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Abstract Eslicarbazepine acetate (Aptiom®, Zebinix®) is
approved for the adjunctive treatment of partial-onset sei-
zures in adults aged >18 years. Adjunctive therapy with
oral eslicarbazepine acetate 800 or 1,200 mg once daily
was associated with a significantly lower standardized
seizure frequency (primary endpoint) than placebo in
patients aged >18 years with refractory partial-onset sei-
zures in three, randomized, double-blind, multinational,
phase III trials. In a fourth randomized, double-blind,
multinational, phase III trial in patients aged >16 years
with refractory partial-onset seizures, adjunctive es-
licarbazepine acetate 1,200 mg once daily, but not 800 mg
once daily, was associated with a significantly lower
standardized seizure frequency (primary endpoint).
Responder rates were significantly higher with es-
licarbazepine acetate 1,200 mg once daily than with pla-
cebo in these four trials, and with eslicarbazepine acetate
800 mg once daily than with placebo in two trials. The
efficacy of eslicarbazepine acetate was maintained in the
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longer term, according to the results of 1-year extension
studies. Adjunctive therapy with oral eslicarbazepine ace-
tate was generally well tolerated in patients with refractory
partial-onset seizures, with most adverse events being of
mild to moderate severity. In conclusion, eslicarbazepine
acetate is a useful option for the adjunctive treatment of
patients with refractory partial-onset seizures.

Eslicarbazepine acetate as adjunctive therapy in

adults aged =18 years with refractory partial-onset
seizures: a summary

Prodrug of eslicarbazepine

Associated with few clinically relevant drug
interactions

Generally associated with a significantly lower
standardized seizure frequency than placebo

Efficacy maintained in the longer term

Generally well tolerated

1 Introduction

Epilepsy is a common neurological disorder, affecting
approximately 50 million people worldwide, that is char-
acterized by recurring seizures [1, 2]. Partial-onset (focal)
seizures originate within networks limited to one hemi-
sphere and may be discretely localized or more widely
distributed [3].

Monotherapy with an antiepileptic drug (AED) is suffi-
cient to achieve seizure control without intolerable adverse
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effects in 60 % of patients [1]. Of the remaining patients,
some will initially respond to monotherapy and subse-
quently relapse and some will be refractory to monotherapy
from the outset. A proportion of these patients will respond
to combination therapy with AEDs [1].

Oral eslicarbazepine acetate (Aptiom®, Zebinix®) is
approved in the US for the adjunctive treatment of adults
aged >18 years with partial-onset seizures [4] and in the EU
as adjunctive therapy in adults aged >18 years with partial-
onset seizures with or without secondary generalization [5].
This article reviews the clinical efficacy and tolerability of
eslicarbazepine acetate when used as adjunctive therapy in
patients with refractory partial-onset seizures, as well as
summarizing its pharmacological properties.

2 Pharmacodynamic Properties

This section provides an overview of the pharmacody-
namic properties of eslicarbazepine acetate, with a sum-
mary of the findings of preclinical studies shown in
Table 1. Results of pooled analyses [6—8] of phase III trials
(trials 2093-301 [9], 2093-302 [10] and 2093-303 [11] or
2093-304 [12]) in patients with refractory partial-onset
seizures are also discussed in this section. Patients received
once-daily eslicarbazepine acetate 400, 800 or 1,200 mg or
placebo in trials 2093-301 and 2093-302 and once-daily
eslicarbazepine acetate 800 or 1,200 mg or placebo in trials
2093-303 and 2093-304 (see Sect. 5.1 for further infor-
mation regarding these trials). Some of the studies in this
section are only available as abstracts [6, 7, 13-24] and/or
posters [7, 8, 25].

2.1 Mechanism of Action and Preclinical Findings

Eslicarbazepine acetate is a dibenz[b,f]azepine derivative
that has a dibenazepine nucleus with a 5-carboxamide

Fig. 1 Chemical structure of eslicarbazepine acetate
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substituent, but is structurally different from carbamaze-
pine and oxcarbazepine at the 10,11-position (Fig. 1) [26,
27]. Eslicarbazepine acetate is a prodrug that is metabo-
lized to its major active metabolite eslicarbazepine (S-li-
carbazepine), and to the minor active metabolites
R-licarbazepine and oxcarbazepine (see also Sect. 3).

Although the precise mechanism of the anticonvulsant
activity of eslicarbazepine acetate is unknown, it is thought
to involve inhibition of voltage-gated sodium channels
[26]. The voltage-gated sodium channel is an o-subunit
arranged in six transmembrane segments (S1-S6) and has
three states: deactivated (i.e. resting state in which the
channel is closed but responsive to voltage changes),
activated (i.e. open) and inactivated (i.e. closed and non-
responsive to voltage changes) [28]. Activation of the
voltage-gated sodium channel allows entry of Na't ions
into the neuron, permitting propagation of the action
potential [28]. Eslicarbazepine acetate competitively
interacted with neurotoxin receptor site 2 of the voltage-
gated sodium channel in the inactivated state, stabilizing
the inactive form of the sodium channel [26, 29].

Although eslicarbazepine, R-licarbazepine, oxcarbaze-
pine and carbamazepine all had higher affinity for the
inactivated versus the resting state of the voltage-gated
sodium channel, the affinity of eslicarbazepine for this
channel in the resting state was 5- to 15-fold lower than
that of R-licarbazepine, oxcarbazepine and carbamazepine
[13]. Thus, eslicarbazepine had enhanced inhibitory
selectivity for rapidly-firing neurons versus those display-
ing normal activity [26, 29].

Eslicarbazepine also blocked high and low affinity Cay3.2
inward currents; this blockade of T-type calcium channels
may contribute to the anticonvulsant activity of eslicarbaze-
pine acetate [14, 15] (Table 1). In addition, eslicarbazepine
had inhibitory effects on glycine GlyRa3 receptor-mediated
inward currents [16] and on N-methyl-p-aspartate (NMDA)
receptor-mediated currents [17] (Table 1).

However, eslicarbazepine did not have a marked effect on
Cay2.1 calcium peak currents, voltage-gated Ky7.2 potas-
sium channels, submaximal y-aminobutyric acid (GABA)
currents or o-amino-3-hydroxy-5-methyl-isoxazole-4-pro-
pionate (AMPA) currents [14, 17-20] (Table 1).

In vitro, the release of glutamate [30, 31], aspartate [31],
GABA [31] and dopamine [31] from rat hippocampal
synaptosomes [30] or rat striatal slices [31] was inhibited in
a concentration-dependent manner by eslicarbazepine, ox-
carbazepine and carbamazepine (Table 1).

Eslicarbazepine significantly (p < 0.05) reduced maxi-
mal persistent Na™ current conductance in CA1 neurons
isolated from hippocampal slices of wild-type mice, as well
as reducing the firing rate [32] (Table 1). Unlike carbam-
azepine, eslicarbazepine was not associated with paradox-
ical upregulation of the persistent Na* current in mice
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Table 1 Pharmacodynamic activity of eslicarbazepine acetate and eslicarbazepine in preclinical studies

In vitro studies™ °
ESL competitively interacts with neurotoxin receptor site 2 of the VGSC in the inactivated state [29]

For high and low affinity Cay3.2 inward currents, ICs, values were 0.43 and 62.61 umol/L, respectively, for S-LIC, 6.54 and 883.10 pmol/L,
respectively, for R-LIC and 27.10 and 711.20 umol/L, respectively, for CAR; OXC did not affect Cay3.2 currents [14, 15]

For Cay2.1 calcium peak current, ICs values for S-LIC, R-LIC, OXC and CAR were 7,836.80, 6,266.71, 767.92 and 452.46 nmol/L,
respectively [14, 19]

Unlike R-LIC and CAR, S-LIC had no inhibitory effect on Ky7.2 outward currents [18]

S-LIC and R-LIC had no significant effect on submaximal GABA currents [20]; submaximal o132y2 and a332y2 GABA currents increased
by 50 and 66 %, respectively, with CAR [20]

S-LIC, R-LIC, OXC and CAR had ICs, values of 1,616, 1,186, 380 and 888 umol/L, respectively, for glycine GlyRa3 receptor-mediated
inward currents [16]

S-LIC, R-LIC and CAR had ICsq values of 1,232, 2,112 and 214 pmol/L, respectively, for NMDA receptor-mediated currents, with no effect
on AMPA currents [17]

4-Aminopyridine- and veratridine-induced glutamate release from rat hippocampal synaptosomes was inhibited in a concentration-dependent
manner by ESL (ICsq 233.0 and 232.3 pmol/L), OXC (ICsy 156.8 and 156.9 pmol/L) and CAR (ICsy 99.3 and 123.9 pmol/L) [30]

ESL, OXC and CAR decreased release of glutamate, aspartate, GABA and dopamine induced by veratrine from rat striatal slices with similar
potency and in a concentration-dependent manner [31]

S-LIC reduced maximal persistent Na* current conductance in CA1 neurons isolated from hippocampal slices of wild-type mice and reduced
the firing rate [32]. Unlike CAR, S-LIC was not associated with paradoxical upregulation of the persistent Na* current in mice lacking the
B, or B, subunit of the Na* channel [32]

S-LIC dose-dependently inhibited neuronal firing in granule cells from the hippocampus of patients with treatment-refractory epilepsy, with
increases in fast recovery rates of 57.9, 120.0 and 121.1 % with S-LIC 30, 100 and 300 pmol/L, respectively [21]

Activity in murine models®

ESL (via intragastric tube) was as potent as CAR, and more potent than OXC, in preventing maximal electroshock-induced seizures in rats
[33]

In mice, oral ESL, S-LIC, OXC and CAR dose-dependently decreased maximal electroshock-induced seizures (EDsq 23.0, 27.8, 13.8 and
13.5 mg/kg, respectively) [22] and forelimb seizure scores in a 6 Hz psychomotor seizure model (EDsq 15.9, 12.1, 9.1 and 9.5 mg/kg,
respectively) [23]

Oral ESL 3, 10 and 30 mg/kg suppressed latrunculin A-induced seizures in 66.7, 100 and 100 % of rats, respectively [34]

Oral ESL 30 mg/kg completely suppressed picrotoxin-induced seizures in 75 % of rats; complete suppression was not seen with ESL 3 or
10 mg/kg [35]

Intraperitoneal ESL 30 or 100 mg/kg bid or S-LIC 100 mg/kg/ bid, but not R-LIC 30 or 100 mg/kg bid, inhibited the acquisition of kindling
following corneal stimulation in mice [36]

In a rat amygdala kindling model, intraperitoneal ESL 200 or 300 mg/kg or S-LIC 200 mg/kg, but not R-LIC 200 mg/kg, increased the focal
seizure threshold [36]

Protective index (TDs¢/EDsg) in mice for ESL, S-LIC, OXC and CAR of 13.8, 12.5, 7.3 and 8.2, respectively [22] and 19.7, 28.7, 10.9 and
11.7, respectively [23]

Intraperitoneal ESL was associated with less neurological impairment (Rotarod test) than CAR or OXC [33]

AMPA a-amino-3-hydroxy-5-methyl-isoxazole-4-propionate, bid twice daily, CAR carbamazepine, EDsy 50 % effective dose, ESL es-
licarbazepine acetate, GABA y-aminobutyric acid, /Cso 50 % inhibitory concentration, NMDA N-methyl-p-aspartate, OXC oxcarbazepine, R-LIC
R-licarbazepine, S-LIC eslicarbazepine (S-licarbazepine), TDso 50 % toxic dose, VGSC voltage-gated sodium channel

? Some in vitro studies used transfected cell lines, including the mouse neuroblastoma cell line N1E-115 [29], Chinese hamster ovary cells [14,
16-19], human embryonic kidney cells [14, 15, 17, 19] and Ltk cells [20]

® Some studies are only available as abstracts [14-23]

lacking the B; or B, subunit of the Na™ channel, meaning
that the inhibitory effect of eslicarbazepine on repetitive
firing was maintained [32].

In addition, eslicarbazepine dose-dependently inhibited
neuronal firing in granule cells from the hippocampus of
patients with treatment-refractory epilepsy [21] (Table 1).

Eslicarbazepine acetate and/or eslicarbazepine demon-
strated anticonvulsant activity in murine models of epi-
lepsy [22, 23, 33-36] (Table 1). In rats, eslicarbazepine

acetate was associated with less neurological impairment
than carbamazepine or oxcarbazepine [33].

2.2 Effects on Cognition and Psychomotor Function
and Abuse Potential

Neither eslicarbazepine acetate nor oxcarbazepine was

associated with clinically relevant cognitive impairment in
healthy volunteers, according to the results of two
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nonrandomized, single-blind studies [37]. For most cog-
nitive tests, no significant differences were seen between
eslicarbazepine acetate 800 or 1,200 mg once daily or
oxcarbazepine 300 or 600 mg twice daily and placebo.
Parameters for which significant (p < 0.05 vs. placebo)
changes were seen with eslicarbazepine acetate 1,200 mg
once daily or oxcarbazepine 600 mg twice daily included
increased motor reaction time and total reaction time on the
Choice Reaction Time, increased reaction time on the
Sternberg Short-Term Memory Test, and decreased digit
discrimination ability on the Digit Vigilance Test. Benefi-
cial treatment effects (p < 0.05 vs. placebo) seen with es-
licarbazepine acetate 1,200 mg once daily included
decreased mean response latency to correct responses on
the Divided Attention test and an increased total number of
words for category on the Controlled Oral Word Associates
Test; a beneficial treatment effect was also seen with ox-
carbazepine 600 mg twice daily for the latter endpoint.
[37].

In patients with uncontrolled focal epilepsy who had
previously been treated with oxcarbazepine (n = 10) or
carbamazepine (n = 1) or were drug naive (n = 1), treat-
ment with eslicarbazepine acetate (mean dosage 2,083 mg/
day) was not associated with any significant changes from
baseline in cognitive function (attention, cognitive speed,
long- and short-term memory, word fluency) [24].

Eslicarbazepine acetate had less abuse potential than
alprazolam in 53 healthy recreational users of CNS depres-
sants [25]. Volunteers received single doses of eslicarbaze-
pine acetate 800, 1,600, 2,000 or 2,400 mg, alprazolam 1.5
or 3.0 mg or placebo. Significant (p < 0.001) differences
were seen between supratherapeutic doses of eslicarbaze-
pine acetate (i.e. 1,600, 2,000 or 2,400 mg) and placebo in
terms of peak scores on a drug-liking visual analogue scale
(VAS). However, peak drug-liking VAS scores were sig-
nificantly (p < 0.0001) lower with all eslicarbazepine ace-
tate doses than with alprazolam [25].

2.3 Other Effects

Administration of eslicarbazepine acetate at therapeutic
(1,200 mg once daily) and supratherapeutic (2,400 mg
once daily) dosages to healthy volunteers did not have a
clinically relevant effect on the corrected QT (QTc)
interval, according to the results of a placebo-controlled
thorough QT/QTc study [38]. The mean PR interval
increased by 4.6 ms with eslicarbazepine acetate
1,200 mg/day, by 8.2 ms with eslicarbazepine acetate
2,400 mg/day and by 2.2 ms with placebo; no es-
licarbazepine acetate recipient had a PR interval of
>200 ms [38]. The EU summary of product characteristics
(SPC) recommends caution in administering eslicarbaze-
pine acetate to patients who have medical conditions (e.g.
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low thyroxine levels) or who are receiving agents associ-
ated with PR prolongation [5].

Eslicarbazepine acetate was not associated with clini-
cally relevant abnormalities in ECG recordings in patients
with refractory partial-onset seizures, according to the
results of pooled analyses of trials 2093-301, 2093-302 and
2093-303 [6] and trials 2093-301, 2093-302 and 2093-304
[7]; in both analyses, ECGs were over-read by cardiolo-
gists. No eslicarbazepine acetate recipients had a QTc
interval exceeding 500 ms in the pooled analysis of trials
2093-301, 2093-302 and 2093-303 (856 evaluable patients)
[6]. Among recipients of eslicarbazepine acetate 400, 800
or 1,200 mg once daily or placebo in the pooled analysis of
trials 2093-301, 2093-302 and 2093-304, the mean change
from baseline in the Bazett-corrected QT interval was
—1.1, +1.6, +2.3 and +3.0 ms, respectively, and in the
Fridericia-corrected QT interval was —0.9, +0.7, +2.6 and
+3.4 ms, respectively [7].

A post hoc pooled analysis of trials 2093-301, 2093-302
and 2093-304 examined the effect of eslicarbazepine ace-
tate on serum lipid levels in patients with refractory partial-
onset seizures [8]. HMG CoA-reductase inhibitors (statins)
were being administered to 46 of 1,021 eslicarbazepine
acetate recipients and to 18 of 426 placebo recipients.
During the study period, changes in serum lipid levels did
not appear to differ between eslicarbazepine acetate and
placebo recipients both in patients receiving statins and in
patients not receiving statins [8].

3 Pharmacokinetic Properties

This section summarizes the pharmacokinetic properties of
eslicarbazepine acetate. Some studies are only available as
abstracts [39, 40].

3.1 Absorption and Distribution

Following oral administration, eslicarbazepine acetate was
rapidly and extensively converted by hydrolytic first-pass
metabolism to its major active metabolite eslicarbazepine
[41-43]. Plasma concentrations of eslicarbazepine acetate
were usually below the lower limit of quantification [42—46].

The pharmacokinetics of eslicarbazepine following
administration of oral eslicarbazepine acetate 400, 800 or
1,200 mg once daily to adults with partial-onset seizures
who were receiving one or two concomitant AEDs are
shown in Table 2 [41]. Maximum plasma concentrations
(Cmax) of eslicarbazepine were reached in a median
2.0-2.5 h, and eslicarbazepine exposure increased in a
dose-proportional manner [41].

Although comparisons across studies should be made
with caution [41], eslicarbazepine values for C,,,, and the
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Table 2 Pharmacokinetics of oral eslicarbazepine acetate in healthy adults [47, 48] and adults with partial-onset seizures [41]. Shown are
pharmacokinetic parameters for the main active metabolite eslicarbazepine (mean values unless stated otherwise)

Participants ESL dosage® (no. of participants) Cinax (ng/mL) tmax (h) AUC,4 (pg-h/mL) t, (h)

Pts with partial-onset epilepsy [41] ESL 400 mg od (7) 9.7 2.0° 1325 12.8
ESL 800 mg od (26) 15.5 2.0° 205.4 13.5
ESL 1,200 mg od (18) 23.0 2.5° 336.1 20.2

Healthy adults [47, 48] ESL 800 mg od (8) 27.6 1.0° 373.2 11.2
ESL 1,200 mg od (14) 26.8 2.0 407.1 19.0

AUC,, area under the plasma concentration-time curve from time zero to 24 h, C,,,, maximum plasma concentration, ESL eslicarbazepine
acetate, od once daily, pts patients, t,,,, time to Cy,.x, t, terminal elimination half-life

# ESL 800 mg od [47] or 1,200 mg od [48] was administered for 8 days in healthy volunteers. Pts with partial-onset seizures had been receiving
ESL for >1 year and were also receiving one or two concomitant antiepileptic drugs [41]

® Median value

area under the plasma concentration-time curve (AUC)
from time zero to 24 h (AUC,,) appeared lower in patients
with partial-onset seizures who received once-daily es-
licarbazepine acetate 800 or 1,200 mg (and one or two
concomitant AEDs) than in healthy volunteers receiving
once-daily eslicarbazepine acetate 800 or 1,200 mg alone
[47, 48] (Table 2).

Steady state was reached within 4-5 days with once-
daily administration of eslicarbazepine acetate [42, 44].

Pharmacokinetic/pharmacodynamic analysis demon-
strated that as the eslicarbazepine acetate dosage and es-
licarbazepine concentrations increased, the seizure
frequency decreased [49].

Food did not significantly affect the pharmacokinetics of
eslicarbazepine [50, 51], meaning that eslicarbazepine
acetate may be administered without regard to meals [4, 5].

Crushed eslicarbazepine acetate tablets were bioequiv-
alent to intact tablets [39], and the US prescribing infor-
mation states that eslicarbazepine acetate may be
administered as whole or crushed tablets [4].

Plasma protein binding of eslicarbazepine was <40 %
[4]. Plasma protein binding of eslicarbazepine was not
affected to a clinically relevant extent by warfarin, diaze-
pam, digoxin, phenytoin or tolbutamide, and the plasma
protein binding of these agents was not affected by es-
licarbazepine [4]. Eslicarbazepine accounted for 91.96 %
of the total exposure of drug moieties in cerebrospinal fluid
[52]. Eslicarbazepine had an apparent volume of distribu-
tion of 61 L (for a bodyweight of 70 kg) [4].

3.2 Metabolism and Elimination

Eslicarbazepine acetate was metabolized to the major
active metabolite eslicarbazepine and the minor active
metabolites R-licarbazepine and oxcarbazepine [42, 43,
47]. Following oral administration of eslicarbazepine ace-
tate 1,200 mg once daily, eslicarbazepine, R-licarbazepine
and oxcarbazepine accounted for 93.84, 5.20 and 0.96 % of

the total exposure of drug moieties in plasma, respectively
[52].

The metabolites of eslicarbazepine acetate were mainly
eliminated from the systemic circulation by renal excre-
tion, in both unchanged and glucuronide conjugate forms
[4, 5]. Eslicarbazepine accounted for approximately 92 %
of the total drug moieties excreted in urine, with approxi-
mately two-thirds excreted in the unchanged form and one-
third excreted as the glucuronide conjugate [4, 47]. Uridine
diphosphate  glucuronosyltransferase (UGT) isoforms
(UGT1A4, UGT1A9, UGT2B4, UGT2B7 and UGT2B17)
catalysed the conjugation of eslicarbazepine with glucu-
ronic acid [40]. The parent drug and other minor metabo-
lites (R-licarbazepine and oxcarbazepine and their
glucuronides) accounted for the remaining 8 % of total
drug moieties recovered in the urine [47].

Plasma concentrations of eslicarbazepine declined in a
multiphasic manner, with a terminal elimination half-life of
13-20 h in patients with partial-onset seizures who
received eslicarbazepine acetate 400, 800 or 1,200 mg
once daily (Table 2) [41].

3.3 Special Patient Populations

In patients with mild (creatinine -clearance [CLcg]
50-80 mL/min), moderate (CLcg 30-50 mL/min) or
severe (CLcr <30 mL/min) renal impairment who
received a single dose of eslicarbazepine acetate 800 mg,
the eslicarbazepine AUC from time zero to infinity was
significantly increased by 61, 111 and 154 %, respectively,
versus healthy controls [43]. The EU SPC states that no
dosage adjustment is needed in patients with mild renal
impairment (CLcg >60 mL/min) and recommends an es-
licarbazepine acetate starting dosage of 200 mg once daily
or 400 mg every other day in patients with a CLcg of
30-60 mL/min, with an increase to 400 mg once daily after
2 weeks; the dosage may be further increased based on
individual response [5]. Treatment with eslicarbazepine
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acetate is not recommended by the EU SPC in patients with
severe renal impairment (CLcr <30 mL/min) [5]. In
patients with moderate or severe renal impairment (CLcg
<50 mL/min), the US prescribing information recom-
mends an eslicarbazepine acetate starting dosage of
200 mg once daily, with an increase after 2 weeks to a
maximum recommended maintenance dosage of 400 mg
once daily [4].

The pharmacokinetics of eslicarbazepine acetate were
not significantly altered in patients with moderate hepatic
impairment [47]. Thus, no dosage adjustment is needed in
patients with mild or moderate hepatic impairment [4, 5].
Treatment with eslicarbazepine acetate is not recom-
mended in patients with severe hepatic impairment, as its
pharmacokinetics have not been investigated in this patient
population [4, 5].

Eslicarbazepine pharmacokinetics did not significantly
differ between young healthy volunteers (aged
18-40 years) and elderly healthy volunteers (aged
>65 years) receiving single and multiple doses of es-
licarbazepine acetate 600 mg [42]. The US prescribing
information states that no dosage adjustment is required in
elderly patients with CLcg of >50 mL/min [4], and the EU
SPC states that caution should be exercised in the treatment
of the elderly [5].

Gender had no significant effect on the pharmacoki-
netics of eslicarbazepine acetate [53].

4 Potential Drug Interactions

In vitro, eslicarbazepine weakly induced cytochrome P450
(CYP) 3A4 and UGT isoforms [5]. Eslicarbazepine had a
moderate inhibitory effect on CYP2C19, but had no
inhibitory effect on CYPlA2, CYP2A6, CYP2B6,
CYP2D6, CYP2E1 or CYP3A4 [4, 5]. In vitro, es-
licarbazepine acetate and eslicarbazepine were shown to be
P-glycoprotein substrates [54]. Several studies examined
potential pharmacokinetic interactions between es-
licarbazepine acetate and AEDs or other drugs; most of
these studies were conducted in healthy volunteers [48, 55—
62]. Some of these studies are only available as abstracts
[55, 57, 63] and/or posters [63, 64].

4.1 Potential Interactions with Antiepileptic Drugs

The eslicarbazepine AUC was significantly decreased by
31.9 % following coadministration of eslicarbazepine
acetate 800 mg once daily and controlled-release carbam-
azepine 400 mg twice daily [55]. No significant changes in
the AUC of carbamazepine or its carbamazepine-10,11-
epoxide metabolite were observed [55]. A population
pharmacokinetic analysis also found that eslicarbazepine
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exposure was decreased when carbamazepine was coad-
ministered with eslicarbazepine acetate [63]. The EU SPC
states that, based on individual response, the eslicarbaze-
pine acetate dosage may need to be increased when coad-
ministered with carbamazepine [5], and the US prescribing
information states that, based on efficacy and tolerability,
the eslicarbazepine acetate or carbamazepine dosage may
need to be adjusted [4].

Coadministration of eslicarbazepine acetate 1,200 mg
once daily with lamotrigine 150 mg once daily decreased
lamotrigine exposure (which is also mainly metabolized by
glucuronidation) by 14 % [5, 48], therefore no dosage
adjustment is required in patients receiving concomitant
eslicarbazepine acetate and lamotrigine [4, 5]. The inter-
action may be clinically relevant in some patients, given
inter-individual variability [5].

An 18 % reduction in topiramate exposure occurred
when it was administered in combination with es-
licarbazepine acetate 1,200 mg once daily [56]. However,
no dosage adjustment is required [4, 5].

Coadministration of eslicarbazepine acetate and phe-
nytoin decreased the eslicarbazepine AUC by 33 % and
increased the phenytoin AUC by 35 % [57]. Plasma phe-
nytoin concentrations should be monitored and dosage
adjustment may be needed based on clinical response and
plasma phenytoin concentrations [4].

Population pharmacokinetic analysis indicated that
coadministration of levetiracetam or valproate with es-
licarbazepine acetate did not affect eslicarbazepine expo-
sure, suggesting that no dosage adjustment is required [4,
64]. Coadministration of phenobarbital with eslicarbaze-
pine acetate reduced eslicarbazepine exposure by 34 %,
meaning that a higher dosage of eslicarbazepine acetate
may be required [4, 64].

Another population pharmacokinetic analysis found that
the clearance of clobazam, gabapentin, levetiracetam,
phenobarbital, phenytoin or valproic acid was not affected
by the coadministration of eslicarbazepine acetate [49].
The clearance of carbamazepine, lamotrigine and topira-
mate were increased 12-16 % by the coadministration of
eslicarbazepine acetate. Eslicarbazepine exposure was not
affected by coadministration of clobazam, gabapentin,
levetiracetam, valproic acid, lamotrigine or topiramate
[49].

4.2 Potential Interactions with Other Drugs

Coadministration of eslicarbazepine acetate 800 mg once
daily and a single dose of the CYP3A4 substrate simva-
statin 80 mg reduced the AUC of simvastatin and its
metabolite simvastatin-B-hydroxyacid by 54 and 51 %,
respectively [58]. The simvastatin dosage may need to be
increased in patients receiving concomitant eslicarbazepine
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acetate [4, 5] if a clinically significant change in lipid levels
is seen [4].

The systemic exposure of rosuvastatin was decreased by
36-39 % when it was coadministered with eslicarbazepine
acetate 1,200 mg once daily [5]. Given that the mechanism
of this interaction is unknown, monitoring of lipid levels in
patients receiving concomitant rosuvastatin and es-
licarbazepine acetate is recommended [4, S5]; the rosu-
vastatin dosage should be adjusted if clinically significant
changes in lipid levels occur [4].

Coadministration of eslicarbazepine acetate 1,200 mg
once daily and warfarin was associated with a significant
23 % reduction in the AUC of S-warfarin [59]. The phar-
macokinetics of R-warfarin and the international normal-
ized ratio (INR) were not altered to a clinically significant
extent [59]. However, the INR should be monitored in
patients receiving concomitant eslicarbazepine acetate and
warfarin [4, 5]. Indeed, because of inter-individual vari-
ability in the interaction, the EU SPC recommends closely
monitoring the INR during the first weeks after starting or
stopping coadministration of warfarin and eslicarbazepine
acetate [5].

The pharmacokinetics of digoxin [60] and metformin
[62] were not altered to a clinically relevant extent by the
coadministration of eslicarbazepine acetate.

The AUC,, values for ethinylestradiol and levonorge-
strel were significantly reduced by 25 and 11 % in women
receiving ethinylestradiol/levonorgestrel in combination
with eslicarbazepine acetate 800 mg once daily, and by 32
and 23 % in women receiving -ethinylestradiol/levo-
norgestrel in combination with eslicarbazepine acetate
1,200 mg once daily [61]. Women of child-bearing
potential who are being treated with eslicarbazepine acetate
must use additional or alternative forms of contraception
[4, 5].

An interaction between monoamine oxidase inhibitors
and eslicarbazepine acetate has not been studied, but is
theoretically possible [5].

5 Therapeutic Efficacy
5.1 Phase III Trials

The potential of adjunctive therapy with eslicarbazepine
acetate in patients with refractory partial-onset seizures
was shown in a randomized, double-blind, multicentre,
exploratory trial [65]. However, given the availability of
four randomized, double-blind, placebo-controlled, multi-
national, phase III trials examining the efficacy of
adjunctive therapy with eslicarbazepine acetate (2093-301
[9], 2093-302 [10], 2093-303 [11] and 2093-304 [12]), this
exploratory trial is not discussed further [65].

Approval of eslicarbazepine acetate in the EU was
based on trials 2093-301 [9], 2093-302 [10] and 2093-303
[11], whereas approval in the US was based on trials
2093-301 [9] and 2093-302 [10] and the more recent trial
2093-304 [12]; trial 2093-303 [11] was only used as
supporting data in the US submission because of com-
pliance issues [66].

Patients in these phase III trials were aged >16 [12] or
>18 years [9-11] and had been diagnosed with simple or
complex partial-onset seizures (with or without secondary
generalization) [9-11] or epilepsy [12] for >12 months.
Patients in these trials generally had a mean duration of
epilepsy of >20 years (Table 3) and were experiencing
partial-onset seizures despite receiving one to two [9, 11,
12] or one to three [10] concomitant AEDs. Patients were
not permitted to receive concomitant oxcarbazepine in
these trials [9—12]. Additional information regarding trial
inclusion and exclusion criteria and baseline patient char-
acteristics is shown in Table 3. One of these trials is
available as a poster [12].

Eslicarbazepine acetate was administered once daily in
all four trials. The trials comprised an observational 8-week
baseline period, after which patients were randomized to
the double-blind phase, which comprised a 2-week titration
period followed by a 12-week maintenance period in trials
2093-301, 2093-303 and 2093-304 [9, 11, 12], or was of
14 weeks duration in trial 2093-302, with only recipients of
eslicarbazepine acetate 1,200 mg/day undergoing dose
titration during the first 2 weeks [10]. Patients were ran-
domized to receive eslicarbazepine acetate 400 mg/day [9,
10], 800 mg/day [9-12] or 1,200 mg/day [9-12] or placebo
[9-12]. Although results for all treatment arms are shown
in Table 4, the text discussion focuses on results pertaining
to the recommended maintenance dosage of eslicarbaze-
pine acetate 800 mg/day, and the maximum recommended
dosage of 1,200 mg/day [4, 5] (see also Sect. 7). Where
specified, 330 of 402 patients (82 %) completed trial
2093-301 [9], 194 of 252 patients (77 %) completed trial
2093-303 [11] and 504 of 653 patients (77 %) completed
trial 2093-304 [12].

The primary endpoint was the standardized seizure
frequency [9-12]. Efficacy was assessed in the modified
intent-to-treat population [9—12] (defined as the number of
randomized patients who received at least one dose of
study drug and had at least one postbaseline seizure fre-
quency assessment) [9—11].

Adjunctive therapy with eslicarbazepine acetate reduced
the seizure frequency in patients with refractory partial-
onset seizures. The standardized seizure frequency was
significantly lower in patients receiving eslicarbazepine
acetate 800 or 1,200 mg/day than in patients receiving
placebo after 12 weeks’ maintenance therapy [9, 11] or
14 weeks’ double-blind treatment [10] in trials 2093-301
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Table 3 Design details and patient baseline characteristics in randomized, double-blind, multinational, phase III trials examining the use of
adjunctive therapy with eslicarbazepine acetate in refractory partial-onset seizures

Elger et al. [9]
(2093-301) (n = 402%)

Ben-Menachem et al. [10]
(2093-302) (n = 395%)

Gil-Nagel et al. [11]
(2093-303) (n = 252%)

Sperling et al. [12]
(2093-304) (n = 653%)

Baseline characteristics

Mean duration of epilepsy (years)b 19.4-23.1 22.4-254 22.5-23.8 21.2-21.6
Seizure type™ € (% of pts)
Simple partial 43.0-45.1 53.1-59.0 55.3-64.4 32.2-39.3
Complex partial 69.0-71.4 76.2-84.0 71.3-84.7 79.4-82.9
Secondarily generalized 39.8-47.1 30.2-39.8 28.2-36.3 25.9-30.7
Unclassified/other 3.9-5.1 24.5-28.0 31.3-37.7 0.5-1.8
No. of concomitant AEDs® (% of pts)
1 31.6-39.0 15.0-22.9 15.0-25.9 27.8-28.6
2 60.0-68.4 69.4-76.0 68.2-78.8 70.5-71.9
3 0-1.0 6.3-9.9 4.7-6.3 0-0.4¢
4 0-2.0 0-1.2
Most common concomitant AEDs® (% of pts)
Carbamazepine 55.9-61.8 58.0-61.5 48.8-69.0 34.4-42.4
Valproic acid 22.4-28.4 12.5-28.7 27.1-35.0 18.8-21.3
Lamotrigine 25.0-26.5 16.8-24.0 10.6-15.0 23.6-27.1
Levetiracetam 6.9-10.8 13.9-19.4 17.5-25.3 20.5-29.5

Trial design

Treatment regimen
Inclusion criteria

Key exclusion criteria

Primary endpoint

Following an 8-week baseline period, pts were randomized to the double-blind phase, which comprised a
2-week titration period followed by a 12-week maintenance period [9, 11, 12] or a 14-week period, with
only ESL 1,200 mg od recipients undergoing dose titration in the first 2 weeks [10]

ESL 400 mg od [9, 10], 800 mg od [9-12] or 1,200 mg od [9-12] or PL [9-12]

Aged >16 [12] or >18 years [9-11]; general good health [10-12]; diagnosed with epilepsy for

>12 months [12] or simple or complex partial-onset seizures (with or without secondary generalization)
for >12 months prior to screening [9-11]; experienced >4 simple or complex partial-onset seizures in
4 weeks prior to screening and >8 partial-onset seizures in the §-week baseline period [12] or >4 partial-
onset seizures in the two 4-week periods prior to screening [10, 11] and/or >4 partial-onset seizures
during each of the two 4-week periods of the 8-week baseline period [9-11] with no seizure-free interval
of >21 consecutive days [9]; treated with 1-2 [9, 11, 12] or 1-3 [10] concomitant AEDs for >2 months
prior to screening [9-11] or in the month prior to screening [12]

Only simple partial seizures without motor symptoms [9—12]; primarily generalized epilepsy [9-12];
rapidly progressive neurological disorder [9-12]; status epilepticus or cluster seizures within 3 months of
screening [9-12]; seizures of psychogenic origin with the last 2 years [9-12]; exposure to felbamate
within 1 month of screening [9-11]; hypersensitivity to oxcarbazepine or carbamazepine [9-11];
currently receiving oxcarbazepine [9-12]; relevant clinical laboratory abnormalities (sodium level
<130 mEq/L, WBC count <3,000 cells/mm>, ALT or AST level >2 times the upper limit of normal) [9—
11]; creatinine clearance of <50 mL/min [9-11]

Seizure frequency (standardized to a frequency per 4 weeks)®

AED antiepileptic drug, ESL eslicarbazepine acetate, od once daily, PL placebo, pts patients, WBC white blood cell

* No. of randomized pts

b
Range of mean values across the treatment arms

¢ Pts may have more than one seizure type

4 Proportion of pts receiving >3 AEDs at baseline

¢ The primary analysis was conducted in the modified intent-to-treat population over the 12-week maintenance period [9, 11, 12] or the 14-week

double-blind phase [10]

[9], 2093-302 [10] and 2093-303 [11] (Table 4). In trial
2093-304, the standardized seizure frequency was signifi-
cantly lower with eslicarbazepine acetate 1,200 mg/day
than with placebo after 12 weeks’ maintenance therapy,
with no significant difference seen between eslicarbazepine
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acetate 800 mg/day and placebo recipients for this end-
point [12] (Table 4).

The responder rate (defined as the proportion of patients
with a >50 % reduction in standardized seizure frequency)
was significantly higher in eslicarbazepine acetate
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Table 4 Efficacy of oral eslicarbazepine acetate in the adjunctive treatment of patients with refractory partial-onset seizures. Results of
randomized, double-blind, placebo-controlled, multinational, phase III trials

Study Treatment No. of  LSM standardized seizure  Responder rate®  Median relative reduction
(mg od) pts* frequency® (baseline®) (% of pts) in seizure frequency® (%)
Elger et al. [9] (2093-301) ESL 400 97 6.73 (11.4) 23 26
ESL 800 94 5.66%* (11.2) 34% 36
ESL 1,200 94 5.35%** (11.6) 43k 45
PL 99 7.64 (12.4) 20 16
Ben-Menachem et al. [10] (2093-302)  ESL 400 96 9.3 (14.2) 17 18.7
ESL 800 100 7.1%%% (16.5) 40%** 32.6%%%*
ESL 1,200 97 7.4%%% (14.8) 37 32.8%%*
PL 100 10.9 (14.3) 13 0.8
Gil-Nagel et al. [11] (2093-303) ESL 800 80 5.7* (11.6) 34.5 379
ESL 1,200 69 5.5% (11.3) 37.7% 419
PL 79 7.3 (11.3) 22.6 17.0
Sperling et al. [12]" (2093-304) ESL 800 200 6.54 (18.0) 30.5 29.7
ESL 1,200 184 6.00%* (17.6) 42.6%%* 35.6%
PL 212 7.88 (18.1) 23.1 21.8

ESL eslicarbazepine acetate, LSM least squares mean, od once daily, PL placebo, pts patients

*p < 0.05, ¥ p < 0.01, *** p < 0.001 vs. PL

* No. of pts evaluable for the primary endpoint (modified intent-to-treat population)

" Primary endpoint. The seizure frequency was calculated over the 12-week maintenance period [9, 11, 12] or the 14-week double-blind period

[10] and standardized to a frequency per 4 weeks

¢ Baseline value is the mean seizure frequency per 4 weeks

9 Response was defined as a >50 % reduction in standardized seizure frequency

¢ Statistical analysis only reported in two studies [10, 12] for this endpoint

' Available as a poster

1,200 mg/day recipients than in placebo recipients in all
four trials [9—12], with a significantly higher responder rate
also seen with eslicarbazepine acetate 800 mg/day than
with placebo in trials 2093-301 [9] and 2093-302 [10]
(Table 4).

The median relative reduction in standardized seizure
frequency is shown in Table 4. In the two studies (2093-
302 and 2093-304) in which statistical analysis was
reported for this endpoint, the median relative reduction in
standardized seizure frequency was significantly greater
with eslicarbazepine acetate 1,200 mg/day than with pla-
cebo in both studies [10, 12], and with eslicarbazepine
acetate 800 mg/day than with placebo in one of the studies
[10].

Among recipients of eslicarbazepine acetate 400, 800
and 1,200 mg/day and placebo, the proportion of seizure-
free patients was 1-2, 4-8, 4-8 and 1-2 %, respectively
[9-11].

5.1.1 Pooled Analyses

Several pooled analyses [67-72] of trials 2093-301 [9],
2093-302 [10], 2093-303 [11] and/or 2093-304 [12] have

been conducted, some of which are only available as
abstracts [69-72] and/or posters [68, 71, 72]. Where
specified, one analysis was prespecified [67] and others
were post hoc [68-71]. A pooled analysis of trials
2093-301, 2093-302 and 2093-303 assessed health-related
quality of life (HR-QOL), using the Quality of Life in
Epilepsy Inventory-31 (QOLIE-31) questionnaire [72].

In the prespecified pooled analysis of trials 2093-301,
2093-302 and 2093-303 (n = 1,049), the least squares
mean seizure frequency per 4 weeks was significantly
(p < 0.0001) lower in patients receiving eslicarbazepine
acetate 800 or 1,200 mg/day than in patients receiving
placebo (6.24 and 5.95 vs. 8.17) [67]. In addition, patients
receiving eslicarbazepine acetate 800 or 1,200 mg/day had
significantly greater (p < 0.001) least squares mean rela-
tive reductions in seizure frequency, significantly
(p < 0.0001) higher responder rates and a significantly
(»p < 0.01) lower mean number of days with seizures per
4 weeks, compared with patients receiving placebo [67].

Subgroup analyses showed that eslicarbazepine acetate
800 or 1,200 mg/day was more effective than placebo
regardless of the duration of epilepsy, age at diagnosis,
seizure type, number of concomitant AEDs, study location,
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gender, and type of concomitant AEDs, including whether
or not patients were receiving concomitant carbamazepine,
lamotrigine or valproic acid [67].

Similarly, in a pooled analysis of trials 2093-301,
2093-302 and 2093-304 (n = 1,450), the least squares
mean standardized seizure frequency was significantly
(p < 0.001) lower in patients receiving eslicarbazepine
acetate 800 or 1,200 mg/day than in patients receiving
placebo [68]. In patients receiving eslicarbazepine acetate
800 or 1,200 mg/day or placebo, the median percentage
reduction in standardized seizure frequency was 31, 33 and
17 %, respectively, and the responder rate was 32, 41 and
21 %, respectively; statistical analysis was not conducted
in the pooled population for these endpoints [68].

Another pooled analysis of trials 2093-301, 2093-302
and 2093-304 (n = 1,410) revealed that the least squares
mean standardized seizure frequency was significantly
(p < 0.05) lower in recipients of eslicarbazepine acetate
800 or 1,200 mg/day than in placebo recipients both in
patients who did (6.5 and 6.6 vs. 8.0) and did not (5.7
and 4.9 vs. 7.5) receive concomitant carbamazepine [71].
The median percentage reduction in standardized seizure
frequency was significantly (p < 0.05) greater in es-
licarbazepine acetate 800 or 1,200 mg/day recipients than
in placebo recipients in patients not receiving concomi-
tant carbamazepine (—32.6 and —38.9 vs. —16.7 %),
with no significant between-group difference in patients
receiving concomitant carbamazepine (—30.1 and —29.8
vs. —16.7 %). The responder rate was significantly
(p < 0.05) higher in recipients of eslicarbazepine acetate
800 or 1,200 mg/day than in placebo recipients both in
patients who did (32.4 and 38.0 vs. 19.4 %) and did not
(32.1 and 43.6 vs. 22.3 %) receive concomitant car-
bamazepine [71].

Pooled analyses of trials 2093-301 and 2093-302
(n = 752 [69] and 751 [70]) demonstrated that a clinically
relevant effect on seizure risk was seen within 49 and
28 days in patients receiving eslicarbazepine acetate 800
and 1,200 mg/day, respectively (the analysis included the
titration period of up to 2 weeks) [69] and that es-
licarbazepine acetate 800 and 1,200 mg/day was signifi-
cantly (p < 0.05) more effective than placebo at reducing
seizure frequency in patients with co-morbid clinically
relevant depressive symptoms [i.e. a Montgomergy-Asberg
Depression Rating Scale (MADRS) score of >10] [70].

In terms of HR-QOL, unadjusted mean changes in the
QOLIE-31 total score at week 14 were significantly (p <
0.001) greater in patients with a seizure frequency reduc-
tion of >50 % than in those with a seizure frequency
reduction of <50 % (5.2 vs. 1.4) and in patients with a
seizure frequency reduction of >75 % than in those with a
seizure frequency reduction of <75 % (7.5 vs. 1.9) (842
evaluable patients) [72]. In terms of QOLIE-31 subscale

A\ Adis

scores, unadjusted mean changes in scores for cognitive
functioning, medication effects, overall quality of life and
seizure worry were significantly (p < 0.01) greater in
patients with a seizure frequency reduction of >50 % than
in those with a seizure frequency reduction of <50 % and
unadjusted mean changes in scores for cognitive func-
tioning, emotional well-being, energy/fatigue, medication
effects, overall quality of life and seizure worry were sig-
nificantly (p < 0.05) greater in patients with a seizure
frequency reduction of >75 % than in those with a seizure
frequency reduction of <75 % [72].

5.1.2 Long-Term Extensions

Results of 1-year, open-label, extension studies [73, 74] are
fully published for trials 2093-301 [9] and 2093-302 [10].
In these extension studies, all patients (n = 314 in
2093-301 [73] and n = 325 in 2093-302 [74]) received an
eslicarbazepine acetate starting dosage of 800 mg/day,
with subsequent titration to between 400 and 1,200 mg/day
(apart from Hungarian patients in the 2093-301 extension,
who received a starting dosage of 400 mg/day [73]). These
extension studies also assessed HR-QOL, using the
QOLIE-31 questionnaire, and depressive symptoms, using
MADRS [symptoms scored from O (absent/least severe) to
6 (most severe)]. The proportion of patients completing
6 months and 1 year of treatment was 84.9 and 76.6 %,
respectively, in 2093-301 [73] and 82.2 and 68.6 %,
respectively, in 2093-302 [74].

In addition, long-term data are available from a pooled
analysis [75], available as an abstract, of trials 2093-301
[9], 2093-302 [10] and 2093-303 [11].

Adjunctive therapy with eslicarbazepine acetate dem-
onstrated sustained efficacy in patients with refractory
partial-onset seizures [73, 74]. In the fully published
extension studies, the median absolute seizure frequency
per 4 weeks was 6.0 [74] and 5.0 [73] during the first
4 weeks of the extension phase, and ranged from 4.7 to 5.7
[74] and from 3.7 to 4.0 [73] at subsequent time points
throughout the 1-year follow-up period; the median abso-
lute seizure frequency per 4 weeks at baseline was 8.4 [74]
and 7.2 [73].

The median relative reduction from baseline in seizure
frequency was 32.1 [74] and 39.2 % [73] at weeks 1-4,
37.6 [74] and 47.6 % [73] at weeks 5-16, 37.2 [74] and
49.8 % [73] at weeks 17-28, 38.3 [74] and 52.1 % [73] at
weeks 29-40, and 39.3 [74] and 56.3 % [73] at weeks
41-52.

The responder rate was 36.6 [74] and 41.0 % [73] at
weeks 1-4 and 41.5 [74] and 53.2 % [73] at weeks 41-52,
and the proportion of seizure-free patients per 12-week
interval was 4.6 [74] and 8.7 % [73] at weeks 5-16 and
10.8 [74] and 12.5 % [73] at weeks 41-52.
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In both studies, mean overall QOLIE-31 scores signifi-
cantly (p < 0.05) increased (i.e. improved) from baseline
(from 55.2 to 57.5 [74] and from 54.8 to 58.3 [73]) and
overal MADRS scores significantly (p < 0.0001)
decreased from baseline (from 7.9 to 6.5 [74] and from 9.5
to 7.2 [73]).

In the pooled analysis of trials 2093-301, 2093-302 and
2093-303, the responder rate was 46.1 and 50.1 % during
weeks 5-16 and 41-52, and the proportion of seizure-free
patients was 6.3 and 13.6 % at the corresponding time
points [75].

5.2 Clinical Practice Studies

This section briefly summarizes the findings of clinical
practice studies that included >40 evaluable patients and
examined the efficacy of eslicarbazepine acetate as
adjunctive therapy in patients with partial-onset seizures
[76-79] or a broad spectrum of refractory epilepsies [80].
Studies were conducted in Spain (n = 105 [76] and n = 61
[80]), Portugal (n = 154 [77]) and the UK (n = 202 [78]
and n = 43 [79]). Three studies are available as abstracts
[77-79].

After starting treatment with eslicarbazepine acetate,
20.7 % of patients remained seizure free, 58.4 % had
>50 % improvement and 11.5 % had discontinued treat-
ment at 6 months, according to the results of one of the
Spanish clinical practice studies [76].

Among the 40 evaluable patients who had been fol-
lowed-up for >3 months in the other Spanish study, the
median monthly seizure frequency had significantly
(p < 0.001) decreased by 63.6 %, with 30 % of patients
experiencing a reduction of >80 % [80]. In this study, the
retention rate at 3 months was 75.4 % [80].

After 6, 12, 18 and 24 months’ follow-up in the retro-
spective, single-centre Portuguese study, responder rates
were 31.8, 34.1, 28.8 and 25.8 %, respectively, favourable
Clinical Global Impression rates were 26.4, 27.3, 25.4 and
19.4 %, respectively, and retention rates were 83, 69.3,
57.8 and 32.4 %, respectively. Eslicarbazepine acetate was
discontinued in 15 patients because of lack of efficacy and
in 30 patients because of tolerability issues [77].

In a retrospective, multicentre UK study in patients who
had received eslicarbazepine acetate for a median duration
of 12 months, a >50 % reduction in seizure frequency was
seen in 52 % of patients, with 19.8 % becoming seizure
free [78]. Reasons for discontinuing treatment with es-
licarbazepine acetate included lack of efficacy (3.5 % of
patients), tolerability issues (21.3 %), both lack of efficacy
and tolerability issues (2.0 %) and other (7.4 %) [78].

In the other retrospective, multicentre UK study, 31 of
43 (72.1 %) patients received eslicarbazepine acetate for
>12 months, with patients discontinuing treatment because

of lack of efficacy (14 %) or tolerability issues (14 %) [79].
Of the 31 evaluable patients, 61.3 % had a reduction in
seizure frequency of >50 % and 12.9 % were seizure free
[79].

6 Tolerability
6.1 General Tolerability Profile

Data relating to the tolerability of eslicarbazepine acetate
were obtained from pooled analyses of the phase III trials
discussed in Sect. 5.1. One prespecified pooled analysis
[67] included trials 2093-301 [9], 2093-302 [10] and
2093-303 [11] (n = 1,049) and the other post hoc pooled
analyses, available as abstracts [81, 82] and/or posters [81—
84], included trials 2093-301 [9], 2093-302 [10] and
2093-304 [12] (n = 1,447). Data regarding the longer-term
tolerability of eslicarbazepine acetate was obtained from
the 1-year extension studies [73, 74] of trials 2093-301 [9]
and 2093-302 [10].

Adjunctive therapy with oral eslicarbazepine acetate
was generally well tolerated in patients with refractory
partial-onset seizures [67, 83]. The incidence of adverse
events increased as the dosage of eslicarbazepine acetate
increased [67, 83]. For example, in the pooled analysis of
trials 2093-301, 2093-302 and 2093-303, the incidence of
treatment-emergent adverse events in patients receiving
eslicarbazepine acetate 800 or 1,200 mg/day or placebo
was 62.7, 67.5 and 46.4 %, respectively, and adverse
events considered to be possibly related to treatment
occurred in 47.2, 55.0 and 24.9 % of patients in the cor-
responding treatment groups [67]. In the pooled analysis of
trials 2093-301, 2093-302 and 2093-304, the incidence of
treatment-emergent adverse events in patients receiving
eslicarbazepine acetate 400, 800 or 1,200 mg/day or pla-
cebo was 66.3, 70.8, 78.0 and 57.3 %, respectively [83].

The majority of treatment-emergent adverse events
were of mild to moderate severity [67, 83]. The most
commonly reported treatment-emergent adverse events
(occurring in >10 % of patients in any treatment arm)
included dizziness [67, 83], somnolence [67, 83], head-
ache [67, 83], nausea [67, 83], diplopia [83] and vomiting
[83] (Fig. 2).

Adverse events occurred more commonly with es-
licarbazepine acetate during the first few weeks of treat-
ment [67, 84]. For example, in patients receiving
eslicarbazepine acetate 400, 800 or 1,200 mg/day or pla-
cebo, treatment-emergent adverse events occurred in 28.6,
31.0, 40.4 and 15.2 % of patients, respectively, during the
titration period, in 16.8, 29.6, 33.2 and 18.3 % of patients,
respectively, during weeks 1-4, and in 12.8, 10.2, 6.1 and
12.5 % of patients, respectively, during weeks 9—12 [67].
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Fig. 2 Tolerability of oral eslicarbazepine acetate in patients with
refractory partial-onset seizures. Adverse events reported in >10 % of
patients in any treatment arm in a a pooled analysis [67] of trials
2093-301 [9], 2093-302 [10] and 2093-303 [11], and b a pooled
analysis, available as a poster [83], of trials 2093-301 [9], 2093-302
[10] and 2093-304 [12]. ESL eslicarbazepine acetate, od once daily,
PL placebo

Additional analysis found that the incidence of adverse
events was highest during the first week at the target dos-
age of eslicarbazepine acetate and declined rapidly over the
following 3 weeks [84]. Moreover, the incidence of
adverse events during the titration period was almost
twofold higher in patients who commenced treatment with
eslicarbazepine acetate 800 mg without titration versus
patients who were titrated to this dosage (66.0 vs. 34.5 %).
In patients who initiated treatment with eslicarbazepine
acetate 400 mg/day for 1 week, subsequent titration to a
maintenance dosage of 800 or 1,200 mg/day had minimal
impact on the adverse event profile [84].

Certain adverse events (e.g. dizziness [67, 82], diplopia
[67, 82], abnormal coordination [67], vomiting [82], nausea

A\ Adis

[82]) appeared more common in eslicarbazepine acetate
recipients who were receiving concomitant carbamazepine,
compared with eslicarbazepine acetate recipients who were
not receiving concomitant carbamazepine. By contrast,
somnolence and tremor appeared less frequent in es-
licarbazepine acetate 1,200 mg/day recipients who were
receiving concomitant carbamazepine than in eslicarbaze-
pine acetate 1,200 mg/day recipients who were not
receiving concomitant carbamazepine [82].

No dose-related trend was seen for serious adverse
events, which were reported in 7.1 % [83] of eslicarbaze-
pine acetate 400 mg/day recipients, 3.5 [67] and 7.0 % [83]
of eslicarbazepine acetate 800 mg/day recipients, 3.2 [67]
and 2.7 % [83] of eslicarbazepine acetate 1,200 mg/day
recipients and 1.4 [67] and 2.8 % [83] of placebo recipi-
ents. Serious adverse events included nausea, vomiting,
ataxia, diplopia, nystagmus and gait disturbance [83].
Death occurred in one placebo recipient in the pooled
analysis of trials 2093-301, 2093-302 and 2093-303 [67],
and in two placebo recipients [acute respiratory failure,
possible Sudden Unexpected Death in Epilepsy (SUDEP)]
and one eslicarbazepine acetate 800 mg/day recipient
(status epilepticus) in the pooled analysis of trials
2093-301, 2093-302 and 2093-304 [83]. No deaths attrib-
utable to arrhythmia have occurred in the eslicarbazepine
acetate development programme [7].

Treatment-emergent adverse events resulting in dis-
continuation occurred in 9.7 % [83] of eslicarbazepine
acetate 400 mg/day recipients, 11.6 [67] and 13.5 % [83]
of eslicarbazepine acetate 800 mg/day recipients, 19.3 [67]
and 25.4% [83] of eslicarbazepine acetate 1,200 mg/day
recipients and 4.5 [67] and 6.6 % [83] of placebo recipi-
ents. Treatment-emergent adverse events leading to study
discontinuation included vertigo, diplopia, blurred vision,
nausea, vomiting, fatigue, dizziness, abnormal coordina-
tion, ataxia, headache, somnolence and asthenia [67, 83].
For example, among patients receiving eslicarbazepine
400, 800 or 1,200 mg/day or placebo in the pooled analysis
of trials 2093-301, 2093-302 and 2093-304, discontinua-
tion because of dizziness occurred in 1.0, 5.5, 9.0 and
0.5 % of patients, respectively, discontinuation because of
nausea occurred in 0.5, 2.2, 6.1 and 0.2 %, respectively,
discontinuation because of vomiting occurred in 1.5, 1.9,
4.6 and 0.5 %, respectively, discontinuation because of
ataxia occurred in 2.0, 1.9, 3.9 and 0 %, respectively,
discontinuation because of diplopia occurred in 1.5, 1.9,
2.9 and 0 %, respectively, and discontinuation because of
somnolence occurred in 0.5, 1.4, 2.9 and 0.5 %, respec-
tively [83].

Treatment with eslicarbazepine acetate was not associ-
ated with clinically relevant ECG abnormalities [67, 83]
(see also Sect. 2.3). In addition, clinically relevant changes
in laboratory parameters, vital signs or bodyweight were



Eslicarbazepine Acetate: A Review

595

generally not seen in eslicarbazepine acetate recipients [67,
83]. However, the US prescribing information states that
increased transaminase levels have been reported with es-
licarbazepine acetate [4].

Eslicarbazepine was generally well tolerated in the
longer term [73, 74]. In the 1-year extensions of trials
2093-301 and 2093-302, treatment-emergent adverse
events occurring in >10 % of patients included headache
(10.2 [73] and 15.7 % [74] of patients), dizziness (10.2 [73]
and 26.5 % [74]) and somnolence (12.0 % [74]). The vast
majority of treatment-emergent adverse events were of
mild to moderate severity [73, 74], and the incidence of
treatment-emergent adverse events decreased during the
1-year treatment period [73].

6.2 Specific Adverse Events of Interest

In the pooled analyses, hyponatraemia (serum sodium level
of <125 mEq/L) occurred in 0.5 % of eslicarbazepine
acetate 400 mg/day recipients [67, 83], 0.7 [67] and 1.7 %
[83] of eslicarbazepine acetate 800 mg/day recipients, 0.4
[67] and 2.2 % [83] of eslicarbazepine acetate 1,200 mg/
day recipients and 0 [67] and 0.2 % [83] of placebo
recipients.

In patients receiving eslicarbazepine acetate 400, 800 or
1,200 mg/day or placebo in the pooled analysis of trials
2093-301, 2093-302 and 2093-304, alterations in cognitive
function (e.g. irritability, memory impairment, disturbance
in attention) occurred in 7.1, 6.0, 8.3 and 4.0 % of patients,
respectively [83].

Allergic reactions of any kind occurred in 9.2 % of
patients receiving eslicarbazepine acetate 400 mg/day,
9.2 % of patients receiving eslicarbazepine acetate
800 mg/day, 10.5 % of patients receiving eslicarbazepine
acetate 1,200 mg/day and 8.5 % of placebo recipients [81].
The most common allergic reactions were rash and pruri-
tus, with rash occurring in 0.5, 1.2 and 3.2 % of es-
licarbazepine acetate 400, 800 and 1,200 mg/day
recipients, respectively, and in 1.9 % of placebo recipients.
Criteria for Drug Reaction with Eosinophilia and Systemic
Symptoms (DRESS) syndrome were potentially met in one
eslicarbazepine acetate 400 mg/day recipient and in one
eslicarbazepine acetate 1,200 mg/day recipient [81].
Across the entire eslicarbazepine acetate development
programme, three potential cases of DRESS syndrome
were identified in patients receiving eslicarbazepine ace-
tate; however, none of these cases were identified as
DRESS by the treating physician [83].

The risk of rash did not appear to be related to the
starting dosage of eslicarbazepine acetate or to the rate of
dose escalation, although the incidence of rash was more
than twofold higher in patients maintained at an es-
licarbazepine dosage of 1,200 versus 800 mg/day

(2.6-4.9 % vs. 0—1.0 %) [84]. Serious skin reactions were
reported in one patient receiving eslicarbazepine acetate
800 mg/day (leukocytoclastic vasculitis) and one patient
receiving eslicarbazepine acetate 1,200 mg/day (rash)
[83]. There were no reports of eslicarbazepine acetate
recipients developing Stevens-Johnson syndrome in the
placebo-controlled trials [5]. However, the US prescribing
information states that have been reports of serious der-
matological reactions, including Stevens-Johnson syn-
drome, associated with the use of eslicarbazepine acetate

[4].

7 Dosage and Administration

Eslicarbazepine acetate is indicated in the US for the
adjunctive treatment of adults aged >18 years with partial-
onset seizures [4] and in the EU as adjunctive therapy in
adults aged >18 years with partial-onset seizures with or
without secondary generalization [5].

Eslicarbazepine acetate should be initiated at a dosage
of 400 mg once daily [4, 5]. After 1 [4, 5] or 2 [5] weeks,
the dosage may be increased to 800 mg once daily. Based
on patient response, the eslicarbazepine acetate dosage
may be further increased to the maximum recommended
dosage of 1,200 mg once daily [4, 5].

It is recommended that eslicarbazepine acetate should
be discontinued gradually, to minimize the potential of
increased seizure frequency [4, 5].

Local prescribing information should be consulted for
contraindications, warning and precautions related to es-
licarbazepine acetate.

8 Place of Eslicarbazepine Acetate as Adjunctive
Therapy in the Management of Refractory
Partial-Onset Seizures

Pharmacological treatment of epilepsy is generally con-
sidered necessary after patients have experienced at least
two unprovoked seizures [85]. The ultimate goal of epi-
lepsy treatment is to achieve lasting seizure freedom
without adverse effects [85]. Satisfactory seizure control
can be achieved in approximately two-thirds of patients
with epilepsy with the use of AEDs [2]. Treatment with
AEDs should be individualized based on seizure type,
epilepsy syndrome, comorbidities, co-medications, life-
style factors and patient/carer preferences [1, 2].
Adjunctive therapy with an AED is recommended when
monotherapy with AEDs has not resulted in seizure free-
dom [2]. Initial options recommended by recent National
Institute for Health and Care Excellence guidelines for the
adjunctive treatment of patients with refractory partial-
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onset seizures include carbamazepine, clobazam, gaba-
pentin, lamotrigine, levetiracetam, oxcarbazepine, sodium
valproate or topiramate, with alternative options including
eslicarbazepine acetate, lacosamide, phenobarbital, phe-
nytoin, pregabalin, tiagabine, vigabatrin or zonisamide [2].

Carbamazepine is a commonly used AED and is gen-
erally effective, although 30-40 % of patients may not
respond very well to treatment [86]. Adverse events asso-
ciated with carbamazepine include nausea, headache, diz-
ziness, diplopia and rash [44]. As well as being
metabolized to the toxic mesoepoxide metabolite carbam-
azepine-10,11-epoxide by CYP3A, carbamazepine induces
its own hepatic metabolism and that of various other drugs,
and may interact with certain other AEDs and other drugs
[44, 86].

Oxcarbazepine is a 10-keto analogue of carbamazepine,
but does not form a mesoepoxide metabolite [44, 87].
Oxcarbazepine is metabolized to monohydroxycarbazepine
(MHD), an enantiomeric mixture comprising eslicarbaze-
pine and R-licarbazepine in a 4:1 ratio [52, 87, 88]. The
elimination half-lives of oxcarbazepine and MHD were
1.3-2.3 h and 9.3 h, respectively, and it is recommended
that oxcarbazepine be initiated in two divided doses [89].

Eslicarbazepine acetate was specifically designed to
circumvent the production of toxic metabolites [86]. The
structural differences between eslicarbazepine acetate and
carbamazepine mean that eslicarbazepine acetate is not
metabolized to carbamazepine-10,11-epoxide and is not
susceptible to autoinduction [44, 52, 90]. Exposure to ox-
carbazepine following oral administration of eslicarbaze-
pine acetate is minimal, despite oxcarbazepine being a
minor metabolite of eslicarbazepine acetate (Sect. 3.2)
[27]. Eslicarbazepine acetate is associated with few clini-
cally relevant drug interactions (Sect. 4) and has a longer
elimination half-life (Sect. 3.2) than MHD, permitting a
convenient once-daily administration regimen [91].

Adjunctive therapy with eslicarbazepine acetate 800 or
1,200 mg/day significantly reduced seizure frequency in
patients with refractory partial-onset seizures, according to
the results of phase III trials (Sect. 5.1). The patient pop-
ulation in these studies was considered difficult-to-treat, as
they had a long history of epilepsy, were receiving at least
one concomitant AED and had a high seizure frequency at
baseline [9, 10]. The efficacy of eslicarbazepine acetate
was maintained over time, according to the results of
l-year extension studies (Sect. 5.1.2). Additional data
regarding the longer-term efficacy of eslicarbazepine ace-
tate would be of interest [92]. Data comparing the efficacy
of eslicarbazepine acetate with that of other adjunctive
AEDs are also needed [92].

Results of clinical practice studies support the efficacy
of eslicarbazepine acetate in reducing seizure frequency in
real world settings (Sect. 5.2).
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Eslicarbazepine acetate appeared effective regardless of
whether or not patients were already receiving carbam-
azepine (Sect. 5.1). Various explanations have been pro-
posed for the efficacy of eslicarbazepine acetate in
patients refractory to current treatment with an alternative
voltage-gated sodium channel blocker such as carbamaz-
epine. For example, it has been suggested that these
patients may have altered voltage-gated sodium channel
protein subunits, meaning they have reduced sensitivity to
some voltage-gated sodium channel blockers, whilst
retaining sensitivity to others [9, 10]. Another possible
explanation is that eslicarbazepine acetate has mechanisms
of action besides that of voltage-gated sodium channel
blockade [9]. Eslicarbazepine acetate should not be
administered in combination with oxcarbazepine [4, 5], as
coadministration may result in overexposure to the active
metabolites [5].

Eslicarbazepine acetate is not currently approved for use
in paediatric patients aged <18 years [4, 5], although a
phase III trial in children and adolescents with refractory
partial-onset seizures examining the efficacy of adjunctive
therapy with eslicarbazepine acetate is currently underway
[93].

A randomized, double-blind, multicentre, historical
control study has also been conducted examining the effi-
cacy of conversion to monotherapy with eslicarbazepine
acetate in patients aged >16 years with poorly-controlled
partial-onset seizures [94], and a phase III trial is underway
examining the efficacy of monotherapy with eslicarbaze-
pine acetate in patients aged >18 years with newly-diag-
nosed partial-onset seizures [95].

Oral eslicarbazepine acetate was generally well toler-
ated in patients with partial-onset seizures. There was a
dose-dependent increase in the incidence of adverse events
in eslicarbazepine acetate recipients, with the most com-
monly reported adverse events including dizziness, som-
nolence, headache, nausea, diplopia and vomiting (Sect.
6.1). Adverse events can be minimized by appropriate
titration of the eslicarbazepine acetate dosage [84]. Indeed,
it is recommended that eslicarbazepine acetate be initiated
at a dosage of 400 mg once daily, with an increase to
800 mg once daily after 1 [4, 5] or 2 [5] weeks (Sect. 7).

Some AEDs (e.g. carbamazepine, phenytoin) have been
associated with increased serum lipid levels [96-98]. In a
pooled analysis of phase III trials, eslicarbazepine acetate
did not appear to affect serum lipid levels, regardless of
whether or not patients were receiving concomitant statin
therapy (Sect. 2.3). However, eslicarbazepine acetate has
been shown to reduce the plasma exposure of simvastatin
and rosuvastatin, meaning that statin dosage adjustments
may be required if lipid levels are altered to a clinically
significant extent (Sect. 4.2). More data in patients
receiving concomitant statins would be of interest, given
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that the pooled analysis only included a small number of
patients receiving statins [8].

CNS symptoms such as vertigo and ataxia have been
reported with accidental overdose of eslicarbazepine ace-
tate [4, 5]. Other symptoms of overdose include hypona-
traemia, nausea and vomiting [4]. There is no specific
antidote for eslicarbazepine acetate overdose; patients
should be managed with symptomatic and supportive
treatment as appropriate [4, 5]. Gastric lavage or admin-
istration of activated charcoal may be considered, as should
haemodialysis, given that haemodialysis results in partial
clearance of eslicarbazepine acetate [4].

Patients with a serum sodium level of <130 mEq/L were
excluded from the phase III trials [9, 99]. In these trials,
clinically significant hyponatraemia (i.e. a serum sodium
level of <125 mEq/L) was reported infrequently in patients
receiving eslicarbazepine acetate (Sect. 6.2). Hyponatra-
emia was dose related and usually appeared within the first
8 weeks of treatment [4]. Depending on the severity of
hyponatraemia, the eslicarbazepine acetate dosage may
need to be reduced or discontinued [4, 5]. The EU SPC also
recommends that serum sodium levels be measured before
and during eslicarbazepine acetate treatment in patients
who have pre-existing renal disease leading to hyponatra-
emia or are receiving agents (e.g. diuretics, desmopressin)
which may lead to hyponatraemia [5].

In patients of Han Chinese or Thai origin who are
receiving carbamazepine, the presence of the HLA-
B*1502 allele is strongly associated with the risk of
developing severe cutaneous reactions such as Stevens-
Johnson syndrome [5]. Given the structural similarities
between eslicarbazepine acetate and carbamazepine, it is
possible that patients with the HLA-B*1502 allele may be
at risk for Stevens-Johnson syndrome after receiving es-
licarbazepine acetate [S]. The EU SPC states that when-
ever possible, genetic testing for the HLA-B*1502 allele
is recommended in Han Chinese and Thai patients prior to
starting treatment with carbamazepine or related com-
pounds; testing should also be considered in other at-risk
Asian populations (e.g. patients from the Philippines or
Malaysia) [5]. Although the HLA-A*3101 allele may also
be associated with an increased risk of carbamazepine-
induced cutaneous reactions, data are currently insufficient
to recommend screening for this allele prior to starting
treatment with carbamazepine or related compounds [5].
In patients of European or Japanese descent who are
known to be positive for the HLA-A*3101 allele, treat-
ment with carbamazepine or related compounds may be
considered if the benefits are thought to exceed the risks
[5].

In conclusion, adjunctive therapy with eslicarbazepine
acetate 800 or 1,200 mg once daily was generally associ-
ated with a significantly lower standardized seizure

frequency than placebo in patients aged >16 or >18 years
with refractory partial-onset seizures in four phase III trials.
In addition, responder rates were significantly higher with
eslicarbazepine acetate 1,200 mg once daily than with
placebo in all four studies, and with eslicarbazepine acetate
800 mg once daily than with placebo in two studies. The
efficacy of eslicarbazepine acetate was maintained in the
longer term, according to the results of 1-year extension
studies. Adjunctive therapy with oral eslicarbazepine ace-
tate was generally well tolerated in patients with refractory
partial-onset seizures, with most adverse events being of
mild to moderate severity. Thus, eslicarbazepine acetate is
a useful option for the adjunctive treatment of patients with
refractory partial-onset seizures.

Data selection sources: Relevant medical literature (including
published and unpublished data) on eslicarbazepine acetate was
identified by searching databases including MEDLINE (from
1946) and EMBASE (from 1996) [searches last updated 9 June
2014], bibliographies from published literature, clinical trial
registries/databases and websites. Additional information was
also requested from the company developing the drug.

Search terms: Eslicarbazepine acetate, epilepsies, partial, par-
tial-onset epilepsy, partial seizures, partial-onset seizures, focal
epilepsy

Study selection: Studies in patients with partial-onset seizures
who received eslicarbazepine acetate. When available, large, well
designed, comparative trials with appropriate statistical method-
ology were preferred. Relevant pharmacodynamic and pharma-
cokinetic data are also included.

Disclosure The preparation of this review was not supported by any
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