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Abstract

Eslicarbazepine acetate (Zebinix®), a voltage-gated sodium channel blocker, is a once-daily, orally administered anti-seizure
medication available in the EU for use as monotherapy in adults with newly diagnosed focal-onset seizures and as adjunctive
therapy in adults, adolescents and children aged > 6 years with focal-onset seizures. In adult patients, adjunctive eslicar-
bazepine acetate was generally associated with a significant decrease in seizure frequency and an increase in responder rate
compared with placebo. The drug was also an effective monotherapy agent in adult patients, demonstrating noninferiority to
controlled-release carbamazepine, in terms of seizure freedom rates. In paediatric patients, eslicarbazepine acetate provided
seizure control when administered as adjunctive therapy, with the benefits appearing to be dependent on age and dose. The
antiepileptic efficacy of eslicarbazepine acetate as adjunctive therapy or as monotherapy was maintained during longer-term
extension studies, with each extension study period being up to 2 years. Oral eslicarbazepine acetate was generally well toler-
ated when administered as adjunctive therapy or monotherapy in adult patients and when administered as adjunctive therapy
in paediatric patients, with most adverse events being of mild or moderate intensity. In conclusion, with the convenience of
once-daily administration, eslicarbazepine acetate is an effective and generally well-tolerated treatment option for adults,
adolescents and children aged > 6 years with focal-onset seizures.

1 Introduction

Eslicarbazepine acetate: clinical considerations in

Epilepsy is one of the most common neurological diseases,
affecting ~ 70 million people worldwide, with focal-onset
seizures (previously known as partial-onset seizures [1])

focal-onset seizures

A once-daily, orally administered voltage-gated sodium

being the most frequent seizure type in patients with epi-
lepsy [2]. Anti-seizure medications (ASMs) are the mainstay
of epilepsy treatment, with the goal being achieving seizure
control whilst minimizing adverse events (AEs) associated
with ASMs [3]. However, despite a substantial increase in
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channel blocker

Provides effective seizure control as adjunctive therapy
in adult and paediatric patients and as monotherapy in
adult patients

Antiepileptic efficacy maintained in the longer term

Generally well tolerated, with most adverse events being
of mild or moderate intensity

the number of ASMs being available in the last few dec-
ades, approximately one-third of patients remain treatment-
resistant [2, 3]. The newer generation of ASMs have been
developed in an attempt to provide better efficacy and safety
profiles than those of older ASMs [4].

Eslicarbazepine acetate [Zebinix® (EU), Aptiom®
(USA)], a voltage-gated sodium channel blocker, is a once-
daily, orally administered, third-generation ASM for the
treatment of focal-onset seizures that is approved in several
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countries, including those in the EU [5] and the USA [6].
The efficacy and safety of eslicarbazepine acetate for the
treatment of focal-onset seizures is well established and its
use as adjunctive therapy or monotherapy in adult patients
with epilepsy has been extensively reviewed previously [7,
8]. With the expanded indication of eslicarbazepine acetate
use in paediatric patients [5, 6], this article provides an
updated review of the clinical use of eslicarbazepine acetate
for the treatment of focal-onset seizures in adults, adoles-
cents and children aged > 6 years from an EU perspective.
The pharmacological properties of oral eslicarbazepine
acetate are summarized in Table 1.

2 Therapeutic Efficacy of Eslicarbazepine
Acetate

2.1 In Adult Populations
2.1.1 Adjunctive Therapy

The efficacy of oral eslicarbazepine acetate as adjunctive
therapy to other ASMs for the treatment of focal-onset sei-
zures was evaluated in four pivotal randomized, double-
blind, placebo-controlled, multicentre phase III trials of
similar study design and patient population (studies 301 [9],
302 [10], 303 [11] and 304 [12]). Across the trials, enrolled
patients were aged > 16 [12] or > 18 [9-11] years, were
diagnosed with simple or complex partial seizures (i.e. focal
seizures) with or without secondary generalization in the
past 12 months, were on stable dosages of 1-2 [9, 11, 12]
or 1-3 [10] ASMs for > 1 [12] or > 2 [9-11] months prior
to screening and experienced > 4 focal-onset seizures in the
one [12] or two [10, 11] 4-week periods prior to screen-
ing. Patients who were treated with oxcarbazepine or with
a serum sodium level of < 130 mEq/L were among those
excluded [9-12].

Following screening, patients entered a 8-week obser-
vation baseline period and those who had > 4 focal-onset
seizures per 4-week period were eligible to enter a double-
blind phase [9-12]. Eligible patients were randomized to
receive eslicarbazepine acetate 400 mg [9, 10], 800 mg
[9-12], 1200 mg [9-12] or placebo once daily [9-12]. In
studies 301, 303 and 304, the target doses of eslicarbazepine
acetate were achieved during a 2-week titration period and
were then maintained for 12 weeks (i.e. maintenance period)
[9, 11, 12]. In study 302, however, only eslicarbazepine
acetate 1200 mg/day recipients underwent a 2-week titra-
tion period while all other eslicarbazepine acetate recipients
received their full target doses without titration throughout
the 14-week treatment period [10].

At baseline, patient and disease characteristics were gen-
erally similar between the treatment groups within each trial
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[9-12]. More than half of patients (60-79%) were concur-
rently taking two ASMs, with the most common concomi-
tant ASMs including carbamazepine (34-69%), valproic
acid (13-35%), lamotrigine (11-27%) and levetiracetam
(7-30%). The primary efficacy endpoint in studies 301-304
was the standardized seizure frequency over the mainte-
nance/treatment period, assessed in the intent-to-treat (ITT)
population (i.e. randomized patients who received > 1 dose
of study drug and had > 1 post-baseline seizure frequency
assessment) [9—12]. Discussion focuses on the approved
maintenance dosage of eslicarbazepine acetate (800 or 1200
mg/day), with data from the 400 mg/day treatment arm tabu-
lated for completeness.

In studies 301-304, adjunctive eslicarbazepine acetate
provided effective seizure control in patients with refractory
focal-onset seizures, with 77-82% of patients completing the
maintenance/treatment period [9-12]. Relative to placebo,
eslicarbazepine acetate 1200 mg/day significantly (p < 0.05)
reduced the standardized seizure frequency during the main-
tenance/treatment period, with eslicarbazepine acetate 800
mg/day also providing significant benefit over placebo for
this endpoint in studies 301, 302 and 303 (primary endpoint;
Table 2). Supportive analyses of the primary endpoint con-
ducted in the per-protocol (PP) populations yielded results
similar to those observed in the ITT populations [9-12].

The responder rate (i.e. patients achieving a > 50% reduc-
tion from baseline in seizure frequency) and the median rela-
tive reduction in seizure frequency were generally greater
in eslicarbazepine acetate than placebo recipients [9—-12].
The responder rate was significantly (p < 0.05) greater with
eslicarbazepine acetate 1200 mg/day than with placebo in
all four studies, but the rate with eslicarbazepine acetate
800 mg/day versus placebo was significantly greater only in
studies 301 and 302 (Table 2) [9-12]. The median relative
reduction in seizure frequency was significantly greater with
eslicarbazepine acetate 1200 mg/day than placebo recipients
in the two studies that tested for statistical significance and
with eslicarbazepine acetate 800 mg/day over placebo in
one of these two studies (Table 2) [10, 12]. Eslicarbazepine
acetate 800 and 1200 mg/day also reduced the severity of
seizure compared with placebo in a dose-dependent man-
ner (as measured by the seizure severity questionnaire in
study 304) [13]. During the maintenance/treatment period,
2.0-8.0% of patients receiving eslicarbazepine acetate 800
or 1200 mg/day and 0.9-2.0% of patients receiving placebo
achieved seizure freedom [9-12].

The antiepileptic efficacy of adjunctive eslicarbazepine
acetate was further supported by several pooled analyses
of data from the pivotal phase III studies [14—16]. In the
pooled analysis of studies 301-304, relative to placebo,
eslicarbazepine acetate 800 or 1200 mg/day had a sig-
nificantly (p < 0.0001) lower least squares mean (LSM)
standardized seizure frequency (6.5 and 6.1 vs 8.0), a
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Table 1 Overview of key pharmacological properties of eslicarbazepine acetate

Pharmacodynamic properties [5]

Mechanism of action

Antiepileptic activity

Cognitive function and abuse potential
Cardiac electrophysiology

Pharmacokinetic properties
Adults

Children

Other special populations

Formulation comparability

Drug-drug interactions®

Voltage-gated sodium channel blocker; exact mechanisms of action are not fully elucidated but in preclinical
studies, ESL and its metabolites enhanced slow inactivation of VGSCs, thereby stabilizing the inactivated
state of VGSCs and reducing firing frequencies of excitatory neurons [60]

Affinity to the slow inactivated state of VGSCs over the resting state is greater than that of carbamazepine
and oxcarbazepine, but lower than that of lacosamide [61]

In preclinical models designed to predict the anticonvulsant efficacy in humans, ESL prevented the develop-
ment of seizures [5], and enhanced brain activity and connectivity [62]

In a exposure-response analysis, ESL dose-dependently reduced seizure frequency [63]

Studies in healthy volunteers suggested that ESL is unlikely to cause clinically relevant cognitive impair-
ment [64] and has low abuse potential [65]

Once-daily dosing of ESL 1200 or 2400 mg for 5 days did not prolong the corrected QT interval in healthy
volunteers [66]

ESL undergoes rapid and extensive first-pass hydrolysis to eslicarbazepine (major active metabolite) and
reaches C,,, 2-3 h post-dose and steady state in 4-5 days after once-daily dosing; shows linear, dose-
proportional pharmacokinetics over dosage range of 400—1200 mg/day; relatively low protein binding
(<40%); mostly excreted renally (>90% of dose recovered in urine as metabolites); apparent half-life

13-20 h [5]

Generally similar to adults but volume of distribution and clearance are body weight dependent [5]; body
weight-based dosage selection in children supported by a one-compartment model with formulation-
specific first-order absorption and elimination, with weight-based allometric scaling of clearance and
volume [67]

No dosage adjustment required in pts with mild or moderate hepatic impairment; the pharmacokinetics of
ESL in severe hepatic impairment have not been studied and its use is therefore not recommended [5]

Dosage adjustment recommended in pts with CL-z < 60 mL/min and use not recommended in pts with
CL¢R < 30 mL/min [5]

Given 1 risk of developing severe cutaneous reactions with carbamazepine in pts with HLA-B*1502 allele
in Han Chinese, Thai and other Asian populations and in pts with HLA-A*3101 allele in European and
Japanese populations, use of ESL treatment may be considered if the benefits outweigh risks [5]

No clinically relevant effect of gender and dosage adjustment not required in pts aged > 65 years if renal
function is not impaired [5]

Bioequivalence of ESL tablet and suspension formulations has been established, permitting switching
between formulations without dosage adjustments[5, 68]

Clinically relevant interactions between ESL and other ASMs are unlikely, although dosage adjustments of ESL may be required if coadministered with certain
ASMs such as carbamazepine® or phenytoin, as these drugs | systemic exposure of ESL (by inducing glucuronidation); concomitant use of ESL and oxcarbaz-
epine not recommended as it may cause overexposure to the active metabolites [5]

In vitro, ESL is a weak inducer of CYP3A4 and UDP-glucuronyl transferases and is a moderate inhibitor of CYP2C19; ESL may 1 plasma concentrations
of coadministered drugs that are metabolized by CYP2C19 (e.g. phenytoin) and may | systemic exposure of coadministered drugs that are metabolized by
CYP3A4 (e.g. statins [69], hormonal contraceptives [70]); the dosage adjustment of affected medications may be required and the use of additional non-hormo-

nal contraception methods is recommended [5]

Coadministration of ESL and warfarin | systemic exposure of S-warfarin; INR monitoring is therefore recommended [5]

No clinically relevant interactions observed between ESL and digoxin [5]

ASMs anti-seizure medications, C,,,. peak plasma concentration, CL creatinine clearance, ESL eslicarbazepine acetate, HLA human leukocyte
antigens, INR international normalized ratio, pts patients, VGSCs voltage-gated sodium channels, 1 increase/d, | decrease/d

#Local prescribing information should be consulted for further details

Concomitant use of ESL and carbamazepine also increases the potential risk of experiencing certain adverse events, including diplopia, abnor-

mal coordination and dizziness [5]

significantly (p < 0.0001) higher responder rate (33.8%
and 43.1% vs 22.2%) and a significantly (p < 0.0005)
greater median relative reduction in standardized sei-
zure frequency (33.4% and 37.8% vs 17.6%) during the
maintenance/treatment period [14]. The clinical benefits
of eslicarbazepine acetate 800 or 1200 mg/day over pla-
cebo were consistently seen regardless of age, gender,
geographical region, epilepsy duration, seizure type and
the type of concomitant ASMs [14]. Results of 1-year,
open-label extension studies of studies 301 [17] and 302

[18] showed that the antiepileptic efficacy of adjunctive
eslicarbazepine acetate was maintained during longer-term
treatment (Table 2).

In general, patients who responded to eslicarbazepine
acetate treatment showed greater improvements in health-
related quality of life (HR-QOL), as assessed by the Qual-
ity of Life in Epilepsy Inventory-31 (QOLIE-31) question-
naires, compared with non-responders [19]. In a pooled
analysis of patients who received eslicarbazepine acetate
800 or 1200 mg/day in studies 301, 302 and 303 (n = 530),
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Table 2 Efficacy of oral eslicarbazepine acetate as an adjunct therapy to other antiepileptic drugs for the treatment of focal-onset sei-|

zures in adults with refractory focal seizures

Study Treatment (mg od) No. of ITT pts LSM seizure Responder rate® Median relative reduction

frequency® (BL) (%) in seizure frequency®(%)
At the end of the 12-week maintenance period [9, 11, 12] or the 14-week treatment period [10]
301 [9] ESL 400 99 6.73 (11.4) 23 26
ESL 800 98 5.66%* (11.2) 34 36
ESL 1200 98 5.35%** (11.6) 43wk 45
PL 102 7.64 (12.4) 20 16
302 [10] ESL 400 96 9.3 (14.2) 17 19
ESL 800 100 7.1%%* (16.5) 40wk 33k
ESL 1200 97 7.4%%% (14.8) 37k 33k
PL 100 10.9 (14.3) 13 1
303 [11] ESL 800 84 5.7% (11.6) 35 38
ESL 1200 77 5.5%(11.3) 38 42
PL 84 7.3 (11.3) 23 17
304 [12] ESL 800 215 6.5 (18.0) 31 30
ESL 1200 205 6.0%* (17.6) 43k 36%
PL 220 7.9 (18.1) 23 22
During the 1-year open-label extension study®
301 [17] ESL® 312 3.7-5.0" (7.28) 53.2 56.3
302 [18] ESL® 325 4.7-6.07 (8.4%) 41.5 39.3

BL baseline, ESL eslicarbazepine acetate, ITT intent-to-treat, LSM least-squares means, od once daily, PL placebo, pts patients
*p < 0.05, ** p < 0.01, *** p < 0.001 vs PL

*Primary endpoint; the seizure frequency (standardized to a frequency per 4 weeks) was calculated over the 12-week maintenance period [9, 11,
12] or the 14-week treatment period [10]

Proportion of pts achieving a > 50% reduction from BL in standardized seizure frequency

“Statistical significance testing was conducted only in studies 302 [10] and 304 [12]

dResults are descriptive statistics reported at the last 12-week time interval of open-label extension study (weeks 41-52)
Started ESL at 800 mg/day and up- or down-titrated between 400—-1200 mg/day at the investigator’s clinical judgement
"Median absolute seizure frequency per 4 weeks during the 1-year extension study

£Median absolute seizure frequency at extension study BL

treatment responders with > 50% seizure frequency reduc-
tion had a significantly (p < 0.018) greater mean change in
all subscales (except emotional well-being) and total scores
of QOLIE-31 than non-responders, with two subscales
(medication effects and overall quality of life) exceeding the
established minimal clinically important differences. Sig-
nificantly (p < 0.021) greater improvements in all subscales
and total scores of QOLIE-31 were also seen in treatment
responders with > 75% seizure frequency reduction than
in non-responders, with the total score and five subscales
(cognitive functioning, medication effects, overall quality
of life, seizure worry and social functioning) exceeding the
established minimal clinically important differences [19].
In addition, improvements from baseline in HR-QOL and
depressive symptoms (assessed by the QOLIE-31 ques-
tionnaire and the Montgomery Asberg Depression Rating
Scale, respectively) were seen with eslicarbazepine acetate
in the open-label extension studies of studies 301 and 302
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[17, 18]. Independent of seizure control, eslicarbazepine
acetate appeared to improve anger levels, mood and quality
of life (assessed by the State-Trait Anger with the Expres-
sion Inventory-2, the Hospital Anxiety and Depression Scale
and QOLIE-10, respectively), according to a prospective
observational study in otherwise healthy epileptic patients
(n=178) [20].

2.1.2 Monotherapy

The efficacy of eslicarbazepine acetate monotherapy was
compared with that of carbamazepine controlled release
(CR) monotherapy in a randomized, double-blind, nonin-
feriority phase III trial (study 311) in patients aged > 18
years with newly diagnosed epilepsy [21]. Enrolled patients
were randomized to receive eslicarbazepine acetate or carba-
mazepine CR, with treatment initiated at 400 mg once daily
and 200 mg once daily, respectively, for 1 week. After the
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treatment initiation, the study utilized a stepwise design, in
which patients had their dosage increased to the first target
dose level (eslicarbazepine acetate 800 mg once daily or
carbamazepine CR 200 mg twice daily) over a 1-week sta-
bilization period, followed by a 26-week evaluation period.
Patients experiencing a seizure during the evaluation period
had their eslicarbazepine acetate or carbamazepine CR dos-
age escalated to the second target dose level (1200 mg once
daily or 400 mg twice daily, respectively), with patients
escalating to the third target dose level (1600 mg once daily
or 600 mg twice daily, respectively) if a further seizure
occurred. At any target dose level, patients who remained
seizure-free for the entire 26-week evaluation period entered
a 6-month maintenance period and a subsequent extension
phase. Treatment was discontinued if patients experienced
a seizure while receiving the third target dose level during
the evaluation period, or at any dose level during the main-
tenance period or the extension phase [21].

The primary endpoint was the proportion of seizure-free
patients for the entire evaluation period at the last evaluated
target dose level [21]. Eslicarbazepine acetate was consid-
ered noninferior to carbamazepine CR if the lower limit of
the one-sided 97.5% confidence interval (CI) for the esti-
mated average risk difference (ARD) of the primary end-
point did not exceed —12%. Noninferiority was tested in the
PP set (n = 388 and n = 397 in the eslicarbazepine acetate
and carbamazepine CR groups) and if noninferiority was
demonstrated, it was subsequently tested in the full-analysis
set (FAS; n =401 and n = 412) [21].

At baseline, patient and disease characteristics were gen-
erally similar between the treatment groups [21]. The major-
ity of patients in the eslicarbazepine acetate (70.8%) and
carbamazepine CR (74.5%) groups completed the 26-week
evaluation period, with 67.6% and 76.9% of patients in the
respective groups remaining at the first target dose level [21].

Eslicarbazepine acetate was noninferior to carbamazepine
CR in terms of the seizure freedom rates (primary endpoint),
assessed in the PP set and subsequently in the FAS [21]. At
the end of the 26-week evaluation period, seizure freedom
was achieved in 71.1% of eslicarbazepine acetate recipients
and 75.6% of carbamazepine CR recipients in the PP set, and
70.8% and 74.0% of patients in the FAS. In the respective
population sets, the ARD was — 4.28% (95% CI — 10.30
to 1.74%) and — 3.07% (95% CI — 9.04% to 2.89%). The
overall proportion of seizure-free patients between treatment
groups was similar regardless of the target dose level and
seizure type. At the end of the evaluation period, the prob-
ability of treatment failure (i.e. first seizure) was 12% in
the eslicarbazepine acetate group and 6% in the carbamaz-
epine CR group, and comparable improvements in HR-QOL
(as measured by QOLIE-31 questionnaires) were observed
between treatment groups [21].

The noninferior antiepileptic efficacy and comparable
improvements in HR-QOL observed during the evaluation
period with eslicarbazepine acetate versus carbamazepine
CR were maintained over 1 year of treatment [21]. At 1 year,
the probability of patients to withdraw from treatment due to
AE:s or lack of efficacy was 26% with eslicarbazepine acetate
and 21% with carbamazepine CR [21].

Following the completion of study 311 [21], patients
could enter an open-label extension study (311-EXT) where
all patients received eslicarbazepine acetate once daily for
~ 2 years [22]. Patients treated with eslicarbazepine acetate
(n = 109) received treatment at their last evaluated dose
level and those switching from carbamazepine CR (n = 97)
received the dose of eslicarbazepine acetate that matched
the last evaluated dose level of carbamazepine CR in study
311; eslicarbazepine acetate dosage could be adjusted within
the range of 800—-1600 mg/day, based on clinical response
and tolerability. Overall, the majority (89.3%) of patients
remained on eslicarbazepine acetate monotherapy and
> 80% of patients receiving eslicarbazepine acetate mono-
therapy (n = 184) were seizure-free during the 2-year exten-
sion study. Moreover, all patients and investigators (n = 155
each) rated overall treatment satisfaction as ‘very good’ or
‘good’ at the end of study visit [22].

The efficacy of eslicarbazepine acetate as monotherapy
was further supported by two identically designed, double-
blind, randomized, historical cohort-controlled phase III tri-
als in adults with uncontrolled focal-onset seizures despite
receiving 1-2 ASMs (studies 093-045 [23] and 093-046
[24]). Following an 8-week baseline period, eligible patients
were randomized to receive eslicarbazepine acetate 1200
mg (efficacy population, n = 60 in study 093-045; n = 54
in study 093-046) or 1600 mg (n = 118; n = 100) once
daily for 18 weeks. The target dosage of eslicarbazepine
acetate was achieved during the 2-week titration period and
then maintained for 16 weeks, which consisted of a 6-week
ASM conversion period and 10-week eslicarbazepine acetate
monotherapy period [23, 24]. The primary endpoint was the
proportion of patients meeting > 1 predefined exit criteria
(signifying worsening seizure control) by day 112 (i.e. at the
end of 10-week maintenance period) [23, 24].

In studies 093-045 and -046, eslicarbazepine acetate 1200
or 1600 mg/day was an effective conversion to monotherapy
agent, with the Kaplan-Meier estimated exit rate at day 112
being 12.8-44.4%; the upper limits of the 95% ClIs for the
Kaplan-Meier estimated exit rates for eslicarbazepine acetate
1200 or 1600 mg/day were below the lower limit of the pre-
specified exit rate threshold of 65.3% (calculated from the
historical controls), indicating statistical superiority [23, 24].
In both trials, 7.4-10% of patients receiving eslicarbazepine
acetate 1200 or 1600 mg/day were seizure-free during the
10-week monotherapy period [23, 24].

A\ Adis



994

Y.-A. Heo

2.2 Inthe Paediatric Population
2.2.1 Adjunctive Therapy

The efficacy of eslicarbazepine acetate as an adjunctive
therapy for the treatment of focal-onset seizure in children
was evaluated in a phase II trial (study 208) [25], which was
primarily designed to evaluate the drug’s effects on cognitive
function, and a phase III trial (study 305) [26]. Both stud-
ies were randomized, double-blind and placebo-controlled
[25, 26]. Enrolled children were aged 6—16 years [25] or
2-18 years [26], had refractory focal-onset seizures and were
receiving 1-2 ASMs (except oxcarbazepine).

Following a 4-week [25] or 8-week [26] observational
baseline period, patients were randomized to receive eslicar-
bazepine acetate (n = 83 in study 208; n = 134 in study 305)
or placebo (n = 40; n = 129) during a double-blind period
(part I), which consisted of a 4-week [25] or 6-week [26]
titration period and a 8-week [25] or 12-week [26] mainte-
nance period. The target dosage of eslicarbazepine acetate in
study 208 (30 mg/kg/day [25]) and 305 (20 mg/kg/day [26])
was achieved during the titration period and administered
during the maintenance period; the dosage could be up-or
down-titrated to 10-30 mg/kg/day based on tolerability and
therapeutic response, with the maximum dosage of 1200 mg/
day [25, 26]. Randomization was stratified by age group and
patients who completed part I could enter two (part II-III)
[25] or four (part II-V) [26, 27] subsequent long-term open-
label extension periods (each extension period < 2 years).

Of the randomized patients, 90.4% and 89.6% of eslicar-
bazepine acetate recipients completed part I of studies 208
and 305 (vs 92.5% and 91.5% of placebo recipients) [25,
26]. In study 208, where efficacy analyses were secondary
objectives, adjunctive eslicarbazepine acetate was associ-
ated with significant (p < 0.009) benefits over placebo in
terms of the LSM change in standardised seizure frequency
from baseline to maintenance period (— 34.8% vs — 13.8%
[5]) and the responder rate (i.e. patients achieving a > 50%
reduction from baseline in seizure frequency; 50.6% vs
25.0%) [25]. In study 305, however, the differences in LSM
change from baseline in standardized seizure frequency and
the responder rate (co-primary endpoints) between the esli-
carbazepine acetate and the placebo groups were not statisti-
cally significant (— 18.1% vs — 8.6% and 30.6% vs 31.0%,
respectively) [26]. Although the reason for nonsignificance
cannot be definitively explained, factors affecting the young
age group (e.g. etiological heterogeneity, difficulty in recog-
nizing simple focal-onset seizures, high seizure frequency
with risk of imbalance) and the underestimation of the effec-
tive target dosage of eslicarbazepine acetate may have played
arole [26].

The antiepileptic efficacy of eslicarbazepine acetate in
children appeared to be age- and dose-dependent, according
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to the post-hoc subgroup analysis of study 305 [26]. In
patients aged 7-18 years, the LSM change in standard-
ized seizure frequency and the > 50% responder rate were
numerically greater in eslicarbazepine acetate than placebo
recipients (— 24.4% vs — 10.5%; 35% vs 30.2%). In this age
group, the response to eslicarbazepine acetate was generally
more prominent in patients receiving 30 mg/kg/day, with the
relative reduction of standardized seizure frequency being
significantly (p = 0.0478) greater than placebo (— 37.2% vs
—5.2%) [26].

The antiepileptic efficacy of eslicarbazepine acetate was
maintained in the open-label extension periods of studies 208
and 305 [5, 25-27]. For instance, in the 1-year open-label
extension period of study 305 (part II; n = 225), the total
median relative change in standardized seizure frequency
from open-label baseline period was — 46.7% and the total
responder rate was 46.7% [26]. The respective endpoints
in patients receiving eslicarbazepine acetate throughout the
study were — 40.4% and 41.4% and those in patients who
switched from placebo to eslicarbazepine acetate in the
extension period were — 51.4% and 51.7% [26]. In the sub-
sequent part III-V extension periods of study 305 (n = 148),
the median relative change in standardized seizure frequency
from baseline (i.e. the last 4 weeks of part II) was — 22.9%,
the overall responder rate was 26.6% and 8.1% of patients
achieved seizure freedom [5, 27]. Taking the limitations of
open-label uncontrolled data into account, the long-term
response to eslicarbazepine acetate treatment observed during
open-label extension periods was maintained overall [5, 27].

2.3 In the Real-World Setting

Several large (n > 100) real-world studies of retrospective or
prospective design further supported the antiepileptic effi-
cacy of oral eslicarbazepine acetate as adjunctive therapy
[28-34] or monotherapy [28-30, 34-37] in patients with
focal-onset epilepsy. Discussion focuses on results from the
largest real-world study (Euro-Esli; n = 2058), an explora-
tory pooled analysis of 14 European real-world studies,
including Early-Esli [29], EPOS [32] and ESLIBASE [30],
in patients aged 14-88 years with epilepsy who received
eslicarbazepine acetate treatment [34].

In Euro-Esli, the median duration of eslicarbazepine
acetate treatment was 65 months, with the median dosage
being 400 mg/day at baseline and 800 mg/day from month 3
onwards [34]. After 12 months of therapy, 73.4% of patients
remained on eslicarbazepine acetate treatment, 75.6%
achieved > 50% reduction in seizure frequency and 41.3%
were seizure free for > 6 months [34]. Furthermore, eslicar-
bazepine acetate significantly reduced the median frequen-
cies of total, simple partial, complex partial and secondarily
generalized seizures at final follow-up (i.e. last visit) from
baseline (p < 0.01 for all) [34].
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Responder and seizure freedom rates were generally
higher in patients receiving eslicarbazepine acetate as mono-
therapy than those receiving the drug as adjunctive therapy
[38]. In addition, a subgroup descriptive analysis revealed
that eslicarbazepine acetate was more effective in patients
aged > 65 years, receiving < 2 concomitant ASMs or not
receiving other sodium channel blocking ASMs [34], or
without intellectual disability [39]; the presence or absence
of psychiatric comorbidity or depression had no effect on
eslicarbazepine acetate efficacy [39]. Factors such as shorter
epilepsy duration, < 2 previously received ASMs, < 5 sei-
zures per month, lower numbers of concomitant ASMs
and the absence of seizure at baseline increased the odds
of eslicarbazepine acetate treatment retention at 12 months,
according to a post-hoc analysis of Euro-Esli [40].

3 Tolerability of Eslicarbazepine Acetate

In the clinical trials and real-world studies discussed in
Sect. 2, oral eslicarbazepine acetate as adjunctive therapy or
as monotherapy was generally well tolerated in adults with
focal-onset epilepsy. The tolerability profile of eslicarbaz-
epine acetate as adjunctive therapy in paediatric patients was
similar to that seen in adult patients [25, 26]. The majority
of AEs occurred within the first few weeks of eslicarbaz-
epine acetate treatment, with most being of mild or moderate
severity [5].

According to a pooled safety analysis of data from stud-
ies 301-304 in adults with refractory focal-onset seizures
(Sect. 2.1.1), the incidences of treatment-emergent adverse
events (TEAEs) in patients receiving adjunctive eslicarbaz-
epine acetate 800 or 1200 mg/day (n = 500 and 490) were
67.0% and 73.1% versus 52.7% with placebo (n = 513) [14,
41]. The most common TEAESs considered possibly related
to study drug (> 10% in any treatment group) included diz-
ziness, somnolence and nausea, with the incidence of each
TEAE being dose-dependent with eslicarbazepine acetate
treatment (Fig. 1). Serious TEAEs occurred in < 5% of
patients in any treatment group and TEAEs led to treatment
discontinuation in 12.2%, 22.2% and 6.2% of eslicarbazepine
acetate 800 mg/day, 1200 mg/day and placebo recipients,
respectively; the most common TEAEs leading to treat-
ment discontinuation in the respective groups were dizzi-
ness (4.8%, 8.2% and 0.8%), nausea (2.2%, 5.3% and 0%),
vomiting (2.0%, 4.3% and 0.2%) and ataxia (1.8%, 3.9% and
0%) [14, 41]. Where reported, adjunctive eslicarbazepine
acetate was associated with low incidences of psychiatric
and cognitive TEAEs [42], and did not appear to worsen
seizure frequency or severity relative to placebo [43]. The
tolerability profile of adjunctive eslicarbazepine acetate in
elderly patients (aged > 65 years) was consistent to that
observed in studies 301-304 [44].

In adults with epilepsy, the tolerability profile of eslicar-
bazepine acetate as monotherapy [21, 23, 24] was consist-
ent to that seen when the drug was administered as adjunc-
tive therapy [9-12]. For instance, in study 311 in patients
with newly diagnosed focal-onset epilepsy (Sect. 2.1.2), the
incidences of TEAE:s in patients receiving eslicarbazepine
acetate (n = 401) or carbamazepine CR (n = 412) mono-
therapy were 76.3% versus 79.6%, respectively, with the
most common TEAESs considered possibly related to study
drug including dizziness (7.5% vs 7.0%), headache (6.7% vs
6.8%), somnolence (5.2% vs 7.8%), fatigue (5.0% vs 4.4%)
and nausea (4.5% vs 7.3%) [21]. Overall, 14.0% and 18.4%
of patients in the respective groups discontinued treatment
due to TEAEs [21].

The nature and frequency of TEAEs with adjunctive esli-
carbazepine acetate in paediatric patients were also similar
to those observed in adult patients, with the safety profile
generally consistent across age groups [5, 25, 26]. In pla-
cebo-controlled studies in paediatric patients with refrac-
tory focal-onset seizures (Sect. 2.2.1), the most frequently
reported AEs (> 3% incidence) with adjunctive eslicar-
bazepine acetate in patients aged 6—11 years were diplopia
(9.5%), somnolence (7.4%), dizziness (6.3%), convulsion
(6.3%) and nausea (3.2%), whereas somnolence (7.4%),
vomiting (4.2%), diplopia (3.2%) and fatigue (3.2%) were
most frequently reported in those aged 12—-18 years [5].

Long-term safety data from the open-label extension stud-
ies of up to 2 years [17, 18, 22, 25-27] and post-marketing
surveillance of up to 6 years [41] in adult and paediatric
patients with focal-onset epilepsy were consistent with the
known safety profile of eslicarbazepine acetate and revealed
no new safety signals.

1zziness

Somnolence

W ESL 1200 mg/day (n = 490)

D ESL 800 mg/day (n = 500)

Nausea

10 15 20 25 30
Incidence (% of patients)

OPL (n=513)

o
(%]

Fig. 1 Treatment-emergent adverse events considered possibly related
to study drug with > 10% of incidence in any treatment group in a
pooled analysis of studies 301, 302, 303 and 304 [14]. ESL eslicar-
bazepine acetate, PL placebo
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3.1 Adverse Events of Special Interest

In general, the effect of eslicarbazepine acetate on clinical
laboratory parameters (haematology, blood chemistry, urine
and coagulation) appears to be minimal [14, 21, 27]. Cases
of clinically relevant hyponatraemia (i.e. Na < 125 mEq/L)
have been reported in 1.1-3.3% of adult patients [21, 45] and
0.5-0.8% of paediatric patients [46] treated with eslicarbaz-
epine acetate. Where reported, the incidence of hyponatrae-
mia with eslicarbazepine acetate generally increased in a
dose-dependent manner [5]; hyponatraemia-related TEAEs
led to treatment discontinuation in < 1.6% patients treated
with eslicarbazepine acetate [45]. Of note, the incidence of
hyponatraemia in elderly patients was 8.3% and all patients
recovered from hyponatraemia without sequelae [44].
Patients with pre-existing renal disease or with symptoms
of hyponatraemia, or those concomitantly receiving medica-
tions that may cause hyponatraemia (e.g. diuretics, desmo-
pressin, carbamazepine), should be monitored for sodium
levels during eslicarbazepine acetate therapy and treatment
should be discontinued immediately if clinically relevant
hyponatraemia develops [5].

Hypersensitivity reactions (e.g. rash, urticarial, angi-
oedema), serious cutaneous adverse reactions [e.g. Stevens-
Johnson Syndrome (SJS), toxic epidermal necrolysis (TEN)
and drug reaction with eosinophilia and systemic symptoms
(DRESS)] and dose-related PR interval prolongation have
been reported with eslicarbazepine acetate in clinical trials
or in post-marketing experience [5]. Appropriate monitor-
ing, treatment interruption, modification or discontinuation
of eslicarbazepine acetate may be necessary in patients
experiencing such AEs; appropriate treatment may also be
required. Furthermore, as eslicarbazepine acetate is structur-
ally related to oxcarbazepine, the occurrence of class-related
rare adverse reactions, such as bone marrow depression, ana-
phylactic reactions, systemic lupus erythematosus or serious
cardiac arrhythmias after eslicarbazepine acetate treatment
cannot be excluded, although they did not occur during the
placebo-controlled studies with eslicarbazepine acetate [5].

Suicidal behavior and ideation have been reported with
other ASMs and available data does not exclude the possibil-
ity of an increase in such risks with eslicarbazepine acetate;
patients treated with eslicarbazepine acetate should therefore
be monitored for signs of suicidal behaviour or ideation [5].

4 Dosage and Administration
of Eslicarbazepine Acetate

Eslicarbazepine acetate is approved in the EU for the treat-

ment of focal-onset seizures, with or without secondary gen-
eralisation, as monotherapy in adults with newly diagnosed

A\ Adis

epilepsy and as adjunctive therapy in adults, adolescents and
children > 6 years with epilepsy [5]. Its efficacy and safety
have not yet been established in children aged < 6 years.
Eslicarbazepine acetate is orally administered and can be
taken with or without food. It is available in tablet (200,
400, 600 and 800 mg) and oral suspension (50 mg/mL) for-
mulations and, based on comparability bioavailability data
between the formulations (Table 1), patients can freely
switch from taking tablets to taking suspensions [5].

The recommended dosage of eslicarbazepine acetate dif-
fers between adults and children [5]. For adults, the recom-
mended starting dosage of oral eslicarbazepine acetate is
400 mg once daily, which should be increased to 800 mg
once daily after 1-2 weeks. Based on individual response,
the dosage may increase up to 1200 mg once daily when
given as adjunctive therapy and up to 1600 mg once daily
when given as monotherapy (1600 mg not recommended in
patients aged > 65 years). The recommend dosage of oral
eslicarbazepine acetate in children aged > 6 years with a
body weight of > 60 kg is identical as for adults. However,
for children with a body weight of < 60 kg, the recom-
mended dosage of oral eslicarbazepine acetate is based on
body weight, with the starting dosage being 10 mg/kg/day
once daily and increased by 10-30 mg/kg/day weekly or
bi-weekly (based on individual response) to the maximum
dosage of 1200 mg once daily [5].

Although there are inadequate data on the use of eslicar-
bazepine acetate in pregnant women, reproductive toxicity
has been observed in animal studies after treatment with
eslicarbazepine acetate [5]. If women receiving eslicarbaz-
epine acetate become pregnant or are considering pregnancy,
the use of eslicarbazepine acetate should be carefully re-
evaluated and patients should be advised of the potential
increased risk of malformations and offered an antenatal
screening. It is also advised to discontinue breastfeeding
during eslicarbazepine acetate treatment [5].

Local prescribing information should be consulted for
detailed information regarding missed doses, discontinu-
ation, contraindications, drug interactions, use in special
patient populations, and warnings and precautions.

5 Place of Eslicarbazepine Acetate
in the Management of Focal-Onset
Seizures

With a growing number of approved ASMs available, the
treatment strategy in patients with focal-onset seizures
should be individualized and the choice of an appropriate
ASM should be based on various factors, including the sei-
zure type, epilepsy syndrome, the drug efficacy and safety
profile, pharmacological properties, patient comorbidities,
co-medication, potential drug interactions, drug costs and
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patient preference [3, 47]. The 2020 updated National Insti-
tute and Health and Care Excellence (NICE) guidelines rec-
ommend carbamazepine or lamotrigine as first-line therapy
for children, adolescents and adults with newly diagnosed
focal-onset seizures, and levetiracetam, oxcarbazepine or
sodium valproate are recommended if carbamazepine or
lamotrigine are not suitable or not tolerated; adjunctive ther-
apy should be considered if a second well-tolerated ASM
is ineffective [47]. For patients with refractory focal-onset
seizures, the NICE guidelines recommend carbamazepine,
clobazam, gabapentin, lamotrigine, levetiracetam, oxcarbaz-
epine, sodium valproate or topiramate as adjunctive therapy;
if initial adjunctive therapy is ineffective or not tolerated,
other ASMs, including eslicarbazepine acetate, lacosamide,
phenobarbital, phenytoin, pregabalin, tiagabine, vigabatrin
and zonisamide, may be considered [47]. Recommendations
in the 2018 practice guideline update summary from the
American Academy of Neurology and the American Epi-
lepsy Society on the use of second- and third-generation
ASMs are consistent with NICE guidelines [48, 49].
Eslicarbazepine acetate, a voltage-gated sodium channel
blocker, is a newer third-generation ASM belonging to a
drug class known as dibenzazepine carboxamide [2, 50].
Eslicarbazepine acetate has been developed to overcome
some limitations associated with the use of its chemically
related ASMs carbamazepine and oxcarbazepine, thereby
providing more favourable antiepileptic efficacy and toler-
ability profiles [2, 50]. Although direct comparison data are
lacking, evidence from the real-world studies indicates that
eslicarbazepine acetate is an effective adjunctive therapy
when added in patients who have inadequate seizure con-
trol with carbamazepine [50]. Moreover, real-world studies
suggest that patients experiencing inadequate seizure control
and intolerable AEs with oxcarbazepine may quickly switch
to eslicarbazepine acetate without clinical neuropsychologi-
cal or laboratory abnormalities [50, 51]. In addition, eslicar-
bazepine acetate monotherapy may be effective in patients
who have switched from carbamazepine or oxcarbazepine
because of their inadequate efficacy or unacceptable AEs
[50]. Furthermore, with the convenience of once-daily
administration and a potentially improved tolerability profile
(e.g. fewer psychiatric/neurological AEs and improvement
in lipid profiles), eslicarbazepine acetate is likely to promote
treatment adherence [50]. In a retrospective cohort from a
large US commercial claims database (n = 983 evaluable),
the adherence rate of eslicarbazepine acetate monotherapy
was significantly (p = 0.037) higher than that of carbamaze-
pine and numerically higher than that of oxcarbazepine [52].
In clinical trials, oral eslicarbazepine acetate was effec-
tive in providing seizure control in adult and paediatric
patients with focal-onset epilepsy (Sect. 2). Data from stud-
ies 301-304 demonstrated that adjunctive eslicarbazepine
acetate was associated with a significant decrease in seizure

frequency and an increase in responder rate compared
with placebo in adults with refractory focal-onset epilepsy
(Sect. 2.1.1). Eslicarbazepine acetate was also an effective
monotherapy agent in adults with newly diagnosed focal-
onset epilepsy, being noninferior to carbamazepine CR in
terms of seizure freedom rates in study 311 (Sect. 2.1.2).
In addition, in children with refractory focal-onset seizures
in studies 208 and 305, adjunctive eslicarbazepine acetate
provided effective seizure control compared with placebo,
with the efficacy potentially being age- and dose-dependent
(Sect. 2.2.1). Although eslicarbazepine acetate failed to
reach statistical significance over placebo in study 305, this
may have been due to various factors affecting the young
age group and underestimating the effective target dosage
of eslicarbazepine acetate. Longer term, the antiepileptic
efficacy of eslicarbazepine acetate in adult and paediatric
patients was maintained during open-label extension stud-
ies, with each extension study period being up to 2 years.
Furthermore, results from large real-world studies in adult
and paediatric patients with focal-onset epilepsy also sup-
ported the antiepileptic efficacy of eslicarbazepine acetate
(Sect. 2.3).

Eslicarbazepine acetate was generally well tolerated
when administered as adjunctive therapy or monotherapy
in adult patients and when administered as adjunctive ther-
apy in paediatric patients, with most AEs being of mild or
moderate intensity (Sect. 3). Dizziness, somnolence, nau-
sea, fatigue and diplopia were among the most frequently
reported TEAEs with eslicarbazepine acetate in the clini-
cal trials, with no new safety signals identified during
longer-term (< 6 years) treatment [41]. Of note, although
few cases of hyponatraemia (i.e. Na < 125 mEq/L) were
reported with eslicarbazepine acetate in the clinical trials
(Sect. 3.1), these trials excluded patients with a serum
sodium level of < 130 mEq/L (Sect. 2). In a real-world
single-centre study of adult inpatients (n = 560), the inci-
dence of eslicarbazepine acetate-induced hyponatraemia
was not statistically different to that induced by oxcarbaz-
epine but was higher than that induced by carbamazepine
and was more commonly seen in elderly patients [53].
Appropriate monitoring and management of hyponatrae-
mia is recommended before and during the eslicarbazepine
acetate treatment (Sect. 3.1) [5].

As with other ASMs, there is a potential teratogenic
risk with eslicarbazepine acetate; however, data relating
to the use of eslicarbazepine acetate in pregnant women is
currently limited. In a review of a global safety database
(comprised of clinical trials and 8-year post-marketing
surveillance), 79 cases of eslicarbazepine acetate expo-
sure during pregnancy have been identified, of which 10
cases of spontaneous abortions and five cases of congeni-
tal anomalies were reported [54]. Of 11 out of 15 cases
of spontaneous abortion and/or congenital anomalies,
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eslicarbazepine acetate was coadministered with other
ASMs, such as lacosamide, lamotrigine and levetiracetam,
and three cases of congenital anomalies were considered
to be possibly related to eslicarbazepine acetate exposure
[54]. Further studies and monitoring of eslicarbazepine
acetate use in pregnant women would be of interest.

Meta-analyses and indirect comparisons of several
newer ASMs as adjunctive therapy in refractory focal-
onset epilepsy [4, 55-58] or as monotherapy in newly
diagnosed focal-onset epilepsy [59] are available. Over-
all, there were no significant differences in antiepileptic
efficacy between eslicarbazepine acetate and other third-
generation ASMs, including lacosamide, brivaracetam and
perampanel, for the treatment of refractory focal-onset
epilepsy [55, 57, 58] and eslicarbazepine acetate was
considered to be an effective initial monotherapy and a
suitable alternative to carbamazepine CR in adult patients
with newly diagnosed focal-onset epilepsy [59]. However,
given the indirect nature of the comparisons, these find-
ings should be interpreted with caution.

In conclusion, based on extensive evidence from clini-
cal trials and real-world studies, oral eslicarbazepine ace-
tate is an effective and generally well tolerated treatment
option for adults, adolescents and children aged > 6 years
with focal-onset seizures.

Data Selection Eslicarbazepine acetate: 484

records identified

Duplicates removed 90

Excluded during initial screening (e.g. press releases; 211
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g. reviews; duplicate data; 113
small patient number; nonrandomized/phase I/I1 trials)

Cited efficacy/tolerability articles 40
Cited articles not efficacy/tolerability 30

Search Strategy: EMBASE, MEDLINE and PubMed from 2014
to present. Previous Adis Drug Evaluation published in 2014 was
hand-searched for relevant data. Clinical trial registries/databases
and websites were also searched for relevant data. Key words
were eslicarbazepine acetate, Zebinix, Aptiom, Exalief, Stedesa,
focal seizures, partial-onset seizures, epilepsy. Records were
limited to those in English language. Searches last updated 3 July
2020.
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