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cal investigation of medicines to treat epileptic disorders was adopted by the EMA

guideline with the previous version (2010), highlighting areas where significant
revisions were introduced.

Methods: The 2025 and 2010 versions of the guideline were systematically ana-
lyzed to identify significant modifications.

Results: The latest EMA guideline incorporated terminology from the 2017
International League Against Epilepsy (ILAE) classification of seizures and epi-
lepsy and the 2022 classification of syndromes and replaced the older term "an-
tiepileptic drug (AED)" with "antiseizure medication (ASM)." Recommendations
for add-on studies in common epilepsies have remained substantially unchanged,
the main revision being the acceptability of the time-to-event design also for con-
firmatory trials, provided it is not the only design in the clinical development
plan. A major novelty is the feasibility of extrapolating data from add-on trials
to the monotherapy indication, provided specific conditions are met. Guidance
on pediatric ASM development has been expanded, addressing extrapolation of
efficacy from data in adults and older children and options for studies in devel-
opmental and epileptic encephalopathies and other rare epilepsies. Compared
with the previous guideline, greater emphasis is placed on nonseizure outcomes,
including functional, quality of life, and patient-reported outcomes. Two new
sections have been introduced, addressing studies in neonates and clinical tri-
als in status epilepticus and other seizure emergencies. Options for innovative
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1 | INTRODUCTION

Over the past decades, the development of antiseizure medi-
cations (ASMs) has evolved. A crowded market for the com-
mon epilepsies has led to drug development focusing on
new indications. Regulatory guidance has evolved in paral-
lel. The first European Medicines Agency (EMA) guideline
on the clinical investigation of medicinal products in the
treatment of epileptic disorders came into operation in May
2001, ! and a revised version was enacted in August 2010.2
The latest version (Rev. 3) came into effect in September
2025° and was finalized after a 7-year process involving pub-
lic consultation with different stakeholders. The Task Force
on Regulatory Affairs of the International League Against
Epilepsy (ILAE; https://www.ilae.org/about-ilae/commi
ttees-task-forces-and-advisory-commissions/regulatory
-affairs-task-force) has been part of this process, through
preparatory meetings addressing pediatric epilepsies, adult
epilepsies, and epilepsy syndromes, followed by the partici-
pation of several members in the public roundtable held in
January 2024. In addition, the Task Force was invited, along
with other stakeholders, to provide comments via a dedi-
cated online consultation platform.

This paper provides a comparative analysis of the ear-
lier version (Rev. 2)* and the 2025 version (Rev. 3)® of the
EMA guideline. We highlight how regulatory thinking
has adapted to recent challenges in developing treatments
for epilepsy. We discuss how the ILAE Regulatory Affairs
Task Force contributed to this process and to important
conceptual changes incorporated in the revised guideline.
A complete reading of the EMA guideline documents re-
mains essential to fully understand their content.

2 | MATERIALS AND METHODS

We examined the most relevant differences between
the second (Rev. 2)* and the third revision (Rev. 3) of

designs, including registry-based studies, are also discussed in situations where
randomized controlled trials are unfeasible.

Significance: The updated guideline reflects the changing scenario in epilepsy
treatment development, with a greater focus on pediatric epilepsies, rare epilep-
sies, and other indications with high unmet needs. The updates also reflect the
contribution during the consultation process by a wide range of stakeholders,
including the ILAE Task Force on Regulatory Affairs.

antiseizure medications, clinical trials, drug development, epilepsy, regulatory science,

Key points

« The 2025 revision of the EMA guideline on
epilepsy drug development incorporates ter-
minology from the 2017 ILAE classification of
seizures and epilepsy and from the 2022 clas-
sification of syndromes.

« For add-on studies, the time-to-event design
may be accepted for confirmatory trials. Of
note, data from add-on trials can be extrapo-
lated to the monotherapy indication, provided
specified conditions are met.

« Guidance on pediatric ASM development has
been expanded, addressing extrapolation of ef-
ficacy data from adults and older children and
studies in rare epilepsies, with greater emphasis
on nonseizure outcomes.

« Two new sections have been introduced dis-
cussing guidance for studies in neonates and
clinical trials in status epilepticus and other sei-
zZure emergencies.

« Overall, the guideline updates reflect the
changing scenario in epilepsy treatment devel-
opment, as well as the contribution provided
during the consultation process by a wide range
of stakeholders, including the ILAE Task Force
on Regulatory Affairs.

the Guideline on Clinical Investigation of Medicinal
Products in the Treatment of Epileptic Disorders
published by the Committee for Medicinal Products
for Human Use (CHMP). The CHMP is the EMA
committee responsible for the scientific evaluation of
medicinal products and for incorporating new scientific
evidence into regulatory guidance for the development
of ASMs.
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Both documents were systematically analyzed to iden-
tify all significant modifications introduced in the 2025
version (http://www.ema.europa.eu/).

This analysis was conducted through a structured,
multistep process involving meetings of the ILAE Task
Force on Regulatory Affairs. First, a global comparison of
both guideline versions was performed to identify newly
introduced sections, concepts, or requirements that were
absent from the previous version. Second, corresponding
sections present in both versions were compared in detail
to assess modifications, clarifications, or shifts in empha-
sis. These analyses were subsequently discussed among
Task Force members to reach a shared interpretation of
the changes. Based on these discussions, the manuscript
was drafted to provide a structured and critical synthesis
of the identified differences.

3 | RESULTS

3.1 | General structure and main scope

The 2010 guideline primarily focused on the investigation
of ASM effects on seizures in adults with focal epilepsies
and in selected epilepsy syndromes. It also included sec-
tions on drug development for pediatric epilepsies and
epilepsy in the elderly. Development of ASMs in epilepsy
syndromes other than focal epilepsy was encouraged, not-
ing that "as trial experience is rare, in general no specific
recommendation” could be made. No specific recommen-
dations were provided on studies in neonatal seizures, for
which CHMP scientific advice was suggested. Less than
three lines addressed studies in status epilepticus (SE).

The 2025 revision broadens the scope to include the
investigation of ASMs in developmental and epileptic en-
cephalopathies (DEEs), seizures in the neonatal period,
and SE. The section on pediatric epilepsy has expanded
from 507 words in the 2010 version to 1956 words in the
current guideline. The section on studies in the elderly
was expanded to a much lesser extent (341 words vs. 262
words in the 2010 version). The 2025 revision also incor-
porates in greater detail the need to explore nonseizure
outcomes, including cognitive, neuromotor, behavioral,
and quality of life outcomes.

The structure of the 2025 guideline remains broadly
similar to the 2010 version (Table 1). The methodology of
clinical studies in Section 4.5 (Strategy and Steps of the
Development. Methodology of the Clinical Studies) of the
2010 version is now redistributed within a broader section
dedicated to study design (Section 6). Studies in pediatric
and elderly populations (Subsections 4.2.4 and 4.2.5 in the
2010 version) are now addressed under a distinct heading
(Table 1).

Epilepsia

3.2 | Terminology
The 2010 version was mainly based on pre-2017 ILAE sei-
zure classification and included terms such as "primary
generalized tonic—clonic seizures” and "secondary gener-
alized seizures.” The revised version fully integrates the
2017 ILAE seizure classification, adopting terms such as
"focal onset seizures,” "generalized tonic—clonic seizures,"
and "focal to bilateral tonic-clonic seizures.” Concepts from
the 2022 ILAE syndrome classification have not been fully
incorporated,* but DEEs are now recognized as a group of
disorders with distinct nosological characteristics.
Terminology for medicinal products has also evolved.
The term "antiepileptic drugs (AEDs)" used in the 2010
guideline has been replaced by the term "antiseizure
medications (ASMs)" in alignment with current ILAE
recommendations.*’

3.3 | Recommendations that have
remained substantially unchanged
since 2010

As in 2010, the revised guideline stresses the importance
of randomized, double-blind, placebo-controlled trial de-
signs and the requirement for seizure type-specific evalua-
tion. No changes have been made to the recommendations
concerning use of add-on studies in assessing initial effi-
cacy, the preference for parallel-group designs (at least for
pivotal trials), and the use of responder rate (percentage
of patients with a decrease in seizure frequency by at least
50% vs. baseline) as primary endpoint.

Suggestions for exploratory studies also do not differ be-
tween the 2010 and the 2025 versions, with emphasis on
flexibility. Examples cited with virtually identical wording
in both versions include "randomized placebo-controlled
parallel or cross-over studies, enrichment designs, con-
trolled studies in patients ... subjected to a pre-surgical eval-
uation program, and open add-on studies, among others."*?
Both versions mention the electroencephalographic (EEG)
photoparoxysmal response, or the study of the effects on
interictal EEG epileptic discharges, as examples of models
for obtaining a preliminary estimate of clinical efficacy.>*

In both guideline versions, seizure counts are recom-
mended as the primary measure of treatment efficacy. For
hard-to-quantify seizures (e.g., absences), methods such as
EEG recording are recommended. The 2025 revision sug-
gests that, when seizures are infrequent or EEG monitor-
ing is not feasible, alternative metrics, such as seizure-free
days, may be used. This suggestion is not entirely novel, be-
cause the 2010 guideline also cited the possibility of assess-
ing days without myoclonic seizures as an efficacy measure
in patients with idiopathic generalized epilepsies.
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TABLE 1 Tables of contents of the 2010 and 2025 EMA guidelines on clinical investigation of medicinal products in the treatment of

epileptic disorders.

2010 EMA guidelines (Rev. 2)

1. Introduction (background)

2. Scope

3. Legal basis

4. Main text

4.1 Selection of the seizure type and epilepsy syndrome
4.2 Specificity of clinical trials in epilepsy

4.2.1 Add-on studies

4.2.2 Monotherapy studies

4.2.3 Dosage

4.2.4 Development of AEDs in children

4.2.5 Development of AEDs in the elderly

4.3 Assessment of efficacy

4.3.1 The assessment of efficacy should be based primarily upon seizure
frequency/occurrence

4.3.2 Other methods to assess efficacy

4.4 Statistical analyses

4.5 Strategy and steps of the development: methodology of the clinical
studies

4.5.1 Pre-clinical data

4.5.2 Pharmacodynamic human data

4.5.3 Pharmacokinetics

4.5.4 Interactions

4.5.5 Methodology of clinical studies

4.5.5.1 Study population and selection of patients
4.5.5.2 Therapeutic exploratory studies

4.5.5.3 Therapeutic confirmatory studies

4.5.5.4 Specific cases

4.6 Safety aspects

4.6.1 General considerations

4.6.1.1 Exacerbation of seizures

4.6.1.2 CNS adverse events

4.6.2 Long-term safety

4.7 Conditions for registration

5. References

2025 EMA guidelines (Rev. 3)

1. Introduction (background)

2. Scope

3. Legal basis and relevant guidelines

4. Patient selection

4.1. Study population and selection of patients
4.2. Selection of seizure types and epilepsy syndromes
5. Assessment of efficacy

5.1. Efficacy criteria/treatment goals
5.1.1. Add-on trials

5.1.2. Monotherapy trials

5.1.3. Add-on and monotherapy trials
5.2. Methods to assess efficacy criteria
6. Study design

6.1. Non-clinical data

6.2. Pharmacology studies

6.2.1. Pharmacokinetics

6.2.2. Pharmacodynamics

6.2.3. Interactions

6.3. Therapeutic studies

6.3.1. Exploratory and dose finding studies
6.3.2. Confirmatory studies

6.3.3. Statistical analyses

6.3.4. Specific cases

7. Safety aspects

7.1. Specific effects

7.2. Long-term effects

7.3. Safety endpoints

7.3.1. Exacerbation of seizures

7.3.2. CNS adverse events

8. Studies in special populations

8.1. Studies in pediatric patients

8.1.1. Development of ASM in children
8.1.2. Development of ASM in neonates
8.2. Studies in the elderly patient

9. References

Abbreviations: AED, antiepileptic drug; ASM, antiseizure medication; CNS, central nervous system; EMA, European Medicines Agency.

Recommendations for preclinical studies are brief in
both versions and highlight the importance of under-
standing mechanisms of action to predict efficacy across
seizure types and potential side effects. They also highlight
the importance of evaluating efficacy in different preclini-
cal models and, for indications <4 years of age, the need to
assess neurotoxicity in the developing rodent brain.

Requirements for pharmacokinetic and drug-drug in-
teraction studies also remain unchanged, with emphasis
on the need for a comprehensive pharmacokinetic char-
acterization and the assessment of plasma concentration—
response relationships. Both guideline versions require
assessment of interactions with concomitant ASMs,
oral contraceptives, alcohol, and central nervous system
(CNS)-active drugs. In addition, the use of neuropsycho-
logical tests is recommended for compounds with poten-
tial sedative or CNS depressant effects.

Both guidelines emphasize the need for careful safety
assessment, including seizure worsening and exacerba-
tion of cognitive, behavioral, mood-related, and neuro-
motor symptoms, with particular attention to vulnerable
populations such as children and older people.

3.4 | Novelties introduced in the 2025
guideline

3.4.1 |
efficacy

Novel trial designs for assessment of

Assessment of responder rate over a maintenance
period of at least 12weeks remains the recommended
primary endpoint for add-on trials. However, alternative
approaches designed to shorten prolonged exposure to
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placebo or ineffective treatments can now be considered.
Specifically, the time-to-event design is now considered as
potentially acceptable also for confirmatory studies, even
though it is not recommended as the sole study design in
the clinical development plan.

3.4.2 | Monotherapy indication

The 2025 revision introduces a shift in the regulatory
approach to the granting of a monotherapy indication.
Before 2025, therecommended approach wasthe conductof
"randomized, double-blind active-controlled trials aiming
to demonstrate at least a similar benefit/risk balance of the
test product as compared to an acknowledged standard
product at its optimal dose” in newly or recently diagnosed
patients.”* The recommended trial duration was at least 1
year, with the proportion of patients remaining seizure-free
for at least 6 months (excluding the dose titration period)
as the primary efficacy endpoint. It was acknowledged
that "assay sensitivity might be a problem,” but it was felt
that "stepwise fixed dose increments based on response
may be an option to guarantee assay sensitivity."* In the
2025 guidelines, concerns about assay sensitivity in these
studies are prominently emphasized. Specifically, it is
pointed out that "in practice, seizure recurrence in these
trials has been low, so that the majority of the patients
remain seizure-free for the duration of the trial. These
trials therefore often lack or have limited assay sensitivity,
and therefore results are difficult to interpret.”

The updated guidelines now state explicitly that "on
a case-by-case basis, it may be justified that a monother-
apy trial is not necessary to support a monotherapy in-
dication.” This means that efficacy observed in add-on
studies may, under certain conditions, be extrapolated
to the monotherapy setting. Whether such extrapolation
is appropriate depends on various factors, including the
ASM mechanism of action and the robustness of efficacy
data from add-on studies, such as the magnitude of effect,
exposure-response relationships, and the consistency of
response regardless of concomitant ASMs.

When extrapolation of efficacy is not justified, the 2025
guideline proposes a "randomized, standard-of-care con-
trolled, open-label study of at least 12 months’ duration
with treatment retention rate as the primary endpoint."
Noninferiority trials, as recommended in the 2010 guide-
lines, may also be considered. To address assay sensitivity,
strategies include enrolling patients with high baseline
seizure frequency or extending follow-up. The guideline
further notes that trial objectives and endpoints may vary
by population. The need for outcome data in patients con-
verting from add-on therapy to monotherapy is also em-
phasized, as in the previous guideline.

Epilepsia-*

3.4.3 | More detailed section on studies in
pediatric populations

The 2010 guideline stipulated that, for focal epilepsy, effi-
cacy established from trials in adults could be extrapolated
to children older than 4years after adjusting for pharma-
cokinetic variation. In contrast, for infants/children aged
1month to 4years, video-EEG monitoring studies were
required. For other pediatric syndromes, large exploratory
studies stratified by age or syndrome were recommended,
aiming to generate early data on pharmacokinetics, safety,
and efficacy. For safety, it was mentioned that at least 100
children should be followed for at least 1 year, evaluating
developmental characteristics such as behavior, cogni-
tion, growth, and endocrine function.

For focal epilepsies, the 2025 guideline reiterates
the feasibility of extrapolation of efficacy data from
studies in adults referencing International Council for
Harmonisation guideline E11A,° although a cutoff at
4years of age is no longer mentioned. It also mentions
that for focal seizures and some nonfocal seizure types
such as generalized tonic-clonic seizures associated with
idiopathic generalized epilepsies, "once efficacy has been
shown in the older age-subsets, short-term assessment of
response by using diary and/or video EEG/EEG monitor-
ing only may be sufficient as supportive of efficacy."

Requirements on use of video-EEG monitoring in the
younger population have evolved. Video-EEG is recom-
mended, when appropriate, for the identification and
confirmation of diagnosis. For patients aged 1month to
less than 4years, EEG and video-EEG are cited as tools to
document seizure reduction, mainly when manifestations
are subtle. Wearable devices for seizure detection could
be used if validated. Of note, median percent seizure re-
duction would be acceptable as a primary endpoint for
studies in rare epilepsies, provided that responder rates
are included as a secondary endpoint. Time-to-event de-
signs with variable exposure to exposure could also be
acceptable.’

For epilepsy syndromes, demonstration of efficacy re-
quires randomized controlled trials, and the suggestion is
made that dose selection could be facilitated by pharma-
cokinetic modeling aimed at ensuring exposures similar
to those associated with efficacy in adults with other sei-
zure types. The 2025 guideline also includes a discussion
of ASM development for DEEs, where adjustments in trial
design and endpoints may be required due to the hetero-
geneous manifestations and rarity of these disorders. In
particular, the guideline mentions that "for a rare specific
DEE subgroup, a N-of-1 study design (i.e. multiple cross-
over study within one subject with 1-2 placebo treatment
periods), in a limited number of subjects might be accept-
able in support of efficacy.” Interestingly, the guideline
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also addresses disease modification, mentioning that this
would require demonstration "that the treatment affects
the underlying pathophysiology, that it has a beneficial
effect on seizures and improves neuromotor, cognitive
and behavioral development.” Such a demonstration
would be dependent on the availability of long-term com-
parative data, and scientific advice from the CHMP is
recommended.

3.4.4 | More detailed section on studies
in the elderly population

The 2010 guideline emphasized that efficacy and safety
of ASMs in older people may differ significantly from
those in younger adults due to distinct etiologies, altered
pharmacokinetics, and increased susceptibility to adverse
effects. Section 8.2 of the 2025 guideline provides more
detail on these points and recommends including an ade-
quate number of elderly patients in phase III trials, differ-
entiating between individuals with long-standing epilepsy
and those with recent onset epilepsy due to underlying
diseases such as stroke. Although the core recommenda-
tions remain largely unchanged, it is suggested to seek
CHMP scientific advice when considering alternative
study designs to extrapolate efficacy and safety data from
pivotal trials in younger adults to the elderly.

3.4.5 |
seizures

Newly introduced section on neonatal

Developing ASMs for neonates presents unique challenges.
Intravenous formulations are required to ensure timely
and reliable administration. Eligible neonates for clinical
studies include those with EEG-confirmed or clinically
identifiable repeated seizures, or those at high risk due
to conditions such as hypoxic-ischemic encephalopathy,
stroke, or genetic etiologies, typically from 34-35weeks
of gestation to 28days postnatal age. Inclusion of more
premature infants should be considered only after safety
and pharmacokinetic data have been established in term
neonates. Continuous multichannel video-EEG is essen-
tial for accurate seizure detection, as electrographic sei-
zures may lack clinical correlates. Involving at least one
central reader to confirm the EEG interpretation is recom-
mended. Seizure burden should be defined as duration of
seizure activity in the EEG over a predefined period. The
evaluation should last no less than 12-24h and continue
until the patient has been seizure-free for a predefined in-
terval, preferably at least 12-24h. In addition, any clini-
cal observable motor seizures should be evaluated, and
patient/caregiver-reported outcomes may be considered.

Clinical trials should ideally include newborns with
seizures resistant to first-line treatment and apply sei-
zure burden thresholds as entry criteria. The primary
outcome should be seizure freedom over a predefined pe-
riod, with subjects dropping out prematurely or requiring
rescue therapy considered nonresponders. Etiological di-
versity and the potential impact of interventions such as
therapeutic hypothermia must be balanced across study
arms. Studies focused on a single etiology may be pre-
ferred for confirmatory trials. Randomized comparative
controlled trials are preferred, and although historical or
registry-based controls may be considered, they require
strict methodological justification and matching criteria.
Evidence of efficacy requires demonstration of superiority
over the comparator groups.

Safety is particularly important in neonates. A minimal
follow-up period within the clinical study of 30days after
the final dose is recommended to assess the persistence of
treatment effects. In addition, specific safety assessments
should monitor potential short- and medium-term ad-
verse effects. Long-term evaluation requires follow-up of
at least 18-24 months, addressing neuromotor, cognitive,
and behavioral development.

3.4.6 | Newly introduced section on SE

A new section (6.3.4) on SE® has been introduced,
emphasizing the need for separate clinical development
in this indication. The importance of prompt treatment,
typically via intravenous or intramuscular routes, is
highlighted. Clinical trials should predefine clear criteria
for rescue treatment and the time points at which
treatment should be initiated, depending on the type
of acute event. If the treatment under investigation is a
drug-device combination, efficacy and safety need to be
demonstrated for the integral medicinal product as used
by the intended user population.

In line with the current view of experts,’ the guide-
line distinguishes three clinical scenarios: treatment of
the acute SE, prevention of recurrence of SE, and treat-
ment and prevention of (super-) refractory SE.'*!' For
each condition, both trial design and study endpoints
are different, and stratification by prognostic factors,
such as etiology,'”” is recommended. Clinical trials
should be designed to show noninferiority or superiority
to an appropriate active comparator (benzodiazepines if
first line; fosphenytoin, phenobarbital, or phenytoin if
second line).

The need for clearly defined endpoints, such as seizure
cessation within a specified time frame, is highlighted. For
acute SE, persistent seizure cessation should be the pri-
mary endpoint. For the prevention of seizure recurrence,

) SUONIPUOD) PUT SwR, 31 298 “[9Z07/20/61] U0 ATIGIT AUIUQ A9TEAL © (PRPIUES 9P OLIISIUIJ) UOISIAOI [FUONEN SUEIYP0D) ysturds - no[Sounuizay sxary £q 7610£1d9/200101/10p/wo KajimAeiquutiuoy/:sdny woxj papeofumoq ‘0 “L9118ZST

/w100 Kopm-Kxeiqr

25UADIT SUOWIIO) FANEAI) AqEANIAdE A1 £q PAUIANGT A1 SOOI VO 295N JO SAINI 10] AIGIT AUUQ) ARTEA UO



AUVIN ET AL.

the primary endpoint should be the absence of recurrence
after the time at which the effect of the treatment that ter-
minated the seizure had ceased. For refractory and super-
refractory SE, functional outcomes are recommended as
the primary endpoint. The guideline also clarifies that for
other seizure emergencies, including prolonged seizures
that do not qualify as SE or acute repetitive seizures, stud-
ies should follow the principles for trials in SE, with sim-
ilar endpoints.

4 | DISCUSSION

The 2025 EMA guideline includes novel content that
reflects the changing scenario in epilepsy drug develop-
ment, with a greater focus on treatments for rare epilep-
sies and pediatric indications where unmet needs are
greatest.”*'* The guideline also incorporates the modern
classification of seizures and epilepsies.'®*® It addresses
several critical issues related to ASM development and
trial design that have been discussed within the epilepsy
community.*'*"** Most revisions introduced represent
welcome developments and reflect the regulators’ atten-
tion to scientific advances as well as their willingness to
engage in consultation with all relevant stakeholders. The
ILAE Regulatory Task Force and other health care profes-
sionals and scientists associated with the ILAE were ac-
tive participants in this process.

Among the changes incorporated in the 2025 guide-
line (Table S1), several novelties require special com-
ment. Use of a shared terminology is essential to ensure
effective communication and understanding among all
stakeholders.* In the updated guideline, the term "an-
tiepileptic drug” was substituted with "antiseizure med-
ication,” in line with ILAE nomenclature.’ For seizures,
epilepsy, and syndromes, the guideline incorporated the
classification and concepts outlined in the ILAE posi-
tion papers published in 2017'7'® and 2022.'° However,
ILAE terminology was not used consistently, and few
older terms such as "West syndrome” (instead of "epi-
leptic spasms syndrome”) and "continuous spike-waves
in slow sleep” (instead of "epileptic encephalopathy
with spike-wave activation in sleep [EE-SWAS]") have
been retained.’ Because the guideline was adopted by
the CHMP in February 2025, the refinement in seizure
classification introduced in the June 2025 ILAE position
paper could not be incorporated.*

For add-on studies, an important novelty is the accep-
tance of the time-to-event (time-to-nth seizure) design for
confirmatory studies. Advantages of this design include
shortening trial duration and minimizing prolonged expo-
sure to placebo or ineffective treatments.'®?* The latter is
a crucial goal given the evidence that patients randomized
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to placebo in traditional add-on trials showed a sevenfold
increase in sudden unexpected death in epilepsy-related
mortality compared to those randomized to efficacious
ASM doses.*® A limitation of the time-to-event design is
that the size of the control group could be suboptimal for
safety assessment because patients randomized to placebo
typically exit the trial early. However, recent data suggest
that this concern could be unjustified.”” In any case, the
guideline’'s recommendation that time-to-event should
not be the sole design in the clinical development plan
is reasonable. This design could be particularly valuable
for confirmatory trials in infants and young children with
focal seizures’ or for demonstrating the efficacy in seizure
types different from the initially approved indication. The
latter approach has been applied successfully to extend
approval of lacosamide to the add-on treatment of gener-
alized tonic—clonic seizures.*

An important novelty relates to requirements for a
monotherapy indication. Concerns about lack of assay
sensitivity of the active-control noninferiority design rec-
ommended in earlier EMA guidelines have been voiced
repeatedly,”>* and the feasibility of extrapolating results
of add-on trials to the monotherapy setting has been ad-
vocated.”® The EMA's acceptance of the extrapolation ap-
proach is a positive development. This alignment with the
US Food and Drug Administration, which already accepts
extrapolation from add-on data to monotherapy, enhances
regulatory consistency across regions. Notably, the EMA
guideline specifies that extrapolation is permissible only
when certain conditions are fulfilled, which is likely to be
the case for many ASMs lacking a monotherapy indica-
tion in Europe. Consequently, large double-blind active-
controlled noninferiority trials, such as those previously
completed in patients with focal seizures,” ** are unlikely
to be conducted in the future. Some clinicians may find
that regrettable, because those trials provided valuable in-
formation in a setting close to the routine management of
patients with newly diagnosed epilepsy.*

The 2025 guideline includes an expanded section for
infants and children, with additional recommendations
on extrapolating from adults or older children. It pro-
vides specific guidance on ASM development in DEEs
and other rare epilepsies. For DEEs, researchers will need
to refine and specify operational diagnostic criteria for
patient selection, building on the initial definitions that
have been proposed.* The guideline acknowledges that in
specific rare DEEs, efficacy may be documented through
n-of-1 multiple crossover trials.’” Although the impor-
tance of assessing nonseizure outcomes was previously
highlighted, this is further emphasized. Reference is also
made to disease-modifying studies, although with limited
detail, and sponsors are encouraged to seek CHMP ad-
vice in this evolving field.*® Additional points include the
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use of video-EEG-based endpoints in children younger
than 4years and the removal of the previous age cutoff of
4 years for extrapolation of focal seizure efficacy, likely re-
flecting evidence that pathophysiological mechanisms are
consistent down to 2years.” This is particularly relevant
given the methodological challenges of using video-EEG
as a primary endpoint in very young children with focal
seizures.”*’ The use of basket trials (trial designs in which
a single investigational product is assessed across multi-
ple epilepsies within a single clinical study) to explore the
potential efficacy of investigational ASMs across seizure
types and syndromes*' is still being promoted. However,
a recent analysis of pediatric investigation plans showed
that this approach has not yet led to the approval of new
indications.**

The sections on neonatal seizures and SE are especially
important, because these areas with high unmet needs
were not addressed in previous EMA guidelines. For neo-
natal seizures, the 2025 guideline incorporates many of
the recommendations put forward by the International
Neonatal Consortium (INC).** The guideline emphasizes
that efficacy should preferably be demonstrated through
randomized comparative superiority trials. Unlike the
INC document, it does not discuss the potential value of
Bayesian inference-based or adaptive designs, nor does it
provide recommendations on comparator treatments. The
use of seizure-free rates over a predefined period as the
primary efficacy outcome may be questioned, particularly
in neonates with a high seizure burden unresponsive to
first-line ASMs, for whom a reduction in seizure burden
may be a more realistic endpoint. Future progress in neo-
natal seizure research should also take into account strat-
ification by acute symptomatic seizures versus neonatal
onset epilepsies, as well as by etiology. The requirement of
a minimum 30-day follow-up after the last dose is reason-
able, and the guideline appropriately highlights the need
for longer term, which may be addressed postapproval.
Notably, the INC is preparing a complementary paper to
integrate recent advances™ and to reflect the current neo-
natal seizure treatment guidelines.*

The guideline section on the investigation of treat-
ments for SE is relatively brief and provides limited detail.
For instance, it does not address the requirements for con-
tinuous (video)-EEG assessment in patients with refrac-
tory or superrefractory SE. The recommendation to use
intravenous (fos)phenytoin or phenobarbital as compar-
ators in second-line treatment trials is debatable, because
several recent randomized controlled trials have shown
that phenytoin's efficacy and safety are comparable to le-
vetiracetam*®™* and valproate,*®*” suggesting that these
latter ASMs could serve as equally valid comparators.
Moreover, the guideline does not differentiate between
pediatric and adult SE, where evidence for ASM efficacy

differ. Regarding outcome measures, the use "a functional
outcome" as the primary endpoint in refractory SE studies
may be problematic, given the challenges of defining val-
idated functional measures in this setting. Including sei-
zure cessation as a coprimary endpoint would therefore
appear reasonable.

Overall, the comparison of the 2010 and 2025 EMA
guidelines highlights several regulatory advances. The revi-
sions align the EMA guideline with recent scientific progress
(including the current ILAE terminology), reduce dispari-
ties with US regulatory approaches, address areas that were
previously overlooked, and enable more efficient trial de-
signs. Nonetheless, some aspects of clinical trial design and
outcome measures still require more precise definition and
further refinement. Expanded guidance to support drug de-
velopment in a broader range of rare epilepsy syndromes
would also be welcome, as current indications remain re-
stricted to a few well-characterized syndromes. Guidance
would also be welcome on conditions under which approval
could be granted for the treatment of a specific seizure type
(e.g., focal seizures or generalized tonic-clonic seizures)
based on data from studies enrolling patients across differ-
ent epilepsy syndromes. Likewise, looking ahead, it would
be timely for the EMA, in collaboration with experts and
patient advocates, to develop specific recommendations for
disease-modifying therapies. In particular, there is a need
to develop specific guidance for disease-modifying targeted
therapies, including small molecules, antisense oligonucle-
otides, and gene therapies, addressing not only efficacy but
also safety considerations, including long-term follow-up
and treatment-specific requirements. Similarly, further
guidance is warranted on the incorporation and validation
of nonseizure outcomes, which are increasingly recog-
nized as essential to capturing the full impact of treatment
in epilepsy. In addition, there is a need to develop specific
guidance for disease-modifying targeted therapies, includ-
ing small molecules, antisense oligonucleotides, and gene
therapies, addressing not only efficacy but also safety con-
siderations, including long-term follow-up and treatment-
specific requirements.
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