Received: 19 April 2024

Revised: 25 September 2024

") Check for updates

Accepted: 30 September 2024

DOI: 10.1002/epi4.13075

INVITED COMMENTARY

Epilepsia Open®

Refining management strategies for Lennox-Gastaut
syndrome: Updated algorithms and practical approaches

Stéphane Auvin'??
Pasquale Striano®’

INSERM NeuroDiderot, Université Paris
Cité, Paris, France

pediatric N eurology Department, CRMR
Epilepsies Rares, ERN EpiCare, APHP,
Robert Debré University Hospital, Paris,
France

3Institut Universitaire de France, (IUF),
Paris, France

“Epilepsy Unit, Child Neurology
Department, Hospital San Juan de Déu,
Coordinator of the ERN EpiCARE,
Universitat de Barcelona, Barcelona,
Spain

5Epilepsy Unit, Neurology Service,
Bellvitge University Hospital, L'Hospitalet
de Llobregat, Barcelona, Spain

6Department of Neurosciences,
Rehabilitation, Ophthalmology, Genetics,
Maternal and Child Health, University of
Genoa, Genoa, Italy

"IRCCS ‘G. Gaslini’ Institute, ERN
EpiCARE, Genoa, Italy

8UCL NIHR BRC Great Ormond Street
Institute of Child Health, London, UK

Correspondence

Stéphane Auvin, Service de Neurologie
Pédiatrique, CHU Hopital Robert Debré,
48, Boulevard Sérurier, Paris 75935, Cedex
19, France.

Email: stephane.auvin@aphp.fr

Funding information
UCB; Italian Ministry of Health,
RICERCA CORRENTE 2024

| Alexis Arzimanoglou*
| J.Helen Cross®

| Merce Falip® |

Abstract

Lennox-Gastaut syndrome (LGS) is a severe developmental and epileptic
encephalopathy (DEE) characterized by multiple types of drug-resistant
seizures (which must include tonic seizures) with classical onset before
8years (although some cases with later onset have also been described),
abnormal electroencephalographic features, and cognitive and behavioral
impairments. Management and treatment of LGS are challenging, due to
associated comorbidities and the treatment resistance of seizures. A panel of
five epileptologists reconvened to provide updated guidance and treatment
algorithms for LGS, incorporating recent advancements in antiseizure
medications (ASMs) and understanding of DEEs. The resulting consensus
document is based on current evidence from clinical trials and clinical practice
and the panel's expert opinion, focusing on new ASMs with novel mechanisms
of action, such as highly purified cannabidiol and fenfluramine. For a patient
presenting with newly diagnosed LGS or suspected LGS, the recommended first-
line treatment continues to be valproate. If this is ineffective as monotherapy,
adjunctive therapy with, firstly, lamotrigine and secondly, rufinamide, is
recommended. If seizure control remains suboptimal, subsequent adjunctive
ASM treatment options include (alphabetically) cannabidiol, clobazam,
felbamate, fenfluramine, and topiramate, although evidence for these is more
limited. Whenever possible, no more than two ASMs should be used together.
Nonpharmacological treatment approaches should be used in conjunction with
ASM therapy and include ketogenic diet therapies, vagus nerve stimulation, and
corpus callosotomy. Patients with LGS that has evolved from another type of
epilepsy who are not already being treated with valproate should be transitioned
to valproate and then managed using the same algorithm as for newly diagnosed
LGS. Older patients with established LGS should be reviewed at least annually
by a suitably experienced neurologist. The revised guidance aims to improve
seizure control and quality of life for patients with LGS through personalized,
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1 | INTRODUCTION

In 2017, the authors published their guidance on the
management of Lennox-Gastaut syndrome (LGS), in-
cluding details of recommended treatment algorithms
and other practical considerations.! Since then, there
have been important developments in the field, in-
cluding the publication by the International League
Against Epilepsy (ILAE) of updated classification and
definitions of developmental and epileptic encephalop-
athies (DEEs) and other epilepsy syndromes** and the
approval of additional antiseizure medications (ASMs)
with novel mechanisms of action (MoAs) for the treat-
ment of seizures associated with LGS.*”” As a result of
these developments, the authors reconvened to discuss
and update their guidance, which is outlined in the cur-
rent article.

The ILAE uses the term DEE to categorize conditions
where the underlying pathology has developmental con-
sequences that are partly independent of those related
to the epileptic activity itself.>® LGS is a severe DEE that
typically starts between the ages of 18 months and 8years
(most commonly 3-5years),’ but it persists through adoles-
cence into adulthood and may also, rarely, have late onset
after the age of 18years.>® Although LGS often occurs in
patients without a history of other epileptic syndromes, it
may also evolve from other severe infantile seizure disor-
ders, such as infantile epileptic spasms syndrome (IESS),
and early infantile DEE.>!° Overall, 3.6% of children with
epilepsy, and 19% of those whose seizures start in infancy,
evolve to LGS,'! and LGS represents approximately 1%-2%
of all epilepsy cases.’ LGS has a heterogenous etiology and
has no biological marker." It may occur due to a brain ab-
normality (e.g., developmental malformation, tuberous

evidence-based treatment strategies while addressing the challenges of accurate
diagnosis and management in a rapidly evolving therapeutic landscape.

Plain Language Summary: Lennox-Gastaut syndrome (LGS) is a severe type
of epilepsy that usually starts in childhood but continues into adulthood. It is
characterized by a variety of different types of seizures (abnormal electrical
activity in the brain), which are difficult to treat and often cause people with
the condition to fall and injure themselves. Most people with LGS have learning
difficulties and need a lot of support, often in residential care. The authors are
experts in treating people with LGS and this article provides up-to-date guidance
and advice on how best to care for those with the condition.

antiseizure medications, developmental and epileptic encephalopathy, epilepsy, therapy

sclerosis, brain insult, infection, and tumor),12 a genetic
pathogenic variant (e.g., DNM1, ALG13, CDKL5, GABRBI,
GABRB3, SCN1A, SCN2A, and STXBP1),"*™'° or a meta-
bolic or mitochondrial disease (e.g., Leigh syndrome and
creatine metabolic disorders).m‘17 However, etiology is un-
known in many cases."®'® LGS is associated with a great
burden of illness and substantial healthcare costs, due
to the need for both home-based and inpatient care.?'
Diagnosis is sometimes difficult because the characteristic
seizure types and electroencephalogram (EEG) features
are not individually pathognomonic when observed by
themselves and evolve and change over time.! However,
early identification of LGS is crucial as it allows for timely
intervention. This can potentially improve the clinical tra-
jectory by stabilizing seizure activity, enhancing develop-
mental trajectories, and ultimately improving the overall
quality of life (QoL) for patients.'***

2 | DEFINITION OF LGS

In 2022, the ILAE Task Force on Nosology and
Definitions published updated classifications and defi-
nitions of epilepsy syndromes with onset in childhood,
including LGS.® The ILAE characterizes LGS by the
presence of (i) multiple types of drug-resistant seizures
with onset before 18years (one of which must include
tonic seizures), (ii) diffuse, slow spike-and-wave (SSW),
and generalized paroxysmal fast activity on EEG, and
(iii) cognitive and often behavioral impairments, which
may not be present at seizure onset.®> The full comple-
ment of these clinical and EEG features is usually not
present at onset, taking time to appear; therefore, young
children presenting with characteristic seizure types
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but lacking all the aforementioned features should be
closely monitored by a specialized medical team for evo-
lution to LGS.? Importantly, repetitive assessment for
LGS criteria can facilitate access to ASMs approved for
LGS.? The presence of multiple seizure types (to include
tonic seizures and at least one other seizure type) and
the EEG features outlined above are mandatory for a de-
finitive diagnosis of LGS.?

Tonic seizures occur most often during sleep, typically
detected using sleep EEG recording.’ If tonic seizures
occur while the individual is standing, they may lead to
falls (drop seizures), often resulting in injury.> Additional
seizure types associated with LGS include:

« Atypical absence seizures: challenging to identify in
individuals with cognitive impairment without a video-
EEG recording.’

« Atonic seizures: common and frequent, especially in
younger patients with LGS.> Can cause drop seizures
and result in injury.’

 Generalized tonic-clonic seizures: may precede the core
seizure types of LGS but usually occur later in the dis-
ease course.'”

« Epileptic spasms: in approximately 20% of cases, LGS
evolves from IESS* and epileptic spasms may persist
during the progression to LGS.**

« Non-convulsive status epilepticus (NCSE): occurs in
50%-75% of cases, typically consisting of sub-continuous
atypical absences, interspersed by recurring brief tonic
seizures."”

« Focal seizures (with or without bilateral involvement),
and unilateral clonic seizures: may precede the core sei-
zure types of LGS but usually occur later in the disease
course.'’

« Myoclonic seizures: occur in approximately 10%-30% of
patients and can lead to falls.'®*™*® However, they are
not a defining feature of LGS since they occur in many
generalized epilepsies.”> If myoclonic-atonic seizures
are present, the diagnosis of epilepsy with myoclonic
atonic seizures (EMALtS) should be considered.?

The interictal SSW pattern is characterized by spikes
(<70ms) and sharp waves (70-200 ms), followed by neg-
ative high-voltage slow waves (350-400 ms), which occur
at a frequency of <2.5Hz and are bilaterally synchro-
nous.’ Generalized paroxysmal fast activity comprises
short bursts of diffuse or bilateral fast activity (=10 Hz),
often occurring during sleep and usually lasting a few
seconds or less.” The seizure and EEG characteristics
outlined above are central features of LGS; however, ad-
ditional characteristics may be seen. Some or all of these
may be present before or at diagnosis, or they may evolve
and change over time. In almost all cases, LGS persists

|
L Open Access |

into adulthood and seizures remain drug-resistant.’®
Tonic seizures and atypical absence seizures continue to
be frequent during adulthood, whereas atonic seizures
often decrease in frequency.’ The SSW pattern decreases
in frequency over time and is sometimes absent after the
age of 16 years.>**°

In most cases, developmental impairment is present
before seizure onset but the onset of frequent seizures
may also result in further developmental stagnation or
decline.® Over its disease course, LGS culminates in mild
to profound intellectual disability in all patients, resulting
from developmental slowing, plateauing, or regression
over time.® Behavioral impairments are common in child-
hood, adolescence, and adulthood and include hyperac-
tivity with or without attention deficit, autism spectrum
disorder, aggression, and sleep disturbances.*”

3 | DIAGNOSTIC CHALLENGES
AND CONSIDERATIONS

LGS must be identified and diagnosed as early as pos-
sible to ensure that appropriate treatment is received.
Searching for the underlying disease may be essential in
choosing the most appropriate treatment strategy. Also,
the choice of the most appropriate ASMs may avoid the
worsening of seizure presentation. In some cases, targeted
personalized treatment may be possible (e.g., the presence
of SCN2A pathogenic variant®). Given the challenges as-
sociated with accurate LGS diagnosis, several key inves-
tigations are recommended, including sleep video-EEG
to detect tonic seizures from sleep and paroxysmal fast
rhythms'**’; magnetic resonance imaging (MRI) with an
epilepsy protocol to identify potential structural abnor-
malities®*; genetic testing with a gene panel, or preferably
whole exome sequencing but also including chromosomal
microarray analysis, to detect chromosomal abnormalities
and copy number variants'®; and metabolic testing, if an
underlying etiology is not found with imaging or genetic
investigation, since LGS can result from a neurometabolic
disorder (e.g., Leigh syndrome).>'®

None of the seizure types associated with LGS is
pathognomonic, so a patient's seizure pattern must be as-
sessed alongside their EEG features if an LGS diagnosis is
suspected.' The presence of tonic seizures is mandatory
for diagnosis and highly suggestive of LGS if seen in the
context of a specific EEG pattern. It is also important to
bear in mind that the characteristic EEG features of LGS
may take time to develop and may not be present initially
in patients who transition to LGS from another epilepsy
syndrome, such as IESS.! However, it is important to try
to identify these EEG features at an early stage, since they
may also be transient.’® Indeed, neither the EEG features
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nor the seizure types associated with LGS remain static,
but develop and change during the disease course, neces-
sitating regular reevaluation and reassessment that might
be done at least once in an expert center to ensure appro-
priate treatment as the syndrome evolves.'

Although the use of the aforementioned diagnostic in-
vestigations and careful consideration of a patient's clini-
cal and EEG features should allow LGS to be identified, it
may be misdiagnosed as other epilepsy syndromes, includ-
ing, among others, EMAtS (formerly named Doose syn-
drome), Epileptic Encephalopathy with Spike-and-Wave
Activation in Sleep (including Atypical Benign Partial
Epilepsy of Childhood* [previously called pseudo-Lennox
syndrome34]), and DEE with Spike Wave Activation in
Sleep."*** As with early diagnosis, differential diagnosis is
crucial to the successful management of LGS. The diag-
nostic challenges and considerations associated with LGS
have been extensively reviewed elsewhere."**%3>-%

4 | REVIEW OF CURRENT
EVIDENCE FOR TREATMENTS FOR
LGS
4.1 | Pharmacological treatment of LGS
Although the evidence base for pharmacological therapy
in LGS is limited, ASM treatment options have expanded
over recent years to include new agents with novel MoAs
(highly purified cannabidiol [CBD] and fenfluramine
[FFA]).* Despite this, currently available epidemiological
evidence indicates a very low likelihood of seizure freedom
over the long term.”>*'™** A Cochrane review of ASMs for
LGS, published in 2021, included 11 studies of seven drugs
utilized as adjunctive therapy: CBD, cinromide, clobazam
(CLB), felbamate (FLB), lamotrigine (LTG), rufinamide
(RUF), and topiramate (TPM).** The authors concluded
that there was high-certainty evidence for overall seizure
reduction with adjunctive LTG and RUF, but evidence for
other adjunctive ASMs was low to very low.** Since then,
results of a randomized controlled trial (RCT) of adjunc-
tive FFA in LGS have been published.*’

4.2 | ASMs licensed or widely used for
LGS in Europe and the United States

A summary of ASMs licensed or widely used for LGS
in Europe and/or the United States is presented in
Table 1.%%*%* Since the evidence base for sodium val-
proate (VPA), LTG, RUF, TPM, CLB, and FLB has
changed little since previously reviewed by the authors,’
the remainder of this section will focus on the ASMs that

have been approved more recently for treatment of sei-
zures associated with LGS; namely, CBD and FFA.

4.2.1 | Highly purified cannabidiol (CBD)
CBDislicensed by the European Medicines Agency (EMA)
as adjunctive therapy, specifically in conjunction with
CLB, for seizures associated with LGS in patients aged
>2 years.“’65 In the United States, CBD is licensed for the
treatment of seizures associated with LGS in patients aged
>1year.’ The efficacy of CBD in treating seizures associ-
ated with LGS was demonstrated in two placebo-controlled
RCTs®*® (Table 1). Patients completing these RCTs could
continue into a long-term open-label extension study (me-
dian duration, 1090days; n=366).°® Reductions in drop
seizure and total seizure frequency were maintained over
the long term: median percent reductions from baseline
ranged from 48% to 71% for drop seizures and from 48%
to 68% for total seizures over 156 weeks. Responder rates
(=250% seizure frequency reduction from baseline) ranged
from 49% to 68% for drop seizures and from 48% to 65%
for total seizures, and seizure freedom rates ranged from
3% to 11% for drop seizures and from 1% to 7% for total
seizures. Most AEs were mild or moderate in intensity,
and the most common AEs were convulsion (39%), diar-
rhea (38%), pyrexia (34%), and somnolence (29%).%¢ CBD
demonstrates many complex interactions with a broad
range of hepatic drug-metabolizing enzymes, which may
result in significant drug-drug interactions.*’ Clinicians
should be aware of such interactions and use CBD wisely,
in particular in patients with moderate or severe hepatic
impairment. Given the interindividual response and the
relationship between the dose administered and CBD
blood levels, therapeutic drug monitoring of CBD and
concomitant ASMs may be valuable in the clinical man-
agement of patients.®’

In the real-world setting, a Phase 4, retrospective, chart
review study assessed the effectiveness and tolerability
of adjunctive CBD, without concomitant use of CLB, in
92 patients with LGS and 15 patients with Dravet syn-
drome aged >2years, who were treated for >3 months as
part of a European Early Access Program.68 In patients
with LGS, the median change from baseline in drop sei-
zure frequency per 28days over 3-month intervals varied
from —6.2% to —20.9%. A >50% reduction in drop seizure
frequency was experienced by 18.8% (13/69) of patients
after 3months and 30.2% (16/53) after 12months, and
seizure freedom was achieved by 1.4% (1/69) of patients
after 3months and 3.8% (2/53) after 12months. The mean
number of seizure-free days per 28days in patients with
LGS was 7.0 at baseline and this increased by 1.7 days after
12months. The most common AEs (>5% of patients in
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the overall LGS and Dravet population) were somnolence
(5.6%) and diarrhea (5.6%).%® Similar results emerged from
a large Italian Expanded Access Program study, in which
CBD was administered to 93 individuals with highly re-
fractory LGS (n=63) or Dravet syndrome (n=30) for
12months.?’ After 12months, the responder rate (>50%
seizure frequency reduction from baseline) and seizure
freedom rate were 49.0% and 3.9%, respectively, for total
seizures, and 45.1% and 7.8%, respectively, for convulsive
seizures (i.e., clonic, tonic, tonic—clonic, atonic, and focal
to the bilateral tonic—clonic). The most frequently reported
AEs (>10% of patients) were somnolence (22.6%), diarrhea
(11.8%), and transaminase elevation (10.7%).%

42.2 | Fenfluramine (FFA)

FFA islicensed in Europe as adjunctive therapy for seizures
associated with LGS in patients aged >2years,” and in
the United States for the treatment of seizures associated
with LGS in patients aged >2years.” The efficacy of FFA
in treating seizures associated with LGS was established
in a Phase 3 placebo-controlled RCT* (Table 1). Patients
completing this RCT could continue into a long-term open-
label extension study (currently ongoing; median duration,
364 days; n =247 [October 2020]).”° An interim analysis of
the open-label extension study demonstrated that efficacy
was maintained over the long term: the median reduction
in monthly drop seizure frequency was 28.6% over the
entire open-label extension (p<0.0001) and 50.5% at
Month 15 (p <0.0001); 31.1% of patients experienced >50%
reduction in drop seizure frequency over the entire open-
label extension and 51.2% after approximately 1year.”
The longest interval between drop seizures increased
from a median of 2.0-7.0days.”””! Generalized tonic-
clonic seizures and tonic seizures were most responsive
to treatment, with median reductions over the entire
open-label extension of 48.8% and 35.8%, respectively
(p<0.0001 for both).”” The median reduction in non-drop
seizure frequency was 45.9% (p=0.0038). Approximately
one-third of investigators (37.6%) and caregivers (35.2%)
rated their patients as having “very much improved” or
“much improved” on the Clinical Global Impression of
Improvement at the last assessment. The most frequent
treatment-emergent AEs were decreased appetite (16.2%)
and fatigue (13.4%).”° There were no cases of valvular
heart disease or pulmonary arterial hypertension in either
the initial Phase 3 RCT or open-label extension study,*”°
despite FFA being originally withdrawn from the market
for this reason when previously developed as an appetite
suppressant for the treatment of obesity.40 The EMA states
that echocardiogram monitoring should be conducted
every 6months for the first 2years of FFA treatment

e
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and annually thereafter,’ and the US Food and Drug
Administration states that echocardiogram assessments
should be obtained before, during (every 6 months), and
once after (3—-6 months) the final dose of FFA.”

In the real-world setting, a Spanish, single-center, ret-
rospective, post-marketing study assessed the effectiveness
and tolerability of FFA when used in routine clinical prac-
tice to treat patients with Dravet syndrome or other devel-
opmental and genetic epileptic encephalopathies (n=>54)
and LGS (n=14).”* Seizure frequency data were available
for 13 patients with LGS. After 12months, the sustained
responder rate (>50% seizure frequency reduction from
baseline for >2 consecutive months) and seizure freedom
rate in the patients with LGS were 50.0% and 8.3%, respec-
tively. In the overall study population (i.e., patients with
Dravet syndrome and LGS), the most frequently reported
AEs (>10% of patients) were decreased appetite (35.9%),
somnolence (15.9%), and irritability (15.6%). No cases of
pulmonary arterial hypertension or valvular heart disease
were observed.”

4.3 | Use of ASMs not approved for drop
seizures in LGS

Soticlestat is a first-in-class selective inhibitor of choles-
terol 24-hydroxylase (CH24H) that is being investigated as
an adjunctive ASM for DEEs, including LGS.**”*"* A Phase
2 placebo-controlled RCT assessed the efficacy and safety
of soticlestat in patients aged 2-17years with LGS (n=88)
and Dravet syndrome (n=51).”* During the 12-week main-
tenance period, the median placebo-adjusted percent re-
duction in the frequency of drop seizures in patients with
LGS was 17.1% (p =not significant). In the combined pop-
ulation, the most frequently reported treatment-emergent
AEs (>5% greater with soticlestat vs. placebo) were leth-
argy and constipation.”* Phase 3 trials of soticlestat in
patients with LGS are currently ongoing (ClinicalTrials.
gov NCT04938427 and NCT05163314); however, it was re-
cently announced that one of these (NCT04938427) failed
to meet its primary endpoint (reduction in major motor
drop seizures).”” A Phase 3 placebo-controlled trial of
carisbamate (which belongs to the alkyl-carbamate family
of drugs that also includes FLB*’) in adult and pediatric
patients with LGS is also currently ongoing (ClinicalTrials.
gov NCT05219617).

A recent systematic review and meta-analysis offers
a comprehensive assessment of steroid efficacy beyond
IESS.”® However, the level of evidence for LGS is low’®
and clinicians should be cautious in extrapolating these
findings directly to LGS due to the distinct pathophysio-
logical mechanisms involved. There remains a notable gap
between the absence of RCTs evaluating the efficacy of
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steroids in treating LGS and their widespread utilization
in many medical centers. Although no RCTs have been
conducted to date," anecdotal evidence suggests that ste-
roids may offer short-term benefits in managing atypical
absence seizures, drop seizures, and NCSE.! However,
it is important to acknowledge that relapse is frequent.!
Furthermore, prolonged usage of steroids carries the risk
of serious adverse effects, such as hyperlipidemia, oste-
oporosis, and growth suppression.”” Consequently, it is
advisable to reserve steroid administration for acute wors-
ening periods, steering clear of prolonged usage, accord-
ing to current recommendations.”

4.4 | Real-world evidence for the
use of pharmacological agents in the
treatment of LGS

Several ASMs (both approved and not approved for use in
LGS) have been specifically assessed in patients with LGS
in the real-world clinical practice setting.

44.1 | Real-world evidence for ASMs
approved for use in LGS

The greatest amount of real-world evidence is for RUF
(approximately 15 studies worldwide), and this has been
reviewed elsewhere.”®®® In summary, clinical practice
studies of RUF have confirmed evidence from clinical tri-
als, demonstrating that it is effective and generally well
tolerated in children as young as 1year and adults, and
that it may be particularly effective in treating drop sei-
zures and generalized tonic—clonic seizures.”” They also
indicate that a “low and slow” approach to RUF dosing
and titration can improve tolerability while maintaining
effectiveness.”®

4.4.2 | Real-world evidence for ASMs not
approved for use in LGS

Some broad-spectrum ASMs may be useful in treating
seizures associated with LGS, despite having limited
evidence of use specifically in patients with LGS. These
include levetiracetam (LEV), zonisamide (ZNS), and
perampanel (PER). A Phase 3 trial of adjunctive PER in
patientswith LGSwasterminated earlyduetorecruitment
challenges, exacerbated by the COVID-19 pandemic,81
and all other evidence for these three ASMs comes from
the clinical practice setting. A multicenter, open-label,
observational study conducted in 55 patients with LGS
assessed the efficacy and tolerability of adjunctive LEV

over an 8-week maintenance period.** A >50% seizure
frequency reduction was observed in 32 (58.2%) patients
and 15 (27.3%) achieved seizure freedom; seven of
12 (58.3%) patients with drop seizures experienced a
>50% seizure frequency reduction. The most frequently
reported AE was hyperactivity (12.7%).2> A multicenter
study conducted in Korea in 62 patients with LGS
assessed the efficacy and safety of adjunctive ZNS over
>12months.** A >50% seizure frequency reduction was
observed in 32 (51.6%) patients, three of whom achieved
seizure freedom. AEs included transient somnolence
and anorexia.® In a prospective study of 13 patients with
LGS who were treated with adjunctive PER over a mean
follow-up duration of 10.8 months, nine (69.2%) were
responders (=50% reduction in total seizure frequency),
and nine (69.2%) were rated by their clinician as “much
improved” or “very much improved.”® Four patients
(30.8%) discontinued PER due to the lack of efficacy
(n=2) and seizure aggravation (n=2), and six patients
(46.2%) experienced AEs (decreased activity/social
interaction, n = 3; behavioral disturbance with agitation,
n=2; fatigue, n = 2). Seven patients (53.8%) experienced
improvements in cognitive function and/or behavior.*
A multicenter, retrospective, observational cohort study
assessed the long-term effectiveness of adjunctive PER
in 87 patients with LGS.*® During a median follow-up
of 11 months, responder rates (>50% seizure frequency
reduction from baseline) were 41.4% for all seizure types
and 61.1% for drop seizures. Seizure relapse occurred
in 36.1% of patients over 36 months, but none of the
patients experienced seizure worsening during PER
treatment. The most common AEs (>10% of patients)
were behavioral disturbances (21.8%) and somnolence
(12.6%).®> Another retrospective, open-label study
assessed the efficacy and tolerability of adjunctive PER
when used to treat 71 adult patients with LGS (mean
age, 40.1years; 62 with “pure LGS”; nine with “LGS-
like epileptic encephalopathy”) over a median duration
of 539days.* The overall responder rate (>50% seizure
frequency reduction) was 64.8%, with 16.9% of patients
experiencing >90% seizure frequency reduction. Six
patients (8.5%) experienced seizure aggravation with
PER. Negative behavioral changes were observed in
32.4% of patients, but “positive side effects” (feelings of
wellness and calm; improved contact) were observed in
5.6% of patients.®® Finally, a retrospective study assessed
the 12-month effectiveness and tolerability of adjunctive
cenobamate in four adults with LGS (aged 27-37 years).*’
At 12months, the seizure frequency reduction from
baseline ranged from 25% to 74%, with two patients
experiencing >50% seizure frequency reduction. AEs
included somnolence (n=2) and ataxia, dizziness, and
vomiting (n=1).%
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4.5 | Non-pharmacological nerve stimulation, corpus callosotomy, and deep brain

treatment of LGS stimulation. Since the evidence base for the use of all

of these treatments, except deep brain stimulation, has
Non-pharmacological treatment options for LGS include  changed little since previously reviewed by the authors,’

ketogenic diet therapies (KDT), resective surgery, vagus  these are summarized in Table 2.1

TABLE 2 Summary of non-pharmacological treatment options for LGS.
Treatment Key details
Ketogenic « Substantial evidence of efficacy and safety/tolerability in LGS:
diet therapies « A 2012 literature review of 18 studies found that 47% of patients experienced >50% seizure frequency reduction
(Ketogenic and 16% achieved seizure freedom after 3-36 months®
diet; Modified « A 2022 literature review of seven studies found that 17%-73% of patients experienced >50% seizure frequency
Atkins diet) reduction and 1%-24% of patients achieved seizure freedom after treatment durations of 1 month to 19 years®

+ Minimal AEs, generally alleviated by adjusting diet*
« Response is usually observed within 3 months, allowing effectiveness to be assessed relatively quickly'
« Requires a dedicated ketogenic diet team and commitment from carers'

Resective « All patients should be investigated for a potential localized brain abnormality (although not frequently found) since
surgery resective surgery can be curative in carefully selected individuals'
« In a retrospective review of 90 patients with LGS who underwent resective surgery, the most common pathological
finding was malformation of cortical development®
« During a mean postoperative follow-up duration of 6.1 years, 45 patients (50.0%) were seizure-free and 15 (16.7%)
reported infrequent seizures™
« Seizure-free patients demonstrated significantly better adaptive behavior and social competence versus patients

with persistent seizures (p < 0.05)"°
Vagus nerve + Some evidence of effectiveness in LGS®™*°
stimulation « A meta-analysis of seven prospective and 10 retrospective studies in patients with LGS (N=480) demonstrated a

responder rate of 54%°

+ Recommended in AAN guidelines as a treatment option for LGS (Level C)**

« AEs are typically stimulation-related, reversible, mild to moderate in intensity, and usually decrease over time; AEs
seldom require device removal®’

« Patient may experience continuing improvement over time, and improvement in alertness™

+ Can be used with other pharmacological and non-pharmacological therapies; does not interact with ASMs'

+ Less invasive than callosotomy, but involves implantation of a device'

« Re-evaluation of patients for the presence of a seizure focus may be appropriate following vagus nerve stimulation,
as generalized epileptiform discharges may become more localized"”

Corpus « Some evidence of effectiveness in LGS'*%*
callosotomy Particularly effective for atonic seizures/drop seizures (more effective than vagus nerve stimulation)'°*'%°
+ Recommended for use when drop seizures are especially problematic’
Other treatments can be used following corpus callosotomy if needed’
« Less invasive techniques, such as radiosurgical corpus callosotomy or stereotactic laser anterior corpus callosotomy,
have obtained similar results in terms of efficacy in controlling drop seizures'**'%”
« A complete corpus callosotomy could be more efficacious than an anterior corpus callosotomy for some seizure
typ 5105
 Following complete corpus callosotomy, transient disconnection syndrome has been observed in 50% of patients
but this resolved in all the patients following 2 years of follow-up'®®
« Re-evaluation of patients for the presence of a seizure focus may be appropriate following corpus callosotomy, as
generalized epileptiform discharges may become more localized"*

Deep brain Several studies have reported favorable outcomes in patients with LGS when the centromedian thalamic nucleus has
stimulation been targeted with deep brain stimulation, with seizure reductions of 25-100% reported'*****

Cognitive effects and side effects of deep brain stimulation of the centromedian thalamic nucleus are currently
114

unclear
« Mood and memory problems have been reported following DBS of the anterior thalamic nucleus, but it is
conceivable that different thalamic structures might vary in their role in cognition and mood""*
+ More research is required to establish the potential utility of deep brain stimulation in LGS™*
« More expensive than other non-pharmacological treatment options, such as vagus nerve stimulation''*

Abbreviations: AAN, American Academy of Neurology; AE, adverse event; ASM, antiseizure medication; LGS, Lennox-Gastaut syndrome.
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DBS is an emerging treatment for drug-resistant epi-
lepsies, including LGS. Given the heterogeneous nature
of LGS, certain etiologies may be more responsive to DBS
than others. A better understanding of anatomical targets,
stimulation parameters, neurophysiological biomarkers,
and appropriate patient selection would help clarify the
potential utility of DBS in LGS.'**

5 | GENERAL PRINCIPLES OF
LGS TREATMENT

LGS is a DEE with a very poor prognosis in terms of long-
term seizure control and cognitive function. Despite a
range of treatment options, the achievement of seizure
freedom is very unlikely.'"> LGS adversely affects the QoL
of both patients and caregivers®>''* '8, seizure control
(particularly drop seizure control) and days without sei-
zures being the main determinants of QoL in LGS.''**%
From childhood to adulthood, management of LGS must
carefully balance the burden of treatment against its po-
tential side effects, always focusing on the patient's overall
QoL’%; consequently, the goal of treatment should be opti-
mal seizure control (particularly with regards to the more
disabling seizure types), rather than seizure freedom.!
Treatment goals may change according to the patient's
age and stage of disease, and this should be addressed as a
key part of ongoing re-evaluation and transition of care.!
Treatment goals and plans should be reassessed regu-
larly by centers of reference with extensive experience in
the treatment of rare and complex epilepsies, and plans
should include a transparent explanation of potential AEs
and how these should be managed."'°

In the context of LGS, a personalized approach to treat-
ment can be complex, due to the nature of the syndrome
itself. LGS is characterized by a variety of different seizure
types and a spectrum of cognitive impairments, along
with a diverse range of etiologies that can contribute to its
development. This heterogeneity makes it challenging to
tailor treatments to individual patient profiles since what
may be effective for one person may not be for another.
Additionally, the syndrome often requires a multifaceted
treatment strategy that includes a combination of medica-
tions, dietary treatment, and potentially surgical interven-
tions. Due to the complexity of LGS, treatment strategies
must be highly individualized and frequently adjusted
to accommodate the unique and evolving needs of each
patient. This tailored approach is essential for managing
the multiple seizure types and comorbidities commonly
associated with LGS, ultimately aiming to optimize ther-
apeutic outcomes in this challenging patient population.

It is important to note, however, that while a personal-
ized approach may be difficult, it is not entirely unfeasible.

It requires careful consideration of each patient's unique
circumstances, including the etiology of their condition,
the specific characteristics of their seizures, their response
to previous treatments, and their overall health status. A
thorough evaluation by a team of specialists can help in
creating a more tailored treatment plan, but it does re-
quire ongoing assessment and adjustments, which can
be resource-intensive. Moreover, there is preliminary
evidence that computational methods for assessing mul-
tiple phenotypic features in specific epileptic disorders
might help facilitate the development of future precision-
medicine approaches.'*!

6 | TREATMENT ALGORITHMS
FOR LGS

The following recommendations and practical advice are
the authors' expert opinions, based on the available evi-
dence and their clinical experience, and include relevant
updates to the 2017 guidance.

The clinical features diagnostic of LGS may evolve with
time, and this must consequently remain a consideration
when planning therapy in young children presenting with
multiple seizure types. Since it may take time for patients
to develop all the clinical and EEG features of LGS, it is
recommended that—once all attempts to exclude other
diagnoses have been undertaken—a patient present-
ing with features suggestive of LGS should be treated as
though they have LGS until their full clinical/EEG profile
becomes clear.

6.1 | Newly diagnosed patients with
LGS and patients with LGS already
receiving ASM therapy

The treatment algorithm for a newly diagnosed patient
with LGS or a patient with LGS already receiving ASM
therapy is presented in Figure 1.%

6.1.1 | Patients with newly diagnosed LGS or
suspected LGS

For a patient presenting with newly diagnosed LGS or
suspected LGS, the recommended first-line treatment
is VPA (Figure 1). VPA should generally not be used in
women of childbearing potential, due toits high teratogenic
potential,46 unless no suitable alternatives exist, and
effective contraception is used. It is important to consider
that female patients with LGS are generally unlikely to
have children due to the severity of their condition. The
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worsening drop seizures
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FIGURE 1 Treatment algorithm for a newly diagnosed patient with LGS or a patient with LGS already receiving ASM therapy. *“Could
be considered according to the most prevalent seizure type; °CLB is used without validation from an RCT or other high-level evidence study;
“BRV and CNB are broad-spectrum ASMs without any specific evidence in LGS; 4With clinical goals; °In combination with VPA and/or
CLB. AE, adverse event; ASM, antiseizure medication; BRV, brivaracetam; CBD, cannabidiol; CBZ, carbamazepine; CLB, clobazam; CNB,
cenobamate; EMA, European Medicines Agency; ESL, eslicarbazepine acetate; ETX, ethosuximide; FDA, Food and Drug Administration;
FFA, fenfluramine; FLB, felbamate; LEV, levetiracetam; LGS, Lennox-Gastaut syndrome; LTG, lamotrigine; MRI, magnetic resonance
imaging; NCSE, non-convulsive status epilepticus; OXC, oxcarbazepine; PB, phenobarbital; PER, perampanel; PHT, phenytoin; RCT,
randomized controlled trial; RUF, rufinamide; STP, stiripentol; TGB, tiagabine; TPM, topiramate; VPA, sodium valproate; ZNS, zonisamide.

risk—-benefit ratio must be carefully balanced in each case.
If VPA therapy does not provide adequate seizure control,
LTG should be added as the first adjunctive therapy. Since
VPA inhibits LTG metabolism, a decreased LTG dose with
slow titration should be used. If VPA plus LTG does not
provide adequate seizure control, RUF should be initiated
as adjunctive therapy. Once RUF has been initiated,
attempts should be made to discontinue either VPA or
LTG, and, if VPA is discontinued, the LTG dose should
be increased. When considering adding an adjunctive
therapy, every attempt should be made to discontinue one
of the two previous ASMs once the new ASM has been
introduced, since there is no evidence for the effectiveness
of more than two ASMs in combination, and the use of
multiple ASMs unnecessarily raises the risk of side effects
and/or drug-drug interactions.

If adequate seizure control is not achieved with the
addition of RUF, the choice of the next adjunctive ASM

should be discussed with the patient/parent/caregiver/
clinical team, based on the patient's clinical profile and
taking the caregiver's experience into consideration.
When discussing further ASM options, the following
points should be considered:

 Short-term treatment with CLB may be considered, tem-
porarily increasing the ASM load. Since there might be a
risk of tolerance, dependence, and cognitive/behavioral
AEs, CLB should preferably be used on an intermittent,
short-term (3-5days) basis when acute episodes occur
(expert opinion). Such episodes include sustained ab-
sence seizures (duration >1day), cluster seizures, and
NCSE. This aside, where tolerance is not an issue, CLB
may prove a useful adjunctive ASM, particularly where
drop seizures are troublesome. It should be noted that
high-dose benzodiazepines may increase sleepiness and
consequently increase the risk of tonic seizures.
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« There is increasing evidence supporting the use of CBD
as adjunctive therapy in LGS patients,'** although this re-
quires confirmation in further trials and long-term safety
studies.

« Although considered a useful treatment option in LGS,
particularly for drop seizures,'*® FLB is not licensed by
the EMA due to associated risks of aplastic anemia and
liver failure. However, in some countries (e.g., France,
Italy, Spain, and United Kingdom) it is authorized for
use when prescribed by hospital-based expert teams,
and its use is therefore likely to be country-specific. FLB
could be considered as an early adjunctive treatment
option in LGS, with careful consideration of its poten-
tial benefits against its risks."** If deemed necessary, it is
advisable to closely monitor the patient, including regu-
lar blood counts and liver function tests.

« TPM is licensed for LGS and may be used once other
lines of treatment have been tried, but it has a greater
potential for cognitive and behavioral adverse effects
than other marketed ASMs.

« FFA has been a relatively recent addition to the options
approved for the treatment of seizures associated with
LGS. It may have particular efficacy in treating general-
ized tonic-clonic seizures. Real-world evidence for the
use of FFA in LGS is currently limited.

« ASMs used to treat LGS may be associated with behav-
ioral and cognitive AEs,125 which should be considered
when selecting an ASM at the individual patient level.

Based on the authors' clinical experience, several
ASMs that do not have a specific license for LGS may
nevertheless be considered as adjunctive therapy op-
tions. Given the variety of seizure types that may be
present in the same patient, consideration should be
given to the evidence for a particular ASM in the treat-
ment of the specific seizure type(s) present (rather than
the syndrome per se), with the caveat that the treating
clinician is knowledgeable and up-to-date on the po-
tential risks for drug-drug interactions. LEV, ZNS, and
PER have demonstrated some evidence of effectiveness
in LGS. All are broad-spectrum in their modes of action
and may therefore be useful in treating multiple seizure
types. LEV particularly may be a useful adjunct as it has
few interactions with other medications. Ethosuximide
can be useful for the treatment of absence seizures but
should always be combined with an ASM that is effec-
tive in treating generalized tonic-clonic seizures and
tonic/atonic seizures since it is not effective for these
seizure types. CLB may also be useful for the treatment
of absence seizures. Benzodiazepines other than CLB
may be considered for intermittent, short-term use for
acute episodes (as recommended for CLB), but should

not be used in combination with each other. Although
there is no published evidence to support the efficacy
of stiripentol (STP) in treating LGS, it can be used in
combination with VPA and/or CLB. The usual approach
is to add STP to VPA and subsequently add a small dose
of CLB if required. It should be noted that STP will in-
crease VPA and CLB levels, so some dose adjustments
might be required. Carbamazepine, oxcarbazepine, es-
licarbazepine acetate, tiagabine, and phenytoin should
only be used with caution, due to the potential risk of
aggravation of drop seizures with a myoclonic compo-
nent (expert opinion).

The use of non-pharmacological treatment ap-
proaches should be considered alongside the use of
ASMs and discussed from the outset as part of the pa-
tient's treatment plan. Some patients/parents/caregivers
may propose trying KDT relatively early on in the pa-
tient's treatment pathway. If this is the case, KDT can
be tried if VPA plus LTG does not provide an adequate
seizure response, before RUF is initiated. Alternatively,
KDT may be introduced later, when multiple ASMs have
been tried. Since response to KDT is usually observed
within 3 months,'*® this therapeutic option can be ex-
plored relatively quickly.

An evaluation regarding resective surgery or disconnec-
tive surgery must be considered in all patients, particularly
those with LGS with structural etiology who have lesions
predominantly in one hemisphere or tuberous sclerosis.
This should be conducted by a specialized team with ex-
tensive experience in pre-surgical evaluation. As callosot-
omy involves surgery (except when a gamma knife is used,
which is not widely available), its use will largely depend on
patient/parent/caregiver choice, considering it is targeted
at drop seizures. Complete callosotomy seems to be more
effective than anterior callosotomy for drop seizures.'***?’
Callosotomy may be considered as an early treatment op-
tion in patients for whom drop seizures are particularly
problematic (e.g., if the patient suffers repeated injury from
drop seizures, or is wheelchair-bound due to drop seizure
frequency).'”® Re-evaluation with EEG and MRI is recom-
mended before and after callosotomy to detect any changes
resulting from the procedure (e.g., development of focal sei-
zures). Although VNS is less invasive than callosotomy, it
still involves a surgical procedure and its use will therefore
largely depend on patient/parent/caregiver choice. It can
take time for the effects of VNS to become apparent, with
further improvement over time. The decision as to when
VNS should be used will depend on a variety of factors, in-
cluding age, time since LGS diagnosis, and whether the pa-
tient has been experiencing troublesome or intolerable AEs
with ASM treatment. VNS can be used in conjunction with
ASM therapy and with callosotomy.
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6.1.2 | Patients with LGS that has evolved
from another type of epilepsy (e.g., IESS)

Many patients will either have been treated with ASM
therapy to initially control seizures before LGS diagnosis
or will have developed LGS having progressed over time
from another epilepsy syndrome, such as IESS."* Most
patients presenting with apparently generalized seizures
will already be receiving VPA. If this is the case, then
the treatment algorithm shown in Figure 1 can be fol-
lowed (i.e., adding LTG as the first adjunctive therapy if
VPA does not provide adequate seizure control, etc.). If
the patient is already being treated with another first-line
ASM (typically LEV), then VPA therapy should be initi-
ated and the other therapy tapered off and discontinued.
Thereafter, the treatment algorithm is the same as for a
newly diagnosed patient (Figure 1).

If the patient is being treated with more than one ASM
and neither is VPA, then VPA therapy should be initiated
and one of the previous ASMs tapered off and discon-
tinued. If seizure control is inadequate after introducing
VPA and the second ASM is not LTG, then LTG should
be initiated and the other non-VPA ASM tapered off and
discontinued. Thereafter, the treatment algorithm is the
same as for a newly diagnosed patient (Figure 1).

6.2 | Older patients with established LGS
It is recommended that patients with established LGS un-
dergo review by a neurologist with established experience
in the treatment of complex epilepsies and drug interac-
tions on at least an annual basis, comprising a thorough
reassessment of their diagnosis (in terms of epilepsy syn-
drome and etiology) and treatment plan. The diagnosis
should be re-evaluated by repeating investigations con-
ducted at initial diagnosis and/or conducting investiga-
tions that were previously not undertaken (EEG [including
sleep-EEG, if possible], MRI, and genetic testing), to con-
firm the diagnosis and help elucidate etiology. Results of
previous investigations should be reviewed alongside those
of new investigations. Since the patient's clinical and EEG
features continue to evolve, a diagnosis other than LGS
may become apparent and treatment should be adapted
accordingly. Clinicians should always be alert to the pos-
sibility that the diagnosis may change and be vigilant to
the possibility of treatable etiologies. Clinicians should
also be aware that the “classic” EEG features (SSW com-
plexes) may evolve and/or disappear later in the disease
course.””'*® Loss of these features does not necessarily
mean that the patient no longer has LGS, but this possi-
bility must be considered alongside the reassessment of
other clinical/EEG features. Genetic counseling should be
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offered, if appropriate. EEG should be repeated whenever
there are any concerns over diagnosis, signs of deteriora-
tion, or suspected NCSE. It is mandatory to have a recent
baseline EEG for comparison, in case the patient presents
with suspected NCSE in the future.

6.3 | Management of NCSE

Up to 75% of patients with LGS experience episodes of
NCSE." Its clinical presentation can vary from a mild
confusional state to a coma.'! However, presentation in
this population may be quite subtle; by definition, NCSE
is a change in behavior and EEG from baseline."** The
diminished responsiveness may be insidious in its onset,
and therefore may be missed. A high index of suspicion is
therefore required on the part of the physician, particu-
larly if a previous baseline EEG is not available for com-
parison.'*? Patients with LGS should be regularly assessed
for the development of possible NCSE, including EEG,
and, where possible, EEG results should be compared with
a baseline recording."*' Expert advice may be required to
confirm or refute an NCSE diagnosis.

Treatment for NCSE is less urgent than for convulsive
status epilepticus and overtreatment should be avoided
since most patients do not require aggressive treatment
(expert opinion). Patients should not be admitted to in-
tensive care to induce anesthetic treatment, since this
could potentially be more harmful to the patient than the
condition itself. NCSE should be treated with CLB and/or
steroids (expert opinion), although there is currently no
evidence for any agent or dosing regimen,”® and the use of
steroids varies according to local protocol. High-dose intra-
venous VPA can also be effective,'*> and there is emerging
data that FFA can be used as a treatment option for NCSE
in patients with LGS."* The goal of treatment is to return
the EEG to its pre-NCSE baseline pattern, and treatment
should be optimized with ongoing review. Patients with
NCSE should be referred for specialist advice and/or EEG
monitoring.

7 | OTHER CONSIDERATIONS
FOR LGS MANAGEMENT

7.1 | Comorbidities

The lives of patients with LGS are affected not only
by frequent and disabling seizures but also by a
range of comorbidities, including physical disability,
cognitive impairment, behavioral problems (e.g.,

hyperactivity, aggressiveness, and autistic traits), and
sleep disturbances."*** Mobility is further restricted by
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the protective equipment (e.g., wheelchair, helmet, and
faceguard) that is often required to prevent seizure-related
injury.! Management of comorbidities in LGS is a key
aspect of care. This should include careful consideration
when choosing ASM treatment, not only with regard to
potential drug interactions with medications used to
treat comorbidities but also because some ASMs may
themselves cause or worsen certain comorbidities (such
as cognitive impairment and depression)."

7.2 | Impact on QoL

The QoL of patients with LGS is severely impaired
throughout their lives."***!'® The ability to participate in
everyday activities is restricted by the physical impact of
LGS and the need for protective equipment, and cogni-
tive and behavioral problems often prevent mainstream
school attendance.’ As individuals progress into adult-
hood, LGS affects their independence, ability to work,
personal relationships and social participation." LGS also
severely affects the QoL of parents, caregivers and other
family members. 2107118

7.3 | Transition from childhood to
adulthood

Transitioning from pediatric to adult care is difficult for
both patients and families but provides an important op-
portunity for reassessment of all aspects of care, includ-
ing re-evaluation of a patient's etiology, EEG features and
pharmacological and non-pharmacological treatment op-
tions."® The multidisciplinary needs of the patient and
family should also be reassessed at this time (e.g., social
care support, provision of community/residential care,
and psychiatric support).”® The transition process can
be facilitated by attendance at transition/teenager clin-
ics.1>13>13¢ All patients should be reviewed by a neurolo-
gist at least annually.'

7.4 | Need for multidisciplinary care

LGS requires a multidisciplinary, individualized ap-
proach to care throughout the course of life, which ad-
dresses the patient's medical, psychological, educational,
and social needs, as well as the needs of their caregiver/
family.""*” Ideally, these multidisciplinary needs should
be re-assessed annually, and include the patient's health
and social care needs, their potential need for institution-
alization (particularly in adulthood), and support for the
caregiver/family.!

8 | FUTURE DIRECTIONS
Despite difficulties in identifying and characterizing
LGS, future efforts should be made to formalize clinical
trial strategies to provide clearer evidence of the poten-
tial benefits of therapeutic interventions, including non-
pharmacological treatments (e.g., cell therapy and gene
therapy) in addition to ASMs. Eligibility criteria for study
entry should be consistent with the current definition of
LGS,’ and EEG features should be clearly defined and
standardized between study centers.'® Inclusion of pa-
tients with non-specific DEEs with stratification based
on DEE type might also be explored. Duration of epi-
lepsy prior to enrollment should be taken into account
since this can impact the presentation of characteristic
LGS features.' Improved early identification of LGS may
allow subgroups of patients to be defined, such as those
transitioning to LGS from IESS and those with early ad-
vanced neurophysiological changes; similarly, early elu-
cidation of etiology (e.g., genetic pathogenic variants and
structural abnormalities) may allow better understand-
ing of the potential benefits of an intervention in dif-
ferent etiology subgroups. In terms of study design, the
use of an active comparator would be preferable to com-
paring with a placebo,'® and the choice of active com-
parator could be based on the next standard ASM in the
treatment algorithm presented in Figure 1. Treatment
duration should ideally be at least 6 months and studies
could be designed to assess the effects of an intervention
in subgroups with different LGS etiologies. The number
and type of concomitant therapies and rescue therapies
allowed during the trial should be specified.'” The types
of seizures assessed in the trial should also be specified
and, in addition to seizure reduction, assessment of the
severity of seizures, duration of seizures, number of days
without seizures, and improvement/worsening of spe-
cific seizure types could be considered as potential study
endpoints.'*"¥% Specific EEG biomarkers that may
serve as indicators of treatment response or disease pro-
gression in LGS could be explored; these might involve
changes in spike-wave index, reduction in nocturnal
paroxysmal fast activity, spectral power, or other quan-
titative measures.'® Additional endpoints should also be
considered, such as the effects of an intervention on QoL,
cognition, and behavior.'°

Future directions in LGS management are likely to
focus increasingly on the use of personalized/preci-
sion medicine; for example, the potential utility of ge-
netic testing, including pharmacogenomics to convey
information for patients sensitive to severe adverse drug
reactions.'**"*** If LGS is known to be caused by an un-
derlying disease then this disease should be specifically
treated whenever possible; for example, using everolimus
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to treat tuberous sclerosis complex'** and GAP activity to-
ward RAGs (GATOR) complex 1 (GATOR 1) epilepsiesm;
resective surgery for patients with cortical dysplasia due
to disheveled EGL-10 and pleckstrin domain-containing
protein 5 (DEPDC5) variants'*’; and the use of KDT and
avoidance of VPA in patients with mitochondrial dis-
eases."**"* It is also likely that existing pharmacological
agents may be repurposed for use in LGS, as has been the
case for FFA.'>
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