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Background: Epilepsy is one of the most common symptoms of brain tumors.

It is often drug resistant and generally worsen patients’ quality of life (QoL). Brain

tumors release glutamate among other mediators, contributing to seizures onset, and

this is accompanied by an increased AMPA receptors’ expression on neuronal cells’

membrane. Perampanel (PER) is a relatively new antiseizure medication (ASM) that acts

as a selective non-competitive AMPA receptors’ antagonist. Given its mechanism of

action, we aimed to evaluate through a prospective, observational study, the efficacy

and safety of PER as an add-on treatment in patients with brain tumor-related epilepsy

(BTRE). The study was called PERADET.

Methods: Thirty-six adult patients (intention to treat population-ITT) affected by BTRE,

with uncontrolled focal-onset seizures treated with 1–3 ASMs were recruited from four

Italian epilepsy centers. Perampanel was added-on, titrated from 2 mg/day up to a

maximum of 12 mg/day. Tumor history and therapy, type, and seizures frequency,

previous ASMs were collected at 6 and 12 months. A battery of QoL tests were

administered at baseline, 6 and 12 months. The primary endpoint was to assess

the efficacy of PER by calculating the percent change in seizure frequency and the

responder rate. The secondary endpoints were tolerability, retention rate at 12 months,

and improvement in quality of life.

Results: At the end of 12 months, 21 patients (per protocol population-PP) were

available for evaluation. In this population the responder rate (percentage of patients

who experienced a 50% or greater reduction in seizure frequency) was 90.4 with 33.3%
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of patients being seizure-free. In the ITT group the responder rate at the end of 12

months was 66.6 with 25% of patients being seizure free. PER was well tolerated

(30.6% of patients experienced an adverse event, none was severe; three needed a

treatment interruptions).

Conclusions: Our study indicate that PER may be efficacious against BTRE as

suggested by its mechanism of action and our current knowledge on mechanisms of

brain tumor epileptogenicity.

Trial Registration Number (TRN): (Prot. n◦ 0008872.25-06-2019); RS 919/17.

Keywords: brain tumor-related epilepsy, perampanel, efficacy, tolerability, quality of life

BACKGROUND

Epilepsy is one of the most common (up to 70%) symptoms of
brain tumors (1). About 30–50% of patients present with seizures
as the first symptoms and 10–30% will develop seizures later
during the disease course (1). In these conditions, epilepsy is
often drug resistant and about 40% of patients can be forced to
take polytherapy that can contribute to the burden of living with a
brain tumor also negatively influencing their quality of life (QoL)
(1, 2).

Pharmacotherapy of brain tumor-related epilepsy (BTRE)
is complicated by possible loss of efficacy over time and
potential interactions between anti-seizure medications (ASMs)
and anticancer therapies, which may expose patients to an
increased risk of adverse effects (AEs). Within this context,
the second-generation ASMs are generally preferred over older-
generation, in order to minimize the risks of interactions (3).

The widely held theory underlying BTRE is a peri-tumoral
neuronal hyperexcitability. This can be due to weakened
GABAergic inhibitory function and/or paradoxical GABA
mediated excitation and to excessive glutamatergic excitatory
activity. The latter is due to increased glutamate release (4, 5),
reduced glutamate uptake within tumor and reduced clearance
via non-tumor cells (6), altered glutamate receptor expression
(7–9). AMPA receptor seems to be the most expressed subtype
in different brain tumors (7–9). Thus, Perampanel (PER), a
relatively new ASM acting as a selective non-competitive AMPA
antagonist, seems to be a rational drug choice in BTRE (10).
This drug has been initially licensed as adjunctive treatment
for patients with focal and focal to bilateral seizures and more
recently for generalized onset seizures and as a monotherapy in
some countries (11). Subsequently, two case studies on BTRE
have been published, and although anecdotally, these results
were encouraging (12–16). In our previous retrospective study
on 11 subjects followed for 12 months, we found a high rate
of responders (81.8%) and five patients become seizure free,
suggesting that PER could be a therapeutic option in BTRE in

Abbreviations: AQ, aggression questionnaire; AEs, adverse events; ASMs, anti-

seizure medications; BHS, Becks hopelessness scale; BRTE, brain tumor related

epilepsy; 1-IDH1, isocitrate dehydrogenase; ITT, intention to treat; MGMT, O6-

Methylguanine-DNA-methyltransferase; PER, perampanel; PP, per protocol; QoL,

quality of Life; QOLIE, quality of life in Epilepsy.

agreement with its supported neurophysiopathological rational
choice (13).

Herein, we report the results of the PERADET study, the first
prospective, multicenter observational study evaluating, over a
period of 12 months, the efficacy, tolerability, and impact on
QoL of PER as an add-on treatment in BTRE patients with
uncontrolled seizures.

METHODS

Patients fulfilling the inclusion criteria were consecutively
recruited in four Italian Epilepsy Centers (Naples, Rome, Como,
and Reggio Calabria) over a period of 12 months. Patients
older than 18 years old and affected by BTRE with uncontrolled
seizures were included in the present study if they had at least
three focal-onset seizures during the 6 weeks baseline period (as
indicated in the approved protocol), were treated with at least one
appropriately chosen ASM, had a brain MRI performed in the
last 3 months preceding the recruitment, and were able to sign
the informed consent. Only primary brain tumors were included
in the study. Pregnancy or planned pregnancy, surgery in the
2 months preceding the Evaluation Visit or planned surgery,
moderate or severe renal and/or liver failure, hematological active
diseases, non-epileptic seizures, or history of drug or alcohol
abuse were exclusion criteria.

After written informed consent was obtained, PER was added-
on starting from 2 mg/day for 2 weeks. Then PER was titrated
with increments of 2mg every 4 weeks up to the desired dose or
a maximum of 12 mg/day depending on clinical outcome.

The primary endpoint was to assess the efficacy of PER
by calculating the percent change in seizure frequency (mean
number of seizures/month at 12 months—mean number of
seizures/month at baseline), the responder rate (percentage of
patients who experienced a 50% or greater reduction in seizure
frequency) and seizure freedom between baseline and last follow
up (12 months).

The secondary endpoints were tolerability, retention rate at 12
months, evaluation of quality of life modification and analysis,
and comparison of subgroups obtained by patients’ stratification
by oncological disease related factors. Safety was monitored by
assessing: the number and percentage of patients having any
adverse event; the number and percentage of patients having any
drug-related adverse event recorded as Grade 3 or 4 or as Serious
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Adverse Event (according to the CTCAE-Common Terminology
Criteria for Adverse Events of the US National Cancer Institute);
any change from baseline in vital signs and laboratory results
(hematology and blood chemistry).

Quality of life questionnaire for epilepsy (QOLIE 31-p
version2 version 1.0) was obtained at baseline and at 12
months. Becks hopelessness scale (BHS) and Aggression
questionnaire (AQ) were obtained for a subgroup of patients
at baseline, 6 and 12 months. Seizure frequency, concomitant
antiseizure medication (ASM), chemotherapy and radiotherapy
data, brain MRI, EEG, histology, and molecular data (i.e.,
isocitrate dehydrogenase 1-IDH1 and O6-Methylguanine-
DNA-methyltransferase-MGMT expression) were collected
and analyzed.

Statistical Analysis
Based on a previous study of a large population with drug-
resistant epilepsy (17), we estimated an average seizure frequency
of 11 per month prior the introduction of perampanel with a
standard deviation (SD) of 10.

A sample size of 36 was projected to provide 80% power at a
significance level of 5% and an expected effect size of about 50%.

In this study, qualitative items were summarized by absolute
counts and percentages while quantitative variables were
reported as means and standard deviations or median and
range. Paired Student’s t-test was used for assessing differences
between the two evaluations (baseline and follow-up). A P < 0.05
was considered as statistical significant and IBM-SPSS ver. 21.0
software was used for analysis.

RESULTS

We recruited 36 patients (Intention to treat population-ITT),
13 females (36.1%) and 23 males (63.9%) with a median age
of 46 years (range 15–75) and a mean number of seizures
prior to study entry of 9.1 ± 12.8 (SD) per month. Fourteen
patients (38.9%) had focal seizures with preserved awareness,
seven (19.4%) had focal onset seizures with loss of awareness,
11 (30.6%) had focal to bilateral, and four (11.1%) had
apparently generalized seizures (with a clear focal focus at EEG).
Nineteen patients (52.8%) were on monotherapy (the most
used drug on monotherapy was levetiracetam in 12 patients)
and 17 (47.2%) were on polytherapy (three were under three
ASMs and 12 were on bitherapy; the most used regimen was
lacosamide plus levetiracetam in five individuals) at the time of
evaluation. The concomitant ASMs treatment were not changed
during this study. Benzodiazepines taken occasionally were not
considered among the ASMs regimen. Table 1A summarizes the
characteristics of our population.

Table 1B indicates the histology of the tumors, grade, site,
and related treatment including surgery, chemotherapy, and
radiotherapy. Eleven patients (30.6%) had a low grade glioma
(LGG), 14 (38.9%) had a high grade glioma (HGG), seven
(19.4%) had a glioblastoma and four (11.1%) had an unclassified
tumor. Six patients (16.7%) were IDH1mutated; 10 (27,8%) were
negative; 20 (55.6%) were unknown. Seven patients (19.4%) were

TABLE 1A | Characteristics of our population.

Total number of recruited patients 36

SEX

Male 23 (63.9%)

Female 13 (36.1%)

Age in years median (range) 46 (15–75)

TYPE OF SEIZURE

Focal with preserved awareness 14 (38.9%)

Focal with compromised awareness 7 (19.4%)

Focal to bilateral 11 (30.6%)

(Apparently) Generalized 4 (11.1%)

NUMBER OF SEIZURES at baseline (mean ± SD) 9.1 ± 12.8

CONCOMITANT ASMs TREATMENT

Monotherapy 19 (52.8%)

12 LEV

2 PB

2 OXC

1 LTG

1 PHT

1 CBZ

Polytherapy 17 (47.2%)

1 VPA + LEV + LTG

1 OXC + LEV + LCM

1 CBZ + LEV + CLN

5 LCM + LEV

1 ZNS + OXC

1 VPA + LEV

1 VPA + LCM

1 VPA + CBZ

1 CBZ + LCM

1 OXC + LCM

ASMs, anti-seizure medications; CBZ, carbamazepine; CLN, clonazepam; LCM,

lacosamide; LEV, levetiracetam; LTG, lamotrigine; OXC, oxcarbazepine; PB,

phenobarbital; PHT, phenytoin; VPA, valproate; ZNS, zonisamide.

MGMT mutated; four (11.1%) were unmetilated; in 25 (69.5%)
the methylation status was not known).

At the last follow up, one patient (2.8%) was treated
with 2 mg/day of PER; seven (19.4%) with 4 mg/day; 14
(38.9%) with 6 mg/day; one (2.8%) with 7 mg/day; nine
(25%) with 8 mg/day; three (8.3%) with 10 mg/day and one
patient with 12 mg/day (2.8%). The final dose used was
established according to clinical response and/or intolerable
side effects.

At the end of 12 months, 21 patients were available for
evaluation (PP-per protocol population). The mean seizure
frequency was significantly reduced for both the ITT population
[from 9.1 ± 12.8 to 2.6 ± 5.0 seizure per month (p = 0.007)]
and the PP population [from 10.7 ± 14.7 to 1.7 ± 4.2 seizure
per month (p = 0.002)]. We also evaluated the efficacy with
regard to seizures’ type (focal aware/unaware seizures and
focal to bilateral/apparently generalized seizures) in the ITT
population and we observed a statistically significant difference
both in patients with focal aware/unaware seizures (10.7 ±
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TABLE 1B | Characteristics of the tumor and treatment.

HISTOLOGY

Low grade glioma 11 (30.6%)

High grade glioma 14 (38.9%)

Glioblastoma 7 (19.4%)

Other 4 (11.1%)

GRADE

Low 12 (33.3%)

High 21 (58.3%)

Other 3 (8.3%)

TUMOR SITE

Frontal 12 (33.3%)

Temporal 6 (16.7%)

Parietal 3 (8.3%)

Multilobular 14(38.9%)

Occipital 1 (2.8%)

SURGERY

UKN 2 (5.6%)

Biopsy 3 (8.3%)

Gross total resection (>90%) 13 (36.1%)

Partial resection (<90%) 18 (50.0%)

CHEMOTHERAPY

Yes, before PER treatment 12 (33.3%)

Yes, before and during PER treatment 15 (41.7%)

Yes, during PER treatment 2 (5.6%)

No 7 (19.4%)

CHEMOTHERAPY

No 7 (19.4%)

Temozolomide 16 (44.4%)

Fotemustine 4 (11.1%)

Bevacizumab 1 (2.8%)

Other 5 (13.9%)

Unknown 3 (8.3%)

RADIOTHERAPY

Yes, before PER treatment 12 (33.3%)

Yes, during PER treatment 3 (8.3%)

No 19 (52.8%)

Unknown 2 (5.6%)

IDH1 MUTATION

Mutated 6 (16.7%)

Non-mutated 10 (27.8%)

Unknown 20 (55.6%)

MGMT METHYLATION STATUS

Methylated 7 (19.4%)

Unmethylated 4 (11.1%)

Unknown 25 (69.5%)

14.9 vs. 3.7 ± 6.3; p = 0.026) than in those with focal to
bilateral/apparently generalized seizures (pre: 6.7 ± 9.1 vs. post
1.0± 1.2; p= 0.028).

Responder rate at 12 months in 21 patients was 90.4%: seven
patients were seizure-free (33.3%), 12 had a seizure reduction
≥50% (57.1%), one remained stable and one had a reduction

TABLE 2A | Results. Primary outcomes: seizure reduction, responder rate.

PERAMPANEL (mg/die) Number (%)

2 1 (2.8)

4 7 (19.4)

6 14 (38.9)

7 1 (2.8)

8 9 (25.0)

10 3 (8.3)

12 1 (2.8)

Seizures

outcome

Mean number of

seizures pre

Mean number of

seizures post

P-value

ITT (36 pts) 9.1 ± 12.8 2.6 ± 5.0 0.007

PP (only evaluable

at

12 months) (21

pts)

10.7 ± 14.7 1.7 ± 4.2 0.002

Seizure outcome

(details)

Number of

patients

Percentage

ITT (36 pts) 9 seizure-free 25%

15 seizure

reduction

41.6%

≥50%

5 stable 13.8%

5 reduction ≤ 50% 13.8%

2 worsened 5.5%

Responder rate

(ITT)

(seizure free +

≥50%

seizure reduction)

24/36 66.6%

PP (Only evaluable

at 12 months) (21

pts)

7 seizure-free 33.3%

12 seizure

reduction

57.1%

≥50%

1 stable 4.7%

1 reduction ≤ 50% 4.7%

Responder

rate/total (PP)

(seizure free +

≥50%

seizure reduction)

19/21 90.4%

Seizures

outcome

(grade) ITT

Mean number of

seizures pre

Mean number of

seizures post

P-value

Low grade 10.4 ± 16.8 1.4 ± 2.3 0.10

High grade 7.6 ± 10.5 3.4 ± 6.2 0.01

Seizures

outcome

(type of seizure)

ITT

Mean number of

seizures pre

Mean number of

seizures post

P-value

Focal 10.7 ± 14.9 3.7 ± 6.3 0.026

Bilateral/app.

generalized

6.7 ± 9.1 1.0 ± 1.2 0.028

The bold has been used to emphasize important results.

≤50%. Responder rate at the last follow-up available in the
whole population (36 patients) was 66.6%: nine patients were
seizure-free (25%), 16 had a seizure reduction≥50% (41.6%), five

Frontiers in Neurology | www.frontiersin.org 4 June 2020 | Volume 11 | Article 592

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Coppola et al. Perampanel in Brain Tumor-Related Epilepsy

remained stable, five have a reduction ≤50% and two worsened
(see Table 2A).

We evaluated the differences in mean seizure number change
in LGG and HGG patients in the ITT population. There were
not statistically significant differences in LGG patients (mean
seizure number pre PER treatment: 10.4 ± 16.8 vs. mean seizure
number post PER treatment:1.4 ± 2.3; p = 0.10). Conversely,
we observed a statistically significant difference in HGG patients
(mean seizure number pre: 7.6 ± 10.5 vs. mean seizure number
post: 3.4± 6.2; p= 0.01; see Table 2A).

Eleven patients (11/36; 30.6%) reported adverse events.
None of these was severe. Two experienced anxiety,
two irritability/aggressiveness, five dizziness, and two
fatigue/tiredness. Only three of them discontinued the
medication (two because of dizziness and another because
of aggressiveness), while two ameliorated after dose reduction.
The remaining six ameliorated spontaneously (See Table 2B).
These did not seem to correlate with the dosage regimen indeed
seven out of 11 experienced the adverse event at low dosage
(4–6 mg/day) (see Supplementary Tables 1, 2). Eleven patients
(30.6%) manifested a progression of the oncological disease
during this study, and seven of them dropped out. Other drop
outs were due to non-adherence to treatment (two patients),
adverse events (three patients), death (two patients), worsening
of seizures (one patient). Retention rate at 12 months was
58.3% (21/36 patients were still on PER at the end of the study;
one patient retained PER although he early terminated his
participation at the present study because of disease progression)
(see Table 2B and Figure 1).

The IDH1 mutated condition seemed to affect positively
the seizures frequency outcome (see Table 2C). Indeed IDH1
mutated patients in the ITT population obtained a mean number

TABLE 2B | Results Secondary outcome: adverse events.

ADVERSE EVENTS (AEs)

Yes 11 (30.6%)

No 25 (69.4%)

TYPE OF AEs

Anxiety 2

Aggressiveness 2

Dizziness 5

Fatigue 2

MEASURE TAKEN

None 6

Dose reduction 2

Treatment interruption 3

DISEASE PROGRESSION

Yes 11 (30.6%)

No 25 (69.4%)

DROP-OUTS

Low compliance 2

Disease progression 7

Adverse events 3

Worsening 1

Death 2

Retention rate 21/36 pts (58.3%)

of seizure reduction from 11.4 ± 12.3 to 5.9 ± 8.8 (p =

0.02) while IDH non mutated patients decreased from 11.0 ±

19.3 to 1.0 ± 1.2 (p = 0.13). This reduction is not significant
due to high variability in total seizures’ number. The MGMT
methylated patients seemed to better respond to PER treatment
with significant seizures reduction (p = 0.04 for both ITT and
PP populations). Regarding disease progression, both groups
(11 patients with tumor progression and 25 patients without
tumor progression during follow-up) had a significative seizure
reduction between baseline and final follow-up. In addition
patients without a disease progression had a more significant
seizure reduction compared to patients with a disease progression
(p= 0.01 for both the ITT for the PP population; see Table 2C).

At basal evaluation QOLIE 31-p was administered in 25 out
of 36 patients; the remaining 11 did not perform the test because
they were aphasics (5) and had scarce compliance (6). At final
follow-up QOLIE 31-p was administered in 17 out of the 25
baseline that performed it at baseline: eight did not complete
the questionnaire because five dropped out (four because of
disease progression and one for side effects) and three had
scarce compliance.

In these 17 patients, the comparison between baseline and
final follow-up did not show any statistically significant difference
in QOLIE global score (basal: 50.0 ± 20.6; final follow-up:
56.5 ± 17.9; p = 0.14), and values remained stable, within
normal ranges. Although not statistically significant, all the sub-
items (seizure worry, overall quality of life, emotional well-being,
energy-fatigue, cognitive, medication effect, social function) had
a tendency to improve after PER treatment, particularly social
functioning (see Table 2D). In order to assess a possible influence
of the oncological disease on QOLIE 31-p responses, we made a
comparison between QOLIE 31-p mean scores in patients with

FIGURE 1 | “Time to treatment withdrawal from Perampanel: at the end of 12

months 22 patients out of 36 (61.1% as shown in the graph) were still on PER

treatment. However, one patient was excluded from the final retention rate

calculation as he early terminated the study due to disease progression. Thus,

final retention rate was 58.3% (21/36 patients).
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TABLE 2C | Results: outcome with regard to IDH1 mutated condition and MGMT

methylated condition.

IDH1 mutated

(6 pts)

Mean number of

seizures

pre-treatment

Mean number of

seizures

post-treatment

P-value

ITT (6 pts) 11.4 ± 12.3 5.9 ± 8.8 0.02

PP Only evaluable at

12 months (4 pts)

9.8 ± 13.5 5.4 ± 9.7 0.11

IDH1 non-mutated

(10 patients)

Mean number of

seizures

pre-treatment

Mean number of

seizures

post-treatment

P-value

ITT (10 pts) 11.0 ± 19.3 1.0 ± 1.2 0.13

PP Only evaluable at

12 months (5 pts)

20.8 ± 24.5 0.2 ± 0.2 0.15

MGMT methylated

(7 pts)

Mean number of

seizures

pre-treatment

Mean number of

seizures

post-treatment

P-value

ITT (7 pts) 14.3 ± 13.1 3.4 ± 7.4 0.04

PP Only evaluable at

12 months (6 pts)

16.3 ± 13.0 3.6 ± 8.0 0.04

MGMT

non-methylated

(4 pts)

Mean number of

seizures

pre-treatment

Mean number of

seizures

post-treatment

P-value

ITT (4 pts) 16.7 ± 28.9 1.0 ± 1.4 0.36

PP Only evaluable at

12 months (2 pts)

32.5 ± 38.9 0.5 ± 0.7 0.46

Pts with disease

progression (11)

Mean number of

seizures

pre-treatment

Mean number of

seizures

post-treatment

P-value

ITT (11 pts) 10.1 ± 11.8 5.6 ± 8.1 0.007

PP Only evaluable at

12 months (3 pts)

14.0 ± 13.9 7.0 ± 11.3 0.06

Pts without disease

progression (18)

Mean number of

seizures

pre-treatment

Mean number of

seizures

post-treatment

P-value

ITT (25 pts) 8.6 ± 13.5 1.3 ± 1.8 0.01

PP Only evaluable at

12 months (19 pts)

10.1 ± 15.1 0.9 ± 1.1 0.01

disease progression vs. patients without disease progression at
baseline and at final follow-up. Our results showed no significant
difference between the two groups (QOLIE global score at
baseline: 52.4± 15.3 in patients with disease progression and 50.6
± 21.2 in patients without disease progression; p = 0.84; QOLIE
global score at final follow up: 54.0± 13.8 in patients with disease
progression; 56.8 ± 18.7 in patients without disease progression;
p= 0.84).

The AQ and BHS were only available for seven patients both
at baseline and at the end of the study. Despite the low number
of patients with complete data, aggression, and hopelessness
measured by the tests did not seem to be worsened by PER (see
Supplementary Table 3).

DISCUSSION

Epilepsy might be a difficult to treat condition in patients
with a brain tumor. Despite several ASMs are available,
the treatment often fails to control the seizures and is

TABLE 2D | Results in QOLIE 31-P test in 17 patients before and after 12 months

of follow-up with PER.

QOLIE 31-P Basal 12 months f-u P-value

(Mean ± SD) (Mean ± SD)

Seizure worry 33.9.2 ±25.7 40.2 ± 23.6 0.36

Quality of life 58.0 ± 20.1 60.8 ± 17.6 0.48

Emotional well-being 55.4 ± 22.9 58.3 ± 22.3 0.53

Energy/fatigue 48.0 ± 24.9 48.6 ± 21.8 0.91

Cognitive 47.0 ± 28.0 56.9 ± 26.7 0.19

MEDS effect 45.5 ± 33.6 49.8 ± 28.1 0.56

Social functioning 53.9 ± 28.4 65.4 ± 22.8 0.08

QOLIE global score 50.0 ± 20.6 56.5 ± 17.9 0.14

QOLIE global score (T-score) 44.2 ± 13.3 46.4 ± 10.6 0.39

associated with significant side effects. Different antiseizure
medications, including tiagabine, pregabalin, oxcarbazepine,
levetiracetam, valproic acid, topiramate, zonisamide, lacosamide,
and lamotrigine have been used to treat BTRE (19, 20). According
to literature evidence, there is not a consensus suggesting any
specific drug in patients with BTRE. Also, there are no studies
linking the choice of a drug to a specific molecular marker, or to
type, and location of the tumor. The available landscape of ASMs
is limited by the possible side effects, that are known to be more
frequent in patients with BTRE, and moreover by the enzyme
inducers properties interfering with the anti-cancer medications.
In fact carbamazepine, phenytoin, and phenobarbital should not
be considered. Today, it is commonly accepted that the newer
generation drugs should be considered as first choice and among
them are levetiracetam, lamotrigine, and topiramate (20, 21).
Valproic acid should also be considered (22).

To date there have been only four studies and one case
report evaluating the efficacy and safety of PER in BRTE (12–
16). The first report was a clinical case about a 48 years old man
with a multiform glioblastoma who achieved a sustained seizure
freedom on PER until his death (14). The other three are small
group studies.

Dunn-Pirio et al. studied eight patients with glioma-related
focal-onset epilepsy: three out of eight had self-reported seizure
reduction and an additional three reported improved control.
Of the six patients that benefitted from PER therapy, five had
IDH1mutant gliomas (15).

Izumoto et al. (16) reported seizure control (more than 50%
seizure reduction) in ten analyzed patients (100%) and 6 patients
(60%) became seizure-free.

Vecht et al. studied 12 drug resistant patients with BTRE.
They reported an objective seizure response in nine out of 12
patients (75%): 50%-seizure reduction in three, seizure-freedom
in six. They also commented that the seizure response was
obtained early following antitumor-directed therapy in gliomas
which could be considered as a surrogate-marker of early tumor
responses, advancing confirmation by MR imaging by 6 months
or more (14).

Recently, in our retrospective study, we have obtained a high
rate (81.8%) of responders and five seizure-free patients out of
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11 patients suggesting that PER could have been a therapeutic
option in BTRE (13).

The PERADET study is the largest and the only multicentric,
prospective study with a 12 months follow up period. It
demonstrates a statistically significant efficacy of PER at 12
months with a significant seizure reduction in both the ITT
and the PP population. The responder rate at the end of the
study was as high as 90.4% and there were a 33.3% patients
being seizures free which lead to a 58.3% retention rate at
12 months. The responder rate dropped but still remained
substantial when the whole ITT population was considered
reaching a 66.6 and 25% of patients seizure free. Indeed this is
higher than the 39% responder rate reported in the largest real-
world data assessing people affected by treatment resistant focal
epilepsy (23).

The efficacy, in terms of seizure reduction was confirmed for
both types of seizures, namely focal and bilateral confirming
the efficacy of PER in both focal onset and bilateral seizures
(24). With regard to the grade, we observed a statistically
significant mean seizure reduction in HGG patients while we
could not demonstrate it for LGG patients (possibly due the
low number of patients in both groups). In our population
both groups, patients with tumor progression during follow-
up (11) and patients without tumor progression (18) had
a significant seizure reduction between baseline and final
follow-up. Literature data indicate that a re-occurrence of
seizure can indicate a tumor growth (18, 25). Our results
indicate that in our patients PER maintains a good efficacy
over time despite radiologically evidenced disease progression.
Both patients with IDH1 mutated and patients with MGMT
methylated seemed to better respond to PER treatment,
in agreement with the data reported by Dunn-Pirio et al.
(15). Unfortunately only few patients were able to perform
molecular analysis; therefore these data must be interpreted with
extreme caution.

PER was also well-tolerated; in fact, although one-third of
the entire cohort suffered an adverse event, none of these was
considered severe and only three patients dropped off because
of tolerability issues. Furthermore, in this study tolerability was
better than reported by Rohracher et al. (23) in the largest real
world study on perampanel that detected a 69% of treatment
related adverse events.

Regarding response to QOLIE 31-p, questionnaire’s mean
scores were in normal ranges at basal evaluation and remained
stable at final follow-up, showing no significant differences.
Literature data on BTRE populations indicate that patients
treated with new generation ASMs as add-on therapy, show
stability in QOLIE 31-P domains after 6 months of treatment,
despite they achieve good seizure control. Our results on patients’
perceived quality of life are in line with this evidence. However,
our results could be also affected by the low number of patients
who were able to perform the tests at 12 months’ follow-up (17
out of 36). In addiction, although QOLIE 31-p is a test specifically
designed to assess quality of life related to seizures disorders, we
also know that quality of life in cancer patients is multifactorial as
they may experience distress from the diagnosis, the effects of the
disease, progression, treatment, and side effects (26). However,

in our patients the statistical analysis showed no significant
difference in QOLIE 31-p mean scores between patients with
disease progression compared to patients without, suggesting
that the oncological disease did not seem to influence QOLIE
31-p responses, as shown by previous literature evidences (27).

This study has some limitations. A subgroup analysis with
regard to the histology and/or location of the tumor was not
possible as the population was quite heterogeneous. Regarding
the tumor grade, we could observe a significant mean seizure
change in the HGG while we failed to demonstrate it in LGG.
However, we believe that, given the small number of patients per
each subgroup, this data need to be taken with caution and need
further confirmation with a larger cohort. Also, the molecular
features were not available for all patients. Furthermore, data
regarding aggression and hopelessness, while being positive were
limited to only seven patients and cannot be currently taken
into account.

CONCLUSION

PERADET is the largest BRTE population studied so far, allowing
the confirmation of a good efficacy and tolerability of PER in
BRTE that was already reported in smaller studies.

In the future, a broader collaborative study with a
comprehensive characterization of the histology and molecular
details of the tumor, could better clarify what type of
patients/tumor might be more suitable for this treatment,
nevertheless, per seems a promising therapeutic intervention for
a substantial group of patients with BTRE.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Approved by the Ethical Committee (Prot. n◦

0008872.25-06-2019; RS 919/17) of IRCCS IFO ‘Regina Elena’
National Cancer Institute. The patients/participants provided
their written informed consent to participate in this study.

CONSENT FOR PUBLICATION

Written informed consent for publication of their clinical details
and/or clinical images was obtained from the patient. A copy
of the consent form is available for review by the Editor of
this journal.

AUTHOR CONTRIBUTIONS

AC: study design, collection of the cases, writing of the
manuscript, editing of the manuscript. AZ: collection of the
cases. AM: collection of the cases. VV: collection of the cases.
TK: collection of the cases. ER: study design and editing of

Frontiers in Neurology | www.frontiersin.org 7 June 2020 | Volume 11 | Article 592

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Coppola et al. Perampanel in Brain Tumor-Related Epilepsy

the manuscript. AN, CS, VB, and EF: collection of the cases.
SB: study design. DG: study design, statistical analysis. LB:
collection of the cases. MM: study design, collection of the
cases, writing of the manuscript, and editing of the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study has received support by EISAI pharmaceutical
Company (Investigator Initiatd Study 2015).

ACKNOWLEDGMENTS

The authors thank all the patients for participating
in this study. SB was supported by the Muir
Maxwell Trust.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2020.00592/full#supplementary-material

REFERENCES

1. van Breemen MS, Wilms EB, Vecht CJ. Epilepsy in patients with brain

tumours: epidemiology, mechanisms, andmanagement. Lancet Neurol. (2007)

6:421–30. doi: 10.1016/S1474-4422(07)70103-5

2. Maschio M. Brain tumor-related epilepsy. Curr Neuropharmacol. (2012)

10:124–33. doi: 10.2174/157015912800604470

3. Perucca E. Optimizing antiepileptic drug treatment in tumoral

epilepsy. Epilepsia. (2013) 54(Suppl 9):97–104. doi: 10.1111/

epi.12452

4. Buckingham SC, Campbell SL, Haas BR, Montana V, Robel S, Ogunrinu T,

et al. Glutamate release by primary brain tumors induces epileptic activity.

Nat Med. (2011) 17:1269–74. doi: 10.1038/nm.2453

5. Marcus HJ, Carpenter KL, Price SJ, Hutchinson PJ. In vivo assessment

of high-grade glioma biochemistry using microdialysis: a study of energy-

related molecules, growth factors and cytokines. J Neurooncol. (2010) 97:11–

23. doi: 10.1007/s11060-009-9990-5

6. Yuen TI, Morokoff AP, Bjorksten A, D’Abaco G, Paradiso L, Finch S,

et al. Glutamate is associated with a higher risk of seizures in patients

with gliomas. Neurology. (2012) 79:883–9. doi: 10.1212/WNL.0b013e3182

66fa89

7. Piao Y, Lu L, de Groot J. AMPA receptors promote perivascular

glioma invasion via β1 integrin-dependent adhesion to the extracellular

matrix. Neuro Oncol. (2009) 11:260–73. doi: 10.1215/15228517-

2008-094

8. Brocke KS, Staufner C, Luksch H, Geiger KD, Stepulak A, Marzahn J, et al.

Glutamate receptors in pediatric tumors of the central nervous system.Cancer

Biol Ther. (2010) 9:455–68. doi: 10.4161/cbt.9.6.10898

9. Oh MC, Kim JM, Safaee M, Kaur G, Sun MZ, Kaur R, et al. Overexpression

of calcium-permeable glutamate receptors in glioblastoma derived brain

tumor initiating cells. PLoS One. (2012) 7:e47846. doi: 10.1371/journal.pone.

0047846

10. Di Bonaventura C, Labate A, Maschio M, Meletti S, Russo E. AMPA

receptors and perampanel behind selected epilepsies: current evidence

and future perspectives. Expert Opin Pharmacother. (2017) 18:1751–

64. doi: 10.1080/14656566.2017.1392509

11. Steinhoff BJ, Ben-Menachem E, Ryvlin P, Shorvon S, Kramer L, Satlin A, et al.

Efficacy and safety of adjunctive perampanel for the treatment of refractory

partial seizures: a pooled analysis of three phase III studies. Epilepsia. (2013)

54:1481–89. doi: 10.1111/epi.12212

12. Rosche J, Piek J, Hildebrandt G, Grossmann A, Kirschstein T, Benecke R.

[Perampanel in the treatment of a patient with glioblastoma multiforme

without IDH1 mutation and without MGMT promotor methylation].

Fortschr Neurol Psychiatr. (2015) 83:286–9. doi: 10.1055/s-0034-

1399459

13. Maschio M, Pauletto G, Zarabla A, Maialetti A, Ius T, Villani V, et al.

Perampanel in patients with brain tumor-related epilepsy in real-life

clinical practice: a retrospective analysis. Int J Neurosci. (2019) 129:593–

7. doi: 10.1080/00207454.2018.1555160

14. Vecht C, Duran-Pena A, Houillier C, Durand T, Capelle L,

Huberfeld G. Seizure response to perampanel in drug-resistant

epilepsy with gliomas: early observations. J Neurooncol. (2017)

133:603–7. doi: 10.1007/s11060-017-2473-1

15. Dunn-Pirio AM, Woodring S, Lipp E, Herndon JE 2nd, Healy P,

Weant M, et al. Adjunctive perampanel for glioma-associated epilepsy.

Epilepsy Behav Case Rep. (2018) 10:114–7. doi: 10.1016/j.ebcr.2018.

09.003

16. Izumoto S, Miyauchi M, Tasaki T, Okuda T, Nakagawa N, Nakano

N, et al. Seizures and tumor progression in glioma patients with

uncontrollable epilepsy treated with perampanel. Anticancer Res. (2018)

38:4361–6. doi: 10.21873/anticanres.12737

17. Elger C, Halasz P, Maia J, Almeida L, Soares-da-Silva P, BIA-2093-

301 Investigators Study Group. Efficacy and safety of eslicarbazepine

acetate as adjunctive treatment in adults with refractory partial-onset

seizures: a randomized, double-blind, placebo-controlled, parallel-group

phase III study. Epilepsia. (2009) 50:454–63. doi: 10.1111/j.1528-1167.2008.

01946.x

18. Kim YH, Park CK, Kim TM, Choi SH, Kim YJ, Choi BS, et al. Seizures

during the management of high-grade gliomas: clinical relevance to disease

progression. J Neurooncol. (2013) 113:101–9. doi: 10.1007/s11060-013-

1094-6

19. Striano S, Striano P, Boccella P, Nocerino C, Bilo L. Tiagabine in

glial tumors. Epilepsy Res. (2002) 49:81–5. doi: 10.1016/S0920-1211(02)

00005-0

20. Maschio M, Aguglia U, Avanzini G, Banfi P, Buttinelli C, Capovilla G,

et al. Management of epilepsy in brain tumors. Neurol Sci. (2019) 40:2217–

34. doi: 10.1007/s10072-019-04025-9

21. Maschio M, Dinapoli L. Patients with brain tumor-related

epilepsy. J Neurooncol. (2012) 109:1–6. doi: 10.1007/s11060-012-

0867-7

22. Happold C, Gorlia T, Chinot O, Gilbert MR, Nabors LB, Wick W, et al.

Does valproic acid or levetiracetam improve survival in glioblastoma?

A pooled analysis of prospective clinical trials in newly diagnosed

glioblastoma. J Clin Oncol. (2016) 34:731–9. doi: 10.1200/JCO.2015.

63.6563

23. Rohracher A, Zimmermann G, Villanueva V, Garamendi I, Sander

JW, Wehner T, et al. Perampanel in routine clinical use across

Europe: Pooled, multicenter, observational data. Epilepsia. (2018)

59:1727–39. doi: 10.1111/epi.14520

24. Tyrlikova I, Brazdil M, Rektor I, Tyrlik M. Perampanel as monotherapy

and adjunctive therapy for focal onset seizures, focal to bilateral tonic-

clonic seizures and as adjunctive therapy of generalized onset tonic-clonic

seizures. Expert Rev Neurother. (2019) 19:5–16. doi: 10.1080/14737175.2019.

1555474

25. Vecht CJ, Kerkhof M, Duran-Pena A. Seizure prognosis in brain tumors:

new insights and evidence-based management. Oncologist. (2014) 19:751–

9. doi: 10.1634/theoncologist.2014-0060

26. Randazzo D, Peters KB. Psychosocial distress and its effects on the health-

related quality of life of primary brain tumor patients. CNS Oncol. (2016)

5:241–9. doi: 10.2217/cns-2016-0010

27. Klein M, Engelberts NH, van der Ploeg HM, Kasteleijn-Nolst

Trenité DG, Aaronson NK, Taphoorn MJ, et al. Epilepsy

Frontiers in Neurology | www.frontiersin.org 8 June 2020 | Volume 11 | Article 592

https://www.frontiersin.org/articles/10.3389/fneur.2020.00592/full#supplementary-material
https://doi.org/10.1016/S1474-4422(07)70103-5
https://doi.org/10.2174/157015912800604470
https://doi.org/10.1111/epi.12452
https://doi.org/10.1038/nm.2453
https://doi.org/10.1007/s11060-009-9990-5
https://doi.org/10.1212/WNL.0b013e318266fa89
https://doi.org/10.1215/15228517-2008-094
https://doi.org/10.4161/cbt.9.6.10898
https://doi.org/10.1371/journal.pone.0047846
https://doi.org/10.1080/14656566.2017.1392509
https://doi.org/10.1111/epi.12212
https://doi.org/10.1055/s-0034-1399459
https://doi.org/10.1080/00207454.2018.1555160
https://doi.org/10.1007/s11060-017-2473-1
https://doi.org/10.1016/j.ebcr.2018.09.003
https://doi.org/10.21873/anticanres.12737
https://doi.org/10.1111/j.1528-1167.2008.01946.x
https://doi.org/10.1007/s11060-013-1094-6
https://doi.org/10.1016/S0920-1211(02)00005-0
https://doi.org/10.1007/s10072-019-04025-9
https://doi.org/10.1007/s11060-012-0867-7
https://doi.org/10.1200/JCO.2015.63.6563
https://doi.org/10.1111/epi.14520
https://doi.org/10.1080/14737175.2019.1555474
https://doi.org/10.1634/theoncologist.2014-0060
https://doi.org/10.2217/cns-2016-0010
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Coppola et al. Perampanel in Brain Tumor-Related Epilepsy

in low-grade gliomas: the impact on cognitive function and

quality of life. Ann Neurol. (2003) 54:514–20. doi: 10.1002/ana.

10712

Conflict of Interest: AC has received speaker fees by Eisai. ER has received

speaker fees and participated at advisory boards for Eisai and has received

research fundings by GW Pharmaceuticals, Pfizer, Italian Ministry of Health

(MoH) and the Italian Medicine Agency (AIFA). EF received speaker honoraria

from EISAI and UCB. MM has received support for travel to congresses from

EISAI srl; has participated in scientific advisory boards for EISAI; has participated

in pharmaceutical industry-sponsored symposia for UCB Pharma; has received

research grants from UCB Pharma.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2020 Coppola, Zarabla, Maialetti, Villani, Koudriavtseva, Russo,

Nozzolillo, Sueri, Belcastro, Balestrini, Ferlazzo, Giannarelli, Bilo and Maschio.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Neurology | www.frontiersin.org 9 June 2020 | Volume 11 | Article 592

https://doi.org/10.1002/ana.10712
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Perampanel Confirms to Be Effective and Well-Tolerated as an Add-On Treatment in Patients With Brain Tumor-Related Epilepsy (PERADET Study)
	Background
	Methods
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Consent for Publication
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


