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SUMMARY

Objective: To assess the efficacy and safety of eslicarbazepine acetate (ESL) as mono-

therapy in North American patients with partial-onset seizures (POS).

Methods: This multicenter, randomized, double-blind “withdrawal to monotherapy”

study used historical control data as the comparator. Adults with POS medically

uncontrolled by one to two antiepileptic drugs gradually converted to ESLmonothera-

py. Following an 8-week baseline period, patients were randomized 2:1 to receive ESL

1,600 mg (n = 128) or 1,200 mgQD (n = 65) for 18 weeks. The primary end point was

the proportion of patients meeting predefined exit criteria (signifying worsening sei-

zure control). Treatment was considered effective if the 95% upper confidence limit

(UCL) for the Kaplan-Meier estimated exit rate was lower than the exit rate threshold

calculated from the historical control (65.3%).

Results: Kaplan-Meier estimated exit rates were: ESL 1,600 mg, 28.7% (95% CI 21.2–
38.1%) and 1,200 mg, 44.4% (32.5–58.3%). The difference between doses was not signif-

icant (p = 0.07). For both doses, the 95% UCLs for the exit rate were ˂65.3%; ESL
monotherapy was considered superior to the historical control. There was no statisti-

cally significant increase in the risk of study exit related to carbamazepine use. Nine

(7.6%) and five patients (8.3%) remained seizure-free during the 10-weekmonotherapy

period, while taking ESL 1,600 and 1,200 mg, respectively. The reductions in median

standardized seizure frequency (seizures per 28 days) between baseline and the

18-week treatment period were: ESL 1,600 mg, 42% and 1,200 mg, 31%. Treatment-

emergent adverse events (TEAEs) occurring in ≥10% of patients were dizziness, head-

ache, fatigue, somnolence, nausea, and nasopharyngitis. The TEAE most frequently

leading to discontinuation was hyponatremia (2.1%).

Significance: ESLwasefficaciousandwell toleratedasmonotherapy inNorthAmerican

patients, and led to a reduction in seizure frequency. Exit rates for ESL 1,600 and

1,200 mgQDweresuperiortothehistoricalcontrol; thedifference inexitratesbetween

doseswasnotstatisticallysignificant.
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Antiepileptic drug (AED) monotherapy is generally
preferred to polytherapy, due to the potential for a greater
incidence of adverse events and adverse drug interactions
that occur with combination therapy.1 Moreover, some
patients, including the elderly and those with comorbid con-
ditions, particularly benefit from AED monotherapy, as
AED toxicity and drug interactions can have specific
consequences.2,3 There is an unmet need for effective and
well-tolerated AEDs2 suitable for use as monotherapy in
patients with epilepsy.

Eslicarbazepine acetate (ESL) is a member of the
dibenzazepine family of AEDs, with structural and meta-
bolic differences from the other dibenzazepine AEDs, car-
bamazepine (CBZ), and oxcarbazepine (OXC).4–7

Following oral administration, ESL undergoes first-pass
hydrolysis in the liver and is rapidly metabolized to its
active metabolite, eslicarbazepine.6,8 Ninety-one percent of
oral ESL exposure is accounted for by eslicarbazepine, 5%
by (R)-licarbazepine and 1% by OXC.9 In contrast, only
78% of oral OXC exposure is accounted for by eslicarbaze-
pine, 18% by (R)-licarbazepine and 3% by OXC.10 Thus,
use of ESL limits exposure to (R)-licarbazepine and OXC.
It is not known whether these differences in exposure have
an influence on the clinical profiles of these agents.

Eslicarbazepine inhibits sodium currents by stabilizing
the inactivated state of voltage-gated sodium channels
(VGSCs), with a higher affinity for the inactivated state than
the resting state compared with CBZ and OXC.11

Eslicarbazepine has a 20- to 24-h apparent half-life in cere-
brospinal fluid, supporting once-daily (QD) dosing.10

ESL is a QD oral AED, approved in the United States
and the European Union as adjunctive treatment for par-
tial-onset seizures (POS). ESL is not approved for mono-
therapy use. Conversion to ESL monotherapy was
recently investigated in a historical control trial conducted
in North America (25% of patients) and other locations
(Study 093-046, NCT01091662),12 which demonstrated
that ESL (1,600 and 1,200 mg QD) was superior to the
historical control. No previous AED trials of this type
have been conducted in an exclusively North American
(NA) population. In a historical control trial of conversion
to lamotrigine extended release (XR) monotherapy, the
exit rate was 42% for U.S. patients compared with 30%
for non-U.S. patients.13 In sensitivity and worst-case
analyses of the data conducted by the U.S. Food and Drug
Administration (FDA), lamotrigine XR did not demon-
strate superiority versus the historical control in the U.S.
subgroup.13 Consequently, because of the potential differ-
ence in response to AED therapy between U.S. and non-
U.S. populations, the current study was conducted exclu-
sively with North American patients. This trial (Study
093-045; ClinicalTrials.gov identifier: NCT00866775),
which was identical in design to study 093-046, evaluated
the efficacy of ESL monotherapy in NA patients with

POS medically uncontrolled by current AEDs. The safety
and tolerability of ESL monotherapy were also evaluated.

Methods
Trial design

Study 093-045 adopted a “withdrawal to monotherapy”
design; a historical control group14 was used for evalua-
tion of efficacy. The use of a historical control (based on
the exit rates in eight previous monotherapy studies of
similar design and duration to the current study, including
randomization as done in the original studies) eliminates
the need for a placebo control (an ethical challenge in
monotherapy trials of patients with epilepsy), allowing all
trial participants to receive active treatment. In this trial,
the efficacy and safety of ESL were evaluated in adults
with POS not controlled by one to two AEDs. The trial
was performed between April 2009 and May 2013;
patients were screened at 89 investigational sites (86 in
the U.S., and 3 in Canada).

The inclusion and exclusion criteria for this study were
identical to Study 093-046,12 and are shown in Table S1.

Patients who successfully completed screening entered
into an 8-week baseline period for assessment of seizure
frequency (Fig. S1). Those eligible for randomization
(Table S1) were randomized in a 2:1 ratio to receive ESL
1,600 or 1,200 mg QD and began the 18-week double-blind
treatment period. Randomization to treatment group was
performed using an interactive voice-response system to
associate each patient with double-blind clinical trial mate-
rial (“kits”) and a randomization number. The randomiza-
tion list was prepared by a third party using a random
number generator, and followed a permutated-block design
(block size = 6). Placebo capsules to match overencapsulat-
ed ESL 400 and 600 mg were supplied to maintain the
blind. Patients were randomized at 67 sites (64 in the U.S.,
and 3 in Canada).

ESL was titrated to the target dose during the first
2 weeks of double-blind treatment (Fig. S1), after which,
doses of baseline AEDs were reduced (by 50% in the first
3 weeks, and to zero during the next 3 weeks). At the end
of this conversion period, patients continued to receive
ESL as monotherapy for 10 weeks. Patients who com-
pleted the first 3 weeks of double-blind treatment, and
subsequently completed, discontinued, or exited the study
were eligible to participate in a long-term open-label exten-
sion trial; alternatively, patients entered a 1-week taper
period, during which original background AEDs were rein-
troduced.

This trial was designed and conducted in accordance with
all relevant regulations and guidelines. Prior to obtaining
written consent from all patients, the protocol was approved
by the institutional review board and an independent ethics
committee.
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Assessments

Primary end point
Seizure data were collected using daily seizure diaries

completed by patients. The primary efficacy end point was
the exit rate for patients meeting at least one of five prospec-
tive exit criteria (signifying worsening seizure control;
Table 1) during the 16-week study period (from start of
AED conversion period to end of double-blind monotherapy
period). Discontinuations for nonexit reasons, if >10%,
were randomly reassigned as exits.

The primary comparison was between the cumulative exit
rate after 112 days of double-blind ESL monotherapy in the
ESL 1,600 mg treatment arm and the combined exit rate
calculated from eight historical control trials.14 Treatment
was considered effective (and the null hypothesis rejected)
if the upper confidence limit (UCL) for the exit rate (esti-
mated using Kaplan-Meier [KM] methodology) was below
the lower limit of the prespecified prediction interval calcu-
lated from historical controls (65.3%).14

Secondary end points
The key secondary efficacy end point was the percent-

age of seizure-free patients during the 10-week monother-
apy period. Other prospectively specified secondary
efficacy end points included proportion of patients meet-
ing each exit criterion; proportion of seizure-free patients
during the last 4 weeks of monotherapy; change in stan-
dardized seizure frequency (SSF) from baseline (for the
18-week treatment and 10-week monotherapy periods);
responder rate (proportion of patients with a reduction in
SSF ≥ 50% from baseline); change in seizure frequency
from baseline according to seizure severity; change in
31-item Quality of Life in Epilepsy (QOLIE-31) total
scores; change in Montgomery-Asberg Depression Rating
Scale (MADRS) scores (for all patients, and for patients
with a score ≥14 at randomization); and completion rate

(proportion of patients completing the 18-week treatment
and 10-week monotherapy periods).

Safety and tolerability
Adverse events (AEs) were noted at each clinic visit. AEs

were coded according to their respective system organ class
and preferred term, using the Medical Dictionary for Regu-
latory Activities version 13.1. Treatment-emergent AEs
(TEAEs) were defined as AEs that occurred on or after the
first dose of study drug. All AEs were recorded by the inves-
tigator and classified with regard to intensity (mild, moder-
ate, or severe).

Statistical analyses
For the primary efficacy end point (exits based on seizure

criteria), a sequential testing procedure was used to control
type I errors. The first comparison in the sequence was for
ESL 1,600 mg versus historical control, then ESL
1,200 mg versus historical control, followed by a compari-
son between the two treatment groups using a log-rank test.
French et al.14 calculated a 95% prediction interval (PI)
based on the exit rates reported in eight historical trials. At a
type I error rate of ≤5%, the lower bound of the PI for a sin-
gle study is an exit rate of 65.3% at 112 days.14 Therefore,
if the 95% UCL for a treatment group was <65.3%, the null
hypothesis (that the exit rate for the test group equals the
combined exit rate derived from the historical controls)
could be rejected. The exit rate was estimated using KM
analysis, using the time to exit observed for each patient.

Patients were censored if they withdrew from the study
for reasons other than meeting the exit criteria, prior to
reaching 112 days. The rate of early withdrawal reported in
historical control trials was approximately 10%. Conse-
quently, the protocol specified that if the withdrawal rate
exceeded 10%, any further withdrawals would be reassigned
as having met the exit criteria, using random sampling. A

Table 1. Reasons for exit (EFF population)

ESL 1,200 mg (n = 60) ESL 1,600 mg (n = 118) Total (n = 178)

Met one of the 5 exit criteria, n (%) 23 (38.3) 17 (14.4)a 40 (22.5)

1. One episode of status epilepticus 0 1 (0.8)b 1 (0.6)b

2. One secondary generalized partial seizure

(for patients without generalized seizures

during 6 months prior to screening)

4 (6.7) 1 (0.8) 5 (2.8)

3. Twofold increase from baseline in

consecutive 28-day seizure rate

6 (10.0) 5 (4.2) 11 (6.2)

4. Twofold increase from baseline in

consecutive 2-day seizure rate

5 (8.3) 6 (5.1) 11 (6.2)

5.Worsening of seizures or increase in

seizure frequency (as judged by investigator)

8 (13.3) 4 (3.4) 12 (6.7)

EFF, efficacy; ESL, eslicarbazepine acetate.
aTwo additional patients (ESL 1,600 mg group) met exit criteria, based on poststudy programmatic assessment; patients whose seizure diaries indicated that

maximum average 2- or 28-day seizure rate exceeded the threshold of doubling during the 16-week study period compared to the baseline period, were reassigned
as exits, even if the investigator had allowed them to remain in the study.

bOne patient with status epilepticus took 19% of the assigned daily dose as determined by count of returned tablets.
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secondary analysis of the primary end point was performed
in which censored patients were not reassigned as exits.

For subgroups of patients taking different AEDs at base-
line, descriptive statistics for the exit rate (%s and 95% con-
fidence intervals [CIs]) were calculated for each group (for
AEDs used in ≥20% of patients).

The statistical analyses of the secondary efficacy end
points and safety end points are described in the Appen-
dix S1.

All statistical procedures were performed using SAS
v.9.2 (SAS Institute, Cary, NC, U.S.A.) or higher. All statis-
tical tests were two sided.

Determination of sample size
Patients were randomized in a 2:1 ratio to either 1,600 or

1,200 mg ESL. The exit rate is assumed to be 54% for the
1,600 mg QD arm, corresponding to a weekly hazard rate of
4.85%. This exit rate represents a 39% reduction in the exit
hazard rate based on the lower end of the 80% PI established
for replication in two clinical studies (72.2%; weekly hazard
rate of 8%) and a 20% reduction in the exit hazard rate based
on the lower end of the 95% PI established for a single clini-
cal study (65.3%; weekly hazard rate of 6.62%). For 116
patients randomized to ESL 1,600 mg, and assuming a 10%
discontinuation rate without observed exit events, there was
≥95% chance that the UCL for the observed exit rate would

fall below 72.2% and a 70% chance that the UCL would fall
below 65.3%. Assuming an early dropout rate of 20%,
approximately 202 patients were required to enter the base-
line period to achieve a minimum of 174 randomized
patients.

Study populations
The intent-to-treat (ITT) population consisted of all ran-

domized patients who received at least one dose of the
study drug; this population was used to evaluate patient
disposition, baseline demographics and characteristics,
and safety outcomes. Primary and secondary efficacy
analyses were conducted for the efficacy (EFF) population
(all ITT patients who entered the AED conversion period).
An additional analysis of the primary efficacy end point
was conducted for the per-protocol (PP) population
(patients in the EFF population with no important protocol
deviations).

Results
Patient demographics, baseline characteristics, and
disposition

The ITT, EFF, and PP population treatment groups
were generally well balanced in terms of demographics
and baseline characteristics (Table 2). Overall, the ITT

Table 2. Demographic and clinical characteristics at baseline (ITT population)

Characteristic ESL 1,200 mg (n = 65) ESL 1,600 mg (n = 128) Total (n = 193)

Age, years; median (range) 39 (16–67) 40 (16–68) 39 (16–68)
Gender, male; n (%) 31 (47.7) 61 (47.7) 92 (47.7)

Race, n (%)

White 53 (81.5) 94 (73.4) 147 (76.2)

Black or African American 4 (6.2) 18 (14.1) 22 (11.4)

Other (including multiple) 8 (12.3) 16 (12.5) 24 (12.4)

Ethnicity, n (%)

Hispanic or Latino 14 (21.5) 18 (14.1) 32 (16.6)

Region, n (%)

U.S. 64 (98.5) 123 (96.1) 187 (96.9)

Non-U.S. 1 (1.5) 5 (3.9) 6 (3.1)

BMI, kg/m2; median (range) 27.6 (17.6–53.7) 28.8 (17.9–109.2) 28.7 (17.6–109.2)
Maximum consecutive 2-day baseline seizure rate,

mean � SD 3.7 � 2.84a 3.8 � 2.36b 3.8 � 2.53c

Maximum consecutive 28-day baseline seizure rate,

mean � SD 12.1 � 8.31a 13.8 � 9.10b 13.3 � 8.86c

Baseline AEDs used by ≥20% patientsd, n (%)

Carbamazepine 17 (26.2) 34 (26.6) 51 (26.4)

Levetiracetam 19 (29.2) 38 (29.7) 57 (29.5)

Number of AEDs at baselined, n (%)

1 50 (76.9) 92 (71.9) 142 (73.6)

2 15 (23.1) 36 (28.1) 51 (26.4)

ITT, intent-to-treat; ESL, eslicarbazepine acetate; BMI, body mass index; SD, standard deviation; AED, antiepileptic drug; U.S., United States.
Percentages are calculated based on the number of patients with nonmissing data in the ITT population in each column.
an = 63.
bn = 126.
cn = 189.
dAn AEDwas considered to be used at baseline if it was started at any time before the first dose of study drug and continued into the titration period.
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population (n = 193 [ESL 1,600 mg: n = 128; 1,200 mg:
n = 65]) had a median age of 39 years; approximately
50% of patients were male; most were white (76%) and
were treated at a U.S. center (97%); 17% were Hispanic/
Latino. Most patients (74%) were taking one AED when
they entered the trial; levetiracetam (LEV) and CBZ were
the most commonly used AEDs. Benzodiazepines were
used intermittently (emergency use) by 10.8% of patients
taking ESL 1,200 mg and by 12.5% of patients taking
ESL 1,600 mg. The mean maximum seizure rate during
the baseline period was 3.8 per 2 days, or 13.3 per
28 days.

Of the 397 patients screened for eligibility, 193 received
double-blind ESL treatment (ITT population), 178 patients
entered the AED conversion period (EFF population), and
138 patients entered the ESL monotherapy period, with 105
patients completing (Fig. S2). Reasons for study with-
drawal are listed in Table S2.

Efficacy

Primary end point
Overall, based on the investigators’ determinations, 40

patients (22.5%) met one of the five seizure-related exit cri-
teria and exited the trial (Table 1). Half of these (n = 20)
exited during the AED conversion period and the other half
during the monotherapy period.

Two additional patients in the ESL 1,600 mg treatment
group were reassigned as study exits based on information
from seizure diaries. In addition, as determined by the study
protocol, once the withdrawal rate had reached 10%, subse-
quent withdrawals were reassigned as seizure-related exits
using random sampling (13 patients in the ESL 1,600 mg
group; two patients in the 1,200 mg group).

Primary analysis. The KM estimated exit rate for the EFF
population (n = 178 [ESL 1,600 mg: n = 118; ESL
1,200 mg: n = 60]) was 28.7% (95% CI 21.2–38.1%) for
ESL 1,600 mg and 44.4% (32.5–58.3%) for ESL 1,200 mg
(Fig. 1). For both the 1,600 and 1,200 mg groups, the 95%
UCLs for the exit rates were below the prespecified thresh-
old of 65.3% (Fig. 1). Therefore the exit rates for ESL 1,600
and 1,200 mg were lower than the exit rate for the historical

controls; the difference between dose groups was not signif-
icant (log-rank test: p = 0.07).

Secondary analyses. The KM estimated exit rate for the PP
population (n = 139) was similar to that for the EFF popula-
tion: 29.6% (95% CI 21.2–40.4%) for ESL 1,600 mg and
43.1% (29.8–59.5%) for ESL 1,200 mg (difference between
groups, p = 0.18). Without reassignment of withdrawals,
KM exit rates were 18.9% for ESL 1,600 mg and 42.0% for
ESL 1,200 mg (difference between groups, p = 0.0019);
for both doses, the 95% UCLs for the exit rate were below
the prespecified threshold of 65.3% (ESL 1,600 mg, 28.1%;
ESL 1,200 mg, 56.3%). This analysis, without reassignment
of withdrawals, is comparable to that conducted in previous
historical control trials of conversion to monotherapy.

A worse-case analysis was also conducted, in which
patients who withdrew without meeting exit criteria were
reassigned as seizure-related exits unless seizure-related
causes could be excluded. In this analysis, KM exit rates
were 29.0% for ESL 1,600 mg and 44.3% for ESL
1,200 mg (difference between groups, p = 0.068). Again,
for both doses, the 95% UCLs for the exit rate were below
the prespecified threshold of 65.3% (ESL 1,600 mg, 38.4%;
ESL 1,200 mg, 58.2%).

Influence of AEDs used during the baseline period:
KM-estimated exit rates. KM exit rates were 34.7% (ESL
1,600 mg; 95% CI 20.3–55.0%) and 46.4% (ESL
1,200 mg; 25.4–73.5%) for patients taking CBZ during the
baseline period, versus 26.9% (18.6–38.0%) and 45.7%
(32.1–62.0%), respectively, for those not taking CBZ
(Fig. 2). For patients taking LEV during the baseline period,
KM exit rates were 42.2% (ESL 1,600 mg; 27.5–60.6%)
and 43.8% (ESL 1,200 mg; 23.8–70.5%) versus 23.6%
(15.5–34.8%) and 46.8% (32.9–63.2%), respectively, for
those not taking LEV (Fig. 2). Only a small proportion of
patients were taking OXC during baseline (6.7%). Conse-
quently, exit rates for these patients could not be accurately
determined.

Secondary end points
During the 10-week monotherapy period, nine patients

(7.6%; 95% CI 3.5–14.0%) in the ESL 1,600 mg group, and

Figure 1.

Kaplan-Meier plot of time to exit

(EFF population). EFF, efficacy; ESL,

eslicarbazepine acetate; QD, once

daily.

Epilepsia ILAE
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five (8.3%; 2.8–18.4%) in the ESL 1,200 mg group,
remained seizure-free; seizure-free rates during the last
4 weeks of monotherapy were 14.4% (95% CI 8.6–22.1%)
for ESL 1,600 mg and 13.3% (5.9–24.6%) for ESL
1,200 mg.

Marked reductions in SSF (seizures per 28 days), and
substantial responder rates (percentage of patients with
≥50% reduction in SSF from baseline) occurred in the ESL
1,600 and 1,200 mg treatment arms, for both the 18-week
treatment period and the 10-week monotherapy period
(Table 3). Figure S3A shows the reductions in SSF between
the baseline and monotherapy periods according to seizure
severity. The most marked reduction in seizure frequency
occurred in patients with partial seizures evolving to sec-
ondarily generalized seizures (ESL 1,600 mg, 80%; ESL
1,200 mg, 49%). A large proportion of patients achieved a
≥50% reduction in SSF, irrespective of seizure severity and
ESL dose (Fig. S3B).

Increases in QOLIE-31 scores were apparent between
baseline and the end of the monotherapy period (ESL
1,600 mg, 6.4 [SD 12.6]; ESL 1,200 mg, 7.8 [SD 13.8]). A
reduction in total MADRS scores occurred between base-
line and the end of the monotherapy period (ESL 1,600 mg,
�2.3 [95% CI �3.3, �1.4]; ESL 1,200 mg, �1.2 [�2.6,
0.2]). Reductions were also apparent in patients with

MADRS scores ≥14 at baseline (ESL 1,600 mg,
�9.6 � 8.7; ESL 1,200 mg,�6.8 � 6.7).

For the 18-week treatment period, the completion rates
were 64% (ESL 1,600 mg) and 48% (ESL 1,200 mg); for
the 10-week monotherapy period, completion rates were
82% and 64%, respectively.

Safety
Overall, 171 patients (89%) had ≥1 TEAE (ESL

1,600 mg, 91%; ESL 1,200 mg, 85%). Of these, 78% had a
TEAE that was considered potentially related to the trial
drug (ESL 1,600 mg, 82%; ESL 1,200 mg, 69%). The most
commonly reported TEAEs are presented in Table 4.
TEAEs were reported more often during the titration period
(72%) than during the AED conversion (61%) and mono-
therapy periods (49%).

Most TEAEs were mild or moderate in severity, but 17
patients (8.8%) had ≥1 severe TEAEs (12 in the ESL
1,600 mg group; 5 in the ESL 1,200 mg group); see Table 4
footnote for the list of severe TEAEs. Treatment-emergent
serious AEs (SAEs) occurred in 12 patients (6.2%;
Table 4); hyponatremia was reported in two patients
(1.0%), all other SAEs occurred in one patient each (see
footnote to Table 4 for a list of SAEs). One patient died
during the trial (SAE: multiple injuries), in a car accident

Figure 2.

Kaplan-Meier estimates of exit rate

with/without carbamazepine and

levetiracetam (EFF population). EFF,

efficacy; CI, confidence interval; ESL,

eslicarbazepine acetate.

Epilepsia ILAE

Table 3. Percentage change from baseline in standardized seizure frequency during themonotherapy and double-

blind periods, and responder rate by study period (EFF population)

Study period ESL 1,200 mgQD (n = 60) ESL 1,600 mgQD (n = 118)

Change in SSF from baseline; median (%)

18-week double-blind period �30.9 �41.5

10-week monotherapy period �48.7 �38.6

Responders, n (% [95% CIa])

18-week double-blind period 22 (36.7 [24.6–50.1]) 47 (39.8 [30.9–49.3])
Titration period 28 (46.7 [33.7–60.0]) 61 (51.7 [42.3–61.0])
AED conversion period 25 (41.7 [29.1–55.1]) 51 (43.2 [34.1–52.7])
10-week monotherapy period 21 (35.0 [23.1–48.4]) 38 (32.2 [23.9–41.4])

EFF, efficacy; ESL, eslicarbazepine acetate; QD, once daily; SSF, standardized seizure frequency (seizure frequency is standardized to a 28-day frequency); AED,
antiepileptic drug; CI, confidence interval.

A response was defined as ≥50% reduction in standardized seizure frequency from baseline. Percentages of responders and exact 95% CIs are based on the
number of patients with post-baseline seizure data.

aThe 95% CI values are for the percent of responders.
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(considered not treatment-related by the physician). Over-
all, SAEs and TEAEs of severe intensity were reported
infrequently during the trial.

A total of 31 patients (16%) discontinued the trial due to a
TEAE (ESL 1,600 mg, 18%; ESL 1,200 mg, 12%). Hypo-
natremia was the TEAE that most frequently led to discon-
tinuation (four patients [2.1%]). Discontinuations due to
TEAEs were less frequent during the monotherapy period
(3.6%) than the titration period (6.7%) or the AED conver-
sion period (5.2%). Dose reductions due to TEAEs occurred
more frequently with ESL 1,600 mg (9.4%) than with ESL
1,200 mg (4.6%). Altogether, 2.6% of patients had dose
reductions during the monotherapy period, compared with
4.1% during the AED conversion period.

Overall, 11.7% of patients taking ESL 1,600 mg and
20.3% of those taking ESL 1,200 mg had a reduction in

plasma sodium concentration ≥10 mEq/L from baseline
during the 18-week treatment period; 3.9% and 4.7%
respectively had plasma sodium values ≤125 mEq/L.
There were no clinically relevant changes in vital signs,
no orthostatic effects, no significant abnormalities in
physical and neurologic examinations in either treatment
group, and no clinically significant electrocardiogram
findings.

During the 18-week treatment period, suicidality
(assessed using the Columbia Suicide Severity Rating
Scale [C-SSRS]) occurred in four patients in each dose
group (ESL 1,600 mg, 3.1%; ESL 1,200 mg, 6.2%). Su-
icidality was related mainly to suicidal ideation (3.6%)
rather than suicidal behavior (0.5%, one subject who
prepared for an attempt); no patients carried out an actual
suicide attempt.

Table 4. TEAEs,a severe TEAEs, and SAEs (ITT population)

ESL 1,200 mgQD (n = 65) ESL 1,600 mgQD (n = 128) Total (n = 193)

TEAE, n (%)b

Dizziness 18 (27.7) 31 (24.2) 49 (25.4)

Headache 14 (21.5) 26 (20.3) 40 (20.7)

Fatigue 13 (20.0) 20 (15.6) 33 (17.1)

Somnolence 7 (10.8) 23 (18.0) 30 (15.5)

Nausea 7 (10.8) 19 (14.8) 26 (13.5)

Nasopharyngitis 7 (10.8) 14 (10.9) 21 (10.9)

Vomiting 6 (9.2) 12 (9.4) 18 (9.3)

Vision blurred 6 (9.2) 12 (9.4) 18 (9.3)

Back pain 10 (15.4) 6 (4.7) 16 (8.3)

Diarrhea 5 (7.7) 9 (7.0) 14 (7.3)

Hyponatremia 4 (6.2) 9 (7.0) 13 (6.7)

Diplopia 5 (7.7) 6 (4.7) 11 (5.7)

Insomnia 3 (4.6) 8 (6.3) 11 (5.7)

Contusion 4 (6.2) 7 (5.5) 11 (5.7)

Influenza 4 (6.2) 5 (3.9) 9 (4.7)

Anxiety 2 (3.1) 7 (5.5) 9 (4.7)

Abdominal discomfort 4 (6.2) 4 (3.1) 8 (4.1)

Gastroenteritis viral 4 (6.2) 4 (3.1) 8 (4.1)

Partial seizures with secondary generalization 7 (10.8) 1 (0.8) 8 (4.1)

Fall 4 (6.2) 3 (2.3) 7 (3.6)

Musculoskeletal pain 4 (6.2) 3 (2.3) 7 (3.6)

Pain in extremity 5 (7.7) 2 (1.6) 7 (3.6)

Memory impairment 5 (7.7) 2 (1.6) 7 (3.6)

Hypertension 0 7 (5.5) 7 (3.6)

Toothache 4 (6.2) 1 (0.8) 5 (2.6)

Any severe TEAE 5 (7.7) 12 (9.4) 17 (8.8)

Any treatment-emergent SAE 4 (6.2) 8 (6.3) 12 (6.2)

ITT, intent-to-treat; ESL, eslicarbazepine acetate; QD, once daily; SAE, serious adverse event; TEAE, treatment-emergent adverse event.
The following severe TEAEs occurred in one patient each in the ESL 1,600 mg group: diarrhea; dyspepsia; nausea; vomiting; sinusitis; accidental overdose; hypo-

natremia; arthralgia; back pain; amnesia; dizziness; headache; simple partial seizures; status epilepticus; agitation; anxiety; confused state; and changes in mental sta-
tus.

The following severe TEAEs occurred in one patient each in the ESL 1,200 mg group: cardiogenic shock; myocardial infarction; multiple injuries; back pain; pan-
creatic neoplasm; dizziness; migraine; agitation; pulmonary edema; and rash.

Hyponatremia was reported as an SAE in two patients in the ESL 1,600 mgQD group.
The following SAEs were reported for one patient each, in the ESL 1,600 mg QD group: nausea; vomiting; accidental overdose; cerebral cyst; complex partial

seizures; hypoesthesia; status epilepticus; anxiety; depression; dyspnea; and hypertension.
The following SAEs were reported for one patient each in the ESL 1,200 mg QD group: cardiogenic shock; edema peripheral (downgraded to a nonserious AE

by the investigator after database lock); multiple injuries (death; patient died in a car accident); hypokalemia; pancreatic neoplasm; partial seizures with secondary
generalization; and pulmonary edema.

aAffecting ≥5% of patients in any ESL dose group.
bSome patients had more than one TEAE. Patients with multiple occurrences of a single TEAE were counted only once for that TEAE.
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Discussion
The present trial demonstrated efficacy of ESL 1,600 and

1,200 mg taken once daily as monotherapy (the doses cur-
rently recommended for use as adjunctive therapy are 800
and 1,200 mg QD).9,15 The full 18-week treatment period
was completed by 59% of patients, whereas the completion
rate for patients who entered the monotherapy period was
76%. These rates are similar to those reported in other con-
version to monotherapy trials.16–18 These data demonstrate
that ESL monotherapy was both effective and well tolerated
by epilepsy patients after conversion from adjunctive AED
therapy.

The KM estimated exit rates for patients taking ESL
1,200 and 1,600 mg QD were significantly lower than the
exit rates for historical controls. The exit rate was lower
with ESL 1,600 mg than ESL 1,200 mg, although the dif-
ference between treatment groups was not statistically sig-
nificant. For the primary end point, the comparison between
doses was corrected for the effect of multiplicity, but the
study was not powered to detect a difference between doses.
In addition, the differences in SSF and responder rates
between the two dose groups do not suggest that the
1,600 mg dose is substantially more effective. However,
this does not exclude the possibility that some patients may
benefit from the higher ESL dose. Furthermore, the
decrease in SSF during the 18-week treatment period was
similar for different severities of POS, suggesting that
monotherapy conversion to ESL can be performed irrespec-
tive of seizure severity.

This trial employed a “historical control withdrawal to
monotherapy” design.14 This study design is appropriate for
AED monotherapy trials, provided the design, patient popu-
lation, evaluation criteria, and analysis methods are compa-
rable to those of the historical trials.16 In these respects, the
current trial was comparable to the eight historical trials.
The study region (North America), mean ages, median dura-
tion of epilepsy, and median baseline seizure frequencies
were similar in all nine trials; a smaller proportion of
patients were taking CBZ during baseline in the current
trial.14 A possible limitation of this study is the lack of a
concurrent control.

In an identical study (093-046) carried out in interna-
tional centers (75% of which were located outside of North
America), ESL monotherapy (1,600 and 1,200 mg QD) was
also shown to be superior to historical controls.12 The KM-
estimated exit rates (95% CI) for study 093-046 were 12.8%
(7.5–21.5%) for ESL 1,600 mg and 15.6% (8.1–28.7%) for
ESL 1,200 mg. Together, these two trials demonstrate suc-
cessful conversion to ESL monotherapy, in both an interna-
tional and an NA population. The exit rates were higher in
this NA study (1,600 mg, 28.7%; 1,200 mg, 44.4%) than in
the international study 093-046.12 The two studies were
conducted concurrently, with identical protocols, therefore,
the only identifiable difference between them is the geo-

graphic region of recruitment. The reason for the difference
in exit rates remains unknown, but could relate to differ-
ences in clinical characteristics between the NA and non-
NA populations, or may reflect differences in the manage-
ment of epilepsy. In the 093-046 (international) trial, base-
line seizure rates were lower than in the current trial, and the
mean duration of epilepsy was shorter, suggesting a less
severely affected population. Use of LEV was less frequent
in non-NA patients, reflecting differences in patient man-
agement.

In the ESL 1,600 mg dose group, use of CBZ as a base-
line AED was associated with an increased KM estimated
exit rate (34.7% compared with 26.9%). This modest
increase may be due to overlap in mechanisms of action
of the two compounds, leading to an additive effect with
respect to side effects; an increased incidence of side
effects may lead to reduced adherence, which in turn
could exacerbate seizures and increase study exit rate. In
the ESL 1,200 mg group, the rates were comparable
(using CBZ, 46.4%; not using CBZ, 45.7%). In their
analysis of the eight historical trials, French et al.14 found
that the use of CBZ at baseline did not significantly
increase the likelihood of exit, but increased the hazard
rate for trial exit by 8.0% (95% CI �19.4 to 35.4). ESL
patient exit rates for those who had or had not been taking
LEV during the baseline period of this study were not
markedly different.

The improvements in QOLIE-31 scores observed in both
ESL treatment groups exceeded five points. According to
Borghs et al.,19 this suggests that the improvements in qual-
ity of life may have been clinically meaningful. An
improvement in depressive symptoms, as indicated by a
reduction in MADRS score, was observed for both ESL
dose groups. However, only the reduction in MADRS score
with ESL 1,600 mg (2.4-point reduction) appeared to be
clinically relevant, as it exceeded the minimal clinically
important difference (�1.6 to �1.9) described by Duru and
Fantino.20 This effect has been observed in other AED
trials,21,22 and may result from seizure reduction during
conversion to monotherapy, or other causes.

No new safety issues or trends with ESL were detected in
this trial; the safety data resembled those generated with
adjunctive ESL use.23 The most common TEAEs of dizzi-
ness and headache were mainly mild or moderate in sever-
ity. The overall incidence of TEAEs appeared to be dose
related, as observed in the adjunctive ESL trials.23 Although
reductions in plasma sodium levels ≥10 mEq/L were
detected in 15% of patients, these reductions necessitated
withdrawal from the study only infrequently. Patients with
plasma sodium values ˂125 mEq/L were required by the
protocol to withdraw from the study, regardless of whether
they were symptomatic; 1.6% of patients taking ESL
1,600 mg, and 3.1% of patients taking ESL 1,200 mg QD
discontinued due to hyponatremia (reported as a TEAE). In
line with the 2008 FDA report on AEDs and suicide risk,24

Epilepsia, 56(4):546–555, 2015
doi: 10.1111/epi.12934

553

Conversion toMonotherapy with ESL



the association of suicidality with ESL treatment was ana-
lyzed in this study. Suicidality was reported infrequently,
and no clear association with ESL was observed, similar to
the conclusions regarding AED use and suicidality drawn
byMula et al.25

Other AEDs have also been investigated using a “conver-
sion to monotherapy” trial design with a historical control:
levetiracetam XR,26 lamotrigine XR,16 lacosamide,17 pre-
gabalin,18 and brivaracetam (NCT00698581 and NCT006
99283); the two brivaracetam trials were terminated after an
interim analysis demonstrated trial futility. There are differ-
ences between the published monotherapy studies with
regard to the maximum dose of a second AED allowed dur-
ing screening (for example, the levetiracetam and lacosa-
mide studies allowed up to half of the defined daily dose,
whereas the lamotrigine XR study excluded use of a second
AED). Furthermore, the studies of other AEDs did not
include reassignment of withdrawals as seizure exits in their
primary end point. All previous historical control studies of
AED monotherapy (including study 093-046) enrolled
patients from a mix of U.S. and non-U.S. populations,
whereas the current study and those comprising the histori-
cal control14 were conducted exclusively in North America.
It is unclear whether these factors had a major influence on
the current findings. Therefore caution must be used when
comparing exit rates in the different monotherapy studies.

Conclusion
The results of the current trial suggest that ESL mono-

therapy improves seizure control in NA patients with partial
(focal) epilepsy not previously controlled by one or two
AEDs, and is well tolerated.
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