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Luı́s M. Magalhães1 • Patrı́cio Soares-da-Silva1,2

Published online: 27 July 2017

� The Author(s) 2017. This article is an open access publication

Abstract

Introduction Eslicarbazepine acetate was first approved in

the European Union in 2009 as adjunctive therapy in adults

with partial-onset seizures with or without secondary

generalization.

Objective The objective of this study was to review the

safety profile of eslicarbazepine acetate analyzing the data

from several clinical studies to 6 years of post-marketing

surveillance.

Methods We used a post-hoc pooled safety analysis of four

phase III, double-blind, randomized, placebo-controlled

studies (BIA-2093-301, -302, -303, -304) of eslicar-

bazepine acetate as add-on therapy in adults. Safety data of

eslicarbazepine acetate in special populations of patients

aged C65 years with partial-onset seizures (BIA-2093-401)

and subjects with moderate hepatic impairment (BIA-

2093-111) and renal impairment (BIA-2093-112) are also

considered. The incidences of treatment-emergent adverse

events, treatment-emergent adverse events leading to dis-

continuation, and serious adverse events were analyzed.

The global safety database of eslicarbazepine acetate was

analyzed for all cases from post-marketing surveillance

from 1 October, 2009 to 21 October, 2015.

Results From a pooled analysis of four phase III studies, it

was concluded that the incidence of treatment-emergent

adverse events, treatment-emergent adverse events leading

to discontinuation, and adverse drug reactions were dose

dependent. Dizziness, somnolence, headache, and nausea

were the most common treatment-emergent adverse events

(C10% of patients) and the majority were of mild-to-

moderate intensity. No dose-dependent trend was observed

for serious adverse events and individual serious adverse

events were reported in less than 1% of patients.

Hyponatremia was classified as a possibly related treat-

ment-emergent adverse event in phase III studies (1.2%);

however, after 6 years of post-marketing surveillance it

represents the most frequently (10.2%) reported adverse

drug reaction, with more than half of these cases occurring

with eslicarbazepine acetate at daily doses of 1200 mg.

Other adverse drug reactions reported in post-marketing

surveillance are seizure (5.8%), dizziness (4.1%), rash

(2.6%), and fatigue (2.1%). The safety profile of eslicar-

bazepine acetate in renal and hepatic impairment subjects

(phase I studies) and in elderly patients (phase III study)

did not raise any specific concern.

Conclusion After 6 years of post-marketing surveillance,

eslicarbazepine acetate maintains a similar safety profile to

that observed in pivotal clinical studies.
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Key Points

The most common treatment-emergent adverse

events (dizziness, somnolence, headache, and

nausea) were dose dependent and the majority were

of mild-to-moderate intensity.

Most of the hyponatremia cases in post-marketing

surveillance have been related to high doses of

eslicarbazepine acetate ([1200 mg), drug

administration errors, concomitant medications, and/

or inter-current illness.

After 6 years of real-life clinical experience,

eslicarbazepine acetate maintains the safety profile

obtained in clinical studies, including four phase III

studies.

1 Introduction

Eslicarbazepine acetate (ESL) is a once-daily (QD) oral

antiepileptic drug (AED) approved by the European

Medicines Agency (EMA) on 21 April, 2009 (Zebinix�;

BIAL-Portela & Ca, S.A., S. Mamede do Coronado, Portu-

gal), as adjunctive therapy in adults with partial-onset sei-

zures (POS), focal seizures according to the new

classification of the International League Against Epilepsy,

with orwithout secondary generalization [1]. Currently, ESL

is approved in 43 countries (31 of the European Economic

Area and 12 non-European Economic Area countries,

includingUSA andCanada), and is currentlymarketed in 22.

Eslicarbazepine acetate (Aptiom�; Sunovion Pharmaceuti-

cals Inc., Marlborough, MA, USA) has also been approved

by the US Food and Drug Administration for adjunctive

therapy (November 2013) and monotherapy (August 2015)

in adults with POS [2]. Recently, the EMA approved ESL

(Zebinix�) formonotherapy in the treatment of POS in adults

and as adjunctive therapy in children aged above 6 years

with POS.

During the clinical development program, four pivotal

phase III, randomized, controlled studies (BIA-2093-301, -

302, -303, -304) assessed the efficacy and safety of

adjunctive ESL for adult patients with refractory POS

[3–6]. An analysis of pooled (pool reviewed and approved

by the EMA) safety data (-301, -302, and -303) has been

previously reported [7] and, more recently, Biton et al. [8]

published a pooled analysis of three phase III studies (-301,

-302, and -304) [pool reviewed and approved by the Food

and Drug Administration].

The main purpose of this work is to provide an overview

on the safety profile of ESL by expanding the information

obtained from several clinical studies including two phase I

studies (renal or hepatic impairment subjects), one phase

III study (elderly patients), and a post-hoc pooled analysis

of safety data of four phase III studies (-301, -302, -303, -

304) to that obtained by the pharmacovigilance activities

gathered during 6 years of real-life clinical experience. To

the best of our knowledge, this is the first time that an

overview of the safety of ESL from clinical studies to post-

marketing experience is reported. Moreover, we discuss the

safety profile of ESL in special populations such as renal

and hepatic impairment subjects, elderly patients, and

pregnant women.

1.1 Pharmacokinetics and Pharmacodynamics

of Eslicarbazepine Acetate

After oral administration, ESL undergoes extensive first-

pass hydrolysis to its major active metabolite eslicar-

bazepine, representing approximately 95% of circulating

active moieties [9–11]. Maximum plasma concentrations of

eslicarbazepine are attained 2–3 h post-dose and steady-

state plasma concentrations are achieved after 4–5 days of

QD dosing, consistent with an effective half-life in the

order of 20–24 h. In studies in healthy subjects and adult

patients with epilepsy, the eslicarbazepine apparent half-

life of elimination was 10–20 and 13–20 h, respectively. A

study in healthy volunteers showed that in the cere-

brospinal fluid (CSF) there was a smaller apparent peak-to-

trough fluctuation of eslicarbazepine (1.5) compared with

plasma (2.9), with a longer apparent half-life

(24.8 ± 8.1 h), and with just minor exposure to both

oxcarbazepine or R-licarbazepine in plasma or CSF [9].

The smaller peak-trough fluctuation in the CSF compared

with plasma is explained by a slower brain disposition and

elimination rates and a smaller difference between the rates

of these processes in relation to the plasma compartment.

Indeed, the maximum plasma concentration in CSF is

achieved at 12 h, that is half of the time range (24 h),

meaning that the amount of ESL eliminated from the CSF

balances the amount 12 h after (time to maximum plasma

concentration = 12 h, half-life = 24.8 h). However, in

plasma, the maximum plasma concentration is attained at

2.4 h and a fast disposition was observed compared with

the elimination phase (time to maximum plasma concen-

tration = 2.4 h, half-life = 15.9 h) [9].

Food did not significantly affect the pharmacokinetics of

eslicarbazepine, meaning that ESL tablets may be taken

with or without food [1, 12]. Eslicarbazepine acetate tablets

can be taken either as whole or as crushed, as was shown in

a bioequivalence study with ESL 800 mg crushed or intact

tablets in healthy volunteers [2, 13].
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Studies in humans have shown that drug–drug interac-

tions between ESL and other AEDs are unlikely to be

clinically relevant in most cases, although dosage adjust-

ments may be required if ESL is administered concomi-

tantly with carbamazepine and phenytoin [11]; ESL also

may decrease the effectiveness of hormonal contraceptives

and, therefore, additional non-hormonal forms of contra-

ception are recommended [14, 15]. Regarding statins, there

was a decrease in exposure to simvastatin and rosuvastatin

when co-administered with ESL [1, 2, 11, 16].

Eslicarbazepine is thought to act by stabilizing the

inactive state of voltage-gated sodium channels, with

greater selectivity for the inactive state of the channel vs.

the resting state, compared with carbamazepine or oxcar-

bazepine [17, 18]. Additionally, eslicarbazepine does not

share with carbamazepine the ability to alter fast inacti-

vation of voltage-gated sodium channels, but rather appears

to modify the kinetics and voltage dependence of slow

inactivation states [19, 20]. Eslicarbazepine also shows a

10- to 60-fold higher potency for the blockade of low- and

high-affinity hCav3.2 inward currents when compared with

carbamazepine [21]. Pharmacokinetic/pharmacodynamic

analysis demonstrated that as the ESL dosage and eslicar-

bazepine plasma concentrations increase, the seizure fre-

quency decreases [22].

2 Methods

2.1 Pooled Analysis of Four Phase III Studies

This is a post-hoc pooled analysis of safety data from four

pivotal phase III epilepsy studies (BIA-2093-301

[NCT00957684], BIA-2093-302 [NCT00957047], BIA-

2093-303 [NCT00957372], and BIA-2093-304

[NCT00988429]; registered at ClinicalTrials.gov). Of note,

as major protocol violations raised doubts on the reliability

of the study results in Study BIA-2093-303, this particular

study was not included in the US Food and Drug Admin-

istration New Drug Application for ESL. Each study was a

multinational, randomized, double-blind, placebo-con-

trolled trial in patients with treatment-refractory POS.

Details of the study population, inclusion and exclusion

criteria, efficacy assessments, and safety and tolerability

assessments have been published elsewhere [3–6]; briefly

after an 8-week baseline period, patients were randomized

in a 1:1:1:1 ratio to one of the following four QD treatment

groups: ESL 400 mg (only studies -301 and -302), ESL

800 mg, ESL 1200 mg, or placebo. The double-blind phase

comprised a 2-week titration period (no titration in ESL

400-mg and ESL 800-mg arms for study -302), a 12-week

maintenance period, and a 4-week tapering-off period (no

tapering-off in study -302). At randomization, patients

were meant to have four or more POS (three for study 304)

per 4 weeks during the baseline period, while receiving

treatment with one or two concomitant AEDs (studies -301,

-303, and -304) or one to three AEDs (study -302), except

with oxcarbazepine and felbamate [3–6]. All studies were

approved by the appropriate ethics committees or institu-

tional review boards and were conducted according to the

international and local regulations of the countries where

they were performed. Patients gave their written consent

prior to enrolment.

Outcomes of safety data included the incidence of

treatment-emergent adverse events (TEAEs), TEAEs

leading to discontinuation, serious adverse events (SAEs)

and clinical laboratory tests (hematology, coagulation,

biochemistry, thyroid function, and urinalysis). These data

were analyzed through descriptive statistics. Treatment-

emergent adverse events were recorded by the investigator

and assessed for severity (mild, moderate, or severe),

causality, and seriousness. These TEAEs were also re-an-

alyzed by the sponsor, nevertheless the investigator’s

opinion was binding. Treatment-emergent adverse events

were classified using the Medical Dictionary for Regula-

tory Activities (MedDRA�) Version 10.0 (for studies -301,

-302, and -303) or 13.1 (for study -304).

2.2 Special Populations

2.2.1 Renal Impairment

The pharmacokinetics of ESL in subjects with various

degrees of renal function was evaluated in an open-label,

single-dose (ESL 800 mg), phase I study (BIA-2093-112

[NCT02281422]) including 40 subjects (eight subjects per

each of the five renal function groups): normal renal

function (creatinine clearance [80 mL/min); mild (crea-

tinine clearance 50–80 mL/min); moderate (creatinine

clearance 30–50 mL/min); severe renal impairment (crea-

tinine clearance\30 mL/min); and end-stage renal disease

(requiring hemodialysis).

2.2.2 Hepatic Impairment

An open-label, multiple-dose, single-center study (BIA-

2093-111 [NCT02281526]) was implemented to investi-

gate the pharmacokinetics of ESL in subjects with mod-

erate hepatic impairment. Healthy subjects (n = 8) and

moderately liver-impaired patients (n = 8) were treated

with ESL 800 mg QD for 8 consecutive days.

2.2.3 Elderly Population

A post-approval commitment with the EMA, a multicenter,

open-label, non-controlled, single-arm study (BIA-2093-
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401 [NCT01422720]) with flexible doses of ESL between

400 and 1200 mg QD was performed to evaluate the safety,

tolerability, and efficacy of ESL as adjunctive therapy in

patients aged C65 years with POS, over a 26-week treat-

ment period (n = 72) [23].

The global safety database of ESL was reviewed to

identify pregnancy cases with exposure to ESL reported up

to 21 October, 2015. The EMBASE and MEDLINE data-

bases were also searched to identify literature reports on

the use of ESL during pregnancy published between 1

October, 2009 and 21 October, 2015.

2.3 Post-Marketing Surveillance

The safety data were obtained from spontaneous reports,

health authority reports, literature reports, reports from

non-interventional studies, and other solicited sources,

which were collected worldwide as part of the routine

pharmacovigilance activities of the marketing authoriza-

tion holder. All individual case safety reports collected are

included in the master safety database (Argus SafetyTM)

established and maintained by the marketing authorization

holder. The Argus SafetyTM database was searched for all

cases from post-marketing surveillance (PMS), from the

date of first launch (1 October, 2009) up to 21 October,

2015 (6 years). All adverse drug reactions (ADRs) were

coded using the MedDRA� Version 18.0, assessed for

seriousness and listedness. Data were pooled together from

all spontaneous and literature reports, whilst solicited

reports were pooled separately. For spontaneous and liter-

ature reports, an at least possible causality was defined,

while for solicited reports only cases assessed as at least

possibly related to ESL by the reporter were included in the

analysis.

Cumulative summary tabulations of terms arranged by

primary system organ class (SOC) were retrieved and

sorted according to the European Union summary of pro-

duct characteristics (SmPC) guideline. MedDRA� pre-

ferred terms within each SOC were sorted by decreasing

frequency and the results were compared with the approved

SmPC.

Patient exposure to marketed ESL was estimated on the

basis of worldwide ex-factory sales for the period from 1

October, 2009 until 31 August, 2015. For estimation of

patient exposure, it was assumed that the ex-factory

amounts delivered were entirely dispensed and actually all

administered, and were used at the dosage regimen of one

tablet per day, regardless of dose strength as recommended

in the ESL SmPC [1]. Because ESL is intended for long-

term therapy, exposure is calculated in patient-months

(units divided by 30) and patient-years, rather than in the

number of treated patients. During this period, ex-factory

amounts reached a total of 33,289,762 units (one

unit = one tablet). This corresponds to an estimated patient

cumulative exposure of 1,109,658 patient-months, corre-

sponding to 92,471.5 patient-years [24]. As described in

Table 1, patient exposure to marketed product is currently

distributed mainly in Spain, Germany, Portugal, France,

and USA.

3 Results

3.1 Safety Findings from Pooled Analysis of Four

Phase III Studies

More than 1700 patients were enrolled in the four pivotal,

phase III, double-blind, randomised, placebo-controlled

studies [3–6], the methods of which were briefly described

above, and 1699 were included in the integrated safety

population [24]. During the 14 weeks of double-blind

treatment period, there was an apparent dose-dependent

increase in the overall incidence of TEAEs with the

increase in ESL dosage (Table 2) [24]. The same trend was

observed for the occurrence of ADRs [TEAEs assessed as

at least possibly related by the investigator] and TEAEs

leading to discontinuation, but no dose-dependence rela-

tionship was observed for the occurrence of serious TEAEs

(Table 2). Similar conclusions were achieved by other ESL

pooled analyses that considers three phase III studies [7, 8].

In the overall safety population, the most common

TEAEs (affecting C10% of patients in any treatment

group) were dizziness, somnolence, headache, and nausea

(Table 3) and all were dose dependent. The most frequent

TEAEs leading to discontinuation (affecting C3% of

patients in any group: placebo; ESL 400 mg; ESL 800 mg;

ESL 1200 mg) were: dizziness (0.8; 1.0; 4.8 and 8.2%,

respectively), ataxia (0; 1.5; 1.8 and 3.9%, respectively),

nausea (0; 0; 2.2 and 5.3%, respectively), and vomiting

(0.2; 1.0; 2.0 and 4.3%, respectively) [24]. Similar safety

profiles were obtained in the pooled analysis of clinical

studies -301, -302, and -303 [7], as well as in the pooled

population obtained from studies -301, -302, and -304 [8].

The majority of TEAEs were of mild or moderate

intensity in any treatment group (mild: placebo, 39.8%;

ESL, 34.7%; moderate: placebo, 48.3%; ESL, 45.5%;

severe: placebo, 11.9%; ESL, 19.8%). The overall inci-

dence of SAEs was low in any treatment group. There was

a higher incidence of SAEs in the ESL group (3.8%) than

in the placebo group (2.1%). No individual SAE was

reported in more than 1% of patients [24]. Indeed, the only

SOCs in which two or more subjects per group reported

SAEs were nervous system disorders (placebo: four sub-

jects [0.8%], ESL: 22 subjects [1.9%]), injury, poisoning

and procedural complications (placebo: three subjects

[0.6%], ESL: nine subjects [0.8%]), and gastrointestinal
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disorders (placebo: one subject [0.2%], ESL: eight subjects

[0.7%]) [24].

Laboratory parameters, vital signs, physical examina-

tion, and electrocardiograms did not raise any major safety

issue. Hyponatremia (\125 mEq/L), as an adverse event

(AE), was reported in 17 patients (placebo n = 0; ESL

400 mg n = 1 (0.5%); ESL 800 mg n = 6 (1.2%); and

ESL 1200 mg n = 10 (2.0%)) and it was classified as a

possibly related TEAE in 16 patients (1.2%) treated with

ESL. Hyponatremia or decreased blood sodium levels led

to the discontinuation of study medication in 0.3 and 0.1%

of ESL-treated patients and placebo treated patients,

respectively [24].

In this full integrated analysis, three deaths occurred;

two in the placebo group (acute respiratory failure and

possible sudden unexpected death in epilepsy), and one in

the ESL 800-mg group [while taking ESL 400 mg during

titration (status epilepticus, subsequently classified as

probable sudden unexpected death in epilepsy)]. One

patient drowned during the baseline period of study 304

(without having taken ESL).

3.2 Safety Findings from Special Populations

In the study for the evaluation of pharmacokinetics of ESL

in patients with impaired renal function, safety was eval-

uated as a secondary endpoint. Twelve subjects (30%)

reported 15 AEs assessed as being at least possibly related

to study medication: normal renal function group: head-

ache (n = 5) and somnolence (n = 1); mild renal impair-

ment group: headache (n = 4), somnolence (n = 3), and

dizziness (n = 1); and in the severe renal impairment:

somnolence (n = 1). Overall, AEs were mild to moderate

in intensity. Two AEs were assessed by the investigator as

severe in intensity: fatigue (unlikely related) and headache

(possibly related). Mean changes from baseline for hema-

tology, clinical chemistry, and clotting profile variables

raised no concerns in general for all treatment groups.

Safety was also assessed in subjects with hepatic

impairment and compared with healthy subjects. In gen-

eral, ESL was well tolerated by subjects in both groups. Of

the 36 AEs reported, three were considered to be drug

related: nausea in a subject in the hepatic impairment group

and two events of fatigue in the healthy control group.

Seven AEs were assessed to be of moderate intensity and

28 to be of mild intensity. There was one SAE described as

hepatic encephalopathy secondary to increased protein

Table 1 Countries (sorted alphabetically) where eslicarbazepine

acetate (ESL) was marketed from 1 October, 2009 (first launch of

ESL in the market) until 31 August, 2015 and related patient exposure

to ESL

Country Launch

date

Cumulative exposure (patient-

months)a

Albania 12/2010 359

Austria 09/2009 8127

Canada 10/2014 749

Cyprus 10/2010 400

Czech

Republic

05/2011 26,267

Denmark 09/2009 20,292

Finland 06/2011 2097

France 04/2012 108,953

Germany 10/2009 137,368

Greece 03/2011 12,211

Iceland 03/2010 NA

Ireland 03/2011 5911

Italy 05/2014 7649

Malta 10/2010 359

Norway 11/2009 14,619

Portugal 04/2010 127,660

Russia 03/2015 145

Slovakia 04/2013 6788

Spain 02/2011 491,838

Sweden 01/2010 2977

UKb 10/2009 44,892

USA 04/2014 89,885

NA not available
a Information is based on cumulative worldwide ex-factory sales for

the period from 1 October, 2009 to 31 August, 2015
b Includes England, Wales, Northern Ireland, and Scotland

Table 2 Summary of

treatment-emergent adverse

events (TEAEs) in the pooled

population of phase III studies

with eslicarbazepine acetate

(ESL) adjunctive treatment of

partial-onset seizures in adults

Type of TEAE, n (%) Placebo

n = 513

ESL

400 mg

n = 196

ESL

800 mg

n = 500

ESL

1200 mg

n = 490

All TEAEs 269 (52.4) 125 (63.8) 335 (67.0) 358 (73.1)

ADRsa 149 (29.0) 87 (44.4) 252 (50.4) 296 (60.4)

Serious TEAEs 11 (2.1) 9 (4.6) 24 (4.8) 12 (2.4)

TEAEs leading to discontinuation 32 (6.2) 17 (8.7) 61 (12.2) 109 (22.2)

ADRs adverse drug reactions, TEAEs treatment-emergent adverse events
a TEAEs assessed as at least possibly related by the investigator

Safety Profile of Eslicarbazepine Acetate after 6 Years of Post-Marketing Experience 1235



intake (unlikely related) in the liver-impaired group. Mean

changes from baseline for hematology, clinical chemistry,

and clotting profile variables raised no concerns, in general.

Overall, 78 ESL exposures during pregnancy were

reported up to 21 October, 2015. Of these, 40 patients

became pregnant during clinical studies and 38 preg-

nancies were reported from post-marketing surveillance

[24]. In about half of pregnancies, ESL was used as part

of an AED add-on regimen. The available data are

insufficient in both quantity and detail level to allow

conclusions about the safety of ESL in pregnant women.

There are no case reports involving drug exposure during

lactation.

Regarding the elderly population (aged C65 years,

n = 72), the majority of subjects were exposed to doses not

higher than 800 mg QD; only ten subjects (13.9%) were

exposed to ESL 1200 mg QD. The overall frequency of

TEAEs was 65.3%, similar to pooled population of phase

III studies (ESL 800 mg, 67%, see Table 3). The most

frequent TEAEs were dizziness (12.5%), somnolence

(9.7%), and fatigue, convulsion, and hyponatremia (8.3%,

each), while rash was uncommon, occurring only in two

patients (2.8%). Figure 1 describes the incidence of TEAEs

observed in non-elderly patients and those obtained from

pooled analysis of four phase III studies. Fatigue, convul-

sion, and hyponatremia were more frequent in the elderly

population, in addition to the incidence of SAEs (13.9%),

and TEAEs leading to study discontinuation (22.2%) was

higher than those the observed for pooled phase III studies

(4.8 and 12.2% for ESL 800 mg, respectively, Fig. 1).

However, dizziness and somnolence were more frequent in

the non-elderly population (Fig. 1). The majority of

TEAEs were of mild or moderate intensity and the TEAEs

leading to the discontinuation of more than one patient

were hyponatremia (n = 3), dizziness (n = 2), and fatigue

(n = 2). Three deaths were reported during this study as a

result of cardiac failure, glioblastoma multiforme, and

ischemic stroke, nevertheless none of the fatal cases was

considered related to study medication by the investigator

nor the sponsor.

Table 3 Treatment-emergent adverse events (TEAEs) in percentage in the pooled population of phase III studies with eslicarbazepine acetate

(ESL) adjunctive treatment of partial-onset seizures in adults (overall and for patients titrated according to current summary of product

characteristics recommendations)

TEAEs, % Placebo

(n=513)

ESL 400 mg

(n=196)

Started on 400 mg for at least one week All patientsa

ESL 800 mg

(n=398)

ESL 1200 mg

(n=102)

ESL 800 mg

(n=500)

ESL 1200 mg

(n=490)

All TEAEs 52.4 63.8 62.3 62.7 67.0 73.1

Dizziness 8.4 15.8 17.1 13.7 19.6 28.0

Somnolence 8.4 11.7 10.1 9.8 11.8 16.9

Headache 8.8 10.2 9.0 10.8 10.8 13.9

Nausea 4.1 5.6 6.8 5.9 8.0 12.9

Diplopia 1.8 5.6 5.5 10.8 7.4 9.6

Vomiting 2.1 3.6 3.3 3.9 5.2 9.2

Ataxia 1.0 3.1 1.5 2.0 3.8 5.9

Vertigo 0.4 3.1 2.5 6.9 2.2 5.7

Vision blurred 1.4 4.6 3.5 2.0 4.8 4.5

Rash 0.8 0.5 1.5 4.9 1.4 2.7

Depression 2.3 3.1 1.5 0 1.4 2.2

Influenza 2.5 4.1 2.0 3.9 2.0 2.0

Constipation 1.2 3.1 1.5 2.0 2.0 2.0

Nasopharyngitis 3.1 3.1 1.8 1.0 1.6 1.4

Weight

increased

1.2 3.6 1.5 0 1.2 1.0

Irritability 0.4 3.1 1.3 1.0 1.2 0.6

Convulsion 1.4 3.1 0.5 0 0.6 0.4

a The phase III trials had different titration schemes: study 301, all patients started ESL at 400 mg; study 302, ESL 800 mg and 1200 mg groups

started at 800 mg; study 303, ESL 800 mg and 1200 mg groups started at half of the maintenance dose; study 304, ESL 800 mg group started at

400 mg and ESL 1200 mg group started at 800 mg
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3.3 Safety Findings from Post-Marketing

Surveillance

Overall, 702 serious and 1273 non-serious ADRs from

health authorities, literature, and spontaneous reports, and

47 serious ADRs from post-marketing non-interventional

studies were reported during the 6 years of ESL marketing.

Based on the current sales data, this corresponds to a

reporting rate of 0.18 events per 100 patient-months, con-

sidering only non-solicited sources (Table 4) [24].

Most commonly, ADRs were listed and reported in the

SOCs nervous system disorders (23.4%), general disorders

and administration-site conditions (13.6%), metabolism

and nutrition disorders (11.3%), skin and subcutaneous

tissue disorders (8.7%), psychiatric disorders (7.4%), and

gastrointestinal disorders (6.5%). The most frequent

reported ADR terms were hyponatremia (10.2%), seizure

(5.8%), dizziness (4.1%), rash (2.6%), fatigue (2.1%), and

nausea (1.8%) (Table 4) [24]. Cases of off-label use

included overdose (n = 111), unapproved indication

(n = 92), use in monotherapy (n = 65, not approved

within timeframe of data analysis), inappropriate starting

dose (n = 46), use in pediatric population (n = 40, not

approved within timeframe of data analysis), and drug

administration error (n = 15) [24]. A total of 239 cases

were reported as ‘hyponatremia’ or ‘blood sodium

decreased’ (188 serious and 51 non-serious) [Table 4].

Serious and non-serious adverse events classified within

the SOC psychiatric disorders represented 7.4% of all

ADRs reported. Confusional state (n = 14), depression

(n = 12), aggression (n = 10), and suicidal ideation

(n = 10) were the most frequent events. Four cases of

suicide attempt (two fatal cases) had been observed. Car-

diac disorders were also infrequently reported (21 cases,

mostly bradycardia) [24]. Considering the skin and sub-

cutaneous disorders, rash (generalized and pruritic) repre-

sented about 3.8% of all ADRs registered.

4 Discussion

Pooled safety data from the four phase III studies and from

specific studies in special populations together with those

obtained from 6 years of post-marketing experience were

analyzed to confirm the assessment of the safety profile of

ESL. This approach allows the assessment of safety data in

a broader population and in more ‘realistic clinical condi-

tions’ because it combines the data obtained from strict

controlled, double-blind, phase III studies with uncon-

trolled spontaneous reports from post-marketing [7, 8].

A dose-dependent increase in the overall incidence of

TEAEs, TEAEs leading to discontinuation, and ADRs with

the increase in ESL dosage was observed in this full inte-

grated analysis. These results are in agreement with those

obtained from individual phase III trials [3–6] and corrobo-

rate with previous pooled analysis [7, 8]. The total discon-

tinuation rate for ESL patients (n = 1186) was 15.8%

(Table 2), which is low compared with withdrawal rates

reported with oxcarbazepine, which ranged from 12 to 67%

[25]. Biton et al. [8], which does not include study -303,

reported a similar ESL discontinuation rate (17.5%). More-

over, despite somnolence and headache being common

TEAEs, their relationship to discontinuation was minor,

when comparedwith dizziness, ataxia, nausea, and vomiting.

Beyond these four phase III studies, the safety profile of

ESL in adult patients was also evaluated in special popu-

lations, with special attention to renal and hepatic impair-

ment and elderly patients. The phase I study performed in
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subjects with renal impairment demonstrated that clearance

of ESL is dependent on renal function and, therefore,

during treatment with ESL, dose adjustment is recom-

mended in patients with creatinine clearance\60 mL/min.

Hemodialysis removes ESL metabolites from plasma [26],

and in patients with creatinine clearance\30 mL/min,

ESL use is not recommended. Despite the fact that ESL

undergoes extensive hepatic first-pass hydrolysis, moderate

hepatic impairment did not affect the pharmacokinetics of

ESL. No dose adjustment is needed in patients with mild-

to-moderate liver impairment. Patients with severe hepatic

impairment have not been evaluated; therefore, its use is

not recommended in this group of patients [27].

During its clinical development, the use of ESL in

elderly patients (aged C65 years) was limited (n = 9, in a

pooled population of four phase III studies) and, as such, a

multicenter, open-label, non-controlled, single-arm study

was performed (BIA-2093-401) [23]. The highest inci-

dence of hyponatremia, SAEs, and TEAEs leading to study

discontinuation in elderly patients was not unexpected

given the higher co-morbidities in this age group. Never-

theless, no special concern is adopted to elderly patients

when compared with other aged groups and no dose

adjustment of ESL is needed in the elderly population if the

renal function is not disturbed [23]. Finally, current data of

ESL exposure in pregnant women are limited, and for that

reason it is recommended that if women receiving ESL

become pregnant or plan to become pregnant, the use of

ESL should be carefully re-evaluated [1].

The incidence of rash, which is a common idiosyncratic

reaction with AEDs, seems to be low in patients treated

with ESL and dose dependent (Table 3). In the post-mar-

keting, it occurred in 3.8% of the reports, which is in

accordance with incidence values found for pooled popu-

lation of phase III studies (1.5 and 4.9% for ESL 800 and

1200 mg, respectively) and elderly patients (2.8%).

There were two cases of potential drug reaction with

eosinophilia and systemic symptoms (DRESS) syndrome

Table 4 Adverse drug reactions (ADRs) from post-marketing data

sources reported from 1 October, 2009 until 21 October, 2015 (with

absolute frequency C10)

ADRs

Serious Non-

serious

Total

Nervous system disorders 240a 233a 473a

Seizure 117 1 118

Dizziness 10 72 82

Headache 3 23 26

Somnolence 5 21 26

Epilepsy 11 11 22

Generalized tonic-clonic seizure 16 1 17

Balance disorder 5 11 16

Tremor 3 12 15

Ataxia 6 7 13

Disturbance in attention 2 9 11

General disorders and administration-

site conditions

39a 235a 274a

Fatigue 2 40 42

Drug ineffective 0 25 25

Asthenia 3 8 11

Metabolism and nutrition disorders 177a 51a 228a

Hyponatremia 176 30 206

Decreased appetite 0 11 11

Skin and subcutaneous tissue disorders 54a 121a 175a

Rash 6 46 52

Rash generalized 9 4 13

Rash pruritic 2 9 11

Pruritus 2 8 10

Psychiatric disorders 45a 105a 150a

Confusional state 7 7 14

Depression 1 11 12

Aggression 1 9 10

Suicidal ideation 10 0 10

Gastrointestinal disorders 26a 106a 132a

Nausea 4 33 37

Vomiting 7 14 21

Diarrhea 2 10 12

Investigations 30a 56a 86a

Blood sodium decreased 12 21 33

Weight increased 2 11 13

Eye disorders 11a 51a 62a

Diplopia 7 23 30

Vision blurred 2 18 20

Blood and lymphatic system disorders 28a 7a 35a

Thrombocytopenia 8 3 11

Surgical and medical procedures 0a 32a 32a

Off-label use 0 32 32

Respiratory, thoracic, and mediastinal

disorders

15a 15a 30a

Table 4 continued

ADRs

Serious Non-

serious

Total

Dyspnea 4 7 11

Ear and labyrinth disorders 8a 15a 23a

Vertigo 8 13 21

a Total numbers do not add as includes all ADRs reported and not

only those related to the preferred terms listed in the table, which

were selected based on an absolute frequency C10; only system organ

class referring to an ADR with individual preferred term C10 is

included
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that occurred during the clinical trial (BIA-2093-301) and

two other cases from PMS. The first two patients, recently

described by Biton et al. [8], had combinations of AEs that

may potentially met the RegiSCAR criteria for DRESS

syndrome. Both cases were identified as ‘potential DRESS’

as no confirmation on diagnosis was identified by the

reporter.

Regarding post-marketing DRESS cases, the first refers

to a 60-year-old male patient, bedridden as a result of

multi-infarction dementia, with a history of several epi-

sodes of febrile exanthema and allergy to paracetamol and

levetiracetam. The patient had been taking ESL for 5 days

and further developed febrile exanthema, which worsened

10 days later owing to a hemorrhagic exanthema. Causality

cannot be assessed properly because of multi-drug treat-

ment, pre-existent allergy to levetiracetam, and recurring

febrile exanthemas in the past. The dermatological expert

confirmed that DRESS was a probable diagnosis in this

case with concomitantly used drugs or infection as plau-

sible alternative causes. The second PMS case refers to a

16-year-old female patient who developed ‘cutaneous

eruption’ primarily on the trunk and left arm associated

with face edema, headache, and hyperthermia 12 days after

exposure to ESL (Zebinix�). Concomitant medication

included lamotrigine and clobazam. The dermatological

expert confirmed that DRESS was a possible diagnosis in

this case, possibly related to ESL.

In phase III studies, hyponatremia \125 mmol/L was

reported in B2% of patients taking ESL, whilst in post-

marketing hyponatremia/blood sodium decreased repre-

sented 14.1% of ADRs reported. Most of the PMS cases

were commonly in the range of 120–129 mmol/L, never-

theless in 33 (13.8% of these cases), the sodium levels were

below 120 mmol/L and complications including seizure,

confusional state, nausea, vomiting, and hypertension were

reported in about 50% of these cases. More than half of the

hyponatremia cases (n = 140, 58.6%) occurred when ESL

was given at daily doses higher than 1200 mg. Other cases

occurred with drug administration errors, including no up-

titration, unapproved use, or the result of concomitant

medication (e.g., diuretics) or intercurrent illness (e.g.,

renal disease) [24]. Changes in mean clinical laboratory

parameters did not reveal clinically relevant findings.

Data from literature demonstrate an interaction of ESL

with other AEDs by an inducing effect on the metabolism

of drugs (carbamazepine, phenobarbital, topiramate),

which are primarily eliminated by metabolism through

CYP3A4 or conjugation through the UDP–glucuronosyl

(lamotrigine) or inhibiting properties against CYP2C9

(phenytoin) [11]. Plasmatic concentrations of oral contra-

ceptives and simvastatin may also be affected by ESL most

likely caused by an induction of CYP3A4 [14, 16]. The

PMS safety data collected during these 6 years did not

identify any new potential interaction beyond those iden-

tified in the clinical development program and described in

the literature.

Psychiatric AEs such as anxiety, aggressive behavior,

irritability, and depression have been associated with AED

therapy. Recently, published data demonstrated that patients

receiving sodium channel-blocking AEDs (as ESL) were

statistically less likely to develop intolerable psychiatric

problems, compared with those taking AEDs possessing

othermechanisms of action [28]. From the four phase III ESL

studies, the most frequently reported psychiatric TEAEs

were depression and irritability, both demonstrated no dose

relationship with ESL (Table 3). From post-marketing

experience, confusional state, depression, aggression, and

suicidal ideation represented 0.82, 0.71, 0.59, and 0.59% of

reported ADRs, respectively. All cases of suicidal ideation

were classified as serious because of medical significance,

nevertheless for most of them alternative explanations are

available, mainly depression and concomitant AEDs. Cog-

nition-related TEAEs were reported uncommonly with ESL

treatment during post-marketing experience, similar to that

described in the literature [29].

The main limitations of this work is the analysis of

TEAE incidence of four phase III studies because

descriptive statistics was performed and the underlying

limitations of post-marketing reports.

5 Conclusions

Based on four phase III clinical trials and a review of post-

marketing safety data, adjunctive therapy with ESL is

generally well tolerated, with most AEs being of mild-to-

moderate severity. The most common TEAEs (dizziness,

somnolence, headache, and nausea) were dose dependent.

Dose adjustment of ESL is recommended in patients with

creatinine clearance\60 mL/min, whilst no dose adjust-

ment is needed in patients with mild-to-moderate liver

impairment (phase I studies). Elderly patients had the

highest incidence of hyponatremia and SAEs when com-

pared with non-elderly patients; nevertheless, no special

concern is needed for the elderly population if renal

function is not disturbed. Most of the hyponatremia cases

in post-marketing experience have been related to high

doses of ESL ([1200 mg), drug administration errors,

concomitant medications or/and inter-current illness.

Limited data are available to draw conclusions about the

safety of ESL in pregnant women. Despite the limitations

of the global safety databases, the data available support

the safety profile of ESL according to the information

gathered during clinical development and continue to

support the favorable benefit-risk profile of the product.
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