Precision medicine in
genetic epilepsy from
childhood to adulthood

Ingrid E Scheffer AO
MBBS PhD FRACP FAES HonLLD FAA FAHMS FRS 4
(

University of Melbourne, Austin Health,
Royal Children’s Hospital,
Florey and Murdoch Children’s
Research Institutes, Melbourne, Australia

Ll



Diagnosing epilepsy syndrome and aetiology

Etiology specific spectrum of epilepsy syndromes

Outline

Natural history studies

Precision medicine —many approaches




eizure types

Generalized Unknown
onset onset

wn

2 £j

=

o -

= Epilepsy types

B : Combined
= Focal Generalized Generalized
: & Focal
o\L

O

Epilepsy Syndromes

Etiology

Structural

Genetic

Infectious

Metabolic

Immune

Unknown

gapoas

/

Scheffer et al 2017



~

Etiology

Structural
Genetic
Infectious
Metabolic

Immune

Unknown

‘gopooag

eizure types

Generalized Unknown
onset onset

-

Epilepsy types

_ Combined
Focal Generalized Generalized
& Focal

&

Epilepsy Syndromes

Specchio, Scheffer et al Epilepsia, in press

S3111PIqIOWINIA




Developmental and Epileptic Encephalopathies
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Developmental
and Epileptic
Encephalopathies
Mechanisms:

Channels and
transporters

Scheffer, McTague et al, NRDP 2024
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Developmental
and Epileptic
Encephalopathies
Mechanisms:

Cell signalling and
metabolism

Scheffer, McTague et al, NRDP 2024
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Developmental
and Epileptic
Encephalopathies
Mechanisms:

Epigenetic
regulation

Scheffer, McTague et al, NRDP 2024
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pilepsy Syndrome:

ILAE classification and definition of epilepsy syndromes
with onset in neonates and infants: Position statement by
the ILAE Task Force on Nosology and Definitions

Zuberi et al Epilepsia, 2022

Etiology-specific spectrum of epilepsy syndromes (ESSES)




SCN1A spectrum of epilepsy syndromes and related disorders
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KCNQZ2 spectrum of epilepsy syndromes and related disorders
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Etiology-specific spectrum of epilepsy syndromes (ESSES)
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Diagnosing epilepsy syndrome and aetiology

Etiology specific spectrum of epilepsy syndromes

Outline

Natural history studies

Precision medicine —many approaches




Natural History
Studies of each
genetic epilepsy are

critical to measure if
S TAUEICIIENEIE
effective

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

With impact of novel therapy

Health economics, national standards of care

Psychosocial impacts



~ Include all morbidities
Timelines of evolution

Natural History Studies (%)  Global collaborative studies

Use same measures

Z= Regular monitoring 6-12 monthly



Dravet syndrome: Morbidities across the lifespan

100% Intellectual disability: severe (dark),
moderate (medium), mild (light) blue
Crouch gait

80% 1 .
I—-Sleep problems

60% |
Behavioural problems

40% - Autism spectrum disorder

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

20% 4

t/ | | | |

5y 10y 15y 20y  Later adult life Donnan et al, Neurology 2023
Myers et al, Pediatrics 2017




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

A Motor-Language Score
‘ ORIGINAL ARTICLE ‘ s _rh‘-_l—l—l
° 0.9 'i Cerliponase alfa
E 0.8 |...|1.
‘@ g 074 -
. . ] ﬁ 0.6 "‘1.'11‘
Study of Intraventricular Cerliponase Alfa S8 o :
. “6 én : : [T
for CLN2 Disease 23 0 b,
ﬁ 0:1_ Hazard ratio, 0.08 (95% Cl, 0.02-0.23) 1"11_ Historical controls
Angela Schulz, M.D., Temitayo Ajayi, M.D., Nicola Specchio, M.D., Ph.D.,, g gl 0000 e
Emily de Los Reyes, M.D., Paul Gissen, M.B., Ch.B., Ph.D., Douglas Ballon, Ph.D., 19 1725 33 41 49 57 65 73 81 85 97 105 113 121 129 137 145 153 161
Jonathan P. Dyke, Ph.D., Heather Cahan, M.D., Peter Slasor, Sc.D., . Week
David Jacoby, M.D., Ph.D., and Alfried Kohlschiitter, M.D., R S w s 1
fOI’ the CLN2 Study Grou p:‘: Historical controls 42 41 33 25 14 7 2 1

Neuronal ceroid lipofuscinosis - CLN2 disease

Enzyme replacement therapy




Reduce seizures

Genetic epilepsies
Natural History Studies Stop development slowing/regressing

What are we trying to 51" Prevent all morbidities
modify?

ﬂ Eliminate high mortality risk
Improve all aspects of

disease |
@ Global impact



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

-l =

e End diagnostic e Morbidities e Optimise
odyssey e Prognosis treatment
e Frame etiology as e Drug-resistance * Genetic
beginning of the counselling
answer
N / o v N y

Finding the cause

— Precision Diagnosis — epilepsy syndrome and etiology
- New therapies = Precision Medicine




Genetic epilepsies:
Natural history may improve with

e /

Repurposed therapies New drugs Genetic therapies
Randomised Controlled Trials Precision therapies
* Not disease modifying * Genetic therapies

* Not anti-epileptogenic * Small molecules




Diagnosing epilepsy syndrome and aetiology

Etiology specific spectrum of epilepsy syndromes

Outline

Natural history studies

Precision medicine —many approaches
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Does the specific sodium channelopathy matter?

SCN1A DEE
* Dravet
e Loss of function

e Seizure exacerbation
with sodium channel
blockers
X carbamazepine

X oxcarbazepine
X/ lamotrigine

SCN8A Early Infantile DEE
SCNZ2A Early Infantile DEE
Gain of function

e Seizure control with sodium
channel blockers
\/carbamazepine
v 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

SCN1IA
GEFS+ Dravet syndrome Early Infantile'DEE

Loss of function Loss Gain of functio Sodium
Channel
SCN2A Blockers

SeLFNIE Infantile/later DEEs E.“ ,CB2, OXC, PHT

Loss of function Loss unct|on
SeLFIE Intermediate DEE Early Infantile'DEE

Gain of function Loss Gain of function

Mixed functional

effect

Scheffer et al, Epilepsia, in press



Genetic diaghosis

— address pathophysiology
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Metabolic encephalopathy due to abnormal

GLUT1 deficiency
synd rome glucose transport across blood brain barrier

GLUT1 encoded by SLC2A1

From “Ketocooking” —Nation, Cross, Scheffer 2012

Precision Medicine: Ketogenic diet



Glucose Transporter 1 Deficiency Spectrum of Epilepsy Syndromes

Scheffer, Specchio et al
Epilepsia, in press

Developmental and Epileptic

ldiopathic Generalised Encephalopathies

Epilepsies 1%
Epilepsy with- Early Infantile
Myoclonic-Atonic DEE
Seizures 5%

Early Onset Absence
Epilepsy 10%

Focal
Epilepsies

_( Movement dlsorders — Paroxysmal exercise-induced dyskinesia, |
| neonatal eye movements. Motor disorders: Ataxia, Spastic paraplegia; :

S Intellecual Disability, Dyspraxia, Dysarthria; Hemolytic anemia }
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Gene therapy =

Precision therapy
approaches

Protein

Antisense
oligonucleotide

mRNA splicing MENA
t h e ra py modulation
N
ASO
TTTIT
b
% g
mRNA L
degradation
cl
Deféc.:'t-ive
ion channel

Small molecule drugs

®
W

Recombinant protein therapy

Defective

protein Replacement

protein

2
5\/6'

Cell therapy

Tcell
Modified -
Tcell
P

Small-molecule &
potentiator

Viral
vector

Jonker et al 2025



Precision therapy
approaches

Recombinant protein therapy

Defective
protein Replacement

i protein

<

Jonker et al 2025



The NEW ENGLAND JOURNAL of MEDICINE
A Motor-Language Score
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David Jacoby, M.D., Ph.D., and Alfried Kohlschiitter, M.D.,
for the CLN2 Study Group*

Neuronal ceroid lipofuscinosis - CLN2 disease

Enzyme replacement therapy




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

The NEW ENGLAND JOURNAL of MEDICINE

2026

ORIGINAL ARTICLE

Zorevunersen in Children and Adolescents
with Dravet Syndrome

L. Laux,! ). Sullivan,? M.S. Perry,*> A. Brunklaus,* A. Desurkar,” J.M. Schreiber,*®
C.M. Roberts,” K.G. Knupp,?® J.W. Wheless,®? E.C. Wirrell,’° P. Ventola,!!
F. Wang,'? Meena,'? ). Lynch,'? K.A. Parkerson,*? B. Ticho,'? and J.H. Cross,*? for
the MONARCH, ADMIRAL, SWALLOWTAIL, and LONGWING Study Groups*

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



Reductions in convulsive seizure frequency were maintained through 3 years
of treatment with zorevunersen on top of standard of care in the OLE studies

Change in convulsive seizure frequency for all patients in the OLEs separated by dose received in the Ph1/2a studies

Il
\
\
)
.
.

55

n convulsive seizure frequency (80% CI)
N
ol

Median % change from Ph1/2a baseline

£ -100 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
6M after last M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 M23 M24 M25 M26 M27 M28 M29 M30 M31 M32 M33 M34 M35 M36

Ph1/2a dose

® All enrolled patients who received doses of less than 70 mg in Ph1/2a (n=16-53) OLE study doses (once every 4 months)
® 70mg (1, 2, or 3 doses) in Ph1/2a and up to 45 mg in OLE (n=15-17) = = Month 9 and beyond are newly aquired data for the 70 mg group

L Reductions were greater in patients who received loading doses of 70 mg followed by maintenance doses of <45 mg J

No. of Patients
<70mg (L or3 doses) 52 53 53 53 53 52 52 52 46 46 47 47 45 45 45 41 38 41 41 40 38 39 39 39 36 36 36 36 32 30 30 30 25 20 19 19 16
/0mg (1,2,0r3 doses) 16 Y7 Y7 A7 7 A7 Y7 V7 17 W07 17 16- 17 47 17 1516 16 16 16

Laux et al, NEJM 2026



Substantial improvements in cognition and behavior continued through
3 years of treatment with zorevunersen in the OLE studies

Change in Vineland-3 subdomain raw scores at 12, 24, and 36 months compared to OLE baseline

Expressive Communication

Receptive Communication

Interpersonal Relationships

Personal Skills

Coping Skills

Play and Leisure

Gross Motor Skills

Fine Motor Skills

3.2

16.9 - B Month 12 (n=66)

2.4 Month 24 (n=44)
14.8

6.1 M Month 36 (n=19)

17.4

18.9

15.9

-3

0

EI} 6 9 1I2 1IS
LS mean change in raw scores (95% CI) from OLE baseline

| Continued improvements in Vineland-3 subdomains were observed through 36 months of the OLE studies

Laux et al, NEJM 2026



EMPEROR Phase 3 study design: Evaluation of zorevunersen as a potential

disease-modifying therapy for Dravet syndrome

IBUIT L. CIVIFCNUN SLUUy uesigil

@ A% LOADING DOSES MAINTENANCE DOSES
15 . (70 mg zorevunersen) (45 mg zorevunersen)
~70 sites DOSE 1 DOSE 2

Day 1 Week 8

ZOREVUNERSEN

ZOREVUNERSEN
OPEN-LABEL
EXTENSION*

BL PERIOD
(8 weeks)*

SHAM 1 SHAM 2 SHAM 3 SHAM 4 Week 52

Day 1 Week 8 Week 24 Week 40 ClinicalTrials.gov: NCT06872125

The dus mlon of the study is anticipated to be approximately 60 weeks, including an 8-week baseline period and a 52-week double-blind efficacy period. *The 8-week baseline period consists of screening Visit A, screening Visit B, and observation for 6 weeks. *Following eligibility
[< { will be i in a 1:1 ratio (zorevunersen: sham) *Patients will have the option to receive zorevunersen in an open-label extension study if they meet eligibility criteria. BL, baseline; R, randomization.

STEKE

THERAPEUTICS

Sullivan et al, AES 2025
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Phase 1/2 clinical trial epigenetic targeting using zinc fingers
with an engineered transcription factor regulatory element

Engineered Transcription Factor (eTF°“N14) Transgene

Transcriptional

DNA binding activation domain

domain
+

IIIII)- SCNIA

* 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
SCNIA transcription start site Encoded &

THERAPEUTICS




ETX101 - Cell Selective Gene Regulation Therapy

AAV9
A °* ETX101 is not gene replacement therapy

- \
EXT;"‘\ °* ETX101 is Adeno-Associated Virus-
mediated gene therapy
/\%\ ° REGABA and eTFCNIA components of
~ ETX101 = precise upregulation of
|—>

| SCN1A expression within target cell,

GABAergic inhibitory interneurons

eT FSCN1A

eTF, engineered transcription factor; RE, regulatory element EDCOd.ed‘N




AAV9

ETX101 - Cell Selective Gene Regulation Therapy = _

101

Mutated
mRNA

e N

REGABA eTFSCNIA

eTFSCVIA

 AAV9 vector recognized by cell surface
~ Increased . .
 densly o receptors, taken via endosome into

sodium

channels n e u ro n S

eTF SCN1A

Engineered
transcription
factor

Nucleus /

 Forms episome ready for transcription

ETX101

* Transcription initiated under regulation
of REGABA promoter to produce eTFtNIA
(engineered transcription factor) in
GABAergic neurons only

AAV, Adeno-associated virus; eTF, engineered transcription factor; - upregulation of endogenous Na, 1.1
MRNA, messenger RNA; RE, regulatory element; Encoded

THERAPEUTICS

GABAergic interneuron




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

Postnatal day 23-32

N
o

B
i P=0.0024**
() I 1
wn
S 1.5 -
()
£
~ e
T
N 1.0 -
O
Q.
w
o
N
% 0.5

0.02 0.34

a0 0.00 :
WT WT + SCN1A*- SCN1A*- +

+ Control AAV9-REGABA. 4+ Control AAV9-REGABA.
(n=9) eTFSCN1A (n=0) (n=9) eTFSCNIA (n=Q)

Tanenhaus et al, Hum Gene Therapy 2022



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

B 20
P=0.0024**
& —_—
wn
€ 15 -
Q
£
" e
T
N 10 A
()]
Q.
w
4]
N
N 05 -
w
0.02
- 0.00 :
WT WT + SCN1A*  SCN1A*- +

+ Control AAV9-RES*8A.  + Control AAV9-REGABA.
(n=9)  eTFSCN1A (n=9) (n=9) eTFSCN1A (n=9)

Tanenhaus et al, Hum Gene Therapy 2022

Percent Survival

Percent Survival
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0= SCN1A"" + AAVO-RECABA@TFSCNIA (n=32)****
-6~ WT + Control (n=49)
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=0~ SCN1A*" + Control (n=38)

100+

504

T v T v 1

30 60 90
Days Elapsed

-0~ SCN1A*" + AAVO-REGABA_TFSCNIA (n=32)****
-0 SCN1A"" + Control (n=38)

100 200 300 400 500
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ETX101: Single dose results in seizure PSR ARIS

ETX101 in Dravet Syndrome

reduction over 32 weeks

100 DL DL2 DL3
)
= ®
D
L. 8 = &
£ .
= € .
£ 8 0 ! I
S o PY > : 0 Substantial and
o g) : = (1) sustained
= S 50 - " reduction through
G o : Median >7 months of
o . i
N ¥  Reduction observation
55 4 in MCSF ]
. ) ) DL, dose level; MCSF, monthly countable seizure frequency.
Data presented at the American Epilepsy Society Annual Analysis includes data from cohorts that have completed 32 weeks of observation.
Meeting 2025, December 5, 2025, Atlanta, GA, USA. Note: Data are from a live database and subject to change during monitoring or QC check. ‘>
© 2026 ENCODED THERAPEUTICS | ETX101 is an investigational gene regulation therapy. Its safety and efficacy have not yet been established. Data snapshot 10Nov2025. 4



Clinically significant gains in Vineland-3 outcomes in children treated with ETX101

Rapid onset of effect by 16 weeks post-treatment, with increased communication skill acquisition
and meaningful gains across all domains within one year, even at lower dose levels

| =
o
'*§ Receptive
=
=
€ .
E Expressive
(&)
£
z Personal
o
Y
g Interpersonal Relationships
?
(7} .
m Play & Leisure
S
Il Week 52 (n=4 at DL1 and DL2
Gross Motor* ( )
Il Week 16 (n=10 at DL1-DL3)
Fine Motor* I NHS at 52 weeks (N=47-49)
-10 -5 0 5 10 15 20 25 30 35
Data snapshot 10Nov2025. Change in GSV from baseline P:)g LA R I S

Data shown are mean + standard error. ENVISION uses VABS-3 Parent/Caregiver Form, whereas POLARIS uses VABS-3 Interview Form.*Motor domains not obtained in ENVISION.

Note: Data are from a live database and subject to change during monitoring or QC check. . . .
DL, dose level; GSV, growth scale value; NHS, natural history study; VABS-3, Vineland Adaptive Behavior Scales Version 3. Data presented at the American Epilepsy Society Annual
Meeting 2025, December 5, 2025, Atlanta, GA, USA. 6

© 2026 ENCODED THERAPEUTICS | ETX101 is an investigational gene regulation therapy. Its safety and efficacy have not yet been established.



POLARIS: ETX101 Clinical Program Overview

Designed to transition seamlessly from POC to potentially confirmatory trial

I\
PS LARIS

Three clinical trials will evaluate safety and efficacy in patients aged 6 months to <18 years

’ POTENTIALLY CONFIRMATORY

PROOF OF CONCEPT

EWAYFINDER
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w Follow-up
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Part 1A Follow-up
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Part 1A, Common Design
* Open label

* Dose-ranging

» Staggered enroliment

**Cohort size considered across the POLARIS program

ENDEAVOR

Part 1B

A

Baseline

Follow-up
52+ weeks

= sy
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ENDEAVOR

Part 2
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g Sz 2=

KEY ENDPOINTS
» Seizures (MCSF)

* Neurodevelopment
(Bayley, Vineland)

» Safety

Baseline

. -
e - 3

Follow-up, 52+ weeks >

-~

(&

Part 2, Confirmatory Design
¢ Double-blind, randomized
» Sham, delayed-treatment control

— Participants randomized to sham receive ETX101
at the end of the first observation period

MCSF, monthly countable seizure frequency; POC, proof of concept

© 2026 ENCODED THERAPEUTICS | ETX101 is an investigational gene regulation therapy. Its safety and efficacy have not yet been established.
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Precision therapy
approaches
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Small molecule drugs

Jonker et al 2025



Relutrigine DEES

EMBOLD Cohort 2 SCN2A GoF and SCN8A
EMERALD Broad DEEs

* Preferential inhibitor of persistent sodium current
e Superior selectivity of Na channel hyperexcitability
* Dose-dependent block of seizures

* Trials
e Gain-of-function SCN2A and SCN8EA

* 16 children: 46% placebo-adjusted

" Small-molecule
potentiator

reduction in motor seizures in RCT Dg{ggt}"\,e
e 5sejzure-free at 16 weeks ion channel
cl
 DEEs - underway Small molecule drugs

Jonker et al 2025



AAV/Lentiviral gene therapy CRISPR gene CRISPRa CRISPRI
editing Dravet

mouse
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Precision diagnosis

— Precision therapy

 Many approaches

e Early results promising but not
likely to be a cure

e May need > 1 approach

* Set appropriate expectations for
patients and families

* Many unresolved questions

eg. access, cost
risk versus benefit

» Exciting times!



