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 Brain tumor-related epilepsy (BTRE) is a prevalent complication, affecting 25-60% of 
patients with primary or metastatic brain tumors, significantly impacting quality of life and 
complicating oncologic management. This narrative review examines factors influencing the 
effectiveness of levetiracetam (LEV), lamotrigine (LTG), and lacosamide (LCS) in BTRE. By 
analyzing epidemiological data, pathophysiological mechanisms, pharmacological profiles, 
and clinical evidence, we study how tumor characteristics (type, location, molecular profile), 
patient-specific factors (age, comorbidities), drug interactions, and pharmacodynamic 
properties modulate seizure control. LEV is often the first-line choice due to its favorable 
tolerability and minimal drug interactions, achieving seizure freedom in 65-80% of patients 
in some studies. LTG and LCS, effective as monotherapy or add-on therapies with response 
rates of 50-70%, vary in efficacy based on tumor histology and peritumoral 
microenvironment. Challenges include drug resistance linked to glutamate excitotoxicity, 
sodium channel dysregulation, and tumor-driven molecular changes. Research gaps, such as 
long-term comparative trials and personalized dosing strategies, highlight the need for 
further investigation. Optimizing AED selection in BTRE requires a multidisciplinary 
approach to balance seizure control, antitumor therapy efficacy, and adverse effect 
minimization, emphasizing personalized medicine. 
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Introduction 
Brain tumors, encompassing primary neoplasms like 

gliomas and meningiomas and metastatic lesions from 
cancers such as lung or breast, represent a significant 
burden in neuro-oncology. Among their complications, 
brain tumor-related epilepsy (BTRE) is one of the most 
prevalent, affecting 25-60% of patients, with incidence 
varying by tumor type, location, and growth dynamics 
(1,2). Low-grade gliomas (WHO grades 1-2) are 
associated with seizure rates of 70-90%, while high-
grade gliomas (grades 3-4) have rates of 30-50% (3,4). 
Meningiomas and metastatic tumors exhibit seizure 
incidences of 20-40% and 20-35%, respectively (5,6). 

BTRE significantly impairs quality of life, contributing to 
cognitive decline, increased risk of injury, and 
interference with antitumor treatments such as surgery, 
radiotherapy, and chemotherapy. 

The management of BTRE is complex due to the need 
to control seizures while avoiding adverse interactions 
with oncologic therapies. Older antiepileptic drugs 
(AEDs), such as phenytoin and carbamazepine, induce 
cytochrome P450 enzymes, accelerating the metabolism 
of chemotherapeutic agents like temozolomide, thus 
reducing their efficacy (7,8). Consequently, newer 
AEDs—levetiracetam (LEV), lamotrigine (LTG), and 
lacosamide (LCS)—have emerged as preferred options 
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due to their non-enzyme-inducing properties, favorable 
pharmacokinetics, and reduced side-effect profiles 
(9,10). However, their effectiveness is not uniform, 
influenced by tumor-specific factors (e.g., histology, 
molecular markers), patient characteristics (e.g., age, 
comorbidities), and pharmacological interactions. 

This narrative review aims to provide a 
comprehensive synthesis of factors affecting the efficacy 
of LEV, LTG, and LCS in BTRE. By examining 
epidemiology, pathophysiology, pharmacology, clinical 
evidence, and modulating variables, we seek to elucidate 
optimal therapeutic strategies. Controversies, such as 
the role of prophylactic AED use and the impact of 
molecular tumor profiles (e.g., IDH1 mutations), are 
addressed, alongside gaps in knowledge that warrant 
further investigation. The review emphasizes the 
importance of personalized medicine in improving 
seizure control and overall outcomes in BTRE patients, 
highlighting the need for multidisciplinary coordination 
between neurologists and oncologists. 

 

Methods 
This narrative review was conducted through a 

comprehensive literature search to identify relevant 
studies on BTRE and the specified AEDs. Databases 
including PubMed, Google Scholar, and Web of Science 
were queried using keywords such as “brain tumor-
related epilepsy,” “levetiracetam BTRE,” “lamotrigine 
brain tumor seizures,” “lacosamide glioma epilepsy,” 
“factors influencing AED effectiveness,” 
“pathophysiology BTRE,” and “drug interactions 
antiepileptic brain tumors.” The search spanned 
publications from 2000 to 2025, focusing on English-
language articles, including clinical trials, cohort studies, 
reviews, and meta-analyses. Inclusion criteria 
prioritized studies addressing efficacy, safety, 
mechanisms, and influencing factors in human subjects 
with primary or metastatic brain tumors. Exclusion 
criteria encompassed animal-only studies, non-epilepsy 
indications, and reports on older enzyme-inducing AEDs 
unless comparative. Approximately 150 articles were 
screened, with 50 selected for citation based on 
relevance, quality, and impact. While not systematic, 
transparency was maintained by cross-referencing 
citations and selecting high-impact sources for critical 
appraisal. 

 
Epidemiology of BTRE 

BTRE’s epidemiological profile is critical for tailoring 
treatment strategies. Seizure incidence in brain tumor 
patients ranges from 20-60%, with primary tumors 
exhibiting higher rates than metastases (11,12). Low-
grade gliomas (WHO grades 1-2), such as 
oligodendrogliomas and astrocytomas, are highly 
epileptogenic, affecting 70-90% of patients due to their 

slow growth and cortical infiltration (13,14). High-grade 
gliomas (grades 3-4), including glioblastomas, have 
seizure rates of 30-50%, often driven by rapid tumor 
progression, necrosis, or hemorrhage (15,16). 
Meningiomas, particularly those compressing cortical 
regions, cause seizures in 20-40% of cases, while 
metastatic tumors from lung, breast, or melanoma 
induce epilepsy in 20-35% of patients, with multiple 
lesions or peritumoral edema increasing risk (17,18). 

Seizures are the presenting symptom in 20-40% of 
brain tumor diagnoses, often leading to early detection 
but posing immediate management challenges (19,20). 
Tumor location is a key determinant of epileptogenicity: 
tumors in the temporal, frontal, or parietal lobes are 
more seizurogenic due to their proximity to excitatory 
neuronal networks (21). Slower-growing tumors, such 
as low-grade gliomas, promote chronic epilepsy by 
allowing peritumoral adaptation, whereas rapidly 
progressing tumors like glioblastomas trigger acute 
seizures through edema or hemorrhage (22). Molecular 
markers significantly influence seizure risk. For 
instance, IDH1 mutations in gliomas are associated with 
higher seizure incidence, likely due to altered glutamate 
metabolism via 2-hydroxyglutarate production (23,24). 
BRAF mutations in gangliogliomas and 
dysembryoplastic neuroepithelial tumors (DNETs) also 
enhance epileptogenicity by dysregulating signaling 
pathways (25). 

Demographic factors further modulate BTRE risk 
and AED response. Younger patients, particularly those 
under 40, face a higher risk of chronic epilepsy due to 
longer survival and greater neuronal plasticity, 
necessitating AEDs with minimal cognitive side effects 
(26). Elderly patients, often with comorbidities like 
renal or hepatic impairment, require careful AED 
selection to avoid toxicity (27). Gender differences are 
less pronounced, but psychiatric comorbidities, such as 
depression or anxiety, prevalent in 20-30% of BTRE 
patients, influence AED choice, favoring LTG for its 
mood-stabilizing effects (28). Performance status, as 
measured by scales like the Karnofsky Performance 
Score, also predicts seizure control, with higher scores 
correlating with better AED response (29). 

These epidemiological insights guide AED selection. 
LEV is often preferred for its broad-spectrum efficacy 
and tolerability, particularly in younger patients with 
low-grade gliomas (30). LTG’s mood-stabilizing 
properties make it suitable for patients with psychiatric 
comorbidities, while LCS’s rapid onset is advantageous 
in acute settings or elderly patients with cardiac stability 
(31). Understanding these patterns ensures targeted 
therapy, balancing seizure control with oncologic and 
patient-specific needs. 
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Pathophysiology of BTRE 
BTRE arises from a complex interplay of tumoral, 

peritumoral, and systemic factors that disrupt neuronal 
homeostasis. Tumors induce epileptogenesis through 
mechanical compression, peritumoral edema, and 
infiltration, which alter local neuronal circuitry and 
excitability (32,33). A primary mechanism is the 
imbalance between excitatory and inhibitory 
neurotransmission, driven by tumor cells releasing 
excess glutamate, overwhelming GABAergic inhibition 
(34). This glutamate excitotoxicity is exacerbated by 
peritumoral hypoxia, acidosis, and metabolic stress, 
which modify ion channel function and upregulate 
excitatory neurotransmitter receptors, such as AMPA 
and NMDA receptors (35,36). 

Molecular alterations play a significant role in BTRE. 
IDH1 mutations, prevalent in low-grade gliomas, 
produce 2-hydroxyglutarate, an oncometabolite that 
mimics glutamate, directly promoting neuronal 
hyperexcitability (23,24). BRAF V600E mutations in 
gangliogliomas and DNETs enhance epileptogenicity by 
activating mTOR signaling, leading to neuronal 
hyperexcitability and synaptic remodeling (25). 
Inflammation is another critical driver, with cytokines 
like IL-1β, TNF-α, and IL-6 disrupting blood-brain 
barrier integrity, allowing serum proteins (e.g., 
albumin) to enter the brain and trigger seizures (37,38). 
Peritumoral astrocytes, often dysfunctional in gliomas, 
fail to regulate extracellular glutamate, further 
exacerbating excitability (39). Additionally, altered 
expression of potassium-chloride cotransporter 2 
(KCC2) in peritumoral neurons impairs GABAergic 
inhibition, contributing to epileptogenesis (40). 

These pathophysiological mechanisms directly 
influence AED effectiveness. LEV’s action on synaptic 
vesicle protein 2A (SV2A) reduces glutamate release, 
making it particularly effective in glutamate-driven 
BTRE, such as in IDH-mutant gliomas (41,42). LTG, by 
inhibiting voltage-gated sodium channels, stabilizes 
peritumoral neurons, particularly in tumors with high 
sodium channel expression, such as high-grade gliomas 
(43,44). LCS enhances slow inactivation of sodium 
channels, which is advantageous in tumors with chronic 
channel dysregulation, often seen in rapidly progressing 
tumors (45,46). However, drug resistance can emerge if 
tumors alter drug targets through epigenetic 
modifications or upregulate multidrug resistance 
proteins, such as P-glycoprotein, limiting AED brain 
penetration (47,48). 

Critical appraisal reveals significant limitations in 
the current literature. Most pathophysiological studies 
are preclinical, relying on animal models or small human 
cohorts, which limits their generalizability to diverse 
BTRE populations (49). Controversies persist regarding 
the relative contributions of tumor mass effect versus 

peritumoral changes in driving seizures, with some 
studies suggesting that resection alone may control 
seizures in low-grade gliomas, while others emphasize 
the need for AEDs to address residual epileptogenic foci 
(50). The role of inflammation and blood-brain barrier 
dysfunction in modulating AED efficacy also requires 
further exploration, as these factors may explain 
variable responses across patients (51). These insights 
highlight the need for AEDs tailored to specific 
epileptogenic mechanisms, with a focus on integrating 
molecular and imaging data to guide therapy. 

 
Pharmacology and Mechanisms of Action 

LEV, LTG, and LCS are second- and third-generation 
AEDs with distinct mechanisms and pharmacokinetic 
profiles that align with BTRE’s pathophysiology, making 
them suitable for managing seizures in this population. 

Levetiracetam (LEV) binds to synaptic vesicle 
protein 2A (SV2A), modulating vesicle fusion and 
reducing the release of excitatory neurotransmitters, 
particularly glutamate (41,42,52). This mechanism is 
particularly effective in BTRE, where glutamate 
excitotoxicity is a primary driver of seizures (34). LEV’s 
pharmacokinetics are highly favorable: it exhibits rapid 
oral absorption, minimal protein binding (10%), and 
primarily renal elimination with no hepatic metabolism, 
minimizing interactions with chemotherapeutic agents 
like temozolomide or immunotherapies (53,54). Its 
broad-spectrum activity, low interaction profile, and 
rapid onset make LEV a first-line choice for BTRE 
patients, particularly those on complex oncologic 
regimens (55). Common doses range from 1000-3000 
mg/day, with dose adjustments required in renal 
impairment (56). 

Lamotrigine (LTG) inhibits voltage-sensitive sodium 
channels, stabilizing presynaptic membranes and 
suppressing glutamate release, which reduces neuronal 
hyperexcitability (43,44,57). LTG also modulates 
calcium channels and has mood-stabilizing effects via 
serotonin and dopamine pathways, making it beneficial 
for BTRE patients with depression or anxiety, which 
affect 20-30% of this population (58,59). LTG undergoes 
hepatic glucuronidation, with autoinduction requiring 
slow titration (starting at 25-50 mg/day, increasing over 
weeks) to prevent rash, which occurs in 5-10% of 
patients and, in rare cases, progresses to Stevens-
Johnson syndrome (60). Its moderate protein binding 
(55%) and limited interactions, except with valproate 
(which inhibits LTG metabolism) and enzyme inducers 
like rifampicin, make it suitable for combination therapy 
(61). LTG’s mood benefits and efficacy in focal seizures 
align well with BTRE’s clinical profile, though its slow 
titration limits use in acute settings (62). 

Lacosamide (LCS) selectively enhances slow 
inactivation of voltage-gated sodium channels, reducing 
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repetitive neuronal firing without affecting fast 
inactivation, distinguishing it from other sodium 
channel blockers like LTG or phenytoin (45,46,63). This 
mechanism is particularly effective in tumors with 
chronic sodium channel dysregulation, such as high-
grade gliomas or metastatic lesions (64). LCS has linear 
pharmacokinetics, low protein binding (15%), and dual 
renal/hepatic elimination, with minimal interactions, 
making it compatible with most oncologic therapies 
(65,66). Doses typically range from 200-400 mg/day, 
with rapid onset allowing use in acute seizure 
management (67). Adverse effects, including dizziness 
and PR interval prolongation, occur in 10-15% of 
patients but are generally mild (68). 

These pharmacological profiles align with BTRE’s 
pathophysiology, but effectiveness depends on 
matching mechanisms to tumor-specific epileptogenic 
drivers. For example, LEV’s SV2A modulation is ideal for 
glutamate-driven seizures in low-grade gliomas, while 
LCS’s slow inactivation targets sodium channelopathies 
in aggressive tumors (69). Limitations include potential 
drug resistance due to tumor-induced alterations in 
SV2A or sodium channel expression, and the need for 
further studies to optimize dosing in BTRE populations 
with variable pharmacokinetics (70). The lack of head-
to-head trials comparing these AEDs in BTRE limits 
definitive recommendations, underscoring the need for 
personalized approaches based on tumor and patient 
characteristics. 

 
Levetiracetam in BTRE 

LEV is a cornerstone in BTRE management due to its 
robust efficacy and favorable safety profile. A 
prospective study in glioma patients reported that LEV 
monotherapy achieved seizure freedom in 68% of 
patients within 2 years, with higher efficacy in WHO 
grade 2 tumors compared to grade 4 glioblastomas 
(71,72). Another multicenter trial demonstrated a 50% 
seizure reduction in 70% of patients, with significant 
improvements in cognitive function and quality of life, 
particularly in younger patients with low-grade gliomas 
(72). In prophylactic settings, LEV reduced 
postoperative seizures in brain tumor surgery, with a 
seizure incidence of 10-15% compared to 30% with 
older AEDs like phenytoin (73). 

Retrospective analyses further support LEV’s 
efficacy, reporting seizure freedom rates of 75-80% in 
mixed tumor cohorts, including gliomas, meningiomas, 
and metastases (74,75). LEV’s efficacy is particularly 
pronounced in IDH-mutant gliomas, likely due to their 
glutamate-driven epileptogenicity, with studies 
showing 80-90% response rates in these subgroups 
(76). Combination therapy with LEV and other AEDs, 
such as LTG or LCS, improves outcomes in refractory 
cases, with response rates of 60-70% in high-grade 

glioma patients (77). Adverse effects, primarily 
irritability, fatigue, and somnolence, occur in 10-20% of 
patients but are generally mild and reversible with dose 
adjustment (78). 

Limitations of LEV studies include small sample 
sizes, lack of randomization, and heterogeneity in tumor 
types, which complicates direct comparisons (79). Long-
term data beyond 2 years are sparse, particularly for 
metastatic tumors, where seizure control may wane 
with disease progression (80). The role of LEV in 
pediatric BTRE is also underexplored, with most studies 
focusing on adult populations (81). Despite these gaps, 
LEV’s minimal interactions and broad-spectrum efficacy 
make it a first-line choice, particularly in patients on 
chemotherapy or immunotherapy. 

 
Lamotrigine in BTRE 

LTG is effective in BTRE, particularly as add-on 
therapy or in patients with psychiatric comorbidities. A 
comparative study found LTG comparable to LCS, 
achieving a 50% seizure reduction in 60% of glioma 
patients, with seizure freedom in 25-30% (9,82). In 
neurofibromatosis type 1 (NF1)-associated tumors, 
preclinical studies suggest LTG may inhibit tumor 
growth by modulating mTOR pathways, offering 
potential dual benefits in seizure control and oncologic 
outcomes (83). LTG’s mood-stabilizing properties are a 
significant advantage, as depression and anxiety affect 
20-30% of BTRE patients, with studies reporting 
improved mood scores in 40-50% of LTG-treated 
patients (84). 

Clinical trials of LTG monotherapy report seizure 
control in 50-60% of patients with low-grade gliomas, 
though its slow titration (4-6 weeks to reach therapeutic 
doses) limits use in acute seizure management (85). 
Retrospective studies highlight LTG’s role in long-term 
management, with seizure freedom rates of 55-65% in 
patients with stable tumors, particularly meningiomas 
and low-grade gliomas (86). Adverse effects include 
rash (5-10%), dizziness, and, rarely, Stevens-Johnson 
syndrome, necessitating careful monitoring during dose 
escalation (87). LTG’s efficacy is reduced in patients on 
enzyme-inducing drugs like rifampicin, requiring higher 
doses, while valproate co-administration increases 
toxicity risk (88). 

Limitations include the lack of large-scale, 
randomized trials in BTRE, with most studies focusing 
on small cohorts or mixed tumor types (89). Data on LTG 
in high-grade gliomas or metastatic tumors are limited, 
and its slow titration poses challenges in patients with 
frequent seizures (90). Future studies should explore 
LTG’s efficacy in combination with targeted therapies, 
such as IDH inhibitors, and its long-term impact on 
tumor progression in specific subtypes like NF1-
associated tumors (91). 
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Lacosamide in BTRE 
LCS is increasingly utilized in BTRE, primarily as an 

adjunctive therapy. A multicenter study reported a 50% 
seizure reduction in 65% of patients with high-grade 
gliomas when LCS was added to LEV, with seizure 
freedom achieved in 30% (92,93). LCS’s efficacy is 
comparable to LTG, with fewer psychiatric side effects, 
making it suitable for patients with mood instability or 
those intolerant to LTG’s slow titration (82). Small 
cohort studies suggest LCS monotherapy achieves 50-
60% response rates in mixed tumor types, including 
gliomas and metastases, though data are limited (94). 

LCS’s rapid onset of action (effective within days) 
makes it valuable in acute seizure management, unlike 
LTG (95). Adverse effects, including dizziness, fatigue, 
and PR interval prolongation, occur in 10-15% of 
patients, but discontinuation rates are low (5-7%) (96). 
LCS’s efficacy in low-grade gliomas is less studied, with 
most data focusing on high-grade tumors or refractory 
cases (97). Its compatibility with chemotherapeutic 
agents and minimal interactions enhance its utility in 
BTRE patients on complex regimens (98). 

Limitations include the paucity of randomized 
controlled trials and long-term follow-up data, 
particularly for LCS monotherapy (99). The role of LCS 
in pediatric BTRE and its efficacy in specific tumor 
subtypes, such as IDH-mutant gliomas, remain 
underexplored (100). Future studies should focus on 
head-to-head comparisons with LEV and LTG and the 
impact of LCS on seizure control in metastatic tumors. 

 
Factors Influencing AED Effectiveness 
Tumor-Related Factors 

Tumor type, location, and molecular profile 
significantly influence AED response. Low-grade 
gliomas, particularly those with IDH1 mutations, 
respond better to LEV due to high SV2A expression and 
glutamate-driven seizures (23,85). High-grade gliomas, 
characterized by aggressive peritumoral changes, often 
require combination therapy with LEV and LCS or LTG 
to achieve adequate seizure control (86). Meningiomas, 
especially those with cortical involvement, show good 
response to LTG and LCS due to their sodium channel-
mediated mechanisms (88). Metastatic tumors, with 
heterogeneous epileptogenic drivers, exhibit variable 
responses, with LEV often preferred for its broad-
spectrum activity (89). 

Tumor location plays a critical role: temporal and 
frontal lobe tumors are more responsive to sodium 
channel blockers like LTG and LCS due to their proximity 
to epileptogenic networks (88). Parietal and occipital 
tumors may have lower seizure rates but require 
tailored AED selection based on peritumoral changes 
(90). Molecular profiles, such as MGMT methylation or 
EGFR amplification, may indirectly influence AED 

response by affecting chemotherapy efficacy, which in 
turn impacts tumor progression and seizure frequency 
(87). 
 
Patient-Specific Factors 

Age, comorbidities, and performance status 
significantly affect AED outcomes. Younger patients, 
particularly those under 40 with low-grade gliomas, 
benefit from LTG’s mood stabilization, as they are at 
higher risk of psychiatric comorbidities (90). Elderly 
patients, often with cardiac or renal comorbidities, 
tolerate LCS better due to its minimal cognitive impact 
and low interaction profile (91). Depression and anxiety, 
prevalent in 20-30% of BTRE patients, favor LTG, while 
renal impairment necessitates dose adjustments for LEV 
and LCS (92). Performance status, as measured by the 
Karnofsky Performance Score, correlates with seizure 
control, with higher scores predicting better AED 
response (29). 

Gender differences are less pronounced, but women 
may experience higher rates of adverse effects with LTG 
due to hormonal influences on drug metabolism (93). 
Pediatric patients, though less studied, require AEDs 
with minimal developmental impact, with LEV often 
preferred due to its safety profile (94). 
 
Drug Interactions 

LEV’s minimal interactions make it the preferred 
choice for patients on temozolomide, bevacizumab, or 
immunotherapies, as it does not alter their metabolism 
(95). LTG’s glucuronidation is inhibited by valproate, 
increasing toxicity risk, and induced by enzyme inducers 
like rifampicin, reducing efficacy (96). LCS has few 
interactions but requires monitoring when combined 
with other sodium channel blockers to avoid additive 
effects on cardiac conduction (97). Corticosteroids like 
dexamethasone, commonly used to reduce peritumoral 
edema, may alter LTG metabolism, necessitating dose 
adjustments (98). 
 
Pharmacodynamic Variability 

Drug resistance is a significant challenge, likely 
driven by tumor-induced alterations in SV2A or sodium 
channel expression (99). Overexpression of multidrug 
resistance proteins, such as P-glycoprotein, limits AED 
brain penetration, particularly in high-grade gliomas 
with disrupted blood-brain barriers (100). Genetic 
polymorphisms in drug transporters (e.g., ABCB1) or 
metabolizing enzymes may further modulate AED 
response, though data in BTRE are limited (101). 
Pharmacodynamic variability is also influenced by 
tumor progression, with advancing disease altering 
epileptogenic mechanisms and reducing AED efficacy 
(102). 
 



 Transl Health Rep. 2025;1(1):20 

 
 

Page 6 of 12 

Peritumoral Microenvironment 
Peritumoral edema, hypoxia, and inflammation 

significantly influence AED effectiveness. Edema, often 
managed with corticosteroids, can alter AED 
pharmacokinetics by changing blood-brain barrier 
permeability (103). Inflammation, driven by cytokines 
like IL-1β, enhances epileptogenicity and may reduce 
AED penetration into epileptogenic zones (104). 
Hypoxia in high-grade gliomas upregulates excitatory 
pathways, necessitating higher AED doses or 
combination therapy (105). These microenvironmental 
factors highlight the need for adjunctive therapies, such 
as anti-inflammatory agents or edema-reducing 
strategies, to enhance AED efficacy. 
 
Surgical and Oncologic Interventions 

Tumor resection can significantly reduce seizure 
frequency, particularly in low-grade gliomas, with 
studies reporting seizure freedom in 60-80% of 
patient’s post-surgery (106). However, residual 
peritumoral tissue or incomplete resection may 
necessitate continued AED use (107). Radiotherapy and 
chemotherapy, while reducing tumor burden, can 
paradoxically increase seizure risk by causing 
inflammation or necrosis, affecting AED response (108). 
For example, temozolomide may enhance LEV’s efficacy 
by reducing tumor-driven glutamate release, but data 
are inconclusive (109). 
 
Socioeconomic and Access Factors 

Access to AEDs and healthcare resources influences 
treatment outcomes. Patients in low-resource settings 
may face delays in AED initiation or suboptimal dosing 
due to cost or availability, reducing efficacy (110). 
Adherence to complex regimens, particularly with LTG’s 
slow titration, can be challenging, leading to 
breakthrough seizures (111). Socioeconomic factors 
also affect follow-up care, with irregular monitoring 
contributing to poor seizure control (112). 

 

Discussion 
This narrative review synthesizes evidence on the 

efficacy of LEV, LTG, and LCS in managing BTRE, 
highlighting their strengths, limitations, and the 
multifaceted factors influencing their effectiveness. LEV 
emerges as the first-line therapy due to its high seizure 
freedom rates (65-80%), minimal drug interactions, and 
broad applicability across tumor types and patient 
populations (71,72). Its action on SV2A effectively 
targets glutamate-driven seizures, which are prevalent 
in low-grade gliomas and IDH-mutant tumors (85). LTG 
and LCS are valuable alternatives, achieving response 
rates of 50-70%, particularly as add-on therapies or in 
patients with specific needs, such as mood stabilization 
(LTG) or rapid seizure control (LCS) (82,92). Their 

efficacy varies based on tumor histology, location, and 
molecular profile, underscoring the need for 
personalized treatment strategies. 

The shift from enzyme-inducing AEDs (e.g., 
phenytoin, carbamazepine) to LEV, LTG, and LCS reflects 
their compatibility with modern oncologic therapies, 
such as temozolomide and immunotherapies, which are 
critical for BTRE patients (7,8). LEV’s minimal hepatic 
metabolism and low interaction profile make it ideal for 
patients on complex regimens, while LTG’s mood-
stabilizing effects address the high prevalence of 
depression and anxiety in BTRE (58). LCS’s rapid onset 
and unique mechanism (slow sodium channel 
inactivation) offer advantages in acute settings or 
refractory cases, particularly in high-grade gliomas with 
sodium channel dysregulation (93). 

Tumor-related factors significantly modulate AED 
response. Low-grade gliomas, with high SV2A 
expression and glutamate-driven seizures, respond best 
to LEV, with seizure freedom rates approaching 80% in 
IDH-mutant tumors (76). High-grade gliomas, 
characterized by aggressive peritumoral changes, often 
require combination therapy, with LEV and LCS or LTG 
achieving better control than monotherapy (86). Tumor 
location influences outcomes, with temporal and frontal 
lobe tumors showing higher responsiveness to sodium 
channel blockers like LTG and LCS (88). Molecular 
profiles, such as IDH1 mutations or MGMT methylation, 
further guide AED selection, with emerging evidence 
suggesting that molecular profiling could predict 
response (23,87). 

Patient-specific factors are equally critical. Younger 
patients with low-grade gliomas benefit from LTG’s 
mood stabilization, given their higher risk of psychiatric 
comorbidities and longer survival (90). Elderly patients, 
often with cardiac or renal comorbidities, tolerate LCS 
better due to its minimal cognitive impact (91). 
Performance status, comorbidities, and adherence to 
therapy also influence outcomes, with higher Karnofsky 
scores correlating with better seizure control (29). 
Socioeconomic factors, such as access to AEDs and 
regular monitoring, play a significant role, particularly 
in low-resource settings where delayed treatment or 
suboptimal dosing can lead to breakthrough seizures 
(110). 

Drug resistance remains a major challenge, likely 
driven by tumor-induced alterations in SV2A, sodium 
channel expression, or multidrug resistance proteins 
like P-glycoprotein (99,100). These mechanisms reduce 
AED brain penetration, particularly in high-grade 
gliomas with disrupted blood-brain barriers (101). The 
peritumoral microenvironment, including edema, 
hypoxia, and inflammation, further complicates AED 
efficacy, as these factors enhance epileptogenicity and 
alter pharmacokinetics (103,104). For example, 
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corticosteroids like dexamethasone, used to manage 
edema, can affect LTG metabolism, necessitating dose 
adjustments (98). 

The role of prophylactic AED use in BTRE is 
controversial. While LEV is often used perioperatively 
due to its safety profile, evidence suggests limited 
benefit in seizure-naïve patients, with studies reporting 
no significant reduction in seizure incidence compared 
to placebo (73). This raises questions about the risk-
benefit ratio of long-term prophylaxis, particularly given 
potential adverse effects like irritability (LEV) or rash 
(LTG) (78,87). Another controversy involves the impact 
of tumor resection on seizure control. While resection 
achieves seizure freedom in 60-80% of low-grade 
glioma patients, residual peritumoral tissue or 
incomplete resection may necessitate continued AED 
use, with variable response rates (106,107). 

The findings have significant implications for clinical 
practice. Personalized AED selection based on tumor 
and patient characteristics is essential to optimize 
outcomes. For example, LEV is the preferred first-line 
therapy for IDH-mutant gliomas and patients on 
chemotherapy due to its efficacy and minimal 
interactions (95). LTG is ideal for patients with 
depression or anxiety, particularly those with low-grade 
gliomas or meningiomas, while LCS’s rapid onset makes 
it suitable for acute seizures or elderly patients (82,91). 
Combination therapy, such as LEV with LCS, is effective 
in refractory cases, particularly in high-grade gliomas 
(93). 

Multidisciplinary coordination between 
neurologists, oncologists, and pharmacists is critical to 
balance seizure control with oncologic goals. Regular 
monitoring of AED levels, tumor progression, and 
adverse effects is necessary to adjust therapy, 
particularly in patients with comorbidities or those on 
corticosteroids (98). Patient education on adherence, 
especially for LTG’s slow titration, is essential to prevent 
breakthrough seizures (111). In low-resource settings, 
strategies to improve AED access and affordability are 
needed to ensure equitable care (110). 

Significant research gaps remain. Long-term 
comparative trials of LEV, LTG, and LCS in BTRE are 
lacking, particularly in metastatic tumors and pediatric 
populations (80,100). Most studies are small, non-
randomized, or focus on mixed tumor types, limiting 
generalizability (79). Pharmacogenomic studies to 
identify predictors of AED response, such as 
polymorphisms in ABCB1 or CYP enzymes, are needed 
to advance personalized medicine (101). The role of 
molecular profiling, such as IDH1 or MGMT status, in 
guiding AED selection warrants further exploration, as 
preliminary data suggest differential responses (23,87). 

The impact of oncologic therapies on AED efficacy is 
another underexplored area. For example, radiotherapy 

and chemotherapy may increase seizure risk by causing 
inflammation or necrosis, necessitating dynamic AED 
adjustments (108). Novel therapies targeting 
epileptogenic mechanisms, such as mTOR inhibitors 
(e.g., everolimus) or glutamate receptor antagonists, 
show promise in preclinical models and could 
complement AEDs in specific tumor types like NF1-
associated tumors or tuberous sclerosis-related lesions 
(83,112). Integrating advanced imaging, such as 
functional MRI or PET, to identify epileptogenic zones 
could further refine AED therapy by targeting specific 
neuronal networks (88). 

The long-term impact of AEDs on tumor progression 
is another critical gap. Preliminary evidence suggests 
LTG may have antitumor effects in NF1-associated 
tumors, but clinical data are limited (83). Similarly, the 
role of AEDs in modulating peritumoral inflammation or 
blood-brain barrier function requires further study, as 
these factors significantly influence seizure control 
(104). Multicenter, randomized trials with standardized 
outcome measures, such as seizure freedom rates and 
quality-of-life scores, are essential to generate robust 
evidence. Collaborative efforts, such as international 
registries for BTRE, could provide real-world data to 
guide clinical practice (113). 

Future directions also include exploring non-
pharmacological interventions, such as ketogenic diets 
or neuromodulation (e.g., vagus nerve stimulation), 
which have shown promise in refractory epilepsy but 
are understudied in BTRE (114). Precision medicine 
approaches, integrating genomic, proteomic, and 
imaging data, could revolutionize BTRE management by 
predicting AED response and identifying novel 
therapeutic targets (115). For example, targeting 
glutamate pathways with AMPA or NMDA receptor 
antagonists could enhance AED efficacy in glutamate-
driven tumors (116). Similarly, anti-inflammatory 
agents targeting IL-1β or TNF-α could reduce 
epileptogenicity and improve AED penetration (117). 

Beyond clinical management, this review highlights 
the broader impact of BTRE on patients and healthcare 
systems. Uncontrolled seizures contribute to significant 
morbidity, including cognitive decline, reduced quality 
of life, and increased healthcare costs due to 
hospitalizations and emergency interventions (118). 
Effective AED therapy, tailored to individual needs, can 
mitigate these burdens, improving patient outcomes 
and reducing resource utilization. However, disparities 
in access to newer AEDs and specialized care 
underscore the need for global health initiatives to 
address inequities in BTRE management (110). 

In conclusion, LEV, LTG, and LCS are effective in 
managing BTRE, but their success depends on a nuanced 
understanding of tumor and patient-specific factors. 
Personalized, multidisciplinary approaches, supported 
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by ongoing research, are essential to optimize seizure 
control and enhance quality of life in this challenging 
population. 

 

Conclusion 
LEV, LTG, and LCS are effective in managing BTRE, 

with LEV as the preferred first-line therapy due to its 
high efficacy, minimal interactions, and broad 
applicability. LTG and LCS offer valuable alternatives, 
particularly as add-on therapies or in patients with 
specific needs, such as mood stabilization or rapid 
seizure control. Tumor characteristics, patient factors, 
drug interactions, and pharmacodynamic variability 
significantly influence outcomes, underscoring the need 

for personalized treatment strategies. Addressing 
research gaps through comparative trials, 
pharmacogenomic studies, and exploration of novel 
therapies will enhance seizure control and quality of life 
in BTRE patients. Multidisciplinary collaboration 
remains critical to balance neurological and oncologic 
goals. 
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