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Abstract

Epilepsy, a neurological disorder characterized by recurrent seizures, affects approximately 50 million people worldwide. Historically, the
management of epilepsy has relied on a one-size-fits-all approach, with antiepileptic drugs (AEDs) prescribed based on general seizure type and
broad patient characteristics. However, recent advancements in personalized medicine are revolutionizing this paradigm by tailoring treatments
to individual genotypes, offering the promise of more effective and precise management for patients. Antiepileptic Drugs (AEDs), also known
as anticonvulsants, are medications used to manage and prevent seizures in individuals with epilepsy. Epilepsy is a neurological disorder
characterized by recurrent seizures, which can vary widely in type and severity. AEDs aim to control these seizures, improve the quality of life

and reduce the frequency and intensity of epileptic episodes.
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Introduction

Personalized medicine leverages genetic, environmental and lifestyle
information to tailor medical care to the individual. For epilepsy, this approach
aims to optimize treatment efficacy, minimize side effects and address the
underlying genetic causes of the disorder. This shift is particularly significant
given the considerable variability in how individuals respond to AEDs and
the broad spectrum of genetic mutations associated with epilepsy. Recent
advances in personalized medicine are shaping the future of AED therapy. By
analyzing genetic and pharmacogenomic data, clinicians can better predict
how individual patients will respond to specific AEDs. This approach aims to
maximize treatment efficacy and minimize adverse effects by selecting the
most appropriate drug based on the patient’s unique genetic profile [1,2].

Literature Review

Epilepsy is a heterogeneous condition with numerous genetic
underpinnings. Advances in genomic technologies, including next-generation
sequencing (NGS), have enabled the identification of specific genetic
mutations associated with different forms of epilepsy. Mutations in genes
encoding ion channels, such as SCN1A, KCNQ2 and GABRG2, are linked
to various epilepsy syndromes. These genes play crucial roles in neuronal
excitability and synaptic transmission. For example, SCN1A mutations are
commonly associated with Dravet syndrome, a severe form of epilepsy.
Certain genetic mutations are associated with specific epilepsy syndromes,
such as the PCDH19 mutation in PCDH19-related epilepsy. ldentifying
these mutations allows for more targeted treatment approaches. Some
genetic mutations are associated with both epilepsy and other neurological
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or developmental disorders. For instance, mutations in the MECP2 gene are
linked to Rett syndrome, which can include epilepsy among its symptoms.

Understanding a patient's specific genetic profile enables clinicians to
select AEDs that are more likely to be effective while minimizing adverse
effects. This field studies how genes affect an individual's response to drugs.
For epilepsy, pharmacogenomic testing can help predict which AEDs are likely
to be effective based on genetic variants. For example, genetic variations
in the CYP450 enzyme system can influence how drugs are metabolized,
affecting both efficacy and toxicity. Certain genetic mutations may predict
sensitivity or resistance to specific AEDs. For instance, patients with SCN1A
mutations might respond differently to sodium channel blockers compared to
those without such mutations [3,4]. Personalized medicine allows for selecting
drugs that are more likely to align with the patient's genetic profile. Beyond
traditional AEDs, targeted therapies are being developed to address specific
genetic abnormalities.

Discussion

For instance, gene therapies and antisense oligonucleotides are being
explored as treatments for genetic forms of epilepsy, offering the potential to
correct or compensate for genetic defects. Epilepsy is often caused by multiple
genetic factors interacting with each other and with environmental influences.
This complexity can make it challenging to pinpoint exact genetic causes and
predict treatment responses. Genetic testing and personalized treatments can
be expensive and may not be accessible to all patients [5,6]. Ensuring equitable
access to these advancements is a critical concern. While the potential is
immense, integrating genetic findings into everyday clinical practice requires
ongoing research, education and the development of guidelines to ensure that
personalized approaches are implemented effectively.

Conclusion

The advancements in personalized medicine for epilepsy represent a
transformative leap forward in how we approach the treatment of this complex
disorder. By tailoring treatments to individual genotypes, we are moving
toward a future where epilepsy management is more precise, effective and
aligned with each patient’s unique genetic profile. As research continues and
technology evolves, the hope is that personalized medicine will bring us closer
to a world where every patient with epilepsy receives the best possible care
tailored specifically to their needs.
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