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Diagnosing epilepsy syndrome and aetiology

Etiology specific spectrum of epilepsy syndromes

Natural history studies

Precision medicine –many approaches
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Scheffer et al, NRDP 2024

Developmental and Epileptic Encephalopathies

Incidence
1 in 591 children



Oliver et al 2023
Scheffer et al, 

NRDP 2024
McTague et al, 

Lancet Neurol 2016
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Epilepsy Syndromes

Zuberi et al Epilepsia, 2022

Etiology-specific spectrum of epilepsy syndromes (ESSES)



SCN1A spectrum of epilepsy syndromes and related disorders
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Natural History 
Studies of each 

genetic epilepsy are
critical to measure if 

new therapies are 
effective 

Describe the natural history of each genetic DEE
> 970 diseases!

With impact of novel therapy

Health economics, national standards of care

Psychosocial impacts 



Natural History Studies

Include all morbidities

Timelines of evolution

Global collaborative studies

Use same measures

Regular monitoring 6-12 monthly 
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Later adult life

Intellectual disability: severe (dark), 
moderate (medium), mild (light) blue
Crouch gait
Sleep problems

Behavioural problems

Autism spectrum disorder

Mortality: SUDEP in > 50% patients
Cerebral oedema post status epilepticus 
Accidental

Dravet syndrome: Morbidities across the lifespan

15 y Donnan et al, Neurology 2023
Myers et al, Pediatrics 2017



Neuronal ceroid lipofuscinosis - CLN2 disease
Enzyme replacement therapy

Natural history study needed to get approval for 
Precision Therapy by US FDA



Genetic epilepsies
Natural History Studies

What are we trying to 
modify?

Improve all aspects of 
disease

Reduce seizures

Stop development slowing/regressing

Prevent all morbidities

Eliminate high mortality risk

Global impact



Why?

• End diagnostic 
odyssey

• Frame etiology as 
beginning of the 
answer

Informs about

• Morbidities
• Prognosis
• Drug-resistance

How?

• Optimise 
treatment

• Genetic 
counselling

Finding the cause 
à Precision Diagnosis – epilepsy syndrome and etiology
à New therapies à Precision Medicine

Making an epilepsy syndrome and etiological  
diagnosis in epilepsy at all ages is important 



Genetic epilepsies:
Natural history may improve with 

Repurposed therapies New drugs Genetic therapies

• Not disease modifying
• Not anti-epileptogenic

• Genetic therapies
• Small molecules
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Does the specific sodium channelopathy matter? 

SCN1A DEE
• Dravet
• Loss of function
• Seizure exacerbation

with sodium channel 
blockers 
✖  carbamazepine

    ✖  oxcarbazepine
✖✔ lamotrigine

SCN8A Early Infantile DEE
SCN2A Early Infantile DEE
Gain of function
• Seizure control with sodium 

channel blockers
✔ carbamazepine
✔ phenytoin 
✔ oxcarbazepine

Dalic et al DMCN 2014 
Larsen et al Neurology 2015
Howell et al Neurology 2015



Spectrum of Epilepsy Syndromes in 
sodium channel epilepsies

GEFS+  Dravet syndrome  Early Infantile DEE
Loss of function Gain of functionLoss of function

SCN1A

SeLFNIE          Infantile/later DEEs  Early Infantile DEE
Loss of function Gain of functionLoss of function

SCN2A

SeLFIE   Intermediate DEE  Early Infantile DEE
Gain of function Gain of function

SCN8A

Loss/Gain of function
Mixed functional 

effect
Scheffer et al, Epilepsia, in press

Sodium 
Channel 
Blockers 

  CBZ, OXC, PHT



Genetic diagnosis
àaddress pathophysiology

Precision medicine
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Metabolic encephalopathy due to abnormal 
glucose transport across blood brain barrier

GLUT1 encoded by SLC2A1

Fasting CSF glucose < 2.2 mmol/L (< 40 mg/dL)

CSF/plasma glucose ratio < 0.45

Precision Medicine: Ketogenic dietFrom “Ketocooking” –Nation, Cross, Scheffer 2012

GLUT1 deficiency 
syndrome



Focal 
Epilepsies

Idiopathic Generalised 
Epilepsies 1%

Early Infantile 
DEE

Developmental and Epileptic
Encephalopathies

Epilepsy with 
Myoclonic-Atonic 

Seizures 5%

Early Onset Absence 
Epilepsy 10%

Movement disorders – Paroxysmal exercise-induced dyskinesia,
neonatal eye movements. Motor disorders: Ataxia, Spastic paraplegia; 

Intellecual Disability, Dyspraxia, Dysarthria; Hemolytic anemia

Glucose Transporter 1 Deficiency Spectrum of Epilepsy Syndromes
Scheffer, Specchio et al 
Epilepsia, in press



Precision therapy 
approaches

Jonker et al 2025

Gene therapy

Recombinant protein therapy

Cell therapy

Antisense
oligonucleotide
therapy

Small molecule drugs



Jonker et al 2025

Precision therapy 
approaches

Recombinant protein therapy



Neuronal ceroid lipofuscinosis - CLN2 disease
Enzyme replacement therapy



Anti-Sense Oligonucleotide (ASO) targets non-
productive splicing  to increase mRNA



2026

Anti-Sense Oligonucleotide (ASO) targets 
non-productive splicing  to increase mRNA

Phase 1-2a: 4 monthly intrathecal injections long term



Zorevunersen: reductions in convulsive seizure 
frequency maintained over 3 years

Laux et al, NEJM 2026



Laux et al, NEJM 2026



Sullivan et al, AES 2025



Jonker et al 2025

Precision therapy 
approaches

Gene therapy



• Zinc-finger DNA-binding domain (DBD) fused to transcriptional activator 
domain via a short linker sequence

• DNA-Binding Domain recognizes unique DNA sequence upstream of the 
SCN1A transcription start site

Phase 1/2 clinical trial epigenetic targeting using zinc fingers 
with an engineered transcription factor regulatory element 

 
Engineered Transcription Factor (eTFSCN1A) Transgene 



ETX101 - Cell Selective Gene Regulation Therapy

Episome transcription initiated under the regulation of the REGABA promoter to produce 
eTFSCN1A. The eTFSCN1A promotes the transcription and subsequent translation of the SCN1A 
gene, resulting in an upregulation of endogenous Nav1.1.

REGABA eTFSCN1A

eTFSCN1A

EXT101

AAV9

• ETX101 is not gene replacement therapy

• ETX101 is Adeno-Associated Virus-
mediated gene therapy

• REGABA and eTFSCN1A components of 
ETX101 à precise upregulation of 
SCN1A expression within target cell, 
GABAergic inhibitory interneurons 

eTF, engineered transcription factor; RE, regulatory element 



AAV, Adeno-associated virus; eTF, engineered transcription factor; 
mRNA, messenger RNA; RE, regulatory element;

REGABA eTFSCN1A

eTFSCN1A

EXT101

AAV9

ETX101 - Cell Selective Gene Regulation Therapy

• AAV9 vector recognized by cell surface 
receptors, taken via endosome into 
neurons

• Forms episome ready for transcription

• Transcription initiated under regulation 
of REGABA promoter to produce eTFSCN1A 

(engineered transcription factor) in 
GABAergic neurons only
à upregulation of endogenous Nav1.1



ETX-101 regulatory gene therapy rescues seizures and 
mortality in Dravet mouse model 

Tanenhaus et al, Hum Gene Therapy 2022

Postnatal day 23-32



ETX-101 regulatory gene therapy rescues seizures and 
mortality in Dravet mouse model  

Tanenhaus et al, Hum Gene Therapy 2022



ETX101: Single dose results in seizure 
reduction over 32 weeks 







Jonker et al 2025

Precision therapy 
approaches

Small molecule drugs



Jonker et al 2025

• Preferential inhibitor of persistent sodium current
• Superior selectivity of Na channel hyperexcitability
• Dose-dependent block of seizures
• Trials
• Gain-of-function SCN2A and SCN8A
• 16 children: 46% placebo-adjusted 

reduction in motor seizures in RCT
• 5 seizure-free at 16 weeks  

• DEEs - underway Small molecule drugs



Howell et al 2025



Precision diagnosis
àPrecision therapy

• Many approaches
• Early results promising but not 

likely to be a cure
• May need > 1 approach
• Set appropriate expectations for 

patients and families
• Many unresolved questions
  eg. access, cost 
 risk versus benefit
Ø Exciting times!


