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 2009 ILAE task force proposal
• Failure to achieve seizure freedom with two

appropriately used AEDs

• As monotherapy or combination

• For 1 year or 3 times the longest prior seizure free        
interval

 What is 2019 definition of DRE? 
• We may need the 2nd task force for new proposal.

DRE: Drug Resistant Epilepsy



AED number: 24



 Era of  New Drugs 
 17 New AEDs since 1989:  > 25 AEDs in a total  are available 
 Characteristics of New AEDs 

• Better Tolerability 
• Better Pharmacokinetic Profiles 
• Different and diverse Modes of Action
• Efficacy is not superior but comparable to Old AEDs

 Impacts on Clinical Practice 
• Adoption of Evidence-based Medicine
• Revival of Polytherapy
• Paradigm Shift from “Disease-oriented ” to “Patient-oriented”  

therapy

Era of New AEDs



Clinical Development of AEDs: 
Old vs. New

Conventional
AEDs

monotherapy

polytherapy

comparative
RCTs

CBZ, PHT, VPA, 
ESM (absence only),

drop-out due to 

drug interactions 

and higher AEs

New AEDs Combination
therapy

add-on 
trials 

Rational
polytherapy

RCTs of 
monotherapy

Serious AEs
(FBM, VGB)

mono vs 
duotherapy

in 1st drug failure 

LTG, TPM, OXC,
LEV, GBP, ZNS

VGB in West synd. 

STR/TPM in SMEI

LTG in absence 

LTG/TPM/LEV/RF
M in LGS

LEV in myoclonic Sz

Specific 
indication



 Evidence-based Medicine(EBM): Conscientious, explicit and judicious 
use of current best evidence in making decisions about the care of 
individual patient.

 Sources and hierarchy in the quality of Evidence

Critically
Appraised topics or articles

Randomized controlled studies
(RCTs)

Cohort studies

Case-controlled studies
Case series/reports

Systemic 
Reviews & 
Guidelines 

Background information/
Expert’s opinion

Filtered
information

Unfiltered
information

Adoption of Evidence-based Medicine 



Since the 2004 publications of AAN Guidelines, the US-FDA approved 6 new 
third generation AEDs and 2 older AEDs. This update reviews new evidence 
for efficacy of these AEDs in managing New-onset and treatment-resistant 
(TR) focal epilepsies and generalized epilepsies (GEs) in children and adults 
with the last literature search update in November 2015(Neurology 2018; 
91:74-81, 82-90)



- What is the Best Combination ? -

 Combination Drug Regimens reported to have clinical 
synergism

Rowan AJ et al. Arch Neruol 1983;40: 797-802, Cereghino JJ et al. Clin Pharmacol Ther 1975;18:733-741, Kwan and 
Brodie, Drugs 2006:66:1817-29, Brodie MJ Curr Neurol Neurosci Rep 2016;16:82, Legge AW et al. Epilepsy Res 

2018;142:73-80, 

Drug combination Level of evidence*

Valproate + Lamotrigine +++

Valproate + Ethosuximide  ++

Lamotrigine + Leviteracetam ++

Phenobarbital + Phenytoin    +

Valproate + Carbamazepine +

Carbamazepine + Vigabatrin +

Tiagabine + Vigabatrin +

Topiramate + Lamotrigine +

* +++  Controlled trials     ++  Case series studies  + Anedoctical
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* p < 0.001 vs CBZ and PHT

(n = 115) (n = 129) (n = 92)

What is the Best Combination Regimen ? 
- LTG + VPA -

Differences in Responder Rates to Lamotrigine as a 
Function of Comedication



Safety and effectiveness of hormonal treatment versus hormonal treatment 
with vigabatrin for infantile spasms (ICISS): a randomised, multicentre, open-

label trial (O’Callaghan FJK et al. Lancet Neurol 2017;16:33-42)2-14 

 Multicenter trials of 102 hospitals from UK, Germany,  Australia, NZ, and Switzeland
 N= 377 infants( 2-14 month- old,  HT + VGB =186 vs. HT alone =191)

 Minimum doses were prednisolone 10 mg four times a day or intramuscular tetracosactide
depot 0·5 mg (40 IU) on alternate days with or without vigabatrin 100 mg/kg per day

 The primary outcome: cessation of spasms between day 14 and day 42 from trial entry
 RESULTS (intention to treat  analysis)

 Spasm free: 72% in HT+VGB vs. 57% HT alone (difference 15·0%, 95% CI 5·1–24·9, p=0·002)

 AE was not different between two groups

 Conclusion: Combination of HT and VGB is 
significantly more effective than HT alone



Individual Patient-oriented Pharmacotherapy

Patient’s Factors

Physiological variables; age,sex,Wt,  
etc., and comorbidities
concomitant drugs, QoL, stigma
other psychosocial variables

Patient-
Oriented

Disease-
Oriented

Epilepsy

Sz types: Partial, generalized, mixed
Syndromes: LRE, GE, Undetermined 

specific epilepsy syndrome: West, LGS, JME, etc

EEG and other clinical features

Drugs

Pharmacokinetic and 
-dynamic profiles
EBM & clinical 
experiences



New  ILAE - Classification of the Epilepsies
(Scheffer IE et al. Epilepsia, 58(4):512–521, 2017)

- A Multilevel Classification System -



Comorbidities
• Patients with epilepsy(PWE) have two to eight times of Comorbidities 

than general population and > 50% of patients with epilepsy carry 
various types of comorbidities → Why?  Due to shared systemic 
disorders? 
(inflammation, Oxidative stress, glycation, methylation capacity, 
mitochondrial efficiency :  Yuen et al. Epilepsy & Behav 2018;78:57-61)

• An important factor for QOL, premature death, and choice of AEDs

• Recognition of comorbidities in 2017-ILAE Classification, including 
learning difficulties and psychiatric  disorders, will ensure that epilepsy 
is seen as part of a broader phenotypic picture
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Proportion of Patients Controlled 
Of Those Who Fail First Drug
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Proportion of Patients Controlled
Of Those Who Fail 2 Drugs
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Time to Drug Intractability
282 surgical patients
Mean = 9.1 years, (median 5 yrs, range 0-46 years)
26% achieved 1 year remission

Berg, Neurology 2003



Etiology as Prognostic Factor 
for AED treatment

• 2,200 adults outpatients – 45% controlled  

(1 year seizure-free rate)

• Etiology: 
– Idiopathic generalized: 82%
– Cryptogenic partial: 45%
– Symptomatic partial: 35%
– Extratemporal partial epilepsy: 36%
– Dysgenesis: 24%
– Temporal lobe epilepsy: 20%
– Hippocampal sclerosis(HS): 11%
– Dual pathology (HS+): 3%

Neurology. 1998 Nov;51(5):1256-62.



Lesions indicating high probability of DRE
Hippocampal Sclerosis, Cortical Dysplasia, Cavernous Angioma, 

DNT, Heterotopic Gray, Polymicrogyri, Schizencephaly





Evidences of polytherapy
 New AED add on therapy in patients resistant 1-3 

AEDs 
• Seizure reduction rate: higher than placebo
• Seizure free rate: higher than placebo

 Schiller and Najjar, 2008
• Until 6th AED add-on: 16.5% seizure free rate by one AED add-

on 
• 7th AED add-on: significant increase of responder rate 

 Luciano and Shorvon (2007)
• Add-on therapy of new AED: 28% one year sz free rate 

 Multicenter study in Italy
• ¾ of intractable epilepsy: polytherapy
• 46.5%(adults), 54.2%(children): 3 or more AED
• 7.2%: 4 or more AED 



Schiller and Najjar, 
2008



New definition of DRE

 At least 4 or 5 AEDs should be tried before drug 
resistance epilepsy is determined?

 What is enough number of monotherapy or 
combination therapy for DRE? 

 What intensity of seizure for DRE?
• Any seizures or seizures interfering daily life? 

 It is not easy to predict patients who will be drug 
resistant? 



“Pseudo-intractable” seizures

 Inappropriate AED selection
 Less therapeutic serum concentration
 Non-epileptic disorders,  psychogenic seizures
 10% or more of epilepsy patients: co-existent 

psychogenic seizures
 Conditions resembling epilepsy in early childhood
 Mistaking complex partial seizures for absence 

epilepsy
 Failing to identify precipitating factors

• AED skip,  sleep deprivation,  alcohol drinking,  PC game,  etc. 

 Neurodegenerative disorders and inborn errors of 
metabolism 

 Autoimmune encephalitis



Case 1 (20/F)
• Age of seizure onset: 13 year-old

• Seizures: dizziness  upward eye deviation, falling, 
grunting, whole body movement,  bilateral tonic clonic
seizures

• Frequency:  3 - 4/year,  Duration: 2-3 minutes

• AED:  Tegretol-CR 400 mg,  Valproate 600 mg daily

• EEG:  normal (4 times)

• Brain MRI : no abnormality

• The patient was admitted to EMU to confirm her 
epilepsy diagnosis. She had three seizures during 3 day 
video-EEG monitoring period.



20-30 seconds prior to EEG seizure onset



15 seconds before seizure onset



EEG seizure onset



Clinical seizure onset

Fell down Generalized clonic seizure



Groaning, generalized seizure



Clinical & EEG seizure end



 Diagnosis before EMU: Epilepsy (GTC)

 Diagnosis after EMU  convulsive 
Cardiac syncope
• Long-QT syndrome
• Ventricular tachycardia

 Treatment 
• Discontinuation of antiepileptic drugs
• Implantation of defibrillator  patient become    

seizure free



Case 2: 66/F
 2005.10 : Paroxysmal atrial fibrillation was diagnosed. 

 2015 : Paroxysmal dizziness was started.

 2016 : AED (CBZ 500, VPA 1200) was started due to 

paroxysmal dizziness and abnormality of EEG (sharp wave at 

left temporal lobe)

 2019. 1: Patient had an ablation surgery for atrial fibrillation. 

Thereafter, paroxysmal dizziness has been worsened.

 2019. 6 : Patient suffered greatly from dizziness episodes 

increased to >10 times per day (5-10 sec)  

 2019. 6. 10 : She pushed herself to EMU admission due to 

severe difficulty during dizziness episodes.



EEG during dizziness episode 



EEG during dizziness episode





 Sick sinus syndrome (longest pause : 7.2sec ) 
with very frequent asystole 

 2019. 6. 13 : implantation of permanent 
pacemaker  dizziness disappeared.

Final diagnosis







 Triazole derivative

 MoA
• Not clear

• Limiting excessive firing of sodium-dependent action potentials

 FDA approval
• Lennox-Gastaut Syndrome ≥4 years old

• Add-on Tx for adults & adolescents with focal seizures

1. Rufinamide (RUF)



Study Design & Tx regimen Primary 
outcomes

Secondary outcomes

Biton 2011
Refractory focal 
Sz
12-80 yo
1-3 AEDs

Placebo (n=181)
3200 mg/d (n=176)

56d baseline → 96d Tx

1. % change in focal Sz 
freq

1. 50% and 75% responders
2. adverse effects

Brodie 2009
Refractory focal 
Sz
≥16 yo
1-2 AEDs

Placebo (n=156)
3200 mg/d (n=313)

8w baseline → 13 w Tx

1. % change in focal Sz
freq

1. total focal Sz frequency
2. 50% responders
3. % change in secondary 
generalized Sz frequency
4. adverse effects

Elger 2010
Refractory focal 
Sz
15-65 yo
1-3 AEDs

Placebo (n=133)
200(n=127)/400(n=125)
800(n=129)/1600mg/d 
(n=133) 
12w baseline → 12w Tx

1. mean % reduction in 
total focal Sz freq

1. 50% responders
2. adverse effects

Glaser 2008
LGS
4-30 yo
1-3 AEDs

Placebo (n=64)
45 mg/kg (n=74)

28d baseline → 84d Tx

1. median % reduction 
in total Sz freq
2. median % reduction 
in tonic-atonic Sz freq
3. Sz severity rating

1. 50% responders
2. adverse effects

Ohtsuka 2014
LGS
4-30 yo

Placebo (n=30)
45 mg/kg (n=29)

1. % change in tonic-
atonic Sz freq

1. % change in total Sz freq
2. 50% responders(T-aT Sz)
3. % change in the freq of Sz 

Rufinamide : Key studies



Rufinamide: Meta-analysis
Risk ratios of responders

Zu, Epilepsy Res 2016



Rufinamide: Meta-analysis
Risk ratios of 50% responder rate
in partial and tonic-atonic seizures

Zu, Epilepsy Res 2016



 Headache

 Dizziness

 Fatigue

 Somnolence

 Nausea

 Diplopia

 Vomiting

Rufinamide :
Significant adverse effects

Zu, Epilepsy Res 2016



Treatment algorithm
for a newly diagnosed LGS

Cross, Front Neurol 2017



2. Lacosamide: Description

• Functionalized amino acid

• Molecular formula: C13H18N2O3

• Molecular weight: 250.3 g/mol

• Lacosamide tablets, syrup and IV solution have been stu
died as adjunctive therapy in the treatment of partial-onse
t seizures in patients with epilepsy aged ≥ 16 years

• Lacosamide was approved in the EU on September 3, 20
08, and in the US on October 29, 2008



Regulation of 
sodium channel 

long-term availability

Local anesthetics

Classical AEDs

Resting
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state

Depolarization

Inactivated statefast
(within ms)

Lacosamide

(within sec and beyond)
Inactivated stateslow

Repolarization

Beyreuther BK, et al. CNS Drug Rev. 2007;13:21-42.

Lacosamide: Unique MOA



Lacosamide: Pharmacokinetic Profile 

Linear pharmacokinetics

Low inter- and intra-subject 
variability of about 20%

Tmax: 1-4 hrs after oral admi
nistration

T1/2 ~ 13 hrs (BID); steady-
state achieved in 3 days

Absolute bioavailability
~100%

Food does not affect rate a
nd extent of absorption

95% of the dose is excreted 
in the urine (40% as unchan
ged drug)

Low protein binding (<15%)

Low drug-drug interaction   
potential

No influence of gender or ra
ce (Asian, Black, Caucasian
) has been observed

Increased plasma concentra
tions in elderly compared
with young subjects (20%)



3 Phase IIb, III trials, and Pooled Analysis

• Ben-Menachem study (SP667): Efficacy and safety of oral LCM as 
adjunctive therapy in adults with partial-onset seizures: Ben-
Menachem E, Biton V, Jatuzis D, Abou-Khalil B, Doty P and Rudd 
GD. Epilepsia 2007;48(7):1308–17

• Chung study (SP754): Lacosamide: Efficacy and safety as oral 
adjunctive treatment in adults with partial-onset seizures: Steve 
Chung S, Sperling M, Biton V, Krauss G, Doty P, Sullivan T.
Epilepsia 2010; 51(6):958-967

• Halasz study (SP755): Lacosamide: Efficacy and safety as oral 
adjunctive treatment in adults with partial-onset seizures: Halasz P, 
Kälviäinen B, Mazurkiewicz-Beldzinska M, Rosenow F, Doty P, 
Hebert D., Sullivan T. Epilepsia 2009; 50(3): 443-453

• Pooled Analysis: Chung S, Ben-Menachem E., Sperling M., Rosenf
eld W., Fountain B.N., Benbadis S., Hebert D., Isojävi J., Doty P. C
NS Drugs. 2010: 24(12):1041-54.



Lacosamide pivotal clinical trials 

Multicentre, randomised, double-blind, placebo-controlled trials of adjunctive lacosamide in patients 
with partial-onset seizures taking 1 to 3 AEDs, with or without vagal nerve stimulation (VNS)

1Ben-Menachem et al. Epilepsia 2007;48(7):1308–1317; 2Halász et al.
Epilepsia 2009;50(3):443–453; 3Chung et al. Epilepsia 2010;51(6):958–967

Titration*Baseline Maintenance

8 weeks 4−6 weeks 12 weeks 2−3 
weeks

Taper

1:2:1 ratio

Ben-Menachem et al. 20071

(Phase II in US and EU; n=415)
PBO, LCM 200, 400, 600 mg/day†

Chung et al. 20103

(Phase III in US; n=402)
PBO, LCM 400, 600 mg/day†

Halász et al. 20092

(Phase III in EU and AUS; n=477)
PBO, LCM 200, 400 mg/day 

1:1:1 ratio

1:1:1:1 ratio

ITT population=all randomised patients receiving ≥1 dose of trial medication with 
≥1 post-baseline efficacy assessment, n=1,294 



• N=1,294*1

• Mean age: 38.6 years1

• Female: 51.1%1

• Mean time since diagnosis: 23.
7 years1

• Lifetime use of AEDs1

• 77% tried ≥4

• 45% tried ≥7 

• Concomitant AEDs1

• 1 AED: 15.5%

• 2 AEDs: 62.4%

• 3 AEDs: 22.0%

• Seizures at baseline

• Simple partial: 32.1%

• Complex partial: 84.0%

• Partial with secondary genera
lizations: 41.7%

• Median baseline seizure frequen
cy: 10 to 17 per 28 days

• Vagus nerve stimulation placeme
nt: n=216

1. Chung S, et al. Poster presented at: 62nd Annual American Epilepsy Society Meeting; December 5-9, 2008; Seattle, WA.. 

Lacosamide: Patient Characteristics



Lacosamide: Median Percentage Seizure Frequency 
Reduction from Baseline* (Per Protocol Set)
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12%

22%

33%

46%

†

‡ †

40%

35%

†
45%

25%

†

Study 1 Study 2 Study 3

Study 1: N=248
Study 2: N=339
Study 3: N=227

Study 1: Ben-Menachem E, et al. Epilepsia. 2007;48:1308-1017. Study 2: Halasz P, et al. Epilepsia 2009 .
Study 3: Chung S, et al. Epilepsia 2009

current therapy + placebo
current therapy + LCM 200 mg/day
current therapy + LCM 400 mg/day

†P<0.05
‡P<0.01



Lacosamide: Adverse Events 

Most Common Adverse Events (%) Occurring 
in ≥10% of LCM Treated Patients and Greater than Placebo

AE Treatment 
Phase

Placebo 
(n=364)

VIMPAT®

200 mg/day             
(n=270)

VIMPAT®

400 mg/day       
(n=471)

Dizziness
Forced-titration 7% 10% 25%

Maintenance 2% 7% 8%

Headache
Forced-titration 6% 7% 10%

Maintenance 5% 7% 6%

Nausea
Forced-titration 4% 6% 9%

Maintenance 1% 2% 4%

Diplopia
Forced-titration 1% 4% 8%

Maintenance 1% 4% 4%



Lacosamide: Cognitive Adverse Events

Cognitive Adverse Events
Placebo
(n=364)

Lacosamide 
200 mg/day

(n=270)

Lacosamide
400 mg/day 

(n=471)

Memory impairment 1.6% 1.1% 1.5%

Cognitive disorder 0.3% 0.4% 2.1%

Confusional state 0.8% 0% 1.5%

Disturbance in attention 0.5% 0% 1.1%

Mental impairment 0% 0% 0.4%

TEAEs Potentially Related to Cognition During the Treatment Phase

 In total, 6.1% of TEAEs were potentially related to cognition for VIMPAT®’s 200 mg/day 
and 400 mg/day doses vs 4.7% for placebo 

Chung, et al CNS Drugs Jan 2011



Important Safety Information

• Caution is advised for patients with known cardiac condu
ction problems, who are taking drugs known to induce   
PR interval prolongation, or with severe cardiac disease

• Reported cases of A-fib and A-flutter in ICU patients

• In patients with known conduction problems or with sev
ere cardiac disease, obtaining an ECG before beginning V
IMPAT®, and after VIMPAT® is titrated to steady state,   
is recommended



LCM: combination therapy 
≥50% responder rates by concomitant AED (ITT population)

Chung et al. CNS Drugs 2010;24(12):1041–1054

≥50% responder rate (%)

Current therapy + placebo (n=359)

0 10 20 30 40 50

Lacosamide +
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Oxcarbazepine

Topiramate

Lamotrigine

Levetiracetam

Lacosamide +

older AEDs

Phenobarbital

Phenytoin

Valproate

Carbamazepine

Current therapy + lacosamide 400 mg/day 
(n=466)

n=103

n=143

n=116

n=158

n=82

n=105

n=68

n=74

n=21

n=38

n=125

n=147

n=93

n=99

n=44

n=74

n=31
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19%
43%

19%
34%

26%
42%

18%
30%

24%
42%

26%
37%

27%
48%

14%
37%

29%
42%



≥50% responder rate in patients taking ≥1 concomitant 
sodium-channel blocking AEDs 

58

*p<0.05, **p<0.01 versus placebo

Sake et al. CNS Drugs 2010;24(12):1055–1068; 
UCB Data on file Ref Type: Poster Isojarvi et al. ECE 2010
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≥50% responder rate in patients taking concomitant AEDs 
that act on non-sodium-channel targets 

59Sake et al. CNS Drugs 2010;24(12):1055–1068
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 MoA
• Selectively blocks AMPA receptor-mediated synaptic 

excitation

 FDA approval :
• Monotherapy & combination therapy for Partial seizures &

GTCs for people older than 12 years

 Dose
• Once-daily

• P.O. at bedtime

3. Perampanel (PER)



 Absorption: readily absorbed (food delays but not extent of 
absorption)

 Elimination half life: 105 hr (reduced to 25 hr with 
carbamazepine)

 Administration schedule: once daily at bedtime

 Effective dose range: 4-12mg/day 

 Initiation of therapy: 2mg/day

 Gradual upward titration: 2mg every 2 weeks – 4 weeks

PK profile of perampanel





Perampanel : Pooled study
Steinhoff, Epilepsia 2013



 Black box warning
• Serious psychiatric & behavioral changes

• Homicidal or suicidal thoughts

Perampanel : Pooled study
Steinhoff, Epilepsia 2013



Perampenel in primary GTCS
– IGE patients aged ≥ 12 y experiencing ≥ 3 primary GTCS on stable 

doses of 1-3 approved AEDs
– 4-week titration period (uptitrated from 2 to 8 mg/d) and 13-week 

maintenance period

French JA, Neurology 2015



Perampenel in primary GTCS

 Primary endpoint: % change in primary GTCS frequency per 
28 day

 Secondary endpoint: 50% responding rate

French JA, Neurology 2015



Effects on cognition
– 12–18 yrs, focal epilepsy on 1-3 AEDs, double-blind 

design of 2:1 perampanel and placebo
– 8–12 mg/day (6-week titration, 13-week maintenance)

Meador KJ, Epilepsia 2016

Placebo 
(n =44)

Perampanel
(n = 79)

LS difference 
(95% CI)

P

Full-scale IQ score 100.5 (12.9) 101.6 (14.7) NS

CDR system global 
cognition score

1.6 (1.3) –0.6 (1.0) –2.2 (–5.2, 0.8) 0.145

Power of attention –2.7 (3.0) –6.9 (2.3) –4.2 (–11.0, 2.6) 0.219

Continuity of attention 1.6 (1.2) –1.7 (0.9) –3.3 (–6.0, –0.7) 0.013

Quality of episodic memory –1.2 (1.5) 3.0 (1.1) 4.2 (0.9, 7.5) 0.012

Quality of working memory 2.0 (1.5) 1.1 (1.2) –1.0 (–4.4, 2.5) 0.579

Speed of memory 7.0 (2.7) 0.2 (2.1) –6.6 (–12.7, –0.6) 0.032

Letter of fluency 0.2 (1.1) 0.9 (0.8) 0.6 (–2.0, 3.3) 0.633

Category of fluency score 0.1 (0.5) –0.4 (0.4) –0.6 (–1.9, 0.7) 0.365

Groove Pegboard test –9.2 (28.8) 0.2 (17.2) 0.143



Effects on mood
 The effect of perampanel on aggression and depression in patients 

with epilepsy
– A short-term (12 weeks) prospective study evaluating 59 patients 

with pharmacoresistant epilepsy

 Perampenel significantly increases aggression and depression in 
patients with epilepsy Goji H, Seizure 2019



 Dibenzazepine family

 MoA
• Competitive blocker of the voltage-gated sodium channel

• Reduces the VGSC availability by selectively enhancing slow 
inactivation, similarly to LCM

 Approval : Mono- or adjunctive Tx for partial-onset Sz

 Once-daily (400 mg → 800 mg) (→ 1200 mg)

4. Eslicarbazepine acetate (ESL)



Eslicarbazepine Acetate: PK Profile

 Linear pharmacokinetics

 Tmax: 1-4 hrs after oral 
administration

 T½ ≈20 hrs; steady-state 
achieved in 4-5 days

 Converts to active met of 
eslicarbazepine

 Food does not affect rate and 
extent of absorption 

 Protein binding <40%

 Moderate inhibitor of 2C19

 Mild inducer of 3A4

Bottom line: Better than OXC?



Eslicarbazepine Pivotal Trial Results:
Percent Reduction in Seizure Frequency

Placebo
ESL 400 mg
ESL 800 mg
ESL 1200 mg
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Epilepsia. 2015 Feb; 56(2): 244–253. 

A phase III, double-blind, randomized, placebo-controlled trial.
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Efficacy of ESL with concomitant CBZ

Chung S. AAN Meeting 2015

800mg 1,200mg

- CBZ
+ CBZ - CBZ + CBZ



Eslicarbazepine acetate : Pooled study
Elger, CNS Neurosci Ther 2017



ESL: Behavioral and Psychiatric AEs



Dose-Dependent Increases in 
Cognitive Dysfunction-Related Events

% Incidences Of Dose-Dependent Cognitive Dysfunction-Related Events

APTIOM [prescribing information]. Sunovion Pharmaceuticals Inc., Marlborough, MA, September 2016.

Cognitive dysfunction-related events Placebo APTIOM
800 mg

APTIOM
1200 mg

n=426 n=415 n=410
Memory Impairment 0.2% 1.0% 1.7%
Disturbance in attention 0.5% 0.7% 1.5%
Amnesia 0.2% 1.0% 0.7%
Confusional state 0.5% 0.5% 0.7%
Aphasia 0% 0.2% 1.2%
Speech disorder 0% 0% 0.7%
Slowness of thought 0% 0.2% 0.5%
Disorientation 0% 0.2% 0%
Psychomotor retardation 0% 0.2% 0.2%



Eslicarbazepine Key Points

 Once-daily, immediate-release AED therapy

 Can be taken whole or crushed, with or without food

 Favorable behavioral, psychiatric, and cognitive tolerability

 Some adverse reactions occur more frequently when patient
s take ESL adjunctively with carbamazepine

 FDA approval for both adjunctive and monotherapy for        
focal epilepsy, age 4 and above. 



5. Brivaracetam: PK Profile

 Linear pharmacokinetics

 Tmax: 1-2 hrs after oral 
administration

 T½ ≈9 hrs; steady-state 
achieved after 2 days

 High water and fat solubility

 Food does not affect rate and 
extent of absorption 

 Protein binding <20%

 Metabolized by CYP2C19 
and 2C9

 Not an inducer of 3A4

Bottom line: Better than LEV?



Brivaracetam Is a New Molecular Entity in the Racetam

Class That Targets Synaptic Vesicle Protein 2A (SV2A)

Screened for 
higher affinity 

interaction    
with SV2A     

in vitro1

Profiled in a broad ra
nge of animal model
s of seizures and epil
epsy. Agents with an 
animal model profile 
similar to levetiraceta
m* were not pursued 
through Phase 3 clini

cal trials1,2

12,000 900

Tested in an  
initial animal 

screening    
model of       
epilepsy1

30
compounds

compounds compounds

Brivaracetam



The 50% Responder Rate for Brivaracetam

Pooled Results from Studies 1, 2, and 3

Biton et al. Epilepsia 2013



Efficacy of BRV on Previous LEV Failures

Chung et al. AES Meeting 2016 – scientific session (Houston, TX)
Asadi-Pooya A., Sperling M., Chung S.S. Epilepsy Research 2017, Nov:137: 165-166.



Brivaracetam: Safety and Tolerability

Biton et al. Epilepsia 2013

ADVERSE REACTIONS BRIVARA
(n=803)

%

PLACEBO
(n=459)

%

Gastrointestinal 
disorders

Nausea/vomiting 5 3

Constipation 2 0

Nervous system 
disorders

Somnolence and sedation 16 8

Dizziness 12 7

Fatigue 9 4

Cerebellar coordination and 
balance disturbances*

3 1

Psychiatric disorders Irritability 3 1



Difference Between LEV and BRV?

 BRV has much high and selective affinity for SV2A

 BRV has positive anticonvulsant effects on classic sei
zure models (MES and PTZ)

 BRV is mainly metabolized via liver (CYP2C19 hydro
xylation and CYP2C9 hydrolysis) 

 BRV showed less irritability AEs (3% vs. 1 % placebo)

 BRV requires no titration (usual dose of 50 mg BID)

 Both has IV (10 mg/mL), but faster infusion with BR
V     (over 2 to 15 minutes)

Levetiracetam

Brivaracetam



Higher lipid solubility = Faster Blood-Brain Barrier 
Penetration



 37 patients with epilepsy
• anger levels (STAXI-2), depression-anxiety (HADS) 

and quality of life (QOLIE-10) before adjunctive 
brivaracetam treatment and reassessed 3–6 months 
later

Brivaracetam on depression and 
anxiety

Seizurev Volume 69, July 2019, Pages 198-203



Depression, anxiety, QOL





Brivaracetam Key Points

 High and selective affinity for SV2A in the brain

• IV and oral solution with 1:1 conversion ratio, rapid injection

• Favorable psychiatric (irritability) tolerability compare to LEV

• Demonstrated efficacy on patients who failed LEV previously

• Safety of converting LEV to BRV

 FDA approval for both adjunctive and monotherapy for focal e
pilepsy, age 4 and above. 



6. Cenobamate (YKP3089): PK Profile

 Linear pharmacokinetics

 Tmax: 1-6 hrs after oral 
administration

 T½ ≈55-60 hrs; steady-state 
achieved in 14 days

 No know active metabolites

Bottom line: Far different from Felbamate in 
safety?

Cenobamate

Felbamate



Cenobamate (YKP3089)

 CNB is a novel Tetrazole alkyl carbamate derivative

 Animal models suggest broad spectrum including PTZ, 
MES, and photosensitive epilepsy

 Once daily dosing (Phase II at 200 mg/day), starting     
dose at 50 mg /day with increase every 2 weeks

 Possible MOAs

• Promotes slow inactive state of sodium channels

• enhance GABAA without binding to GABAA subunits



Cenobamate Phase II 

Randomized
N=222

Cenobamate
n=113

Placebo
n=109

Withdrawn
n=11 (9.7%)

• Adverse event: 4 (3.5%) 
• Withdrawal by patient: 5 (4.4%)
• Lost to follow-up: 2 (1.8%) 
• Protocol violation: 0 
• Other: 0

Withdrawn
n=10 (9.2%)

• Adverse event: 4 (3.7%) 
• Withdrawal by patient: 4 (3.7%) 
• Lost to follow-up: 0 
• Protocol violation: 1 (<1%) 
• Other: 1 (<1%)

Screened
N=285

Completed double-blind phase
n=102 (90.3%)

Completed double-blind phase
n=99 (90.8%)

ITT population
n=113

ITT population
n=108

Screening failures
n=63

• Inclusion/exclusion criteria: 49
• Withdrawal by patient: 7
• Other: 6
• Lost to follow-up: 1

Chung  et al. Neurology in review



Cenobamate (YKP3089): Seizure outcome

Median % Seizure Reduction 50% Responder Rate

Chung, French, Krauss  et al. Neurology in review

55.6%

21.5%

50.4%

22.2%



Cenobamate: Superior efficacy?

Chung, French, Krauss  et al. Neurology in review

28.3%



Cenobamate: Adverse Events

Chung  et al. AES 2014



CNB: Slow Titration but Early Efficacy



CNB Key Points

• Once daily dose with early efficacy from phase II study 
• Favorable psychiatric and behavioral tolerability 
• Quite different safety profile compare to FBM
• Demonstrated broad spectrum potential from preclinical 

studies
• Limited data but higher seizure freedom rate than other   

new AEDs
 FDA approval pending (for focal epilepsy), may available 

early next year or late this year in US. 



Adjunctive everolimus therapy for treatment-resistant focal-onset 
seizures associated with tuberous sclerosis (EXIST-3): a phase 3, 

randomised, double-blind placebo-controlled study 
French JA et al, Lancet. 2016; 388:2153-2163

 Patients of 2-65 years-old with TSC and DRE(≥16 in 8-week baseline) under 1-3 AEDs 
 Randomize into : PLC(n=119)

Low-exposure group (everolimus concentration 3-7 ng/ml; n=117) 
High-exposure group (9-15ng/ml; n=130) 

 Titration phase of 6 weeks f/b 12 week of maintenance phase 
 RESULTS

 Response rate:  15.1% vs. 28.2%(p=0.0077) vs. 40.0%(P<0.0001) in PLC, Low- and High-
exp groups, respectively 

 Median % reduction in Sz Freq: 14.9% vs. 29.3%(p=0.0028) vs. 39.6%(p<0.0001), 
respectively

 Seizure free rate: 0.8% vs. 5.1% vs. 3.8%, respectively
 TEAEs: 77% vs. 92% vs. 95% respectively with most common AE reported in everolimus

group(>15%) 
being stomatitis, diarrhea, nasopharyngitis, pyrexia, and URI

 AE led to treatment withdrawal : 2(2%) vs.  6(5%) vs.  4(3%), respectively 

 Conclusion: Adjunctive everolimus treatment significantly reduced seizure 
frequency with a 

tolerable safety profile in patients with  TSC and drug-resistant seizures

 Everolimus targeting the underlying molecular pathology of TSC represent a new 
treatment option for patients with TSC and drug-resistant seizures ( and probably 
in other patient with DREs due to dysregulated mTOR signaling pathway: 
upstream pathway genes: STRADα, DEPDC5, P13K or FCD related to mTOR gene 
mutation)



 New AEDs are better tolerable and have less adverse 
events.

 New AEDs are able to reduce seizure frequency 
significantly in patients with DRE.

 New AEDs may make them seizure free in a small 
portion of patients with DRE.

 The right choice and better combination of AEDs are  
important.

 Comorbidity  should be considered on drug choice.
 But DRE is still about 20-30% despite to increased 

number of new AEDs.
 Surgery and neurostimulation should be considered 

when patients are intractable to 5 or more AEDs. 

Summary


