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Impact of epilepsy and its
treatment on brain metastasis
from solid tumors: A
retrospective study
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!Center for Tumour-Related Epilepsy—Neuro-oncology Unit, IRCCS Regina Elena National Cancer
Institute, Rome, Italy, Clinical Trial Design and Analysis Scientific Directorate, Department of
Woman and Child Health and Public Health, Fondazione Policlinico Universitario A. Gemelli IRCCS,
Rome, Italy, *Medical Direction, IRCCS Regina Elena National Cancer Institute, Rome, Italy,
“Neuro-oncology Unit, IRCCS Regina Elena National Cancer Institute, Rome, Italy, *Unit of Precision
Medicine in Breast Cancer, Scientific Directorate, Department of Woman and Child Health and
Public Health, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy

Introduction: Retrospective observational study on medical records of
patients with epilepsy related brain metastases (BM) to evaluate efficacy,
safety and possible interaction with cancer treatment of different anti-seizure
medications (ASMs) and the risk of seizures.

Materials and methods: We consecutively reviewed all medical records of
epilepsy-related BM patients from 2010 to 2020 who were followed for at least
one month at the Brain Tumour-related Epilepsy Center of the IRCCS Regina
Elena National Cancer Institute Rome, Italy.

Results: We selected 111 cancer patients. Of these, only 42 had at least
undergone a second neurological examination. In the whole population, 95
(85.2%) had seizures and 16 patients had no seizures (14.4%). The most
frequently first ASM prescribed was LEV (40.5%). We observed a significant
correlation between tumor site and probability of having seizures, but not
between seizure type and age (>65 or <65 years). Among 42 patients, 26
were administered levetiracetam, followed by oxcarbazepine. Until the last
follow-up, 19 never changed the first ASM, maintained the same dosage and
remained seizure free. After a median of 7 months, 16 (38.1%) required changes
in therapeutic treatment due to inefficacy. At the last follow-up, 24 patients
(57.1%) were seizure free. Eighteen patients (42.8%) never achieved freedom
from seizures despite had at least 2 therapy changes. Two patients changed
ASM due to adverse events and 1 to phenobarbital owing to the interaction
with cancer treatment. The mean daily dose of first ASM in all 42 patients was
very close to the Defined Daily Dose (DDD).

Conclusion: In BM patients seizure incidence could be underestimated; a
team evaluation performed by oncologist and neurologist together, could
guarantee an accurate taking care of both oncological illness and epilepsy,
in this fragile patient population. More than 50% of our patients respond
to monotherapy with new generation ASMs. Furthermore we deemed in
patients receiving chemotherapy the choice of ASM should consider possible
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interactions with antitumor therapies, for this reason newer generation ASMs
should be the preferred choice. It is necessary to get close to the DDD before
considering an ASM ineffective in seizure control.

KEYWORDS

brain metastasis, seizures, epilepsy, ASMs, interaction, side effects, chemotherapy

Introduction

Adult patients with cancer could develop brain metastases
(BM) in ~10-40% of cases, and the incidence of seizures
in this population ranges between 15 and 25% (1, 2). They
could be experienced as disease-related presenting symptoms
or during the course of the disease itself (3, 4). There are
very little data available on the impact of epilepsy in BM
patients in the literature, but the burden of seizures on
the quality of life in these patients is enormously vast (5,
6). As for brain tumor patients, epilepsy is considered the
most important risk factor for long-term disability (3), in
particular postoperative seizures which are associated with
considerable morbidity, longer length of hospital stay, and
higher rates of readmission (7). Furthermore, concerns about
seizure-associated morbidity often prompt physicians to seek
to aggressively treat or prevent epilepsy; despite this, there is a
dearth of studies to guide them in selecting the most appropriate
antiseizure medication (ASMs) in this patient population (8).
Seizures can be effectively treated or prevented with a number
of ASMs, but these agents have associated risks and adverse
events (AEs).

It is for this reason the decision to treat a patient with
ASM must be made carefully, balancing the efficacy in
controlling seizures with the occurrence of potential AEs
or possible interactions with systemic therapies (8). In the
last few decades, many advances have been made in cancer
treatment concerning the use of biological, immunological
molecules other than new chemotherapeutic agents. The

Abbreviations: BM, brain metastasis; ASMs, antiseizure medications; AEs,
adverse events; ILAE, international league against epilepsy; LICE, italian
league against epilepsy; CBZ, carbamazepine; CLZ, clobazam; PHT,
phenytoin; PB, phenobarbital; VPA, valproic acid; TGB, Tiagabine; LTG,
lamotrigine; LEV, levetiracetam; OXC, oxcarbazepine; PGB, pregabalin;
TPM, topiramate; ZNS, zonisamide; LCM, Lacosamide; PER, perampanel;
KPS, karnofsky performance status; DDD, defined daily dose; WHO, world
health organization; SD, standard deviation; IQR, interquartile range;
HER2, human epidermal growth factor receptor 2; BRAF, murine sarcoma
viral oncogene homolog bl; EGFR, estimated glomerular filtration rate;
CKIT, tyrosine protein kinase inhibitors; ALK, anaplastic lymphoma kinase;

PDL1, programmed death ligand; PD1, programmed death.
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clinical benefit of the new oncological treatments has a
great impact on disease outcome. Some new anticancer
(for anti-Alk in
lung cancer, anti-HER2 molecules for advanced breast

drugs, biological molecules example,
cancer) and immunological (checkpoint inhibitors, anti-
PD/PDL1) drugs, have shown an evident activity on
brain metastases with the ability to control neurological
symptoms (9-13).

Current data in the literature regarding patients with
brain tumors indicate that new generations of ASMs are
the best choice to reduce the risk of possible AEs and
drug interactions (8). To date, there have been only a
few studies conducted on the efficacy and tolerability of
new generations of ASMs during systemic therapy in BM
patients (5-8).

For these reasons, we decided to undertake a retrospective
with  epilepsy-related
BM. The overall aim of the study was to evaluate
the efficacy and safety of different ASMs and the risk
of seizures.

observational study on patients

Materials and methods

We
reviewed medical records of all BM patients who acceded for

Retrospective monocentric ~ study. consecutively
a first visit to Brain Tumour-related Epilepsy Center of the
IRCCS Regina Elena National Cancer Institute Rome Italy from
2010 to 2020 and for whom the following information were

available:

e Diagnosis of BM made by neuroimaging/biopsy/surgery.

e Demographic variables: sex, age (>18 and< 80
years), education.

e Date of diagnosis, histological type, and site of the
primary tumor.

e Date
of BM.

e Date and type of neurosurgery (gross total resection, partial

of diagnosis, histological type, and site

resection, biopsy, no intervention).
e Date and type of chemotherapy/radiotherapy for primary
tumor and BM.
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Only for patients who experienced one or more seizure
related to BM and who had at least a second neurological visit,
the following information were collected:

e Date and type of the first seizure (according to ILAE-
International League Against Epilepsy classification: focal
aware, focal with impaired awareness, focal to bilateral
tonic-clonic, and generalized seizures) (14);

e Date, type, and mean daily dose of the first and subsequent
ASMs (carbamazepine-CBZ, clobazam-CLZ, phenytoin-
PHT, phenobarbital-PB, valproic acid-VPA, Tiagabine-
TGB, lamotrigine-LTG, levetiracetam-LEV, oxcarbazepine-
OXC, pregabalin-PGB, topiramate-TPM, zonisamide-ZNS,
Lacosamide-LCM, and Perampanel-PER);

e ASMs regimes: monotherapy or polytherapy;

e Eventual ASMs change or dosage modifications and reason
for change (inefficacy, AEs);

e AE occurrence during ASM therapy; and

e Date of the last follow-up available.

With reference to the onset of seizures after diagnosis, we
did not use a specific cut-off rate as we could not exclude the
occurrence of seizures even after prolonged periods of time.

Patients were excluded if their medical records reported:
ages <18 and> 80; patients with a long history of seizures
preceding metastasis diagnosis and judged by the caring
physician to be unrelated to brain metastases; Karnofsky
Performance Status (KPS) <50 points (15).

The period for changing the first ASM due to lack of
efficacy and/or toxicity was considered a specific endpoint.
The diagnosis of epilepsy, the classification of seizures, and
the choice of antiepileptic therapy were made in accordance
with ILAE guidelines (14). Patients were considered seizure
free if they experienced no seizures until the last follow-
up available on unchanged first ASM treatment. The ASM
mean daily dose for each patient was calculated with respect
to the defined daily dose (DDD), which is the assumed
average maintenance dose per day for a drug used for its
main indication in adults, as indicated by the World Health
Organization (WHO) (16).

An “adverse event” was defined as any unfavorable and
unintended sign, symptom, or disease temporally associated
with the medical treatment (17). An AE may or may not
be related to the medical treatment. Symptoms related to
tumor progression were not considered to be an AE. AEs
were categorized as sedation, mood disorder/irritability, vertigo,
gastrointestinal, hematological, and rash. All AEs were recorded
in our database. An AE was attributed to a specific ASM if the
attending physician had evaluated that the AE in the medical
record was directly related to the drug or if the AE only occurred
or aggravated after starting or increasing the dose of a specific
ASM. We defined an AE as intolerable if it led to a decrease in
dose or cessation of an ASM.
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The information was collected through a formatted Excel
worksheet. Control of the quality and completeness of collected
data was performed before analysis. In order to reduce
the selection bias, all the medical records were examined
consecutively and all consecutive patients who met the selection
criteria were collected. This study was approved by the Ethics
Committee (RS 1498/21).

Endpoints

Primary endpoint was to evaluate the efficacy of different
antiepileptic therapies on seizure control in patients with BM-
related epilepsy.

Secondary endpoints were to detect the incidence of ASMs-
related AE; evaluate whether the efficacy of ASMs is modified
by concomitant presence/absence of systemic antineoplastic
therapy; to detect whether a seizure risk correlates to any
oncological variable; to evaluate whether efficacy of a different
ASM is correlated to the mean daily dose, the possible
association between oncological variables and the appearance
of seizures.

Efficacy variables

Primary efficacy variable was seizure freedom (18-20) and
the retention time (therapeutic failure: time until the first ASM
switched to another ASM or add a second ASM due to lack of
efficacy and/or toxicity).

Secondary efficacy variables were: time of appearance of AEs
compared to the time of introduction of the ASM; correlation
between time to the appearance of the second and last seizure
in patients with the same ASM underwent different systemic
therapies; correlation between the occurrence of seizure and
any oncological variable; correlation between mean daily dose
of different ASMs and DDD in patient seizure free and non-
seizure free.

Statistical analysis

Data analysis was mainly descriptive and was performed
for the entire series of patients and the subset evaluable
for follow-up. Qualitative variables were summarized with
absolute frequencies and percentages, while the mean and
standard deviations (SD), medians and interquartile range (IQR)
were used for quantitative items as appropriate. Quantitative
variables, when needed, were dichotomized using the median
value as a cut-off. Time-to-event analysis (e.g., time to modify
first ASM for inefficacy and/or toxicity) was performed with
the Kaplan-Meier method, and differences were evaluated with
the log-rank test. Independent predictors of time to treatment
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change were assessed with Cox proportional hazard models.
The risks were expressed as Hazard Ratios (HR) with 95%
Confidence Intervals (95% CI). Different models were used
according to age (continuous variable; categorical variable,
median age as cut-off value) and drugs (active principle; enzyme
inducers vs. non-inducers). Missing values were reported for
each item, and no substitutions were made. As this was an
exploratory 174 study, a calculation of the sample size was not
planned. Data were analyzed using the statistical package IMB
SPSS Statistics v.21.0.

Results

Among all the patients treated in the center between 2010
and 2020, we selected 111 consecutive patients who met the
selection criteria. Among these patients, 69 were lost either
because they came from other regions or because of poor
compliance. Therefore, it was possible to carry out at least
a second neurological examination only in 42 patients, who
experienced one or more seizure during follow-up.

Results on 111 patients (see Table 1 for details).

54 males and 57 females (51.4%), mean age at the first visit
in the epilepsy center was 54 (=13 SD) years and the median was
54, IQR = 45-65. The most frequent cancers were lung cancer
(48 patients, 43.2%) and breast cancer (26.1 patients, 26.1%). The
most frequent sites of brain metastases were: multilobular (57
patients, 51.4%), frontal lobe (24 patients, 21.6%) and parietal
lobe (16 patients, 14.4%). In 31 patients, the metastases were
located on the right side (31 patients, 27.9%).

Among the 111 patients, 16 have not seizures (14.4%) and
95 (85.2%) have seizures. Fifty-five have focal aware seizures
(50.5%), 14 focal with impaired awareness (12.6%), 19 focal
to bilateral tonic clonic seizures (17.1%), 2 (1.8%) with both
focal aware and focal with impaired awareness seizures and 4
(apparently) generalized (3.6%).

The most frequent first ASM prescribed was LEV (45
patients, 40.5%), followed by OXC (25 patients, 22.5%).
Regarding the probability of having seizures, we found no
statistically significant correlation between seizure occurrence
and gender (male vs. female, p = 0.91) and primary cancer
(lung vs. breast vs. melanoma vs. other, p = 0.62). The brain
site significantly affects the probability of having seizures (all
patients with parietal metastases have seizures; p = 0.012).

We observed no significant correlation between seizure type
(focal aware, focal with impaired awareness, and generalized
seizures) and gender (p = 0.75), BM site (p = 0.98),
primary cancer (p = 0.56), and age (<65 or >65 years)
(p=0.07) (21).

Results on 42 patients (see Table 2 for details).

18 males and 24 females (57.1%), the mean age at the first
visit in the epilepsy center was 52 years (£12 SD) and the
median was 52, IQR = 45-62. The most frequent cancers were
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TABLE 1 Demographic and oncological variables in the whole
population (n = 111 patients) at the first neurological examination.

Patient characteristics N. (%)
Gender

Male 54 (48.6%)
Female 57 (51.4%)

AGE (mean, SD) (median, IQR) 54 (+13) (54, 45-65)

Histology

Lung (NSCLC, SCLC) 48 (43.2%)
Breast 29 (26.1%)
Melanoma 18 (16.2%)
Colon 5(4.5%)
Bladder 4(3.6%)
Other 7 (6.3%)

Brain metastases site

Frontal 24 (21.6%)
Temporal 6 (5.4%)
Parietal 16 (14.4%)
Occipital 6 (5.4%)
Multilobular 57 (51.4%)
Cerebellar 2 (1.8%)
Side of brain metastases

Left 22 (19.8%)
Right 31 (27.9%)
Both 17 (15.3%)
Unknown 41 (36.9%)

SD, standard deviation; IQR, interquartile range; NSCLC, non-small cell lung cancer;
SCLC, small cell lung cancer.

lung cancer (20 patients, 47.6%) and breast cancer (13 patients,
31%). The mutation/genic expression were: none in 27 patients
(64.2%), EGFR+ 4 patients (9.5%), HER2+ 6 patients (14.3%),
BRAF+ 2 patients (4.8%), ALK+ 1 patients (2.4%) and CKIT+4
1 patient (2.4%). The most frequent sites of brain metastases
were: multilobular (18 patients, 42.9%), frontal lobe (9 patients,
21.4%) and parietal lobe (7 patients, 16.7%). In 17 patients
(40.5%), the metastases were located on both sides. The types of
oncological therapy at the time of the brain metastasis diagnosis
were: chemotherapy (15 patients, 35.8%), biologic therapy (11
patients, 26.1%), chemotherapy+biological therapy (5 patients,
11.9%) and immunotherapy (4 patients, 9.6%). Seven patients
were not undergoing any type of oncological therapy (16.6%).
Median time between oncological diagnosis and first seizure:
19 months, ranging from -8.1 to 181.6 months (IQR = 2-
68). Median time between brain metastasis diagnosis and first
seizure: 0 months, ranging from -13.2 to 73.0 months (IQR
= 0-6). For 22 patients (52.3%), the first seizure was at the
same time of the brain metastasis diagnosis, for 4 patients it was
before and for 16 (38.1%) it was after. In 25 patients, seizures
were focal aware (59.5%), in 8 focal with impaired awareness
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TABLE 2 Demographic and oncological variables of patients who
underwent at least a second neurological examination (n = 42
patients).

Patient characteristics N. (%)
Gender

Male 18 (42.9%)
Female 24 (57.1%)

AGE (mean, SD) (median, IQR) 52 (£12) (52, 45-62)

Histology

Lung (NSCLC, SCLC) 21 (50%)
Breast 13 (31%)
Melanoma 4(9.5%)
Bladder 2 (4.8%)
Other 2 (4.8%)
Brain metastases site

Frontal 9 (21.4%)
Temporal 4(9.5%)
Parietal 7 (16.7%)
Occipital 4(9.5%)
Multilobular 18 (42.9%)
Side of brain metastases

Left 13 (31.0%)
Right 12 (28.6%)
Both 17 (40.5%)
Number of lesions (median, range) 1(1-8)
Type of sistemic therapy

None 7 (16.7%)
Biological 10 (23.8%)
Chemotherapy 14 (33.3%)
Immunotherapy 4(9.5%)
Chemotherapy + biological 7 (16.7%)
Brain metastases surgery 18 (42.9%)

Radiotherapy for brain metastases 37 (88.1%)

Whole brain 20 (54.1%)
Intensity modulated 0
Conformational 1(2.7%)
Stereotactic 10 (27.0%)
Radiosurgery 6 (16.2%)
Mutation/genic expression

None 27 (64.2%)
Egfr 4(9.5%)
Her2 6 (14.3%)
Ckit 1(2.4%)
Braf 2 (4.8%)
Alk 2 (4.8%)

SD, standard deviation; IQR, interquartile range; EGFR, estimated glomerular filtration
rate; HER2, human epidermal growth factor receptor 2; CKIT, tyrosine protein kinase
inhibitors; BRAF, murine sarcoma viral oncogene homolog B1; and ALK, anaplastic
lymphoma kinase.
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(19.0%), in 5 focal to bilateral (11.9%), and in 4 (apparently)
generalized (9.5%).

Among the 42 patients, 32 patients (76.2%) were given an
ASM at the same time as the first seizure, one patient one
month before, 4 patients within the month following the first
seizure and 5 patients thereafter (after 2, 4, 6, 8 months). In
26 patients, the first ASM was LEV (61.9%; mean dose 1634
mg/day), followed by OXC (4 patients, 9.5%; mean dose 900
mg/day), PB (4 patients, 9.5%; mean dose 100 mg/day), VPA
(3 patients, 7.1%; mean dose 1000 mg/day), LCM (2 patients,
4.8%; mean dose 200 mg/day), TPM (2 patients, 4.8%; mean
dose 100 mg/day), and ZNS (1 patient, 2.4%; mean dose 200
mg/day). Right up to the last neurological control throughout
the follow-up, 19 patients (45.2%) never changed the first ASM
and maintained the same dosage: 12 with LEV at medium dosage
1375 mg/day, 2 OXC medium dosage 900 mg/day, 2 TPM dosage
medium 100 mg/day, 2 LCM medium dosage 200 mg/day, 1 ZNS
medium dosage 200 mg/day. All these patients remained seizure
free until the end of the follow-up.

After a median period of seven months (range 1-145, IQR =
2.8-12.2), 16 patients (38.1%) required a change in therapeutic
treatment due to seizures, and four (9.5%) maintained the
drug but increased LEV dosage. Two patients changed therapy
due to AEs (one for agitation with LEV at 1500 mg/day and
one for psychiatric disorders with VPA at 1000 mg/day). Only
one patient modified therapy due to interactions with systemic
treatment (PB 100 mg replaced with LEV 2000 during therapy
with AntiHer2). At the last follow-up available, 24 patients
(57.1%) were seizure free (median follow-up of 9.1 months; IQR
3.1-16.7). Among these, 21 patients never changed their ASM
monotherapy from the start (14 with LEV, 2 OXC, 2 TPM, 2
LCM, and 1 ZNS), while three had no seizures after the first
change due to: AE in 2 patients (1 with LEV at 1500 mg/day due
to agitation, changed with OXC 900 mg/day and one with VPA at
1000 mg/day owing to psychiatric disorders, changed with LEV
1000 mg/day), and in one patient who made an add-on (went
from LEV 2500 to LEV 3000 mg/day plus LCM 200 mg/day).
On the other hand, 18 patients (42.8%) never achieved freedom
from seizures despite having made at least two therapy changes
(median follow-up of 22.1 months; IQR 10.3-53.0).

We did not observe any significant correlation between
seizure type (focal aware, focal with impaired awareness, and
generalized seizures) and gender (p = 0.75), BM site (p = 0.99)
or tumor histology (p = 0.90), and age (<65 or >65 years) (p =
0.76) (21).

In the whole population (42 patients), the median follow-
up time from the first seizure to the last follow-up was 12.4
months (range 0-161, IQR = 5.1-27.3). The median follow-up
time from the first ASMs to the last follow-up was 11.4 months
(range 0-161, IQR = 5.1-23.3). The cumulative time-dependent
probability of remaining on the first assigned ASM for lack of
efficacy did not vary between LEV and other ASMs (p = 0.95;
Figure 1A). Even after the first change due to inefficacy, we
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did not find significant differences between LEV-based therapy
(LEV monotherapy and LEV in polytherapy with other ASMs;
30 patients) and other ASMs (12 patients) (p = 0.21; Figure 1B)
in the cumulative time-dependent probability of remaining on
assigned ASM therapy for lack of efficacy. In order to evaluate if
efficacy could differ between new and old generations of ASMs
as the first monotherapy, we divided patients into three different
groups: group 1 with patients with old generations of ASMs (PB
in four patients and VPA in three), group 2 with new generations
of ASMs excluded LEV (OXC in four patients, LCM in two, ZNS
in one, and TPM in two patients), and group 3 with LEV (26
patients). Five out of seven patients in group 1 changed ASM
due to inefficacy (71.4%); no ASM changes were made in group 2
(0%), while eight out of 26 patients in the LEV group changed for
inefficacy (30.8%). We observed a significantly lower number of
ASM changes due to inefficacy in group 2 compared with group
1 (p = 0.003). We did not observe any statistically significant
differences in the number of ASM changes due to inefficacy in
groups 2 and 3 (p = 0.062).

We also investigated whether the efficacy of ASM could be
influenced by demographic or oncological variables, comparing
the 13 patients who changed ASM monotherapy due to
inefficacy (median time: 13 months) with the 29 patients who
never changed (because seizure free) or changed ASM for other
reasons, based on the abovementioned variables. We did not
observe any significant differences regarding sex (p = 0.70),
histology (p = 0.98), brain tumor site (p = 0.07), type of
CT during epileptological follow-up (p = 0.36), time between
diagnosis of brain metastases and first seizures (p = 0.78); all
patients who changed due to inefficacy were younger than 65
years (p = 0.035) (21).

Furthermore we evaluated whether the efficacy of ASMs
could significantly be influenced by oncological treatment
underwent by patients; we did not observe any significant
difference in the efficacy of ASMs based on the presence or
absence of surgery (p = 0.10), different systemic therapies (none,
chemotherapy, biological therapy, chemotherapy + biological
therapy, immunotherapy; p = 0.30), and different radiotherapies
(none, whole brain, stereotactic, radiosurgery; p = 0.13).

Regarding the DDD (16, 22, 23), in 19 patients the mean
dosages of first ASM were 1375 mg/day (91.7% of DDD) for LEV,
900 mg/day (90% of DDD) for OXC, 200 mg/day (67% of DDD)
for LCM, 100 mg/day (100% of DDD) for TPM and ZNS, and
in 23 patients were 1857 mg/day (125% of DDD) for LEV, 900
mg/day (90%of DDD) for OXC, 1000 mg/day (66.6% of DDD)
for VPA, and 100 mg/day (100% of DDD) for PB.

Discussion

BMs are the most common cause of malignant central
nervous system tumors 281 with up to 30-40% of cancer patients
developing a metastasis at some point during the course of the
disease (24). In these patients, the incidence of epilepsy as a
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consequence of BM remains as high as 15% to 25% (4). Data in
literature reports that focal or generalized seizures are presenting
symptoms in 15 to 20% of patients with BM, and are more
common in patients with multiple metastases (6, 25-28) while
a similar proportion of patients can be expected to develop
seizures following diagnosis (6). In our study, among the 111
patients who had all variables required by the study at first visit,
95 (85.2%) had seizures and 16 did not (14.4%). This result it
is very different to what the data in literature showed, that is
approximately 14.6% of patients with BM experience seizures
(4). This is probably due to the fact that, because our center
is a specialized center certified in epilepsy by the LICE (Italian
League against Epilepsy), almost all patients acceded either with
a suspicion of epileptic seizures for which they needed diagnostic
confirmation, or with a diagnosis of uncontrolled epilepsy
for which a change on therapeutic treatment was necessary.
Therefore, due to the characteristic of our center itself, we do not
follow patients with non-epileptogenic metastases, which could
be considered a selection bias.

On the other hand, it is possible that the percentage
described in the literature could probably be underestimated.
Indeed, data on the non-oncological epileptic population found
in literature indicate how seizures may be unrecognized due
to subtle semiology or may be misdiagnosed as syncope,
migraine, or transient ischemic attacks: only by including an
expert epileptologist early in patient screening could significant
differences result in diagnostic accuracy (29, 30). Especially in
cancer patients, a team evaluation performed by an oncologist
and a neurologist together would reveal cases that are not
recognized or underestimated.

Regarding our sample size it must be considered that
it decreased from 111 to 42 patients, limiting our results.
We hypothesize it could be due to the fact that this is a
very fragile oncological patient population with a low life
expectancy, therefore handle oncological aspect is the primary
endpoint, compared to seizure control. Consequently, patients
underwent regular oncological visits, but often they do not have
a second epileptological examination after the first, referring
to other non-specialized centers close to their area of origin
or to their country (31). Thus this aspect makes it difficult to
have long and serial epileptological follow-up in this patients
population; however we believe that a multidisciplinary team
approach with oncologist and neurologist working together,
with periodic meetings and periodic follow-up for patients,
could guarantee both a global and accurate taking care and could
avoid patients’ dispersion.

Regarding the risk of seizure we sought to characterize
whether it could be influenced by oncological or demographical
variables. Recent findings indicate that tumor type and location
are the most important factors associated with the risk of
seizures in brain metastases (32, 33). Among the most frequent
tumor types, the highest rate of seizures is reported in
melanoma, followed by lung cancer (33). In our population of
111 patients with all the variables required by the study at the
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(A) Cumulative time-dependent probability of remaining on the first assigned ASM for the lack of efficacy between LEV and other ASMs. (B)
Cumulative time-dependent probability of remaining on assigned ASM therapy for the lack of efficacy between LEV-based therapy and other
ASMs after the first change due to inefficacy.
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first visit, we did not find significant differences between tumor
type and the occurrence of seizures (lung vs. breast vs. melanoma
vs. other, p = 0.62). We believe this result could be due to the
characteristics of our center itself, as stated above.

Concerning the correlation between different brain regions
and the risk of seizures, the risk is higher for patients with
metastases involving or adjacent to brain regions with high
epileptogenicity (motor cortex, temporal lobe, or multiple
lesions) (33) or with parietal lobe lesions (34). Our results
confirm this set of evidence, showing that the tumor location
significantly affects the probability of having seizures also in our
patients (all patients with parietal metastases, region with high
epileptogenicity, have seizures; p = 0.012).

The relationship between demographic variables such as
gender and age of patients and the occurrence of seizure has
scarcely been studied, and the little data available are conflicting
(34, 35). Witteler and colleagues (35) did not observe any
significant correlation between age and seizure risk, while Raj
Puri reported that age is the only variable that negatively
correlates with the occurrence of pre and postoperative seizures
(34). In our study, like Witteler and colleagues (35), we did
not find any significant correlation between all these variables.
All these studies are retrospective, and to better clarify this
possible correlation, we believe that more prospective studies
are necessary.

We found no significant correlation in 111 and 42 patients
between gender, BM site, tumor histology, and seizure type.
To our knowledge, there are no existing data in the literature
reporting this aspect; we strongly believe that a prospective study
may clarify this result.

Regarding the possible influence of demographic and
oncological variables (histology, BM site, type of systemic
therapy during follow-up, and time between diagnosis of BM
and first seizure) on ASM efficacy, we observed a significant
correlation only between ASM change due to ineflicacy and
patients’ age (<65 years) (21). To our knowledge, no studies in
the literature have explored this aspect. The only findings are
by Beghi and colleagues (31). They recognize younger age (35
vs. 54 years) as a predictor of drug discontinuation due to lack
of efficacy in brain tumor-related epilepsy patients. Thus, we
cannot provide further explanation for this result; we believe that
specific randomized controlled trials are needed to investigate
this aspect in BM patients.

In our patient population at the last follow-up, 24/42
were seizure free (57.1%): 21 never changed their first ASM
monotherapy and dosage, while three had no seizures after the
first change. The remaining 18 patients (42.9%) never achieved
freedom from seizures despite having had at least two changes
in therapy. Our results confirm data in literature indicating that
more than 50% of adults with tumor-related epilepsy respond to
monotherapy, also in patients with BM (6, 36, 37).

Regarding the efficacy of different ASMs, 14 out of 24
patients were seizure-free in monotherapy with LEV (62.5%)
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and 1 with LEV plus LCM, while eight patients were in
monotherapy with other ASMs. In patients with BTRE, different
studies indicate that levetiracetam is a first-line option because
of easy titration and few significant drug-to-drug interactions
(3, 31, 37, 38), but also for its efficacy (3, 38). In fact, complete
seizure control with LEV (as both add-on and monotherapy) in
47.4-88.9% of BTRE patients has been reported (37, 39-41). Our
results also confirm the efficacy of LEV monotherapy in patients
with epilepsy due to BM during systemic treatments.

Furthermore regarding the comparison between old and
new generation ASMs our data seems to indicate that in our
patients population old generation ASMs showed significantly
less efficacy than the new ones, moreover, among the new
generation ASMs both LEV and the other group (OXC, LCM,
ZNS, TPM) seems to have the same efficacy. These data are
in line with previous findings on brain tumor-related epilepsy
patients, which report that LEV and/or new generations of ASMs
are to be preferred over the old ones because they proved to
have a scarce impact on hepatic metabolism (31). Considering
that many oncological drugs have hepatic metabolism, but
in particular immunotherapy, some biological molecules (e.g.,
cycline dependent kinase inhibitors 4/6, m-Thor inhibitors,
PI3K inhibitors) and chemotherapy cause liver toxicity (42—
44), the use of new generations of ASMs could reduce the
occurrence of side effects caused by possible interactions with
these oncological drugs (31, 42-44).

Constant monitoring of AEs during the follow-up of patients
with BM and epilepsy must be considered of paramount
importance, not only because AEs have a heavy impact on the
quality of life of these patients (5), but also because decreased
compliance due to AEs may lead to worse seizure control
(1, 35, 45, 46). In our retrospective study, despite all patients
undergoing oncological treatments during ASM therapy, only
2 of 42 changed ASM therapy for AEs (1 owing to agitation
with LEV and one due to psychiatric disorders with VPA). The
only two AEs we observed were neuropsychiatric, one with LEV
and one with VPA, as already shown in the literature (38).
Nevertheless, given the high efficacy, lack of drug interaction,
and no need for drug-monitoring support, LEV remains a first-
line agent (8).

Regarding the possible interactions between systemic
therapy and ASM, we modified the ASM in only one patient
in our population due to interactions with systemic treatment,
withdrawing PB, an enzyme-inducer ASM, during therapy with
AntiHer2. Probably because we mainly used new ASMs we had
few AEs, and this is confirmed by the data in literature (8)
indicating that in patients receiving chemotherapy, interactions
with antitumor therapies should be considered possible when
choosing the ASM and it is for these reasons newer generation
drugs such as LEV should be preferred as first choice (8), as
stated above.

Regarding Defined daily dose (DDD) (16) literature data
reports that in non-cancer epileptic patients clinicians usually

frontiersin.org


https://doi.org/10.3389/fneur.2022.967946
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Maschio et al.

prescribe an antiepileptic dose lower than DDD, named
Prescribed daily dose (PDD). Studies by Brodie et al. (22) and
Horvéth et al. (23) shown that in non-oncological epileptic
patients, reach 75% of DDD is enough to obtian an effective
seizure control. To the best of our knowledge there are no
data relating to this topic in patients with BM. Therefore, we
wanted to observe how the PDDs differed from the DDD
regarding seizure control in BM patients who assumed the first
monotherapy. Among our 42 patients, the mean daily dose of
first ASM in the 19 patients who never changed their first ASM
monotherapy and in the 23 patients who made at least one
ASM change for any reason was very close to the DDD (see
Supplementary materials). Considering our results, we believe
that, unlike non-oncological epileptic patients, in patients with
BM undergoing systemic treatments, it is necessary to maintain
a similar DDD before considering an ASM ineffective in
seizure control.

Furthermore, dosages close to DDD did not lead to an
increase in AEs, despite the fact that our patients were all
undergoing cancer treatment. To our knowledge, this is the
first time that it is possible to correlate the DDD of an
ASM in patients with brain metastases to efficacy. Future
prospective studies with a larger population and a longer follow-
up are needed.

Conclusions

Our results suggest that the incidence of seizures
in BM patients could be underestimated; only a close
collaboration between oncologists and neurologists could
contribute to identifying the incidence of seizures earlier
and more accurately. Finally, in patients with BM and
epilepsy the
of new ASMs is of paramount importance, both for

undergoing  systemic treatments, choice
the few AEs and for efficacy, but it is necessary to get
close to DDD before considering an ASM ineffective in

seizure control.

Data availability statement
The datasets presented in this study can be found in online
repositories. The name of the repository and accession number

can be found below: GARRbox, https://gbox.garr.it/garrbox/
index.php/s/PioGefMrEOWKVIu.

Ethics statement

The studies involving human participants were reviewed
and approved by Regina Elena National Cancer Institute IRCCS

Frontiersin Neurology

09

10.3389/fneur.2022.967946

Ethics Commitee. Written informed consent for participation
was not required for this study in accordance with the national
legislation and the institutional requirements.

Author contributions

MM: research hypotheses, data collection, interpretation
AF:  data
and manuscript

of
collection,

results, and manuscript
of
review. AM: data collection and manuscript preparation.
EG and TK: data collection. All

authors and approved the

preparation.
interpretation results,
DG: data analysis.
contributed to the article

submitted version.

Funding

This work was supported by Funds Ricerca Corrente 2022
from the Italian Ministry of Health.

Acknowledgments

We thank Dr. Vittoria Barberi for supporting data collection.
La Sapienza University of Rome. Thanks to Dr. Tania Merlino
for proofreading the English used in the manuscript.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.967946/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fneur.2022.967946
https://gbox.garr.it/garrbox/index.php/s/PioGefMrE0WKVIu
https://gbox.garr.it/garrbox/index.php/s/PioGefMrE0WKVIu
https://www.frontiersin.org/articles/10.3389/fneur.2022.967946/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Maschio et al.

References

1. Monsour MA, Kelly PD, Chambless LB. Antiepileptic drugs in the
management of cerebral metastases. Neurosurg Clin N Am. (2020) 31:589-
601. doi: 10.1016/j.nec.2020.06.008

2. Gavrilovic IT, Posner JB. Brain metastases: epidemiology and pathophysiology.
J Neurooncol. (2005) 75:5-14. doi: 10.1007/s11060-004-8093-6

3. Maschio M. Brain tumor-related epilepsy. Curr Neuropharmacol. (2012)
10:124-33. doi: 10.2174/157015912800604470

4. Chan V, Sahgal A, Egeto P, Schweizer T, Das S. Incidence of seizure in
adult patients with intracranial metastatic disease. | Neurooncol. (2017) 131:619-
24. doi: 10.1007/s11060-016-2335-2

5. Maschio M, Sperati F, Dinapoli L, Vidiri A, Fabi A, Pace A, et al.
Weight of epilepsy in brain tumor patients. ] Neurooncol. (2014) 118:385—
93. doi: 10.1007/s11060-014-1449-7

6. Maschio M, Dinapoli L, Gomellini S, Ferraresi V, Sperati E Vidiri
A, et al. Antiepileptics in brain metastases: safety, efficacy, and impact on
life expectancy. ] Neurooncol. (2010) 98:109-16. doi: 10.1007/s11060-009-
0069-0

7. Dasenbrock HH, Yan SC, Smith TR, Valdes PA, Gormley WB, Claus EB, et al.
Readmission after craniotomy for tumor: a national surgical quality improvement
program analysis. Neurosurger. (2017) 80:551-62. doi: 10.1093/neuros/nyw062

8. Maschio M, Aguglia U, Avanzini G, Banfi P, Buttinelli C, Capovilla G,
et al. Brain tumor-related epilepsy study group of italian league against epilepsy
(LICE). Management of epilepsy in brain tumors. Neurol Sci. (2019) 40:2217-
34. doi: 10.1007/s10072-019-04025-9

9. Rancoule C, Vallard A, Guy JB, Espenel S, Diao P, Chargari C, et al.
Brain metastases from non-small cell lung carcinoma: Changing concepts
for improving patients’ outcome. Crit Rev Oncol Hematol. (2017) 116:32—
7. doi: 10.1016/j.critrevonc.2017.05.007

10. Fabi A, Alesini D, Valle E, Moscetti L, Caputo R, Caruso M,
et al. T-DMI and brain metastases: clinical outcome in HER2-positive
metastatic breast cancer. Breast. (2018) 41:137-43. doi: 10.1016/j.breast.2018.
07.004

11.  Soffietti R, Ahluwalia M, Lin N, Rudda R. Management

of brain  metastases  according to  molecular  subtypes.  Nat
Rev Neurol. (2020) 16:557-74. doi: 10.1038/s41582-020-
0391-x

12. Fabi A, Terrenato I, Vidiri A, Villani V, Tanzilli A, Airoldi M, et al.
Eribulin in brain metastases of breast cancer: outcomes of the EBRAIM prospective
observational trial. Future Oncol. (2021) 17:3445-56. doi: 10.2217/fon-2021-0300

13. Tawbi HA, Forsyth PA, Hodi FS, Algazi AP, Hamid O, Lao
CD, et al. Long-term outcomes of patients with active melanoma
brain metastases treated with combination nivolumab plus ipilimumab
(CheckMate 204): final results of an open-label, multicentre, phase 2
study. Lancet Oncol. (2021) 22:1692-704. doi: 10.1016/S1470-2045(21)
00545-3

14. Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, et al.
Operational classification of seizure types by the international league against
epilepsy: position paper of the ILAE commission for classification and terminology.
Epilepsia. (2017) 58:522-30. doi: 10.1111/epi.13670

15. Karnofsky DA, Burchenal JH, Armistead GC, Southam

CM, Bernstein JL, Craver LE et al. Triethylene melamine in
the treatment of neoplastic disease; a compound with nitrogen-
mustardlike activity suitable for oral and intravenous use. AMA Arch
Intern  Med. (1951) 87:477-516. doi: 10.1001/archinte.1951.038100400
02001

16. WHO Collaborating Centre for Drug Statistics Methodology (WHOCC): DDD
Definition and General Considerations. Norwegian Institute of Public Health, Oslo,
Norway.

17. Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0;
Published: November 27, 2017. U.S. Department of Health and Human Services.

18. Lattanzi S, Ascoli M, Canafoglia L, Paola Canevini M, Casciato S, Cerulli
Irelli E, et al. Sustained seizure freedom with adjunctive brivaracetam in patients
with focal onset seizures. Epilepsia. (2022) 63:e42-50. doi: 10.1111/epi.17223

19. Halford JJ, Edwards JC. Seizure freedom as an outcome in epilepsy treatment
clinical trials. Acta Neurol Scand. (2020) 142:91-107. doi: 10.1111/ane.13257

20. Gazzola DM, Balcer L], French JA. Seizure-free outcome in randomized
add-on trials of the new antiepileptic drugs. Epilepsia. (2007) 48:1303-
7. doi: 10.1111/§.1528-1167.2007.01136.x

Frontiersin Neurology

10.3389/fneur.2022.967946

21. Stefan H, May TW, Pfifflin M, Brandt C, Firatsch N, Schmitz B, et al.
Epilepsy in the elderly: comparing clinical characteristics with younger patients.
Acta Neurol Scand. (2014) 129:283-93. doi: 10.1111/ane.12218

22. Brodie MJ, Barry SJE, Bamagous GA, Kwan P. Effect of dosage failed of
first antiepileptic drug on the subsequent outcome. Epilepsia. (2013) 54:194-
8. doi: 10.1111/§.1528-1167.2012.03722.x

23. Horvath L, Fekete K, Mérton S, Fekete I. Correlation between prescribed
daily dose, seizure freedom and defined daily 1 dose in antiepileptic drug
treatment. Int ] Clin Pharm. (2017) 39:459-67. doi: 10.1007/s11096-017-
0447-1

24. Kotecha R, Gondi V, Ahluwalia MS, Brastianos PK, Mehta
MP. Recent advances in managing brain metastasis. FI000Res. (2018)
7:F1000. doi: 10.12688/f1000research.15903.1

25. Kaal EC, Niel GJH, Vecht CJ. Therapeutic management of brain
metastasis. Lancet Neurol. (2005) 4:289-98. doi: 10.1016/S1474-4422(05)
70072-7

26. Khuntia D, Brown P, Li ], Mehta MP. Whole-brain radiotherapy
in the management of brain metastasis. J Clin Oncol. (2006) 24:1295-
304. doi: 10.1200/JC0O.2005.04.6185

27.van den Bent MJ. The role of chemotherapy in brain metastases. Eur ] Cancer.
(2003) 39:2114-20. doi: 10.1016/S0959-8049(03)00577-X

28. Hildebrand J. Management of epileptic seizures. Curr Opin Oncol. (2004)
16:314-7. doi: 10.1097/01.cc0.0000127720.17558.38

29. Foster E, Carney P, Liew D, Ademi Z, O’Brien T, Kwan P. First seizure
presentations in adults: beyond assessment and treatment. J Neurol Neurosurg
Psychiatry. (2019) 90:1039-45. doi: 10.1136/jnnp-2018-320215

30. Epilepsies: diagnosis and management, Clinical guideline [CG137]. Nice
National Institute for Health and Care Excellence. Available online at: https://www.
nice.org.uk/guidance/cgl37 (accessed January 11, 2012).

31. Maschio M, Beghi E, Casazza MM, Colicchio G, Costa C,
Banfi P, et al. Patterns of care of brain tumor-related epilepsy. A
cohort study done in the Italian epilepsy center. PLoS ONE. (2017)
12:¢0180470. doi: 10.1371/journal.pone.0180470

32. Benit CP, Kerkhof M, Duran-Pena A. Seizures as complications in cancer.
In: Schiff D, Wen PY, editors. Cancer Neurology in Clinical Practice. Heidelberg:
Springer (2017). p. 153-69.

33. Ruda R, Mo E Pellerino A. Epilepsy in brain metastasis: an emerging
entity. Curr Treat Options Neurol. (2020) 22:6. doi: 10.1007/s11940-020-
0613-y

34. Raj Puri P, Johannssomn B, Seyedi JF, Halle B, Schulz M, Pedersen CB, et al.
The risk of developing seizures before and after surgery for brain metastases. Clin
Neurol Neurosurg. (2020) 193:105779. doi: 10.1016/j.clineuro.2020.105779

35. Witteler J, Kjaer TW, Tvilsted S, Schild SE, Rades D. Pre-treatment seizures
in patients with 1-3 cerebral metastases receiving local therapies plus whole-brain
radiotherapy. In Vivo Sep Oct. (2020) 34:2727-31. doi: 10.21873/invivo.12094

36. Rossetti AO, Jeckelmann S, Novy J, Roth P, Weller M, Stupp R.
Levetiracetam and pregabalin for antiepileptic monotherapy in patients with
primary brain tumors. a phase II randomized study. Neuro Oncol. (2014) 16:
584-8. doi: 10.1093/neuonc/not170

37. Maschio M, Dinapoli L, Sperati F Pace A, Fabi A, Vidiri A, et al.
Levetiracetam monotherapy in patients with brain tumor-related epilepsy:
seizure control, safety, and quality of life. J Neurooncol. (2011) 104:205-
14. doi: 10.1007/s11060-010-0460-x

38. Bedetti C, Romoli M, Maschio M, Di Bonaventura C, Nardi Cesarini E,
Eusebi P, et al. Neuropsychiatric adverse events of antiepileptic drugs in brain
tumour-related epilepsy: an Italian multicentre prospective observational study.
Eur ] Neurol. (2017) 24:1283-9. doi: 10.1111/ene.13375

39. Maschio M, Albani F, Baruzzi A, Zarabla A, Dinapoli L, Pace A, et al.
Levetiracetam therapy in patients with brain tumour and epilepsy. J Neurooncol.
(2006) 80:97-100. doi: 10.1007/s11060-006-9162-9

40. Dinapoli L, Maschio M, Jandolo B, Fabi A, Pace A, Sperati F, et al. Quality of
life and seizure control in patients with brain tumor-related epilepsy treated with
levetiracetam monotherapy: preliminary data of an open-label study. Neurol Sci.
(2009) 30:353-9. doi: 10.1007/s10072-009-0087-x

41. Newton HB, Goldlust SA, Pearl D. Retrospective analysis of the efficacy
and tolerability of levetiracetam in brain tumor patients. J Neurooncol. (2006)
78:99-102. doi: 10.1007/s11060-005-9070-4

frontiersin.org


https://doi.org/10.3389/fneur.2022.967946
https://doi.org/10.1016/j.nec.2020.06.008
https://doi.org/10.1007/s11060-004-8093-6
https://doi.org/10.2174/157015912800604470
https://doi.org/10.1007/s11060-016-2335-2
https://doi.org/10.1007/s11060-014-1449-7
https://doi.org/10.1007/s11060-009-0069-0
https://doi.org/10.1093/neuros/nyw062
https://doi.org/10.1007/s10072-019-04025-9
https://doi.org/10.1016/j.critrevonc.2017.05.007
https://doi.org/10.1016/j.breast.2018.07.004
https://doi.org/10.1038/s41582-020-0391-x
https://doi.org/10.2217/fon-2021-0300
https://doi.org/10.1016/S1470-2045(21)00545-3
https://doi.org/10.1111/epi.13670
https://doi.org/10.1001/archinte.1951.03810040002001
https://doi.org/10.1111/epi.17223
https://doi.org/10.1111/ane.13257
https://doi.org/10.1111/j.1528-1167.2007.01136.x
https://doi.org/10.1111/ane.12218
https://doi.org/10.1111/j.1528-1167.2012.03722.x
https://doi.org/10.1007/s11096-017-0447-1
https://doi.org/10.12688/f1000research.15903.1
https://doi.org/10.1016/S1474-4422(05)70072-7
https://doi.org/10.1200/JCO.2005.04.6185
https://doi.org/10.1016/S0959-8049(03)00577-X
https://doi.org/10.1097/01.cco.0000127720.17558.38
https://doi.org/10.1136/jnnp-2018-320215
https://www.nice.org.uk/guidance/cg137
https://www.nice.org.uk/guidance/cg137
https://doi.org/10.1371/journal.pone.0180470
https://doi.org/10.1007/s11940-020-0613-y
https://doi.org/10.1016/j.clineuro.2020.105779
https://doi.org/10.21873/invivo.12094
https://doi.org/10.1093/neuonc/not170
https://doi.org/10.1007/s11060-010-0460-x
https://doi.org/10.1111/ene.13375
https://doi.org/10.1007/s11060-006-9162-9
https://doi.org/10.1007/s10072-009-0087-x
https://doi.org/10.1007/s11060-005-9070-4
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Maschio et al.

42. Ettl J. Management of adverse events due to cyclin-dependent kinase 4/6
inhibitors. Breast Care (Basel). (2019) 14:86-9. doi: 10.1159/000499534

43. Fuso P, Muratore M, D’Angelo T, Paris I, Carbognin L, Tiberi G, et al. PI3K
inhibitors in advanced breast cancer: the past, the present, new challenges and
future perspectives. Cancers. (2022) 14:2161. doi: 10.3390/cancers14092161

44. Cazzaniga ME, Danesi R, Girmenia C, Invernizzi P, Elvevi A, Uguccioni M,
et al. Management of toxicities associated with targeted therapies for HR-positive

Frontiersin Neurology

11

10.3389/fneur.2022.967946

metastatic breast cancer: a multidisciplinary approach is the key to success. Breast
Cancer Res Treat. (2019) 176:483-49. doi: 10.1007/s10549-019-05261-5

45. Perucca P, Gilliam FG. Adverse effects of antiepileptic drugs. Lancet Neurol.
(2012) 11:792-802. doi: 10.1016/S1474-4422(12)70153-9

46. Feyissa AM. Antiepileptic drug-related neuropsychiatric adverse events in
brain tumor-related epilepsy: levetiracetam front and center. Eur ] Neurol. (2017)
24:1435-6. doi: 10.1111/ene.13399

frontiersin.org


https://doi.org/10.3389/fneur.2022.967946
https://doi.org/10.1159/000499534
https://doi.org/10.3390/cancers14092161
https://doi.org/10.1007/s10549-019-05261-5
https://doi.org/10.1016/S1474-4422(12)70153-9
https://doi.org/10.1111/ene.13399
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Impact of epilepsy and its treatment on brain metastasis from solid tumors: A retrospective study
	Introduction
	Materials and methods
	Endpoints
	Efficacy variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


