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DISCLAIMER

Overview of antiseizure medications (ASMs) introduced in
in this about the properties of specific i the last few years
the presenter’s interpretation of available evidence and do not represent the

Current state of medical therapies for epilepsy

view of regulatory ities. When pi ibing, consult p

information in your country. The pipeline of emerging newer drugs and strategies

applied in modern drug development

A glimpsae into epileptogenesis and disease modification

ASMs Approved by the FDA in the Last 6 Years Everolimus

ASM EDA approval Approved indication (seizure type) o ‘o

Ho W

Ganaxolone 2022 Seizures associated with CDKL5 deficiency disorder ?'(J.L 7 ‘

Fenfluramine 2020 Seizures associated with DS and LGS rjwaﬂ I

Cenobamate 2020 Focal seizures e P & o I

Stiripentol 2018 Seizures associated with DS r}r&o - ” )

Cannabidiol 2018 Seizures associated with DS, LGS and TSC .‘)0 : e e

Everolimus 2018 Focal seizures associated with TSC /\I/\ .

5 out of 6 ASMs approved since 2018 are treatments for rare (orphan) diseases (vs 2 of 37
ASMs approved before 2018)

Rapamycin (sirolimus)

CDKLS, cyclin-dependent kinase-like 5; DS, Dravet syndrome; LGS, Lennox-Gastaut syndrome: TSC, tuberous sclerosis complex RapaNui



7/17/2024

Mutations in mTOR Pathway Genes Are Involved

A Randomized Trial of Everolimus in Focal Seizures Associated
in Many Epileptogenic Disorders

with Tuberous Sclerosis Complex (TSC)

Epileptogenic mTORopathies
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= Dysembrioplastic neuroepithelial tumors Everolimus —| i =0 1o
(DNETs) - 5
A number of acquired epileptogenic insults e
(including brain injury) and seizures g 2 e bodne 2 4 8 B W 12 a4 % B !
themselves can activatethe PI3K/mTOR Tima fueaka)
pathway Marsan & Baulac, Neuropathol Appl Neurobiol 2018;44:6-17; Goldstein & Hauptman, Frontiers
Neurol 2021;12:639319; Goldstein & Hauptman, Frontiers NeuroanatOmy 2021;15:664695 French etal,, The Lancet 2016; 388:2153-63
Everolimus vs Placebo: Adverse Events .
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/szdgn ??"Te”; ie'zuriz?‘?”g‘éog n IIR)andotmslse?j D°“blﬁ’B"nd Randomised Double-Blind Add-On Trial of Cannabidiol
-On Trials of Cannabidiol in Dravet Syndrome, Lennox B .
( ) Y (20 mg/kg) in Dravet Syndrome: Adverse Events
Gastaut Syndrome and Tuberous Sclerosis Complex
e e Adverse events occurring with a frequency >10% in either group .+ E|eyations in transaminase enzymes (ALTs or ASTs

Millr ¢ al, 2020 Devinsky etal, 2017 Devinsky et al, 20186 Thiele etal, 2018 Thish st ok, 2019

Gw ) >3x ULN) occurred in 12 CBD and 1 placebo
System Organ cannabidiol " patients

fand Preferred Term

— All were taking concomitant VPA

vatients
z Diarrhoea 19(31) 6(10) _ " -
£ .1l T s o 3 patients withdrew from the CBD group and
Eatigue 12 (20 2@ one in the placebo group
Pyrexia 9 (15) 5(8)
| Infections 7(1) 5 (8) « Pooled analysis of studies (US packageinsert):
g Decreased appefite 17(28) 305 elevations > 3x UNL occurred in 30% of patients
-2 Ear;‘vul ion ;::; ; z on both VPA and CLB, in 21% of those on VPA
5 » tharg BT o) without CLB, in 4% of those on CLB without VPA,
H

and in 3% of patients on neither drug
ALT - alanine transaminase

AST - aspartate transaminase
CBD - cannabidiol

CLM - clobazam

ULN — upper limit of normal
VPA- valproate

€D 10 CHD 3
P

D 10 CHD 20 P CHD 20 Placshe
ke e

Devinsky O, et al NEIM 2017;376:2011-2020
0 1 U e s (08 placebo) Franco and Perucca, Neurophamacology 2021; 185108442



Effect of Cannabidiol on the Plasma Levels of Clobazam and
Norclobazam in Three Representative Individuals
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Weeks on Cannabidiol (week 0= baseline)
Geffrey et al, Epilepsia 2015;56:1246-1251
Stiripentol oH
Q X
Rivista Ufficiale della Societi Ttaliana di Istochimica <
Supplemento, vol 2 Febbraio 1977, 4975, o
e e . Stiripentol
RIVISTA DI ISTOCHIMICA
NORMALE E PATOLOGICA S

Enzymologie pharmaco-cellulaire du mode d'action
du Stiripentol au cours de Tepilepsie cardiazolique. T.
Problemes generaux et activites respiratoires

Isosafrole (LDH inhibitor)

‘Wegmann R., Ilies A, Aurousseau M.

Laboratoire de Pharmacodyn
Institws d'Histochimie Medicate - U .E.R. Biomedicale Sainis-Pres
Paris. France: Centre de Recherche - Laboratoires Biocodex Paris. France

E.R. de Pharmacie Amiens, France

Sassafras plant

omiGiNAL ARTICLE Lpilepsio Gpen. 2024:3:689-703.
Comparative efficacy and safety of stiripentol, cannabidiol
and as first-li h for

in Dravet A netw y

Renzo Guerrini'®
Warren Linley*

Catherine ¢
| Toby Toward

Seizure Freedom Rate
Comparisons vs Placebo
Treatment RD 95%Cl

Cannabidiol 10 mg/kg + Clobazam - 0.03 [-0.05:0.10]

Cannabidiol 20 mgkg + Clobazam & 005 [0.01:0.11]
Fenfluramine 7 mg/kg 0.10 [0.03:0.18]
Placebo 0.0

Stiripentol 036 [0.19:053]

-1 05 0 0s 1

More seizures  Fewer seizures

- >
“The study found that stiripentol and fenfluramine were similarly effective in reducing seizures and
both were more effective than cannabidiol. Stiripentol was the best drug for stopping seizures
completely based on the available clinical trial data’
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Incremental Effect of CBD in Reducing Seizure Frequency in Patients
not Comedicated with Clobazam
(Pooled Analysis of Data from Controlled Trials in Dravetand Lennox-Gastaut Syndrome)

Placebe CBD  Favours Favours  Trestment
Placobo  €BD.

Dose groups [ ]
10 me/kg/day CBO 6 57 e
20 mg/kg/doy CBD 27 1w —
20410mg/kg/dayCBD 127 189 —.—
2 1 os
Treatment Ratio (95% CI)

Ratio

078

088

Nominal  Probability
Pyslue  of positive

01485 926%

00226  98.9%

Bialer & Perucca, Epilepsia 2020;61:1082-1089.

Randomised Double-Blind Add-On Trial of Stiripentol
in Patients with Dravet syndrome)

Proportion of patients free from clonic/tonic-
clonic seizures during the second month
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P<0.0001

0%

Stiripentol Placebo
(N=21) (N=20)

NH;

Mean Plasma Norclobazam
Concentration (Dose Normalized)

12

Plasma concentration
(mg/L) ((mglkg)

Baseline  Stiripentol
(N=21)  (N=20)
Chiron et al. Lancet 2000:356:1638-42

Fenfluramine
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Responder Rates in Randomised Double-Blind Add-On Trials of Fenfluramine Fenfluramine: Most Common Adverse Events

(FFA) in Patients with Dravet Syndrome and Lennox Gastaut Syndrome
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FULL PRESCRIBING INFORMATION

Odiet al, Pharmacol Ther 2021; 226:107866

WARNING: VALVULAR HEART DISEASE and PULMONARY ARTERIAL
HYPERTENSION

There is an association between serotonergic drugs with 5-HT2B receptor agonist activity,
including fenfluramine (the active ingredient in FINTEPLA), and valvular heart disease and
pulmonary arterial hypertension fsee Warnings and Precautions (5.1, 5.2)].

Echocardiogram assessments are required before, during, and after treatment with
FINTEPLA. The benefits versus the risks of initiating or continuing FINTEPLA must be
considered, based on echocardiogram findings fsee Dosage and Adminisiration (2.1, 2.4) and
Warnings and Precautions (5.1, 5.2)].

Because of the risks of valvular heart disease and pulmonary arterial hypertension,

FINTEPLA s available only through a restricted program under a Risk Evaluation and

Mitigation Strategy (REMS) called the FINTEPLA REMS fsce Warnings and Precautions
b

Modified from U.S. Prescribing Information data

Pharmwokgy & Therpeutics 226 (021 ) 107566

‘Contents lists available at ScenceDirect
Pharmacology & Therapeutics

journal www.slsevi

Fenfluramine repurposing from weight loss to epilepsy: What we do and
do not know

Reem Odi*, Roberto William Invernizzi *, Tamar Gallily <, Meir Bialer ***-', Emilio Perucca '
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Efficacy Data from Cenobamate’s Pivotal Placebo-Controlled Trial

Cenobamate: Approved Indications in Patients with Focal Seizures (12-Week Maintenance, n=437)

Median % change in Responder rate

U.S. FOOD & DRUG + Treatment of partial-onset seizures in aduit patients seizure frequency 70— (maintenance pna;eu)%"

ADMINISTRATION - g
=5 2

s2 g

EE 3

8§ =

+ Adjunctive treatment of focal-onset seizures with or without = 2 g

secondary generalisation in adult patients with epilepsy who o § 2

. — S have not been adequately controlled despite a history of ?al g £
‘EHR.L‘I“‘:\NJ“.'ELP.‘L‘wk? 'l_"".t[\‘.t.‘. treatment with at least 2 anti-epileptic medicinal products 5g %
8= a

-55.0%" -55.0%"

Available as oral tablets

Placebo 100 mg 200 mg 400 mg
Cenobamate (mg/day)

Placebo 100 mg 200 mg 400 mg

“p<0.05 or better (vs placebo) Cenobamate (mgiday)

*#p<0.0001 (vs placebo)
Krauss et al. Lancet Neurol. 2020;19(1):38-48.



How Many Patients with Drug Resistant Focal Epilepsy Became
Seizure-Free and Completed the Treatment Period in Placebo-

Seizure-free rate (9)*

Controlled Trials of Second-Generation ASMs?

BRV CNB  GBP LeM LEV LTGOXC PER PGB ZNS

BRY, brivaracetam; CNB, cenobamate, GBP, gabapentin; LCM, lacosamide, LEV, levetiracetam; LTG, lamotrigine,
OXC, oxcarbazepine, PER, perampanel, PGB, pregabalin, ZNS, zonisamide

*ITT analysis (outcomes refer to effective doses only in trials with >12wk maintenance period)

I, Epile g g  Halaszetal, Epik

Lancet Neurol. 2020,19:38-48.

Cenobamate — Recommended titration scheme

17-25; Biton et al, Epilepsia.

Cenobamate dose /mg/day

Week 1-2 12.5
Week3-4 25
Week 5-6 50
Week 7-8 100
Week 9-10 150
Week 11-12 200
Week 13-14 250
Week 15-16 300
Week 17-18 350
Week 19-20 400

There were no cases of DRESS when this titration scheme was
applied in a Phase Il trial that enrolled 1339 patients

Efficacy Data from the Ganaxolone Placebo-Controlled Trial in

9% change in major motor seizure

frequency from baseline

Patients with CKDL5 Deficiency Disorder

Median % change in major Responder rate
motor seizure frequency 70_
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Placebo Ganaxolone
N=51 N=50 N=51  N=50

Pestana Knight et al. Lancet Neurol. 2022;121:417-27

Placebo Ganaxolone

Incidence of Adverse Events* at Each Cenobamate Dose in
the Pivotal Placebo-controlled Trial in Focal Epilepsy
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Cenobamate /day

Placebo 100 200 400
(n=108) (0=108) (=110 (=111)
Somnoteree 5% 0 09%) B e
Dizziness 1514%) 19.08%) 2200%) 7@
Tiesdache, T TR T TEE
Balance cronder o 30%) 20%) 10(9%)
Nystagrran. 1an) 36w st 7(6%)
Atwia 1% 2% A 7(6%)
Opsanhia o 20w 36w 206w
[ ratigue Py B 39 47%) 7040
Gt turbance 30%) ey & (n) S
Opiopia 20m) 8o%) 11.00w) 7 05%)
Constipation 11 20 36% 109%)
“adverse events reported in Mausea 1) 70%) 1%y 10(9%)
>5% of patients in any group Vomiing ° 20%) 30w 6(s%)
Folt 6(6%) 2a%) aaw 4t
Upperrespiratorytrat 6(6%) 3G%) 4G 36%)
ntection
Back poin 36 2w 1w 65w
30% 11w 36W 6(5%)
Dcressed sppetite: 1gan 36% 1w 6%

Adapted and modified from Krauss et al. Lancet Neurol. 2020;19(1):38-48

Modes of Action of Ganaxolone and Other Neurosteroids
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Pinna et al, Frontiers Pharmacol 2014; 4:166

Incidence of Adverse Events in the Placebo-controlled Trial
of Ganaxolone in Patients with CDKL5 Deficiency Disorder

Ganaxolone Placebo

Somnolence 18 (36%) 8 (16%)
Pyrexia 9 (18%) 4(8%)
Seizure 7 (14%) 9 (18%)
Vomiting 5 (10%) 10 (20%)
Upper respiratory tract infection 5 (10%) 3 (6%)
Constipation 3(6%) 3(6%)
Salivary hypersecretion 3(6%) 1(2%)
Sedation 3(6%) 2 (4%)

Pestana Knight et al. Lancet Neurol. 2022;121:417-27



Advancing the Medical Treatment of Epilepsy: What
Have We Achieved, and What is Next?

Over 20 new antiseizure medicines (ASMs) have been developed - we

learnt how to use them at best, including a more rational approach to

combination therapy

reduced. However...

the underlyng disease

Thanks to better tolerated medicines, the burden of side effects has been

Available medicines suppress the symptoms, but they have no impact on

About one third of patients remain drug resistant — the same as in 1970

The Unrelenting Search for Newer ASMs:
Some Compounds Currenty in Clinical Development

ACT709478 - Darigabat (CVL 865) NRTX-001
AMT-260 + 2-Deoxy-glucose Omaveloxolone (RTA408)
Azetukalner « ENX-101 - 0v329
Basimglurant (NOE-101) « ETX 155 * PRAX-562

PRAX-628
Beprodone (VLB 01) + Huperzyne (SPN-817) Radiprodi
Bexicaserin (LP352) « JNJ-40411813 - Soc-butylpropylacetamide
BHvT7000 + LPCN 2101 + Soticlestat (TAK 935)
BHV-7010 . LRP-661

Blarcamesine (Anavex 2-73) « Naluzotan
Cannabidivarin
Carisbamate (YKP509) + NRP2495

STK-001
Vatiquinone (EPI-743)

NBI 921352 (XEN 901) . vixotrigine (CNV1014802)

XEN 946 (ezogabine)

“List excludes compounds approved for other inications and being tested as potential ASMs

Compounds Acting on Novel Targets: Soticlestat as an Example

Selective inhibitor of cholesterol-24-
hydroxylase (CYP46A1)

24S-hydroxy-cholesterol is a positive
allosteric modulator of NMDA receptors in
the brain and may have other pro-
epileptogenic actions

Soticlestat is being developed for Dravet
syndome and Lennox-Gastaut syndrome

ELEKTRA Trial Results:
Reduction in seizure frequency vs
baseline

) (139 patients with Dravet syndrome Lennox-
o8 Gastaut syndrome — pooled population)
25 45
S P<0.0007
254 28%
=]

SE

5

3 £ 15
Ep
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z 0

g

= -3%

Placebo Soticlestat

hitps: /A takeda.com/newsroominewsreleases/ (accessed February 10, 2022)
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Epilepsy Treatment for the Future: What Do We Need?

.

generalized epilepsies)

.

symptomatic drugs

More efficacious treatments for drug resistant patients

Predictors of responses to individual drugs - would allow avoidance of
the current trial-and-error approach

Safer treatments for certain patient groups (e.g., females with

Treatments targeting the underlying disease, rather than merely

Compounds Acting on ‘Established’ Targets: Azetukalner as an Example

Activator of Kvz.2/7:3 potassium channels

Improved selectivity and improved
pharmacokinetics compared with
ezogabine. Putatively devoid of the
pigmentation-related adverse effects of
ezogabine

X-TOLE Trial results
Responder Rate
(323 patients with focal epilepsy)

5406

8

£ 45 :P<005
5 P<0.001
B

2 30

2

3

&

2 15

2

10mg 20mg 25mg
Placebo Azetukalner

French et al, JAMA Neurol. 2023 ;80:145-1154

Compounds Acting on Novel Targets: Soticlestat as an Example

Selective inhibitor of cholesterol-24-
hydroxylase (CYP46A1)

24S-hydroxy-cholesterol is a positive
allosteric modulator of NMDA receptors in
the brain and may have other pro-
epileptogenic actions

Soticlestat is being developed for Dravet
syndome and Lennox-Gastaut syndrome

(OSAKA, Japan and CAMBRIDGE, Massachusetts,June 17, 2024
TakedaAnnounces Phase 3 Topline Results for
Soticlestat (TAK-935) in Patients with Dravet
Syndrome and Lennox-Gastaut Syndrome

KYLINE Study in Dravet syndrome narrowdy missed
its primary endpoint ... (P=0.06), though it showed

. effects in multiple key y
efficacy endpoints

SKYWAY Study in Lennox-Gastaut syndrome
missed its primary endpoint

Takeda will move forward to discuss the totality of
the data with regulatory authorities

syndrom-phase3-results/ (accessed June 20,2024)


https://www.takeda.com/newsroom/newsreleases/
https://www.takeda.com/newsroom/newsreleases/2024/soticlestat-drevat-syndrom-phase3-results/

The Holy Grail of Epileptology: Preventing (or
Modifying) Epileptogenesis

Addressing the Haploinsufficiency of Dravet Syndrome by
Upregulating the Function of the Healthy Allele

STK-001 is an antisense oligonucleotide that
binds to SCN1A preRMNA from the healthy
allele and promotes the exclusion of
premature stop codons

- The resulting effectis prevention of
Nonsense-Mediated mMRNA Decay (NMDA)

and increased production of functional protein

i.c.v. STK-001 is undergoing clinical trials in
patients with Dravet syndrome

Preliminary results suggest a positive effect
on seizure frequency

https:, ics.com/wp-cont

Enhancing GABAergic Inihibition in the Epileptic Focus
through Direct Implantation of GABAergic Interneurons

+ NRTX-1001 is a cryopreserved
product comprising GABAergic, post-
mitotic interneurons of a specific
lineage derived from human pluripotent
stem cells

+ The interneurons are designed for
implantation into the epileptogenic
tissue to permit release of GABA and
suppression of seizure activity

Preminary resuits from clinical trials in

patients with unilateral mesial temporal
lobe epilepsy are encouraging " Pyramidal newron

Perucca et al, CNS Drugs 2023 ;37:781-795.

TANGO_final.pdf  Perucca et al, CNS Drugs 2023 37:781-795.

https://www.neuronatherapeutics.com/
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Scheffer et al, Epilepsia 2017;58:512-521

Stoke Therapeutics Announces Landmark New Data That Suppart the Potential for STK-001 to be the

First D Medicine for the Patients with
March 25, 2024
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The Unrelenting Search for Newer ASMs:
Some Compounds under Clinical Investigation for Potential

Repurposing in Epilepsy

* Alprazolam + Methylpredinsolone

+ Aspirin « Nifedine

* Ataluren + Onabotulinumtoxin A

* Biperiden - Pentoxifylline

« Empaglifozin + Rapamycin

« Clemizole (EPX-100) « Rozanolixizumab

* Ibuprofen « Satralizumab

* Ivermectin + THC combined with CBD
« Ketamine «+ Tocilizumab

* Lorcaserin « Triple therapy (esomeprazole,
. Memantine amoxicillin, chlaritromycin)

Perucca et al. Lancet Neurol 2023; 22:723-34 (updated)


https://www.stoketherapeutics.com/wp-content/uploads/explainer_TANGO_final.pdf

JAMA Neurol, doi-101001 jamanewrol. 20241714
Bublished anline June 17 2024.

JAMA Neurology | Original Investigation
Angiotensin Receptor Blockers for Hypertension and Risk of Epilepsy

‘Yauerang Wen, PhD, WS Marianne N, Otoo, MPharm: i Tang. MD: Todd Brothers, Pharmi:
Kristina E. Ward, PharmD; Nicoke Asal, PharmD Kimford . Meador, MD

CONCLUSIONS AND RELEVANCE This cohort study found that ARBs, mainly losartan, were
assoaaled with a lower incidence of eptlepsy compared wnth other antihypertensive agents

ive patients with dlsease Further studbe&
such trials, ar d to confirm th
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