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Abstract
Introduction  The prevalence of epilepsy increases in elderly patients aged > 65 years, and treatment is challenging because 
clinical data are limited.
Objective  Our objective was to evaluate the safety of eslicarbazepine acetate (ESL) in patients aged ≥ 65 years versus non-
elderly patients with focal seizures.
Methods  The safety data of seven phase II and III, double-blind, open-label, randomized clinical studies of ESL in adults 
were pooled. At least possibly related treatmentemergent adverse events (TEAEs) and ESL post-marketing adverse drug 
reactions (ADRs) were analyzed separately by age categories.
Results  The most frequently reported at least possibly related TEAEs in elderly (N = 120) versus non-elderly patients 
(N = 1863) were dizziness (10.8 vs. 20.3%), somnolence (9.2 vs. 12.6%), and hyponatremia (6.7 vs. 1.5%). Elderly patients 
presented a higher incidence of serious TEAEs (22.5 vs. 7.6%) and at least possibly related serious TEAEs (6.7 vs. 2.5%), 
probably because treatment was complicated by comorbidities and comedications. After an estimated cumulative exposure 
of over 2 million patient-months worldwide and 8 years of post-marketing surveillance, hyponatremia was the most fre-
quently reported ADR (n = 232), accounting for 14.6% and 6.8% of the ADRs reported in elderly (n = 473) and non-elderly 
patients (n = 2406), respectively. This was followed by ADR/safety information such as drug–dose titration not performed 
(7.0 vs. 5.4%), product use in unapproved indication (4.9 vs. 1.9%), off-label use (3.4 vs. 2.2%), dizziness (3.4 vs. 3.5%), 
and seizure (2.1 vs. 5.8%).
Conclusion  No specific safety issue was identified from the pooled studies for elderly compared with non-elderly patients. 
After 8 years of post-marketing surveillance, the qualitative safety of ESL remains similar to that observed in the clinical 
studies.

Key Points 

Safety data from the seven clinical studies indicate that 
no specific safety issues were identified for treatment 
of focal seizures with eslicarbazepine acetate (ESL) for 
elderly patients.

After 8 years of post-marketing surveillance, the qualita-
tive safety of ESL was consistent with data obtained 
from clinical studies.

ESL was generally safe and well-tolerated in elderly 
patients.
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1  Introduction

Epilepsy affects approximately 50 million adults and chil-
dren worldwide [1, 2]. The incidence is highest in children 
and in elderly people aged > 65 years [3, 4]. The overall 
prevalence varies from 4 to 8 per 1000 people, increas-
ing considerably in people aged > 65 years [5]. Indeed, 
epilepsy is the most common disease in the elderly after 
cerebrovascular disorders and dementia [6]. With a pro-
gressive increase in life expectancy, patients aged > 65 
years constitute the fastest growing segment of patients 
with epilepsy [7].

The treatment of elderly patients with epilepsy is par-
ticularly challenging, as this age group is rarely repre-
sented in the clinical trials that have led to the approval 
of the different antiseizure medications (ASMs) [1, 8]. 
Treatment is complicated by the presence of physiologi-
cal changes related to aging, comorbidities, cognitive 
problems, and concerns regarding drug interactions and 
medication adherence [7].

Indeed, these patients have a higher incidence of comor-
bidities and a higher use of concomitant medications that 
may result in drug–drug interactions [1, 2, 9–11], includ-
ing not only interactions with other drugs but also interac-
tions between different ASMs in a polytherapy regimen 
[6]. Furthermore, age-related physiological changes such 
as hepatic and renal impairment affect the pharmacokinet-
ics and pharmacodynamics of ASMs and may affect the 
nature, incidence, and severity of adverse events (AEs) 
[3, 6, 11], making these patients particularly sensitive to 
certain secondary effects of ASMs, such as, for example, 
cognitive disturbances, hyponatremia, or osteoporosis [8].

Eslicarbazepine acetate (ESL) is a once-daily ASM that 
is approved in Europe as monotherapy in adults with newly 
diagnosed epilepsy for the treatment of focal seizures (FS), 
with or without secondary generalization, and in adults, 
adolescents, and children aged > 6 years with FS, with or 
without secondary generalization, as adjunctive therapy 
[12]. In the USA, ESL is approved in patients aged ≥ 4 
years for the treatment of FS [13]. Gama et al. [14] sum-
marized the safety data of two phase I studies, a phase III 
study in elderly participants, and pooled data from four 
phase III studies and compared them with real-world data 
obtained from 6 years of post-marketing surveillance. The 
authors concluded that, after 6 years on the market, ESL 
continued to have a similar safety profile to that observed 
in the reported clinical studies [14]. More detailed data 
from the phase III study in the elderly (N = 72) were pub-
lished separately and confirmed previously published 
results [15]. Recently, a subanalysis from the Euro-Esli 
study regarding the effectiveness and safety of ESL in 
patients with epilepsy aged ≥ 60 versus < 60 years [16] 

and a comparative analysis of the safety and tolerability 
of ESL in older (≥ 60 years) and younger (18–59 years) 
adults was published [17]. The safety/tolerability of ESL 
in patients aged ≥ 60 years was consistent with its known 
profile.

In this work, pooled data from seven clinical studies were 
used to assess the safety and tolerability of ESL in an older 
population of patients diagnosed with FS aged ≥ 65 years 
compared with non-elderly patients (18–64 years). Fur-
thermore, ESL safety data from 8 years of post-marketing 
surveillance, which is a valuable source of complementary 
evidence, were compared between age groups and with the 
clinical study data. The incidence and nature of treatment-
emergent adverse events (TEAEs) from clinical studies and 
the type and relative frequency of most commonly reported 
adverse drug reactions (ADRs) from post-marketing sur-
veillance were evaluated and compared between age groups 
aimed to further assess the safety of ESL in elderly patients.

2 � Methods

2.1 � Pooled Analysis of Seven Clinical Studies

Safety data from the following clinical studies (all regis-
tered at ClinicalTrials.gov) were pooled and analyzed by 
age group: BIA-2093-201 (NCT02170077) [17], BIA-
2093-301 (parts I–IV) (NCT00957684) [18], BIA-2093-
302 (parts I and II) (NCT00957047) [19], BIA-2093-303 
(parts I and II) (NCT00957372) [20], BIA-2093-304 
(part I) (NCT00988429) [21], BIA-2093-311 (part I) 
(NCT02484001) [22], and BIA-2093-401 (NCT01422720) 
[15]. These studies were all randomized, double-blind or 
open-label phase II/III clinical studies in FS; study BIA-
2093-303 was excluded from the US FDA new drug applica-
tion for ESL because of major protocol violations that cast 
doubts on the reliability of the study results. The table in 
the electronic supplementary material (ESM) describes the 
study design, ESL dosages, treatment duration, and number 
of elderly and non-elderly patients involved in each study. 
Details of inclusion and exclusion criteria as well as efficacy, 
safety, and tolerability assessments were published previ-
ously [15, 18–23].

The safety analysis included all randomized patients 
who received at least one dose of study medication. 
Descriptive statistics were summarized using frequency 
and percentage of TEAEs overall and by age group (18–64 
and ≥ 65 years). TEAEs are AEs with an onset after initia-
tion of ESL treatment or that worsened either in intensity 
or frequency relative to the pretreatment state and were 
coded using the Medical Dictionary for Regulatory Activi-
ties (MedDRA®) version 5.0 for study -201; 10.0 for stud-
ies -301, -302, and -303; 13.1 for study -304; 16.1 for 
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study -311; and 16.0 for study -401. TEAE assessment 
included intensity, causality, and seriousness. TEAEs were 
considered related to ESL treatment if the investigator(s) 
assessed these to be at least possibly related to ESL. Data 
were compared exploratively for elderly (≥  65 years) 
versus non-elderly (< 65 years) adult patients using the 
Chi-squared test or Fisher’s exact test, as appropriate. A p 
value < 0.05 was considered statistically significant, but 
p values should be interpreted carefully since this is an 
exploratory post-hoc analysis of different clinical studies 
with several limitations.

The studies were approved by the appropriate ethics 
committees or institutional review boards. They were 
conducted according to the Declaration of Helsinki, the 
International Council on Harmonization Good Clinical 
Practice, and local regulations. Prior to enrolment, patients 
gave their written informed consent.

2.2 � Analysis of Post‑Marketing Surveillance Data

The marketing authorization holder collected post-mar-
keting safety data worldwide from spontaneous reports, 
health authority reports, literature reports, reports from 
non-interventional studies, and other solicited sources 
in the master safety database (Argus Safety™) as part of 
routine pharmacovigilance activities. The Argus Safety™ 
database was searched for all cases from post-marketing 
surveillance, from date of first launch on 1 October 2009 
up to 21 October 2017 (8 years). ADRs were coded using 
MedDRA version 21.0 and assessed for seriousness and 
listedness. All spontaneous and literature reports were 
pooled and defined as having an at least possible causal-
ity; solicited reports were pooled separately and included 
only cases assessed as at least possibly related to ESL by 
the reporter.

ADRs/safety information were analyzed by age group and 
presented in cumulative summary tabulations by primary 
system organ class (SOC) and preferred terms (PTs), with 
PTs sorted by decreasing frequency within each SOC. Addi-
tionally, the percentage of serious ADRs reported from the 
total ADRs/safety information was calculated. SOCs were 
sorted according to the EU summary of product character-
istics (SmPC) guideline. Results were compared with data 
in the approved SmPC.

Estimation of patient exposure was based on the assump-
tion that the ex-factory amounts delivered were entirely dis-
pensed and all administered as 1 tablet per day, regardless 
of dose strength, as recommended in the ESL SmPC [12, 
13]. As ESL is intended for long-term therapy, exposure 
was calculated in patient-months (units divided by 30) and 
patient-years (patient-months divided by 12) rather than in 
number of treated patients.

3 � Results

3.1 � Safety Findings from Pooled Analysis of Seven 
Clinical Studies

In this pooled analysis of seven clinical studies, a total 
of 120 elderly patients (≥65 years) and 1863 non-elderly 
patients (18–64 years) were treated with ESL (Table 1). 
Most of the elderly patients (n = 72) were enrolled in study 
BIA-2093-401 (see the Table in the ESM). The frequency 
of patients with any TEAE was similar between elderly 
and non-elderly patients (99/120 [82.5%] vs. 1434/1863 
[77.0%]; p = 0.1612, Chi-squared test) as were the frequen-
cies of at least possibly related TEAEs (62/120 [51.7%] vs. 
1015/1863 [54.5%]; p = 0.3601, Chi-squared test). Fur-
thermore, the frequency with which patients discontin-
ued from the clinical studies because of TEAEs was also 
similar between elderly and non-elderly patients (24/120 
[20.0%] vs. 315/1863 [16.9%]; p = 0.7889, Chi-squared 
test). Serious TEAEs were reported more frequently in 
elderly than in non-elderly patients (27/120 [22.5%] vs. 
142/1863 [7.6%]; p < 0.0001, Chi-squared test) as were 
at least possibly related serious TEAEs (8/120 [6.7%] vs. 
46/1863 [2.5%]; p = 0.0062, Chi-squared test) (Table 1). 
Discontinuations because of TEAEs in ≥ 1% of elderly 
patients comprised ataxia (3/24 [2.5%]), hyponatremia 
(3/24 [2.5%]), convulsion (2/24 [1.7%]), dizziness (2/24 
[1.7%]), and fatigue (2/24 [1.7%]). The most commonly 
reported TEAEs leading to discontinuation in non-elderly 
adults were dizziness (80/315 [4.3%]), nausea (45/315 
[2.4%]), vomiting (39/315 [2.1%]), diplopia (29/315 
[1.6%]), and somnolence (27/315 [1.4%]), whereas ataxia 
and hyponatremia were reported for 32/315 (1.7%) and 
5/315 (0.3%) of patients, respectively [24]. The majority 
of TEAEs in both groups were of mild or moderate inten-
sity. Severe TEAEs were reported for a higher percent-
age of elderly than non-elderly patients (22/120 [18.3%] 
vs. 222/1863 [11.9%]), with the most commonly reported 
severe TEAEs (≥1%) in elderly patients being fatigue, ver-
tigo, and toxicity to various agents (each 2/120 [1.7%]), 
whereas dizziness (42/1863 [2.3%]), headache (26/1863 
[1.4%]), ataxia (23/1863 [1.2%]), and nausea (18/1863 
[1.0%]) were reported in ≥ 1% of non-elderly patients [24].

The most frequently reported at least possibly related 
TEAEs in both elderly and non-elderly patients were 
dizziness (13/120 [10.8%] vs. 378/1863 [20.3%]; p 
= 0.1990, Chi-squared test) and somnolence (11/120 
[9.2%] vs. 235/1863 [12.6%]; p = 0.1612, Chi-squared 
test) (Table 2). The events hyponatremia (8/120 [6.7%] 
vs. 28/1863 [1.5%], Chi-squared test), fatigue (7/120 
[5.8%] vs. 66/1863 [3.5%]; p = 0.1965, Chi-squared test), 
increased gamma-glutamyltransferase (4/120 [3.3%] vs. 
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13/1863 [0.7%]; p = 0.0164, Fisher’s exact test), and 
decreased blood sodium (3/120 [2.5%] vs. 13/1863 [0.7%]; 
p = 0.0679, Fisher’s exact test) were reported more often 
(≥ 1.5%) in elderly patients. In contrast, dizziness (13/120 
[10.8%] vs. 378/1863 [20.3%]; p = 0.1990, Chi-squared 
test), somnolence (11/120 [9.2%] vs. 235/1863 [12.6%]; 
p = 0.1612, Chi-squared test), headache (7/120 [5.8%] 
vs. 154/1863 [8.3%]; p = 0.5484, Chi-squared test), nau-
sea (6/120 [5.0%] vs. 149/1863 [8.0%]; p = 0.2357, Chi-
squared test), and diplopia (3/120 [2.5%] vs. 126/1863 
[6.8%]; p = 0.0664, Chi-squared test) were reported less 
often in elderly patients. The incidences of hyponatremia 
(p < 0.0001, Fisher’s exact test) and increased gamma-
glutamyltransferase (p = 0.0164, Fisher’s exact test) were 
reported as treatment-related TEAEs by a significantly 
higher frequency of elderly than non-elderly patients 
(Table 2). Of note, hyponatremia was reported as a treat-
ment-related serious TEAE in 2 (1.7%) of 120 elderly 

patients and in 2 (0.1%) of 1863 non-elderly patients 
exposed in these seven clinical studies [24].

3.2 � Safety Findings from Post‑Marketing 
Surveillance Data

A total of 473 and 2406 ADRs/safety information were 
reported for elderly and non-elderly patients, respectively, 
after 8 years of post-marketing surveillance (Table 3). Based 
on sales data up to 21 October 2017, patient exposure to 
marketed ESL was estimated at 2,417,394 patient-months 
(201,450 patient-years), corresponding to a reporting rate 
of 0.12 events per 100 patient-months [24].

The most frequently reported ADRs/safety informa-
tion (≥ 10% of all reported in elderly) in elderly patients 
versus non-elderly patients by SOC were injury, poison-
ing, and procedural complications (19.7 vs. 16.1%), nerv-
ous system disorders (16.5 vs. 23.9%), metabolism and 

Table 1   Pooled analysis of 
ESL clinical studies: summary 
of treatment-emergent adverse 
events in elderly (≥ 65 years) 
and non-elderly (18–64 years) 
patients

Data are presented as n (%) unless otherwise indicated
Studies: BIA-2093-201, -301 (parts I–IV), -302 (parts I and II), -303 (parts I and II), -304 (part I), -401, 
and -311 (part I, DLP 21-Oct-2017) combined
The most common TEAEs in the elderly population for each category is described to enable comparison 
with non-elderly populations
ESL eslicarbazepine acetate, N number of patients in group, n number of patients with event, TEAE treat-
ment-emergent adverse event
a Treatment-related TEAEs include all TEAEs for which the investigator assessed the relationship to study 
medication as possible, probable, or definite
b Most common preferred terms are described in Table 3

TEAEs Elderly patients 
(N = 120)

Non-elderly 
patients 
(N = 1863)

Patients with any TEAE 99 (82.5) 1434 (77.0)
 Mild 16 (13.3) 456 (24.5)
  Dizziness 9 (7.5) 239 (12.8)
  Fatigue 7 (5.8) 49 (2.6)
  Hypertension 7 (5.8) 31 (1.7)
  Nasopharyngitis 7 (5.8) 67 (3.6)

 Moderate 49 (40.8) 712 (38.2)
  Dizziness 7 (5.8) 164 (8.8)
  Headache 6 (5.0) 112 (6.0)
  Somnolence 6 (5.0) 90 (4.8)

 Severe 22 (18.3) 222 (11.9)
  Fatigue 2 (1.7) 4 (0.2)
  Vertigo 2 (1.7) 13 (0.7)

Patients with any treatment-relateda TEAEb 62 (51.7) 1015 (54.5)
Patients with any TEAE leading to discontinuation 24 (20.0) 315 (16.9)
 Ataxia 3 (2.5) 32 (1.7)
 Hyponatremia 3 (2.5) 5 (0.3)

Patients with any treatment-related serious TEAE 8 (6.7) 46 (2.5)
 Hyponatremia 2 (1.7) 2 (0.1)
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nutrition disorders (15.4 vs. 8.0%), general disorders and 
administration-site conditions (10.4 vs. 12.5%), and skin 
and subcutaneous tissue disorders (10.4 vs. 7.0%). More 
ADRs/safety information were reported in elderly patients 
than in non-elderly patients in the SOCs metabolism and 
nutrition disorders and psychiatric disorders; in contrast, 
ADRs in the SOC nervous system disorders and gastroin-
testinal disorders were reported more often in non-elderly 
than in elderly patients. The most frequently reported ADRs/
safety information (≥ 2% of total ADRs in elderly) by PT 
in elderly versus non-elderly patients were hyponatremia 
(14.6 vs. 6.8%), drug dose titration not performed (7.0 vs. 
5.4%), product use in unapproved indication (4.9 vs. 1.9%), 
off-label use (3.4 vs. 2.2%), dizziness (3.4 vs. 3.5%), nausea 
(2.3 vs. 1.5%), and seizure (2.1 vs. 5.8%). ADRs reported 
with a higher percentage of total ADRs for elderly versus 
non-elderly patients were hyponatremia, nausea, fall, confu-
sional state, cognitive disorder, tremor, malaise, and pruritus 
(Table 3). The percentage of reported ADRs/safety infor-
mation that were serious was 42.3% and 31.9% for elderly 
and non-elderly patients, respectively [24]. Furthermore, the 
ADRs hyponatremia/decreased blood sodium represented 
14.6%/1.3% and 6.8%/1.5% of ADRs reported in elderly and 
non-elderly patients, respectively (Table 3).

4 � Discussion

Randomized, placebo-controlled clinical studies in the 
elderly population failed to demonstrate a clear evidence of 
superiority with active comparator, leading to an absence of 

clear-cut differences of efficacy for different ASMs in elderly 
patients. Therefore, treatment decisions must be driven by 
the drug safety profile and the individual patient’s tolerabil-
ity and comorbidities [25, 26].

Data from seven pooled clinical studies and from 8 years 
of post-marketing experience were used to assess the safety 
of ESL in elderly patients with FS aged ≥ 65 years. This is 
particularly relevant as clinical data for the elderly popula-
tion are limited and may show reduced tolerance to ASMs 
because of age-related physiological changes affecting the 
pharmacodynamics and pharmacokinetics of ASMs and 
drug interactions. Furthermore, the post-marketing data may 
provide additional insight into the use of ESL in patients 
with FS in a real-life setting.

The pooled clinical data indicated that, qualitatively, 
the safety data for ESL in elderly patients were generally 
similar to those observed in non-elderly patients. TEAEs 
were experienced at similar frequencies by elderly and non-
elderly patients (99/120 [82.5%] vs. 1434/1863 [77.0%]). An 
integrated analysis of four of the seven studies included here 
showed a dose-dependent increase in TEAE incidence [14]. 
Similar frequencies of TEAEs have been reported for elderly 
patients receiving oxcarbazepine (42/52 [81%]) [3] and zon-
isamide (78/95 [82%]) [11]. However, both the oxcarbaz-
epine and zonisamide analyses included fewer patients aged 
≥ 65 years than did this analysis (52 and 95, respectively, 
vs. 120) [3, 11]. In contrast, published results of the Euro-
Esli study, a pooled analysis of 14 studies, showed that sig-
nificantly more elderly patients receiving ESL experienced 
AEs than non-elderly; however, elderly patients were defined 
as being aged ≥ 60 years [16]. Consistent with previously 

Table 2   Comparison of 
incidences (% of patients) 
with at least possibly related 
treatment-emergent adverse 
events by age group and 
preferred term

Data are presented as n (%) unless otherwise indicated
Studies: BIA-2093-201, -301 (parts I–IV), -302 (parts I and II), -303 (part I and II), -304 (part I), -401, and 
-311 (part I, DLP 21-Oct-2017) combined. PT listed by its incidence in elderly patients (in at least 2.0%)
GGT​ gamma-glutamyltransferase, N number of patients in group, n number of patients with event, PT pre-
ferred term, TEAE treatment-emergent adverse event

System organ class TEAEs (PT) Elderly patients 
(N = 120)

Non-elderly 
patients 
(N = 1863)

Nervous system disorders Dizziness 13 (10.8) 378 (20.3)
Somnolence 11 (9.2) 235 (12.6)
Headache 7 (5.8) 154 (8.3)
Ataxia 5 (4.2) 69 (3.7)

Metabolism and nutrition disorders Hyponatremia 8 (6.7) 28 (1.5)
Decreased blood sodium 3 (2.5) 13 (0.7)

General disorders and administration-
site conditions

Fatigue 7 (5.8) 66 (3.5)

Gastrointestinal disorders Nausea 6 (5.0) 149 (8.0)
Investigations Increased GGT​ 4 (3.3) 13 (0.7)
Ear and labyrinth disorders Vertigo 3 (2.5) 65 (3.5)
Eye disorders Diplopia 3 (2.5) 126 (6.8)
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reported results of the pooled clinical studies BIA-2093-
301, -302, -303, -304, and -401 [14], this post-hoc analysis 
showed that ESL treatment resulted in a slightly higher rate 
of treatment discontinuation because of TEAEs in elderly 
than in non-elderly patients (24/120 [20.0%] vs. 315/1863 
[16.9%]); however, the Euro-Esli study, a pooled case 
series, showed comparable frequencies between patients 

aged ≥ 60 years and those aged < 60 years [16]. Moreo-
ver, ataxia and hyponatremia were the most common TEAE 
leading to discontinuation in elderly patients (3/24 [2.5%], 
each) compared with non-elderly (32/315 [1.7%] and 5/315 
[0.3%], respectively); comparable results were reported 
for the Euro-Esli study [14]. Dizziness (80/315 [4.3%]) 
was the most common TEAE for non-elderly patients who 

Table 3   Adverse drug reactions 
and safety information from 
post-marketing data sources 
reported from 1 October 2009 
until 21 October 2017 (with 
absolute frequency ≥ 5 and 
≥ 25 for elderly and non-elderly 
age groups)

ADR adverse drug reaction, N number of ADRs
a Total numbers do not add up as they include all ADRs reported and not only those related to the preferred 
terms listed in the table, which were selected based on the absolute frequency ≥ 5 and ≥ 25 for elderly and 
non-elderly groups, respectively; only system organ class referring to an ADR with individual preferred 
term ≥ 5 and ≥ 25 is included, respectively
b Frequency of ADRs reported were < 5, corresponding to percentage < 1.0
c Frequency of ADRs reported were < 25, corresponding to percentage < 1.0
d Safety information

ADRs and safety information Elderly (aged ≥ 65 
years)

Non-elderly (18–64 
years)

Reported 
ADRs 
(N = 473)

ADRs (%) Reported 
ADRs 
(N = 2406)

ADRs (%)

Injury, poisoning and procedural complications 93a 19.7 387a 16.1
 Drug dose titration not performedb 33 7.0 129 5.4
 Product use in unapproved indicationb 23 4.9 45 1.9
 Off-label useb 16 3.4 53 2.2
 Fall 8 1.7 c c

 Inappropriate schedule of drug administrationb d d 36 1.5
 Overdoseb d d 29 1.2

Nervous system disorders 78a 16.5 574a 23.9
 Dizziness 16 3.4 84 3.5
 Seizure 10 2.1 139 5.8
 Somnolence d d 43 1.8
 Cognitive disorder 6 1.3 c c

 Tremor 5 1.1 c c

 Epilepsy d d 27 1.1
 Headache d d 35 1.5

Metabolism and nutrition disorders 73a 15.4 193a 8.0
 Hyponatremia 69 14.6 163 6.8

General disorders and administration-site conditions 49a 10.4 301a 12.5
 Fatigue 6 1.3 46 1.9
 Malaise 5 1.1 c c

 Drug ineffectiveb d d 31 1.3
Skin and subcutaneous tissue disorders 49a 10.4 168a 7.0
 Rash 6 1.3 45 1.9
 Pruritus 5 1.1 c c

Gastrointestinal disorders 34a 7.2 140a 29.6
 Nausea 11 2.3 35 1.5
 Vomiting 5 1.1 23 1.0

Psychiatric disorders 21a 4.4 c c

 Confusional state 7 1.5 c c

Investigations 14a 3.0 109a 4.5
 Decreased blood sodium 6 1.3 37 1.5
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discontinued ESL treatment compared with 2/24 (1.7%) 
observed in elderly patients. Similar frequencies of treat-
ment discontinuations were reported from pooled clinical 
studies for oxcarbazepine (14/52 [26.9%] in elderly vs. 
341/1574 [21.7%] in non-elderly) [3] and for zonisamide 
(17/95 [18%] vs. 312/1389 [23%]) [11]. Other publications 
have shown withdrawal rates for oxcarbazepine ranging from 
12 to 67% [24]. A real-life study with ESL in elderly patients 
aged > 60 years performed in Spain (ESLIBASE) showed 
that discontinuations because of TEAEs were more preva-
lent early on than late in the course of the study, indicating 
that severe events may occur shortly after treatment begins 
[10]. A study in elderly patients (≥ 65 years) receiving lev-
etiracetam as adjunctive therapy showed low frequencies 
of patients experiencing AEs: 53/491 (10.8%) experienced 
at least one AE, 19/491 (3.9%) experienced AEs classified 
as serious, and 18/491 (3.7%) experienced AEs leading to 
discontinuation. These frequencies were lower than those 
reported for ESL; however, the levetiracetam study was a 
1-year observational study in contrast to the pooled data 
from randomized, double-blind, placebo-controlled studies 
analyzed here [27].

About half of the patients in both age groups experienced 
TEAEs at least possibly related to ESL treatment, mostly 
dizziness and somnolence. These results are consistent with 
those in previously reported pooled phase III studies and the 
open-label, non-controlled study in elderly patients [14, 15]. 
Moreover, similar results were reported for a pooled analy-
sis of clinical practice studies with 2031 patients receiving 
ESL [27].

Furthermore, a difference in the incidence of serious 
TEAEs was recorded in elderly versus non-elderly patients 
(27/120 [22.5%] vs. 142/1863 [7.6%]) as well as in at least 
possibly related serious TEAEs (8/120 [6.7%] vs. 46/1863 
[2.5%]), which is not unexpected considering the increased 
comorbidities and comedications in elderly patients.

This post-hoc safety analysis reported TEAEs of 
hyponatremia in 8/120 (6.7%) of the elderly patients and 
28/1863 (1.5%) of the non-elderly patients taking ESL in 
the seven pooled clinical studies (Table 2). Similar results 
were reported in the Euro-Esli study, with 19/353 (5.6%) of 
patients aged ≥ 60 years experiencing hyponatremia com-
pared with 49/1677 (3.0%) of patients aged < 60 years [16]. 
After 8 years of post-marketing surveillance, hyponatremia 
and decreased blood sodium represented 14.6% (69/473 
ADRs) and 1.3% (6/473 ADRs), respectively, of all reported 
ADRs in elderly patients. A previous analysis by cases of 
hyponatremia/decreased blood sodium showed that about 
half of the reported cases in both elderly and non-elderly 
patients had blood sodium levels in the range of 120–129 
mmol/L, and most of these occurred at ESL doses of 
400–1200 mg [24]. In contrast, in non-elderly patients, the 
serious cases occurred at ESL doses > 1200 mg [24]. The 

increased incidence of hyponatremia in elderly patients may 
be explained by the more frequent use of diuretics in elderly 
patients (> 20%) than in non-elderly patients (< 5.8%) 
because of comorbidities such as renal impairment [26]. 
Dose adjustments for patients experiencing hyponatremia 
are not considered necessary unless renal function is dis-
turbed, although it is good clinical practice to monitor for 
the potential development of hyponatremia, particularly in 
the elderly population [28]. A phase I study demonstrated 
that patients with renal impairment require dose adjustments 
of ESL when creatinine clearance is < 60 mL/min, and ESL 
is not recommended if creatinine clearance is < 30 mL/min 
[14].

Rash is a common reaction with ASMs, and in this 
post-hoc safety analysis the proportion of reported ADRs 
decreased. Compared with the 6-year post-marketing 
safety data published by Gama et al. [14], the proportion 
of reported rash as ADR in the 8-year post-marketing data 
decreased from overall 3.8% to approximately 1.8% (6/473 
[1.3%]) of ADRs in elderly and 45/2406 [1.9%] in non-
elderly patients) [14]. In the seven pooled clinical studies, 
rash considered related to ESL treatment occurred in < 2% 
of patients. In the clinical study BIA-2093-401 with patients 
aged ≥ 65 years, rash was only reported in 2/72 patients 
(2.8%) and was considered neither severe nor serious [15].

Some ASMs have been associated with an impact on psy-
chiatric and behavioral side effects [29]. The 8-year post-
marketing surveillance data showed that psychiatric disor-
ders had a greater proportion of all reported ADRs in elderly 
patients than in non-elderly patients (21/473 [4.4%] vs. 
< 25/2406 [< 1.0%] of ADRs), with confusion states being 
the most frequent (7/473 [1.5%] of ADRs). Age-related 
issues such as increased comorbidities in elderly patients 
(neurodegenerative disorders and cerebrovascular diseases) 
may have contributed to these differences [1]. Additionally, 
a retrospective study assessing the psychiatric profile of ESL 
in patients who stopped levetiracetam treatment because of 
psychiatric and behavioral side effects showed that ESL did 
not cause significantly more psychiatric side effects than in 
patients who had not been withdrawn from levetiracetam 
treatment because of these events [29].

Even though hyponatremia and decreased blood sodium 
occurred more frequently in elderly than non-elderly 
patients, the post-marketing surveillance data indicated that 
the qualitative safety of ESL in elderly patients was gener-
ally similar to that observed in non-elderly patients.

It is important to note that this exploratory post-hoc 
analysis performed in pooled clinical data has several limi-
tations because of the small number of elderly patients 
(N = 120) compared with non-elderly patients (N = 1863), 
the inclusion of data from double-blind and open-label 
extension studies, the differing durations of exposure 
and doses of ESL, the differing therapeutic regimens 
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(monotherapy and polytherapy), and the differing study 
designs (titration phase, treatment duration, etc.). Results 
of this study are likely to represent an underestimation of 
the side effects given that even elderly patients with mul-
tiple comorbidities were usually excluded from regulatory 
trials. Of note, in the -401 study, 60% (72/120) of patients 
were elderly (see the table in the ESM) as a post-approval 
commitment with the European Medicines Agency to 
assess the safety, tolerability, and efficacy of ESL since 
this population is underrepresented in clinical trials [15]. 
Another limitation of this study is the lack of placebo or 
a comparator group of patients receiving other ASMs to 
allow direct comparisons. Furthermore, post-marketing 
data are limited to the reporting rate of events, and the 
nature and quality of data reported is strongly dependent 
on the reporter. All these issues limit the quantitative com-
parison of TEAE and ADR incidences between groups.

5 � Conclusions

The safety data collected from the seven clinical studies 
and the 8 years of post-marketing surveillance indicated 
that no specific safety issues were identified in the treat-
ment of FS with ESL for the elderly patients compared 
with the non-elderly. The difference in incidences of at 
least possibly related serious TEAEs reported in elderly 
versus non-elderly patients (6.7 vs. 2.5%) is not unex-
pected considering the comorbidities and comedications 
present in elderly patients. ESL is generally safe and well-
tolerated in elderly populations. In both elderly and non-
elderly patients, the most frequently reported at least pos-
sibly related TEAEs were dizziness and somnolence in the 
pooled clinical studies. After 8 years of post-marketing 
surveillance, and despite the limitations of post-marketing 
data, the qualitative safety of ESL remains similar to that 
observed in the clinical studies.
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