern ASMs, including PER, brivaracetam, cenobamate,
lacosamide, and cannabidiol have abundant placebo-
controlled trial data but almost no prospective direct
comparisons, forcing reliance on cross-trial inference prone
to bias from differences in study populations, background
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therapies, and outcome definitions. Prospective head-to-
head studies are also inherently difficult to conduct in drug-
resistant populations, given ethical barriers to randomization
and the practical challenges of long-term blinded follow-up.
A notable exception is a recent randomized controlled trial in
post-stroke epilepsy, where PER monotherapy demonstrated
non-inferiority to oxcarbazepine in seizure control, retention,
and tolerability over six months, providing rare prospective
comparative evidence in a defined clinical context [38].

For the broader drug-resistant population, comparative data
remain largely retrospective. In a multicenter pooled analysis
of four retrospective studies, cenobamate demonstrated
superior effectiveness, higher responder rates, greater seizure
freedom, and better 12-month retention compared with
brivaracetam, lacosamide, and PER, despite more AEs [39].
However informative, such pooled retrospective designs
cannot establish causality, as would a prospective randomized
head-to-head trial.

Specific epilepsy syndromes and DEE

While the PERMIT Extension examined outcomes according
to seizure type and age, evidence supporting the use of PER in
specific epilepsy syndromes and DEEs remains comparatively
limited. Most syndrome-specific data are derived from
observational studies, retrospective cohorts, and evidence
syntheses, with relatively few randomized controlled trials
available.

Among DEEs, the strongest evidence currently exists for
LGS, although important limitations remain. A recent GRADE-
assessed systematic review and meta-analysis identified
PER as one of the more extensively studied newer ASMs in
LGS, with responder rates ranging from 26% to 69% across
predominantly observational studies [40]. Similarly, an
updated review of pharmacotherapies for LGS concluded
that PER has demonstrated consistent efficacy signals in
uncontrolled studies, with reported responder rates ranging
from 26.4% to 69.2% [40]. However, the overall quality of
evidence remains modest because most available data
originate from retrospective or open-label investigations.

Importantly, the only Phase 3 randomized trial of adjunctive
PER in patients aged two years and older with LGS did not
achieve statistical significance for its prespecified primary
endpoint of drop seizure reduction, although significant
reductions were observed for countable motor seizures and
efficacy appeared to be maintained during long-term follow-
up [41]. The study was terminated early, limiting statistical
power and complicating interpretation of the results. Taken
together, current evidence suggests that PER may represent a
useful treatment option in LGS, but its role remains less firmly
established than for approved indications, and additional
adequately powered controlled studies are needed.

Evidence in Dravet syndrome is even more limited and relies
largely on real-world experience. A recent prospective study
of 21 children with Dravet syndrome reported =50% seizure
reduction in 52.4% and 47.6% of patients at 3 and 6 months,
respectively, with a 6-month retention rate of 90.5%. AEs
occurred in 38.1% of patients and were generally mild and
transient, with no treatment discontinuations due to AEs
[42]. A recent scoping review similarly concluded that PER
appears to be a promising adjunctive treatment for Dravet
syndrome, with reported reductions in seizure frequency
and improvements in quality of life. However, the review
emphasized that the available evidence is almost entirely
observational, treatment response is variable, and important
questions remain regarding optimal dosing, long-term
effectiveness, and patient selection [43].

Beyond LGS and Dravet syndrome, syndrome-specific
evidence is sparse. Data for genetic disorders such as CDKL5
deficiency disorder, SCN8A-related epilepsy, and other DEEs
remain limited [44], and evidence for neonatal seizures is
insufficient to support routine use. In a pediatric cohort with
presumed genetic epilepsies, PER achieved a responder rate
of approximately 50%, with some indication of more favorable
outcomes in SCNTA-related epilepsies compared with other
etiologies, whereas developmental delay was associated with
poorer response [44].

Overall, available studies suggest that clinically meaningful
seizure reduction may be achievable with PER across a range
of severe epilepsy syndromes and DEEs. Yet the evidence base
is characterized by small sample sizes, substantial syndrome
heterogeneity, wide confidence intervals, and a predominance
of observational designs. As a result, conclusions about
comparative effectiveness and optimal placement within
syndrome-specific treatment algorithms remain tentative.
Prospective, syndrome-targeted studies incorporating
standardized efficacy metrics, quality-of-life outcomes, and
caregiver-reported assessments are needed to better define
the role of PER in these populations.

Reproductive safety

Reproductive safety is another area where evidence remains
limited, and interest in PER during pregnancy is growing given
its utility in generalized epilepsies and the need for alternatives
to teratogenic agents such as valproate. Available data are
derived almost exclusively from observational studies, case
series, and pregnancy registry reports involving relatively few
exposed pregnancies, with substantial heterogeneity in study
design and outcome reporting [45-51].

Current data on PER in pregnancy are derived from
approximately 101 reported PER-exposed pregnancies [45-
51]. Across these reports, outcomes were broadly similar to
those observed with other ASMs, with caesarean delivery
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and fetal loss among the most frequently reported events.
However, interpretation is limited by small sample sizes,
incomplete follow-up, inconsistent outcome definitions, and
important confounding factors, including concomitant ASM
exposure, maternal epilepsy severity, seizure control during
pregnancy, and differences in the timing and duration of
PER exposure. Some studies reported relatively high rates
of fetal loss, including Maguire (77.8%) [49] and Vazquez et
al. (38%) [46], but the absence of appropriate comparator
groups and the influence of multiple confounders preclude
any conclusions regarding causality or drug-specific risk
[46-49]. Consequently, the available evidence is insufficient
to draw firm conclusions regarding the safety of PER during
pregnancy or its effects on fetal and neonatal outcomes.
Expansion of prospective pregnancy registries and
coordinated international data collection efforts remains a
critical research priority to better characterize reproductive
safety and inform clinical decision-making.

Future clinical roles

As understanding of AMPA receptor-mediated excitotoxicity
evolves, interest has emerged in whether PER may have
applications beyond epilepsy in neurological conditions
characterized by glutamatergic dysregulation. However,
evidence in these areas remains preliminary and should
be interpreted cautiously. In a small open-label study of
patients undergoing resection for newly diagnosed high-
grade glioma, PER produced cortical hyperexcitability levels
comparable to levetiracetam, however, there were no clear
differences in seizure outcomes or survival and no significant
effects on glutamate-related electrophysiologic markers [52].
While these findings suggest biological activity in a disease
state associated with altered glutamatergic signaling, the
study was not powered to evaluate clinical efficacy and
does not support routine use beyond established epilepsy
indications.

Similarly, preclinical studies have demonstrated potential

neuroprotective effects of PER in experimental ischemic
stroke models, where treatment reduced neuronal injury
and improved motor outcomes through modulation of
neuroinflammatory and ferroptotic pathways [53]. Although
these findings provide mechanistic insights and support
further investigation, their clinical relevance remains
uncertain until validated in human studies.

Patient-centered outcomes

Finally, future research should place greater emphasis on
patient-centered outcomes. While seizure reduction remains
essential, measures such as quality of life, cognitive and
psychiatric well-being, treatment burden, employment, social
participation, and caregiver stress are increasingly recognized
as equally important indicators of therapeutic success.

Conclusions

The PERMIT Extension study represents an important
milestone in the evolution of the PER evidence base. What
began as an adjunctive therapy for focal epilepsy has matured
into a broad-spectrum ASM with demonstrated effectiveness
across diverse seizure types, epilepsy syndromes, and age
groups. Sustained long-term retention, consistent real-world
effectiveness,and accumulating datain syndromes such as LGS
and Dravet syndrome, together with expanding experience
in special populations, underscore its growing relevance
in contemporary epilepsy care. Behavioral AEs remain
the principal tolerability concern and warrant continued
vigilance, yet the overall safety profile has remained stable
and emerging evidence supports cognitive neutrality. Despite
these advances, several critical knowledge gaps persist: robust
pregnancy-registry data are needed to clarify maternal and
fetal safety; evidence in neonatal seizures and the youngest
pediatric populations remains limited; and the absence of
prospective head-to-head comparative studies continues
to constrain treatment selection. Future work should also
prioritize syndrome-specific outcomes and patient-reported
measures, including quality of life, treatment burden, and
caregiver impact, to better define the contexts in which PER
provides the greatest value. As the evidence base continues
to expand beyond the boundaries of randomized trials,
rigorous investigation across the lifespan will be essential to
establishing PER’s optimal role within increasingly complex
and heterogeneous epilepsy populations.
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