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Abstract. Perampanel (PER) is an antiseizure medica‑
tion (ASM) with a unique mechanism of action, which was 
approved in Japan for use in combination therapy in 2016 
and as a monotherapy in 2020. It has exerted antitumor 
effects against several types of tumors in  vitro. However, 
the efficacy of PER monotherapy for seizure control is not 
well‑established in patients with brain tumor. In the present 
study, 25 patients with brain tumor treated using PER mono‑
therapy at our institution were analyzed and compared with 
45 patients treated using the most commonly prescribed ASM, 
levetiracetam (LEV). The PER group was younger and had a 
higher frequency of glioma cases. During drug administration, 
seizures were observed in two patients from the PER group 
(8.0%) and five patients from the LEV group (11.1%); however, 
the difference was not significant. The incidence of adverse 
effects did not significantly differ between the groups (12.0 
and 2.2%, respectively). In the PER group, mild liver dysfunc‑
tion was observed in two patients and drug rash in one. In the 
LEV group, a drug‑induced rash was observed in one patient. 
PER monotherapy may be safe and effective for seizure treat‑
ment or prophylaxis in patients with brain tumor. Further 
large‑scale clinical studies are warranted.

Introduction

The incidence of convulsive seizures following surgery for 
non‑traumatic supratentorial brain lesions is estimated to 
range between 15 and 20% (1). However, depending on the 

underlying pathology, seizure risk shows marked variations, 
ranging from 3 to 92% (2). Postoperative seizures generally 
manifest in the first month after surgery and may herald the 
onset of refractory epilepsy (3,4).

The prophylactic use of antiseizure medication (ASM) 
in patients undergoing neurosurgical procedures is still 
being debated (4). Randomized controlled trials have yielded 
conflicting results; certain trials have indicated a significant 
reduction in the incidence of early postoperative seizures 
due to ASM prophylaxis (3,5), while others do not agree (6). 
Around 35‑70% of patients with brain tumor suffer from 
seizures (7,8). Perioperative levetiracetam (LEV) appears to 
be effective in treating these patients; however, the evidence 
regarding perioperative prophylaxis remains conflicting (9‑11). 
LEV binds to synaptic vesicle glycoprotein 2A to modulate 
presynaptic neurotransmitter release (12) and inhibits presyn‑
aptic Ca2+ channels to reduce neuronal excitability (12,13). 
Though LEV is a relatively safe and effective ASM with fewer 
side effects than carbamazepine, phenytoin and valproic acid, 
its side effects include somnolence, asthenia, mood disorder 
and behavioral disturbance (14), which cannot be tolerated 
by certain patients. In addition, LEV monotherapy does not 
adequately control seizures in all patients.

Perampanel (PER) is a novel antiepileptic agent 
t hat  selec t ively  and non‑ compet it ively  in h ibit s 
α‑amino‑3‑hydroxy-5‑methyl‑4‑isoxazolepropionic acid 
(AMPA)‑type glutamate receptors present on the post‑
synaptic membrane. It can suppress neuronal excitability 
irrespective of the glutamate concentration in the synaptic 
cleft  (15). PER was approved in Europe and the US in 
2012, while in Japan, in 2016, it was approved for use in 
combination with other ASMs for treatment‑resistant focal 
seizures (including those with secondary generalization) 
and tonic‑clonic seizures, and in 2020, it was approved in 
Japan as monotherapy for treating focal seizures (including 
those with secondary generalization) (16,17).

Several studies have reported the use of PER in patients 
with brain tumors (18,19). These reports have demonstrated 
the efficacy of PER combined with other ASM in controlling 
seizures. Only one study has examined PER monotherapy, and 
has demonstrated its efficacy in preventing early seizures in 
patients with supratentorial brain tumors undergoing crani‑
otomy (20). The present study aimed to further investigate 
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PER monotherapy in patients with brain tumor and determine 
its safety and effectiveness.

Materials and methods

Patients and study design. This retrospective case‑control 
study analyzed the cases of 25 patients with brain tumor who 
underwent surgery and received PER monotherapy at Keio 
University Hospital, (Tokyo, Japan) between April 2020 and 
September 2022. Furthermore, 45 patients with brain tumor 
who underwent surgery and received LEV monotherapy 
from April 2018 to October 2018 were used as controls. All 
of the patients in both the PER and LEV groups received 
standard clinical treatment. In the PER group, the patients 
were prescribed an initial dose of 2 mg/day of PER. The daily 
dosage was increased by 2 mg at 2‑week intervals based on 
each patient's clinical response and tolerance, as per the label 
instructions. In the LEV group, the patients were initially 
prescribed a dosage of 1,000 mg/day of LEV, and the dosage 
was subsequently increased by 1,000 mg/day until the epileptic 
seizures were resolved.

The present study was approved by the Keio University 
School of Medicine Ethics Committee (Tokyo, Japan; approval 
no., 20050002). At the time of surgery, all patients provided 
written consent for the possibility of subsequent retrospective 
review of clinical and other outcomes. If the patient was a 
minor or was incapable of making decisions due to the effects 
of a brain tumor, the next of kin signed the form.

Data collection. Clinical data, including age, sex, diagnosis, 
date of surgery, date of initiation of ASM, details of seizures 
before initiation of treatment, details of seizures after initi‑
ating administration, side effects and dosage were obtained 
from the medical records. Inclusion criteria were as follows: 
Patients who had undergone craniotomy for tumor resection 
or a biopsy along with a histopathological diagnosis; and had 
received either PER or LEV during the above‑mentioned 
period. Patients with a previous history of epilepsy were also 
included, since patients who had surgery at our hospital during 
the relevant period were included, regardless of their previous 
epilepsy history. Patients were excluded if they were receiving 
concomitant therapy with other antiepileptic drugs or if any 
essential variables were missing from the records. Tumors 
were graded in accordance with the World Health Organization 
classification (21). Adverse events were graded in accordance 
with the Common Terminology Criteria for Adverse Events, 
version  5.0  (22). The ASM administration patterns were 
categorized as follows: Perioperative prophylaxis adminis‑
tered within one week post‑surgery, perioperative prophylaxis 
administered for more than one week, initiation of ASM due to 
seizures, switch from another ASM due to adverse events and 
others (Fig. 1). Epileptic seizures were defined in accordance 
with the International League Against Epilepsy 2017 seizure 
classification (23).

Statistical analysis. Fisher's exact test or the Mann‑Whitney 
U‑test were used as appropriate for comparison of the clinical 
and demographic data. Rates of seizures and adverse events 
between the PER and LEV groups were compared using 
Fisher's exact test. P<0.05 was considered significant.

Compliance with standards. The present study followed The 
Strengthening the Reporting of Observational Studies in 
Epidemiology checklist (24).

Results

Patient characteristics. The 25 patients in the PER group 
included 11 males and 14 females. The mean age at initia‑
tion of PER therapy was 46.2 years (range, 17‑83 years). The 
different types of brain tumor were as follows: Glioma [grade 4 
(10 patients, 40.0%); grade 3 (two patients, 8.0%); grade 2 (one 
patient (4.0%)]; meningioma [grade 3 (one patient, 4.0%); 
grade 1 (four patients, 16.0%)]; malignant lymphoma (one 
patient, 4.0%); metastatic brain tumor (two patients, 8.0%); 
and other tumor types (four patients, 16.0%). The tumor distri‑
bution in the PER group is depicted in Fig. 2A. Glioma was 
the most prevalent tumor type (13 patients, 52.0%), with the 
majority of patients (10 patients, 77%) having grade 4 glioma.

Among the 45 patients in the LEV group, 23 were males 
and 22 were females. The mean age at initiation of LEV 
therapy was 60.6 years (range, 21‑85 years). The following 
brain tumor types were present in this group: Glioma [grade 4 
(eight patients, 17.8%); grade 2 (three patients, 6.7%)]; menin‑
gioma [grade 2 (four patients, 8.9%); grade 1 (21 patients, 
46.7%)]; malignant lymphoma (two patients, 4.4%); metastatic 
brain tumor (four patients, 8.9%); and other tumors (three 
patients, 6.7%). The tumor distribution in the LEV is depicted 
in Fig. 2B.

While the PER and LEV groups differed significantly with 
respect to age and tumor type, the differences with regard 
to sex were not significant. The mean age was significantly 
lower and gliomas were significantly more frequent in the PER 
group (Table I).

ASM administration patterns. Patients were classified based 
on the PER/LEV administration pattern (Fig. 1) as follows: 
Perioperative prophylaxis administered for one week 
following surgery, perioperative prophylaxis administered 
for more than one week, initiation prompted by seizure/s, 
switch from another ASM due to adverse events and others. 
In the PER group, the number of patients in each category 
was 3 (12%), 12 (48%), 6 (24%), 2 (8%) and 2 (8%), respec‑
tively. Six of the 12 patients (50%) who received prophylactic 
PER for more than one week had a grade 3 or 4 glioma (data 
not shown). In the LEV group, 17 patients had received peri‑
operative prophylaxis for one week, 14 received prophylaxis 
for more than one week and 14 had received LEV because 
of seizures (Table I).

Dosage. PER was initiated at 2 mg/day; the daily dose was 
increased in 2‑mg increments at 2‑week intervals if needed, 
based on clinical response and tolerability and in accordance 
with the label instructions. In patients receiving PER for 
seizure treatment, the dose was increased until the cessation 
of seizures. Prophylactic PER was administered at mainte‑
nance doses of 2 or 4 mg based on tolerability. The mean dose 
administered was 3.12 mg/day (range, 2‑8). In two patients, the 
dosage had to be reduced because of side effects. LEV was 
initiated at 1,000 mg/day, and when used as a treatment regime, 
the dose was increased by 1,000 mg/day until resolution of 
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epileptic seizures. The mean dose was 1,066.7 mg/day (range, 
1,000‑2,000) (Table II).

Seizure control and adverse events. Two patients in the PER 
group and five in the LEV group suffered from seizures during 
ASM administration (8.0 and 11.1%, respectively; P=1.000) 
(Table II). Increasing the dose or adding another ASM success‑
fully controlled the seizures in all patients in each group. 
Both patients from the PER group who experienced seizures 
had focal seizures and had a history of seizures prior to PER 
administration. One of the patients had a grade 4 glioma and 
the other had a grade 1 meningioma. None of the patients who 
received PER for prophylaxis experienced seizures.

All five patients in the LEV group with seizures also 
experienced focal seizures. Of these, three patients had a 

history of seizures and two patients experienced seizures 
while on prophylactic LEV. Tumor pathology in these five 
patients was as follows: One patient had a grade 4 glioma, 
two patients had grade 1 meningioma and the remaining two 
had other types.

A total of three patients in the PER group (12.0%) taking 
PER at  2  mg/day experienced adverse events, with two 
patients suffering from grade 3 liver dysfunction and one 
patient having a grade 2 drug rash. In these patients, PER was 
either discontinued or they were switched to another ASM. 
In the LEV group, only one patient (2.2%) taking 1,000 mg 
per day experienced an adverse event (drug rash, grade was 
not documented). The PER and LEV groups did not differ 
significantly with regard to incidence of adverse events 
(P=0.127) (Table II).

Figure 1. Administration pattern. Drug administration patterns were classified into four categories. (A) Prophylactic administration only perioperatively, within 
one week. (B) Prophylactic administration continued beyond the perioperative period. (C) Administration as a treatment for seizures. (D) Administration 
changed due to adverse effects of another drug. ASM, antiseizure medication; PER, Perampanel; LEV, levetiracetam.
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Discussion

In the present study, the results of PER monotherapy in 
patients with brain tumor were summarized and the results 
were compared with those of LEV monotherapy. Both groups 
were similar with respect to the rates of seizures and adverse 
events. Adverse events were observed in 12% of patients in the 
PER group, which is lower than previously reported rates for 
PER monotherapy (20.0‑45.9%) (25‑28). Since in the present 
study, ASM was mostly used in both groups in the periopera‑
tive period, one of the many other drugs administered during 
this period may have been the underlying cause of the adverse 
events instead of PER or LEV. Reported incidence rates of 
adverse events that result in discontinuation of PER mono‑
therapy range from 6.7 to 16.3% (16), which is similar to that 
observed in the present study (12%).

Approximately 20% of patients undergoing craniotomy for 
a supratentorial non‑traumatic lesion experience seizures (1). 

Several randomized controlled trials and systematic reviews 
have reported that ASM prophylaxis does not result in a 
significant reduction in postoperative seizures in these 
patients (6,10,29). However, a meta‑analysis that specifically 
included patients undergoing craniotomy for brain tumors has 
reported a significant reduction in early postoperative seizures 
caused by prophylactic ASM  (30). While recent surgical 
techniques, such as awake surgery, can induce intraoperative 
seizures (31), the efficacy of prophylactic administration for 
such seizures has not yet been adequately debated.

Although the efficacy of prophylactic ASMs in the peri‑
operative period remains a debatable topic (29), they are still 
frequently used (32). In our institution, prophylactic ASM 
is routinely used in the first week after craniotomy, even in 
patients who have not suffered preoperative seizures. One 
study has reported that a combination of PER and LEV in 
patients undergoing awake surgery for glioma is associated 
with a significantly lower risk of intraoperative seizures 

Table I. Patients' characteristics.

Item	 PER (n=25)	 LEV (n=45)	 P-value

Female sex	 14 (56.0)	 22 (48.9)	 0.568
Mean age, years (range)	 46.2 (17-83)	 60.6 (21-85)	 0.002
Type of tumor			   0.017
  Glioma WHO grade 2	 1 (4.0)	 3 (6.7)	
  Glioma WHO grade 3	 2 (8.0)	 0 (0)	
  Glioma WHO grade 4	 10 (40.0)	 8 (17.8)	
  Meningioma	 4 (16.0)	 21 (46.7)	
  Atypical meningioma	 0 (0)	 4 (8.9)	
  Anaplastic meningioma	 1 (4.0)	 0 (0)	
  Metastatic brain tumor	 2 (8.0)	 4 (8.9)	
  Malignant lymphoma	 1 (4.0)	 2 (4.4)	
  Others	 4 (16.0)	 3 (6.7)	
Antiseizure medication administration pattern			   0.010
  Prophylactic use within 1 week after surgery	 3 (12)	 17 (37.8)	
  Prophylaxis continued after surgery	 12 (48)	 14 (31.1)	
  Initiation due to seizures	 6 (24)	 14 (31.1)	
  Changed from another drug due to adverse effects	 2 (8)	 0	
  Others	 2 (8)	 0	

Values are expressed as n (%) unless otherwise specified. LEV, levetiracetam; PER, perampanel; WHO, World Health Organization.

Table Ⅱ. Outcomes regarding dose, seizures and adverse effects.

Item	 PER (n=25)	 LEV (n=45)	 P-value

Mean dosage, mg/day (range)	 3.12 (2-8)	 1066.7 (1,000-2,000)	
Seizure, n (%)	 2 (8)	 5 (11.1)	 1.000
Adverse effect, n (%)	 3 (12)	 1 (2.2)	 0.127
  Liver dysfunction	 2 (8)	 0 (0)	 0.124
  Drug rash	 1 (4)	 1 (2.2)	 1.000

LEV, levetiracetam; PER, perampanel.
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compared with LEV monotherapy (33). Prophylactic admin‑
istration of PER during the first six days following a brain 
tumor surgery may be associated with a similar seizure 
prevention rate and safety profile to that of LEV (20). Only 
15 patients in the present study received PER as perioperative 
prophylaxis and none experienced postoperative seizures. 
Also, 12 of them continued PER monotherapy beyond one 
week and six of these patients suffered from grade 3 or 4 
gliomas. Seizure‑free patients with grade 3 or 4 gliomas 
at the time of initial surgery may experience tumor recur‑
rence, and recurrence can further be associated with new 
seizures (34). Malignant tumors remain incurable even when 
combinations of various treatments are used, and although 
substantial basic research has been conducted (35,36), only 
a limited number of treatments have actually been put to 
practical use. Drug repositioning, which has been attracting 
attention in recent years, is a method of discovering new drug 
effects from existing drugs with proven safety and pharmaco‑
kinetics in humans (37). In addition, PER has been observed 
to inhibit glioma cell growth in vitro (38). In a phase II trial, 
talampanel, an AMPA receptor inhibitor, was observed to 
extend median survival in patients with glioblastoma treated 
with radiation and temozolomide (39). Salmaggi et al (40) 
demonstrated that PER in combination with temozolomide 
exerts a synergistic effect in promoting apoptosis in human 
glioblastoma cell lines. A phase II trial to assess the effi‑
cacy and tolerability of PER in recurrent glioblastoma is 
ongoing (41). Numerous studies have demonstrated the safety 

and efficacy of PER in suppressing seizures in patients with 
brain tumors (42), particularly when used in combination 
with other ASMs.

The expression of GRIA2 and GRIA4, which encode sepa‑
rate subunits of the AMPA receptor, is upregulated in certain 
brain tumors besides gliomas (43,44). AMPA receptor inhibi‑
tors exhibit antitumor effects in small‑cell lung cancer, but not 
in the brain microenvironment (45). GRIA2 upregulation has 
also been detected in melanoma brain metastases (46). Hence, 
the AMPA receptor may be an effective therapeutic target for 
brain tumors, leading to the drug repositioning strategy.

The present study indicates the safety and efficacy of 
PER monotherapy in patients with brain tumor. Although 
the evidence supporting prophylactic ASM administration 
in patients with brain tumor who are seizure‑free is limited, 
PER can be considered if the side effects are tolerable. PER 
monotherapy may be preferable to combination therapy for 
prophylactic treatment, in terms of side effects. Currently, the 
most specific drug option via drug repositioning for refractory 
brain tumor remains elusive. If the side effects of the drug 
repositioning strategy using PER are less severe than those 
of chemotherapy and molecular targeted therapy, PER can 
represent a meaningful option in terms of both seizure control 
and tumor control, which may lead to an improvement in 
symptoms and enhanced quality of life for patients with brain 
tumors. Further studies on the effects of PER on seizures and 
tumor growth are warranted.

This study has several limitations. The retrospective 
design and small sample size may have resulted in a selection 
bias, which may affect the stability and generalizability of 
the results. Furthermore, patient age and tumor type were 
not homogeneous between the PER and LEV groups, which 
may have introduced certain inaccuracies in the results. 
Due to the small number of cases and the variety of tumors 
included, classification by brain tumor grade did not allow 
for a statistically powerful analysis. Detailed information 
regarding the usage of analgesic and antiemetic medications 
during the perioperative period may also be necessary for 
further discussion regarding adverse events. Comprehensive 
and in‑depth comparisons of serum biological indicators and 
electroencephalograms are warranted for obtaining more 
convincing results. Although gliomas are the most common 
type of brain tumor causing epilepsy (47,48) and the glioma 
prevalence was much higher in the PER group, the seizure 
rates in the PER and LEV groups were comparable. A differ‑
ence between the groups would have been detectable if the 
groups had been more homogeneous. Various types of tumor 
were included in this analysis, and thus, factors such as the 
extent of tumor resection, which are affected by the tumor 
type, were not included because they were not standardized. 
In future analyses, we would like to standardize the tumor 
types and include other variables, such as the extent of tumor 
resection.

In conclusion, PER monotherapy may be safe and effec‑
tive for seizure treatment or prophylaxis in patients with brain 
tumor. Recent studies have revealed that PER may also have 
antitumor effects, which could potentially make it an effec‑
tive treatment option for epilepsy related to brain tumors. 
Further accumulation of case studies is necessary to confirm 
its efficacy in the future.

Figure 2. Number of patients classified based on brain tumors. (A) Breakdown 
graph by tumor type of patients treated with perampanel monotherapy: 
Glioma WHO grade 4 is the most common. (B) Breakdown graph by tumor 
type of the levetiracetam monotherapy group, with meningioma being the 
most common. WHO, World Health Organization.
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