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Objective: This meta-analysis aimed to assess the effectiveness and safety of
novel antiepileptic drugs (AEDs) in treating epilepsy in patients with brain tumors
(BTRE).

Methods: A search was conducted on PubMed, EMBASE, Web of Science, and
the Cochrane Library from inception to February 2023, with English language
restriction.

Results: In this meta-analysis, 18 clinical trials involving 755 BTRE patients were
included to assess the efficacy and safety of novel AEDs in BTRE treatment. At
the last follow-up, a >50% reduction in seizure frequency was experienced by
72% of patients (random-effects model, 95% Cl = 0.64-0.78) using novel AEDs.
At the last follow-up, seizure freedom was experienced by 34% of patients
(random-effects model, 95% Cl=0.28-041) using novel AEDs. The pooled
incidence of AEs was found to be 19% (95% CI: 13%-26%), with a withdrawal
rate due to adverse effects of only 3%. Comparable efficacy and incidence of
adverse effects were observed between lacosamide and perampanel.

Conclusion: This meta-analysis suggests that novel antiepileptic drugs are
deemed effective for seizure control in brain tumor patients, particularly when
used as adjunctive therapy. Although lacosamide and perampanel received
more focus in studies, no significant difference was observed in the efficacy and
adverse reactions of these two drugs in seizure control. Further randomized
controlled trials are deemed necessary to validate our findings.
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1 Introduction

Brain and central nervous system (CNS) tumors rank among the most fatal cancers,
causing significant morbidity and mortality in the United States (1). Epilepsy emerges as the
predominant symptom in individuals with brain tumors, and a single seizure is sufficient for
diagnosing epilepsy in this context (2). The likelihood of brain tumor-related epilepsy (BTRE)
is markedly influenced by tumor histology (3). Over 80% of diffuse low-grade glioma patients
experience BTRE, while glioblastoma and meningioma patients exhibit seizure rates of
62%-68% and 40%-47%, respectively (4-6). Seizures in brain tumor patients stem from
various factors, including mechanical compression of tumors, disturbances in tumor
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vascularization and oxygen demand, inflammatory processes, and
neurotransmitter imbalances (3). Even after complete tumor removal,
eradicating epilepsy proves challenging, as seizures in BTRE are
partially generated by surrounding tissues. Antiepileptic drugs
(AEDs), possessing known pharmacological properties, the ability to
traverse the blood-brain barrier, and established efficacy in seizure
control, also demonstrate potential anti-tumor activity (7).
Consequently, AEDs, with proven efficacy and safety and no
heightened cancer risk, are identified as optimal for BTRE treatment
(8). AED selection in BTRE adheres to principles such as potential
beneficial side effects, availability of intravenous formulations with
rapid onset, avoidance of adverse effects, and minimizing drug
interactions (3). Thus, the choice of current AEDs in BTRE should
prioritize considerations of pharmacokinetics, pharmacodynamics,
tolerability, and side effects.

Novel AEDs,
brivaracetam, rufinamide, cannabidiol, cenobanmate, retigabine,

encompassing lacoxamide, perampanel,
eslicarbazepine acetate, and stiripentol, exhibit notable efficacy in
epilepsy control and treatment. However, the debate persists regarding
their efficacy and safety in the context of brain tumor-related epilepsy.
Consequently, this study aims to assess the effectiveness and safety of

novel AEDs in treating epilepsy in patients with brain tumors.

2 Methods
2.1 Search strategy

We conducted a literature search in four databases, namely
Embase, PubMed, Web of Science, and the Cochrane Library, from
their inception to February 2023, with a restriction to English-
language publications. The keywords employed were “perampanel,”
“cannabidiol,” “cenobanmate,’

“rufinamide;” “retigabine,’

»

“eslicarbazepine acetate,” “brivaracetam,” “stiripentol,” “lacosamide,”
and “brain neoplasms.”

2.2 Study selection

Inclusion criteria were as follows: (1) study type: randomized
controlled trial (RCT), prospective clinical trials, retrospective cohort
studies, prospective case—control studies, and case series (>5); (2)
diagnosis: patients diagnosed with brain tumor-related epilepsy
(BTRE); (3) drug: perampanel, rufinamide, retigabine, eslicarbazepine
acetate, stiripentol, lacosamide, brivaracetam, regardless of dosage,
administration method, and duration; and (4) data: information on
the reduction of seizure frequency, including seizure reduction >50%
from baseline, seizure freedom, and adverse events (AEs).

Exclusion criteria were as follows: (1) in vitro or animal
experiments; (2) inability to extract exact data from the article; (3)
conference abstracts; (4) number of participants <5.

2.3 Data extraction

Two authors independently screened titles and abstracts of
relevant articles based on established inclusion and exclusion criteria,
thoroughly reviewing literature of high relevance. Subsequently, data
were extracted from articles meeting the research criteria.
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Information extracted from the included studies included: (1)
study information: first author, publication year, and study design; (2)
patient information: number of participants, gender, and age; (3)
treatment information: drug, route of administration, dose, duration,
and combination of treatment; (4) primary outcomes: seizure
reduction >50% from baseline, seizure freedom, and AEs.

2.4 Quality assessment

For included non-randomized controlled trials, we utilized the
Methodological Index for Non-Randomized Studies (MINORS) to
assess quality (9).

2.5 Statistical analysis

Heterogeneity was evaluated using the Cochran Q test and I*
statistics. Different effect models were selected based on I statistics,
utilizing the random effect model when I exceeded 50%, and the fixed
effect model otherwise. Sensitivity analysis and subgroup analyses
were conducted to explore the source of heterogeneity. Publication
bias analysis employed funnel plots and Egger’s test. Two-proportion
z-tests were used to compare pooled proportions. All analyses were
conducted using R (Version 4.3.1), with a significance level set at
p<0.05.

3 Results
3.1 Studies selection and characteristics

After an initial search, we identified a total of 1,021 articles across
four databases: 835 from Embase, 33 from PubMed, 146 from Web of
Science, and 7 from the Cochrane library. The first step involved
removing duplicate records obtained from the database searches. In
the second step, we conducted a preliminary screening by reviewing
the titles and abstracts of the retrieved articles. The third step involved
the final identification of articles meeting the inclusion criteria
through a thorough review of their full texts. After excluding 122
duplicate records, two independent researchers screened the titles and
abstracts of the remaining 899 articles and excluded 252 studies that
were unrelated to our objectives.

Upon reading the full text of the remaining 647 articles, 629 were
excluded, resulting in a total of 18 articles included in our meta-
analysis (10-27). The PRISMA flow chart illustrating the study
selection process is presented in Figure 1.

Nine studies employed lacosamide, six studies utilized
perampanel, and one each utilized eslicarbazepine, brivaracetam, and
clobazam. The publication years ranged from 2011 to 2022. Detailed
baseline characteristics of the included clinical trials in this meta-
analysis are presented in Table 1.

3.2 Seizure reduction
A treatment response was defined as a reduction of more than
50% in seizures, and this outcome was assessed in 17 studies. At the

last follow-up with the most data, 72% (random-effects model, 95%
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FIGURE 1
Flow diagram of study selection.

CI=0.64-0.78) of 605 patients undergoing novel AEDs experienced a
treatment response in seizure frequency (Figure 2A). A linear
regression test assessing funnel plot asymmetry for the 17 studies
revealed no significant publication bias (p=0.28). Following a sensitive
analysis (Figure 2B), one study was excluded, and the adjusted pooled
estimate of data was 0.69 (95% CI: 0.64-0.78).

Subgroup analysis was conducted on 17 studies that exhibited a
response in seizures. The analysis suggested that the choice of drug
might be a significant source of heterogeneity (Table 2). Following
subgroup analysis, brain tumor type (p=0.9) and epilepsy type
(p=0.54) were not identified as sources of heterogeneity. The response
rate in seizures was 0.66 with lacosamide (n=7) and 0.78 with
perampanel (n=6). The effective rate of eslicarbazepine acetate for a
50% reduction in seizures was 0.75, that of brivaracetam was 0.61, and
that of clobazam was 0.94. However, there was only one study for each
of these three drugs, with limited data. Additionally, four studies
included patients on monotherapy, prompting subgroup analyses with
or without concomitant medication. Subgroup analysis indicated that
concomitant medications or lack thereof might be a significant source
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of heterogeneity (Table 2). The response rate in the combination arm
was 75%, while the response rate in the uncoadministered group
was 61%.

Three studies provided data on treatment response in seizures at
3 months of follow-up, with 69% of 209 patients experiencing a treatment
response (Figure 3A). For 6 months of follow-up, data from seven studies
revealed that 82% of 263 patients had a treatment response (Figure 3B).
At more than 6 months of follow-up, eight studies reported that 68% of
269 patients had a treatment response (Figure 3C). Two-proportion
z-tests indicated a significant difference in treatment response between
3months and 6months of follow-up (69.4% vs. 78.1%, p<0.05).
Additionally, a significant difference was observed in treatment response
between 6 months and more than 6 months of follow-up (79.1% vs.
67.3%, p<0.05), but no significant difference was found between
3 months and more than 6 months of follow-up (p=0.70).

Nine studies evaluated seizure reduction outcomes. At the last
follow-up with the most data, 77% (random-effects model, 95%
CI=0.69-0.83) of 283 patients undergoing novel AEDs experienced
seizure reduction (Figure 4).
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TABLE 1 Baseline characteristics of included studies.

10.3389/fneur.2024.1344775

Author Year \[o} Type of  Seizure Concomitant Follow- NOS
(male) tumor type AEDs (%) up period
(month)
Primary 229.0mg/
Ruda et al. 2020 93(47) BTRE Lacosamide 100% 6 6
brain tumor day
Primary 274.9mg/
Saria et al. 2013 70(40) BTRE Lacosamide 87.1% 6.2 6
brain tumor day
Primary and
138.5mg/
Sepulveda et al. 2017 39 (26) metastases BTRE Lacosamide d 89.7% 3/6 7
a
brain tumor Y
Primary
Maschio et al. 2019 11 BTRE Perampanel 7.3 mg/day 100% 12 5
brain tumor
Primary and
Toledo et al. 2018 48 (34) metastases BTRE Lacosamide 200 mg/day 100% 30.5 7
brain tumor
Primary Uncontrolled 332.1mg/
Maschio et al. 2011 14 (8) Lacosamide 100% 5.4 6
brain tumor | seizures day
Primary Uncontrolled
Ruda et al. 2018 71 (48) Lacosamide 200 mg/day 100% 3/6/9 6
brain tumor | seizures
Primary Eslicarbazepine
Zoccarato et al. 2021 8(5) BTRE 950 mg/day 100% 3/6/9 5
brain tumor acetate
Primary
Maschio et al. 2020 33(19) BTRE Brivaracetam 175 mg/day 100% 10 5
brain tumor
Heugenhauser Primary Uncontrolled
2021 5(3) Perampanel 6.8 mg/day 100% 30.2 5
etal. brain tumor | seizures
Primary Uncontrolled
Coppola et al. 2020 36 (13) Perampanel 6.5mg/day 100% 12 5
brain tumor | seizures
Primary Uncontrolled
Izumoto et al. 2018 12 (8) Perampanel 5mg/day 100% 6 5
brain tumor seizures
Primary Uncontrolled
Maschio et al. 2017 25(18) Lacosamide 300 mg/day 100% 6 5
brain tumor seizures
Primary
Mo et al. 2022 132 (76) BTRE Lacosamide 250 mg/day 62.9% 3/6 6
brain tumor
Primary and
Villanueva et al. 2016 105 (65) metastases BTRE Lacosamide 350 mg/day 97.1% 3/6 7
brain tumor
Primary Uncontrolled
Vecht et al. 2017 12.(9) Perampanel 8 mg/day 91.7% 6 6
brain tumor seizures
Brahmbhatt Primary
2021 35(26) BTRE Clobazam 20.4 mg/day 100% 6/12/24 6
etal. brain tumor
Primary and
Uncontrolled
Maschio et al. 2020 24 (16) metastases ) Perampanel 6.6 mg/day 100% 6 5
seizures
brain tumor

3.3 Seizure freedom

Seventeen studies assessed seizure freedom. At the last follow-up
with the most data, 34% (random-effects model, 95% CI=0.28-0.41)
of 627 patients undergoing novel AEDs experienced seizure freedom
(Figure 5A). A linear regression test assessing funnel plot asymmetry
for the 17 studies revealed no significant publication bias (p=0.20).
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After a sensitive analysis (Figure 5B), one study was excluded, and the
adjusted pooled estimate of data was 0.32 (95% CI: 0.27-0.38).
Subgroup analysis was conducted on 17 studies that reported
seizures freedom. The analysis suggested that the type of tumor
studied might be a significant source of heterogeneity (Table 3). After
subgroup analysis, drug (p=0.37) and epilepsy type (p=0.25) were not
identified as sources of heterogeneity. The rate of seizure freedom was
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-0.5 0 05

FIGURE 2

(A) Forest plot of last follow-up seizure reduction >50% with the most data. (B) The sensitive analysis of last follow-up seizure reduction >50% with the

most data.

0.37 with primary brain tumor (n=13) and 0.26 with primary and
metastatic brain tumor (n=4). Additionally, four studies included
patients on monotherapy, prompting subgroup analyses with or
without concomitant medication. Subgroup analysis indicated that
concomitant medications or lack thereof may not be a significant
source of heterogeneity (p=0.58).

Three studies provided data on treatment seizures freedom at
3 months of follow-up, with 46% of 291 patients achieving seizures
freedom (Figure 6A). For 6 months of follow-up, data from 11 studies
revealed that 37% of 509 patients had seizures freedom (Figure 6B).
At more than 6 months of follow-up, eight studies reported that 35%
of 207 patients had seizures freedom (Figure 6C). Two-proportion
z-tests indicated a significant difference in treatment response between
3months and 6months of follow-up (46% vs. 37%, p<0.01).
Additionally, a significant difference was observed in treatment
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response between 6 months and more than 6 months of follow-up
(37% vs. 35%, p<0.05), but no significant difference was found
between 3 months and more than 6 months of follow-up (p=0.55).

3.4 Treatment-related adverse events

To assess the incidence of AEDs-related adverse events (AEs), a
meta-analysis of AEs (706 patients in 17 studies) and withdrawals due
to adverse effects (706 patients in 17 studies) was performed. The
pooled incidence of AEs was 19% (95% CI: 13-26%, ’=71%, p <0.01,
Figure 7A). Following a sensitive analysis (Figure 7B), one study was
excluded, and the adjusted pooled estimate of data was 0.17 (95% CI:
0.12-0.24). After subgroup analysis, drug (p=0.57), type of tumor
(p=0.54), and epilepsy type (p=0.31) were not identified as sources
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TABLE 2 Subgroup analysis of pooled estimates of seizure response.

10.3389/fneur.2024.1344775

Subgroup No. of studies Mean 95% ClI p-value between subgroups
Drug
Lacosamide 7 66% 0.57-0.74
Perampanel 6 78% 0.64-0.87
Eslicarbazepine acetate 1 75% 0.35-0.97 0.04
Brivaracetam 1 61% 0.42-0.77
Clobazam 1 94% 0.80-0.99
Brain tumor type
Primary brain tumor 14 71% 0.62-0.79
Primary and metastases brain tumor 4 73% 0.54-0.86 0
Epilepsy type
BTRE 9 69% 0.60-0.77

0.54
Uncontrolled seizures 8 74% 0.60-0.85
Concomitant or not
Concomitant 13 75% 0.65-0.82

0.03
Non-concomitant 4 61% 0.64-0.78

of heterogeneity. The rate of withdrawal due to adverse effects was
only 3% (95% CI: 2%-5%, I*=0%, p<0.01, Figure 7C).

3.5 Lacosamide vs. perampanel

At the last follow-up, the seizure response rate of perampanel was
78% (95% CI=0.64-0.87), and the seizure response rate of lacosamide
was 66% (95% CI=0.57-0.74). Two-proportion z-tests revealed no
significant difference in response rates between perampanel and
lacosamide (p=0.12). Regarding seizure freedom, at the last follow-up,
the seizure freedom rate of perampanel was 35% (95% CI=0.26-0.45),
and the seizure freedom rate of lacosamide was 36% (95% CI=0.28-
0.46). Two-proportion z-tests revealed no significant difference in
seizure freedom rates between perampanel and lacosamide (p=0.59).
While other drugs may show significant differences, they were less
studied. Concerning the incidence of adverse effects, the incidence of
adverse effects for perampanel was 21%, and for lacosamide, it was
17%. However, two-proportion z-tests revealed no significant
difference in adverse effects between perampanel and lacosamide
(p=0.84).

4 Discussion

BTRE is prevalent among patients with brain tumors, yet there is
no universally agreed-upon AED treatment for BTRE. Levetiracetam,
lamotrigine, and topiramate have all been suggested as potential first-
line AEDs for BTRE treatment (28). Studies indicate that levetiracetam
serves as a suitable first-line AED for grade 2 glioma seizures
compared to commonly used ASM such as carbamazepine,
lamotrigine, sodium valproate, topiramate, and phenytoin. More than
60% of patients on levetiracetam achieve seizure freedom within
2years, though it can lead to neuropsychiatric adverse reactions (29).
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BTRE significantly impacts patient morbidity and quality of life, yet
its pathogenesis remains unclear. In high-grade gliomas, up to 15% to
25% of BTRE cases are resistant. Among various combinations, the
dual administration of levetiracetam and valproic acid is deemed the
most effective for refractory BTRE, despite more serious adverse
reactions (30). Limited treatment options exist for brain tumors like
high-grade gliomas. Standard medical therapy involves chemotherapy
with temozolomide and radiation therapy. It is generally agreed upon
that non-enzyme-inducing ASMs should be preferred to avoid
interference with antineoplastic drugs and other medications like
dexamethasone (31).

Children and adults with the most aggressive forms of brain
cancer, malignant gliomas, or glioblastomas commonly develop brain
edema, and this complication is usually treated with dexamethasone.
Other research has shown that dexamethasone can reduce tumor
microenvironment interference caused by, and even can inhibit
glioma cell proliferation (32). Edema in patients with brain tumors
may also lead to seizures, which can be controlled by dexamethasone
by reducing edema. In patients with chemotherapy or dexamethasone,
infection can persist throughout the disease, and infection can cause
neurological decline or seizures (33). There is clear clinical evidence
that dexamethasone can affect the pharmacokinetic parameters of
phenytoin sodium (34). However, the commonly used AED in clinic
is levetiracetam, and the literature supports that levetiracetam has no
significant interaction with dexamethasone, acetaminophen and
fentanyl (35). Changing the dose of dexamethasone may affect the
control of seizures and thus the AED dose, and increasing the dose of
dexamethasone may subsequently reduce the AED level. Similarly,
care must be taken to monitor AED levels during dexamethasone
tapering, as some patients develop AED toxicity following
dexamethasone tapering. However, in the study of new AEDs, the
influence of dexamethasone has not been deeply explored, and only
one LAC study records and analyzes the dose change of
dexamethasone (18).
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FIGURE 3
Forest plot showing the (A) 3 months, (B) 6 months, and (C) more than 6 months seizure reduction >50%.

The mechanism of action of the novel AEDs included in this study
differs from that of traditional AEDs, making them less susceptible to
metabolic enzyme interference. Consequently, these AEDs exhibit a
low incidence of adverse reactions, most of which are tolerable. In
vitro studies (36) suggest that PER possesses promising antitumor
properties, although clinical data on its potential antitumor activity
are lacking. Recent studies (37) report in vitro antitumor effects of
lacosamide and brivaracetam on human glioma cells. More controlled
trials and observational studies in larger cohorts are required to
further explore the impact of these AEDs on tumor progression and
comprehensively characterize their potential in BTRE patients.
Among the novel AEDs, brivaracetam’s adverse effects occur less
frequently (38). However, lacosamide, available in injectable form,
holds an advantage in controlling acute episodes of BTRE.

Frontiers in Neurology

In this meta-analysis, 18 clinical trials involving 755 patients with
brain tumor-related epilepsy (BTRE) were incorporated to assess the
efficacy and safety of novel AEDs in treating BTRE. Single-arm
analysis revealed a treatment response rate of 72% and a seizure
freedom rate of 34%. Moderate heterogeneity was observed in the
response rate and seizure-free statistics across the included clinical
studies, possibly attributed to variations in follow-up duration. All
studies were either retrospective or prospective, utilizing subjective
outcome indicators without blinding. Only five studies involved
patients on single-drug administration, while others had previously
undergone first-line antiepileptic therapy, shifting to novel AEDs due
to adverse reactions or poor efficacy of other drugs. Sensitivity analysis
indicated a significant difference in treatment response between
monotherapy and combination therapy, suggesting better efficacy of
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FIGURE 4
Forest plot of last follow-up seizure reduction with the most data.
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FIGURE 5

(A) Forest plot of last follow-up seizure freedom with the most data. (B) The sensitive analysis of last follow-up seizure freedom with the most data.
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TABLE 3 Subgroup analysis of pooled estimates of seizure freedom.

10.3389/fneur.2024.1344775

Subgroup No. of studies Mean 95% CI p-value between
subgroups

Drug
Lacosamide 8 36% 0.28-0.46
Perampanel 6 35% 0.26-0.45
Eslicarbazepine acetate 1 25% 0.03-0.66 0.37
Brivaracetam 1 18% 0.07-0.35
Clobazam 1 30% 0.16-0.49
Brain tumor type
Primary brain tumor 13 37% 0.30-0.45

0.03
Primary and metastases brain tumor 4 26% 0.20-0.33
Epilepsy type
BTRE 9 32% 0.24-0.41

0.25
Uncontrolled seizures 8 39% 0.30-0.48
Concomitant or not
Concomitant 13 33% 0.27-0.40

0.58
Non-concomitant 4 38% 0.24-0.53

novel AEDs as adjuvant therapy. However, no significant difference
was observed in seizure freedom efficacy with or without combination
therapy. The study by Brahmbhat et al. influenced the response rate
statistics, likely due to the high response rate to clobazam treatment
for BTRE. Exclusion of this study resulted in a decreased pooled
response rate to 69% (95% CI: 0.62-0.76). In seizure-free statistics at
the last follow-up, the study by Mo et al. was a source of consistency,
likely due to the large number of patients on monotherapy. After
excluding this study, the combined seizure-free rate decreased to 32%
(95% CI: 0.27-0.38). The response rate and seizure-free rate at
6 months were 79.1% and 37%, respectively. The pooled incidence of
adverse effects of novel AEDs for BTRE was 19%, with sensitivity
analysis identifying heterogeneity as a potential source. Most adverse
reactions in the included studies were dizziness, fatigue, and
somnolence. Few patients withdrew due to adverse reactions. The
higher rate of adverse effects in this study, particularly for LAC,
compared to other studies, may be attributed to the higher dose.
Despite more studies on LAC and PER, no significant difference in
efficacy and adverse reactions between these two drugs in seizure
control was observed.

Caution is advised in interpreting the results of our analysis. All
studies included in this meta-analysis were either retrospective or
prospective, introducing potential biases, particularly in retrospective
trials. Well-designed randomized controlled trials are essential to
validate our findings. Subgroup analysis based on tumor grade was not
conducted in our analysis. For instance, levetiracetam has been
established as the first-line antiepileptic drug for grade 2 brain tumors,
but our study only considered the presence or absence of metastatic
brain tumors. Further analysis could explore tumor grade, the type of
seizure (focal or generalized), and the use of chemotherapy or
antineoplastic drugs. Additionally, most studies in this meta-analysis
did not statistically describe tumor progression, highlighting the need
to investigate the impact of novel AEDs on tumor progression.

Frontiers in Neurology

Our findings indicate that novel antiepileptic drugs are effective
for seizure control in patients with brain tumors. Single-arm
analysis revealed a treatment response rate of 72% and a seizure
freedom rate of 34%. Sensitivity analysis demonstrated a significant
difference in treatment response between monotherapy and
combination therapy, suggesting that novel antiepileptic drugs are
more effective as adjuvant therapy. Although more studies were
conducted on lacosamide (LAC) and perampanel (PER), no
significant difference in efficacy and adverse reactions between
these two drugs in seizure control was observed. In contrast,
clobazam exhibited the best efficacy. To validate our results, more
randomized controlled trials are required.
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FIGURE 6
Forest plot showing the (A) 3 months, (B) 6 months, and (C) more than 6 months seizure freedom.
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(A) Forest plot of last follow-up adverse effects with the most data. (B) The sensitive analysis of last follow-up adverse effects. (C) Forest plot of last

follow-up withdrawal due to adverse effects.
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