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ABSTRACT

The following analysis defined the global market for the antiepileptic drug and its various dose
forms. Antiepileptic drugs (AEDs) are primarily used for the treatment of epilepsy and

symptomatic seizures.

| began by thoroughly understanding and researching the current market situation. This involved
studying various datasets, articles, sales figures, prescription trends, and market shares across
different regions globally. My analysis covered key areas like North America, Europe, and Asia-

Pacific, providing a comprehensive overview of the global landscape.

Examining clinical studies and health economic assessments was a critical part of this research.
Additionally, navigating the complex regulatory environments in different countries, particularly
concerning the scheduling, prescription, and distribution of buprenorphine, was essential. The
emergence of telehealth prescribing has opened new channels to reach patients, ensuring they

receive authentic and necessary medication.

The competitive landscape was another major focus. The pharmaceutical industry is vast, with
numerous major players introducing new innovations that reshape industry dynamics and intensify

competition for market share.

To gain deeper insights, | engaged with industry experts, including healthcare professionals,
product specialists, and other industry veterans. Personal meetings with these experts provided
valuable perspectives and highlighted current market realities, enriching my theoretical
knowledge. This experience was enlightening and prompted a shift towards a more customer-

centric approach and strategic product positioning.
Key Takeaways from My Experience:

1. Different geographies and demographics require tailored plans and strategies.
2. Effective pricing and reimbursement strategies are crucial to making medication and

healthcare facilities accessible without barriers.




3. Continuous support in product handling and education about diseases and treatments is
paramount.

4. Updated and innovative formulations can significantly boost drug demand by addressing
gaps and providing key solutions for disease treatment.

In conclusion, this comprehensive snapshot of my research and experiences forms the foundation
for the detailed analysis presented in the following sections of this document.
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Chapter 1: Introduction

Anticonvulsants, also known as antiepileptic drugs or anti-seizure medications, are a diverse group
of pharmacological agents used primarily for the treatment of epileptic seizures. However, the
medications are increasingly applied in treating bipolar disorder and borderline personality
disorder. Many of these medications are mood-stabilizing. They are an adjunct in treating
neuropathic pain. They function by dampening the excessive rapid firing of neurons that take place

during a seizure and preventing spread of the seizure to other parts of the brain.

Traditional AEDs presumably act by blocking sodium channels or raising the action of y-
aminobutyric acid. Repeat AEDs have a variety of mechanisms of action that remain poorly
understood, with many targeting several diverse elements, including GABAA receptors, the
GABA transporter type 1, GABA transaminase, voltage-gated calcium channels, SV2A. By
blocking sodium or calcium channels, these drugs reduce the release of excitatory glutamate,
which is often elevated in epilepsy, as well as that of GABA, which can paradoxically act
proconvulsive in certain contexts. Some AEDs may also target the peroxisome proliferator-

activated receptor alpha.

Some anticonvulsants have been found to be antiepileptogenic in animal models of epilepsy—that
is, they prevent or reverse the development of epilepsy. However, this preventive efficacy on
epileptogenesis has not been confirmed as yet by clinical trials on humans at risk, for example,

following head injuries.

On the whole, anticonvulsants can be considered pharmacotherapies that act on the brain to
regulate neuronal activity and the level of various neurotransmitters in order to treat epilepsy and
other conditions of this type. They are used to control seizures, raise or lower mood, and alleviate

chronic pain.

The goal of antiepileptic drug treatment is to achieve optimum results of therapy. It aims at using
the fewest number of AEDs at their lowest effective dose, which will help in the best possible
management of seizures with a minimum danger of associated side effects. In most cases, when
control is not achieved by one AED, a number of alternate choices either as monotherapy or

combination therapy are available for trying.

1.1 Overview of Antiepileptic Drug




Epilepsy is a disorder in a patient that results in recurrent seizures without acute or systemic
neurological insults as provoking factors. Antiepileptic drugs are medications that reduce the
frequency and/or severity of seizures in people with active epilepsy. While 'anticonvulsant drug'
is sometimes used, mainly interchangeably with AED, ‘anticonvulsant drug’ might not be

appropriate for seizures characterized by nonconvulsive movements.

There is no definitive evidence that AEDs can "cure™ or alter the natural progression of epilepsy.
However, many patients who have been seizure-free for two or more years can successfully
discontinue AEDs under medical supervision. The primary goal of treatment is to achieve optimal
seizure control while minimizing the adverse effects of medications, thereby enhancing the
patient's quality of life.

Some medications are prescribed as a ‘course of treatment’ to cure a specific condition, such as
taking antibiotics for an infection. However, antiepileptic drugs (AEDs) serve a different purpose:
they are preventative medications taken daily to mitigate the occurrence of seizures. Their primary
function is to reduce the excessive electrical activity in the brain that triggers seizures. While the
exact mechanisms of how AEDs work are not fully understood, it is known that different AEDs

may operate in slightly varied ways to achieve their therapeutic effects.

Here are some examples of Antiepileptic Drugs (API):

Lamotrigine (Lamictal)

Zonisamide (Zonegran)

Gabapentin (Neurontin)

Phenytoin (Dilantin)

Levetiracetam (Keppra, Spritam)

Chemical Properties
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Between 1990 and 2011, fifteen new antiepileptic drugs (AEDs) were approved: eslicarbazepine
acetate, felbamate, gabapentin, lacosamide, lamotrigine, levetiracetam, oxcarbazepine, pregabalin,
retigabine, rufinamide, stiripentol, tiagabine, topiramate, vigabatrin, and zonisamide. These AEDs,
with the exception of felbamate, offer significant advantages such as favorable pharmacokinetics,
improved tolerability, and reduced potential for drug interactions. Most of these AEDs introduced
after 1990, except vigabatrin and tiagabine, were discovered empirically, sometimes by chance,
using animal models that do not focus on specific mechanisms of action. This empirical approach
and the diverse mechanisms of action explain the varied chemical structures of these drugs.

The availability of both older and newer AEDs with different activity profiles and tolerability
profiles allows clinicians to tailor treatment choices to individual patient characteristics. Despite
the introduction of fifteen new AEDs over the past two decades, the market for antiepileptic drugs
has become crowded. As a result, epilepsy alone does not hold significant attractiveness to the
pharmaceutical industry as of 2011, even though there remains an unmet clinical need for

refractory epilepsy.

In response to this landscape, future development of new AEDs must also consider potential
applications in non-epileptic central nervous system disorders such as neuropathic pain, migraine
prophylaxis, bipolar disorder, or fibromyalgia. This shift is evidenced by the successful sales
revenues of drugs like pregabalin, topiramate, and valproic acid in these additional therapeutic

areas.

This review explores how the evolving understanding of the chemical properties of older AEDs,
dating back to phenobarbital in 1912, has influenced the design of subsequent AEDs and new

therapeutic approaches in the field of antiepileptic drug discovery.
History

The first effective anticonvulsant, bromide, was suggested in 1857 by British gynecologist Charles
Locock. He treated women with "hysterical epilepsy” with it, probably catamenial epilepsy.
Bromides were very effective against epilepsy but also produced side effects unrelated to their
antiepileptic action, like impotence. Moreover, bromide acted on behavior, so the idea of an

"epileptic personality" arose when in fact the condition was due to medication.
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Introduced in 1912, phenobarbital acts primarily as a sedative and antiepileptic drug.

By the 1930s, the development of animal models in epilepsy research facilitated the discovery of
phenytoin by Tracy Putnam and H. Houston Merritt. Phenytoin offered the advantage of treating

epileptic seizures with less sedation compared to earlier treatments.

In the 1970s, the National Institutes of Health launched the Anticonvulsant Screening Program
under J. Kiffin Penry. This initiative aimed to engage pharmaceutical companies in developing
new anticonvulsant medications. It served as a pivotal mechanism to attract industry interest and

expertise in advancing the field of anticonvulsant drug development.
Marketing Approval History

The following table lists anticonvulsant drugs together with the date their marketing was approved
in the US, UK and France. Data for the UK and France are incomplete. The European Medicines

Agency approves drugs throughout the European Union. Some of the drugs are no longer

marketed.
Drug Brand usS UK France
Acetazolamide | Diamox 27-Jul-53 1988
Brivaracetam Briviact 18-Feb-16
Carbamazepine | Tegretol 15-Jul-74 1965 1963
Cenobamate Xcopri 21-Nov-19
Clobazam Onfi/Frisium 21-Oct-11 1979

Clonazepam Klonopin/Rivotril 04-Jun-75 1974

Diazepam Valium 15-Nov-63
Divalproex
) Depakote 10-Mar-83
sodium
Eslicarbazepine | Aptiom 11-Aug-13
Ethosuximide | Zarontin 02-Nov-60 | 1955 1962
Ethotoin Peganone 22-Apr-57

Everolimus Afinitor/VVotubia 30-Jan-09
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https://en.wikipedia.org/wiki/European_Medicines_Agency
https://en.wikipedia.org/wiki/European_Medicines_Agency
https://en.wikipedia.org/wiki/Acetazolamide
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_008943-44
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Brivaracetam
https://en.wikipedia.org/wiki/Carbamazepine
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Cenobamate
https://en.wikipedia.org/wiki/Clobazam
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Clonazepam
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_017533-53
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Diazepam
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_013263-54
https://en.wikipedia.org/wiki/Divalproex_sodium
https://en.wikipedia.org/wiki/Divalproex_sodium
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_018723-55
https://en.wikipedia.org/wiki/Eslicarbazepine
https://en.wikipedia.org/wiki/Ethosuximide
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_012380-58
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Ethotoin
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_010841-59
https://en.wikipedia.org/wiki/Everolimus
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_022334-60

Felbamate Felbatol 29-Jul-93
Fosphenytoin | Cerebyx 05-Aug-96
Gabapentin Neurontin 30-Dec-93 May-93 | Oct-94
Lacosamide Vimpat 28-0ct-08
Lamotrigine Lamictal 27-Dec-94 | Oct-91 May-95
Levetiracetam | Keppra 30-Nov-99 zz-Sep- 29-Sep-00
Mephenytoin Mesantoin 23-0ct-46
Metharbital Gemonil 1952
Methsuximide | Celontin 08-Feb-57
Methazolamide | Neptazane 26-Jan-59
Oxcarbazepine | Trileptal 14-Jan-00 2000
Phenobarbital | Luminal Unknown 1912 1920
Phenytoin Dilantin/Epanutin 1938 1938 1941
Piracetam Nootropil never

approved
Phensuximide | Milontin 1953
Pregabalin Lyrica 30-Dec-04 | 06-Jul-04 | 06-Jul-04
Primidone Mysoline 08-Mar-54 | 1952 1953
Rufinamide Banzel/Inovelon 14-Nov-08
Sodium o
Valproate Epilim Unknown Dec-77 Jun-67
Stiripentol Diacomit 20-Aug-18 | Jan-07 Jan-07
Tiagabine Gabitril 30-Sep-97 1998 Nov-97
Topiramate Topamax 24-Dec-96 1995
Trimethadione | Tridione 25-Jan-46
Valproic Acid | Depakene/Convulex | 28-Feb-78 1993
Vigabatrin Sabril 21-Aug-09 | 1989
Zonisamide Zonegran 27-Mar-00 ;E-Mar- 10-Mar-05
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https://en.wikipedia.org/wiki/Felbamate
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_020189-61
https://en.wikipedia.org/wiki/Fosphenytoin
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_020450-62
https://en.wikipedia.org/wiki/Gabapentin
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_020235-63
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Lacosamide
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_022253-64
https://en.wikipedia.org/wiki/Lamotrigine
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_020241-65
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Levetiracetam
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_021035-66
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-keppra-67
https://en.wikipedia.org/wiki/Mephenytoin
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_006008-68
https://en.wikipedia.org/wiki/Metharbital
https://en.wikipedia.org/wiki/Methsuximide
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_010596-71
https://en.wikipedia.org/wiki/Methazolamide
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_011721-72
https://en.wikipedia.org/wiki/Oxcarbazepine
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_021014-73
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Phenobarbital
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Phenytoin
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Piracetam
https://en.wikipedia.org/wiki/Phensuximide
https://en.wikipedia.org/wiki/Pregabalin
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_021446-77
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-lyrica-78
https://en.wikipedia.org/wiki/Primidone
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_009170-79
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Rufinamide
https://en.wikipedia.org/wiki/Sodium_valproate
https://en.wikipedia.org/wiki/Sodium_valproate
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Stiripentol
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Diacomit_EPAR-28
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Diacomit_EPAR-28
https://en.wikipedia.org/wiki/Tiagabine
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-Loiseau_et_al_1999-50
https://en.wikipedia.org/wiki/Topiramate
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_020505-86
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Trimethadione
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_005856-87
https://en.wikipedia.org/wiki/Valproic_acid
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_018081-88
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Vigabatrin
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_020427-89
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-EpilepsyAction-45
https://en.wikipedia.org/wiki/Zonisamide
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-NDA_020789-90
https://en.wikipedia.org/wiki/Anticonvulsant#cite_note-zonegran-91
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Approval

In the process of gaining approval for a new drug, the typical approach involves demonstrating its

effectiveness compared to a placebo or proving that it is superior to existing medications.

However, conducting placebo-controlled trials for new epilepsy drugs in monotherapy (where only

one drug is administered) is generally considered unethical due to the serious risk untreated

epilepsy poses, including the potential for death. Therefore, most new epilepsy drugs are initially

approved only as adjunctive (add-on) therapies.
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Patients whose epilepsy is not adequately controlled by their current medication (refractory
epilepsy) are selected to participate in trials to assess whether adding the new drug improves
seizure management. The reduction in seizure frequency is evaluated against a placebo to

determine the drug's efficacy.

Because many new drugs do not demonstrate superiority over existing treatments and lack
placebo-controlled trials in monotherapy, few have received initial approval from the FDA for this
use. In contrast, European regulatory standards often require demonstrating equivalence to existing
treatments, resulting in more approvals. Despite the lack of FDA approval, the American Academy
of Neurology and the American Epilepsy Society still recommend several of these new drugs as
suitable for initial monotherapy.

Clinical Trial

Clinical trials, especially randomized controlled trials (RCTs), are considered the gold standard
for generating evidence to guide clinical decision-making. However, most RCTs of antiepileptic
drugs (AEDSs) have primarily been designed to meet regulatory requirements, which may limit
their direct applicability to clinical practice. To better inform routine clinical practice, it is crucial
to focus on comparative effectiveness monotherapy trials, including pragmatic trials. These studies
provide information that is more directly applicable to everyday patient care. There is a notable
scarcity of RCTs specifically targeting generalized epilepsies, and many of the less common
epileptic syndromes affecting infants and children have not been studied in RCTs at all. It is
essential for funding organizations to recognize the importance of promoting high-quality
comparative effectiveness RCTSs, especially in areas where there is currently a lack of robust
evidence. This would enhance the evidence base very much and provide optimum quality care to
patients with epilepsy and related disorders. Rational prescribing depends on knowledgeable
assessment of the best available evidence of both the benefits and the risks of treatment options.
RCTs are generally considered the best source of such comparative evidence, but their design and
results need critical appraisal. Most of the RCTs in AEDs were designed with the specification for
regulatory compliance. In general, such trials employ restrictive eligibility criteria, dosing, and
short follow-up, often with placebo rather than active comparator controls. While this design

ensures a high degree of internal validity, they are performed in an artificial environment that has
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very little in common with routine clinical practice, and therefore, their practical utility for guiding
treatment decisions is limited. More directly relevant information for clinical practice can often be
gleaned from a smaller number of comparative effectiveness monotherapy RCTs. However, some
of these trials may exhibit biases favoring the sponsor's product. A concerning gap exists in well-
designed trials focusing on epilepsy syndromes beyond focal epilepsies, particularly in less
common syndromes affecting infants and children where no RCTs have been conducted at all.
Addressing these shortcomings requires a reassessment of regulatory requirements to encourage
the generation of data that better reflects real-world clinical settings. Additionally, research
funding organizations need to be informed about the insufficient evidence base in epilepsy
treatment and the critical need for high-quality comparative effectiveness trials. Future prospective
pragmatic trials could benefit from the growing availability of electronic health records, potentially
enhancing their relevance and applicability to everyday clinical practice.

Regulatory Trial

In the initial phases of drug development, clinical trials are primarily aimed at obtaining a
marketing license, thus their design focuses largely on meeting regulatory requirements.
Subsequent regulatory trials conducted post marketing often seek to expand indications to include
additional seizure types, different patient populations (such as pediatric groups), or other treatment
approaches (like using the drug as monotherapy). These regulatory trials typically adhere to
stringent scientific standards and methodological procedures outlined in Good Clinical Practice
(GCP) regulations. However, they are often conducted under conditions that differ significantly
from routine clinical practice. As a result, the generalizability of the trial data may be limited, and
their applicability as a guide for rational prescribing in everyday clinical settings could be severely

restricted.

Obtaining a marketing license for antiepileptic drugs (AEDs) involves demonstrating both efficacy
and safety. Typically, this entails showing that the drug is superior to placebo in reducing seizure
frequency without causing significant toxicity. However, the focus of regulatory trials proving
superiority to placebo differs from the questions physicians face in daily practice. Physicians not

only need assurance that a new treatment is better than placebo but also seek comparative
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information on how it performs in terms of effectiveness and safety compared to existing
treatments. This crucial comparative data cannot be reliably obtained from comparing results
across different trials due to varying trial-specific factors influencing clinical outcomes. Instead,
such information necessitates direct head-to-head comparisons. Unfortunately, comparative
effectiveness trials are often lacking when a new product is first released onto the market.
Furthermore, these trials may not be conducted for several years post-marketing, and in some
cases, they may never be initiated for certain AEDs. This gap in comparative effectiveness data
poses challenges for clinicians trying to make informed treatment decisions in real-world settings.
It underscores the need for more timely and comprehensive comparative effectiveness trials to

provide physicians with the necessary data to guide rational prescribing practices effectively.

1.2 Market Insights

Antiepileptic drug market is projected to reach around US$ 18.85 bn by 2024. Following
regulatory agencies' approval, the number of treatments is higher than usual, thus surging manifold
demand for epilepsy medications. It is expected to expand to approximately US$ 28.72 billion by
2032 from the base year 2022 at a high CAGR of 4.3%. This growth reflects an expanding need
for effective treatments and points to the evolving approaches of epilepsy management in the next
decade.

One of the commonest neurologic disorders in the world is epilepsy. The condition affects several
millions of persons and is characterized by occasional changes in behavior, emotional upset, and
unconsciousness. According to the World Health Organization, in the year 2023, there were about
50 million people living with epilepsy worldwide; most of them resided in low-and middle-income
countries. The condition is a result of various factors that may cause epileptic seizures, hence

putting a heavy burden on health systems across the globe because of its high prevalence.

Demand is increasing for effective treatment options due to increased cases of epilepsy. Regarding
this, key market players across the world are seriously venturing into a business of developing
medications with reduced side effects. Other factors boosting the growth of the market across the

world include expansion of clinical trials and new product approvals.
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The COVID-19 pandemic had a detrimental impact on the global epilepsy drug market, resulting
in reduced demand for neurological drugs and services and challenges in accessing healthcare.
However, starting from 2022, there has been a resurgence in patient visits to neurological centers,
leading to expectations of the market returning to pre-pandemic growth rates from 2024 to 2032.

Attributes Details
Valuation in 2024 US$ 18.85 billion
Valuation by 2032 US$ 28.72 billion

Forecast CAGR for 2024 to 2032 4.30%

AED Market Trends

Key players focus on introducing effective Third Generation Drugs to facilitate Market
Growth

The focus of key players in the antiepileptic drugs (AED) market is on introducing effective third-
generation drugs to drive market growth. There is a recognized need for new strategies in revisiting
the standard discovery and development of AEDs to address unmet treatment needs. The
expiration of patents for second-generation drugs presents a significant opportunity for
pharmaceutical companies to develop both generic and innovative drugs. Several key players have
received approvals from regulatory bodies and are launching third-generation drugs in the market,

which is fostering growth and encouraging investments in complex clinical trials.

For instance, in July 2020, Eisai Co., Ltd. introduced a new fine granule formulation of its
internally developed AED, Fycompa (perampanel hydrate), in Japan. This continuous focus on
research and development and the introduction of new products aimed at meeting unmet needs are

expected to drive further market expansion throughout the forecast period.

Additionally, in January 2024, Eisai Co., Ltd. received marketing authorization approval from the

Japanese Ministry of Health, Labour and Welfare for an injection formulation of Fycompa
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(perampanel), providing an alternative therapy when oral administration is temporarily not
feasible. These ongoing efforts in research, development, and product introduction underscore the
commitment to enhancing therapeutic options and are anticipated to fuel market growth in the

coming years.

North America Antiepileptic Drugs (AED) Market Size, 2019-2032 (USD BEillion)
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Fig.2
AED Market Growth Factors
Increase in product approvals for Epileptic Disorder to Drive Market Growth

Despite the availability of antiepileptic drugs (AEDs) in the market, a significant portion of the
population, approximately one-third, experiences drug intolerability. Manufacturers are actively
addressing this issue through various initiatives. Research and development efforts are now
concentrated on developing drugs that target specific aspects of the neurobiology underlying
epilepsy. The increasing prevalence of epilepsy underscores the urgent need for effective

therapeutic medications, compelling market players to innovate and introduce new AEDs.

Decisions such as those made by the U.S. FDA play a crucial role in instilling confidence among
industry stakeholders, thereby encouraging investment in research and development aimed at
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benefiting epilepsy patients. For example, in June 2023, SK Biopharmaceuticals' partner Paladin
Labs received regulatory approval from Health Canada to market and distribute XCOPRI
(cenobamate tablets). These tablets are intended for use as adjunctive therapy in managing partial-
onset seizures in adults with epilepsy who have not achieved adequate control with conventional

treatments.

Such regulatory decisions empower manufacturers to offer potential therapies to epileptic patients,

addressing unmet medical needs and advancing treatment options in the market.

Active Government Support and Investments to Expediate Market Growth

Epilepsy is the most prevalent neurological condition worldwide, with a notably higher incidence
in emerging countries like India, China, and Brazil. Governments across the globe are actively
supporting efforts to reduce the burden of this disease and accelerate the availability of improved
treatment options.

For instance, according to a 2022 article from the Australian Institute of Health and Welfare,
epilepsy accounted for approximately USD 333.0 million of the recurrent health system
expenditure in 2018-19, representing 0.2% of the total expenditure of USD 134.0 billion. In

Australia, epilepsy was ranked as the 30th leading cause of disease burden in 2018.

Government support plays a crucial role in enabling patients to manage their seizures effectively.
Such backing is expected to drive the market for antiepileptic drugs (AEDs), fostering greater

adoption of these medications and stimulating growth in the drugs market.

AED Restraining Factors

Lack of AED Supply Restrains the Market Growth

Despite the increasing prevalence of epilepsy and seizures in emerging countries, several factors
are hindering the global growth of the antiepileptic drug (AED) market. One significant challenge

is the escalating shortage of medicines, which is impeding market development as patients
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stockpile drugs due to pharmacy shortages. This issue has prompted global investigations into the
medicine supply chain. The uncertainty surrounding Brexit has exacerbated this situation,
particularly in the U.K. and other European countries, making them less favorable for epilepsy

medication distribution.

According to a 2023 article from SWI swissinfo.ch, Switzerland has faced shortages of specific
medicines and is planning to bolster drug reserves. Christoph Amstutz, head of the Federal Office
for National Economic Supply, has emphasized the inclusion of antiepileptic drugs and Parkinson's
disease medications in mandatory reserves. Such instances of stockpiling are significantly

restraining the growth of the Antiepileptic Drugs market.

Additionally, the limited adoption rate of treatments in many countries is further constraining
market expansion. For instance, as reported by Epilepsy Action Australia in 2023, a study
commissioned by Liva Nova Australia revealed that despite widespread awareness of epilepsy,
many Australians have inadequate understanding of the condition and its treatments. These factors

are expected to hamper market expansion in the coming years.

1.3 AED Analysis

Consumption Analysis of the Antiepileptic Drug Market

Chronic epilepsy is a neurological condition that leads to recurring seizures, and it is managed
with genetically influenced antiepileptic drugs (AEDs), considering factors like brain damage and
pregnancy. AEDs play a crucial role in treating epilepsy by regulating brain electrical activity,
enhancing quality of life, and controlling seizures. They also contribute significantly to the

psychological well-being of individuals living with epilepsy.

The selection of medication is personalized based on the type of seizures and specific patient
characteristics, which helps in mitigating risks such as injuries and accidents. The incidence of
epilepsy is on the rise due to factors like accidents, injuries, and infectious diseases affecting the

central nervous system. This trend is driving growth in the epilepsy drug sector.
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Additionally, the increasing prevalence of age-related neurological conditions among older adults,
including epilepsy, underscores the need for developing specific AEDs and management
strategies. The growing recognition and diagnosis of neurological disorders further stimulates
demand for epilepsy medications, particularly in treating brain injuries.

2019 to 2023 Historical Analysis vs. 2024 to 2032 Industry Forecast Projection

Global demand has historically developed at a CAGR of 4.6%. However, sales have hampered at
a trifling pace, displaying a CAGR of 4.3% from 2024 to 2032.

Attributes Details

Historical CAGR for 2019 to 2023 | 4.60%

Cognitive adverse effects, disease, and pharmacodynamics of antiepileptic drugs increasing the
likelihood of drug therapy complications, hinder the demand for epilepsy patients’ management.
Epileptic seizures can be controlled with current AEDs, but one-third remain uncontrolled due to

complex AED and epilepsy-related drug therapy complications.

The global public health emergency declared in 2020 has significantly impacted the economy
through drug production, distribution disruptions, and financial impacts on firms and industries.
AED users may face increased drug interactions and toxicity due to their complex medical

conditions and prescriptions, affecting their ability to control seizures.

Drug therapy problems in epilepsy patients significantly impact treatment effectiveness and
medical care reliability, hindering AED demand growth and affecting the development of the

medical care industry.
Market Segment Analysis
By Drug Generation Analysis

Potential benefits aided the Second-Generation Drugs Dominated the Market in 2023
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The global antiepileptic drugs market in 2023 saw significant dominance from second-generation
drugs, which include well-known medications like Lyrica, Keppra, and Banzel. Lyrica was a
blockbuster drug in epilepsy treatment due to its ability to slow brain impulses and effectively
manage seizures. Despite Pfizer's Lyrica losing its market leadership after its patent expiration in

2019, it remains in demand due to its proven benefits.

Meanwhile, the first-generation drugs, which have been in clinical use for over four decades, also
maintained a robust market share in 2023. These medications include phenytoin, primidone,

phenobarbital, ethosuximide, valproate, clonazepam, carbamazepine, and clobazam.

The segment of third-generation drugs offered promising growth due to the wider therapeutic
ranges and less seriousness of side effects. Such developments are likely to help the segment

expand at the highest CAGR in the global market during the foreseeable period.

Global Antiepileptic Drugs (AED) Market Share, By Drug Generation, 2023

B First Generation

Second Generation

I Third Generation

Fig.3

By Distribution Analysis
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Based on distribution, the epilepsy drugs global market is segmented by hospital pharmacies, retail
pharmacies, and online pharmacies. Among these, the first listed was the leading sector. This is
mainly attributed to the fact that most patients prefer hospitals for their advanced infrastructure
and overall facilities for neurology treatments. Moreover, the growing count of hospitals and
positive reimbursement policies only complement the fact that epilepsy patients come to these
facilities for their treatment, hence increasing the adoption of antiepileptic drugs within the

hospital pharmacies segment across the world.

The retail pharmacies segment held a substantial share and is driven by the easy accessibility of
epilepsy medications to patients. These drugs are easily available in retail pharmacies and thus
convenient for patients to procure, which is likely to be a driver in this segment during the forecast

period.

Moreover, the online pharmacies segment is projected to grow significantly at a CAGR. This will
be driven by increasing preference towards teleconsultation and ease associated with online

pharmacy services across both developed and emerging countries.
1.4 Opportunities in AED Industry

Substitute antiepileptic drugs have significantly improved treatment outcomes in epilepsy,
reducing the side effects and broadening therapeutic options. For example, more than 30% of
patients with epilepsy, according to The International League Against Epilepsy, are "drug
resistant,” meaning their seizures cannot be controlled with the combination of two prescribed anti-

seizure medications.

Improving symptoms and quality of life for patients, with support for the caregivers, is highly
dependent on research and development of new therapies; thus, a strong clinical pipeline and an
active study being conducted on investigational pediatric and geriatric antiepileptic drugs will

become major drivers of growth opportunities for this industry.

Here, second-generation anti-epileptic drugs could solely dominate the market due to some

principal benefits: reduced drug interactions, serious adverse effects are fewer, and minimal or no
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impairment of the cognitive functions. In addition, a rise in incidents of epilepsy cases around the

world will prompt demand for the drugs in the market.
Introduction of Effective Third Generation Drugs

There may be a role for innovative approaches to discover unmet medical needs in the research
and development of AEDs. Indeed, many patents on the second-generation drugs have expired or
are due to expire soon enough, and this has opened opportunities for pharmaceutical industries to

discover new drugs while developing generics.

Key players in the industry are developing third-generation potent drugs and making investments
in related clinical research activities. For example, Eisai Co., Ltd. launched an in-house-developed
AED, Fycompa, in a fine granule formulation in Japan in July 2020. Such continuous research and

development activities may spur industry growth in the forthcoming years.
Sports Injuries Emerges the Demand for Emergency Drug Care

Head injuries are a common occurrence in the sports sector, which has spurred the demand for
emergency antiepileptic drugs (AEDS) in sports rehabilitation centers. Pharmaceutical companies
are actively developing epilepsy medications that can provide rapid relief during emergencies. For
instance, Angelini Pharma received approval from the European Commission to use their drug for
adjunctive treatment of focal-onset seizures in adults, aiming to expand their consumer base in

sports rehabilitation.

Despite research indicating that sports-related injuries are not more frequent among epilepsy
patients compared to the general population, questions persist about whether these individuals

avoid sports due to misconceptions or unfounded concerns.
Demand for Generic Biomedicines Augments the Research

The increasing demand for biological neurotherapies, derived from natural sources and rooted in

traditional practices like Ayurveda, is a significant driver of growth in generic medications.
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The adoption of generic biomedicines for treating neurological disorders, including epilepsy,

underscores the positive outcomes of research and development efforts. These biomedicines play

a crucial role in neurotherapies. The expansion of natural medications is propelled by growing

awareness of their benefits, as more patients are turning to organic AED treatments.

Comparative View of the Adjacent Antiepileptic Drug Market

The next section compares the antiepileptic drug market with the epilepsy monitoring device

market and the neurotrophins market, analyzing trends, opportunities, and the Compound Annual
Growth Rate (CAGR) from 2024 to 2032. There is a significant demand for antiepileptic drugs

and epilepsy monitoring devices in the care of epilepsy patients. The increasing demand for

neurotrophins expands its user base within the personalized medicine sector.

AED Market:

Attributes

Antiepileptic Drug Market

CAGR (2024 to 2032)

4.30%

Opportunity

Advancements in pharmacogenomics and
personalized medicine for tailored AED

treatments

Key Trends

Availability of generic versions of AEDs at

lower costs is influencing market dynamics

Neurotrophins Market:

Attributes

Neurotrophins Market

CAGR (2024 to 2032)

7.20%

Opportunity

Advancements in precision medicine for tailored

neurotrophin treatments

Key Trends

Adoption of personalized neurotrophin-based

medicine
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Epilepsy Monitoring Device Market:

Attributes

Epilepsy Monitoring Device Market

CAGR (2024 to 2032)

5.50%

Opportunity

Developers can advance healthcare products with integration of
Al algorithms and smart sensors

Key Trends

Demand for home-based epilepsy monitors as a cost-effective

alternative to hospital-based monitoring

Second Generation AEDs Cure up Almost 53.4% of Patient Pool

Attributes

Details

Top Drug Generation

Second Generation

Revenue share in 2024

53.40%

It is expected to capture a share of 53.4 percent in the industrial market in 2024, as second-

generation antiepileptic drugs are found to be efficient in reducing hospitalization rates due to

epilepsy, especially among patients with several other comorbidities, hence offering eighteen

treatment options.

With the second-generation antiepileptics having very good tolerability, highly excellent safety

profiles, and new mechanisms of actions, the popularity for their use will rise in the nearest future

and be wide approved. These include Lamotrigine, Levetiracetam, and Brivaracetam, and

Perampanel.

One of the main driving factors for such drugs is the increasing number of prescriptions from

neurologists and physicians who have practices nearby epilepsy centers.

Around 62.2% Patients Prefers the Oral AED Medication

Attributes Details
Top Route of

. ) Oral
Administration
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Revenue share in 2024 62.20%

1.5 Challenges in AED Industry

When generic forms of antiepileptic treatments become available, branded medications may feel
pricing pressure and lose market share. One major obstacle to the successful treatment of epilepsy
is the poor compliance to drug regimens. Several studies have highlighted that many patients with
drug-resistant seizures demonstrate poor compliance, which can be an important contribution to
poor seizure control and failure of treatment. Despite the developments, a subset of patients still
fails to respond adequately to available antiepileptic drugs or displays major side effects, thus

requiring more efficient and better-tolerated drugs.

Impact of Russia-Ukraine War

In Ukraine, this existing infrastructure for health care has been under severe strain due to ongoing
conflict. It involves war-affected areas where, against the supply and accessibility of antiepileptic
medicines, resources and attention get redirected toward emergency care and treating injuries

related to the conflict.

The economic instability resulting from the conflict has some strong implications in Russia and
Ukraine. The effect on the purchasing power of people, health budgets, and other expenditures in
healthcare can lead to a fall in affordability and accessibility to antiepileptic drugs, thereby

reducing their demand.

It means that war and conflicts are mostly drivers of increased tension, trauma, and injuries, further
increasing the cases of epilepsy. In turn, this heightened occurrence may increase the demand for
antiepileptic medications so that the condition could be managed effectively under such

circumstances.

Impact of Ongoing Recession

1.6 Regional Insights
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The preference for cost-savings, which usually rises during economic downturns, has normally led
to further replacement with generics at the expense of branded drugs in the area of antiepileptic
drugs. This change to generics puts downward pressure on prices and subsequently lowers

revenues for branded pharmaceuticals.

Moreover, the recessionary pressures on healthcare infrastructure due to fiscal stringency by
governments and healthcare providers could be a system issue, impacting the capacity for proper
diagnosis and management of epilepsy, hence affecting the prescription and dispensation of
antiepileptics. Therefore, economic hardship has broad implications for the pharmaceutical

industry and healthcare in regard to epilepsy management.

By geography, the global market is segmented into North America, Europe, Asia Pacific, Latin
America and Middle East & Africa.

The demand for antiepileptic drugs is rising across various regions globally. The healthcare sector
in the United States is showing substantial demand for AEDs, while Germany's healthcare industry

is expected to follow suit.

With impetus from countries like China and India, having strong medical and pharmaceutical
sectors, Asia Pacific is fast getting to be an influential region in developing epilepsy drugs. The
AED drugs market will continue to grow over the next decade due to a growing and increasingly

sophisticated consumer base in countries like the United Kingdom.

) CAGR from
Countries
2024 to 2032
United States | 4.70%
Germany 4.10%
China 5.30%
India 5.40%
United
) 5.90%
Kingdom

United States
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The North American market size was assumed at USD 7.97 billion in 2023. High diagnosis and
treatment rates for people with different neurological conditions, large-scale reimbursement
policies on drugs for epilepsy, and superior awareness among patients about new treatment options
with highly available, advanced drugs also help explain the large share of this region in the global
market. On the other hand, investments in research and development, work on supporting this

leader status, further validated this preference.

This is about the effort being made by the various epilepsy foundations in collaboration with
healthcare professionals in the United States—toward improving education, enabling early
diagnosis, and creating awareness to boost the U.S. antiepileptic drug market by around 4.7%
CAGR from 2024 to 2032.

The FDA in the U.S. greatly supports in the regulation and approval of epilepsy drugs with safety
and efficiency passes. This kind of support is considered to boost innovation and hence is believed
to significantly contribute towards the growth of the epilepsy drug market in the United States.

North America Antiepileptic Drugs (AED) Market Size, 2019-2032 (USD Billion)
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Fig.4

There was an Awareness Week for the Seizure Action Plan in February 2023. The event was hosted
by the Seizure Action Plan Coalition—with the leadership of Epilepsy Alliance America. The
presenting sponsor was Neurelis, Inc., with additional funding provided by UCB, Inc. This
campaign aimed at awareness through the use of social media and a website that gave information
centralizing the call to action for people with epilepsy, their family caregivers, and health
professionals to prepare detailed seizure management plans. This thereby shows a dedication

towards the enhancement in the care for the epilepsy patients and the concerned community.
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Germany

The antiepileptic drug market in Germany is likely to grow at a CAGR of 4.1%. This could be
accredited to their large-scale acceptance in the country and their high influence in the

development and availability of these drugs.

The German Society for Epileptology has reported that antiepileptic drugs in monotherapy are the
treatment of first choice for patients suffering from focal epilepsies, which represents the majority

of adult patients followed up in regular clinical practice in Germany.

In Germany, in most cases, inadequate or highly restrictive reimbursement policies for epilepsy
drugs are enacted. This leads to cost shifting to patients and affects the affordability and

accessibility of some drugs among low-income groups.
China

It is estimated that sales of antiepileptic drugs in China will grow by a CAGR of 5.3 percent
through 2032, driven by the vast "epilepsy treatment gap" that exists due to societal biases and
inadequate healthcare services. This has created a strategic opportunity where key pharmaceutical

companies can build on innovation in the sector.

Considering the liking of customers towards online buying methods compared to traditional
channels, online pharmacies play a critical role for the expansion of the industry. For the number
of approximately 10 million epileptic patients expected to increase in China, most turn towards

online pharmacies for safe distribution of medicines.
United Kingdom

The UK antiepileptic drugs market is projected to grow with an estimated 5.9% CAGR during the
anticipated time frame of 2024-2034.

The UK is thus developing branded as well as generic medications by which episodes of epilepsy
can be treated. Besides, the companies are inventing subsequent technology solutions to reduce

epileptic episodes.
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For instance, the medical technology startup mjn-NEURO introduced mjn-SERAS to the UK in
May 2022. mjn-SERAS is a medical device utilizing artificial intelligence in seizure detection. It
can also forecast seizures up to three minutes prior to the beginning of the seizure, a leap in

epilepsy management.
India

While the country has done considerable work in the sphere of epilepsy treatment, the focus is
profound on only genetics and epidemiology. Antiepileptic drug market will grow with a steady
peak CAGR within the period from 2024 to 2034 of 5.4%.

The Indian Epilepsy Society occupies an important position in laying down specific guidelines for
the management of epilepsy prevalent in the country. Such guidelines evolve periodically to

incorporate new knowledge and treatment advancements.

The fact that Zydus Lifesciences launched generic Topiramate extended-release capsules in
January 2023 underlines the high level of involvement of India in the active development of AED
drugs. It substantiates that companies in India are centrally involved and committed to researching

and developing antiepileptic drugs.

Anti-Epileptic Drugs Market Share

M Asia Pacific

@ North America

W Europe

B Middle East & Africa

M Latin America

Fig.5
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1.7 Competitive Analysis of the Antiepileptic Drug Sector

The medical industry's key players realize competitive pricing policies. They establish tie-ups with
public sector undertakings and end-user industries, while the competitors increase product
portfolios amidst growing demand.

For the antiepileptic drugs market, quite a number of players, including pharmaceutical
manufacturers, academic and research institutions, and health providers, jostle for a greater market
share. Companies form strategic collaborations or have government-approved expansions in their

arsenal to expand the range of treatments.

Good manufacturing practices in pharmaceutical industries for drugs related to epilepsy are
supposed to be followed so that there would be very minute risks left and conventions of safety
are maintained. Their pharmaceuticals are the most preferred destinations to source drugs for the
treatment of epilepsy throughout the world. These companies, which manufacture
pharmaceuticals, use strategies such as new product launches, regulatory approvals, strategic
acquisitions, and innovation pipeline to expand and enhance their presence in the global market.

Recent Developments in the Antiepileptic Drug Market

e A previously unknown part of the hippocampus, one that triggers and propagates seizures,
has been found by researchers at Stanford Medicine: the fasciola cinerea. This may turn
out to be highly beneficial for patients who still have seizures after surgical intervention.

e In March 2024, the United States Food and Drug Administration (FDA) approved
Epidiolex, a drug based on cannabis, for treating epilepsy. This was one of the neurologies
at Children's Hospital of Philadelphia but evidenced a brand new future treatment option
for epilepsy as a whole.

e In December 2023, UCB, a global biopharmaceutical company, presented 29 studies,
including four late breakers, at the AES Annual Meeting 2023. These studies underscore
UCB's dedication to improving outcomes in epilepsy care through collaboration with

patients and the scientific community.
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e In July 2023, SK Biopharmaceuticals, a company based in South Korea, received
regulatory approval in Canada to market its new epilepsy medication, Cenobamate, under
the brand name Xcopri. This approval aims to expand the availability of the drug in Canada.

e In January 2023, IAMA Therapeutics and Psychogenic initiated a collaborative effort to
evaluate the effectiveness of novel drug candidates using pre-clinical animal models of
Dravet syndrome. Dravet syndrome is a rare childhood epilepsy associated with severe,
life-threatening complications.

1.8 List of Key Companies in AED Market

In the competitive landscape of the market, major players like UCB S.A., Pfizer Inc., and GSK
plc. dominate the global market. Pfizer's leadership is attributed to its robust product portfolio and
extensive global presence. In the case of epilepsy treatment, "Lyrica" was relatively impressive
and had huge demand for several years; thus, it dominated Pfizer. However, with Lyrica's patent
expiring in 2019, its market share is most likely to slide sharply as other companies begin selling

generic versions.

Other main players, such as UCB S.A., Eisai Co., Ltd., and others, have introduced new drugs that
happened to be therapeutically effective in the treatment of epilepsy. With the expiry of several
leading drug patents approaching, corporations are focused on investing in research and
development to introduce novel products besides generics. This provided a chance for these firms
to enhance their share at the worldwide level in the projected time, making intense competition

and helping patients around the globe.

Some of the well-known pharmaceutical companies present in the global AED Market are:

* Pfizer Inc. (U.S.): Pfizer is a globally familiar company with a tremendous geographical presence
across the world and has an incredibly diversified portfolio of medications, including antiepileptic
drugs. Their products have been of paramount importance to the treatment of epilepsy so far;
however their potential has been hindered by the lapse of the patent of some core products like

Lyrica.
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* UCB S.A. (Belgium): UCB is one of the leaders in the epilepsy treatment market, developing
innovative therapies and patient-centric solutions. They have launched a variety of medicines for

the treatment of epilepsy in order to enhance the quality of life of patients.

* GSK plc. (U.K.).: GlaxoSmithKline presents a great presence in the epilepsy market through its
diversified drugs for treating different kinds of seizures. From a business point of view, the group
is significantly engaged in research and development activities with the aim of enhancing their

portfolio further.

* H. Lundbeck A/S, Denmark: Lundbeck focuses mainly on the neurological and psychiatric
treatment areas, including medications for epilepsy. They have commitment towards development

with innovative therapies that would meet unmet needs for epilepsy patients.

* Eisai Co., Ltd., Japan: Eisai is a global pharmaceutical company focused on the treatment of
epilepsy. Eisai launched many antiepileptic drugs successfully and did not stop there, simply
continuing investing in further research and development that would help find better therapies for

treating and managing epilepsy.

* Sanofi, France: Sanofi is a global healthcare leader who has a diversified portfolio and
collaborates in epilepsy medication. It works on deepening treatment options and seeks better

outcomes for neurological patients.

* Sunovion Pharmaceuticals Inc., U.S.: Sunovion is an innovative organization performing in the
area of neurological and psychiatric disorders, including epilepsy. It provides pharmaceutical

products for epilepsy that enhance the patient's quality of life.

Jazz Pharmaceuticals, Inc. (Ireland): Jazz Pharmaceuticals focuses on developing and
commercializing medicines for sleep disorders and oncology, including medications for epilepsy.

They are involved in expanding treatment options through innovation and strategic partnerships.
Key Industry Development

December 2022: Eisai Co., Ltd. and Catalyst Pharmaceuticals, Inc.
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e Eisai agreed to transfer the U.S. commercial rights for the AED Fycompa to Catalyst
Pharmaceuticals, Inc. This move provided Catalyst Pharmaceuticals with an exclusive

negotiation period for an asset in Eisai's epilepsy pipeline.
August 2022: UCB S.A.

e UCB S.A. signed three significant agreements with Bonheur Children's Hospital, the
Wisconsin Health Information Organization (WHIQO), and Yale University. These
partnerships aimed to address issues affecting seizure cluster patients and raise awareness
about this condition.

February 2022: Biohaven Pharmaceutical Holding Company Ltd.

e Biohaven entered into a definitive agreement to acquire Channel Biosciences, LLC's Kv7
channel activators. These activators target indications such as epilepsy, pain disorders, and

affective disorders, expanding Biohaven's portfolio in these therapeutic areas.
August 2021: UCB S.A.

e UCB S.A. received approval from the U.S. Food and Drug Administration (FDA) for an
expanded indication for BRIVIACT (brivaracetam) CV tablets, injection, and oral solution.
This approval allowed treatment of patients as young as one month of age with partial-

onset seizures.
August 2021: Pfizer Inc. and Flynn Pharma

e Pfizer Inc. and Flynn Pharma were fined USD 84 million by the U.K. Competition and
Markets Authority (CMA) for overcharging the NHS for a widely used epilepsy drug.

January 2021: UCB S.A.

e UCB S.A. launched Nile Al, Inc., an independent company focused on enhancing care for

people living with epilepsy, their caregivers, and healthcare providers (HCPs).
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Chapter 2: Literature Review

2.1 Introduction

Epilepsy is a chronic neurological disorder of recurrent seizures due to the abnormal electrical
activity of the brain. Globally, some 50 million people have epilepsy, so it is one of the most
common serious neurological disorders worldwide.adder.mm World Health Organization, 2020).
Since the feasibility of epilepsy management occurs mainly by the application of antiepileptic
drugs, some AEDs not only suppress seizures but also bring about qualitative improvements in the
lives of patients with this disease. This review serves as an overview of the various aspects of
AEDs: their pharmacology, clinical efficacy, market dynamics, regulatory environment, and future

directions in research and development.

2.2 Epidemiology and Disease Impact

Globally, epilepsy is a significant burden to the person, the family, and the health system. The
prevalence and incidence rates vary across different geographic areas and demographic groups.
The estimated prevalence in developed countries is about 0.5-1%, while in developing countries,
this could be higher due to factors such as less access to healthcare and more prevalent conditions
like infectious diseases and head injuries that are risk factors for epilepsy. Disturbances from

seizures extend to difficulties in social interactions, education, employment, and mental health.

2.3 Pharmacology of Antiepileptic Drugs

AEDs work via several mechanisms of action against this abnormal electrical activity in the brain.
Those mechanisms include modulation of voltage-gated ion channels, augmentation of inhibitory
neurotransmission—for  instance, = GABAergic  activity—and  inhibiting  excitatory
neurotransmission—for example, glutamatergic activity. The choice of antiepileptic drug is guided

by factors such as seizure type, age of the patient, possible comorbidities, and side effects.

2.4 Clinical Efficacy and Safety
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Clinical efficacy of AEDs is assessed on the basis of seizure frequency and severity reduction with
minimal adverse effects. Monotherapy is preferred, if possible, to simplify treatment regimens,
reduce the risk of pharmacological interactions, and lessen the chances of cumulative side effects.
However, in some patients who do not respond well to monotherapy, or in those with refractory

epilepsy, polytherapy may have to be prescribed.

Safety profiles among AEDs differ, although common side effects include dizziness, sedation,
impairment of cognitive function, and gastrointestinal disturbances. Active monitoring needs to be
done for major adverse side effects like hepatotoxicity, bone marrow suppression, and

teratogenicity, especially in special populations like pregnant women and children.

1. Seizure Reduction Efficacy

e Clinical trials: The primary assessment of the efficacy of AEDs is reduction in seizure
frequency and weakening in their intensity in people with epilepsy.

e Types of Seizures: This again is what would vary with different AEDs' efficacy profiles in
the types of treated seizures—for instance, focal onset seizures or generalized tonic—clonic
seizures.

e Outcome measures: It more commonly asks for what percentage reduction in seizure
frequency, responder rate—that is, percent of patients with a seizure reduction of at least

50%, —and seizure-free intervals were realized in the clinical trials.

2. Comparison Across Generations

e First Generation AEDs: Phenytoin, carbamazepine, and valproate. They are very
effective, but some of these may cause more side effects and drug interactions.

e Second-generation AEDs: Levetiracetam, lamotrigine, and oxcarbazepine are
examples. Although generally better tolerated and probably having a wider spectrum
of action.

e Newer, third-generation AEDs include Brivaracetam, perampanel, and others,
explicitly engineered for improved efficacy with reduced side effects by targeting

specific receptor mechanisms.
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3. Patient-Specific Factors

e Pediatric Population: There might be differences in efficacy due to changed
pharmacokinetics and neurodevelopmental factors in children.
e Older People: Age-dependent metabolic changes in comorbidities can give placebo

response differences that influence AED efficacy and tolerability in adults.
4. Long-term Efficacy and Tolerance

e Maintenance therapy: The effectiveness of the AED must be monitored for a longer
period in a patient to offer continuous seizure control without the development of
tolerance.

e Resistance: Some patients, however, tend to be resistant to AEDs and thus require other

treatment strategies or combination therapies.
Safety of Antiepileptic Drugs (AEDS)
1. Adverse Effects Profile

e Common Side Effects: Of the AEDs in use today, each has specific drug adverse
effects ranging from mild, like dizziness or fatigue, to severe, including liver
toxicity or bone marrow suppression.

e Dose-Dependent Effects: Some adverse effects may be dose dependent, hence

requiring cautious titration to balance efficacy with safety.
2. Risk of Serious Adverse Reactions

e Rarely serious reactions: Some AEDs are associated with very rare but serious
adverse reactions, such as Stevens-Johnson syndrome or drug-induced hepatotoxicity.
e Monitoring Requirements: Hepatic function, hematologic parameters, and renal
function should be regularly monitored to provide the early recognition of adverse drug

reactions.

3. Drug Interactions
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e Pharmacokinetic Interactions: AEDs interact with other medications and alter
their metabolism and efficacy.

e Clinical Implications: Potential drug interactions should be taken into
consideration by treating physicians while prescribing AEDs, more so in those who

receive several medications.
4. Cognitive and Behavioral Effects

e Cognitive Impairment: A number of the AEDs will cause cognitive side effects
like memory impairment or attention deficit, which can affect patients' quality of
life.

e Psychiatric Effects: Some AEDs may exhibit mood changes, depression, or

anxiety with their use; therefore, careful monitoring and management are indicated.
5. Teratogenicity and Pregnancy Considerations

e Pregnancy Categories: AEDs fall into certain categories of pregnancy in
consideration of the chances of being teratogenic. Some drugs have a higher
possibility of causing birth defects than others.

e Preconception Counseling: Girls of childbearing potential receiving AEDs need
counseling regarding contraceptive methods and possible risks to fetal

development.
2.5 Market Dynamics and Regulatory Environment

Various factors have an effect on the functioning of an AED market on a global platform,
infrastructural development in healthcare, reimbursement policies, and regulatory requirements.
Developed regions such as North America and Europe drive the market due to higher diagnosis
rates, better access to healthcare, and strong reimbursement policies for epilepsy treatments. On
the other hand, developing regions lack better access to healthcare, affordability of medicines, and

awareness regarding the disorder and treatment options.
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1. Market Size and Growth

Global Market Size: The AED market was estimated to be USD 18 billion for the global
level in the year 2015. $85 billion in 2024 and grow at Compound Annual Growth Rate of
4 percent. 3 % from 2024 to 2032.

Regional Variances: North America and Europe had larger shares in past the years
because of higher diagnosis ratios and better healthcare expenditures. However, Asia-
Pacific is becoming attractive market because of straining healthcare infrastructure and
augmenting prevalence of epilepsy.

2. Market Drivers

Increasing Prevalence of Epilepsy: Increasing globalization of epilepsy is considered as

the primary factor in determining further development of the AED market.
Advances in Drug Development: Development of new generation of AEDs with
enhanced performance characteristics and less side effects or with different mode of action

IS the major factor in the market growth.

Technological Advancements: Adaptation of e-Health solutions in home care and use of

telemedicine and personalized therapies is a factor that fuels the market.

3. Market Restraints

Generic Competition: Generic penetration through generic erosion after patent expiry

affects sales of AED and profitability —of the Dbranded forms.

Adverse Effects: These side effects include cognitive issues and teratogenicity that help

contain the use of some AEDs.
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Regulatory Challenges: High risk and regulation is that regulatory policies for new drugs
and post-marketing analyze relatively tough and complex which makes it rather difficult

to enter into new market or expand.

4, Market Trends

Shift Towards Second and Third Generation Drugs: Shift in focus to the newer
generation AEDs which have better tolerability profile and fewer drug interaction.

Personalized Medicine: Rising interest in pharmacogenomics that may help in selecting
better-fitted AED therapy regarding patient’s individual genetic background and other
features.

Telemedicine and Online Pharmacies: Increased usage of teleconsultations and online

pharmacies for renewal and procurement of AEDs in the rural or poorly equipped regions.

5. Competitive Landscape

Strategic Initiatives: The main strategies that are currently employed by the companies
are increasing investments in R&D, entering into strategic partnerships, and making

acquisitions so as to increase their market share and come up with better products.

Market Segmentation: Tying the availability of premium drugs to the patient’s
demographic characteristics, disease stage, or geographical preferences to the

corresponding market segments.

6. Market Opportunities

Emerging Markets: Emerging markets of growth in the developing countries where the
healthcare infrastructure is improving and the awareness concerning epilepsy treatment is

lacking.
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Pipeline Developments: Potential of NEs and incumbents to seize pipeline opportunities

and newest formulations of AEDs.

Patient Education and Awareness: Promotion of awareness of epileptic patients and
patient’s caregivers regarding the management as well as the treatment of epilepsy in order

to foster market growth.

Governmental bodies bear the responsibility for the protection of patients and public health by
approving and monitoring AEDs. The FDA which is from the United States and the EMA which
is from Europe have laid down certain policies that need different phases of clinical trials in order

to approve the drug.

2.6 Competitive Landscape
Key Players

o Pfizer Inc. (U.S.)
= Overview: Pfizer is a leading player in the AED market, known for its
extensive portfolio and global presence.
= Products: Lyrica (pregabalin), one of Pfizer's blockbuster AEDs,
dominated the market until its patent expiry in 20109.
= Market Strategy: Pfizer continues to focus on innovation and R&D to
introduce new AEDs and maintain market leadership.
o UCB S.A. (Belgium)
= Overview: UCB is renowned for its specialization in neurology and has a
robust pipeline of AEDs.
= Products: Briviact (brivaracetam) and Vimpat (lacosamide) are among
UCB's key AEDs, catering to a broad patient population.
= Market Strategy: UCB emphasizes patient-centric approaches and

partnerships to enhance treatment outcomes and expand market reach.
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o

GSK plc. (U.K))

Overview: GSK has a diversified portfolio including AEDs, focusing on
both branded and generic medications.

Products: Lamictal (lamotrigine) is one of GSK's prominent AEDs, known
for its efficacy in treating epilepsy.

Market Strategy: GSK leverages its global distribution network and

strategic acquisitions to strengthen its position in the AED market.

Eisai Co., Ltd. (Japan)

Overview: Eisai is a key player in the epilepsy market, with a strong
emphasis on research and development.

Products: Fycompa (perampanel) and Zonegran (zonisamide) are among
Eisai's innovative AEDs, known for their novel mechanisms of action.
Market Strategy: Eisai invests significantly in clinical trials and

collaborations to introduce new AEDs and expand therapeutic options.

H. Lundbeck A/S (Denmark)

Overview: Lundbeck specializes in neurology and psychiatric disorders,
including epilepsy.

Products: Sabril (vigabatrin) and Onfi (clobazam) are key AEDSs in
Lundbeck's portfolio, addressing specific seizure types.

Market Strategy: Lundbeck focuses on niche markets and personalized

medicine approaches to differentiate its AED offerings.

Sanofi (France)

Overview: Sanofi is a global pharmaceutical company with a diverse
portfolio that includes AEDs.

Products: Depakine (valproate) and Diacomit (stiripentol) are among
Sanofi's AEDs, catering to different epilepsy conditions.

Market Strategy: Sanofi emphasizes market expansion through
geographic diversification and partnerships with healthcare providers.

Sunovion Pharmaceuticals Inc. (U.S.)

Overview: Sunovion focuses on neurological and psychiatric disorders,

including epilepsy.
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= Products: Aptiom (eslicarbazepine acetate) is a key AED in Sunovion's
portfolio, known for its efficacy in treating focal seizures.

= Market Strategy: Sunovion aims to enhance patient access and adherence
through patient support programs and digital health initiatives.

o Jazz Pharmaceuticals, Inc. (Ireland)

= Overview: Jazz Pharmaceuticals has a growing presence in the epilepsy
market through strategic acquisitions.

= Products: Xyrem (sodium oxybate), although primarily used for
narcolepsy, has potential applications in epilepsy.

= Market Strategy: Jazz Pharmaceuticals focuses on expanding its AED

portfolio and leveraging its specialty focus to drive growth.

2.7 Future Directions and Innovations

The future of epilepsy and AED research lies in new treatments designed to enhance treatment
outcomes, reduce side effects, and meet unmet medical needs. Pharmacogenomics is working
toward the customization of treatment methods by considering genetic variations that influence
the metabolism of P450 enzymatic drugs and their response. Other promising areas relate to the
integration of digital health technologies that afford real-time seizure detection, objective

monitoring of adherence, and more patient-centered care.

These emerging therapies include new formulations of drugs, biopharmaceuticals, and several
adjunctive therapies, some of which complement the activity of traditional AEDs in specific
molecular pathways. Clinical trials are being conducted to test whether these innovations work in
children, older people, people who have drug-resistant epilepsy, and other such patient

populations.

Chapter 3: Methodology

3.1 Research Objectives for AED Market Research
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Market Size and Growth Analysis

e We estimate the current market size of the global antiepileptic drug market and project its
growth trajectory over the next 5-10 years.

e We Understand the market size which helps stakeholders assess market opportunities,
investment potential, and growth prospects.

Market Segmentation and Analysis

o We segment the antiepileptic drug market based on drug type (first-generation, second-
generation, third generation), therapeutic application (focal seizures, generalized seizures),

and geographical regions.

o By segmenting the market, we enabled a deeper understanding of consumer preferences,

product demand, and competitive dynamics within each segment.

Competitive Landscape Assessment

« We identified and analyzed the key players in the antiepileptic drug market, including their
market share, product portfolios, strategic initiatives, and competitive strengths.
o Assess the competitive landscape which helps stakeholders benchmark their positions,

identify opportunities for differentiation, and anticipate competitive threats.

Consumer Insights and Preferences

e We investigated the patients and healthcare providers preferences, perceptions, and

behaviors related to antiepileptic drugs, including factors influencing drug selection and
adherence.

e Understood the consumer insights which helped pharmaceutical companies tailor their

marketing strategies, improve patient outcomes, and enhance medication adherence.

Regulatory and Policy Analysis

e We examined regulatory frameworks, drug approval processes, pricing regulations, and

reimbursement policies affecting the antiepileptic drug market in key regions.

46




By regulatory analysis it helped stakeholders navigate compliance requirements, anticipate

regulatory changes, and assess market entry barriers.

Technological and Innovation Trends

We explored emerging technologies, innovations, and advancements in antiepileptic drug
development, such as novel drug delivery systems, digital health solutions, and
personalized medicine approaches.

Monitoring technological trends helped stakeholders to capitalize on opportunities for

innovation, improve treatment efficacy, and enhance patient care.

Market Dynamics and Drivers

We identified and analyzed the key market drivers, trends, challenges, and opportunities
influencing the growth of the antiepileptic drug market.
We understood the market dynamics which helped stakeholders formulate strategic

decisions, mitigate risks, and capitalize on growth opportunities.

3.2 Secondary Data Collection

1. Literature Review

Reviewed the existing literature to understand historical trends, current market dynamics,
and future projections in the antiepileptic drug (AED) market.
Sources: Academic journals, industry reports, market analyses, textbooks, conference
proceedings, and reputable online databases (PubMed, Scopus, Web of Science).
Key Points:
o Epidemiology of epilepsy and its impact on AED market demand.
o Evolution of AEDs: from first-generation to third-generation drugs.
o Market segmentation: by drug type, therapeutic application, and geographical
region.
o Regulatory landscape: FDA approvals, EMA regulations, and other global
regulatory frameworks affecting AED market access.
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Pricing trends, reimbursement policies, and healthcare expenditure related to
AEDs.

Competitive landscape: market shares, major players, mergers & acquisitions, and
strategic alliances.

Technological advancements in AED formulations and delivery systems.

Patient perspectives, adherence rates, and factors influencing treatment choices.

2. Industry Reports and Market Analyses

o Gathered quantitative data on market size, growth rates, and forecasts for the global AED

market.

e Sources: Market research reports from leading firms (e.g., IQVIA, Grand View Research,

Market Research Future), industry publications, and financial reports of pharmaceutical

companies.

« Key Points:

@)

@)

o

Current market size by revenue and volume.

Historical market performance and growth trends.

Regional market analysis: North America, Europe, Asia-Pacific, Latin America,
Middle East & Africa.

Market segmentation by drug type, therapeutic application, and distribution
channel.

Competitive analysis: market shares, SWOT analysis of key players, and strategic
initiatives.

Future market forecasts: CAGR, emerging trends, and growth drivers.

3. Academic Journals and Research Articles

« ldentified recent advancements, clinical trials, and scientific discoveries related to AEDs.

e Sources: Peer-reviewed journals in neurology, pharmacology, clinical trials, and

neuroscience.

o Key Focus Areas:

o

Efficacy and safety profiles of new AEDs.
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o Pharmacokinetics and pharmacodynamics of AED formulations.

o Mechanisms of action and therapeutic targets in epilepsy treatment.
o Comparative studies of different AEDs in real-world settings.

o Adverse effects, drug interactions, and patient tolerability.

o Innovations in drug delivery systems and personalized medicine approaches.

3.3 Gap Analysis and Research

1. Identification of Gaps in Existing Research

e Areas Explored:
o Limited data on the long-term efficacy and safety of third-generation AEDs.
o Regional disparities in AED access and affordability.
o Impact of digital health technologies on AED adherence and patient outcomes.
o Patient-reported outcomes and quality of life measures in epilepsy management.
o Economic burden and cost-effectiveness of AED treatments.
o Influence of genetic factors and personalized medicine in AED selection.
o Regulatory challenges and market entry barriers for new AEDs.
o Underrepresented patient populations in clinical trials.

2. Research Needs for Primary Data Collection

o Defined the areas where new primary research is required to address identified gaps.
e Methods:
o Surveys and interviews with healthcare professionals, patients, and caregivers.
o Observational studies and real-world data analyses.
o Clinical trials for novel AED formulations or indications.
o Economic evaluations and health technology assessments.
o Longitudinal studies on AED adherence and treatment outcomes.

o Comparative effectiveness research between different AED classes.

3.4 Primary Data Collection for AED Market Research
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Quantitative Research

1. Surveys and Questionnaires

o

Gathered quantitative data on perceptions, preferences, and behaviors related to
antiepileptic drugs (AEDs).

By targeting sample size and demographics (e.g., age, gender, geographical
location) based on research objectives and statistical significance.

Data Collection: Developed structured surveys with closed-ended questions to
ensure consistency and ease of data analysis.

Implementation: Distributed the surveys electronically and in-person to healthcare
providers (neurologists, pharmacists), patients, caregivers, and industry experts.
Analysis: Utilize statistical software (e.g., SPSS, SAS) to analyze survey
responses, calculate descriptive statistics, and derive insights on market

preferences, adherence rates, and treatment outcomes.

2. Structured Interviews

o

o

We conduct detailed interviews with key stakeholders to explore specific aspects
of the AED market.

Selected participants based on expertise (e.g., neurologists, pharmacists with
experience in epilepsy treatment) and diversity (e.g., different healthcare settings,
regions).

Data Collection: Used standardized interview guides to ensure consistency across
interviews and capture detailed insights on treatment protocols, challenges, and
emerging trends.

Analysis: Transcribe and analyze interview transcripts using thematic coding and
qualitative analysis techniques to identify patterns, barriers to treatment, and

opportunities for market expansion.

Qualitative Research

1. In-Depth Interviews
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o

Gathered rich, detailed insights from stakeholders on their experiences,
perceptions, and decision-making processes related to AEDs.

Conducted one on one interviews with healthcare providers, patients, and
caregivers using semi-structured or open-ended interview guides.

Performed thematic analysis to uncover themes such as patient experiences with
AED side effects, healthcare provider satisfaction with treatment outcomes, and

barriers to optimal AED usage.

2. Focus Groups

@)

We facilitated the group discussions among stakeholders to explore diverse
perspectives and consensus on AED market dynamics.

Formulate focus groups comprising patients, caregivers, and healthcare providers
and discussed specific topics related to AED efficacy, safety, and accessibility.
Moderated discussions with predefined topics to encourage interaction and
generate qualitative data on market perceptions and preferences.

Analyzed the group dynamics, identified common themes, and extracted insights

on consumer behavior, market trends, and potential product improvements.

3. Expert Consultations

@)

Engaged industry experts, researchers, and policymakers and gathered specialized
insights and strategic recommendations for the AED market.

Conducted structured consultations through interviews and workshops and
discussed regulatory challenges, technological innovations and future market
trends.

Synthesize expert opinions and integrate findings into market strategies and policy
recommendations to enhance AED market access and patient care.

3.5 Market Segmentation and Sizing

Segmentation

1. Drug Type:
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o First-Generation AEDs: We identified older medications like phenytoin, carbamazepine,
and valproate, which have been in use for several decades.

o Second-Generation AEDs: We searched categories which comprises newer drugs such as
lamotrigine, levetiracetam, and topiramate, which have been developed to improve efficacy
and reduce side effects compared to first-generation drugs.

e Third-Generation AEDs: Found out the most recent additions to the market, including
drugs like perampanel, brivaracetam, and eslicarbazepine, often designed to target specific

mechanisms or provide new treatment options.
2. Therapeutic Application:

o Focal Seizures: Medications specifically approved for treating partial or focal onset
seizures that originate in one part of the brain.
o Generalized Seizures: Drugs used to treat seizures that involve both hemispheres of the

brain simultaneously, including types like absence seizures and tonic-clonic seizures.
3. Distribution Channel:

o Hospital Pharmacies: AEDs are distributed primarily through hospital settings and
healthcare institutions, where patients often receive initial treatment or care for severe
cases.

« Retail Pharmacies: These include community pharmacies and drugstores where patients
can obtain ongoing prescriptions and manage their treatment outside of hospital settings.

e Online Pharmacies: Increasingly popular platforms for purchasing medications, including
AEDs, offering convenience and sometimes lower costs for patients who prefer remote

access.
4. Geography:

o We segmented the market by regions such as:
o North America: United States and Canada, here healthcare expenditure and access

to newer treatments are relatively high.
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o Europe: Encompassing countries with varied healthcare systems and regulatory
environments affecting AED availability and adoption.

o Asia-Pacific: Covered diverse markets like China, India, and Japan, and found
epilepsy prevalence and healthcare infrastructure significantly influence market
dynamics.

o Latin America: Emerging markets with growing healthcare investments and
increasing awareness of epilepsy treatment options.

o Middle East & Africa: AED therapies varied due to economic factors and

healthcare infrastructure development.
Sizing Methodology
1. Data Collection:

e« Primary Data: Conducted surveys and interviews with healthcare professionals,
pharmacists, and patients and gathered insights into treatment preferences, usage patterns,
and regional differences in AED adoption.

o Secondary Data: Searched industry reports, market research publications, government
health databases, and pharmaceutical company filings to supplement primary data with

broader market context and historical trends.
2. Estimation Techniques:

e Revenue-Based Approach: Estimated the market size by calculating total revenue
generated from AED sales within each segment. This involved analyzing sales figures
reported by pharmaceutical companies and market research reports.

e Volume-Based Approach: We estimated market size based on the number of units and
prescriptions of AEDs sold, providing insights into patient demand and treatment adoption

rates across different segments and regions.

3. Growth Rate Estimation:
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e Analyzed the historical market data and identified growth trends and patterns specific to
each segment (e.g., first-generation vs. third-generation AEDSs, focal vs. generalized
seizures).

« Applied forecasting techniques such as trend analysis and regression modeling to predict
future growth rates, considering factors like epidemiological trends, regulatory changes,

and new product introductions.

o Estimated the market size of second-generation AEDs for treating focal seizures in North
America by combining primary survey data on prescription rates with secondary market
research reports on regional healthcare expenditures and treatment patterns.

« Growth Rate Calculation: Forecast the annual growth rate of third-generation AEDs
distributed through online pharmacies in Europe by analyzing historical sales data and

projecting future trends in consumer behavior and regulatory developments.
3.6 Competitive Analysis
Key Players
1. Pfizer Inc.

Pfizer is a global pharmaceutical company known for its extensive portfolio and research in
various therapeutic areas, including epilepsy treatment.

Notable AEDs:

« Phenytoin (Dilantin): A first-generation AED used for the treatment of focal seizures.
e Gabapentin (Neurontin): Used for focal seizures and neuropathic pain, though not

approved as a first-line treatment for epilepsy.

Market Strategy: Pfizer focuses on a diversified portfolio and global market presence, leveraging

its research capabilities to develop innovative treatments.

2. UCB Pharma
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UCB Pharma specializes in neurology and immunology, with a strong focus on epilepsy

management through its AED portfolio.
Notable AEDs:

e Lacosamide (Vimpat): Second-generation AED indicated for focal seizures.
e Brivaracetam (Briviact): Third-generation AED used for focal seizures.

Market Strategy: UCB Pharma emphasizes innovation in epilepsy treatment, with a focus on

expanding indications and geographic reach.
3. Eisai Co., Ltd.

Eisai is a Japanese pharmaceutical company with a global presence, particularly strong in

neurology and oncology.
Notable AEDs:

e Perampanel (Fycompa): Third-generation AED approved for focal seizures and
generalized tonic-clonic seizures.

« Rufinamide (Banzel): Used for treating Lennox-Gastaut syndrome, a severe form of

epilepsy.

Market Strategy: Eisai pursues a patient-centric approach, investing in R&D to develop novel

treatments and expanding market access worldwide.
4. Novartis AG

Overview: Novartis is a leading global healthcare company with a diverse portfolio that includes

innovative treatments for neurological disorders.
Notable AED:

e Lamotrigine (Lamictal): Second-generation AED used for focal seizures and generalized

seizures.
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Market Strategy: Novartis focuses on developing high-quality medicines and expanding market

presence through strategic partnerships and acquisitions.

5. Sunovion Pharmaceuticals Inc.

Sunovion is a subsidiary of Sumitomo Dainippon Pharma, specializing in the development and

commercialization of treatments for neurological and psychiatric disorders.

Notable AED:

o Eslicarbazepine acetate (Aptiom): Third-generation AED indicated for focal seizures.

Market Strategy: Sunovion aims to enhance patient outcomes through innovation and

collaboration, focusing on niche therapeutic areas like epilepsy.

SWOT Analysis of Pfizer

Pfizer Inc.

Strengths:

« Strong brand recognition and global presence.

« Diversified portfolio in various therapeutic areas.

« Robust R&D capabilities.

Weaknesses:

« Dependency on a few blockbuster drugs.
o Patent expiration risks.

e Regulatory challenges.

Opportunities:

o Emerging markets expansion.

e Advancements in drug delivery technologies.
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o Strategic partnerships in epilepsy research.
Threats:

o Generic competition.
e Pricing pressures.

« Regulatory changes impacting market access.
Market Share Analysis of Key Players

o Pfizer has a leading market share in North America and Europe for first-generation AEDs.

« UCB Pharma has a significant presence in the second-generation AED market globally,
especially in Asia-Pacific.

« Eisai has strong market share in third-generation AEDs, particularly in Japan and emerging
markets.

e Novartis secures a competitive position in the second-generation AED market, with a
focus on innovation and market expansion.

e Sunovion is a niche player with a growing market share in third-generation AEDs,

targeting specific epilepsy patient populations.
3.7 Regulatory and Legal Analysis
Regulatory Environment for Antiepileptic Drugs
1. FDA (U.S. Food and Drug Administration)

e The FDA regulates the approval, marketing, and safety monitoring of pharmaceuticals in
the United States, including AEDs.
« AEDs undergo rigorous clinical trials to demonstrate safety and efficacy before receiving

FDA approval.

Key Regulations:
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e New Drug Application (NDA): AED manufacturers submit NDAs providing
comprehensive data on clinical trials, safety profiles, and manufacturing processes.
o Post-Market Surveillance: FDA monitors AEDs post-approval to detect and respond to

adverse events through programs like MedWatch.
Pricing Regulations:

o FDA does not directly regulate drug pricing but oversees transparency and competition in
the pharmaceutical market.

« Drug pricing can impact accessibility and market penetration of AEDs.
2. EMA (European Medicines Agency)

« EMA regulates pharmaceuticals across the European Union (EU), ensuring safety,
efficacy, and quality standards.
e AEDs undergo centralized or decentralized procedures for approval before marketing in

the EU.
Key Regulations:

e Centralized Procedure: EMA conducts a single assessment for all EU countries,
streamlining approval for AEDs across member states.
e Pharmacovigilance: EMA mandates continuous monitoring of AEDs post-approval to

ensure patient safety.
Pricing Regulations:

o EU member states independently set drug prices, but EMA guidelines influence pricing
policies to ensure affordability and access.

e Regulatory changes in pricing can affect market dynamics and adoption of new AEDs.
3.8 Forecasting and Future Outlooks

Emerging Trends:
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1. Technological Advancements:

o Digital Health: Integration of telemedicine, remote monitoring, and mobile health
applications to improve patient management and treatment adherence.

o Al in Diagnostics: Use of artificial intelligence and machine learning algorithms
for early detection of epilepsy, optimizing treatment strategies based on individual
patient data.

2. Personalized Medicine:

o Adoption of genetic testing and biomarker-driven therapies to tailor AED
treatments to patient-specific characteristics and genetic profiles, enhancing
efficacy and minimizing side effects.

3. Patient Preferences:

o Increasing demand for AED formulations with improved safety profiles, reduced

dosing frequency, and convenient administration routes (e.g., extended-release

formulations, oral solutions).
Market Projections for Antiepileptic Drugs
Forecasting Methodology:

1. Historical Data Analysis:
o We reviewed the past market trends, sales data, and patient demographics and
identified the growth patterns and market dynamics.
o We analyzed the historical performance of specific AEDs and market segments
(e.g., first-generation vs. third-generation AEDs, geographic trends).
2. Future Market Drivers:
o Epidemiological Trends: Projected increases in epilepsy prevalence, especially in
aging populations and emerging markets.
o Innovation Pipeline: Anticipated launches of new AEDs with novel mechanisms
of action or extended indications.
o Regulatory Approvals: Impact of regulatory decisions on market access for new

therapies and generic competition.
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Revenue Projections:

o Market Growth Rate: We forecast the annual growth rates based on historical data trends
and expected market drivers (e.g., technological advancements, regulatory changes).
o Market Penetration: Estimated adoption rates of new AEDs in key markets, considering

factors like efficacy, safety, pricing, and physician adoption.
Risk Assessment for Antiepileptic Drugs
Identified Risks:

1. Patent Expirations:
o Loss of exclusivity for branded AEDs leads to generic competition and price
erosion.
2. Generic Competition:
o Increased market competition and pricing pressures as generic versions of popular
AEDs enter the market.
3. Economic Fluctuations:
o Impact of economic downturns on healthcare budgets and patient affordability of
AED treatments.
4. Healthcare Policy Changes:
o Shifts in reimbursement policies, formulary restrictions, and pricing regulations

affecting market access and profitability for AED manufacturers.
Mitigation Strategies:

o Diversification: Expand product portfolios to include novel formulations and indications,
reducing dependency on single AEDs.

o Market Access Strategies: Navigate regulatory challenges and optimize pricing strategies
to enhance affordability and market penetration.

e Innovation Investment: Continued investment in R&D for next-generation AEDs and

personalized medicine approaches to maintain competitive advantage.
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Chapter 4: Results and Discussion

4.1 Market Size and Growth Analysis

The global antiepileptic drug (AED) market has experienced robust expansion, reaching USD
18.85 hillion in 2023. Projections suggest a compound annual growth rate (CAGR) of 4.3% over

the next decade. This growth trajectory reflects several key factors driving market dynamics:

1. Increasing Prevalence of Epilepsy: Epilepsy remains a significant global health concern,
with rising incidence rates across various age groups and regions. The growing awareness
of epilepsy's impact on quality of life has spurred demand for effective treatments,
bolstering market growth.

2. Advancements in Treatment Options: Innovations in AEDSs, particularly those
leveraging diverse active pharmaceutical ingredients (APIs), have expanded therapeutic
choices for managing epilepsy. New formulations and mechanisms of action offer

improved efficacy, tolerability, and patient outcomes.
4.2 Role of Active Pharmaceutical Ingredients (APIs)

The efficacy and safety of AEDs are largely determined by their active pharmaceutical ingredients

(APIs). Key APIs play pivotal roles in shaping treatment strategies and market dynamics:

o First-Generation AEDs: APIs such as phenytoin, carbamazepine, and valproate have long
been cornerstone treatments for epilepsy. Their established efficacy and broad clinical
experience continue to sustain market presence.

e Second-Generation AEDs: APIs like lamotrigine, levetiracetam, and topiramate represent
advancements over first-generation drugs, offering improved side effect profiles and
broader therapeutic applications.

e Third-Generation AEDs: Novel APIs including perampanel, brivaracetam, and
eslicarbazepine are characterized by targeted mechanisms of action and innovative

formulations, catering to specific patient needs and treatment-resistant cases.
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Discussion

Market Dynamics and Trends

o Regional Variation: Market growth varies regionally, influenced by healthcare
infrastructure, regulatory environments, and economic factors. North America and Europe
lead in market size due to high healthcare expenditure and early adoption of advanced
therapies. Meanwhile, Asia-Pacific shows promising growth potential driven by increasing
healthcare investments and rising epilepsy awareness.

e Technological Advancements: Integration of digital health technologies, Al in
diagnostics, and personalized medicine approaches are reshaping AED treatment
paradigms. These innovations enhance treatment precision, patient monitoring, and

adherence, thereby bolstering market expansion.

The global market for antiepileptic drugs (AEDs) continues to expand robustly, driven by
increasing prevalence of epilepsy worldwide and advancements in treatment options utilizing

various active pharmaceutical ingredients (APISs).

4.3 Competitive Landscape

Leading Players and Their APIs:

1. Pfizer Inc. (U.S.)

o APIs: Levetiracetam, Lamotrigine, Pregabalin (Lyrica)

o Market Strategy: Despite Lyrica's patent expiration, Pfizer leverages its broad
portfolio and global presence to maintain market leadership through innovative
formulations and strategic partnerships.

2. UCB S.A. (Belgium)

o APIs: Brivaracetam, Lacosamide

o Market Initiatives: Focuses on expanding indications for Brivaracetam and
enhancing patient access through collaborations with healthcare providers and
patient advocacy groups.

3. Eisai Co., Ltd. (Japan)
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o APIs: Perampanel, Rufinamide
o Market Expansion: Eisai's commitment to R&D and regulatory approvals has
strengthened its position, particularly in markets like Japan and the U.S., with

continued efforts to introduce new APIs.

Discussion

Market Dynamics and Strategies

Innovation and Diversification: Dominant players like Pfizer and UCB leverage a diverse
range of APIs to cater to different patient needs and clinical profiles. This strategy not only
supports market leadership but also drives innovation in treatment options.

Strategic Partnerships and Expansion: Companies such as UCB and Eisai focus on
strategic partnerships and international expansions to broaden market reach and accelerate
regulatory approvals for new products.

Patent Expirations and Generic Competition: The impact of patent expirations, such as
Pfizer's Lyrica, underscores the need for continuous innovation and portfolio
diversification to mitigate revenue loss from generic competition.

Therapeutic Focus: Emerging players like Eisai and Sunovion emphasize therapeutic

advancements with APIs targeting specific types of seizures or patient populations,

enhancing treatment efficacy and patient outcomes.

Future Outlook

The AED market is poised for continued growth driven by advancements in APIs, increasing

prevalence of epilepsy, and evolving treatment paradigms. Dominant players will continue to

innovate and expand their portfolios, while emerging players capitalize on niche therapeutic

opportunities and geographic expansions. Strategic partnerships and regulatory advancements will

play pivotal roles in shaping competitive strategies and market dynamics moving forward.

4.4 API Trends and Innovations
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1. First-Generation Drugs
o Overview: APIs like Phenytoin and Phenobarbital, introduced decades ago,
continue to maintain a significant market presence.
o Market Position: These APIs are preferred in developing regions due to their
established efficacy and affordability compared to newer generations.
2. Second-Generation Drugs
o Overview: APIs such as Levetiracetam and Lamotrigine are favored for their
improved safety profiles and efficacy in controlling seizures.
o Market Adoption: Widely used globally, these APIs are preferred choices for both
initial therapy and adjunctive treatment in epilepsy management.
3. Third-Generation Drugs
o Overview: APIs like Perampanel and Brivaracetam represent the latest
advancements with novel mechanisms of action and reduced adverse effects.
o Market Growth: These APIs are driving market expansion by addressing

treatment-resistant epilepsy cases and offering enhanced therapeutic options.

Discussion

Market Dynamics and Treatment Preferences

o First-Generation vs. Newer Generations: The continued use of first-generation APIs in
developing regions highlights their affordability and accessibility, despite potential side
effects and drug interactions. Second-generation APIs are increasingly preferred globally
due to their improved safety profiles and effectiveness.

e Advancements in Third-Generation APIs: Perampanel and Brivaracetam exemplify the
shift towards targeted therapies with fewer adverse effects, appealing to patients and
healthcare providers seeking better seizure management and improved quality of life.

e Regulatory and Clinical Advancements: The approval and adoption of third-generation
APIs underscore regulatory agencies' recognition of the need for innovative treatments in
managing epilepsy. This supports market growth and encourages pharmaceutical

companies to invest in R&D for new therapeutic solutions.
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Future Outlook

The AED market is expected to continue evolving with advancements in APl development and

treatment modalities. Key trends include:

Personalized Medicine: Increasing integration of genetic testing and biomarker-driven
therapies to tailor treatment approaches based on individual patient characteristics.
Technological Innovations: Continued exploration of digital health solutions, Al-driven
diagnostics, and telemedicine to enhance patient monitoring and treatment adherence.
Global Market Expansion: Growth opportunities in emerging markets driven by
improving healthcare infrastructure, rising epilepsy awareness, and increasing disposable

incomes.

4.5 Regulatory Landscape and Challenges

Patent Expirations

Impact on Market Dynamics: The expiration of patents for key APIs in the AED market
significantly influences competition dynamics. Generic manufacturers can enter the
market, leading to price erosion and market share redistribution among pharmaceutical
companies.

Example: When Pfizer's patent for Lyrica (Pregabalin) expired, generic versions became

available, impacting Pfizer's market share but increasing accessibility for patients.

Regulatory Approvals

Regional Variations: Regulatory requirements vary across regions (e.g., FDA in the U.S.,
EMA in Europe), influencing market entry strategies and commercialization timelines for
AEDs.

FDA (U.S.): Requires rigorous clinical trials and safety data through New Drug
Applications (NDAs) for AED approval.

EMA (Europe): Offers centralized and decentralized procedures for approval, facilitating

market access across EU member states.
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Impact on Market Entry: Variations in regulatory pathways and requirements necessitate

tailored strategies for product development, approval, and commercialization.

Discussion

Challenges in Regulatory Compliance

Patent Strategies: Pharmaceutical companies must navigate patent expirations
strategically, considering options such as lifecycle management through new formulations
or indications to maintain market exclusivity.

Generic Competition: Increased competition from generic manufacturers following
patent expirations can lead to pricing pressures and market share erosion, requiring
companies to innovate continuously to differentiate their products.

Regulatory Hurdles: Differences in regulatory frameworks across regions pose
challenges in synchronizing global market entry strategies. Companies must allocate
resources to meet diverse compliance requirements and optimize commercialization

timelines.

Future Considerations

Innovation and Differentiation: Investment in R&D for novel formulations or
combination therapies can extend market exclusivity and mitigate generic competition.
Global Harmonization: Advocating for harmonized regulatory standards and expedited
approval processes can streamline market access and accelerate product launches
worldwide.

Patient Access: Balancing regulatory compliance with patient access to affordable
treatments is crucial for addressing healthcare disparities and improving treatment

outcomes for epilepsy patients globally.

4.6 Patient Outcomes and Treatment Strategies

Efficacy and Safety Considerations

1. Clinical Trials and Efficacy
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Newer APIs and Seizure Control: Recent clinical studies provide strong evidence
supporting the efficacy of newer APIs in managing epilepsy and achieving effective seizure
control. For example, APIs like Perampanel and Brivaracetam have demonstrated
significant reductions in seizure frequency and improved seizure control compared to
traditional therapies.

Improving Patient Quality of Life: The efficacy of these newer APIs extends beyond
seizure control to enhancing overall patient quality of life. This improvement is measured
through parameters such as reduction in seizure severity, fewer side effects impacting daily

activities, and improved cognitive functions.
Safety Profiles and Comparative Studies

Variations in Safety Profiles: Comparative studies among APIs highlight distinct safety
profiles, including differences in adverse effects, tolerability, and potential drug
interactions. For instance, while some APIs may offer better tolerability in specific patient
populations (e.g., children or elderly), others may pose a higher risk of side effects like
dizziness or mood disturbances.

Impact on Treatment Decisions: The variability in safety profiles plays a crucial role in
treatment decisions, guiding healthcare providers to select the most suitable AED based on
individual patient characteristics, medical history, and coexisting conditions. This
personalized approach aims to minimize adverse effects while maximizing therapeutic

benefits.

Discussion

Clinical Insights and Practical Considerations

Evidence-Based Treatment Approaches: Integrating data from clinical trials ensures
evidence-based decision-making in epilepsy management. Healthcare providers rely on
these findings to tailor treatment plans that optimize efficacy and safety for each patient.

Patient-Centered Care: Personalized medicine approaches emphasize patient preferences

and individual responses to treatment. This approach fosters collaborative decision-making
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between patients and healthcare providers, enhancing treatment adherence and overall
patient satisfaction.

Long-term Management: Continuous monitoring of efficacy and safety profiles through
regular follow-ups and patient assessments is critical for adjusting treatment regimens as
needed. This proactive approach aims to maintain optimal seizure control and minimize

treatment-related risks over time.

Future Directions

Advancements in Therapeutic Monitoring: The integration of digital health
technologies, remote monitoring solutions, and personalized treatment algorithms
enhances real-time assessment of patient responses to AEDs. This approach facilitates
early intervention and adjustments to optimize outcomes.

Innovation in AED Development: Ongoing research focuses on developing novel APIs
with improved efficacy, safety profiles, and mechanisms of action. These advancements
aim to address unmet needs in epilepsy treatment, including drug-resistant seizures and

specific patient populations.

4.7 Lamotrigine and Zonisamide Data of North America

Finished Dosage Form (FDF) Exported (2023-2024)

Zonisamide:

Sum of Quantity | Sum of Total Value | Value in Crore
(Kg) (USD) (INR)
154027628 7385093.64 59.08
Lamotrigine:

Sum of Quantity | Sum of Total Value | Value in Crore
(Ko)

(USD) (INR)
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1309070257

35954152.68

287.6332

API Exported (2023-2024)

Zonisamide:

Sum of Quantity | Sum of Total Value | Value in Crore
(Kg) (USD) (INR)

8302.54 1819324.603 14.5546
Lamotrigine:

Sum of Quantity
(Ko)

Sum of Total Value
(USD)

Value in Crore
(INR)

9198.26

991052.1357

7.9284171

Chapter 5: Recommendations

5.1 Enhancing API Supply Chain Resilience

Collaborate with API suppliers to diversify sourcing and manufacturing locations, ensuring

resilience against geopolitical and supply chain disruptions. Enhancing supply chain resilience

ensures continuous availability of critical APIs, reducing the risk of drug shortages that can

adversely affect patients' treatment continuity and health outcomes.

5.2 Improving API Quality Standards

Advocate for stricter adherence to international quality standards (e.g., Good Manufacturing

Practices) among API suppliers. Ensuring high-quality APIs minimizes the incidence of adverse

effects and enhances treatment efficacy, thereby improving patient safety and satisfaction.
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5.3 Promoting Equitable Access to Affordable AEDs

Collaborate with regulatory bodies to streamline approval processes for generic versions of AEDs
post-patent expiration. Facilitating generic competition can lower drug prices, making AEDs more

affordable and accessible to patients across different socioeconomic backgrounds
5.4 Supporting Patient-Centric Treatment Approaches

e Encourage pharmaceutical companies to invest in developing patient-friendly formulations
(e.g., extended-release tablets) and reducing dosing frequency.
« Patient-centric formulations enhance medication adherence, improve treatment outcomes,

and enhance overall quality of life for individuals living with epilepsy.
5.5 Investing in Research and Development of Next-Generation APIs

Allocate funding and resources towards research and development of novel APIs with improved
efficacy and safety profiles. Innovations in API development can lead to breakthroughs in epilepsy
treatment, offering patients more effective therapeutic options and potentially reducing the burden

of managing chronic conditions.
5.6 Addressing Ethical Considerations and Patient Rights

« Advocate for transparency in clinical trials and informed consent processes related to API
research and development.

« Upholding ethical standards safeguards patient rights, fosters trust in healthcare providers
and pharmaceutical companies, and ensures ethical practices throughout the drug

development lifecycle.

Chapter 6: Conclusion

6.1 Summary

In this thesis, we embarked on a comprehensive exploration of the antiepileptic drug (AED)

market, focusing on active pharmaceutical ingredient (API) data to illuminate key aspects of this
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critical healthcare sector. Our research aimed to provide a nuanced understanding of how APIs

shape the efficacy, accessibility, and ethical dimensions of epilepsy treatment.

We began by outlining the significance of AEDs in managing epilepsy, a complex neurological
disorder affecting millions globally. By delving into API-specific details, we uncovered crucial
insights into the production and distribution that govern the availability and quality of these

essential medications.
6.2 Key Insights

1. API Supply Chain Dynamics: We identified major API suppliers and explored their roles
in shaping market dynamics. The analysis highlighted the importance of diversifying
sourcing locations to enhance supply chain resilience and mitigate risks associated with
geopolitical instability and supply disruptions.

2. Quality Standards and Regulatory Compliance: Our examination of API quality
standards underscored the imperative of adhering to rigorous manufacturing practices.
Ensuring high-quality APIs not only safeguards patient safety but also enhances treatment
efficacy and fosters trust in healthcare systems.

3. Economic and Access Challenges: We addressed economic considerations, advocating
for measures to promote generic competition post-patent expiration. This initiative aims to
reduce drug costs and improve access to affordable AEDSs, particularly for underserved
populations.

4. Patient-Centric Care: Central to our findings was the importance of patient-centered
treatment approaches. By advocating for the development of patient-friendly formulations
and reducing dosing frequency, we aim to enhance treatment adherence and optimize
patient outcomes.

5. Ethical Considerations: Ethical integrity throughout the API development lifecycle
emerged as a critical theme. We emphasized the necessity of transparency in clinical trials
and informed consent processes to uphold patient rights and maintain ethical standards in

healthcare practices.

6.3 Recommendations for Action
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Building upon these insights, we propose actionable recommendations to stakeholders in the AED

market:

o Enhance API Supply Chain Resilience: Collaborate with suppliers to diversify sourcing
locations and mitigate supply chain risks.

« Promote API Quality Standards: Advocate for strict adherence to international quality
standards to ensure patient safety and treatment efficacy.

o Facilitate Generic Competition: Streamline regulatory processes to facilitate the entry of
generic AEDs post-patent expiration, promoting affordability and accessibility.

e Invest in Patient-Centric Innovations: Allocate resources towards research and
development of patient-friendly formulations and next-generation APIs to improve
treatment adherence and patient outcomes.

e Uphold Ethical Practices: Maintain transparency and uphold ethical standards in clinical

research and patient care to protect patient rights and foster trust.

In conclusion, our exploration of the AED market through the lens of API data has illuminated
both opportunities and challenges in epilepsy treatment. By this approach to market research, we
have not only deepened our understanding of the pharmaceutical landscape but also underscored
the profound impact of our findings on individuals living with epilepsy.

Moving forward, the implementation of our recommendations will be pivotal in advancing the
AED market's sustainability, accessibility, and patient-centeredness. By prioritizing collaboration,
innovation, and ethical integrity, stakeholders can collectively contribute to enhancing epilepsy

treatment and improving the lives of patients worldwide.

This thesis concludes with a call to action, urging stakeholders to leverage the insights gained from
our research to drive positive change in the AED market. Through concerted efforts and a
commitment to patient-centric care, we can strive towards a future where individuals with epilepsy
have access to safe, effective, and affordable treatments that enhance their quality of life and well-

being.
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