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Abstract Four “third-generation” antiepileptic drugs
(AEDs) were approved for adjunctive treatment of refrac-
tory focal onset seizures during the past 10 years. Long-
term efficacy and safety of the drugs were demonstrated in
large extension studies and in reports of subgroups of
patients not studied in pivotal trials. Reviewing extension
study and post-marketing outcome series for the four newer
AEDs—Ilacosamide, perampanel, eslicarbazepine acetate
and brivaracetam—can guide clinicians in treating and
monitoring patients. AED extension studies evaluate
treatment retention, drug tolerability, and drug safety dur-
ing individualized treatment with flexible dosing and thus
provide information not available in rigid pivotal trials.
Patient retention in the studies ranged from 75 to 80% at
1 year and from 36 to 68% at 2-year treatment intervals.
Safety findings were generally similar to those of pivotal
trials, with no major safety risks identified and with several
specific adverse drug effects, such as hyponatremia,
reported. The third-generation AEDs, some through new
mechanisms and others with improved tolerability com-
pared to related AEDs, provide new options in efficacy and
tolerability.
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Key Points

Safety and efficacy of new antiepileptic drugs
(AEDs) was evaluated in long-term extension studies
and post-marketing series.

Lacosamide, perampanel, eslicarbazepine acetate,
and brivaracetam have high retention during 1 year
of open treatment, with gradual reductions over
several years.

At high doses, treatment with the new AEDs was
associated with similar central nervous system-
related adverse drug effects, with some specific drug
effects.

Comparing long-term treatment outcomes for newer
AEDs aids clinicians in monitoring patients.

1 Introduction

Drug manufacturers must prove efficacy and safety of their
new products in preclinical and phase I, II, and III trials for
US Food and Drug Administration (FDA) and European
Medicines Agency (EMA) approval. By the time a new
antiepileptic drug (AED) is approved for market, usually
several hundred patients have been exposed to the drug and
followed for several years.

However, post-marketing and long-term follow-up is
vital because of the possibility of rare effects or side effects
that only arise after long exposures. Randomized pivotal
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trials are relatively brief—typically providing 8-12 weeks
of exposure to investigational AEDs. European and US
regulatory agencies require safety assessments of AEDs
over longer exposure periods, and this is provided in
extension studies. These studies monitor patients during
1-8 years of “open” treatment. Patients completing pivotal
trials often are pooled into larger extension studies,
improving detection of potential infrequent adverse drug
effects. These studies evaluate safety during chronic
exposure and demonstrate patient retention—a general
index of treatment success over several year periods [1].

This narrative review discusses and compares the
extension study results for four “third-generation” AEDs:
lacosamide, perampanel, eslicarbazepine acetate, and bri-
varacetam. These studies evaluate tolerability and safety
across a broader range of doses than are typically used in
pivotal trials (e.g., lacosamide is indicated for 400 mg/day
maximum dosage, but there is substantial safety informa-
tion during treatment with dosages up to 800 mg/day) [2].
Initial pivotal trials also require rigid treatment with ran-
domly assigned fixed AED doses and do not permit
adjustments of concomitant AEDs. Extension studies pro-
vide some insight into outcomes with flexible dosing, when
doses of concomitant AEDs can be adjusted. For example,
during an extension study, pharmacodynamic interactions
between lacosamide and other sodium channel modulators
causing dizziness and sedation usually could be resolved
by down-titrating the concomitant AEDs [3].

Patient retention in extension studies also provides a
reasonable index of long-term treatment outcome. Patients
often discontinue treatment in extension studies if they
develop adverse drug effects or do not benefit from reduced
seizures. Efficacy data were reported by median seizure
frequency reduction and >50% responder rates; for
extension trials, efficacy (seizure control) is influenced by
the aforementioned flexible dosing of concomitant AEDs.
In addition, responder rates are often enriched because of
study dropouts and so may best represent seizure outcomes
after 1-2 years of treatment rather than longer periods.
Patients typically enroll in safety studies over several-year
periods; those entering extension study treatment near the
completion of a study program may have limited 1- or
2-year exposures because of a study closing, rather than
because of a favorable or unfavorable treatment outcome.
Consequently, it is usually most accurate to represent study
retention and responder outcomes based on enrollment
dates. Unfortunately, not all extension studies reported
these data.

Extension studies provide important safety information
on new AEDs but occasionally do not detect all unexpected
or infrequent adverse drug effects. Vigabatrin, for example,
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was approved in many countries while US extension
studies were still ongoing. Visual dysfunction was detected
in a small number of patients in the UK receiving post-
marketed treatment [4] and was then shown in the US
extension study to be due to inner retinal dysfunction
causing peripheral visual field loss [5]. Only later was the
drug released in the US with an orphan drug treatment
indication for infantile spasms and refractory complex
partial seizures, with careful visual safety monitoring [6].

Confidence in the sensitivity of extension studies to
exclude major safety risks can be approximated by Han-
ley’s law which states the maximum risk (>95% confi-
dence interval) equals 3/n. Many of the pooled AED
extension studies enrolled approximately 1,000 patients,
and thus the corresponding risk for undetected major safety
risks for these studies is less than 3 in 1000. Consistent
with this, no new serious safety problems were detected in
the AED extension studies or in post-marketing series. This
suggests extension studies and post-marketing series pro-
vide reasonable screening for most common serious safety
risks. Rare safety risks (e.g., <1 per 1000 exposures) may
be missed. Felbamate, for example, the first new AED
approved in 15 years in 1993, was approved after fewer
than 300 patients were monitored in extension studies. 1
year later, 110,000 patients were exposed to felbamate and
31 cases of aplastic anemia and 18 cases of hepatic failure
were reported [8]. This highlights the importance of eval-
uating safety in the large extension study pools reviewed
here and the need to be vigilant for very rare or unantici-
pated adverse drug effects [9].

This long-term tolerability and efficacy data for third-
generation AEDs provide a helpful comparison with older
AEDs used in the adjunctive treatment trials. The review
highlights major differences in mechanisms and tolerability
between the newer third-generation AEDs and previous
therapies, which helps show how they might be matched
with individual patient treatment needs.

2 Lacosamide

Lacosamide is approved for adjunctive and monotherapy
treatment of partial-onset seizures for patients > 17 years
old in the USA and > 16 years old in Europe, based on
several successful phase II and phase III, placebo-con-
trolled, randomized trials [10-12]. Lacosamide is a func-
tionalized amino acid molecule that selectively enhances
the slow inactivation of voltage-gated sodium channels
[10]. Lacosamide is approved at total oral daily doses of
200-400 mg; an intravenous solution was approved as a
temporary substitute for oral treatment [13].
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2.1 Clinical Trials

One phase II and two phase III, randomized, placebo-
controlled trials evaluated lacosamide treatment in 1294
patients with resistant partial-onset seizures at US and
global sites [10-12]. Monthly seizure frequencies during
the studies decreased 26-39% across a dose range of
200-400 mg (total daily dose). Less than 10% of patients
became seizure free, but 20-30% had a > 75% reduction in
seizures [13]. The most common treatment-related adverse
events for lacosamide were dizziness, nausea, blurred
vision, and imbalance, though these symptoms were most
common during dose titration [13]. Lacosamide
600 mg/day was effective compared to placebo, but effi-
cacy was similar to 400 mg/day, and since adverse events
were increased, the 600 mg/day dosage was not approved
in the USA and EU. In a later post hoc analysis, this
seemed due to a pharmacodynamic interaction between
lacosamide and other sodium channel-modulating AEDs—
patients taking lacosamide with AEDs with other mecha-
nisms often tolerated and benefitted from the 600 mg/day
dosage [14].

2.2 Long-Term Efficacy Data

Patients completing phase II and phase III trials enrolled in
one of four open-label extension trials. All four trials
allowed lacosamide dosage adjustments of
100-800 mg/day, and the first three trials allowed treat-
ment with up to three concomitant AEDs, with dosage
adjustments permitted. The first study, SP756, enrolled 308
patients for up to 5 years of exposure [15]. The median
duration of treatment was 2.9 years; the median dosage
was 500 mg/day. Seventy-five percent of patients
had > 1 year of exposure, and 29% had >4 years of expo-
sure. 55.2% of patients discontinued lacosamide treatment,
primarily because of lack of efficacy (26%) and adverse
events (11%). The median percent seizure frequency
reduction was 53.4-62.5% across 1-, 2-, 3-, and 4-year
cohorts; corresponding >50% responder rates were
52.8-62.5%. For each completer cohort, the initial reduc-
tion in seizure frequency during the first 6 months was
maintained through further time points. The increasing
seizure reductions and > 50% responder rates with long
treatment periods partially reflect enrichment due to
dropouts in these extension studies.

The second study, SP774, enrolled 376 patients for up to
5.5 years of exposure [16]. The median duration of treat-
ment was 3.2 years; the median dosage was 400 mg/day.
Patient retention in the study (based on Kaplan—Meier
methods) was 74.5% at 1 year, 52.9% at 3 years, and
40.6% at 5 years. 57.4% of patients discontinued, primarily
because of lack of efficacy (24.5%), withdrawn consent

(17.6%), and adverse events (9.0%). The median percent
seizure frequency reduction was 55.4% for the 1-year
cohort and 62.3% for the 3-year cohort. Correspond-
ing >50% responder rates were overall 55.9% for the
1-year cohort and 63.0% for the 3-year cohort; the 1-year
cohort saw an increase from 55.2 to 58.8% from 6 months
to 1 year, and the 3-year cohort saw an increase from 55.5
to 66.0% from 6 months to 3 years.

The third extension study, SP615, enrolled 370 patients
for up to 8 years of treatment [2]. The median duration of
treatment was 2.8 years; the median lacosamide dosage
was 400 mg/day. Patient retention in the study according to
Kaplan—-Meier analysis was 76.8% at 1 year, 50.8% at
3 years, and 38.7% at 5 years. 67.6% of patients discon-
tinued lacosamide treatment, most commonly because of
lack of efficacy (33.8%), adverse events (13.2%), and
withdrawn consent (13.0%). The median percent seizure
frequency reduction was 47.3-65.2% across 1-, 3-, and
5-year cohorts; corresponding > 50% responder rates were
48.8-63.4%; the seizure frequency reduction by each
yearly completer cohort was generally maintained over
time.

The fourth study, SP902, was a 2-year lacosamide
monotherapy study that enrolled patients from study
SP904, a conversion-to-monotherapy study [17]. The
median duration was 729 days (~ 2 years); the median
dosage was 500 mg/day. Most patients (292 of 322
patients; 90.7%) achieved lacosamide monotherapy at
some point during the study; however, only 151 patients
had lacosamide monotherapy throughout the entire study.
A total of 112 (34.8%) discontinued treatment, most
commonly because of withdrawn consent (9.3%). For the
292 patients on monotherapy at some point, responder rates
were favorable, with 62.7-74.2% having >50% seizure
reduction and 39.2-57.3% having > 75% seizure reduction.
5.6% were seizure free at 24 months of open treatment.
Percentages of seizure frequency reduction over time were
maintained both for those who were on lacosamide
monotherapy consistently throughout the study and for
those who had lacosamide monotherapy at any point during
the study.

Several open treatment trials examined the tolerability
and efficacy of lacosamide after marketing release. One
multicenter, prospective study in Italy and Germany
included 118 patients with uncontrolled generalized and
focal epilepsy [18]. A total of 81 patients (68.6%) reached
the 1-year follow-up, with discontinuation due to lack of
efficacy (15.2%), an increase in seizure frequency (10.2%),
and adverse events (5.9%). The > 50% responder rate was
43.2% at 1 year of open treatment.

A study in Italy evaluated patients (n = 58) who had
become seizure free with adjunctive lacosamide treatment
and showed 63.8% were able to convert to monotherapy,
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while 36% required continued polytherapy. 55.2%
remained seizure free [19]. Patients’ history of fewer than
three lifetime trials of AEDs was a predictor of seizure
freedom.

A third multicenter, prospective study in Italy studied 18
infants and young children with refractory focal epilepsy
[20]. The > 50% responder rate after 3 months of treatment
was 44% (n = 8), which included 17% (n = 3) of patients
who became seizure free. At 1 year, however, half of the
initial responders had loss of efficacy, and only two
patients were still seizure free. Due to adverse events,
lacosamide was stopped in one patient (imbalance) and
reduced in three (drowsiness, vomiting).

Multiple small, long-term, retrospective studies fol-
lowed outcome of lacosamide treatment in patients with
focal epilepsy. A study of 21 children in Korea, treated for
6—13 months, found 67% were >50% responders, with
19% becoming seizure free [21]. Two patients (10%) dis-
continued treatment because of adverse events (aggressive
behaviors and depression). A study in Spain monitored 60
patients  with  refractory focal epilepsy during
13-24 months of treatment; 47% of patients had a > 50%
reduction in seizure frequency, with only two patients
achieving seizure freedom [22]. Thirteen percent of
patients discontinued treatment because of adverse events
(n = 6) and seizure worsening (n = 2). In a separate ret-
rospective study in Spain (n = 66), 64% were seizure free
during an average of 15.5 months of lacosamide treatment
[23]. Fifteen percent of patients discontinued treatment,
mostly because of adverse events (n = 3) or lack of effi-
cacy (n = 6). In a retrospective study of 22 children in
Canada, 45% were>50% responders during an average
period of treatment of 12 months [24]. One patient became
seizure free and 41% (n = 9) of patients discontinued
treatment because of adverse events (n = 6) and lack of
efficacy (n = 3).

A small, 18-month study of adults (n = 19) with Len-
nox-Gastaut syndrome did not show efficacy with lacosa-
mide treatment; two patients had a>50% reduction in
seizures, and 47.7% discontinued treatment because of
seizure worsening and other adverse events [25].

2.3 Long-Term Safety Data

Safety data are available from the four long-term
(2-8 years of exposure) extension trials as well as from
nine 1-year post-marketing studies. Adverse events were
generally mild to moderate in severity and were similar to
those reported in pivotal trials. Adverse events were most
commonly nervous system-related (i.e., dizziness, head-
ache). Studies noted, however, that dose adjustments and
addition of concomitant AEDs may have affected treatment
emergent adverse event (TEAE) occurrence.
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For the 5-year open-label extension study SP756,
including 308 patients, 93.5% experienced TEAEs, most
commonly (> 15%) dizziness (50.0%), headache (21.8%),
contusion (18.5%), nausea (18.5%), convulsion (17.2%),
nasopharyngitis (17.2%), fall (15.9%), vomiting (15.9%),
and diplopia (15.3%) [15]. Dizziness and convulsion were
the only TEAEs that led to discontinuation in > 1.0% of
patients. 23.1% of patients experienced a treatment emergent
serious adverse event (SAE). Of these, four patients each
experienced convulsion and dizziness, and two patients each
experienced atrial fibrillation and ventricular extrasystoles.

For the 5.5-year open-label extension study SP774,
including 376 patients, 82.7% of patients reported TEAEs,
most commonly dizziness (24.2%), headache (14.4%),
diplopia (13.8%), and nasopharyngitis (13.8%) [16]. Nine
percent of patients discontinued because of adverse events,
most commonly dizziness (1.3%). 23.1% of patients
experienced treatment emergent SAEs, with three types
occurring with an incidence > 1%: convulsion (4.0%),
epilepsy (1.9%), and status epilepticus (1.3%).

For the 8-year open-label extension study SP615,
including 307 patients, 71.4% reported TEAEs, most
commonly dizziness (39.7%), headache (20.8%), nausea
(17.3%), diplopia (17.0%), fatigue (16.5%), upper respi-
ratory tract infection (16.5%), nasopharyngitis (16.2%),
and contusion (15.4%) [2]. 12.7% of patients discontinued
treatment because of TEAEs; dizziness and convulsion
were the only TEAEs that resulted in discontinuation
in>1% of patients. 33.8% of patients experienced treat-
ment emergent SAEs; convulsion (6.2%) was the only
treatment emergent SAE that occurred in >2% of patients.

A 2-year monotherapy extension study, SP904, helped
identify adverse events linked to lacosamide treatment
alone [17]. Out of 292 patients on monotherapy, 83.9% had
TEAEs, most commonly dizziness (17.5%), headache
(15.1%), upper respiratory tract infection (10.6%), nausea
(10.3%), and convulsion (10.3%). 4.1% of patients repor-
ted TEAEs leading to discontinuation, most commonly
convulsion (1.8%) and postictal state (1.2%). Twelve per-
cent reported SAEs that were seizure related, most com-
monly convulsion (2.7%) and syncope (0.7%). Serious
TEAESs had a mild trend of being more common above the
dosage of 300 mg/day.

A multicenter, prospective study in Italy and Germany
included 118 patients with uncontrolled generalized and
partial-onset seizures [18]. 29.7% experienced side effects,
most commonly dizziness (6.8%), headache (5.9%), som-
nolence (4.3%), dyspepsia (4.3%), vomiting (4.3%), irri-
tability (3.4%), and nausea (3.4%). Seven subjects
withdrew because of adverse events.

A second multicenter, prospective study in Italy evalu-
ated 18 infants and young children with refractory focal
epilepsy; 33% experienced at least one adverse event with
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lacosamide treatment, most commonly drowsiness (21%),
nervousness (12.5%), vomiting (8%), and instability and
difficulty walking (4%) [20]. All side effects were tolerable
or resolved through dose reduction or discontinuation.

A third prospective study in Italy, including 58 adult
patients receiving lacosamide monotherapy, found 20.8%
reported mild to moderate adverse events, most commonly
drowsiness (n = 7), dizziness (n = 3), and headache
(n = 2) [19]. No SAEs were reported.

Several retrospective studies of patients with focal epi-
lepsy reported similar patterns of mild to moderate adverse
events. The Korean study of 21 pediatric patients found
38% had mild TEAEs: somnolence (n = 3), dizziness
(n = 2), personality change (n = 2), sleep disturbance
(n = 1), and nausea (n = 1) [21]. No patient experienced
seizure worsening. The study in Spain of 60 patients with
refractory focal epilepsy and nocturnal seizures found 33%
experienced TEAEs, most commonly dizziness (n = 16)
[22]. No SAEs were reported. In the second study in Spain,
including 66 patients treated with lacosamide monother-
apy, 22.7% experienced mild to moderate adverse events,
most commonly fatigue (7.5%), dizziness (6.1%). 4.5% of
patients discontinued lacosamide treatment because of
adverse events, such as severe fatigue (n = 1), dizziness
(n = 1), and pruritus and insomnia (n = 1) [23]. In the
study of 22 pediatric patients in Canada, 50% of patients
had adverse events, most commonly dizziness (23%) and
drowsiness (23%) [24]. No SAEs were reported. An
observational, post-authorization safety study in Germany
compared the incidence of cardiovascular and psychiatric-
related TEAEs during 1 year of treatment with adjunctive
lacosamide versus another AED; both groups had a low
incidence of these TEAEs [26].

In the retrospective Colombia study of 19 adult patients
with Lennox-Gastaut syndrome, 47.7% (n = 9) patients
reported adverse events, most commonly seizure worsen-
ing (47.7%), aggressive behavior (47.7%), irritability
(47.7%), and somnolence (31.6%) [25].

2.4 Discussion

A large range of lacosamide dosages (200—-800 mg/day)
were evaluated in long-term extension studies, with no new
safety abnormalities detected compared to phase II/III
randomized studies. The >50% responder rates were
comparable across the open-label, regulatory extension
studies and the prospective and retrospective, single- and
multicenter monitoring studies. The >50% responder rates
ranged from 42 to 67% across these studies. Some of the
increases in efficacy during the extension studies reflect
enrichment due to dropouts of non-responders. However,
patient retention was high (74-76%) at 1-year follow-up
across the adjunctive therapy extension trials.

Discontinuation in these trials was most commonly due to
lack of efficacy, adverse events, and withdrawn consent.
Lacosamide was similarly efficacious in these larger
extension studies and the phase II/phase III pivotal trial
results. Patients in monotherapy extension studies had
particularly strong treatment responses. Studies of pediatric
patients also found treatment efficacious. Central nervous
system (CNS)-related adverse events were the most com-
monly reported signs and symptoms during extension
treatment.

3 Perampanel

Perampanel is a non-competitive AMPA glutamate recep-
tor antagonist approved in the USA and Europe for
adjunctive treatment of partial-onset seizures with or
without secondary generalization in patients aged 12 years
and older [27]. It was also effective and approved for
treating primary generalized epilepsy with tonic—clonic
seizures [28].

3.1 Clinical Trials

In 2012, the FDA and EMA approved perampanel for
adjunctive treatment of partial-onset seizures with or without
secondary generalization after three phase III, double-blind,
randomized, controlled trials [29-31]. Dosages of 4 mg/day,
8 mg/day, and 12 mg/day were effective. The trials included
1478 patients (> 12 years old) with refractory partial-onset
seizures in more than 40 countries at 262 centers. During the
13-week treatment periods (following a 6-week titration per-
iod), the mean relative reduction in seizure frequency was
23.3-28.8% for perampanel versus 12.8% for placebo. The
pooled > 50% responder rate was 28.5-35.0%, compared to
19.3% in the placebo groups [32]. Most TEAEs were
mild/moderate; the most common TEAEs were dizziness,
somnolence, and headache [32].

Two placebo-controlled, dose-escalation, phase II trials
preceded these trials, and found perampanel was tolerated
across a dosage range of 2-12 mg/day in adult patients
[33].

3.2 Long-Term Efficacy Data

Long-term safety data on perampanel are available from two
long-term extension studies, from one small, 1-year
prospective, observational study, and from four retrospective
studies. The 3-year open-label extension study 307 enrolled
96.4% (1216/1264) of patients who had completed phase III
studies [27]. Seizure outcomes were analyzed in patients
completing > 6 months (n = 1090), > 9 months (n=
980),>1 year (n = 874), and>2 years (n = 337) of
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treatment. The Kaplan—Meier curve estimated 75.9% reten-
tion of patients at 1 year and 34.2% at 2 years. Patients dis-
continued treatment overall most frequently because of
subject choice (13.8%), adverse events (12.9%), and inade-
quate therapeutic effect (11.6%). At 1 year, 1.8% discontin-
ued because of adverse events, 2.6% because of lack of
efficacy, 3.9% because of subject choice, and 0.4% because of
other reasons, while at the 2-year time point, 0.4% discon-
tinued because of adverse events, 1.3% because of lack of
efficacy, 1.3% because of subject choice, and 1.1% because of
other reasons. Changes in seizure frequency and responder
rate were comparable at similar time points; seizure frequency
reduction remained stable for each yearly completer cohort
over time. The overall > 50% responder rate was 31.1% in the
first 3 months and 62.7% in the last 3 months of follow-up,
partially reflecting enrichment due to dropouts of non-re-
sponders. The corresponding median percent seizure fre-
quency reductions were 29.1 and 58.1%. The seizure-free rate
over the first 6 months was 4.9% (45/918 patients), and over
the last 6 months (for patients with > 2 years of data), it was
10.6% (15/141).

The 8-year open-label extension study 207 enrolled 138
adult patients out of 180 who had completed the phase II
studies [34]. In a 4-year interim analysis, over a third of the
patients (n = 53, 38.4%) remained on perampanel; 41.3%
had >3 years of exposure and 13.0% of patients
had > 4 years. Patients discontinued treatment most com-
monly because of withdrawal of patient consent (23.2%),
lack of efficacy (18.1%), and adverse events (13.0%). The
median percent change in seizure frequency was
43.7-52.0% for 1- to 4-year cohorts, and the correspond-
ing > 50% responder rates were 43.8-51.5%.

Five post-marketing studies were done: one prospective
and four retrospective. A 1-year, prospective, observational
study in Denmark followed 22 adult patients with drug-
resistant focal epilepsy. At 1 year, 54.5% of patients
remained on perampanel treatment; 45.5% (n = 10) of
patients discontinued, with 31.8% (n = 7) withdrawing
because of adverse events. 27.2% were > 50% responders,
and 9.1% were seizure free [35].

Four retrospective studies evaluated responses from
patients who had been excluded from pivotal trials (e.g.,
because of medical and psychiatric comorbidities). A 1-year
observational study, FYDATA, in Spain examined 464
patients (> 12 years of age, with focal epilepsy) [36].
FYDATA had a 60.6% retention rate; patients discontinued
most frequently because of adverse events (17.9%) and lack of
efficacy (17.5%). The median percentage seizure frequency
reduction was 33.3% at 1 year, with 7.2% of patients
achieving seizure freedom. The > 50% responder rate at
1 year was 26.8%.

A single-center, retrospective study in the USA exam-
ined outcomes of perampanel treatment in 85 adult and 16
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pediatric patients with epilepsy over approximately 1 year
[37]. Twenty-seven percent of patients discontinued treat-
ment: 23% discontinued because of adverse events and 4%
because of lack of efficacy. The median seizure frequency
reduction was 50% overall, 50% in children, and 33% in
adults. The > 50% responder rate was 51% (63% in chil-
dren and 49% in adults), and 6% reached seizure freedom.
Two retrospective studies included many patients with
intellectual disability, behavioral problems, or psychiatric
problems. A 1-year study in the Netherlands examined 62
adult and pediatric patients with intellectual disabilities and
refractory epilepsy [38]. 53.2% achieved seizure reduction,
with none reaching seizure freedom; 58.1% completed 1 year
of treatment. Patients discontinued most frequently because of
adverse events (44.4%), lack of efficacy (14.8%), or a com-
bination of both (40.7%). The second study, conducted in
France, pooled retrospective data from 101 adult patients with
refractory epilepsy who were prescribed treatment over the
course of 13 months [39]. The study included patients with
learning disabilities (37.6%) and psychiatric comorbidities
(49.5%). Mean retention was 8.1 months (range 14 days to
17 months). 49.5% of patients discontinued, most commonly
because of side effects (n = 20), lack of efficacy (n = 2),ora
combination of both (n = 25). Seizure reduction was > 50%
in 41.6% of patients; 6.9% of patients became seizure free.

3.3 Long-Term Safety Data

Safety databeyond 1 year of exposure were available from the
two regulatory, open-label extension studies; adverse events
were mostly mild or moderate in severity and were similar to
those in pivotal trials, although dose adjustments and con-
comitant AEDs may have affected adverse event occurrence.
The 3-year extension study (study 307) of 1216 patients found
81.7% (n = 993) of patients had TEAESs, most commonly
dizziness (46.8%), somnolence (21.2%), headache (18.3%),
and fatigue (13.1%) [27]. Adverse events occurred most fre-
quently during dose titration. Only two adverse events,
dizziness (3.9%) and irritability (1.3%) led to discontinuation
in > 1% of patients. 18.7% (n = 227) of patients had SAEs;
the only SAEs occurring in > 1% of patients were those related
to seizures, although 3.9% had at least one psychiatric SAE.
Three deaths occurred [car accident, sudden unexpected death
in epilepsy (SUDEP), cerebral hemorrhage]; none were con-
sidered to be related to study treatment.

In the phase II, open-label extension study (study 207)
of 138 patients, 93.5% (n = 129) experienced at least one
TEAE [34]. Most were mild or moderate in severity, most
commonly dizziness (41.3%), headache (21.0%), and
somnolence (19.6). Frequencies of these three TEAEs were
halved during both the second and third years of treatment.
12.3% of patients discontinued treatment because of
TEAEs: dizziness (n = 3), vertigo (n = 2), upper
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abdominal pain (n = 2), fatigue (n = 2), headache
(n = 2), and status epilepticus (n = 2). 15.2% of patients
experienced SAEs, and these were considered possibly
related to treatment in four patients and probably related in
one.

Safety data were also available from five 1-year obser-
vational studies. In the 1-year observational study con-
ducted in Denmark, including 22 adult patients with focal
epilepsy, 59.1% reported side effects, most commonly
tiredness (36.4%), behavioral changes (primarily aggres-
sion) (22.7%), and dizziness (18.2%), leading to discon-
tinuation in 31.8% of subjects [35].

In the FYDATA study from Spain, including 464
patients, 62.9% experienced adverse events, most com-
monly dizziness (23.2%), somnolence (19.8%), and irri-
tability (17.9%); most of the adverse events appeared in the
first 6 months of treatment [36].

In the US retrospective study of 85 adult and 16 pedi-
atric patients, 47% of patients experienced adverse events,
most commonly sleepiness/fatigue (18%), dizziness/falls
(18%), and behavioral changes (15%) [37]. Twenty-three
percent of patients discontinued treatment because of
adverse events, of which 35% experienced sleepiness/fa-
tigue, 30% experienced behavioral problems, and 22%
experienced dizziness. Frequency of adverse events was
correlated with dose (7.3 mg average dose for patients with
adverse events vs 5.5 mg for patients without).

Behavioral problems (i.e., aggression, irritability) were
recognized as a potential serious adverse effect of perampanel.
The retrospective study conducted in the Netherlands fol-
lowed 62 patients with intellectual disabilities and refractory
epilepsy [38]. 58.1% of patients experienced adverse events;
45.2% of patients experienced somatic adverse events (som-
nolence, motor problems and unsteadiness, gastrointestinal
problems), and 40.3% experienced behavioral adverse events
(aggression, agitation, disruptive behavior, mood problems).
80.6% experienced adverse events within 3 months of starting
perampanel, and 12.9% discontinued treatment because of
adverse events. The retrospective study conducted in France
followed 101 patients with refractory epilepsy as well as
learning disabilities and psychiatric comorbidities [39].
62.4% experienced adverse events, the most common of
which were irritability (33.7%), asthenia (18.8%), aggression
(15.8%), sedation (13.9%), and dizziness (10.9%).

3.4 Discussion

The large, phase III, open-label extension study demon-
strated similar efficacy in patients converting from placebo
to perampanel and those receiving initial treatment.
Retention rates and > 50% responder rates were compa-
rable across all extension studies. Retention rates at 1 year
ranged from 50.5 to 73%; > 50% responder rates ranged

from 26.8 to 51%. Patients discontinued because of lack of
efficacy (2-18.1%), withdrawal of consent (13.8-23.2%),
and adverse events (12.9-44.4%). The study conducted in
the Netherlands with patients with intellectual disability
had no patients reaching seizure freedom [38]; all the other
long-term studies reported patients (6—7%) achieving sei-
zure freedom. Studies unanimously concluded that per-
ampanel treatment can provide clinically meaningful
improvement, with most studies demonstrating results
comparable to those of pivotal trials, despite high numbers
of patients with highly refractory seizures.

The tolerability profile of perampanel in the long-term,
phase II and phase III extension trials was consistent with the
safety data from the pivotal trials. The median dose was
approximately 10 mg in the forced-titration extension study
307 and 68 mg in the other trials. Up-titration occurred every
2 weeks for extension studies and varied every 2—4 weeks for
the other trials. Patterns of adverse event drug effects were
similar across the extension studies. Rates of discontinuation
due to adverse events were comparable in six of the seven
studies, ranging from 12.3 to 23%. In the small (n = 22),
prospective study in Denmark, the rate was slightly higher
(31.8%) [35]. This study also reported a higher rate (22%) of
behavioral abnormalities (primarily aggressive behavior).
The retrospective study in France, which included patients
with psychiatric comorbidities and learning disabilities, also
found high rates of irritability (34.7%) and aggressive
behavior (15.8%), but specifically screened for these symp-
toms [39]. This study also found that having psychiatric
comorbidity did not increase patient risk for these symptoms.
Similarly, the study conducted in the Netherlands examined
patients with epilepsy as well as behavioral disorders and
found that pre-existing behavioral problems do not predict the
occurrence of additional behavioral adverse effects [38]. In
contrast, the observational study FYDATA, conducted in
Spain and including 464 patients, found that patients with
psychiatric comorbidities were more likely to experience
psychiatric adverse events [36]. FYDATA also suggested that
weekly (2 mg/week) titration increased the likelihood of
experiencing an adverse event. The US retrospective study
similarly suggested that slower rates of dose titration were
responsible for lower adverse event frequency and severity
[37]. The study conducted in Denmark also reported the
fewest side effects with a slow titration rate (2 mg/4 weeks).
For all trials, no new safety abnormalities were detected.

4 Eslicarbazepine Acetate
Eslicarbazepine acetate (ESL) was approved in 2009 by the
EMA, and later in 2013 by the US FDA. ESL was initially

approved for adjunctive therapy in adults with refractory
partial-onset seizures, and in 2015, it was approved for
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monotherapy by the FDA [40, 41]. Like carbamazepine
and oxcarbazepine, ESL has a dibenzazepine nucleus with
a 5-carboxamide substitution; the 10, 11 position is struc-
turally different from carbamazepine and oxcarbazepine.
ESL is converted to (S)-licarbazepine (also called eslicar-
bazepine); while oxcarbazepine is converted to both race-
mic forms of (L)- and (S)-licarbazepine.

Results from two 1-year open-label extension studies;
one clinical observational, 2-year follow-up study; and one
I-year clinical observational study are available, as is a
recent review of post-marketing experience [42].

4.1 Clinical Trials

Four phase III studies (pivotal trials) of adjunctive esli-
carbazepine acetate treatment showed efficacy at dosages
of 800-1200 mg/day [43—-47]. These studies included over
1700 patients in 23 countries at 125 centers [42]. ESL was
approved by the EMA in 2009 on the basis of the results of
three pivotal trials. An FDA review, however, criticized the
data quality in study 2093-303 and of seizure diary data
collection in the studies (diaries did not all require the
absence of seizures be logged), and questioned whether the
800 mg/day dosage was effective. They required an addi-
tional pivotal trial (trial 304) be performed with patients in
North America, and subsequently approved ESL in 2013
[47-49]. In the initial three trials, the pooled 50%
responder rate was 36—44%, compared to a responder rate
of 22% in the placebo groups [43]. During the 12-week
treatment periods (following a 2-week titration period), the
median relative reduction in seizure frequency was
35-39%, versus 15% for placebo [43]. In the fourth trial,
required by the FDA, the > 50% responder rate was 42.6%
in the 1200-mg/day group, but was not significantly dif-
ferent from placebo in the 800-mg/day group [47]. Most
TEAEs occurred during the first 6 weeks of treatment and
were dose dependent; in weeks 6—12, there was no differ-
ence in adverse events between the treatment groups and
the placebo groups. The most common TEAEs were
dizziness, somnolence, headache, and nausea (experienced
by > 10% of patients taking ESL), and TEAEs were dose
dependent [43].

For monotherapy approval, two studies compared
withdrawal of concomitant AEDs to ESL monotherapy (at
1200 or 1600 mg ESL) to a historical, pseudo-placebo
control group [50, 51]. In one study, 19 patients (12.3%)
met exit criteria of seizure control worsening over the
18-week study period, well below the 65.3% historical
control exit rate [50]. In the other, the exit rates for the
1200- and 1600-mg groups were 28.7% and 44.4%,
respectively, also significantly below the historical control
exit rate. The most common TEAEs were head-
ache (25.0%) and dizziness (17.4%); TEAEs were dose

A\ Adis

dependent, with severe TEAEs more common in the
1600-mg group [seizures; three patients with hyponatrem-
ia; one patient each with drug reaction with eosinophilia
and systemic symptoms (DRESS), pruritic rash, depres-
sion, anxiety, dyspnea, hypertension, cardiogenic shock,
hypokalemia, car accident, pancreatic neoplasm, pul-
monary edema, ankle fracture, post-concussive syndrome,
tibia fracture, syncope, and spontaneous abortion] [50].
TEAEs were more common during the titration period and
AED conversion period than during the monotherapy
period.

4.2 Long-Term Efficacy Data

Little long-term safety and efficacy data beyond 1 year of
follow-up have been published. Efficacy data up to 1 year
post-trial are available from two open-label extension
studies, the phase III trials 2093-301 and 2093-302, which
were performed in Europe, South America, and Africa.
Extension data from trial 304, which included patients in
North America, and was designed to meet FDA require-
ments [47, 48], have not been published. The extension
trial 2093-301 included 314 patients who entered the open-
label extension with a median dosage of 800 mg daily;
during the trial, the dosage could be individualized to
400-1200 mg daily. Of the 312 intent-to-treat population,
239 (76.6%) completed 1 year of treatment. Of the 73
(23.4%) patients who stopped treatment before 1 year, 39
(12.5%) withdrew consent, 11 (3.5%) had unaccept-
able adverse events, eight (2.6%) had protocol violations,
eight (2.6%) were withdrawn at investigators’ discretion,
two (0.6%) had seizure exacerbation, and 13 (4.2%) had
another unspecified reason. Compared to baseline, there
was a median seizure reduction of 39% during the first
4 weeks and 56.3% in the last 12 weeks of the trial (weeks
41-52). The mean seizure reduction was 37.5% in the first
4 weeks of the extension, and 40.6% in the last 12 weeks.
The 50% responder rate was 41% in the first 16 weeks of
the trial and increased gradually over time to 53% during
weeks 41-52. Quality of Life in Epilepsy Inventory
(QOLIE-31) scores and depressive symptoms also
improved significantly [52].

The extension trial 2093-302 enrolled 325 patients, of
whom 267 (82.2%) completed 6 months and 223 (68.6%)
completed 1 year of treatment. Of the 102 patients (31.4%)
who discontinued prior to 1 year of exposure, 34 (10.5%)
did so for lack of efficacy, 32 (9.8%) did so for adverse
events, 20 (6.2%) withdrew consent, 12 (3.7%) withdrew at
investigators’ discretion, one (0.3%) withdrew because of
pregnancy, and three (0.9%) withdrew for other unspecified
reasons. Similar to trial 301, efficacy was stable or
increased during 1 year of treatment; the median seizure
frequency reduction was 32% in the first 4 weeks of
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treatment, increasing each 12-week interval to 39.3% in the
41- to 52-week time period. The > 50% responder rate was
37% during the first month of the extension study,
increasing to 41.5% during the last interval (41-52 weeks).
The proportion of patients who were seizure free was 5%
initially and increased during each 12-week block. Eight
patients (2.5%) were seizure free for the entire 12 months
of follow-up. Median number of Days per 4 weeks with
seizures also decreased gradually during the follow-up
period to 3.7 during weeks 41-52; 43 patients (10.8%)
were seizure free during weeks 41-52 [53].

Two-year follow-up was reported for 152 consecutive
patients in Portugal starting ESL after EMA approval;
retention rates were 71.3% at 12 months of treatment and
62.8% at 24 months [54]. The > 50% responder rates were
25.7% at 12 months and 17.1% at 24 months of treatment.
The median seizure frequency reduction was 62.5% at
12 months and 60% at 24 months, while seizure-free rates
were 7.9% at 12 months and 5.3% at 24 months (which
included three patients on ESL monotherapy) [54]. Dose
changes of concomitant AEDs and other medication
changes were possible during this observation period.

The ESLIBASE study reported 1-year follow-up data
for patients started on ESL after EMA approval in Spain
[55]. Of 327 patients started on ESL, 237 (72.5%) con-
tinued taking ESL after 1 year; the > 50% responder rate
was 52.5% at 12 months, and the seizure-free rate was
25.3% at 12 months.

4.3 Long-Term Safety Data

A pooled analysis of the four pivotal trials and post-mar-
keting surveillance from October 2009 to October 2015
was recently published [42]. In this analysis, the most
common TEAEs (affecting > 10% of patients) were dizzi-
ness, somnolence, headache, and nausea, which were dose
dependent. In post-marketing reporting, the most com-
monly reported TEAEs were hyponatremia (n = 206
patients, 10.2% of TEAEs reported), seizure (n = 118
patients, 5.8% of TEAEs reported), dizziness (n = 82
patients, 4.1% of TEAEs reported), rash (n = 76 patients,
2.6% of TEAEs reported), fatigue (n = 42 patients, 2.1%
of TEAESs), and nausea (n = 37 patients, 1.8% of TEAEs)
[42]. Psychiatric disorders including confusional state,
depression, suicidal ideation, and aggression comprised
7.4% of TEAESs; there were two suicide attempts and two
completed suicides [42]. There were 21 cases of cardiac
abnormalities [42].

The 2-year clinical observational study (n = 152) found
dizziness, somnolence, and nausea to be the most common
TEAES, similar to shorter study periods. Four patients had
serious TEAEs: three with rash and one with bicytopenia
(thrombocytopenia and lymphocytopenia) [54]. In this

longer study, the majority (56%) of TEAEs occurred within
the first 6 months of treatment. TEAEs were more likely in
patients who were also taking carbamazepine [54].

Detailed safety data for up to 1 year of exposure are
available from the two published open-label extension
studies enrolling patients completing two phase III trials
[2093-301 (n = 314) and 2093-302 (n = 325)] performed
in Europe, South America, and Africa. Extension data from
trial 304, which included patients in North America
[47-49] have not been published separately. In all studies,
adverse events, laboratory tests (hematology, biochemistry,
thyroid, coagulation, urinalysis), vital signs, weight, and
electrocardiogram (ECG) results were tracked. While the
majority of TEAEs occurred in the first few weeks of the
phase III and monotherapy trials [43, 50, 51], the TEAEs
continued to arise during the open-label extension studies
(patients from the placebo arms of the studies who entered
the extensions received ESL for the first time). Sixty-seven
percent of patients reported an adverse event at least once,
mostly mild or moderate, with dizziness, somnolence, and
headache being most common [52, 53]. A total of 48
patients (7.5%) discontinued the extension studies early, 11
from 301 and 39 from 302. Trial 301 found that TEAE and
dizziness incidence decreased over time, from 35% during
the first 3 months to 12.7% during the last 3 months [52].
Serious TEAEs occurred in 19 patients, with those occur-
ring in more than one patient being tonic—clonic seizures
(three patients) and drug toxicity (two patients) [52]. There
were two cases of DRESS in pivotal trial 301 and two in
post-marketing surveillance [42].

Due to the similarity of ESL and oxcarbazepine, risks
for hyponatremia were assessed; it was of particular
interest whether patients without hyponatremia after initial
weeks of ESL treatment were at risk during longer treat-
ment periods. In post-marketing surveillance, the most
commonly reported TEAE was hyponatremia, accounting
for 10.2% of TEAESs [42]. However, whether these patients
had clinically diagnosed hyponatremia with serum
sodium < 125 mEq/L or had a reduction in sodium was not
described. The risks for hyponatremia (<125 mEgq/L) in
pivotal trials was 0.5 with the 800-mg/day dosage and
1.5% with the 1200-mg/day dosage. The extension of study
301 found ten patients (3.2%) with non-significant
decreases in sodium, and sodium decreased for one patient
(0.3%) from normal to significantly “low” [52]. The
extension study 302 found “no relevant laboratory results
raising concerns” with a mean sodium of 139.4 (£3.7)
mmol/L at time of entry and 140.3 (+4.4) mmol/L at the
end of week 52, though four participants (1.2%) reported a
sodium decrease and two participants (0.6%) reported a
sodium increase [53]. Patients converting from placebo to
ESL in the extension study and developing hyponatremia
are not described. Trial 304 (with a 12-week treatment
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period) found that serum sodium tended to stabilize after
2 months of treatment with ESL [47]. No other clinically
significant changes in laboratory values, vital signs, weight,
or ECGs were reported in the extension studies [52, 53].

There were three deaths due to drowning and one due to
severe coronary atherosclerosis during the extension peri-
ods. These deaths were considered unrelated to the study
medication [52, 53].

In the 1-year observational study from Spain (n = 327),
40.7% of patients reported TEAEs by 12 months. Dizzi-
ness, somnolence, and nausea were the most common
TEAES; rash/pruritus occurred in 12 patients (3.6%), cog-
nitive or memory changes in 11 (3.3%), hyponatremia in
nine (2.7%), visual hallucinations in one (0.3%), and
hepatic enzyme elevation in 1 (0.3%) [55].

One observational study of 32 patients starting ESL after
new-onset, post-stroke seizures found hyponatremia in four
patients (12.5%) followed up to 2 years, of which three
patients had symptomatic hyponatremia [56].

4.4 Concomitant AEDs

The four pivotal trials excluded patients taking oxcar-
bazepine [because of a shared active (L)-licarbazepine
metabolite] or felbamate [43]. More than 20% of patients
took carbamazepine, lamotrigine, and valproic acid, which
allowed additional analysis of subgroups of patients taking
those AEDs. The three pivotal trials showed no difference
in efficacy regarding whether or not patients were also
taking carbamazepine, lamotrigine, or valproic acid [43].
These subgroups were not examined in the currently
available data from the open-label extension studies.
However, the observational, 1-year ESLIBASE study
found a significant difference in responder rates between
patients taking a sodium channel AED at baseline (47.7%)
and those not taking a sodium channel AED at baseline
(66.7%) [55].

4.5 Discussion

Responder rates were similar in the clinical trial and
extension studies of ESL; in the pivotal trials of adjunctive
ESL treatment, the pooled > 50% responder rate was
36-44% [43-46], while the > 50% responder rate was
37-53% in the extension studies [52], increasing over time
(which may be expected as patients who did not have
efficacy stopped the medication). Retention rates at 1 year
were 68-76% [52, 53]. The median relative reduction in
seizure frequency was similar: 35-39% [43] in the clinical
trials and 32-40% in the extension studies [52, 53]. Long-
term efficacy data from the additional North American trial
requested by the FDA to satisfy concerns over data com-
pleteness [47, 49] are not available.
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The tolerability and safety profile of ESL in the
limited available long-term safety data was consistent
with that of the pivotal clinical trials; nausea, somno-
lence, headache, and dizziness were the most common
TEAEs in both short- and long-term studies. While most
TEAEs occurred in the first few weeks of the phase III
and monotherapy trials [43, 50, 51], new instances of
TEAESs occurred during the open-label extension studies,
and the majority (67%) of patients reported at least one
TEAE [52, 53]. The proportion of patients with
hyponatremia in the extension studies was low, with four
patients (1.2%) and 11 patients (3.5%) in the extension
studies experiencing a decrease in sodium, compared to
the 5.1% of patients experiencing at least a 10-point drop
in sodium reported on the product insert. In the small
(n = 32), 2-year observational study of post-stroke sei-
zure patients, 12.5% experienced hyponatremia. Initial
trials reported that serum sodium tended to stabilize after
the first 2 months [47]. Measuring plasma sodium after
approximately a month of therapy has been recom-
mended. The first serious hematologic abnormality,
thrombocytopenia and lymphocytopenia, occurred during
long-term follow-up [54]. Hypersensitivity reactions (rash
and DRESS syndrome), while rare, are a larger concern
with ESL than with the other new AEDs studied in this
review.

5 Brivaracetam

Brivaracetam is a high-affinity ligand for synaptic vesicle
protein 2A (SV2A), with a tenfold higher affinity than
levetiracetam [57]. Long-term data on brivaracetam are
available from post-trial extension studies for 6- to
60-month patient exposures.

5.1 Clinical Trials

Brivaracetam was approved by the EMA and FDA after
two phase II [57, 58] and four phase III, double-blind,
randomized, controlled trials, with 12- to 16-week treat-
ment periods [59-62]. Doses of 20-200 mg were found to
be effective, though dosages of 50 mg/day were not
effective across trials. The > 50% responder rate during the
trials was 27.3-32.7% for 50 mg/day [59, 60], 36.0-38.9%
for brivaracetam 100 mg/day [59, 62] and 37.8% for bri-
varacetam 200 mg/day [62], and 34.1% in a flexible dose
study [61].

Retention rates were 90.6-92.2% in the phase III trials.
The most common TEAEs reported were headache, som-
nolence, dizziness, and fatigue [59-62].
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5.2 Long-Term Efficacy Data

Pooled data from follow-up of phase II and phase III
studies found that the 12-, 24-, and 60-month retention
rates were 79.8, 68.1 and 54.4%, respectively [63]. Of the
2186 patients who received brivaracetam in one of the
phase II or III trials, the majority (93.86%) completed the
studies and continued in open-label extension studies [63].
Of the 4140 patients in the combined safety and efficacy
populations who entered long-term follow-up, 1813
(43.8%) were still in long-term follow-up after 60 months.
Reasons for discontinuing were lack of efficacy in 1041
(25.1%), adverse events in 553 (13.3%), patient choice in
341 (8.0%), loss to follow-up in 143 (3.5%), and other
unspecified reasons in 219 (5.3%).

In the long-term follow-up of patients from the clinical
trials, the > 50% responder rate increased from 43.5%
from months 1 to 3 of follow-up to 71.0% at 58—60 months
of follow-up. Of the 4.9% of patients who were seizure free
at 6 months, there was a slight decrease in seizure freedom
over time, with 4.2, 3.0 and 3.3% remaining seizure free at
12, 24 and 60 months, respectively [63]. 16.9% of patients
were seizure free for any 6-month interval during follow-
up, 10.4% for any 12-month interval, and 5.5% for any
24-month interval.

Post-marketing follow-up of 262 patients for up to
12 months found a median retention time of 6.1 months
and a relatively stable rate of withdrawal over 12 months in
patients without prior levetiracetam exposure [64].

5.3 Long-Term Safety Data

In pooled data at 12, 24, and 60 months of extension study
treatment for 2186 patients, 84.5% reported at least one
TEAE [63]. Headache and dizziness were the most com-
mon TEAESs, followed by somnolence, nasopharyngitis,
fatigue, and seizure. A total of 264 patients (12.1%) had
significant TEAEs leading to discontinuation of brivarac-
etam, most commonly seizure (31 patients, 1.4%), preg-
nancy (19 patients, 0.9%), somnolence (16 patients, 0.7%),
depression (14 patients, 0.6%), dizziness (14 patients,
0.6%), fatigue (12 patients, 0.5%), suicidal ideation (11
patients, 0.5%) and suicide attempt (10 patients, 0.5%)
[63].

Psychiatric and behavioral effects are of particular
concern in brivaracetam, because of the risks associated
with levetiracetam treatment. In the long-term follow-up
data, 156 patients (7.1%) reported depression, 114 (5.2%)
reported irritability, and 107 (4.9%) reported anxiety. The
investigators did not find a dose-dependent effect for
psychiatric TEAEs. Forty-three patients (2.0%) reported
suicidal ideations, and two patients completed suicide
[63].

Thirty-three patients taking brivaracetam died, with six
deaths due to cancer, four due to drowning, four due to
SUDEP, three due to myocardial infarction, two to acci-
dent, and two to suicide [63]. Three cases of SUDEP and
one suicide were considered possibly treatment related.

The pooled data reports that “other safety and tolera-
bility assessments, including laboratory tests, did not reveal
any issues of clinical concern, with no dosage-related
effects or increases in incidence over time,” and reports no
significant ECG changes [63].

5.4 Concomitant AEDs

Levetiracetam use was allowed in some phase III trials
[59, 61] and excluded in another [62]. Klein et al. found a
significant difference in the seizure reduction rate between
patients who had previously taken levetiracetam and in
those who were levetiracetam naive [62], with the response
rates being higher in those who had not previously tried
levetiracetam. Those who stopped levetiracetam because of
adverse effects had a higher response than did those who
stopped because of inefficacy [62]. The long-term follow-
up studies did not examine the efficacy or side effects by
specific concomitant AEDs.

5.5 Discussion

Efficacy of brivaracetam in long-term studies was similar
or higher than that during clinical trials, with > 50%
responder rates of 27-38% during clinical trials [59-62]
and > 50% responder rates of 43.5% increasing to 71%
during long-term follow-up (likely reflecting the tendency
for patients who do not receive efficacy to discontinue the
medication) [63]. The retention rates were compared to
those completing blinded study periods; 90-92% of
patients completed the assigned phase III trial, and reten-
tion rates fell from 79.8% at 12 months to 54.4% at
60 months [63]. The discontinuation rate for patients on
brivaracetam was stable during the first 12 months of
surveillance during one post-marketing study of 262
patients, with a median retention time of 6.1 months [64].

The majority of patients (84.5%) reported at least one
TEAE in long-term brivaracetam follow-up, with no dose-
dependent effect reported [63]. The most common TEAEs
in long-term follow-up were similar to those seen in clin-
ical trials (dizziness, headache, fatigue) [63]. However,
depression, irritability, and anxiety were seen at higher
rates in long-term data than during clinical trials, and sui-
cidal ideation, ten suicide attempts, and two completed
suicides (one thought possibly related to brivaracetam
treatment) were reported in the long-term follow-up data,
underscoring the importance of long-term safety monitor-
ing, especially for mood disorders.
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6 Comparing Extension Study Results for “Third-
Generation” AEDs

The extension studies for lacosamide, perampanel, esli-
carbazepine acetate, and brivaracetam contain some
heterogeneity in patient recruitment that influenced study
retention and tolerability results. Many patients treated
with perampanel, for example, received treatment with
three concomitant AEDs, while eslicarbazepine acetate
restricted treatment to two other AEDs for most patients.
Patient retention during extension studies, mean seizure
responder rates, and occurrence of common adverse drug
effects can be compared, though, with the caution that
studies varied in the severity of epilepsy in the populations
they enrolled. As shown in Figs. 1, 2, study retention rates
during 1-2 years of open study treatment were comparable
for the four AEDs; approximately 48-59% of patients
reported long-term improvements (> 50% responder rates)
at 1 year and 57-61% at 2 years. No unusual safety con-
cerns were detected in extension studies that were not
recognized during the controlled pivotal trials (Table 1,
Fig. 3). Hypersensitivity, while rare, was more common in
patients on ESL than the other new AEDs studied. Psy-
chiatric side effects such as depression and irritability were
lowest in lacosamide patients, and ranged from 7.1 to
10.9% in the other AEDs in this review. A major finding is
that a large subset of patients completing each of the piv-
otal trials and those who tolerated and continued into
“open” extension treatment appeared to benefit from the
new AED treatment. Large proportions of patients con-
tinued treatment for 1-4 years, with stable responses and
with no new adverse events reported. A clinical conclusion
from these comparisons is that a large proportion of
patients tolerate each of these AEDs well and choose to
continue long-term treatment, with continued reductions in
seizures. Careful monitoring for the most common and
serious TEAEs reported in the long-term extension studies
would permit most patients with medically refractory epi-
lepsy to try each of these new treatments.

7 Comparing “Third-Generation” AEDs
with Previous AEDs: Contributions
of Extensions Studies

Third-generation AEDs provide treatment options for the
30—40% of patients with drug resistant epilepsy and for
additional patients who fail to tolerate previous AEDs.
There are limited data directly comparing the efficacy of
new and older AEDs; however, tolerability, safety, and
pharmacologic data can be compared using extension study
results.
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Fig. 1 Retention rates at 1 and 2 years of exposure during adjunctive
treatment of partial-onset seizures: pooled extension studies for four
new AEDs. AED antiepileptic drug, BRV brivaracetam, ESL eslicar-
bazepine acetate, LCM lacosamide, PER perampanel. No 2-year
extension study outcome data available for ESL. *Retention data for

BIA-2093-301 and BIA-2093-302 only [2, 15, 16, 27, 34, 52, 53, 63]
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Fig. 2 >50% responder rates at 1 and 2 years of exposure during
adjunctive treatment of partial-onset seizures: pooled extension
studies for four new AEDs. AED antiepileptic drug, BRV brivarac-
etam, ESL eslicarbazepine acetate, LCM lacosamide, PER peram-
panel. "No 2-year extension study outcome data available for ESL.
*Responder rate data for BIA-2093-301 and BIA-2093-302 only
[2, 15, 16, 27, 34, 52, 53, 63]

1. Lacosamide has a slow sodium channel inactivation
mechanism that differentiates it from traditional “fast”
sodium channel modulators, such as carbamazepine and
phenytoin. Consequently, it may be effective in treating
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Table 1 Incidence of common TEAEs during adjunctive treatment of partial-onset seizures: pooled extension studies for four new AEDs
LCM (n = 1054) PER (n = 1356) ESL (n = 639) BRV (n = 2051)

Overall 81.9 91.5 72.9 84.5

Dizziness 37.2 46.2 22.4 17.5

Headache 18.9 18.5 133 20.9

Somnolence * 21.0 14.3 15.2

Nasopharyngitis 15.7 1.0 * 13.2

Diplopia 15.4 * 9.5 *

Fatigue 11.3 13.1 5.1 11.3

Convulsion 10.2 8.1 * 10.6

Nausea 17.8 1.0 11.9 7.7

Upper respiratory tract infection 14.9 1.0 * 6.5

Irritability * 10.9 * 52

Contusion 12.8 1.2 * *

Weight increase 3.8 10.9 * *

TEAEs > 10%, also included other specific TEAEs for comparison

AED antiepileptic drug, BRV brivaracetam, ESL eslicarbazepine acetate, LCM lacosamide, PER perampanel, TEAE treatment emergent adverse

event

*Data unreported or unavailable for <5% incidence [2, 15, 16, 27, 34, 42, 52, 53, 63]

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
Wl o
0.0 -
@0\\ '&e‘;j b’b&e \é\& o"é& \o‘é\’b
© Q&' & é\*‘o ‘\,06 ®
Y R
&

Fig. 3 Incidence of common’ TEAEs during adjunctive treatment of
partial-onset seizures: pooled extension studies for four new AED:s.
AED antiepileptic drug, BRV brivaracetam, ESL eslicarbazepine ac-
etate, LCM lacosamide, PER perampanel, TEAE treatment emergent

seizures in patients failing treatment with older sodium
channel modulators. The most common adverse drug
effects of lacosamide—dizziness, imbalance, sedation—
are similar to traditional sodium modulators, and it is
common to see pharmacodynamic interactions with dizzi-
ness, imbalance, sedation, etc. when combining lacosamide

B LCM (N=1,054)
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adverse event. "TEAEs > 10%; also included other specific TEAEs
for comparison. Data is unreported or unavailable for < 5% incidence

[2, 1

5, 16, 27, 34, 42, 52, 53, 63]

with high doses of traditional sodium channel modulators.
Extension studies and post-marketing series show patients
tolerate high dosages of lacosamide (400—600 mg daily) if
dosages of other sodium channel agents are decreased or
not used [3, 14]. In extension studies, many patients
tolerated and appeared to benefit from lacosamide
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600 mg/day (300 mg twice daily) dosages, even though
pharmacodynamic interactions limited responses in adju-
vant use with other sodium channel modulators.

2. Perampanel has a 105-h half-life and is the first selective
AMPA receptor antagonist to be approved to treat
epilepsy with an indication for focal onset and general-
ized onset seizures. Due to perampanel’s long half-life
and receptor mechanisms, it was tolerated well in
extension studies when started slowly—2-mg increases
every 2 weeks to 8-mg daily dosage [27]. Perampanel is
dosed at bedtime to avoid transient post-dose drowsiness.
Perampanel efficacy is correlated with increasing mean
plasma concentrations [65]; carbamazepine induces
perampanel metabolism and reduces concentrations.
Clinicians may need to titrate perampanel to high dosages
(e.g., 10 or 12 mg daily) when combined with carba-
mazepine (or discontinue carbamazepine).

3. ESL is chemically related to oxcarbazepine, with an
improved tolerability profile in pivotal and extension
trials, particularly when comparing tolerability at high
doses [65-67]. This appears to be due to ESL being a pro-
drug that is converted predominantly to S-licarbazepine
(also called eslicarbazepine). Oxcarbazepine is converted
into S-licarbazepine and higher amounts of L-licar-
bazepine than ESL. The L-licarbazepine enantiomer has
a shorter half-life and apparently more adverse CNS-
related effects than S-licarbazepine. Although there is
limited published ESL extension study data, the drug was
well tolerated, with a low incidence of CNS-related drug
effects [66]. Due to the drugs’ common active metabo-
lites, however, patients with persisting seizures on high
doses of oxcarbazepine may not respond to ESL
treatment. Extension study treatment shows patients
who previously did not tolerate oxcarbazepine may
tolerate and benefit from ESL therapy.

4. Like levetiracetam, brivaracetam is a ligand of SV2A
and has a similar tolerability profile [68, 69]. Some
patients, however, with behavioral problems during
levetiracetam treatment have improved behavior when
converted to brivaracetam [70]. Similarly, some
patients with somnolence or irritability with levetirac-
etam therapy tolerate and respond to brivaracetam
[64]. Brivaracetam treatment reduced seizure fre-
quency in patients previously failing levetiracetam
therapy; however, responses were reduced [62].

8 Conclusion
A large proportion of patients continued treatment with

third-generation AEDs over 1-4 years. While most had
stable responses with no new adverse events reported, the

A\ Adis

trials enrolled patients with drug-resistant epilepsy and
responses to the newer AEDs were variable. Some patients
not tolerating older AEDs benefit from treatment with new
AED:s, including related compounds, e.g., oxcarbazepine—
eslicarbazepine [69] and levetiracetam—brivaracetam [64].
Perampanel offers treatment with a new AMPA receptor
mechanism and has broad spectrum efficacy against focal
onset seizures and generalized onset tonic—clonic seizures.
Lacosamide through a new slow sodium inactivation
mechanism often provides benefit for patients who fail
treatment with traditional sodium channel agents (carba-
mazepine, phenytoin), though, these may have pharmaco-
dynamic interactions when used together. These treatment
options often benefit individual patients, particularly those
who have not tolerated older AEDs. Overall, extension
studies show that a large proportion of patients tolerated
third-generation AEDs, with most reporting no new
adverse events.
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