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12 weeks (maintenance period). Pooled efficacy variable was standardized (/4 weeks)
seizure frequency (SSF) analyzed over the maintenance period as reduction in absolute
and relative SSF and proportion of responders (>50% reduction in SSF). Pooled safety
was analyzed by means of adverse events and clinical laboratory assessments.

Results: SSF was significantly reduced with ESL 800 mg (P < 0.0001) and 1200 mg
(P < 0.0001) compared to placebo. Median relative reduction in SSF was 33.4% for
ESL 800 mg and 37.8% for 1200 mg (placebo: 17.6%), and responder rate was 33.8%
and 43.1% (placebo: 22.2%). ESL was more efficacious than placebo regardless of gen-

der, geographical region, epilepsy duration, age at time of diagnosis, seizure type, and

type of concomitant antiepileptic drugs (AED). Incidence of adverse events (AEs) and
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1 | INTRODUCTION

Eslicarbazepine acetate (ESL) is a once-daily antiepileptic drug (AED)
that has been approved by the European Medicines Agency (EMA),
Food and Drug Administration (FDA) and Health Canada, as adjunc-
tive therapy in adults with focal-onset seizures (FOS). Subsequently,
both EMA and FDA approved ESL for monotherapy in the treatment
of FOS in patients with epilepsy 18 years and older. ESL has also been
approved by EMA as adjunctive therapy in children aged above 6 years
old with FOS.

The adjunctive therapy program in adult patients with FOS in-
cluded four pivotal, phase Ill, multicentre, randomized, double-
blind, and placebo-controlled clinical trials: Studies BIA-2093-301
(NCT00957684), -302 (NCT00957047), -303 (NCT00957372), and
-304 (NCT00988429). All studies followed a similar design with ESL
administered at once-daily doses for 12 weeks (maintenance period).
The only major differences in study designs were the number of ESL
doses tested and the titration and tapering-off regimens (Figure 1).
Studies BIA-2093-301 and -302 had three ESL dose groups (400 mg,

AEs leading to discontinuation was dose dependent. Most common AEs (>10% pa-
tients) were dizziness, somnolence, and nausea. The incidence of treatment-emergent
AEs (dizziness, somnolence, ataxia, vomiting, and nausea) was lower in patients who
began taking ESL 400 mg (followed by 400 mg increments to 800 or 1200 mg) than in
those who began taking ESL 600 mg or 800 mg.

Conclusions: Once-daily ESL 800 mg and 1200 mg showed consistent results across all
efficacy and safety endpoints, independent of study population characteristics and
type of concomitant AEDs. Treatment initiated with ESL 400 mg followed by 400 mg

increments to 800 or 1200 mg provides optimal balance of efficacy and tolerability.

adjunctive therapy, adults, antiepileptic drugs, eslicarbazepine acetate, focal-onset seizures,

800 mg or 1200 mg once-daily), while study -303 and -304 had only
two (800 mg or 1200 mg once-daily). The main results of each individ-
ual study have been published elsewhere.1

To better understand the efficacy and safety profile of ESL in a
broader population and to perform additional analyses in patient sub-
populations, data from the four studies were pooled and analyzed.
The results of this integrated analysis, which had been planned in the
study protocols, and are reported here, had three key variables to as-
sess efficacy over the 12-week maintenance period: (i) standardized
seizure frequency (the primary efficacy variable), (ii) relative change in
seizure frequency, and (iii) the responder rate (250% reduction in sei-
zure frequency). However, as major protocol violations raised doubts
on the reliability of the study results in Study BIA-2093-3083 (included
in the supplementary information),” the main results of the present
combined analysis are displayed with and without Study -303. In fact,
Study -303 was endowed with a difference between intention-to-
treat (ITT) and per-protocol (PP) populations (96.8% vs 56.6%) larger
than in the other 3 studies (301 [98.8% vs 85.3%], 302 [99.5% vs
70.9%] and 304 [98.0% vs 83.8%]). Moreover, study 304 4is the only

Study 301: 4 groups — ESL 1200 mg, 800 mg, 400 mg or placebo, once-daily
Study 302: 4 groups — ESL 1200 mg, 800 mg, 400 mg or placebo, once-daily

Study 303: 3 groups — ESL 1200 mg, 800 mg or placebo, once-daily
Study 304: 3 groups — ESL 1200 mg, 800 mg or placebo, once-daily

J

8-wk 2-wk
baseline period titration

s I

301: At 400 mg weekly steps

302: No titration in the 400 mg & 800 mg arms
starting with 800 mg in the 1200 mg arm

303: Starting dose = 1/2 maintenance dose
304: At 400 mg weekly steps

12-wk
maintenance period

301: Single-blind placebo-controlled
302, 303 and 304: Observational

4-wk
tapering off

|

301: At 400 mg weekly steps until
0 mg (placebo).
302: No tapering off.
303: Ist step: half of the maintenance
dose; 2nd step: 0 mg (placebo)
304: At 400 mg weekly steps until
0 mg (placebo).

FIGURE 1 Study design
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adjunctive ESL trial to include North American patients, and data from
this trial were not part of the Gil-Nagel et al’s pooled analysis.® Also,
the current pooled analysis allows the assessment of detailed safety

data by titration regimen and efficacy by other subgroups.

2 | PATIENTS AND METHODS

Men and women of age 218 years (16 years or more in study 304)
with simple or complex partial seizures (ie focal seizures accord-
ing to the new classification of the International League Against
Epilepsy) evolving or not to a generalized convulsive seizure for at
least twelve months before screening, who had at least four par-
tial seizures (three for study 304) in each 4 week period during the
8 weeks prior to screening, treated with up to three AEDs (any ex-
cept oxcarbazepine [OXC] and felbamate) or vagus nerve stimula-
tion (VNS) plus 1 AED, and had a stable dose of AEDs for at least
2 months (1 month for study 304) prior to screening (vigabatrin
should have been stable for at least 1 year with no deficit in visual
field based on a confirmatory test from within 1 month before study
entry). Patients taking felbamate were excluded due to safety rea-
sons. OXC was not allowed as concomitant AED as it shares the
pharmacologically active main metabolite with ESL. Patients with
known hypersensitivity to carbamazepine (CBZ) or OXC were ex-
cluded. Patients were excluded if they had simple partial seizures
with no motor symptomatology and purely subjective symptoms
that were not video-electroencephalogram documented, primarily
generalized seizures, known rapid progressive neurological disor-
der, or a history of status epilepticus or cluster seizures (ie three
or more seizures within 30 minutes) within the 3 months prior to
screening. Patients were also excluded if they had seizures of psy-
chogenic origin within the last 2 years, a history of schizophrenia or
suicide attempt, been exposed to felbamate or OXC within 1 month
of screening, or had used benzodiazepines on more than an occa-
sional basis (except when used chronically as AED). Furthermore,
uncontrolled cardiac, renal, hepatic, endocrine, gastrointestinal,
metabolic, hematological or oncology disorders, second or third-
degree atrioventricular blockade not corrected with a pacemaker,
relevant clinical laboratory abnormalities (eg Na* <130 mEq/L,
alanine or aspartate transaminases >2.0 times the upper limit of
normal, white blood cell count <3000 cells/mm?), or an estimated
creatinine clearance <50 mL/min (<60 mL/min in study 304) led to
subject exclusion. Efficacy data were documented by means of dia-
ries in which patients were to record all seizures by type, including
date and time of their occurrence. In studies 301, 302, and 303,
event diaries were used, and patients or their caregivers were not
asked to confirm periods without seizures; it was assumed that no
seizures occurred on study days without actively reported seizures.
In study 304, event diaries and daily diaries were used. If the diary
was returned and there was no seizure information available for a
particular day, it was assumed as missing seizure data and the day
was then excluded from the calculation of the primary endpoint.
The studies were approved by the appropriate independent ethics
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committees or institutional review boards and were conducted
according to the international and local regulations of the countries
where they were performed. Patients gave their written informed
consent prior to enrolment.

The primary efficacy variable, in each of the individual studies and
also for the integrated analyses, was the standardized (per 4 weeks)
seizure frequency (SSF) over the 12-week maintenance period. The
predefined key efficacy endpoints were reduction in absolute and
relative SSF during the 12 week maintenance and proportion of re-
sponders (250% reduction in SSF). Absolute and relative reduction
in SSF was compared among the treatment groups using analyses of
covariance (ANCOVA) that modeled the logarithm of the variable as a
function of study, baseline seizure frequency, number of concomitant
AEDs at baseline and treatment (with and without treatment-by-study
interaction). The model with interaction was restricted to placebo,
ESL 800 mg and 1200 mg. The effect of treatment in responders was
evaluated using a Cochran-Mantel-Haenszel (CMH) test stratified by
study factor with chi-square. Results for all three key efficacy variables
are presented for the intention-to-treat (ITT) and the per-protocol
(PP) populations. In addition to these analyses, several other models
were used to confirm the robustness of the findings. Other second-
ary efficacy outcomes included relative reduction in seizure frequency
and responder rate per week, categorized relative change in seizure
frequency (seizure reduction <25%, 25% to <50%, 50% to <75% and
>75%, exacerbation <25% and 225%), number of days with seizures,
and proportion of seizure-free patients (100% seizure reduction). The
interaction effect of ESL and concomitant AEDs taken by at least ap-
proximately 20% of patients (carbamazepine, lamotrigine, and valproic
acid) was also pooled and analyzed by an ANCOVA that modeled SSF
as a function of ESL dose, study, baseline seizure frequency, con-
comitantly given AED, and treatment by concomitant AED interac-
tion. Additional efficacy outcomes included the number of days with
seizures and the proportion of seizure-free patients.

Safety data included adverse events (AEs) reporting as well as clin-
ical laboratory tests (hematology, coagulation, biochemistry, thyroid
function, and urinalysis). All AEs were recorded by the investigator and
assessed with regards to severity (mild, moderate, or severe), causal-
ity, and seriousness. AEs were classified using the Medical Dictionary
for Regulatory Activities (MedDRA) version 10.0 (for studies 301, 302,
and 303) or 13.1 (for Study 304).

3 | RESULTS

3.1 | Analysis of populations

In the 4 Phase Il studies combined, 1703 patients were randomized
and 1675 received at least one dose of study drug (ITT population).
A total of 1303 patients (77.8% ITT) completed the maintenance
period without any major protocol violations, compared to 79.7% in
the placebo group. The percentage of patients who completed the
maintenance period without major protocol violations decreased
with increasing dose of ESL, ranging from 83.7% in the 400 mg group
to 68.4% in the 1200 mg group. A description of major protocol
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violations is provided as supplementary information for each specific
study.

Main baseline population characteristics are presented in Table
S1. The population in the four studies was predominantly Caucasian
(71.7% in the placebo group, 75.0% in the total ESL group) and approx-
imately 11% Hispanic in each group (except for the ESL 400 mg group
as studies 303 and 304 did not have a 400 mg group, and 303 was the
only study to include Mexico). There were no relevant differences in
the demographic and other baseline characteristics between the indi-
vidual treatment groups. The population was approximately 50% male
with a mean age of 38 years and a mean Body Mass Index of 25 kg/
m?Z. The disease characteristics at baseline were similar in each of the
treatment groups. The mean duration of disease was 22 years, mean
age at onset was approximately 15 years, and the majority of patients
(>86% per group) did not have a family history of epilepsy. The overall
seizure frequency at baseline was about 15 seizures per 4 weeks in all
treatment groups. Most of these were either simple partial or complex
partial, and the frequency for each seizure type was also similar in each
of the treatment groups (Table S2). All patients but five were taking at
least one concomitant AED at the end of the baseline period (majority
were under two AEDs in parallel, Table S3). The most common AEDs
being taken at the end of the baseline period were CBZ (>48% in any
group), lamotrigine (LTG) (>20% in any group), and valproic acid (VPA)
(>18% in any group). Table S3 lists concomitant AEDs taken by more
than 3% of patients in any treatment group. During the baseline period
of the studies, AEDs were discontinued only for 2.0% of patients on
placebo, 2.1% of patients on ESL 400 mg, 2.6% of patients on ESL
800 mg, and 2.1% of patients on ESL 1200 mg.

3.2 | Efficacy Results

The median SSF at baseline (Table 1) was similar between the full
(Studies 301 + 302 + 303 + 304 pooled: 7.6 to 8.4) or partial (only
Studies 301 + 302 + 304 pooled: 8.0 to 8.5) integrated dataset of the
ITT population. At the end of the maintenance period, the median SSF
was lowest in the ESL 1200 mg group (full pooled analysis: 4.8; par-
tial pooled analysis: 5.3) and highest in the placebo group (full: 6.9;
partial: 7.0) (Table 1). The ANCOVA of SSF is presented in Table S4.
Compared to the placebo group the change in SSF during the main-
tenance period was statistically significant for the ESL 800 mg and
1200 mg groups in the ITT and PP populations (Figure 2A for full and
Figure 2B for partial integrated analysis; see also Table S4). In the
full ITT integrated ANCOVA analysis, the least square (LS) mean SSF
was lowest in the ESL 1200 mg group (6.11) and highest in the pla-
cebo group (7.95). In the partial ITT integrated analysis, the LS mean
SSF was also lowest in the ESL 1200 mg group (6.35) and highest in
the placebo group (8.27) (Figure 2A for full and Figure 2B for partial
integrated analysis; see also Table S4).

The LS means and 95% confidence intervals (Cl) of relative re-
duction in SSF over the 12-week maintenance period are displayed in
Figures 2C and D for full and partial integrated analysis, respectively.
The relative reduction in SSF during the maintenance period was sig-
nificantly higher (P < 0.0001) for the ESL 800 mg and 1200 mg groups

compared to the placebo group in both the ITT and PP populations
(Figures 2C and D for full and partial integrated analysis, respectively).
In the full integrated analysis, the median relative change was -17.6%
in the placebo group compared to -23.4% in the ESL 400 mg group,
-33.4% in the ESL 800 mg group, and -37.8% in the ESL 1200 mg
group (Figure 2C). In the partial integrated ANCOVA analysis, the
change of LS mean was also greatest in the ESL 1200 mg group (-36.6)
and lowest in the placebo group (-17.3) (Figure 2D).

Figures 2E and F presents the percentage of responders (patients
with a=50% decrease in SSF relative to baseline). The responder rate
was significantly higher in the ESL 800 mg and 1200 mg groups than
in the placebo group in each of the 4 studies as well as either in the full
or partial integrated analyses. In either full or partial integrated analy-
ses, the difference to placebo was statistically significant (P < 0.0001)
for the ESL 800 mg and 1200 mg groups; the difference between the
ESL 400 mg group and placebo was not statistically significant. The
responder rate for ESL 400 mg was 22.9% for full and for partial in-
tegrated analyses, for ESL 800 mg was 33.8% for full and 33.2% for
partial integrated analyses, and for ESL 1200 mg 43.1% and 43.0%,
respectively (placebo: 22.2% and 21.2%).

In the full integrated analysis, a larger proportion of patients had
a reduction in SSF of 25% or more in the ESL 800 mg (58.3%) and
ESL 1200 mg group (60.4%) compared to placebo patients (43.0%).
An exacerbation of seizure frequency was observed in less than
24% of patients for any ESL group, but in 33.4% of placebo patients
(Figure 2G). In the partial integrated analysis, a larger proportion of
patients had a reduction in SSF of 25% or more in the ESL 800 mg
(57.1%) and ESL 1200 mg group (60.5%) compared to placebo patients
(41.9%), while less than 24% of patients in any ESL group had an ex-
acerbation of SSF compared to 33.0% of placebo patients (Figure 2H).
Analyses performed to demonstrate the robustness of the findings for
SSF were consistent with the results shown above for Model | with-
out treatment-by-study interaction. There was no indication that the
treatment effect was different across studies.

The ANCOVA of SSF by seizure type showed a difference com-
pared to placebo that was statistically significant at ESL 800 mg
(P =0.0096) for simple partial seizures, at both ESL 800 mg
(P =0.0108) and 1200 mg (P < 0.0001) for complex partial seizures,
and at ESL 1200 mg (P = 0.0101) for partial seizures evolving to sec-
ondarily generalized (Figure S1). A dose-dependent and statistically
significant difference for both ESL 800 mg and 1200 mg compared to
placebo for simple partial and complex partial seizures was observed
in the previous pooled analysis conducted with studies 301, 302, and
303. The inclusion of study 304 data appears to have an impact for
this particular analysis. Although the influence of geographic region
on treatment response was found not to be statistically significant
(P =0.38), in the North American subgroup, there was no statistically
significant difference in seizure frequency between the both 800 and
ESL 1200 mg and placebo. In the rest of the world subgroup, sei-
zure frequency was significantly lower in both the 800 mg and ESL
1200 mg than the placebo group [5].

In the full pooled ITT population, at baseline the mean+SD (me-
dian) number of days with seizures per 4 weeks was 8.7 + 6.1 (6.2) for
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frequency (ITT population)

Baseline period
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Maintenance period

Study/
Treatment N Mean=SD Median N MeanzSD Median
301
Placebo 102 124 £17.9 6.7 99 11.1+£17.2 6.7
ESL 400 mg 99 114+9.7 7.5 97 89+95 5.7
ESL 800 mg 98 11.2+11.2 7.0 94 7.1+81 4.8
ESL 1200 mg 98 11.6 +15.9 7.5 94 8.1+155 4.7
302
Placebo 100 13.5+14.3 7.5 99 12.8+15.0 7.0
ESL 400 mg 96 14.6 +19.0 8.3 95 12.3+15.9 6.9
ESL 800 mg 100 158+ 15.6 9.3 88 12.6 +19.5 5.7
ESL 1200 mg 97 158+ 16.1 9.5 86 11.0+£ 121 6.2
303
Placebo 84 12.9 £18.3 6.5 81 11.2+21.6 5.7
ESL 400 mg - - - - -
ESL 800 mg 84 13.1+18.6 7.8 80 9.7+ 144 4.6
ESL 1200 mg 77 12.1+128 6.0 73 7.8+10.5 3.7
304
Placebo 220 16.3+19.3 9.0 212 13.0+16.7 7.4
ESL 400 mg - - - - - -
ESL 800 mg 215 18.2+34.5 8.6 200 13.7+27.2 5.6
ESL 1200 mg 204 17.2+£21.1 8.9 184 12.0+16.8 5.5
Integrated 301 + 302 + 303 + 304 studies
Placebo 506 14.4 +18.0 7.6 491 12.3+17.4 6.9
ESL 400 mg 195 13.0+15.1 8.0 192 10.6 +13.1 5.9
ESL 800 mg 497 155+ 255 8.0 462 11.5+£21.2 52
ESL 1200 mg 476 15.0+18.1 8.4 437 10.3+14.8 4.8
Integrated 301 + 302 + 304 studies
Placebo 422 147 +17.9 8.1 410 125+ 164 7.0
ESL 400 mg 195 13.0+15.1 8.0 192 10.6 £ 13.1 5.9
ESL 800 mg 413 16.0 +26.7 8.1 382 11.8+223 5.3
ESL 1200 mg 399 15.5+18.9 8.5 364 10.8 £ 15.5 5.3

ITT, intention-to-treat; N, total number of subjects; SD, standard deviation; ESL, eslicarbazepine

acetate.

placebo, 8.5 + 5.6 (6.5) for the ESL 400 mg group, 8.9 + 6.3 (6.6) for
ESL 800 mg and 8.9 + 6.3 (6.5) for ESL 1200 mg. During the mainte-
nance period, the mean+SD (median) number of days with seizures per
4 weeks, during the maintenance period, decreased to 7.3 + 6.2 (5.3) for
placebo, 7.0 + 5.8 (5.1) for ESL 400 mg, 6.5 + 6.3 (4.3) for ESL 800 mg
and 6.5 + 6.4 (4.2) for ESL 1200 mg. The decrease in the number of days
with seizures was statistically significant in the ESL 800 mg once-daily
(P =0.0005) and ESL 1200 mg once-daily (P = 0.0001) groups, when
compared to placebo. During the maintenance period, the proportion of
patients who were seizure-free increased with increasing dose of ESL,
from 2.0% for the ESL 400 mg group, 3.7% for the ESL 800 mg group to
5.7% for the ESL 1200 mg group, compared to 2.0% for placebo.
Regardless of whichever concomitant baseline AEDs were used,
efficacy of ESL 800 mg and 1200 mg was demonstrated during the

maintenance period. For either the full or partial pooled data, me-
dian relative reduction in SSF by ESL was similar in patients taking
CBZ or not (Figure S2). The median relative reduction in SSF was
almost identical between patients taking and not taking LTG (Figure
S2), and between patients taking or not taking VPA (Figure S2).
These results are consistent with those reported for the responder
rates.

The median relative reduction in SSF in men (placebo: 19.0%,
ESL 400 mg: 22.7%, ESL 800 mg: 36.0%, ESL 1200 mg: 37.9%) was
not significantly different from that in women. The responder rate in
men (placebo: 22.2%, ESL 400 mg: 17.2%, ESL 800 mg: 35.9%, ESL
1200 mg: 42.4%) was not significantly different from that in women.

The efficacy observed in each dose group was generally compara-
ble regardless of the duration of epilepsy. The median relative reduction
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in SSF in patients whose epilepsy duration was <20 years (placebo:
20.4%, ESL 400 mg: 24.6%, ESL 800 mg: 34.1%, ESL 1200 mg: 41.9%)
was not significantly different from that in patients whose epilepsy
duration was 20 years or more. The responder rate was also identi-
cal in patients with an epilepsy duration <20 years (placebo: 25.0%,

Studies 301 + 302 + 303 + 304 combined

ESL 400 mg: 24.1%, ESL 800 mg: 32.9%, ESL 1200 mg: 44.3%) and
20 years or more.

The efficacy observed in each dose group was generally compara-
ble regardless of the age at time of diagnosis. Also, in the full pooled
data, the median relative reduction in SSF in patients whose age at

Studies 301 + 302 + 304 combined
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frequency per 4 weeks (A and B), mean
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F) and mean relative change in seizure
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maintenance in the integrated analysis of
301 + 302 + 303 + 304 or 301 + 302 + 304
studies in the intention-to-treat (ITT) and
PP populations (A, B, C, and D) or the ITT
populations (E, F, G, and H)
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time of diagnosis was <18 years (placebo: 14.5%, ESL 400 mg: 23.0%,
ESL 800 mg: 31.9%, ESL 1200 mg: 37.8%) was not significantly dif-
ferent from that in patients whose age at time of diagnosis was 18
to 50 years of age. The responder rate in patients whose age at time
of diagnosis was <18 years (placebo: 18.7%, ESL 400 mg: 20.0%, ESL
800 mg: 33.3%, ESL 1200 mg: 42.9.7%) was not significantly different
from that in patients whose age at time of diagnosis was 18 to 50 years
of age. Although there was no upper age limit in each study, very few
(n = 21) patients 265 years of age were enrolled (Table S1). Therefore,
it was not possible to make meaningful comparisons between ESL and
placebo for elderly patients.

The efficacy observed in each dose group was generally compara-
ble for patients taking 1 AED and those taking 2 AEDs. A meaningful
comparison to patients who took >2 AEDs (N = 51) or did not take any
AEDs (N = 3) was not possible due to the small number of patients in
this sub-population. In the pooled data from ITT population of 4 stud-
ies, the median relative reduction in SSF was similar in patients tak-
ing 1 AED (placebo: 20.0%, ESL 400 mg: 17.6%, ESL 800 mg: 34.4%,
ESL 1200 mg: 38.6%) and those taking 2 AEDs. The responder rate
was similar in patients taking 1 AED (placebo: 27.4%, ESL 400 mg:
24.6.5%, ESL 800 mg: 38.5%, ESL 1200 mg: 45.0%) and those taking
2 AEDs.

There were marked differences in the placebo response (Western
Europe: 4.9%; Eastern Europe: 17.1%; Latin America: 15.8%; North
America: 25.0%; Rest of the World: 25.6%) and for ESL 400 mg
(Western Europe: 17%; Eastern Europe: 26.8%; Latin America: 20.8%;
Rest of the World: 24.0%), but very little differences for the other
two dose groups during the maintenance period across geographical
regions (Western Europe ESL 800 mg: 32.7%, ESL 1200 mg: 33.7%;
Eastern Europe: ESL 800 mg: 35.6%, ESL 1200 mg: 38.7%; Latin
America: ESL 800 mg: 34.0%, ESL 1200 mg: 43.1%; North America:
ESL 800 mg: 30.4%, ESL 1200 mg: 37.5%; Rest of the World: ESL
800 mg: 34.1%, ESL 1200 mg: 31.7%).

3.3 | Safety results

3.3.1 | Adverse events

In the full integrated analysis, the overall incidence of treatment-
emergent AEs (TEAEs) increased with increasing doses of ESL,
both for all TEAEs as well as for those considered possibly related
(Table 2), which was similar to that observed in the partial integrated
analysis. This was also observed for TEAEs leading to study discon-
tinuation (mainly dizziness and nausea). Hyponatremia leading to
treatment discontinuation occurred in less than 1% of patients tak-
ing ESL. No dose-dependent trend was observed for serious TEAEs
(SAEs), which had a similar incidence in each of the ESL treatment
groups. Three deaths occurred during treatment; two in the placebo
group (acute respiratory failure and possible Sudden Unexpected
Death in Epilepsy [SUDEP]), and one in the ESL 800 mg group (while
taking ESL 400 mg during titration [status epilepticus]). One patient
drowned during the baseline period of study 304 (without having
taken ESL).

The incidence of TEAEs reported by at least 10% of patients in
any treatment group (dizziness, somnolence headache, and nausea) is
depicted in Table 2. The majority of TEAEs were mild or moderate in
severity. The difference in the frequency of TEAEs between the ESL
and the placebo groups was observed mainly during the first 6 weeks
of treatment. Thereafter, the frequency of TEAEs reported in the ESL
and the placebo groups was similar.

The incidence of TEAEs in the pooled data from the full safety
population was higher in women (73%) treated with ESL than in men
(64.6%), which was comparable to the incidence in placebo treated
patients (women 56.7%; men 49%). The difference in ESL group was
accounted for mainly by the difference in the ESL 1200 mg group
(women 79.1%; men 66.5%). The incidence of TEAEs was higher in pa-
tients treated with concomitant CBZ (placebo 54.7%, ESL 73.6%) than
in patients not treated with CBZ (placebo 50.6%, ESL 61.4%). In pa-
tients treated with CBZ or not, the incidence of TEAEs increased with
increasing ESL dose. The overall incidence of TEAEs was comparable
in patients treated with concomitant LTG (placebo 53.3%, ESL 69.4%)
and in patients not treated with LTG (placebo 52.4%, ESL 68.8%).
However, in patients treated with lamotrigine, the incidence of TEAEs
increased with increasing ESL dose (ESL 400 mg 58.7%, ESL 800 mg
65.7%, ESL 1200 mg 76.9%) while in patients not treated with LTG,
the incidence of TEAEs was comparable between treatment groups
(ESL 400 mg 65.3%, ESL 800 mg 67.3%, ESL 1200 mg 71.8%). The
incidence of TEAEs was lower in patients treated with concomitant
VPA (placebo 43.5%, ESL 62.2%) than in patients not treated with VPA
(placebo 55.5%, ESL 71.0%); in both patients treated with VPA or not,
the incidence of TEAEs increased slightly with increasing ESL dose.

Figure 3 illustrates the incidence of TEAEs in both full and partial
pooled safety data during the double-blind period. The incidence of
TEAEs, namely dizziness, somnolence, ataxia, vomiting, and nausea,
was lower in patients who started with taking ESL 400 mg (followed
by 400 mg increments to ESL 800 mg or 1200 mg) than in those who
started on ESL 600 mg or 800 mg, regardless of dosing schedule or
eventual maintenance dose.

3.3.2 | Clinical laboratory assessments

No clinically relevant findings were found to be associated with
changes in mean clinical laboratory parameters (hematology, blood
chemistry, urine, and coagulation). An incidence of clinically significant
hematologic abnormalities of less than 4% in any treatment group was
observed, while reviving individual data. No dose dependency was
observed with respect the hematology parameters. Clinically signifi-
cant abnormalities in biochemistry parameters (<1.8% in any treat-
ment group) or liver function tests (<1% in any treatment group) were
observed in very few patients.

For most parameters, there was a natural degree of fluctuation
in the population around the normal ranges, with no consistent pat-
terns, as shown shift tables summarizing laboratory values that fell
outside clinically significance. In the full safety pooled data, a shift
of sodium levels from normal at baseline to low (<135 mEq/L) at the
end of the maintenance treatment period was reported in 1.8% of
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TABLE 2 Pooled safety analysis (safety population)
Studies 301 + 302 + 303 + 304 combined
Placebo ESL 400 mg ESL 800 mg ESL 1200 mg
MedDRA preferred term (n=513) (n=196) (n =500) (n = 490)
Any TEAEs, n (%)? 270 (52.7) 125(63.8) 335 (67.0) 358(73.1)
Dizziness, n (%) 43 (8.4) 31(15.8) 98 (19.6) 137 (28.0)
Somnolence, n (%) 43 (8.4) 23(11.7) 59 (11.8) 3(16.9)
Headache, n (%) 44 (8.6) 20 (10.2) 54 (10.8) 68 (13.9)
Nausea, n (%) 21(4.1) 11 (5.6) 40 (8.0) 63(12.9)
Possibly related TEAES, n (%)* 149 (29.0) 87 (44.4) 252 (50.4) 296 (60.4)
Dizziness, n (%) 35(6.8) 27(13.8) 92(18.4) 127 (25.9)
Somnolence, n (%) 37(7.2) 21(10.7) 54 (10.8) 78 (15.9)
Nausea, n (%) 14 (2.7) 7 (3.6) 33(6.6) 8(11.8)
Serious TEAEs, n (%)° 12 (2.3) 9 (4.6) 25(5.0) 2(2.4)
Diplopia, n (%) 0(0.0) 2(1.0) 0(0.0) 0(0.0)
Ataxia, n (%) 0(0.0) 2(1.0) 2(0.4) 1(0.2)
TEAEs leading to treatment discontinuation, n (%)° 32(6.2) 17 (8.7) 61(12.2) 109 (22.2)
Dizziness, n (%) 4(0.8) 2(1.0) 24 (4.8) 40 (8.2)
Nausea, n (%) 0(0.0) 0(0.0) 11 (2.2) 6(5.3)
TEAEs leading to death, n (%) 2(0.4) 0(0.0) 1(0.2) 0(0.0)
Death, n (%) 1(0.2) 0(0.0) 0(0.0) 0(0.0)
Status epilepticus, n (%) 0(0.0) 0(0.0) 1(0.2) 0 (0.0)
Acute respiratory failure, n (%) 1(0.2) 0(0.0) 0(0.0) 0(0.0)
Studies 301 + 302 + 304 combined
Placebo ESL 400 mg ESL 800 mg ESL 1200 mg
MedDRA preferred term (n = 426) (n=196) (n = 415) (n =410)
Any TEAEs, n (%) 229 (53.8) 125(63.8) 285 (68.7) 306 (74.6)
Dizziness, n (%) 33(7.2) 31(15.8) 8(18.8) 112 (27.3)
Somnolence, n (%) 32(7.5) 23(11.7) 45 (10.8) 68 (16.6)
Headache, n (%) 33(7.5) 20 (10.2) 47 (11.3) 57 (13.9)
Nausea, n (%) 19 (4.5) 11 (5.6) 34 (8.2) 55(13.4)
Possibly related TEAES, n (%)? 122 (28.6) 87 (44.4) 209 (50.4) 253 (61.7)
Dizziness, n (%) 26 (6.1) 27 (13.8) 5(18.1) 104 (25.4)
Somnolence, n (%) 30(7.0) 21(10.7) 41 (9.9) 66 (16.1)
Nausea, n (%) 13(3.1) 7 (3.6) 8(6.7) 50(12.2)
Serious TEAESs, n (%)° 11 (2.6) 4.6) 25 (6.0 11 (2.7)
Diplopia, n (%) 0(0.0) 2(1.0) 0(0.0) 0(0.0)
Ataxia, n (%) 0(0.0) 1.0) 2(0.5 1(0.2)
TEAEs leading to treatment discontinuation, n (%)° 26 (6.1) 17 (8.7) 54 (13.0) 100 (24.4)
Dizziness, n (%) 2(0.5) 2(1.0) 23(5.5 37 (9.0)
Nausea, n (%) 0(0.0) 0 (0.0) 8(1.9) 24 (5.9)
TEAEs leading to death, n (%) 2(0.4) 0.0) 1(0.2 0 (0.0)
Death, n (%) 1(0.2) 0(0.0) 0(0.0) 0(0.0)
Status epilepticus, n (%) 0(0.0) 0 (0.0) 1(0.2) 0 (0.0)
Acute respiratory failure, n (%) 1(0.2) 0(0.0) 0(0.0) 0(0.0)

ESL, eslicarbazepine acetate.

?In at least 10% of patients in any treatment group.
BIn at least 1% of patients in any treatment group.
‘In at least 5% of patients in any treatment group.
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FIGURE 3 Proportion of patients reporting treatment emergent adverse events by titration regimen in the integrated analysis of the

301 + 302 + 303 + 304 or 301 + 302 + 304 studies

patients treated with placebo, and in 6.1%, 4.8%, and 6.6% of patients
treated with ESL 400 mg, 800 mg, and 1200 mg, respectively. A shift
from normal at baseline to high (>146 mEq/L) at the end of the main-
tenance period was reported in 1.1%, 0.0%, 1.4%, and 0.3% of pa-
tients treated with ESL 400 mg, 800 mg, and 1200 mg, respectively.
Hyponatremia <125 mEq/L was reported in 17 patients: 1 (0.5%) on
ESL 400 mg, 6 (1.2%) on 800 mg, and 10 (2.0%) on 1200 mg. The
increase and decrease in LDL-cholesterol from normal at baseline to
high or low at the end of the maintenance treatment period were
comparable between the ESL groups and the placebo group. For
HDL-cholesterol, the increase from normal at baseline to high at the
end of the maintenance treatment period was dose dependent in the
ESL groups and higher than in the placebo group; no trend was ob-
served for decreases from normal at baseline to low at the end of
the maintenance treatment period. No changes in vital signs or body
weight were of clinical concern.

4 | DISCUSSION

The pooling of data from multiple studies with similar designs and
similar patient populations can be a powerful tool to address clinical
questions not readily answered in the individual studies.” Therefore,

a combined analysis of the pivotal studies of ESL as adjunctive ther-
apy in adults with FOS with or without secondary generalization was
planned in the study protocols.

This integrated analysis demonstrated that adjunctive therapy
with 800 mg and 1200 mg ESL once-daily doses was efficacious and
well tolerated in treatment of patients with partial-onset seizures
refractory to stable AED treatment. The efficacy of ESL 800 mg
and 1200 mg once-daily doses clearly showed consistent results
across all efficacy endpoints and was independent of study popula-
tion characteristics as well as the type and number of concomitant
AEDs used. SSF was significantly reduced with ESL 800 mg once-
daily (P < 0.0001) and 1200 mg once-daily (P < 0.0001) compared to
placebo.

The integrated analysis did not identify any patient characteristic
that would predict a decrease or increase in ESL efficacy. ESL 800 mg
and 1200 mg were more efficacious than placebo regardless of gen-
der, geographical region, epilepsy duration, age at time of diagnosis,
seizure type, and number and type of concomitant AEDs. However,
there were differences in the placebo response rates between Western
Europe and Rest of the World, suggestive that not only were patients
more refractory in Western Europe, but also that diagnosis of epilepsy
is likely not correct in parts of North America and Rest of the World
(placebo responder=25%).
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Though current knowledge on the mechanisms of action of var-
ious AEDs is too limited to allow a rational combining of AEDs with
different mechanisms of action it has been suggested this should
be beneficial.® However, AEDs are usually combined mainly on
empirical grounds.9 Hence, our rationale was not to exclude CBZ
or other VGSC modifiers [except OXC, because it shares metabo-
lites with ESL %] from the add-on Phase IlI studies with ESL. In
fact, ESL in humans undergoes extensive first pass hydrolysis to its
major active metabolite eslicarbazepine that represents approxi-
mately 95% of circulating active moieties.'%> Even though ESL on
its own preferentially blocks VGSC in rapidly firing neurons,® the
in vivo effects of ESL may be limited to its extensive conversion
to eslicarbazepine. Mechanistically, however, it is important to un-
derscore that eslicarbazepine, in contrast to CBZ, reduces VGSC
availability through enhancement of slow inactivation, instead of
alteration of fast inactivation of VGSC.}” Other distinctive prop-
erties of eslicarbazepine over CBZ include 10- to 60-fold higher
potency for the blockade of low and high affinity hCa 3.2 inward
currents, being devoid of effects upon submaximal gamma-amino
butyric acid (GABA) currents in Ltk cells stably expressing a1p2y2,
a2p2y2, a3p2y2, or a5p2y2 GABA, receptors and lacking inhib-
itory effects upon K,,7.2 outward currents.*® Eslicarbazepine was
found to exhibit maintained use-dependent blocking effects both in
human and experimental epilepsy with significant add-on effects to
CBZ. Moreover, it was shown that eslicarbazepine blocked T-type
Ca, 3.2 channels and exhibited strong antiepileptogenic effects in
experimental epilepsy.ic”'21 Additionally, CBZ and OXC were demon-
strated to possess pro-epileptic actions in experimental models, at
clinically relevant concentrations, through the enhancement of ex-
citatory synaptic transmission; by comparison, eslicarbazepine has
no such effect on synaptic transmission, explaining its lack of sei-
zure exacerbation. 822

Eslicarbazepine acetate is metabolized initially solely to eslicar-
bazepine and then subsequently undergoes a minor chiral inversion
(through oxidation to oxcarbazepine) to (R)-licarbazepine, resulting in
an eslicarbazepine-to-(R)-licarbazepine area under the plasma con-
centration time curve (AUC) ratio of approximately 19 (95% eslicarba-
zepine/4.5% (R)-licarbazepine), with approximately 0.5% circulating
as oxcarbazepine.23 In contrast, OXC, a widely used AED currently
approved as monotherapy or adjunct treatment for partial epilepsy,
usually administered in twice- or thrice-daily doses,?* is metabolized
to its two enantiomer monohydroxy derivatives (MHDs)—eslicarba-
zepine (80%) and (R)-licarbazepine (20%).2527 Despite the lack of
head-to-head efficacy trials between ESL and OXC in patients with
epilepsy, the overall incidence of discontinuations due to TEAEs was
4.5% for placebo, 8.7% for ESL 400 mg, 11.6% for ESL 800 mg, and
19.3% for ESL 1200 mg once daily in phase Il studies,®® whereas
incidence of discontinuations for OXC in a large study with similar de-
sign was 8.7% for placebo and ranged from 11.9%-36.2% on similar
doses of twice-daily 300 and 600 mg, respectively.?® In comparison
with OXC, administration of ESL resulted in more eslicarbazepine,
less R-licarbazepine, and less oxcarbazepine in plasma and cerebro-
spinal fluid (CSF) of healthy volunteers, which may correlate with the

tolerability profile reported with ESL.2’ The smaller peak-to-trough
fluctuation of eslicarbazepine in CSF (a measure of sustained delivery
to the brain) than in plasma supports once-daily dosing of ESL.% In
addition, comparison to twice-daily OXC administration of once-daily
ESL resulted in 40.6% increase of plasma eslicarbazepine in associ-
ation with less (R)-licarbazepine and oxcarbazepine plasma levels,
which may correlate with the therapeutic profile reported with ESL.%°
Although a better tolerability profile has been reported with slow
release vs immediate release formulations of OXC,31 it is unknown
whether this is related to differences in exposure to oxcarbazepine
and its metabolites.

A higher incidence of diplopia, nausea, abnormal coordina-
tion, dizziness, headache, and somnolence in the 800 mg and ESL
1200 mg groups was the primary reason for the observed dose-
dependent increase in the frequency of TEAEs. The difference in
the frequency of TEAEs between the ESL treatment groups and the
placebo group was observed mainly during the first weeks of treat-
ment. Patients who started titration at a higher dose of ESL showed
a higher incidence of TEAEs. Discontinuation due to TEAEs was
dose-dependent, ranging from 6% in the placebo group to 22% in
the ESL 1200 mg group in the pooled data from safety population
of four studies. Hyponatremia leading to treatment discontinuation
occurred in less than 1% of patients taking ESL. The total discon-
tinuation rate for ESL patients was 14%, which is low compared to

C 2832 where incidences of discon-

rates reported in a study with OX
tinuation of 12%, 36%, and 67% were found following OXC daily
doses of, respectively, 600 mg, 1200 mg, and 2400 mg, and similar
to rates reported for other AEDs, such as LTG, topiramate, and tiag-
abine.®® On the other hand, open studies have also demonstrated
improvements in tolerability in patients switched overnight from
OXC to ESL.3*3% Due to differences in pharmacokinetics, pharmaco-
dynamics, and metabolism, there may be clinical situations in which
it is appropriate to consider switching patients from OXC or CBZ to
ESL.%¢ In line with the findings from Zaccara et al, for which ESL was
significantly associated with a lower withdrawal rate due to AEs than
OXC.%? Changes in mean clinical laboratory parameters (hematology,
blood chemistry, urine, and coagulation) did not reveal clinically rel-
evant findings. None of the hematology parameters showed a dose
dependency. Very few patients had clinically significant abnormali-
ties in biochemistry parameters (<1.8% in any treatment group) or
liver function tests (<1% in any treatment group). Hyponatremia
<125 mEqg/L was reported in < 2% of patients taking ESL. Changes in
HDL- and LDL-cholesterol were comparable between the ESL groups
and the placebo group; however, for HDL-cholesterol, the increase
from normal at baseline to high at the end of the maintenance treat-
ment period was dose-dependent in the ESL groups and higher than
in the placebo group.

In conclusion, once-daily ESL 800 mg and 1200 mg showed con-
sistent results across all efficacy and safety endpoints, independent
of study population characteristics and type of concomitant AEDs.
Treatment initiated with ESL 400 mg followed by 400 mg incre-
ments to 800 or 1200 mg provides optimal balance of efficacy and
tolerability.
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