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Abstract

Objective: High-grade astrocytomas, including glioblastomas, are aggressive
brain tumors with poor prognosis and a 5-year survival below 7%. Seizures affect
up to 75% of glioma patients, especially in low-grade tumors but also in high-grade
cases. Elevated extracellular glutamate in peritumoral tissue—due to tumor re-
lease, impaired uptake, and metabolic changes like D-2-hydroxyglutarate in
IDH1-mutated tumors—contributes to neuronal hyperexcitability and tumor
progression via AMPA and NMDA receptors’ activation. Perampanel (PER), a
selective noncompetitive AMPA receptor antagonist, targets this pathway, po-
tentially reducing seizures and tumor growth. Clinical data on the use of peram-
panel in brain tumor-related epilepsy, particularly in patients with high-grade
gliomas, are still limited.

Methods: This prospective multicenter observational study included 14 patients
with brain tumor-related epilepsy (BTRE) from four Italian neuro-oncology cent-
ers. Patients received PER and were followed for 6 months. Seizure frequency,
adverse events, quality of life (QoL), and survival were evaluated as real-world
effectiveness outcomes.

Results: Seizure frequency decreased from 12.5 to 3 seizures/month at 6 months
(p=0.0023). Responder rate (>50% seizure reduction) was 78.6%, with 57.1%
seizure-free. Adverse events were mild; two patients discontinued PER treatment.
QoL analyses showed improvement in communication and appetite even if not
statistically significant. Survival analyses revealed no significant associations with
clinical variables. Sensitivity analyses supported the consistency of results.
Significance: This real-world study suggests that PER may be effective and well
tolerated in BTRE. While findings are exploratory, they provide useful clinical
insight and highlight the need for larger studies to confirm efficacy, QoL effects,
and the influence of molecular factors.
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1 | INTRODUCTION

High-grade gliomas (HGGs), particularly glioblastomas,
rank among the most aggressive tumors of the central
nervous system. These neoplasms carry a significant bur-
den of morbidity and mortality, with a 5-year relative
survival rate of only 6.8%, which varies depending on the
patient's age at diagnosis and sex." Among the various
clinical manifestations associated with gliomas, seizures
are notably common. While brain tumors account for
only 6-10% of all epilepsy cases, up to 75% of patients with
gliomas, especially those with low-grade gliomas (LGGs),
experience seizures as an initial manifestation.”? Even
in HGGs, the incidence of epilepsy remains clinically
meaningful. A growing body of evidence has revealed
that tumor progression and epileptogenesis share com-
mon pathophysiological pathways in which glutamate,
the principal excitatory neurotransmitter in the central
nervous system, plays a central role.>” In peritumoral tis-
sue, extracellular concentrations of glutamate have been
reported to be up to 100 times higher than those found
in healthy brain tissue. This accumulation is the result of
multiple mechanisms. Tumor cells actively release gluta-
mate via the cystine/glutamate antiporter system (xCT),
while the glutamate transporter GLT-1 (also known as
EAAT?2), which is primarily responsible for synaptic glu-
tamate uptake, is markedly downregulated in gliomas.
Additionally, hypoxic conditions within the tumor micro-
environment induce overexpression of hypoxia-inducible
factor 1-alpha (HIF-1a), which in turn promotes the ex-
pression of branched-chain amino acid transaminase 1
(BCAT1), an enzyme involved in glutamate synthesis
through amino acid metabolism. In IDH1-mutated glio-
mas, the production of D-2-hydroxyglutarate (D-2HG), a
structural analog of glutamate, has been implicated both
in increased radiosensitivity and epileptogenic potential,
due to its ability to mimic or interfere with glutamate re-
ceptor signaling. Beyond its effects on neuronal hyperex-
citability, excessive glutamate also serves as a signaling
molecule for tumor and glial cells, contributing to tumor

Plain Language Summary: Patients with aggressive brain tumors often de-
velop seizures that are difficult to control. In this study, perampanel reduced the
number of seizures and did not worsen quality of life, being generally well toler-
ated. Patient survival was mainly determined by the tumor itself. Larger studies
are needed to confirm the drug's effectiveness in reducing seizures, improving
quality of life, evaluating survival, and monitoring side effects.

astrocytoma, epilepsy, glioblastoma, Perampanel, seizures

Key points

« Perampanel significantly reduced seizure fre-
quency in patients with brain tumor-related
epilepsy associated with high-grade gliomas.

« 78.6% of patients achieved >50% seizure
reduction and 57.1% became seizure-free at
6 months.

« Perampanel was generally well tolerated,
with mostly mild adverse events and only two
treatment discontinuations.

« Nosignificant associations were found between
clinical variables and survival in this small
exploratory cohort.

+ These real-world findings support the feasibility
of perampanel in BTRE and highlight the need
for larger multicenter studies.

proliferation, migration, and invasion. These effects are
mediated through activation of glutamatergic receptors,
including ionotropic subtypes (AMPA, NMDA, and kain-
ate receptors) as well as metabotropic glutamate recep-
tors (mGluRs). More recently, functional glioneuronal
synapses have been identified as a novel mechanism of
glioma-neuron communication, further amplifying the
glutamatergic cross-talk within the tumor microenviron-
ment.®’ In this pathological context, perampanel (PER), a
noncompetitive AMPA receptor antagonist, emerges as a
potentially valuable therapeutic option for tumor-related
epilepsy. By targeting AMPA receptors, perampanel dis-
rupts the glutamate-dependent signaling circuit, exerting
a dual effect: a direct anti-seizure action via inhibition of
excitatory neurotransmission and an indirect antitumor
effect through inhibition of cell migration and limitation
of the tumor microenvironment's expansion.® Several
preclinical studies have demonstrated perampanel's
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antiproliferative properties in glioblastoma cell lines, in-
cluding synergistic activity when combined with temo-
zolomide.’ In animal models, perampanel has shown not
only robust anti-seizure efficacy but also a tangible reduc-
tion in tumor activity.'” However, despite these promising
results, clinical data remain limited. Available studies are
largely retrospective, uncontrolled, and based on small,
heterogeneous patient cohorts, limiting their external va-
lidity.”'"'*> Among them, the PERADET study represents
the largest clinical cohort published to date, comprising 36
patients. It reported a 12-month response rate—defined as
>50% reduction in seizure frequency—of approximately
90%, with a seizure freedom rate of 30%, outcomes that
compare favorably with those of other anti-seizure medi-
cations (ASMs) in similar populations.’* Given the poor
prognosis of patients with HGGs and brain tumor-related
epilepsy (BTRE), the clinical impact of uncontrolled sei-
zures, and the biological rationale supporting AMPA re-
ceptor antagonism, further research into perampanel's
role is both timely and necessary. The present study aims
at contributing to this field by providing real-world data
from a multicenter cohort involving four Italian neuro-
oncology centers, with the goal of assessing the clinical
efficacy and tolerability of perampanel in the treatment
of BTRE. In fact, studies specifically addressing epilepsy
treatment in HGGs are limited, considering the lower in-
cidence of epilepsy in these patients and their shorter sur-
vival. For these reasons, the management of epilepsy in
HGGs patients should be differentiated from that of sub-
jects affected by LGGs, in order to ensure a rapid efficacy
and a better tolerability of ASMs.

2 | METHODS

2.1 | Study design and ethics

A prospective, multicenter observational study was
planned to investigate clinical efficacy and tolerabil-
ity of perampanel in patients with HGGs, in accordance
with the STROBE guidelines for observational studies.'*
All patients formally provided informed consent to par-
ticipate in the study, which was approved by the Ethics
Committee of Papa Giovanni XXIII Hospital (approval
number 046/23, dated 05/06/2023). Patients were re-
cruited from the Neurology Department of Papa Giovanni
XXIII Hospital (Bergamo), the Neurology Department
of IRCCS San Gerardo dei Tintori (Monza), the Head-
Neck and Neurosciences Department of “Santa Maria
della Misericordia” University Hospital (Udine), and the
Neurology Unit of Alessandro Manzoni Hospital (Lecco).
As none of the authors are native English speakers, Al

tools were used to support the proofreading and language
editing of the manuscript.

2.2 | Sample size estimate

This study was conceived as an exploratory pilot inves-
tigation conducted within the framework of an interim
analysis and aimed at hypothesis generation. Therefore,
no formal sample size calculation based on statistical
power was performed. The target sample size was defined
pragmatically, based on the number of eligible patients
who could be realistically recruited during the study pe-
riod, considering the rarity of high-grade glioma-related
epilepsy and the restrictive inclusion criteria. Previous
observational studies'"!® provided a clinical context for
the expected magnitude of perampanel effects; however,
their heterogeneous patient populations and different
study designs precluded their use for formal sample size
estimation in the present study. Accordingly, all quanti-
tative analyses should be interpreted as exploratory. The
study was not powered to detect small or moderate effects
or to support definitive conclusions regarding efficacy or
prognostic factors. Instead, the primary aim was to assess
feasibility, safety, and potential early signals in previously
unexplored domains, in order to inform the design of fu-
ture adequately powered studies.

2.3 | Sample characteristics

Eligible patients were adults (age >18years) with a diag-
nosis of HGG or glioblastoma (diffuse adult astrocytoma,
IDH-mutated, grade 3 or 4 or glioblastoma, IDH1 wt) and
BTRE, who had experienced at least three seizures within
the previous 6 weeks despite first-line anti-seizure therapy.
All eligible patients received a histological and molecular
diagnosis of high-grade glioma or glioblastoma according
to the WHO 2021 classification and the AIOM (Italian
Association of Medical Oncology) 2023 guidelines.'” For
all tumors of glial origin, the molecular profile was as-
sessed, including IDH mutation status, 1p/19q codeletion,
and homozygous deletion of CDKN2A/2B. In addition, for
diffuse IDH-wild-type astrocytomas, the absence of EGFR
amplification, TERT promoter mutation, and combined
gain of chromosome 7 and loss of chromosome 10 were
confirmed. The diagnosis of tumor-related epilepsy was
based on the ILAE 2014 definition,'® supplemented by the
2015 guidelines of the American Academy of Neurology.
Accordingly, epilepsy was diagnosed in patients who ex-
perienced even a single seizure in the presence of a con-
gruent structural brain lesion. Exclusion criteria included
nonepileptic paroxysmic events, pregnancy or potential
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pregnancy within the 2 months prior to enrollment, a his-
tory of alcohol or substance abuse, moderate and/or se-
vere hepatic or renal insufficiency, and active hematologic
disorders.

2.4 | Procedures, objectives, and
outcomes

The enrollment period spanned from October 2023 to
January 2025. The observational follow-up was halted
on June 30, 2025, in order to obtain preliminary data
corresponding to the completion of 6 months of treat-
ment for the last enrolled patient. All visits were in per-
son. Participating physicians enrolled patients referred
to the epilepsy clinic who met the study's inclusion and
exclusion criteria. Collected data included demograph-
ics (name, birthdate, sex, enrollment date); epilepsy his-
tory (onset date, seizure type, concomitant medications);
tumor-related clinical data (histology, molecular profile,
grade, surgeries, chemotherapy and radiotherapy dates,
corticosteroid use); epilepsy-related clinical data (monthly
seizure frequency from diaries and neurological exams);
and investigations (most recent EEG, MRI, and CT). At 6-
and 12-month follow-ups, additional data were recorded
on epilepsy (seizure frequency, neurological exams, ASM
dose changes, adverse events), tumor treatment updates,
imaging results, and disease status per RANO criteria."”
Seizure frequency was calculated based on the number
of events occurring in the 30days prior to the initiation
of perampanel therapy (T0) and in the 30days preceding
the 6-month evaluation (T1). Perampanel was titrated
every 14days, starting from 2mg/day, according to pre-
scribing information. During follow-up, two patients
discontinued treatment early due to adverse events (one
at 13days and one at 91days from enrollment). For the
6-month efficacy analysis, patients were required to have
at least one complete 30-day post-baseline observation
period, consistent with the definition of monthly seizure
frequency. Patients with <30days of follow-up could not

contribute interpretable seizure data and were therefore
excluded. Conversely, patients who died or discontinued
treatment after >30 days were retained in the efficacy data-
set, and their last available seizure observations within
the 6-month window were used. As a result, 13 patients
were included in the 6-month efficacy analysis. After the
6-month follow-up, two additional patients died (one at
256days and one at 279days from enrollment). At the
cut-off date of June 30, 2025, four patients had not yet
reached 12 months of follow-up, while three patients had
completed the 12-month evaluation (T2) (Figure 1). The
prospective study was authorized for a maximum follow-
up of 18 months; however, this report discusses prelimi-
nary data related to the first 6 months. The primary end
point was the change in monthly seizure frequency (sei-
zures/month, S/M) between TO and T1 and responder
rates, defined as a>50% reduction in seizure frequency
(50% responder rate). Quality of life (QoL) data were also
collected using the QLQ-C30%° and QLQ-BN20* scales at
both T1 and T2, and fatal events of deceased patients were
recorded. Adverse events (AEs) were reported by patients,
using their diary. Patients were instructed to promptly
contact their clinician at the onset of any AE. Finally, AEs
were classified according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI-
CTCAE, Cancer Therapy Evaluation Program, 2003), and
assessed using the Adverse Events Profile.”

2.5 | Statistical analysis

Normality of continuous variables was assessed using
the Shapiro-Wilk test. Baseline seizure frequency
showed a significantly skewed distribution (Shapiro-
Wilk p<0.01); therefore, a logarithmic transforma-
tion (log[X + 1]) was applied to reduce skewness. After
log-transformation, the distribution was compatible
with normality (Shapiro-Wilk p>0.05), allowing the
use of parametric tests in the main analyses. For de-
scriptive and clinical contextualization purposes only,

1 excluded early
(13 days, adverse event)

1 discontinued at 3 months
(adverse event)

14 patients enrolled
(Oct 2023 — Jan 2025)

13 included for T1 evaluation
(6 months)

() Enrolled / Evaluated ([ Excluded/ Discontinued [ Deceased

FIGURE 1 Flow-chart enrollment.

2 died between 6-12 months ]

3 died before 6 months ]

follow-up

10 evaluated at 6 months (T1)

4 not yet reached 12-month ‘

(as of June 30, 2025)

3 completed 12-month
evaluation (T2)

([ ongoing (O completed
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a>50% reduction in monthly seizure frequency was
also reported as a conventional responder threshold,
in accordance with epilepsy and BTRE literature. This
dichotomized measure was not used for inferential test-
ing and was included solely to facilitate comparability
with previously published studies. In accordance with
recommended practice for skewed variables, descriptive
statistics are reported as median and interquartile range
(IQR), whereas inferential analyses were performed on
log-transformed values. The change in monthly seizure
frequency between baseline (T0) and 6 months (T1) was
analyzed using a paired ¢-test applied to log-transformed
seizure data, with results reported as mean differences
and 95% confidence intervals. Clinical response rates
(250% reduction in seizures) and categorical variables
were reported as frequencies and percentages. To assess
the significance of the effects of age and epilepsy dura-
tion on improvement, a bootstrap analysis with 1000
replications was performed, which is useful for evalu-
ating the stability of p-values in the context of a small
sample size.” Age and epilepsy duration were included
as clinically relevant potential confounders known to
influence seizure burden and treatment response in
BTRE. Their relevance was evaluated across exploratory
models incorporating tumor-related variables (histol-
ogy, location, IDH status), demographic variables (age,
sex), and epilepsy-related variables (duration defined
either as onset-to-baseline or onset-to-PER initiation).
A bootstrap procedure (1000 replications) was used to
assess the stability of p-values and the robustness of ef-
fect estimates, confirming the consistent association of
age and epilepsy duration with clinical improvement.
We also verified the detected clinical effect with Cohen's
Effect Size analysis.** Survival analysis was conducted
using a Cox proportional hazards regression model,
and Hazard ratios were reported together with their
95% confidence intervals, including age, epilepsy dura-
tion at TO, tumor type, seizure type, and neurological
deficits as covariates. Covariates included in the final
Cox model were selected through a two-step process: (i)
exploratory Cox models grouping demographic, tumor-
related, and epilepsy-related variables were first tested
independently; (ii) variables showing a trend toward
significance or strong clinical plausibility were retained
in order to avoid overfitting while preserving control for
potential confounders. Model robustness was further
evaluated using a bootstrap procedure with 1000 replica-
tions, which confirmed the stability of the estimated ef-
fects—particularly, for epilepsy duration. Additionally,
survival curves for different clinical subgroups were es-
timated using the Kaplan—-Meier method, and compared
via the log-rank test to evaluate significant differences.
Subgroups were chosen based on clinical relevance

(seizure type, treatment response, histology, tumor lo-
cation, laterality, grade, and IDH status), reflecting cat-
egories commonly used in BTRE research to describe
prognostic differences. Given the limited sample size,
these subgroups analyses were considered exploratory
and descriptive, aimed at visualizing potential trends
without influencing the primary conclusions derived
from the Cox models. To explore potential predictors of
AEs, all baseline (T0) demographic, tumor-related, and
epilepsy-related variables were tested for association
with the percentage of AEs reported during follow-up.
Odds ratios were calculated with corresponding 95%
confidence intervals and continuous variables were
analyzed using correlation tests (Pearson or Spearman
according to distribution), while categorical variables
were compared using t-tests or nonparametric equiva-
lents. This analysis was prespecified as exploratory and
aimed at identifying potential clinical factors associated
with tolerability. Variables not showing significant as-
sociation were reported in the Results section. Quality
of life (QoL) outcomes, measured with the QLQ-C30
and QLQ-BN20 instruments, were compared between
TO and T1 (and T2, when available), using parametric
or nonparametric tests, depending on data distribution.
Differences are reported as means, SDs, and confidence
intervals. Bootstrap methods were also applied to QoL
outcomes to test the robustness of the results. Statistical
analyses were performed using R Studio (R Software,
version 4.4.1).

3 | RESULTS

The study included 14 patients with BTRE, all diag-
nosed with either glioblastoma (n=7) or HGGs (n=7).
The mean age at enrollment was 53.3 years (SD =15.4).
They were six females and eight males, with a median
duration of epilepsy (ONSETE: the number of days be-
tween the first documented seizure onset and the base-
line study visit) of 328 days (IQR 87, 8-1013) and days
of seizure before PER therapy (TPER: the number of
days between seizure onset and the initiation of add-on
perampanel therapy) 301 (IQR 67-895) (Table 1). The
median seizure frequency at baseline was 12.5 seizures
per month (IQR 4-37.5). Perampanel treatment was
initiated at a dose of 2mg/day and titrated to a mainte-
nance dose of 4 mg/day for eight patients, 6 mg/day for
three patients, and 8 mg/day for two patients, added to
existing ASM regimens. Only one patient remained on
a stable dose of 2mg/day. Dose reduction due to AEs
was required in two patients, who were both titrated to
4mg/day of perampanel. Two patients had their AEs
doses reduced, and both underwent a PER titration to
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TABLE 1 Baseline characteristics of the recruited patients
are presented as mean + standard deviation (SD) for continuous
variables, and as frequency (f) with percentage (%) for categorical

variables.

Value (median[IQR]
Variable or mean+SD) N=14
Females (n, %) 6(42.9)
Age (y, mean + SD) 53.3+15.4

ONSETE (d, median [IQR])
TPER (d, median [IQR])

301 [67-1099]
301 [59-1169]

Seizure frequency at baseline (n, 10 [4-40]
median [IQR])

Memory deficit (n, %) 4(28.6)
Cognitive deficit (n, %) 5(35.7)
Motor signs (n, %) 6(42.9)
Sensory deficit (n, %) 6(42.9)
Chemiotherapy + radiotherapy (n, %)  8(57.1)
Only bradiotherapy (n, %) 1(7.1)

Note: N indicates the total number of patients.
Abbreviations: d, days; f, frequency; n, number; SD, standard deviation; y,
years.

4mg/day. Although descriptive statistics are reported
as median and IQR, due to the skewed distribution of
baseline seizure frequency, the corresponding stand-
ard deviation (SD=28.5) remained lower than that
observed in a previous heterogeneous cohort.! This
finding is consistent with the expected reduction in
variability associated with a more homogeneous popu-
lation of HGGs and glioblastomas. At the time of evalu-
ation, eight patients had undergone chemotherapy and
radiotherapy and only one underwent radiotherapy
alone. During the 6 months of follow-up, no additional
oncological therapies were started. Only one patient
underwent second surgery. The complete characteris-
tics of each patient have been included in Data S2, in
the additional materials.

3.1 | Seizure (primary endpoint)

After the introduction of PER, the markedly skewed
distribution of baseline seizure frequency required re-
porting descriptive statistics as median and IQR. The
median monthly seizure frequency decreased from 12.5
(IQR 4-37.5) at baseline to 3 (IQR 0-7) at 6 months. After
log-transformation to correct for the strong right-skew
of seizure counts, seizure frequency showed a statisti-
cally significant reduction from TO to T1 (paired t-test:
t=-5.14, df =12, p=0.00023). The mean log-difference

100 (]
75
5
c ]
o
S
@
Q 50+
4
= [ ]
N
= °
9]
[ ]
25+
0 -
TO T1
FIGURE 2 Boxplots comparing the monthly seizure frequency

at baseline (T0) and at 6 months (T1) after perampanel treatment
(left panel). Individual patient trajectories showing seizure
frequency reduction from TO to T1 (right panel). Blue and green
dots indicate individual seizure counts at TO and T1, respectively,
with gray lines connecting paired measurements. Diamonds
represent the mean seizure frequency at each time point.

was —2.03 (SD =1.43), with a 95% CI ranging from —2.90
to —1.17. Eleven patients (78.6%) achieved >50% seizure
reduction, while eight patients (57.1%) became seizure-
free (Figure 2). At 12months, seizure data were avail-
able for three patients, all seizure-free. No significant
correlations were found between seizure reduction and
age, sex, epilepsy duration, or any other demographic
variables. To assess whether age or epilepsy duration
acted as potential confounders, a bootstrap analysis with
1000 replications was performed. The bootstrap p-values
showed high variability and no consistent evidence of
association (age: mean p =0.48, 95% CI: 0.002-0.97; epi-
lepsy duration: mean p=0.49, 95% CI: 0.003-0.97), in-
dicating that the data are insufficient to draw reliable
conclusions.
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Kaplan—Meier vs Cox model (ONSETE at mean value)
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FIGURE 3 Overall survival estimated with the Kaplan-Meier curve and the survival curve predicted by the Cox model adjusted for

ONSETE, calculated at the mean values of the covariates. The curves are overlaid for visual comparison of survival trends over time.

3.2 | Adverse events

Among the 14 patients, AEs recorded included somno-
lence, irritability, obtundation, asthenia and drowsiness,
and headache, with the majority (nine patients—64.2%)
reporting no AEs (Data S2). Only two patients discontin-
ued treatment due to AEs, indicating that the PER was
generally well tolerated. The percentage of patients ex-
periencing AEs was higher in the IDH1-mutated group
compared with the IDH1-WT group (OR: 0.09 95% CI:
[0.001-1.55] p=0.09). No other TO variables correlated
with the percentage of AEs. However, the wide intervals
and the results of the bootstrap sensitivity analysis suggest
uncertainty in the estimate, due to the small sample size.
Overall, all patients successfully titrated the ASM regi-
men, supporting the feasibility of treatment despite some
adverse effects.

3.3 | Survival

A Cox proportional hazards model adjusted for age,
ONSETE, maximum daily dose of therapy, and TPER
was used to assess the impact of these covariates on over-
all patient survival. Results showed no significant effect
of age (HR=1.05 CI: 95% 0.94-1.16, p=0.23), maximum
daily dose of PER (HR =1.03 CI: 95% 0.93-1.08, p=0.43),
or TPER (HR=0.96 CI: 95% 0.91-1.03, p=0.35). Survival
was subsequently modeled using a Cox proportional

hazards analysis with ONSETE (time from the onset of
epileptic seizures) as the covariate alone (Figure 3). The
estimated coefficient for ONSETE was —0.00337 (hazard
ratio=0.997, 95% CI: 0.992-1.001), with a significant like-
lihood ratio test (p =0.01). To assess the robustness of this
estimate, a bootstrap analysis with 1000 replications was
performed. The mean bootstrap coefficient was —0.0149,
with a 95% confidence interval ranging from —0.234 to
—0.0013. Kaplan-Meier analysis revealed no significant
differences in survival between responders and nonre-
sponders to treatment (p=0.88). Furthermore, tumor
type, seizure type, and the presence of neurological deficits
were not significant covariates. Survival curves for various
clinical subgroups (crisis type, treatment response, his-
tology, tumor location, laterality, grade, and IDH status)
were estimated using the Kaplan-Meier method and com-
pared by log-rank tests, which showed no significant dif-
ferences between groups.

34 | QoL

The differences in selected QLQ-C30 and QLQ-BN20 do-
mains between baseline and follow-up (T1) did not reach
statistical significance (all p> 0.05). The domains commu-
nication deficits (CD), loss of appetite (AP), and pain (PA)
had p-values 0f 0.09, 0.17, and 0.18, respectively (Figure 4).
Bootstrap analyses for CD and AP yielded mean bootstrap
p-values below 0.15, whereas the PA domain showed a
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FIGURE 4 Percentage change in QoL items with p-value between T0 and T1<0.20.

high bootstrap p-value. These results indicate variability
in the estimates and do not allow reliable conclusions in
this small sample.

4 | DISCUSSION

Perampanel is an AMPA receptor antagonist used in the
treatment of epilepsy associated with brain tumors. Clinical
studies have demonstrated its efficacy in seizure control,
with a significant reduction in seizure frequency in many
patients. However, the incidence of AEs varies across
studies. For example, in one observational study, 30.6% of
patients reported AEs, including anxiety, aggression, diz-
ziness, and fatigue, although none discontinued treatment
due to these effects.'® Although our study did not directly
measure 2-HG levels or NMDA receptor activity, previous
literature suggests that the IDH1 mutation leads to the pro-
duction of D-2-hydroxyglutarate (2-HG), an oncometabolite
structurally similar to glutamate. 2-HG could theoretically
act as an agonist at NMDA receptors, potentially promot-
ing neuronal hyperexcitability and increasing the risk of
seizure generation.25 Perampanel, by contrast, antagonizes
AMPA receptors, helping to dampen excitatory neurotrans-
mission and restore synaptic balance. Experimental models
have shown that PER may also enhance synaptic plasticity
and reduce neuronal excitability.*® Despite its therapeu-
tic benefits, PER is associated with a risk of AEs in some
patients, including somnolence, irritability, and headache.
The co-presence of 2-HG with its glutamatergic agonist ac-
tivity could theoretically modulate patients’ sensitivity to
AMPA antagonism, thus influencing both efficacy and AEs
susceptibility.” Our findings demonstrate that following

the introduction of PER, the markedly skewed distribu-
tion of seizure counts required reporting medians rather
than means; accordingly, seizure frequency decreased
from a median of 12.5 seizures/month at baseline to 3 at 6
months, with a responder rate of 78.6% and seizure freedom
achieved in 57.1% of patients. These effects would appear
to indicate an anticonvulsant response to PER in our BTRE
cohort, consistent with results reported in previous observa-
tional studies. A study by Coppola et al."* showed high effi-
cacy of PER in BTRE, with responder rates around 90% and
a favorable tolerability profile. Similarly, a recent systematic
review reported responder rates ranging from 75% to 95% at
6-12months, with seizure freedom observed in up to 94%
of cases.”® All AEs observed in our study were grade 1 or 2,
and a possible correlation with IDH1 mutation was noted.
The patients who discontinued treatment due to AEs were
both IDH1-mutated. A previous study®® reported a signifi-
cant reduction in seizure frequency, particularly in patients
with IDH1 mutations treated with perampanel. Regarding
the lack of association between age or epilepsy duration
and seizure reduction, some studies in non-BTRE epilepsy
populations have suggested that younger age and shorter
epilepsy duration may be associated with better treatment
1response.29 However, in case of BTRE, this association re-
mains poorly defined, as highlighted by recent studies that
emphasize the complexity of identifying reliable predictive
factors in these patients, as well as the intricate pathophysi-
ological mechanisms underlying BTRE itself. These factors
continue to challenge the identification of clear treatment
response predictors.”>*° In our cohort, Cox regression ad-
justed for age, ONSETE, maximum daily dose of PER, and
TPER yielded no significant effect of any of the covariates
on overall survival from seizure onset, although the trend
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for ONSETE suggests a possible protective association.
Similarly, tumor type, seizure type, and neurological deficits
are prognostically inconclusive, and subgroup analyses by
histology, tumor location, laterality, grade, and IDH status
revealed no distinct survival patterns. Although there is evi-
dence that seizures may be associated with longer survival
in patients with HGGs,' the specific relationship between
seizure duration and survival remains unclear. The role of
glutamate and epileptogenic brain regions is a promising
area of research that could offer new therapeutic perspec-
tives. These findings are consistent with the ambiguous
role of epilepsy as a prognostic marker in glioblastoma and
other brain tumors: while some studies report improved
survival in patients with seizures at presentation,*** oth-
ers find no clear independent effect.** The recent systematic
review and meta-analysis®® also highlights this controversy,
showing a pooled HR of ~0.73 in favor of seizures, but with
considerable heterogeneity. Our data suggest that, in a small
prospectively followed BTRE cohort, seizure control alone
may not substantially affect survival, underscoring that
tumor biology and oncological therapies likely remain the
dominant determinants of patient outcome. The analysis
of selected QLQ-C30 and QLQ-BN20 domains did not re-
veal statistically significant changes between baseline and
follow-up (T1), with all p-values exceeding 0.05. In specific
domains, such as communication deficits (CD) and appetite
loss (AP), numerical improvements were observed (p =0.09
and p=0.10, respectively); however, these differences did
not reach statistical significance. Given the exploratory
and potentially underpowered nature of the analysis, these
findings should be considered hypothesis-generating and
require confirmation in larger studies. These findings were
reinforced by bootstrap analysis, which yielded p-values
below 0.15 for both domains, suggesting a consistent signal
of improvement. These trends are particularly noteworthy,
considering the known impact of communication deficits
and appetite loss on the overall well-being of patients with
brain tumors. Communication deficits have been associated
with decreased social functioning and emotional distress,34
while appetite loss is commonly linked to disease burden
and treatment-related AEs, with implications for nutri-
tional status and physical functioning.®* These exploratory
trends, while preliminary, warrant further investigation in
larger cohorts to confirm whether seizure control may in-
fluence patient-perceived well-being.

41 | Studylimitations

An important limitation of this study is the relatively
small sample size. Although 14 patients were initially
enrolled, outcome analysis at the 6-month follow-up was
conducted on 13 patients, as one withdrew from the study

at a very early stage. Based on preliminary data, a sample
of 14 patients would have been sufficient to achieve 80%
statistical power to detect a significant difference in sei-
zure frequency. However, the loss of one patient reduced
the effective power to approximately 71%, slightly below
the conventional 80% threshold, indicating a modest risk
of type II error. Nevertheless, the reduction in seizure fre-
quency from baseline (mean 25.2 +28.5 seizures/month)
to the 6-month follow-up (mean 2.4+5.5 seizures/
month) was statistically significant. The effect size cal-
culated using Cohen's d was large (d=0.78), suggesting
a clinically relevant impact of the treatment. The stand-
ard deviation of the difference in seizure frequency (29.6)
reflects substantial inter-patient variability. To avoid
misinterpretation, we clarify that the value 29.6 refers ex-
clusively to the within-patient change from baseline to
6 months and is not directly comparable to baseline SDs
reported in external studies. This variability is a common
challenge when investigating primary endpoints in small
cohorts. Moreover, the evaluation of survival outcomes,
AEs, and QoL would benefit from a larger patient popu-
lation to enhance statistical robustness and detect more
subtle effects. While bootstrap analyses provided some
support for the stability of observed effects, the low power
and small cohort size limit definitive conclusions. These
limitations underscore the need for larger, multicenter
prospective studies to validate these findings and clarify
the potential influence of clinical variables, including
IDH mutation status, on both efficacy and safety profiles
of perampanel in BTRE.

5 | CONCLUSIONS

The results of this prospective pilot study demonstrate
the feasibility of perampanel use in a real-world BTRE
setting and provide preliminary information on its safety
profile. A reduction in seizure frequency was observed
at 6 months, with a high proportion of responders and
seizure-free patients. However, due to the small sample
size and the skewed distribution of seizure counts, given
the exploratory design and limited sample size, efficacy
outcomes should be interpreted cautiously and consid-
ered preliminary. AEs were mostly mild, and only two
patients discontinued treatment, supporting the over-
all tolerability of the drug in this cohort. No statistically
significant changes were detected in quality-of-life do-
mains and the study was not powered to detect differ-
ences in these secondary outcomes. Survival analyses did
not identify significant prognostic effects of PER-related
or clinical variables. Within the limits of the sample size,
survival outcomes appeared to be mainly influenced by
tumor-related factors rather than PER exposure. Larger,
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multicenter studies with adequate power are needed to
confirm these observations, clarify the potential influence
of molecular markers such as IDH-1 mutation, and better
define the clinical role of PER in seizure control, QoL, and
patient-centered outcomes.

6 | CLINICAL RELEVANCE OR
FUTURE DIRECTIONS

This prospective multicenter study provides real-world
data on the efficacy and safety of perampanel in treating
seizures associated with HGGs. The significant seizure
reduction observed in a homogeneous, albeit small, sam-
ple represents an important contribution compared with
previous often heterogeneous studies. Statistical analysis,
including bootstrap analysis, supports the reliability of
trends toward innovative findings, such as the association
between seizure duration and survival, and the impact of
IDH-1 mutations on AEs. These findings may open new
avenues for future translational research aimed at better
understanding glutamatergic mechanisms in glioma and
optimizing the treatment of tumor-related personalized
management of tumor-related epilepsy, confirming per-
ampanel's value in everyday clinical practice.
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