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ABSTRACT

Introduction: This study assessed the associa-
tion between early initiation of eslicarbazepine
acetate (ESL) as first-line therapy (1L cohort) or
as first adjunctive regimen to either levetirac-
etam (LEV) or lamotrigine (LTG) (add-on
cohort), and healthcare resource utilization
(HCRU) and charges among adults with treated
focal seizures (FS).
Methods: This retrospective, longitudinal
cohort analysis used Symphony Health’s Inte-
grated Dataverse (IDV�) claims data to identify
patients aged C 18 years with a diagnosis of FS
who had a new prescription for ESL between
April 2015 and June 2018. Baseline was the
90-day period immediately prior to the date of
the first-dispensed claim for ESL (index date)
with a follow-up of 1–4 consecutive 90-day

periods. Linear regression models were esti-
mated to assess changes in HCRU and charge
outcomes.
Results: There were 274 and 153 patients who
received ESL in the 1L cohort and add-on
cohort, respectively. The 1L cohort experienced
significant reductions from baseline during fol-
low-up in all-cause inpatient (IP; P\ 0.0001),
emergency room (ER; P\ 0.0001), and outpa-
tient (OP; P\ 0.0001) visits; FS-related IP
(P = 0.006) and OP (P\ 0.0001) visits; total,
medical, all-cause ER and OP, and FS-related
medical charges (P\ 0.05); and significant
increases in total prescription and anti-seizure
drug (ASD)-related prescription (P\ 0.001)
charges. The add-on cohort experienced signif-
icant reductions in all-cause IP (P = 0.009) and
all-cause and FS-related OP visits (P\0.0001 for
both) and significant increases in total pre-
scription and ASD-related prescription
(P\0.001) charges during the follow-up period.
In both cohorts, the increases in prescription
charges were smaller than the reduction in total
medical charges.
Conclusion: Early initiation of ESL as 1L or add-
on therapy was associated with statistically sig-
nificant reductions in all-cause IP and all-cause
and FS-related OP visits during follow-up com-
pared to baseline. The 1L cohort also had sta-
tistically significant reductions in all-cause ER
visits, FS-related IP visits, and total, medical, all-
cause ER and OP, and FS-related medical
charges.
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Plain Language Summary: Knowledge of
healthcare resource utilization (HCRU) and
costs of care in patients taking anti-seizure
drugs (ASDs) is required to inform prescribing
and formulary decision-making. Levetiracetam
(LEV) and lamotrigine (LTG) are the most
widely used first-line (1L) ASDs in the USA.
Eslicarbazepine acetate (ESL), a third-generation
ASD with sodium channel-modulating activity,
is typically used in later lines of therapy.
Sodium channel-blocking anti-seizure drugs
may represent an effective treatment option for
patients with epilepsy in the 1L setting. This
study assessed the association between early
initiation of ESL as 1L therapy (1L cohort) or as
first adjunctive therapy to either LEV or LTG
(add-on cohort), and HCRU and charges among
adults with treated focal seizures (FS). The
results showed that following ESL initiation the
1L cohort experienced significant reductions in
all-cause inpatient (IP), emergency room (ER),
and outpatient (OP) visits; FS-related IP and OP
visits; and total, medical, all-cause ER and OP,
and FS-related medical charges, and significant
increases in total prescription and ASD-related
prescription charges. The add-on cohort showed
significant reductions in all-cause IP and all-
cause and FS-related OP visits and significant
increases in total prescription and ASD-related
prescription charges. In both cohorts, the
increases in prescription charges were smaller
than the reduction in total medical charges.
These data imply that use of ESL as 1L therapy
in adult patients with FS could help conserve
scarce healthcare resources and reduce the bur-
den on healthcare budgets. These findings may
inform selection of ASD therapy in this patient
population.

Keywords: Anti-seizure drug; Early initiation;
Economic benefit; Epilepsy; Eslicarbazepine
acetate; Focal seizures; Healthcare resource
utilization

Key Summary Points

Why carry out this study?

Eslicarbazepine acetate (ESL), a third-
generation anti-seizure drug, is approved
by the US Food and Drug Administration
for the treatment of partial onset seizure
(focal seizure, FS) in patients aged C 4
years.

No data are currently available that
examine economic outcomes after the
early initiation of ESL in routine clinical
practice.

What did the study ask?/What was the
hypothesis of the study?

This study investigated the association
between early ESL initiation, either as
first-line therapy (1L) or as adjunctive
therapy to either levetiracetam or
lamotrigine, and healthcare resource
utilization and charges in adult patients
with focal seizures.

What were the study
outcomes/conclusions?

Early initiation of ESL as 1L or adjunctive
therapy was associated with significant
reductions in all-cause inpatient and all-
cause and FS-related outpatient visits in
the follow-up period compared to
baseline.

Early initiation of ESL as 1L therapy was
also associated with significant reductions
in all-cause emergency room visits, FS-
related inpatient visits, and total medical,
all-cause emergency room and outpatient,
and FS-related medical charges.

What has been learned from the study?

This study showed that the early initiation
of ESL either as first-line or as first add-on
therapy was associated with better
economic outcomes in adult patients with
FS.
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DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12906863.

INTRODUCTION

Epilepsy is a common neurological disorder
that is characterized by unprovoked, recur-
rent seizures. In the USA, epilepsy affects 1.2%
of the total population and approximately 3
million adults [1]. Of the several types of
epileptic seizures, focal seizures (FS) are the
most common (60%) [2, 3]. The main goal of
epilepsy therapy is to eliminate seizures and
maintain or improve quality of life. The choice
of epilepsy therapy is driven by a drug’s efficacy,
tolerability, and safety [4]. Three generations of
anti-seizure drugs (ASDs) are currently used to
manage FS [5]. Levetiracetam (LEV) and lamot-
rigine (LTG), which are second-generation
ASDs, are the most widely used first-line (1L)
ASDs in the USA [6]. Third-generation ASDs are
typically used in later lines of therapy [5, 7].

Eslicarbazepine acetate (ESL), a third-gener-
ation ASD, was approved by the US Food and
Drug Administration in 2013 for the treatment
of partial-onset seizure (FS) in adult patients [8].
The efficacy and safety of ESL as an adjunctive
therapy or as monotherapy for FS have been
demonstrated in several randomized, controlled
clinical trials [9–15]. However, most of these
clinical trials were conducted in later lines of
treatment [9–16]; consequently, information on
early use of ESL is lacking. Only one open-label,
phase IV study in a real-world setting has
assessed the efficacy and safety of ESL as the first
adjunctive therapy or as later adjunctive ther-
apy in patients with FS [17, 18]. The findings
showed efficacy and tolerability for ESL as first
adjunctive therapy with LEV or LTG, consistent
with results from phase III clinical trials in
patients using ESL as later adjunctive therapy
following use of one to three ASDs [17, 18].

Evidence suggests that sodium channel-
blocking anti-seizure drugs (NABs), a class of
which ESL is a member, may represent an

effective treatment option for patients with FS
in the 1L setting. The Human Epilepsy Project
studied untreated patients with epilepsy who
were randomly assigned to receive a NAB or LEV
[19]. Compared to patients receiving LEV, those
treated with NABs experienced improved
6-months seizure freedom and lower rates of an
addition of or a switch to a second ASD to
achieve improved outcomes [19]. A phase III
study demonstrated noninferiority for once-
daily ESL in the 1L setting compared to twice-
daily, controlled-release carbamazepine (CBZ-
CR) monotherapy in newly diagnosed patients
with FS; the effects of ESL were maintained over
the 1-year treatment duration [20]. Another
study reported large reductions in FS at 3, 6, and
12 months in patients with epilepsy who were
transitioned to ESL in three ways: initial
monotherapy (ESL-naı̈ve and not taking any
other ASDs), switch therapy (previously taking
CBZ or oxcarbazepine and switched to ESL), and
conversion to monotherapy (taking C 1 ASD,
including ESL, and converted to ESL
monotherapy) [21]. At 12 months, most
patients in the initial monotherapy group and
the conversion to monotherapy group achieved
a C 50% reduction in seizure frequency (75.0
and 89.7%, respectively) or were seizure-free
(68.7 and 66.6%, respectively).

No data are available that examine economic
outcomes, such as healthcare resource utiliza-
tion (HCRU) or direct costs, after the early ini-
tiation of ESL in routine clinical practice. The
objective of this study was to assess the associ-
ation between early initiation of ESL as 1L
therapy or as first adjunctive therapy to either
LEV or LTG, and HCRU and charges among
adults with treated FS.

METHODS

Data Source

The analytic dataset was constructed from
Symphony Health’s Integrated Dataverse�
(IDV�) open-source claims database that
includes pharmacy claims, physician office
medical claims, and hospital claims from an
estimated 274 million patients in the USA.
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Collected data included patient characteristics,
medical resource use, diagnoses, procedures,
prescription fills, and charges for visits to cov-
ered providers from 1st April 2015 through 30th
June 2018. IDV� data were de-identified in
compliance with the US Health Insurance
Portability and Accountability Act. Therefore,
this study did not constitute Human Subjects
Research, and review by an institutional review
board was not required (US Department of
Health and Human Services, Washington DC,
USA).

Study Design

This retrospective, longitudinal cohort analysis
included a pre- and post-treatment comparison
of the early initiation of ESL in two separate
cohorts: (1) ESL as 1L treatment (1L cohort); and
2) ESL as first adjunctive regimen to either LEV
or LTG (add-on cohort) (Fig. 1). A longitudinal
panel data approach was used, and the unit of
analysis was a person-specific period of 90 con-
secutive days. Patients were assigned an index
date corresponding to the date of their first
dispensed claim for ESL. The baseline period
was defined as the 90-day period immediately

prior to the index date [22]. The follow-up per-
iod was defined as at least 1 and up to 4 con-
secutive 90-day periods immediately following
the index date. The main analyses averaged
outcomes over the follow-up 90-day periods.
Sensitivity analyses were also conducted that
stratified the four 90-day follow-up periods to
ensure that costs per block were not artificially
reduced by averaging the results over time.

Patient Population

Patients were included in the analysis if they
met the following criteria: (1) resident of the
USA; (2) C 1 medical claim with a primary or
nonprimary diagnosis of FS (International
Classification of Diseases, 9th Revision [ICD-9],
Clinical Modification codes 345.4x or 345.5x or
ICD-10 codes G40.1x or G40.2x); (3) C 1 dis-
pensed pharmacy claim for an ASD; (4) C 1
dispensed pharmacy claim for ESL with the
earliest dispensed ESL claim coded as a new
prescription (index date); (5) earliest dispensed
ASD claim for ESL in the 1L cohort, or for LEV or
LTG in the add-on cohort; (6) C 6 months from
the start of data coverage (1st April 2015) to the
earliest dispensed ESL claim; (7) C 18 years of

Fig. 1 Study design. a Analysis of IL cohort with early
initiation of ESL as first-line therapy (n = 274), b analysis
of add-on cohort receiving ESL as first adjunctive regimen

to either LEV or LTG (n = 153). 1L First-line, ESL
eslicarbazepine acetate, LEV levetiracetam, LTG lamotrig-
ine, Rx prescription
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age at the index date; (8) C 3 months of data
coverage prior to and following the index date;
(9) C 1 medical claim with an FS diagnosis prior
to or within 12 months after the index date; and
(10) C 1 medical claim and pharmacy claim
during the 3-month baseline period and at any
time following the index date (Fig. 2).

Additional selection criteria for the add-on
cohort included: (1) C 28 consecutive days with
possession of LEV or LTG immediately prior to
the index date; (2) existing days’ supply of LEV
or LTG as of the index date and a subsequent
claim for LEV or LTG within 30 days of
exhaustion of the supply; (3) C 6 months from
the start of data coverage to the start of the
28-day period prior to the index date; and (4) no
dispensed claim for any other ASD prior to the
index date (Fig. 2).

Study Measures

Baseline Demographics
Baseline demographics and clinical characteris-
tics were measured during the 90-day period
immediately preceding the index date. Demo-
graphic characteristics included age, gender,
and payer type (commercial, Medicaid, Medi-
care, cash/assistance programs). Clinical char-
acteristics included comorbidities such as
medical disorders, neurological disorders, and
developmental and/or psychiatric disorders.

ASD-related characteristics measured on
index date included dose-per-day and patient
copay amount for the initial ESL prescription,
and adjunctive or monotherapy. Dose-per-day
was based on the strength, quantity dispensed,
and days of supply of the index ESL claim. For
the 1L cohort, patients were defined as receiving
ESL as adjunctive therapy if they also had a

Fig. 2 Sample selection. aExcludes patients residing in
Puerto Rico and the US territories, or those with missing/
invalid data. bPatients were included in the data extract
only if they had C 1 focal seizure diagnosis and an ASD
claim (approved, rejected, or reversed). cFocal seizure was
defined as ICD-9-CM codes 345.4x or 345.5x or ICD-10
codes G40.1x or G40.2x. dOnly birth year was available, so

all patients were assigned a birthdate of 1 July for the
purpose of calculating age. eDefined as ICD-9-CM codes
V22.x, V23.xx, or 630–679.xx or ICD-10 codes
Z33*–Z36*, or O00*–O99*. ASD Anti-seizure drug,
ICD-9-CM International Classification of Diseases, 9th
Revision, Clinical Modification, ESL eslicarbazepine
acetate, LEV levetiracetam, LTG lamotrigine
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claim for a non-ESL ASD on their index date.
The add-on cohort had ESL as adjunctive ther-
apy according to the criteria used in the sample
selection.

HCRU and Associated Charges
All HCRU data were examined at baseline and
follow-up (pre- and post-ESL initiation) and
presented as the proportion of patients with C 1
HCRU visit by location of care. HCRU measures
included the proportion of all-cause or FS-re-
lated inpatient (IP), emergency room (ER), and
outpatient (OP) visits. All-cause HCRU was
defined as HCRU due to any cause. FS-related
HCRU was defined as HCRU with a diagnosis of
FS in any diagnosis position associated with
that claim.

All data on all-cause and FS-related charges
associated with specific claim types were col-
lected at baseline and follow-up (pre- and post-
ESL initiation), including charges for IP, ER, and
OP visits; total charges; total and FS-related
medical charges; and total, ASD-, and non-ASD-
related prescription charges.

Statistical Analysis

Continuous variables were reported as means
and standard deviations (SD). Dichotomous and
categorical variables were reported as counts
and percentages.

Separate linear regression models with per-
son-specific fixed effects were estimated to
assess within-person changes in HCRU and
charges between baseline and follow-up for
each independent cohort. For each cohort,
separate models were run for the all-cause and
FS-related HCRU category and charge outcomes.
Each model estimated the average absolute
reduction in HCRU and charges per 90-day
period relative to the baseline period. Two
models were run, one combining all 90-day
periods during follow-up and the other strati-
fied by 90-day follow-up period. Pre-post chan-
ges in outcomes were quantified directly from
the coefficient(s) on a binary indicator for the
post period or a categorical indicator for each
block (with the pre-period block serving as the
omitted referent). A Wald test was used to test

whether a coefficient was equal to zero. Model
standard errors were made robust to
heteroskedasticity and adjusted for the cluster-
ing of multiple periods per patient.

Statistical analyses were performed using SAS
software version 9.4 (SAS Institute, Cary, NC,
USA) and Stata MP software version 16 (Stata-
Corp, LLC, College Station, TX, USA). Two-
sided statistical tests were used, and P\0.05
was considered significant.

RESULTS

Baseline and Clinical Characteristics

A total of 274 and 153 patients met the study
inclusion criteria (Fig. 2) and received ESL in the
1L (n = 274) or add-on (n = 153) cohort,
respectively. The baseline and clinical charac-
teristics of the two independent cohorts are
described in Table 1.

In the 1L cohort, mean (± SD) patient age
was 48.1 (± 16.0) years, 42.0% of patients were
male, and 93.8% received ESL as monotherapy.
The prevalence rates of comorbidities were 67.9,
42.7, and 21.9% for medical, neurological, and
developmental and/or psychiatric disorders,
respectively. The majority of patients were
enrolled in commercial insurance (58.4%), fol-
lowed by Medicaid (17.5%) and Medicare
(17.2%), while the remaining patients relied on
cash and assistance programs. The mean (± SD)
patient copay amount was $74 (± $166). On the
index date, the mean (± SD) dose-per-day of
ESL was 693.3 mg (± 313.7 mg), and 44.5% of
patients received ESL 800 mg.

In the add-on cohort, mean (± SD) patient
age was 44.9 (± 16.5) years, and 43.1% of
patients were male (Table 1). The prevalence of
comorbidities was 57.5, 36.6, and 22.2% for
medical, neurological, and developmental and/
or psychiatric disorders, respectively. The
majority of patients were enrolled in commer-
cial insurance (52.9%), followed by Medicaid
(20.3%) and Medicare (15.7%), while the
remaining patients relied on cash and assistance
programs. The mean (± SD) patient copay
amount was $129 (± $424). On the index date,
the mean (± SD) dose-per-day of ESL was
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Table 1 Baseline demographics and health characteristics

Demographics and health characteristica 1L cohort (N = 274)b Add-on cohort (N = 153)b

Demographics

Age, yearsc 48.1 ± 16.0 44.9 ± 16.5

Age categories, years

18–39 95 (34.7) 66 (43.1)

40–64 134 (48.9) 66 (43.1)

C 65 45 (16.4) 21 (13.7)

Genderd

Male 115 (42.0) 66 (43.1)

Prescription payer

Commercial 160 (58.4) 81 (52.9)

Medicaid 48 (17.5) 31 (20.3)

Medicare 47 (17.2) 24 (15.7)

Cash/assistance programs 19 (6.9) 17 (11.1)

Patient copay amount, US dollare 74 ± 166 129 ± 424

Prescribed dose-per-day on index date, mg 693.3 ± 313.7 658.2 ± 287.5

Dose-per-day on index date, mg

200 25 (9.1) 17 (11.1)

400 68 (24.8) 48 (31.4)

800 122 (44.5) 60 (39.2)

1200 45 (16.4) 20 (13.1)

1600 4 (1.5) 2 (1.3)

Dispensing of ASD

Monotherapy 257 (93.8) —

Adjunctive therapy 17 (6.2) (100)i

Characteristics

Comorbidities

Medical disorderf 186 (67.9) 88 (57.5)

Musculoskeletal disorders 74 (27.0) 31 (20.3)

Cardiovascular diseases 73 (26.6) 36 (23.5)

Endocrine disorders 49 (17.9) 19 (12.4)

Metabolic disorders 43 (15.7) 20 (13.1)

Gastrointestinal disorders 38 (13.9) 20 (13.1)

Sleep disorders 36 (13.1) 22 (14.4)

Urinary tract disorders 26 (9.5) 12 (7.8)

Hematologic conditions 25 (9.1) 9 (5.9)

Chronic lower respiratory disorders (including asthma) 17 (6.2) 9 (5.9)

Nutritional deficiencies 16 (5.8) 3 (2.0)
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658.2 mg (± 287.5 mg), and 39.2% of patients
received ESL 800 mg.

HCRU and Associated Charges in the 1L
Cohort

Adjusted HCRU for patients with FS initiating
ESL as 1L treatment is shown in Fig. 3a and
Electronic Supplementary Material (ESM)
Fig. S1a. There were statistically significant

Table 1 continued

Demographics and health characteristica 1L cohort (N = 274)b Add-on cohort (N = 153)b

Obesity 15 (5.5) 11 (7.2)

Genital disorders 11 (4.0) 8 (5.2)

Benign neoplasms 6 (2.2) 8 (5.2)

Neurological disorderg 117 (42.7) 56 (36.6)

Other neurological disorders 50 (18.2) 27 (17.6)

Headache conditions 43 (15.7) 20 (13.1)

Cerebrovascular disease 32 (11.7) 9 (5.9)

Traumatic brain injury 14 (5.1) 3 (2.0)

Developmental and/or psychiatric disordersh 60 (21.9) 34 (22.2)

Depression 33 (12.0) 20 (13.1)

Anxiety 26 (9.5) 18 (11.8)

Cognitive impairment 14 (5.1) 6 (3.9)

Source: Symphony Health Solutions Integrated Dataverse� open-source claims data for 1 April 2015 to 30 June 2018

1L First-line, ADHD attention deficit hyperactivity disorder, ASD anti-seizure drugs, CNS central nervous system, ESL eslicarbazepine acetate, GDP gross

domestic product, LEV levetiracetam, LTG lamotrigine.
a All values in table are presented as the mean ± standard deviation or as a number (n) with the percentage in parenthesis. Demographics assessed as of the

index date. Comorbidities and baseline resource use were assessed in the 3 months prior to the index date
b IL cohort: early initiation of ESL as first-line therapy; Add-on cohort: ESL as first adjunctive regimen to either LEV or LTG
c Only the birth year was available; all patients were assigned a birthdate of 1 July for calculating age
d There were 159 (58.0%) and 87 (56.9%) females in the 1L and add-on cohorts at baseline, respectively
e Value was taken from index claim. US dollar values of charges inflated to 2018 US dollars using the US GDP price index
f Medical disorder comorbidities with a prevalence of\ 5% in the 1L cohort and add-on cohort included: alcohol/drug dependence (4 [1.5%] and 1

[0.7%]); chromosomal abnormalities (1 [0.4%] and 1 [0.7%]); congenital non-neurologic malformations (5 [1.8%] and 4 [2.6%]); hearing impairment/

deafness (3 [1.1%] and 0); hyponatremia (7 [2.6%] and 1 [0.7%]); immune disorders (1 [0.4%] and 1 [0.7%]); malignant neoplasms (6 [2.2%] and 1

[0.7%]); malnutrition/eating difficulties (8 [2.9%] and 5 [3.3%]); skin disorders (9 [3.3%] and 7 [4.6%]); and visual impairment/blindness (2 [0.7%] and 1

[0.7%])
g Neurological disorder comorbidities with a prevalence of\ 5% in the 1L cohort and add-on cohort included: anoxic brain injury (0 and 0), brain tumor

(2 [0.7%] and 5 [3.3%]); cerebral palsy (2 [0.7%] and 2 [1.3%]); CNS infections (12 [4.4%] and 7 [4.6%]); CNS neoplasms (10 [3.6%] and 6 [3.9%]);

hydrocephalus (1 [0.4%] and 0), and neurological congenital malformations (0 and 3 [2.0%])
h Developmental and/or psychiatric disorder comorbidities with a prevalence of\ 5% in the 1L cohort and add-on cohort included: ADHD (4 [1.5%]

and 1 [0.7%]); autism (2 [0.7%] and 1 [0.7%]); behavioral/emotional disorders (excluding ADHD; 1 [0.4%] and 0); mood disorders (excluding depression;

1 [0.4%] and 0); disorders of psychological development (including autism; 1 [0.4%] and 1 [0.7%]); intellectual disability (2 [0.7%] and 1 [0.7%]);

schizophrenia (2 [0.7%] and 0); and unspecified developmental delay (1 [0.4%] and 0)
i All patients received ESL as adjunctive therapy as per definition
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reductions in all-cause IP (- 9.6 percentage
points [ppts]; P\ 0.0001), ER (- 19.0 ppts;
P\ 0.0001), and OP (- 23.2 ppts; P\ 0.0001)
visits and FS-related IP (- 4.4 ppts; P = 0.006)
and OP (- 18.9 ppts; P\0.0001) visits in the
follow-up period compared to baseline. There
was a statistically significant increase in FS-re-
lated ER visits (0.8 ppts; P = 0.02).

Adjusted charges for patients with FS initi-
ating ESL as 1L treatment are shown in Fig. 3b
and ESM Fig. S1b. There were statistically sig-
nificant reductions in total (- $2249; P = 0.02),
medical (- $4076; P\ 0.0001), all-cause ER
(- $1154; P = 0.001), all-cause OP (- $2447;
P = 0.002), and FS-related medical (- $1014;
P = 0.041) charges in the follow-up period
compared to baseline. There were statistically

Fig. 3 Changes in HCRU (a) and associated charges
(b) in patients taking ESL as 1L in the follow-up period
compared to baseline. All results are from adjusted
analyses. Asterisk (red) denotes a significant result at

P\ 0.05. ER Emergency room FS focal seizure, HCRU
healthcare resource utilization, IP inpatient, OP outpa-
tient, ppts percentage points, USD United States dollars

Neurol Ther (2020) 9:585–598 593



significant increases in total prescription
($1827; P\0.0001) and ASD-related prescrip-
tion ($1930; P\0.0001) charges in the follow-
up period compared to baseline. Numerical but
statistically nonsignificant reductions were
observed in all-cause IP charges, FS-related IP
and OP charges, and non-ASD-related prescrip-
tion charges. The increases in prescription
charges were of lower magnitude than the
reduction in total medical charges.

HCRU and charges in each 90-day period
during follow-up versus baseline for patients
with FS initiating ESL as 1L treatment are
described in ESM Table S1. There were statisti-
cally significant reductions in all-cause IP
(P\0.001), ER (P\ 0.001), and OP (P\ 0.001)
visits, and FS-related IP (P\0.05) and OP
(P\0.001; except for the first 90-day period)
visits in each 90-day period during follow-up
compared to baseline. There were statistically
significant reductions in total charges (P\ 0.05;
except for the first 90-day period), medical
charges (P\0.01), and all-cause ER (P\ 0.05)
and OP charges (P\0.05; except for the first
90-day period) in each 90-day period during
follow-up compared to baseline. There were
statistically significant increases in total pre-
scription (P\0.0001) and ASD-related pre-
scription (P\ 0.001) charges in each 90-day
period during follow-up compared to baseline.

HCRU and Associated Charges in Add-on
Cohort

Adjusted HCRU for patients with FS initiating
ESL as add-on to LEV or LTG treatment are
shown in Fig. 4a and ESM Fig. S2a. There were
statistically significant reductions in all-cause IP
(- 9.5 ppts; P = 0.009) and all-cause and FS-re-
lated OP (- 23.4 and - 21.6 ppts, respectively;
P\ 0.0001 for both) visits in the follow-up
period compared to baseline. Numerical but
statistically nonsignificant reductions were
observed in all-cause ER and FS-related IP and
ER visits.

Adjusted charges for patients with FS initi-
ating ESL as add-on to LEV or LTG treatment are
shown in Fig. 4b and ESM Fig. S2b. Numerical
but statistically nonsignificant reductions were

observed in total charges, medical and FS-re-
lated medical charges, all-cause and FS-related
IP, ER, and OP charges, and non-ASD-related
prescription charges in the follow-up period
compared to baseline. There were statistically
significant increases in total prescription
($1796; P\0.001) and ASD-related prescription
($1964; P\0.001) charges. The increases in
prescription charges were of lower magnitude
than the reduction in total medical charges.

HCRU and charges in each 90-day period
during follow-up versus baseline for patients
initiating ESL as add-on treatment to LEV or
LTG are described in ESM Table S2. There were
statistically significant reductions in all-cause IP
(P\0.05; except for first 90-day period) and OP
(P\0.001) visits, and in FS-related OP
(P\0.001) visits in each 90-day period during
follow-up compared to baseline. There were
statistically significant reductions in FS-related
OP charges (P\ 0.05; except for first 90-day
period) in each 90-day period during follow-up
compared to baseline. There were statistically
significant increases in total prescription
(P\0.0001) and ASD-related prescription
(P\0.001) charges in each 90-day period dur-
ing follow-up compared to baseline.

DISCUSSION

The results of this study suggest that early ini-
tiation of ESL as 1L treatment or adjunctive
therapy to LEV or LTG in adults with FS was
associated with a beneficial economic impact, as
demonstrated by significant reductions in
HCRU and charges associated with specific
claim types. Increases in prescription charges
were of lower magnitude than decreases in all
types of HCRU-associated charges. The evidence
of improvement in economic outcomes was
seen in patients who initiated ESL as 1L treat-
ment or as add-on therapy, but more outcomes
reached statistical significance in patients initi-
ating ESL as 1L treatment.

In the present study, the demographic and
clinical characteristics of patients who initiated
ESL in the 1L cohort or later in the treatment
cycle were comparable [23]. In contrast,
patients with incident FS from another
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retrospective study were younger (mean age
36.0 years), and the most common comorbidi-
ties were hypertension (not otherwise specified
21.1%), mood (11.6%), and anxiety (10.8%) [6].
Further, a large percentage of these patients
(44.4%) received generic LEV as their 1L agent.
Thus, patients receiving ESL as 1L therapy
appear to be older with a higher comorbidity
burden than patients initiating generic ASDs
such as LEV. Although based on studies with
small sample sizes, one possible explanation
may be that physicians are triaging older
patients with more comorbidities to ESL, per-
haps based on its perceived tolerability and drug

interaction profile compared to generic ASD
options [24].

To date, only one previous study reported
HCRU prior to and following the initiation of
ESL in adult patients with FS [23]. The results
from the present study support this prior ret-
rospective claims database analysis that descri-
bed IP admissions, ER visits, and OP hospital or
clinic visits in patients receiving ESL as
adjunctive treatment (n = 332) or monotherapy
(n = 164) following medians of three and two
prior ASDs, respectively. Patients in the
adjunctive treatment group experienced statis-
tically significant decreases in all-cause ER visits

Fig. 4 Changes in HCRU (a) and associated charges
(b) in patients taking ESL as add-on treatment to either to
either LEV or LTG in the follow-up period compared to
baseline. All results are from adjusted analyses. Asterisk
(red) denotes a significant result at P\ 0.05. ASD anti-

seizure drug, ER emergency room, ESL eslicarbazepine
acetate, FS focal seizure, HCRU healthcare resource
utilization, IP inpatient, LEV levetiracetam, LTG lamot-
rigine, OP outpatient, ppts percentage points, Rx prescrip-
tion, USD United States dollars
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(baseline to follow-up: 36.1 to 28.0%; P = 0.002)
and OP hospital or clinic visits (81.0 to 75.6%;
P = 0.036). Patients in the monotherapy group
experienced statistically significant decreases
across the all-cause HCRU categories (P\ 0.05)
and for epilepsy-related ER visits (15.9 to 8.5%;
P = 0.023) and OP hospital or clinic visits (47.6
to 35.4%; P = 0.018) [23].

The clinical benefits of early initiation of ESL
may be driving the economic benefits observed
in the current study [17, 18]. In the Human
Epilepsy Project, 50 patients with newly treated
focal epilepsy who initiated a NAB (drug with
inhibition of voltage-gated sodium channels as
a potential mechanism of action, similar to ESL)
had better 6-month (61 vs. 37%) and terminal
seizure freedom (52 vs. 30%) compared to those
who initiated LEV monotherapy. Additionally,
85% of patients receiving LEV often required
addition of or transition to a NAB to achieve
improved outcomes [19]. In the open-label,
non-randomized, multicenter phase IV study,
adjunctive ESL was evaluated in two arms: ESL
as a first adjunctive therapy with LEV or LTG
(Arm 1, n = 44) or ESL as later adjunctive ther-
apy in treatment-resistant patients (Arm 2,
n = 58) [17]. At 24 weeks, patients in Arm 1
reported high median reductions in standard-
ized seizure frequency (72.8%) and high
responder rates (62.5%); there was also a high
proportion of seizure-freedom in patients in
Arm 1 (25.0 vs. 9.6%; the study was not pow-
ered to compare arms) [17]. Treatment-emer-
gent adverse events were more frequently
reported in Arm 2 (81%) than in Arm 1 (73%)
[17].

Study Strengths

The study has several strengths, including the
use of claims data that were obtained from
multiple insurance and payer types, supporting
the generalizability of the study findings to the
US adult population of patients with FS. Fixed-
effects models were employed in the statistical
analysis to remove the influence of all time-in-
variant confounders, and comparison groups
were intrinsically similar because of the within-
person identification strategy.

Study Limitations

The study has several limitations. Symphony
IDV� is an open-source database and may not
capture all claims for a patient. The database
only lists the primary payer type and thus does
not contain information about secondary pay-
ers. Symphony IDV� reports only submitted
charges, which do not reflect paid amounts or
costs faced by the provider. The pre-post study
design did not eliminate confounding by other
within-patient longitudinal factors, specifically
adherence. The longitudinal panel data analytic
approach may have been affected by regression
to the mean. However, sensitivity analyses that
stratified each 90-day period showed consistent
reductions in HCRU and charges in the first,
second, third, and fourth periods, alleviating
this concern to some extent.

CONCLUSIONS

Early initiation of ESL in the 1L or add-on
cohort was associated with statistically signifi-
cant reductions in all-cause IP and all-cause and
FS-related OP visits in the follow-up period
compared to baseline. The 1L cohort also had
statistically significant reductions in all-cause
ER visits; FS-related IP visits; and total, medical,
all-cause ER and OP, and FS-related medical
charges. Further investigations into the rela-
tionship between early ESL initiation and the
impact on healthcare expenditures and clinical
outcomes in patients with FS are warranted.
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