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Abstract
Background  The incidence of epilepsy is high within the first few years of life, stabilizes over the second through fifth decades, 
and then rises again. Treatment of elderly patients with antiepileptic drugs (AEDs) is complicated by increased sensitivity to 
drug effects, altered pharmacokinetics and an increased risk for drug interactions due to polytherapy. On the other hand, the 
safety and efficacy data of AEDs attained during clinical development programmes are relatively limited for this age group.
Objective  The aim of this study was to evaluate the safety, tolerability and efficacy of eslicarbazepine acetate (ESL) as 
adjunctive therapy in patients aged ≥ 65 years with focal-onset seizures (FOS).
Methods  This was an international, multicentre, open-label, non-controlled, single-arm, post-European approval commit-
ment study with flexible doses of ESL between 400 and 1200 mg/day. Seventy-two elderly patients with at least two FOS in 
the prior 4 weeks, and treated with one or two AEDs, were enrolled. The study consisted of an 8-week baseline, followed 
by a 26-week treatment period during which the investigator was allowed to up- or down-titrate the ESL dose, and a 4-week 
follow-up period. Safety and tolerability were assessed as well as mental sedation, cognitive mental state and suicidal idea-
tion. Efficacy was assessed based on patient diaries regarding the absolute and relative changes in seizure frequency, change 
in intellectual impairment and quality of life.
Results  Overall, 47 (65.3%) patients experienced 152 treatment-emergent adverse events (TEAEs). The most frequent were 
dizziness (12.5%), somnolence (9.7%), fatigue, convulsion and hyponatraemia (8.3% each). All patients that experienced 
hyponatraemia (6/72) recovered without sequelae. Three patients died during the study (due to cardiac failure, glioblastoma 
multiforme and ischaemic stroke, all considered unrelated to ESL). Overall, 16 (22.2%) patients discontinued prematurely 
due to TEAEs. The incidences of clinically significant findings were low for vital signs, ECG, physical and neurological 
examinations. No TEAEs of hypothyroidism were reported; however, 24 (33.3%) patients presented post-baseline shifts 
from normal to decreased free T4 levels (not clinically significant). ESL decreased standardized seizure frequency from a 
mean of 4.8 seizures at baseline to 3.6 seizures at endpoint (p > 0.05); and mean number of days with seizures significantly 
decreased from 4.1 (baseline) to 2.8 at endpoint (p = 0.0408).
Conclusion  ESL taken once daily (400–1200 mg) as adjunctive therapy in patients aged ≥ 65 years was found to be safe, 
well tolerated and efficacious (EudraCT number: 2009-012587-14).

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​6-018-0602-y) contains 
supplementary material, which is available to authorized users.
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Key Points 

Use of eslicarbazepine acetate (ESL) in elderly patients 
was safe, well tolerated and effective in reducing seizure 
frequency.

The most common treatment-emergent adverse events 
(TEAEs) were dizziness, somnolence, fatigue, convul-
sion and hyponatraemia.

No relationship was observed between the incidence or 
severity of hyponatraemia and ESL dose.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40266-018-0602-y&domain=pdf
https://doi.org/10.1007/s40266-018-0602-y
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1  Introduction

Epilepsy affects more than 50 million adults and children 
worldwide. The two highest peaks of incidence are in chil-
dren and in the elderly population aged > 65 years. Preva-
lence estimates in the total population vary from 4 to 8 per 
1000 subjects [1]. Focal-onset seizures (FOS), which are 
related to a focal brain dysfunction, are the most frequent 
type (~ 60% of cases). Antiepileptic drugs (AEDs) are the 
major therapeutic intervention and approximately 60% of 
newly diagnosed patients become seizure-free on a single 
AED; but in about 30% of patients, seizures are not satisfac-
torily controlled and many patients have significant adverse 
events [1]. This lack of seizure control means that combina-
tion therapy is often recommended, but a sizeable propor-
tion of patients continue to have seizures regularly despite 
therapy with more than one AED. Therefore, there is still 
a need for new, effective AEDs, particularly those that can 
be used safely as adjuncts to standard therapy, in order to 
further reduce seizure frequency.

Epidemiological studies of several populations have 
found that the incidence of seizures, epilepsy, or both, is 
high within the first few years of life, stabilizes over the sec-
ond through fifth decades, and then rises again. The elderly 
is the most rapidly growing segment of the population, and 
incidence of epilepsy is higher in this age group than in any 
other. Treatment of older patients with AEDs, as with many 
other medications, is complicated by increased sensitivity 
to drug effects, altered pharmacokinetics, and an increased 
risk for drug interactions due to multiple drug therapy [1–3]. 
Additionally, there are relatively limited data to guide the 
use of anti-epileptic medications and other treatments in this 
patient population [3].

Eslicarbazepine acetate (ESL) is a voltage-gated sodium 
channel blocker currently approved by the European Med-
icines Agency (EMA), the United States Food and Drug 
Administration (FDA) and Health Canada, as adjunctive 
and monotherapy in adults for the treatment of FOS with 
or without secondary generalization. Paediatric indication 
was granted by the EMA and Health Canada as adjunctive 
therapy in adolescents and children aged > 6 years with 
FOS with or without secondary generalization. ESL was 
also approved by the FDA as adjunctive and monotherapy 
in children 4 years of age and older.

ESL is chemically related to carbamazepine and oxcar-
bazepine, but contains molecular variations that result in 
differences in metabolism [4]. These metabolic differences 
may result in a lower potential for drug interactions, good 
tolerability, once-daily dosing and a simple titration regi-
men. In humans, eslicarbazepine (S-licarbazepine, BIA 
2-194), is the major active metabolite of ESL and the entity 
responsible for the pharmacological effect [5]. Steady-state 

of eslicarbazepine plasma concentration occurs after 4 or 
5 days of once-daily dosing [6, 7]. Pharmacokinetics is 
dependent on renal function [8], but is not significantly 
affected by the presence of food [9], moderate hepatic 
impairment [10], age [7] or gender [6].

This clinical study was a post-approval commitment with 
the EMA and aimed to assess the safety, tolerability and effi-
cacy of ESL as adjunctive therapy for focal-onset seizures in 
elderly patients (aged 65 years or older).

2 � Methods

2.1 � Study Design

This open-label study (trial registration EudraCT No. 2009-
012587-14) was conducted in 44 centres across 13 countries 
in Europe and Asia (2 in Austria, 5 in Bulgaria, 2 in Croatia, 
7 in the Czech Republic, 4 in Germany, 3 in Malaysia, 3 in 
Poland, 2 in Portugal, 3 in Romania, 3 in South Korea, 4 
in Spain, 2 in Taiwan and 4 in Thailand), to evaluate the 
safety, tolerability and efficacy of ESL as adjunctive therapy 
in patients aged ≥ 65 years with FOS.

The study design consisted of an 8-week baseline period, 
followed by a 26-week treatment period and a 4-week 
follow-up period. Patients were treated in the range of 
400–1200 mg ESL and the recommended starting dose was 
400 mg once daily for 2 weeks. Thereafter, the investigator 
was allowed to up- or down-titrate the ESL dose in 400-mg 
steps based on individual response, including safety issues. 
During the 4-week follow-up period, if needed, ESL could 
be tapered off, also in 400 mg steps, and a standard AED 
could be introduced. The investigator was also allowed to 
introduce, remove, up- or down-titrate any other AED.

ESL was administered orally, once daily (QD), at approxi-
mately the same time each day, preferably in the evening or 
before going to bed. The ESL 400 mg and 800 mg divis-
ible tablets used in the study were manufactured by BIAL-
Portela & Ca S.A., Coronado (S. Romão e S. Mamede), 
Portugal. The sample size was discussed and agreed with 
the EMA. A study population of 100 evaluable patients 
aged ≥ 65 years was considered adequate. However, due to 
recruitment difficulties, the sponsor agreed with the EMA to 
stop recruitment when 72 patients had been enrolled.

The schedule of assessments in this study included 
the following timing points: (1) screening visit (V1), 
8 weeks ± 3 days before V2; (2) baseline visit (V2); (3) 
treatment period visit (V3), 2 weeks ± 3 days after V2; (4) 
telephone contact, 2 weeks ± 3 days after V3; (5) treatment 
period visit (V4), 4 weeks ± 3 days after V3; (6) treatment 
period visit (V5), 8 weeks ± 3 days after V4; (7) end-of-
study visit (V6) or early discontinuation visit (EDV), 
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12 weeks ± 3 days after V5; and (8) follow-up visit (V7), 
4 weeks ± 3 days after V6/EDV.

Descriptive statistics were calculated for demographic 
data, type of epilepsy, seizure types and frequency of side 
effects. Changes in seizure frequency were conducted using 
Chi square tests or Fisher exact tests (p value < 0.05 was 
considered as significant).

The study was approved by the national Independent 
Ethics Committee and Competent Authorities. The study 
was conducted according to the Helsinki Declaration, ICH 
Good Clinical Practice recommendations and applicable 
local regulations. Written informed consent was obtained 
for each study participant.

2.2 � Population

Adult men or women (aged 65 years or older) were eligible 
if they had a documented diagnosis of epilepsy for at least 
12 months and at least two focal seizures (including subtypes 
of focal aware seizures—focal impaired awareness seizures 
evolving to secondarily generalized) in the 4 weeks prior to 
enrolment, and were currently being treated with one or two 
AEDs (any except oxcarbazepine)—vagus nerve stimulation 
(VNS) was considered an AED—in a stable regimen for at 
least 4 weeks prior to enrolment. Patients with only focal 
aware seizures with no motor symptomatology, primarily 
generalized seizures, known progressive neurological disor-
ders and progressive dementia, history of status epilepticus 
or cluster seizures within the 3 months prior to enrolment 
were excluded. Patients with seizures of non-epileptic ori-
gin, major psychiatric disorders, history of suicide attempt, 
any uncontrolled disorder, clinical laboratory abnormalities 
as defined by the investigator and calculated creatinine clear-
ance < 30 mL/min were also excluded. A guidance was given 
to the investigator regarding exclusion values for laboratory 
abnormalities such as plasma sodium < 130 mmol/L, alanine 
or aspartate aminotransferases > 2.0 times the upper limit 
of the normal range, or white blood cell count < 3000 cells/
mm3.

2.3 � Safety Assessments

Safety and tolerability were assessed through incidence of 
treatment-emergent adverse events (TEAEs), laboratory 
evaluations, vital signs, 12-lead ECG and physical/neurolog-
ical examinations. Mental sedation and intellectual impair-
ment were assessed at baseline (V2), V5 and V6/EDV using 
Norris’ adapted method, four 10-point numeric rating scales. 
This is a numeric version of a series of 16 analogue scales 
described by Norris [11]. The 16 items are divided into 
four categories of effects (‘mental sedation and intellectual 
impairment’, ‘physical sedation and bodily impairments’, 

‘tranquilization and calming effects’, and ‘other types of 
feelings and attitudes’). The four items used in this study 
were the ones associated with the category ‘mental sedation 
or intellectual impairment’.

Intellectual ability was also assessed at last visit (V6/
EDV) using the Patient’s Global Impression of Change 
(PGIC) of Intellectual Ability, a 7-point rating scale. The 
cognitive mental state of patients was examined only at 
screening (V1) by means of the Mini-Mental State Examina-
tion (MMSE) questionnaire. Suicidal ideation and behaviour 
was assessed at baseline, V3, V4, V5, V6/EDV and V7 using 
the Columbia–Suicide Severity Rating Scale (C-SSRS).

2.4 � Efficacy Assessments

The Full Analysis Set (FAS) consisted of all patients who 
received at least one dose of treatment and had at least one 
day of efficacy evaluation reported after baseline. The Safety 
Set (SS) consisted of all subjects who had received at least 
one dose of ESL. The Per-Protocol (PP) set consisted of all 
patients in the FAS who completed the treatment period and 
did not have any protocol deviation in a sufficiently serious 
manner to warrant data (but not patient) exclusion. Decisions 
regarding data exclusion from the PP set were taken prior 
the start of the statistical analyses in a data review meeting.

The efficacy assessments were based on occurrence (date 
and time) and type of seizures recorded in the patient dia-
ries. Quality of Life in Epilepsy-31 inventory (QOLIE-31) 
performed at baseline, V4 and V6/EDV, and PGIC of intel-
lectual ability performed at last visit (V6/EDV), were also 
applied.

3 � Results

3.1 � Population

A total of 72 patients were allocated to study treatment and 
included in the SS. Of these, 50 (69.4%) completed the treat-
ment period, while 22 (30.6%) prematurely terminated the 
trial. The most frequent reason for premature trial termina-
tion was the occurrence of an adverse event (16 patients, 
22.2%).

Patients’ age ranged from 65 to 84 years, with a mean 
(SD) age of 71.6 (5.40) years. The patients aged 65–69 years 
comprised 41.7% of the SS, those aged 70–74 years and 
75–79 years were 26.4% (each group), whereas the 80- to 
84-year-old patients comprised 5.6% of the population. 
Male patients accounted for 52.8%. The majority of patients 
(83.3%) were Caucasian.

The mean epilepsy duration was 246.8 months, rang-
ing from 12.2 to 850 months. The most frequently reported 
epilepsy aetiologies were ‘other or unknown’ (38.9% of 
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patients), cerebrovascular disease (23.6%) and cranial 
trauma or injuries (11.1%), and 93.1% of the patients had at 
least one concomitant disease at screening. The most com-
mon concomitant diseases (in ≥ 5%) at baseline were hyper-
tension (54.2%), dyslipidaemia (13.9%), obesity (13.9%), 
hypercholesterolaemia (11.1%), myocardial ischaemia 
(11.1%), benign prostatic hyperplasia (9.7%), depression 
(9.7%), insomnia (8.3%), hypothyroidism (8.3%), back pain 
(6.9%), and hypoacusis, decreased creatinine clearance, 
osteoarthritis, meningioma, cerebrovascular disorder, hemi-
paresis, and arteriosclerosis (5.6%, each).

The most frequently used concomitant AEDs were val-
proic acid (36.1% of patients), carbamazepine (31.9%), 
lamotrigine (25.0%) and levetiracetam (13.9%). Concomi-
tant non-AED medication was taken by 83.3% of patients. 
Regarding the use of concomitant drugs (in more than one 
subject) that have been associated with hyponatraemia, 
indapamide was used by six patients (8.3%), hydrochloro-
thiazide, furosemide and spironolactone by three subjects 
(4.2%) and amiloride, hydrochlorothiazide and paroxetine 
were used by two patients (2.8%).

The MMSE was performed at V1 and the vast major-
ity of patients had either normal cognitive function (68.1%) 
or mild cognitive impairment (26.4%). Severe cognitive 
impairment was reported for one subject (1.4%).

3.2 � Safety Results

Mean treatment duration was 151.8 days and the mean ESL 
dose during the overall treatment period was 591.9 mg/day. 
The majority of patients were exposed to doses not higher 
than 800 mg QD. An ESL dose of 1200 mg QD was used by 
10 patients (13.9% of the SS).

TEAEs, reported by ≥ 5% of patients, were dizziness 
(12.5%), somnolence (9.7%), fatigue, convulsion and 
hyponatraemia (8.3% each), nasopharyngitis (6.9%) and 
upper respiratory tract infection (5.6%) (Table 1). The 
majority of TEAEs were assessed by the investigators as 
mild (36.1%) to moderate (34.7%) (Table 1). In total, 16 
treatment-emergent serious adverse events (TESAEs) were 
reported for 10 patients (13.9%). No TESAE occurred 
in more than one subject (Table 2). Three patients died 
(4.2%), one due to cardiac failure, one due to glioblas-
toma multiforme and one due to ischaemic stroke. None 
of the fatal cases were considered related to study medi-
cation, either by the investigator or by the sponsor. Six-
teen (22.2%) patients prematurely discontinued the study 
because of TEAEs. The TEAEs leading to the discon-
tinuation of more than one subject were hyponatraemia 
(3 patients), dizziness and fatigue (2 patients each). The 
lowest value of sodium blood measured was 120 mmol/L 
and all patients that experienced hyponatraemia (6/72) 
recovered. 

Of the total number of patients exposed to ESL 400 mg 
(n = 68), 31 (45.6%) experienced at least one TEAE while 
on this dose. The most commonly reported TEAEs (occur-
ring in ≥ 3 patients) were fatigue (6 patients), dizziness, som-
nolence, nasopharyngitis (5 patients each), convulsion and 
hyponatraemia (4 patients each). For the ESL 800-mg dose, 
21 (50%) of the 42 exposed patients experienced at least one 
TEAE while on this dose, with the most common being diz-
ziness and blood creatine phosphokinase (CPK) increase (3 
patients each). For the ESL 1200-mg dose, only four TEAEs 
were reported among three (30%) of the ten exposed patients 
(abdominal pain upper, prostate cancer, anxiety and urinary 
retention). The pattern and incidence of TEAEs was overall 
similar between gender and age groups, although the small 
number of analysed patients does not allow meaningful 
comparisons (see Table 1 and Table 2, respectively, in the 
electronic supplementary material).

Laboratory TEAEs affecting more than one subject were 
hyponatraemia (6 patients, 8.3%), blood CPK increased (3 
patients, 4.2%) and gamma-GT increased (3 patients, 4.2%) 
(Table 1). Overall, 19.4% of patients experienced a sodium 
decrease from baseline ≥ 10 mmol/L. Post-baseline inci-
dences of sodium levels < 130 and < 125 mmol/L were 9.7% 
and 1.4%, respectively. Of the 10 subjects with sodium lev-
els < 130 mmol/L, five were receiving ESL 400 mg and five 
ESL 800 mg. The single subject with sodium < 125 mmol/L 
was receiving ESL 400 mg.

For thyroid function tests, although there were no TEAEs 
concerning hypothyroidism reported during the study, 24 
patients (33.3%) presented post-baseline shifts from normal 
to low free T4 levels at any post-baseline assessment. There 
were no patients presenting a shift from normal to a clini-
cally significant value for any thyroid parameter per inves-
tigators assessment. One subject had a shift from normal to 
clinically important free T3 low value per sponsor’s criteria. 
No relevant changes were observed for liver function tests.

The incidences of relevant findings for vital signs, 
ECG, and physical and neurological examinations were 
low, with no trends observed. The only significant new 
onset post-baseline finding from the 12-lead ECG was 
one case of atrial fibrillation, assessed as not related to 
study treatment. Rash was reported in two patients (2.8%), 
but neither were assessed as severe or serious.

Norris’ adapted mental sedation scales showed minor 
changes from baseline to last study visit in subject 
responses towards a slight worsening of mean values (see 
Table 3 in the electronic supplementary material). These 
results did not correlate with the subjects’ intellectual 
ability ratings by means of the PGIC score: approximately 
half of the patients reported improvements, compared 
with 16.9% of patients who considered values to have 
worsened (see Table 4 in the electronic supplementary 
material).
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No reports of suicidality (suicidal ideation or behav-
iour) were observed post-baseline, as assessed by TEAEs 
and the C-SSRS.

3.3 � Efficacy Results

The mean (SD) standardized seizure frequency decreased 
from 4.8 (5.53) during the 8-week baseline period to 
3.6 (5.84) during the 26-week treatment period (FAS) 
(p = 0.1824). Although not statistically significant 
(p ≥ 0.05), improvements were observed for all types of 
seizures throughout the 26-week treatment period. By 
type of seizure, the mean (SD) standardized frequency 
decreased from 3.6 (5.43) to 3.1 (5.00) for focal aware 
seizures with motor component (p = 0.6883), from 3.5 

(3.77) to 2.6 (4.11) for focal impaired awareness seizures 
with motor component (p = 0.2105), and from 1.6 (2.03) 
to 0.6 (1.11) for focal evolving to secondarily generalized 
seizures (p = 0.0594).

During the treatment period, 11 (15.5%) patients 
were seizure free and a total of 39 (54.9%) patients were 
responders; that is, reported a ≥ 50% reduction of seizure 
frequency relative to baseline (Table 3). Similar results 
were obtained when the PP set was considered.

The mean (SD) number of days with seizures statisti-
cally significantly decreased from 4.1 (3.72) during the 
baseline period to 2.8 (3.97) during the treatment period 
(p = 0.0408).

Minimal changes were observed for all QOLIE-31 
scores throughout the treatment period. Although not 

Table 1   Summary of treatment-emergent adverse events (TEAEs) reported for the safety population (N = 72)

a TEAEs based on abnormal laboratory test results

TEAEs No. of patients (% of 
safety population)

Number 
of TEAEs

All 47 (65.3) 152
Frequency of patients with TEAEs ≥ 5%, categorized by preferred term
 Dizziness 9 (12.5) 11
 Somnolence 7 (9.7) 7
 Fatigue 6 (8.3) 7
 Convulsion 6 (8.3) 6
 Hyponatraemia 6 (8.3) 6
 Nasopharyngitis 5 (6.9) 5
 Upper respiratory tract infection 4 (5.6) 5

Frequency of patients with at least one TEAE, categorized by severity
 Mild 26 (36.1) 67
 Moderate 25 (34.7) 44
 Severe 12 (16.7) 18
 Not applicablea 14 (19.4) 23

Frequency of patients with at least one TEAE, categorized by System Organ Class—Investigations
 Blood creatine phosphokinase increased 3 (4.2) 3
 Gamma-glutamyltransferase increased 3 (4.2) 3
 Blood alkaline phosphatase increased 1 (1.4) 1
 Blood potassium decreased 1 (1.4) 1
 Blood urea increased 1 (1.4) 1
 White blood cell count decreased 1 (1.4) 1

Frequency of patients with at least one TEAE, categorized by System Organ Class—Metabolism and nutrition disorders
 Hyponatraemia 6 (8.3) 6
 Hyperglycaemia 1 (1.4) 2
 Hyperkalaemia 1 (1.4) 1
 Hyperlipidaemia 1 (1.4) 1
 Hypertriglyceridaemia 1 (1.4) 1
 Hypokalaemia 1 (1.4) 1
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statistically significant (p = 0.2852), the mean (SD) over-
all score improved from 58.5 (14.93) at baseline to 61.3 
(17.93) at the last visit. Importantly, the cognitive func-
tioning score did not worsen over the course of treatment 
(mean change of + 1.3, not significant).

Thirty-three patients (46.5%) considered that their 
intellectual ability was ‘very much improved’, ‘much 
improved’ or ‘minimally improved’ in relation to baseline. 
Intellectual ability was considered to have worsened in the 
PGIC of 12 patients (16.9%) (see Table 4 in the electronic 
supplementary material).

4 � Discussion

This open-label, single-arm, non-controlled trial investi-
gated the safety and efficacy of ESL as adjunctive ther-
apy in patients aged ≥ 65 years with focal epilepsy over 
a 26-week treatment period. A total of 72 patients were 
enrolled to ESL treatment and were analysed for safety 
and efficacy.

The mean treatment duration was 151.8 days and the 
mean ESL dose during the overall treatment period was 
591.9 mg/day. The overall frequency of TEAEs was 65.3%, 

Table 2   Serious treatment-emergent adverse events (TEAEs) reported for safety population (N = 72)

a Serious adverse events considered at least possibly related to study treatment

Primary System Organ Class preferred term No. of patients (% of safety population) Number 
of TEAEs

Patients with any serious TEAE 10 (13.9) 16
Nervous system disorders 5 (6.9) 5
 Altered state of consciousnessa 1 (1.4) 1
 Grand mal convulsiona 1 (1.4) 1
 Ischaemic stroke 1 (1.4) 1
 Lacunar infarction 1 (1.4) 1
 Presyncope 1 (1.4) 1

Infections and infestations 3 (4.2) 3
 Bronchitis 1 (1.4) 1
 Gastroenteritis 1 (1.4) 1
 Pneumonia 1 (1.4) 1

Cardiac disorders 2 (2.8) 2
 Cardiac failure 1 (1.4) 1
 Coronary artery disease 1 (1.4) 1

Neoplasms benign, malignant and unspecified 2 (2.8) 2
 Glioblastoma multiforme 1 (1.4) 1
 Prostate cancer 1 (1.4) 1

Injury, poisoning and procedural complications 1 (1.4) 1
 Toxicity to various agentsa 1 (1.4) 1

Metabolism and nutrition disorders 1 (1.4) 1
 Hyponatraemiaa 1 (1.4) 1

Psychiatric disorders 1 (1.4) 1
 Postictal psychosis 1 (1.4) 1

Respiratory, thoracic and mediastinal disorders 2 (2.8) 2
 Upper airway obstruction 1 (1.4) 1

Gastrointestinal disorders 1 (1.4) 1
 Gastritis 1 (1.4) 1

Table 3   Summary of efficacy data during treatment period

Full analysis 
set (N = 71)

Per-protocol 
set (N = 55)

Proportion of seizure-free patients [n (%)]
 Seizure-free 11 (15.5) 7 (12.7)
 Not seizure-free 60 (84.5) 48 (87.3)

Proportion of responders [n (%)]
 Responder 39 (54.9) 31 (56.4)
 Non-responder 32 (45.1) 24 (43.6)
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which is comparable to that reported for the phase III stud-
ies in adults with ESL as adjunctive therapy [12–15]. This 
incidence was lower when compared with oxcarbazepine 
[16], which reported at least one TEAE for 42 of 52 elderly 
patients (81%), as well as for 78/95 elderly patients (82%) 
exposed to zonisamide [17]. A similar trend was attained 
for TEAEs at least possibly related in this study (31/72 
patients, 43.1%) when compared with that reported for 
zonisamide (53/95 patients, 55.8%) [17].

The most common TEAEs in the current trial were 
dizziness (12.5%), somnolence (9.7%), fatigue (8.3%), 
convulsion (8.3%) and hyponatraemia (8.3%). These are 
known common side effects of ESL, but the incidence of 
hyponatraemia was higher than that observed in the phase 
III adjunctive studies (1.5%) [14]. In fact, a small mean 
reduction of serum sodium level was found at week 8 in 
both the ESL 800-mg and ESL 1200-mg groups (− 1.6 
and − 2.2 mEq/L, respectively) compared with placebo 
(0.1 mEq/L) [14]. In the present study, of those six sub-
jects with a TEAE of hyponatraemia, one had reduced 
levels of sodium at baseline, but considered non-clinically 
significant, and five had normal values of sodium at base-
line. Among the five patients with normal sodium levels at 
baseline, one had an acute episode of chronic gastritis one 
day after starting ESL treatment, with discontinuation of 
ESL on day 5. Low sodium level was measured on day 8. 
Two patients had hyponatraemia around week 14 of ESL 
treatment, one at week 6, and the fourth subject on week 
23 of ESL treatment (data not presented in the results sec-
tion). Despite the elderly population having the highest 
incidence of hyponatraemia, with higher co-morbidities, 
and are often medicated with drugs that may themselves 
lead to hyponatraemia (diuretics), no special concern is 
given to elderly patients when compared with other aged 
groups, and no dose adjustment of ESL is needed if the 
renal function is not disturbed [18].

The majority of TEAEs were of mild or moderate inten-
sity, similar to those reported with other AEDs [16, 17]. 
Rash was uncommon, seen in two (2.8%) patients, neither 
of which were assessed as severe or serious. Three deaths 
were reported during the study (cardiac failure, glioblas-
toma multiforme and ischaemic stroke), but none were 
considered related to ESL treatment, either by the inves-
tigator or the sponsor.

The incidences of serious adverse events (SAEs) (13.9%) 
and TEAEs leading to study discontinuation (22.2%) were 
higher than that observed for the phase III studies [12–15]. 
This was expected given the higher incidence of comorbidi-
ties in the elderly (as observed in the study). Similar results 
were reported for zonisamide, with incidence of SAEs and 
TEAEs leading to discontinuation of 12.6% and 17.9%, 
respectively [17], whilst 26.9% (14/52 patients) discon-
tinued oxcarbazepine due to TEAEs [16]. Moreover, there 

were no different trends in the types of these events when 
compared with phase III studies [12–15]: no SAE occurred 
in more than one subject, and the TEAEs leading to the dis-
continuation of more than one subject were hyponatraemia 
(3 patients), dizziness and fatigue (2 patients each).

Norris’ adapted mental sedation scales showed minor 
changes in subject responses towards a minor worsening 
of mean values. Slight improvements were observed for all 
QOLIE-31 scores throughout the treatment period. Impor-
tantly, the cognitive functioning score did not worsen over 
the course of treatment, and rather, was slightly improved at 
last study assessment. No reports of suicidality (suicidal ide-
ation or behaviour) were observed post-baseline, as assessed 
by TEAEs and the C-SSRS.

The assessment of efficacy was not a primary objec-
tive of the study; nevertheless, it can be observed that the 
mean standardized seizure frequency decreased from 4.8 
during the 8-week baseline period to 3.6 (− 35%) during 
the 26-week treatment period. For other seizure efficacy 
variables, the proportion of responders and seizure-free 
patients were 54.9% and 15.5%, respectively. In a 1-year 
observational study of add-on levetiracetam in elderly 
patients with focal epilepsy, the mean monthly seizure fre-
quency decreased from 7.0 at baseline to 1.4 at 12 months, 
whilst seizure freedom of 58% at 12 months’ follow-up was 
reported [19]. As described by the authors, a potential con-
founder of this study was that efficacy analysis was based 
on the PP population (n = 364; safety population, n = 491), 
which might exclude patients with a negative initial treat-
ment effect and poor tolerance. The mean duration of epi-
lepsy was 13 years (range 0–75), whilst in the present ESL 
study it was about 21 years (range 1–71). In fact, the elderly 
patients eligible for this study represent a relatively refrac-
tory population since patients with mean epilepsy duration 
of 246.8 months were under treatment with one or two AEDs 
and had at least two focal seizures in the 4 weeks prior to 
enrolment. In clinical practice, most elderly patients respond 
favourably to monotherapy and rarely need an add-on treat-
ment to control their seizures [3].

The efficacy results were consistent with known previ-
ous data on ESL obtained from the phase III pivotal popu-
lation [14]. With regards to other adjunctive ESL studies, 
an analysis of patients aged > 65 years included within the 
ESLIBASE study showed that, at 6 months, 24.1% of elderly 
patients were seizure free, similarly to our findings [20]. It 
is also similar to a retrospective open-label study of zon-
isamide as monotherapy/add-on treatment in focal and pri-
mary generalized epilepsy stratified by age, where seizure 
freedom was achieved in 27% of elderly patients, although 
36% of the elderly epileptic patients received monotherapy, 
and were less refractory patients [21].

The main difficulty of this study was with patient recruit-
ment, which limited the sample size. Another limitation was 
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the open-label, non-controlled and single-arm study design 
including a refractory population with variable epilepsy 
duration. Nevertheless, the data presented in this study could 
be useful for clinicians treating elderly patients with epi-
lepsy as it offers a more realistic picture of everyday practice 
compared with the rigorous inclusion criteria and too-short 
follow-up period of controlled trials.

5 � Conclusions

ESL taken once daily (400–1200 mg) as adjunctive therapy 
in patients aged ≥ 65 years was found to be safe, well tol-
erated and efficacious. The known safety and tolerability 
profile of ESL was confirmed without any new findings 
of concern, although higher incidences of hyponatraemia 
were observed without relationship between its incidence 
or severity and ESL dose.
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