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Real life pharmaceutical treatment patterns for adult
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anti-epileptic drugs

Analyse von Routinedaten zur medikamentosen Therapie von
erwachsenen Patienten mit fokaler Epilepsie in Deutschland: Eine Langs-
und Querschnittsanalyse neu zugelassener Antiepileptika

Abstract

Objectives: The aim of this study was to investigate the antiepileptic
drug (AED) treatment of adults suffering from focal epilepsies (FE) in
Germany. Of special interest was the number and percentage of the
patients 16 years and older receiving no treatment with an AED, treat-
ment with one AED (monotherapy), treatment with more than one AED,
and treatment with a novel AED. The definition for “novel” was newly
approved at the time of market entry since 2006 (last 10 years): esli-
carbazepine (ESL), lacosamide (LCM), perampanel (PER), and retigabine
(RTG).

Methods: The analysis was based on a claims data set covering the
years 2007 to 2014, provided by AOK PLUS, a German statutory health
insurance. Two patient samples were defined: (1) prevalent patients
suffering from FE (at least one in- or outpatient diagnosis of FE and at
least one prescription of an AED), and (2) incident FE patients (first in-
or outpatient diagnosis of FE without any previous diagnoses/AED pre-
scriptions in the preceding 6 months). Patient observation started at
date of first observed inpatient or outpatient focal epilepsy diagnosis
within the analyzed period.

Each patient was classified as a “no AED therapy”, “AED monotherapy”
or “more than one AED therapy”. Patients were analyzed by number
and type of concomitantly prescribed AEDs in yearly tranches (no, one,
two, three, four, more than four AEDs; novel versus non-novel AEDs).
Results: A total of 34,422 patients diagnosed with FE aged 16 year or
older (mean age 59.6 years, 48.7% female) were identified. The mean
follow-up period was 1,891 days (5.2 years) since first confirmed
diagnosis.

The percentage of prevalent patients diagnosed with FE who received
one AED (monotherapy) was stable overall and ranged between a min-
imum of 66.2% (2007) and a maximum of 68.9% (2010). The percent-
age of patients who received two AEDs ranged from 23.6% (2012) to
25.8% (2007). The remaining patients received therapies with three
(6.0% in 2010 to 6.7% in 2007), four (1.0% in 2010 to 1.2% in 2009)
or more than four AEDs (0.1% in 2014 to 0.3% in 2013). Between
8.1%-16.6% (2007; 2014) of the patients received no AED therapy in
the observed period.

In the first year after the diagnosis of FE (incident patients), 9.7% of
patients didn’t receive any AED therapy. Of those treated with at least
one AED, 80.0% received one AED (monotherapy) only, 17.0% received
therapy with two AEDs, 2.6% with three AEDs, 0.3% with four AEDs, and
0.1% with >4 AEDs during the respective observation time window and
remained stable throughout the four-year follow-up period.
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Of prevalent patients with a diagnosis of FE, 1,889 (5.5%) received at
least one prescription of a novel AED during the observation period;
98.6% of these patients received the novel AED in combination with at
least one other AED. Of those patients, 269 (14.2%) received >1 novel
AED. The analysis of the patients receiving novel AEDs by the time from
the first confirmed diagnosis of FE until the prescription of a novel AED
resulted in a mean duration of 4.0 years (SD 2.0) for ESL, 3.6 years (SD
2.2) for LCM, 5.7 years (SD 1.2) for PER, and 4.6 years (SD 0.8 years)
for RTG. The mean number of AEDs prescribed before the novel AEDs
were 3.2 for ESL, 2.4 for LCM, 5.0 for PER and 5.2 for RTG.
Conclusions: Most patients aged 16 years or older, suffering from focal
seizures, received AED monotherapy. Novel AEDs were prescribed in a
small proportion of patients (<6%) and relatively late in the treatment
course. These results are consistent with the recommendations of the
German Society for Epileptology (Deutsche Gesellschaft fur Epileptologie,
DGfE) which suggests a number of monotherapy options - these options
do not include the novel AEDs described in this study.

Keywords: focal epilepsy, antiepileptic drugs, drug therapy
Zusammenfassung

Ziel: Das Ziel der vorliegenden Studie war die Beschreibung der medi-
kamentdsen Therapie von erwachsenen Patienten mit fokaler Epilepsie
(FE) in Deutschland. Hierbei wurden insbesondere die Patienten analy-
siert, die 16 Jahre oder alter sind und keine antiepileptische Medikation,
eine Monotherapie, eine Therapie mit mehr als einem Wirkstoff
und/oder einem neuartigen Antiepileptikum erhielten. Fur die Definition
von ,neuartig” wurde die Neuzulassung mit Zeitpunkt des Markteintrittes
nach 2006 (in den letzten 10 Jahren) herangezogen: Eslicarbazepin
(ESL), Lacosamid (LCM), Perampanel (PER) und Retigabin (RTG).
Methoden: Basis flr die vorliegende Studie waren anonymisierte Rou-
tinedaten aus den Jahren 2007 bis 2014 der AOK PLUS, einer deut-
schen gesetzlichen Krankenversicherung. Es wurden zwei Patienten-
gruppen analysiert: (1) pravalente Patienten mit FE (mindestens eine
ambulante oder stationare Diagnose FE und mindestens eine Verord-
nung eines Antiepileptikums) und (2) inzidente Patienten mit FE
(6 Monate vor der Erstdiagnose keine andere Epilepsiediagnose und
keine Verordnung eines Antiepileptikums). Die jeweiligen Patienten
wurden ab der ersten ambulanten oder stationaren Diagnose mit FE
innerhalb des Analysezeitraums beobachtet.

Jeder Patient wurde in Hinblick auf folgende Behandlungsmuster ana-
lysiert: ,keine antiepileptische Medikation“, ,Monotherapie“ oder
LTherapie mit mehr als einem antiepileptischen Wirkstoff*.

In der letztgenannten Gruppe wurden die Patienten nach der Anzahl
und Art der verordneten antiepileptischen Wirkstoffe innerhalb eines
Jahres weiter differenziert (zwei, drei, vier, mehr als vier Antiepileptika).
Ergebnis: Insgesamt wurden 34.422 Patienten mit FE (Durchschnittsal-
ter 59,6 Jahre; 48,7% weiblich) mit einer durchschnittlichen Beobach-
tungsdauer von 1.891 Tagen (5,2 Jahre) identifiziert.

Der Anteil pravalenter Patienten, die eine Monotherapie erhielten, war
Uber den Beobachtungszeitraum konstant mit einem Minimum von
66,2% (2007) und einem Maximum von 68,9% (2010). Der Anteil der
Patienten mit zwei verordneten antiepileptischen Wirkstoffen in einem
Jahr lag zwischen 23,6% (2012) und 25,8% (2007). Die verbleibenden
Patienten erhielten drei (von 6,0% in 2010 bis 6,7% in 2007), vier (von
1,0% in 2010 bis 1,2% in 2009) oder mehr als vier verschiedene Anti-
epileptika (zwischen 0,1% in 2014 und 0,3% in 2013). Zwischen 8,1%
(2007) und 16,6% (2014) der Patienten erhielten keine antiepileptische
Medikation im Beobachtungszeitraum.
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Im ersten Jahr nach Erstdiagnose erhielten 9,7% der inzidenten Patien-
ten keine antiepileptische Medikation. Patienten, die mindestens eine
Verordnung eines Antiepileptikums erhielten, wurden zu 80,0% als
Monotherapie-Patienten identifiziert, 17,0% erhielten eine Therapie mit
zwei antiepileptischen Wirkstoffen, 2,6% mit drei Wirkstoffen, 0,3% mit
vier Wirkstoffen und 0,1% der Patienten erhielten mehr als vier unter-
schiedliche Antiepileptika. Die Verteilung von Monotherapie und Therapie
mit zwei oder mehr Wirkstoffen war Uber die gesamte vierjahrige Beob-
achtungszeit konstant.

Insgesamt erhielten 1.889 pravalenten Patienten mit FE (5,5%) mindes-
tens eine Verordnung eines neuartigen Antiepileptikums (98,6% in
Kombination mit mindestens einem anderen Antiepileptikum). Von
diesen Patienten erhielten 269 Patienten (14,2%) mindestens zwei
neuartige Antiepileptika. Die durchschnittliche Dauer zwischen Epilepsie-
Erstdiagnose und Erstverordnung eines neuartigen antiepileptischen
Wirkstoffs betrug bei ESL 4,0 Jahre (SD 2,0), bei LCM 3,6 Jahre (SD
2,2), bei PER 5,7 Jahre (SD 1,2) und RTG 4,6 Jahre (SD 0,8). Vor der
Erstverordnung eines neuartigen Antiepileptikums wurden durchschnitt-
lich 3,2 (ESL), 2,4 (LCM), 5,0 (PER) und 5,2 (RTG) andere antiepilepti-
sche Wirkstoffe verordnet.

Schlussfolgerung: Die meisten Patienten mit FE im Alter von mindestens
16 Jahren erhalten eine antiepileptische Monotherapie. Neuartige An-
tiepileptika werden nur bei einem geringen Teil der Patienten (<6%)
und relativ spat im Behandlungsverlauf verordnet. Die Ergebnisse ent-
sprechen der deutschen Leitlinie zur Behandlung von Epilepsien
(Deutsche Gesellschaft fur Epileptologie, DGfE). Diese empfiehlt ver-
schiedene Monotherapieoptionen - neuere Antiepileptika, wie in dieser

Studie analysiert, sind nicht darunter.

Schliisselworter: fokale Epilepsie, Antiepileptika, medikamentdse

Therapie

Background

Epilepsy is one of the most frequent neurological dis-
eases, with an estimated prevalence of 0.5-1.0% of the
general population [1], [2]. Based on that estimation,
400-800,000 people suffer from epilepsy in Germany
[2], [3]. Epilepsy is characterized by recurrent and unpro-
voked seizures caused by abnormal transmission of
electrical signals and neuronal activity in the brain [1],
[4]. The major categories of seizure type were classified
by the International League Against Epilepsy (ILAE) as
focal (partial) seizures and generalized seizures [5].
Studies have found 33-65% of those with epilepsy to
have focal seizures or localization-related epilepsies [6].
Generally, about 50-70% of patients achieve seizure re-
mission on an initial or secondary antiepileptic drug (AED)
as monotherapy. Seizure remission in another 15-25%
of patients may be obtained with AED combination ther-
apy, with the remaining 5-35% of patients failing to
achieve satisfactory seizure remission [1], [7], [8]. Com-
bination therapy with a variety of AEDs is considered
standard of care for these patients. This may also include
combination therapy with novel AEDs (eslicarbazepine
[ESL], lacosamide [LCM], perampanel [PER] and
retigabine [RTG]) which were introduced since 2006 (in
the last decade) and which have shown to be associated
with improved seizure control in patients with focal epi-

lepsy (FE) [9], [10], [11], [12], [13], [14], [15], [16], [17],
[18],[19], [20].

No data are currently available on the percentage of FE
patients being prescribed a combination therapy and/or
a combination therapy that includes novel AEDs in Ger-
man clinical practice. In a recent observational study,
Steinhoff et al. analyzed treatment of German epilepsy
patients having received an add-on treatment with PER.
Among these, about 16% received an AED monotherapy
when PER treatment was started, 40% received a com-
bination of two AEDs, 22% of three AEDs, and 20% of
more than four AEDs [21]. No known real-world study so
far has addressed the treatment of FE patients based on
the AEDs most recently introduced to the German market.
Consequently, the aim of this study was to describe the
AED treatment of patients with FE in Germany, consider-
ing all AEDs available on the German market and ap-
proved for treatment of FE and compare these results
qualitatively to treatment guidelines. Because there are
different requirements for treatment and management
of epilepsy in children, in this study only patients aged
16 years and older at index date were analyzed. The
European Medicines Agency (EMA) has set the upper age
limit for pediatric patients at 16-18 years [22]. For the
purpose of this study, 16 years has been set as the lower
age limit of adulthood [23], [24], [25], [26].
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Table 1: List of all observed anti-epileptic drugs (AEDs)

Agent Short Cut | ATC-Code Definition: novel AED
Carbamazepine CcBz NO3AF01
Eslicarbazepine ESL NO3AF04 novel AED (launched October 2009 in GER)
Felbamate FBM NO3AX10
Gabapentin GBP NO3AX12
Lacosamide LCM NO3AX18 novel AED (launched September 2008 in GER)
Levetiracetam LEV NO3AX14
Lamotrigine LTG NO3AX09
Mesuximide MSM NO3ADO3
Oxcarbazepine OXC NO3AF02
Phenobarbital PB NO3AAQ02
Perampanel PER NO3AX22 novel AED (launched September 2012 in GER)'
Pregabalin PGB NO3AX16
Phenytoin PHT NO3ABO02
Primidone PRM NO3AA03
Retigabine RTG NO3AX21 novel AED (launched May 2011 in GER)'
Sultiame STM NO3AX03
Tiagabine TGB NO3AGO06
Topiramate TPM NO3AX11
Vigabatrin VGB NO3AG04
Valproate VPA NO3AGO1
Zonisamide ZON NO3AX15

"The pharmaceutical companies decided to suspend sales of the drug in Germany (RTG from

June 2012, PER from January 2014 onwards)

The decision to examine two patient samples (prevalent
and incident) as well as to apply two different types of
AED analysis (by number of AEDs and by novel AED versus
non-novel AED) was undertaken so as to assess the po-
tential differences in AED treatment approach. Factors
that could potentially influence AED selection and treat-
ment include (1) the rising availability of different AEDs
and presumed changing prescription behavior over the
last ten years, (2) the individual treatment journeys newly
diagnosed patients (incident FE patients) experience, and
(3) the treatment history of patients before they receive
a novel AED.

Methods

Dataset and sample definition

The claims data set was provided by AOK PLUS, a German
statutory health insurance fund which currently insures
about 3 million people by statute in Germany. The dataset
contained information on the socio-demographic charac-
teristics of the patients and claims related to their phar-
maceutical, outpatient and inpatient treatment for the
years 2007-2014 (anonymized data).

Two patient samples were observed: (1) adult prevalent
FE patients and (2) adult incident FE patients. A patient
was included in the prevalent FE sample if he or she re-
ceived at least one outpatient or inpatient diagnosis of

FE (ICD10-Code G40.0/G40.1/G40.2) in the period
01/01/2007-31/12/2013. Only patients at least
16 years of age at index date and continuously insured
between 01/01/2007 and 31/12/2014 were included
(death was no exclusion criterion). In addition, at least
one prescription of an AED (Table 1) during 01/01/2007 -
31/12/2014 was required.

A patient was determined as being FE-incident if he or
she received the first (‘incident’) outpatient or inpatient
diagnosis of FE in the period between 01/07/2007 and
31/12/2011 (ICD10-Code G40.0/G40.1/G40.2); ‘first’
being determined by the absence of any FE diagnosis
and absence of any AED prescription in the six months
preceding the date of the incident diagnosis. Again, at
least one prescription of an AED (Table 1) during
01/01/2007-31/12/2014 was required. The incident
FE sample represents a subgroup of the prevalent FE
patients.

Treatment of adult prevalent FE patients

For adult prevalent FE patients, AED treatment was de-
scribed separately for each of the calendar years,
2007-2014. A patient was only included in the treatment
analysis of a specific year if he or she received at least
one diagnosis of FE in the respective or one of the earlier
years. Patients who received either their FE diagnosis
later than in the observed year or who already died in an
earlier year were excluded. Consequently, the number of
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observed patients varied over time. In each respective
year: (1) the number of different prescribed AEDs, (2)
name of prescribed AEDs, and (3) prescribed dosage per
drug, based on the “daily defined dose” (DDD) for each
drug/package size as defined by the World Health Organ-
ization (WHO) and modified for Germany by the “Wis-
senschaftliches Institut der AOK” (WIdO) were analyzed
[271], [28].

Each patient was classified either as a “no AED therapy
patient”, “AED monotherapy patient” or “patient who re-
ceived more than one AED”; in the latter group patients
were differentiated by number of different prescribed
AEDs during the year (two, three, four, more than four):

¢ “No AED therapy”: no prescription of any AED in the
observed calendar year;

¢ “AED monotherapy”: at least one prescription of one
specific AED throughout the whole calendar year;

¢ “More than one AED”: at least one prescription of at
least two different AEDs in the observed calendar year
(the specific number of different AEDs defines the re-
spective therapy group).

For the last observation year (2014) an in-depth analysis
of all patients with a combination therapy of at least two
AEDs was done. For every patient, it was determined how
many different AEDs they had used before they achieved
the combination treatment in 2014. Within that classifi-
cation, it was assessed which AEDs these patients re-
ceived in 2014.

Treatment of incident adult patients
suffering from FE

For adult incident patients, AED treatment over time since
the incident diagnosis of FE (index date) was described.
For each patient, the treatment in the first, second, third,
and fourth follow-up year since index date was analyzed.
For these years, the treatment groups as defined above
(“no AED therapy”, “AED monotherapy”, “more than one
AED”) were assessed. In a sensitivity analysis, the DDD-
based overlap of prescribed AEDs in patients who re-
ceived more than one AED was analyzed. In this specific
analysis, adjunctive therapy was assumed if the date of
prescription of another AED occurred during the imputed
availability of a previous prescribed AED. The availability
was calculated as date of prescription plus DDD of the
prescribed package.

Treatment with novel AEDs

AEDs that were introduced into the German market from
2006 to 2014 were characterized as “novel AEDs”. Four
agents fulfilled this criterion (ESL, LCM, PER, RTG). Among
these, PER and RTG were only recently introduced to the
market (2012 and 2011) and were subsequently taken
from the market (PER in 2014 and RTG in 2012) due to
pricing negotiations as a consequence of the recently in-
troduced AMNOG (Arzneimittelmarkt-Neuordnungsgesetz)
law. The “AMNOG”, (Act on the Reform of the Market for

Medicinal Products) is a German law, which came into
effect in 2011. It regulates pricing determinations for
newly authorized pharmaceutical products and their re-
imbursement, based on an assessment of clinical addi-
tional benefit against a defined appropriate comparator.
For prevalent patients with a diagnosis of FE who received
at least one prescription of a novel AED, the time from
the first observed FE diagnosis until the first observed
prescription of a novel AED was assessed. Furthermore,
both the number and type of previously prescribed AEDs
(before date of first prescription of novel AED), as well as
any additional AEDs prescribed on or after the date of
the first novel AED prescription in the respective year,
were described. Because of very low sample sizes (<10
patients in agent-specific patient groups), these analyses
were not repeated for adult incident FE patients.

Regulatory aspects

As the study addressed a retrospective, anonymized
dataset, no ethical review and no informed consent of
patients were warranted. However, the study protocol
was reviewed by a scientific steering committee to which
all the authors as well as the data provider, AOK PLUS,
belonged.

Results

Patient samples and descriptive
characteristics

Applying the inclusion criteria, 39,667 patients (aged
16 years and older at index date) with at least one outpa-
tient or inpatient diagnosis of FE between 01/01/2007
and 31/12/2013 were identified (Figure 1). Out of those
patients, 86.8% (34,422) received at least one AED pre-
scription at any time during the entire observation period;
representing the final adult prevalent FE sample. The
mean follow-up period for these patients was 1,891 days
(5.2 years). Prescription of a novel AED occurred in 5.5%
(1,889) of patients, for whom the mean follow-up time
was 2,334 days (6.39 years) (Table 2).

Among all adult patients with at least one diagnosis of
FE, 12,663 patients received their first epilepsy diagnosis
without any prior epilepsy diagnosis or AED prescription
in the preceding 6 months. Of those, 10,022 patients
(79.1%) received at least one AED prescription throughout
the observation period; defined as the incidence sample.
The mean follow-up period for this sample was 1,499
days (4.1 years) (Figure 1, Table 2).

Mean age in the adult prevalent FE sample was 59.6
years (SD 19.9), 51.7 years in the novel AED-subgroup
(SD 17.8), and 63.3 years (SD 20.1) in the incident
sample (Table 1). The proportion of patients aged over
70 years was exceptionally high in the sample of incident
patients: 47.4% versus 37.2% in the prevalent sample.
Gender was distributed similarly between the groups:
48.7% females in the sample of prevalent patients, 52.5%
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2,655,720 insured persons at AOK Plus (01/07/2014)"

I

92,823 patients with at least one inpatient or outpatient epilepsy diagnosis (ICD 10 G40.-)
between 01/01/2007 and 31/12/2014

.

39,667 patients with at least one inpatient or outpatient diagnosis of focal epilepsy (ICD 10
G40.0/G40.1/G40.2) between 01/01/2007 and 31/12/2013. being at least 16 years of age at
index date and continuously insured until 31/12/2014 (except death)

|
v v

Adult prevalent focal epilepsy patients

12,663 patients with a first diagnosis of
focal epilepsy in 01/07/2007-31/12/2011
without any epilepsy diagnosis / AED

All patients with at least one AED
prescription between 01/01/2007—

31/12/2014 AN - .
prescription in the previous six

N = 34,422 months before that diagnosis

Subgroup Adult incident focal epilepsy patients

All patients with at least one AED

Al e teeal el e prescription between 01/01/2007—-

with at least one prescription of a 31/12/2014
novel AED
N = 1,889 N = 10,022

" According to KM 6-statistics of the German Federal Ministry of Health (BMG)

Figure 1: Definition of the study population
Fig. 1 shows a flow chart of the patients (16 years and older) identified and included in the analyses. Please note that the main
samples analyzed were prevalent FE patients and incident FE patients (one diagnosis of FE and, additionally, at least one AED
prescription throughout the whole observational period).

Table 2: Descriptive characteristics of observed patient samples

Adult prevalent FE' Adult prevalent FE Adult incident FE
patients with at least | patients with at least one | patients with at least
one AED prescription prescription of a novel | one AED prescription

AED

No. of patients 34,422 1,889 10,022

Mean observation time (days) 1,891.0 2,334.4 1,498.8
Mean (SD) 59.6 years (19.9) 51.7 years (17.8) 63.3 years (20.1)
p-value? p<0.001 (all comparisons)

Age per Median 62 years 51 years 69 years

;??setx date Min 16 years 16 years 16 years

i

epilepsy Max 102 years 98 years 102 years

diagnosis) 16-39 years 17.7% 27.0% 14.9%
40-70 years 45.1% 54.4% 37.7%
>70 years 37.2% 18.6% 47.4%

Gender (male/female) 51.3%/48.7% 47 .5%152.5% 50.9%/49.1%

" Focal epilepsy (FE): ICD-10 G40.0/G40.1/G40.2; adult = age >15 years at index date
2 T-test; results were similar for all comparisons: FE-prevalent + AED vs. novel AED user, FE-prevalent + AED
vs FE-incident and FE-incident vs. novel AED user.

GMS German Medical Science 2017, Vol. 15, ISSN 1612-3174 6/17



Groth et al.: Real life pharmaceutical treatment patterns for adult ...

females in the novel AED-subgroup, and 49.1% females
in the sample of incident patients (Table 2).

Drug treatment of adult prevalent FE
patients

Based on the applied inclusion criteria, confirmed FE was
assumed to exist only if at least one diagnosis of FE and
at least one prescription of an AED throughout the whole
observation period were documented. Nevertheless, in
the calendar year-based analysis, the percentage of dia-
gnosed patients who did not receive any AED therapy
ranged between 8.1% in 2007 to 15.4% in 2014. Consid-
ering the entire follow-up period (2007 to 2014), 55.9%
of prevalent FE patients received a therapy with only one
AED throughout the observation period (“AED monother-
apy”) only, whereas 26.8% received an AED therapy with
two, 10.5% with three, 3.9% with four, and 3.0% with
more than four different AEDs (Figure 2, Table 3).
Considering each calendar year, the percentage of pa-
tients who received an AED as monotherapy was relatively
stable and ranged between 66.2% (2007) and 68.9%
(2010). For AED (monotherapy) patients, based on the
DDD of the respective agents, 174-225 days of drug
supply were prescribed per observed year. The percentage
of patients who received a therapy with two different AEDs
ranged from 23.6% (2012) to 25.8% (2007). For these
patients, based on the DDD of the respective agents,
419-515 days of DDD drug supply were prescribed per
patient in the observed years (sum of all DDDs of all
available AEDs per patient per calendar year). The remain-
ing patients received therapies with three different AEDs
(6.0% in 2010 t0 6.7% in 2007), four different AEDs (1.0%
in 2010 to 1.2% in 2009) or more than four different
AEDs (0.1% in 2014 to 0.3% in 2013) (Table 3/Figure 2).
The most frequently prescribed AED was carbamazepine
(CBZ) which was prescribed in 40.4% of patients in 2007
(that percentage decreased to 21.4% in 2014), secondly
valproate (VPA; 31.5% of the patients in 2007 decreasing
to 25.6% in 2014), thirdly levetiracetam (LEV; 14.1% of
the patients in 2007 increasing to 35.5% in 2014). LEV
became the most often prescribed AED in 2014 (Table 4).
64.1% of all CBZ-treated patients, 52.1% of the VPA-
treated patients and 48.3% of all patients with LEV-
treatment received the respective agent as monotherapy
in the calendar year-based observation. In contrast, fel-
bamate (FBM), LCM, mesuximide (MSM), PER, RTG, and
vigabatrin (VGB) were almost exclusively prescribed ad-
junctive to other AEDs (proportion of monotherapy pa-
tients <2%) in any calendar year. The percentage of pa-
tients who received one of the four novel AEDs in the last
observed year 2014 were 0.9% for ESL, 4.6% for LCM,
0.1% for PER (commercialization of PER was discontinued
in 2013 in Germany), and 0% for RTG (commercialization
of RTG was discontinued in 2012 in Germany).

A more detailed analysis of patients with prescriptions of
at least two different AEDs in the last observation year
(2014; N=7,185 patients) revealed that more than 50%
of these patients have never discontinued an agent since

start of observation; their current combination therapy is
still the first observed therapy or includes all previously
prescribed AEDs. On the other hand, 525 patients (7.3%)
discontinued at least three different AEDs before their
therapy line in 2014 (Table 5).

Treatment of adult incident FE patients

Considering the whole follow-up period and our sample
of 10,022 adult incident FE patients who received at least
one AED prescription throughout the whole follow-up
period, 66.0% of these patients received an AED mono-
therapy exclusively, whereas 23.9% of the patients re-
ceived a therapy which included two AEDs and 10.1%
three or more AEDs (three AEDs: 7.0%; four AEDs: 2.0%;
>4 AEDs: 1.1%), based on the observed follow-up years
since the incident FE diagnosis. The number of observed
patients decreased over time due to end of individual
observation (end of data availability or death of the pa-
tients).

In the first year after the incident FE diagnosis, 9.7% of
patients received no AED therapy. Considering only those
that received at least one AED, 80.0% received a mono-
therapy (with a mean of 170 prescribed days of supply,
based on the DDDs of the respective drugs), 17.0% re-
ceived a therapy with two different AEDs (291 prescribed
days of supply), 2.6% received a therapy with three differ-
ent AEDs (459 prescribed days of supply), 0.3% a therapy
with four different AEDs (527 prescribed days of supply),
and 0.1% a therapy with >4 different AEDs (558 pre-
scribed days of supply). Throughout the four-year follow-
up period, the percentage of patients who received either
monotherapy, or a therapy with at least two different AE-
Ds, was stable. However, the mean prescribed AED
dosage (reported in prescribed DDDs per year) increased,
especially in the first three years (monotherapy: 170 days
in first year, 192 days in second year, 199 days in third
year, 194 days in fourth year; therapy with two agents:
291 days in first year, 415 days in second year, 439 days
in third year, 452 days in fourth year; numbers for ther-
apies based on three, four or >4 AEDs reported in
Table 6).

In a sensitivity analysis, the treatment of epilepsy-incident
patients in their fourth follow-up year was observed with
another method. In the main analysis, the proportion of
patients receiving: AED monotherapy; a therapy with
2 AEDs; and 3 AEDs was 80.6% (4,345 patients); 16.4%
(882 patients); and 2.5% (132 patients) respectively. In
an analysis to ascertain whether the prescribed drugs for
the second and third groups had any overlap in the DDD
supply, which would be an indication for a true concomi-
tant AED therapy, was undertaken. Overall, 88 patients
(1.7%) who were categorized as patients with two different
AEDs (86 patients) or three different agents (2 patients)
without any overlap in drug supply were identified. If these
were added to the monotherapy group, assuming that no
overlap indicates the drugs were prescribed one after
each other, the percentage of patients receiving mono-
therapy would increase from 80.6% to almost 82.2%. The
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Figure 2: Treatment patterns of adult prevalent FE patients
Fig. 2 shows the percentage of prevalent FE patients who received one AED (monotherapy) or a therapy with >1 AED. Please note
that this is based on an observation of AED prescriptions for each respective calendar year. So, monotherapy required that only

one AED was prescribed throughout the whole observed calendar year.
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Table 3: Drug treatment of adult prevalent FE patients

2007 2008 2009 2010 2011 2012 2013 2014
Eg'p‘;ia‘;:lta;’”" prevalent | 7 /79 20,839 | 22,768 | 24486 | 25867 | 27,025 | 27622 | 25629
2‘: ‘XE‘E““‘:;‘;SC;’;"%:‘O°“”:“ 1444 2147 2634 3439 3,537 3,785 3,833 3,950
thgrespegtive ygar %) (8.12%) | (10.30%) | (11.57%) | (14.04%) | (13.67%) | (14.01%) | (13.88%) | (15.41%)
No. of patients with at
least one AED 16,335 18692 | 20134 | 21,047 | 22,330 | 23240 | 237890 | 21679
prescription per year
Sum prescribed DDD' 5,372,139 | 6,016,762 | 6,478,292 | 5,684,423 | 7,036,382 | 7,439,134 | 7,747,818 | 7,568,251
Prescribed DDDS ber 328.87 321.89 | 32176 | 27008 | 31511 32010 | 32569 | 349.11
ationt? (95% Cl) p (324.45- | (317.80- | (317.71— | (266.87— | (311.40- | (316.45- | (322.03— | (345.20-
p ° 333.29) 325.98) | 325.81) | 273.29) | 318.81) | 323.75) | 320.35) | 353.01)
No. of 10,812 12,553 | 13,687 | 14,510 | 157365 | 16,006 | 16,355 | 14,494
patients (%)° | (66.19%) | (67.16%) | (67.98%) | (68.94%) | (68.81%) | (68.87%) | (68.75%) | (66.86%)
% of all
Mono- | prescribed 40.41% 4203% | 42.42% | 4431% | 43.81% | 44.26% | 44.37% | 43.18%
therapy | DDDs
Prescribed
DDDs per 200.78 20148 | 20078 | 17360 | 20065 | 20570 | 210.19 | 225.45
patient
No. of 4,210 4,660 4,883 5,029 5,326 5,488 5,634 5491
patients (%)° | (25.77%) | (24.93%) | (24.25%) | (23.89%) | (23.85%) | (23.61%) | (23.68%) | (25.33%)
Thera % of all
with PY | prescribed 39.17% 37.95% | 36.83% | 37.06% | 36.44% | 36.15% | 36.04% | 37.34%
2 AEDs | DDDs
Prescribed
DDDs per 499.82 489.96 | 48863 | 41890 | 48139 | 489.99 | 49556 | 514.71
patient
No. of 1,087 1,231 1,269 1,261 1,367 1,437 1,461 1,425
patients (%)° | (6.65%) (6.59%) | (6.30%) | (5.99%) | (6.12%) | (6.18%) | (6.14%) | (6.57%)
Thera % of all
Mmpy prescribed 16.06% 16.00% | 15.91% | 14.89% | 15.64% | 15.22% | 14.88% | 15.54%
3AEDs | DDDs
Prescribed
DDDs per 793.58 78192 | 81229 | 67105 | 80483 | 787.94 | 789.36 | 82516
patient
No. of 189 207 248 205 224 270 276 238
patients (%)° | (1.16%) (111%) | (1.23%) | (0.97%) | (1.00%) | (1.16%) | (1.16%) | (1.10%)
Thera % of all
mmpy prescribed 3.62% 3.38% 3.97% 3.01% 3.32% 3.79% 3.75% 3.52%
4 AEDs | DDDs
Prescribed
DDDs per 1,029.97 98112 | 1,036.39 | 83554 | 1,043.64 | 1,044.26 | 1,051.53 | 1,120.42
patient
No. of 37 41 47 42 48 39 63 31
patients (%)° | (0.23%) 0.22%) | (0.23%) | (0.20%) | (0.21%) | (0.17%) | (0.26%) | (0.14%)
Thera % of all
mmpy prescribed 0.74% 0.64% 0.87% 0.73% 0.79% 0.58% 0.96% 0.42%
>4 AEDs | 2DDs
Prescribed
DDDs per 1,074.59 94629 | 1,199.96 | 98519 | 1,157.04 | 1,112.92 | 1,185.27 | 1,026.48
patient

1 DDD as defined by the World Health Organization (WHO) and modified for Germany

2 Mean is based on patients with at least one prescription of an AED in the respective year (95% confidence interval)

3 Percentage based on all epilepsy prevalent patients with at least one AED prescription in the respective year
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Table 4: Treatment of adult prevalent FE patients - all prescribed AEDs
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Table 5: Drug treatment of adult prevalent FE patients with combination therapy in 2014 (at least two different AEDs prescribed
in 2014; N=7,185 patients): deviation in number of discontinued AEDs and current treatment

0 AEDs before | 1 AED before | 2 AEDs before | 3 AEDs before | 4 AEDs before | >4 AEDs before
pa’t\:ghts % pa’t\ilghts % pa't\:(e)hts % pa't\:ghts % pa’t\ilghts % pa't\::hts %
No. of patients
with
prescriptions of 3,984 |554 1,896 |[26.4 780 |[10.9 280 3.9 132 1.8 113 1.6
at least two
different AEDs
LEV! 1,871 | 47.0 1,066 |56.2 435 |55.8 129 |[46.1 50 |37.9 50 | 442
LTG 1,228 |30.8 647 | 341 302 |38.7 122 | 436 60 (455 51 | 45.1
PB 155 3.9 39 21 17 22 8 2.9 4 3.0 4 3.5
TPM 318 8.0 202 107 88 |11.3 45 (161 20 (152 14 | 124
VPA 1,627 |40.8 718 |37.9 290 |37.2 107 |38.2 57 |43.2 46 | 40.7
LCM 312 7.8 312 |16.5 190 (244 87 311 42 1318 34 | 30.1
cBz 1,284 | 322 332 |175 101 | 129 21 7.5 6 4.5 3 27
PGB 326 8.2 221 |11.7 75 9.6 24 8.6 11 8.3 4 3.5
PRM 464 |11.6 145 7.6 54 6.9 12 4.3 3 23 3 27
ESL 31 0.8 48 2.5 36 46 18 6.4 18 |13.6 16 | 14.2
(0) (o4 374 9.4 196 |[10.3 101 | 129 48 (171 23 (174 19 | 16.8
PHT 297 75 66 3.5 27 3.5 10 36 1 0.8 3 27
GBP 372 9.3 190 (10.0 70 9.0 14 5.0 7 5.3 6 5.3
ZON 155 3.9 140 74 81 104 40 143 19 |144 23 | 204
VGB 21 0.5 2 0.1 0 0.0 0 0.0 0 0.0 1 0.9
TGB 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
RTG 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
PER 1 0.0 4 0.2 4 0.5 3 1.1 1 0.8 4 3.5
STM 21 0.5 6 0.3 0 0.0 1 0.4 0 0.0 0 0.0
MSM 5 0.1 0 0.0 1 0.1 0 0.0 0 0.0 0 0.0
FBM 4 0.1 2 0.1 0 0.0 0 0.0 0 0.0 0 0.0

' AED-short cuts see Table 1

application of this method to verify the accuracy of the
calculations for the combination therapy with two and
three AEDs, would result in a decrease to 15.6% from
16.4% for two AEDs and 1.9% instead of 2.4% for three
AEDs.

Treatment of adult prevalent FE patients
with novel AEDs

From all adult prevalent FE patients, 1,889 patients were
identified (5.5%) receiving at least one prescription of a
novel AED; 269 patients received >1 novel AED. 362
patients were treated with ESL, 1,645 patients with LCM,
162 patients with PER, and 59 patients with RTG.
Considering all patients who received a novel AED, 98.6%
received this therapy as an adjunct to at least one other
AED in any given year. The most frequently prescribed
AEDs in association with novel AEDs were LEV, VPA and
LTG (Table 7).

Mean duration from the date of the first observed FE
diagnosis to the date of the first prescription of a novel
AED was 3.59 years (SD 2.19). This time ranged from
3.58 years (SD 2.22) for LCM up to 5.69 years (SD 1.22)
for PER. About one third of the patients received a novel
AED only 5 years after first FE diagnosis (Figure 3,
Table 7).

Before the first novel AED was prescribed, a mean number
of previously prescribed AEDs of 2.35 (SD 1.38) was
identified. The drug-specific numbers were 2.39 (LCM),
3.18 (ESL), 4.96 (PER) and 5.22 (RTG). The most fre-
quently prescribed AED prior to initiation of a novel AED
therapy was LEV, followed by VPA and LTG (Figure 4,
Table 7).

Discussion

Results and comparison to previous
literature

This study describes the real-world pharmaceutical
treatment of adult patients with a diagnosis of FE in
Germany, especially the use of novel AEDs (LCM, ESL,
PER, RTG), and provides an interesting insight into the
extent to which the German treatment guidelines are
followed in clinical practice.

The results show that the majority of adult patients with
FE (approximately 70%) received monotherapy during the
eight years’ follow-up. Previous studies have shown that
the majority of epilepsy patients achieved seizure-freedom
on AED monotherapy (first- or second-line) [1], [8], [29].
In the present analysis (calendar year-based observation)
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Table 6: Drug treatment of adult incident FE patients
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Table 7: Treatment of adult prevalent FE patients with novel AEDs

Any novel AED

ESL

LCM

PER

RTG

No. of observed patients (%
of all adult prevalent FE
patients with at least one
AED) during the whole

follow-up period

1,889 (5.48%)

362 (1.05%)

1,645 (4.78%)

162 (0.47%)

59 (0.17%)

Among above patients: No.
of observed incident

patients (% of all adult 367 (2.90%) 60 (0.47%) | 322 (2.54%) | 12 (0.09%) 4 (0.03%)
incident FE patients) during
the whole follow-up period

Mean (sp) | >YEME | SRS | 2OEE | U | Mote
Number of Min. 0.01 years 0.03 years 0.01 years 0.19 years 1.06 years
years of Max. 8.00 years 7.93 years 8.00 years 6.97 years 5.47 years
L‘;‘{g";'f“flif’r;?m up to 1year| 282 (14.93%) | 40 (11.05%) | 244 (14.83%) | 3 (1.85%) 0
epilepsy 1-2 years 226 (11.96%) 19 (5.25%) | 209 (12.71%) | 3 (1.85%) 2 (3.39%)
diagnosis until | 2-3 years 329 (17.42%) 46 (12.71%) | 297 (18.05%) 4 (2.47%) 1 (1.69%)
fi::tscri tion of 3-4 years 275 (14.56%) | 78 (21.55%) | 230 (13.98%) | 5 (3.09%) 1 (1.69%)
fhe resSective 4-5 years 213 (11.28%) | 62 (17.13%) | 182 (11.06%) | 3 (1.85%) | 38 (64.41%)
agent 5-6 years 231(12.23%) | 57 (15.75%) | 180 (10.94%) | 59 (36.42%) | 17 (28.81%)

67 years 202 (10.69%) 30 (8.29%) | 173 (10.52%) | 85 (52.47%) 0

7-8 years 131 (6.93%) 30 (8.29%) | 130 (7.90%) 0 0
Novel AED as adjunctive 1,863 348 1,633 162 59
therapy’ (98.58%) (98.62%) (96.13%) (99.27%) (100%)

Mean (SD) 2.35 (1.38) 3.18 (1.96) 2.39(1.43) | 4.96(1.99) | 522 (1.84)

Min 0 0 0 1 1

Max 8 11 9 13 12

no AED 129 (6.83%) 18 (4.97%) | 111 (6.75%) 0 0
ﬁ:;‘.';'::tg;e 1 AED 416 (22.02%) | 57 (15.75%) | 355 (21.58%) | 3 (1.85%) | 1 (1.69%)
different AEDs | 2 AEDs 551 (29.17%) | 74 (20.44%) | 475 (28.88%) | 13 (8.02%) 2 (3.39%)
used before a |3 AEDs 444 (23.50%) | 68 (18.78%) | 389 (23.65%) | 22 (13.58%) | 7 (11.86%)
:'h°e"rz'pe'§v'3as 4 AEDs 211 (11.17%) | 66 (18.23%) | 180 (10.94%) | 34 (20.99%) | 11 (18.64%)
started 5 AEDs 101 (5.35%) 37 (10.22%) | 97 (5.90%) | 29 (17.90%) | 11 (18.64%)

6 AEDs 28 (1.48%) 21 (5.80%) 22 (1.34%) | 29 (17.90%) | 16 (27.12%)

7 AEDs 7 (0.37%) 11 (3.04%) 10 (0.61%) 14 (8.64%) 5 (8.47%)

8 AEDs 2 (0.11%) 5 (1.38%) 4 (0.24%) 11 (6.79%) 5 (8.47%)

>8 AEDs 0 5 (1.38%) 2 (0.12%) 7 (4.32%) 1 (1.69%)
Most Top 1 LEV LEV LEV LEV LCM
frequently Top 2 VPA VPA VPA VPA LTG
g:?:rgﬁgfel Top 3 LTG LTG LTG LCM VPA
AED therapy | Top 4 CBZ LCM CBZ LTG LEV
was started® | Top 5 OXC CBZ OXC ZON OXC
Most Top 1 LEV LEV LEV LTG LTG
Lrsgge"“y Top 2 VPA VPA VPA VPA LEV
concomitant Top 3 LTG LTG LTG LEV VPA
AEDs?® during 'r o " OXC LCM OXC LCM PER
therapy with a
novel AED Top 5 CBzZ ZON CBZ ZON LCM

1 All non-monotherapy treatment combinations with novel AEDs
2 AED-short cuts see Table 1
® Most frequently prescribed AEDs as additional therapy to the respective novel AED, defined as every AED prescription that

was observed in or after the same observation period we saw the first prescription of a novel AED
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Figure 3: Time from first FE diagnosis to first prescription of a novel AED (based on prevalent FE patients)
Fig. 3 presents the proportion of patients by time from the date of the first observed diagnosis of FE in prevalent epilepsy patients
until date of first prescription of a novel AED. Only patients with at least one prescription of a novel AED were included in this
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Figure 4: Observed number of different AEDs used before the first novel AED was prescribed (based on prevalent FE patients)
Fig. 4 presents the proportion of patients by number of different AEDs used before the first novel AED was prescribed. Only

patients with at least one prescription of a novel AED were included in this analysis.
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about 30% of adult patients with FE received a therapy
with at least two different AEDs. That percentage re-
mained relatively stable in both the calendar year-based
observation of prevalent epilepsy patients and the ana-
lysis of four years of follow-up since date of first epilepsy
diagnosis for incident epilepsy patients. The percentage
of patients reaching seizure-freedom could not be ana-
lyzed as data on treatment outcome were not included
in the claims database. According to previous literature,
it can be assumed that a considerable percentage of
these patients remain uncontrolled; previous studies
stated a percentage of about 30% of all epilepsy patients
[29], [30], especially patients with FE, are more likely to
remain uncontrolled [29], [31].

A recent German study reported that between 32% and
69% of epilepsy patients did not received AED therapy in
the first year upon epilepsy diagnosis [32]. In our calendar
year-based observation, the percentage of adult prevalent
FE patients who did not receive any AED therapy ranged
between 8.1% in 2007 to 15.4% in 2014; and it steadily
increased over time. The generally lower percentage of
the no-AED therapy group in comparison to the study by
Ertl et al. [32] can potentially be explained by our conser-
vative sample definition which required at least one AED
prescription in the whole observation period. Without
knowledge about disease specifics of these patients, the
pattern of the steadily increasing percentage of patients
with no AED therapy may be explained by several factors:
Firstly, epilepsy surgery or treatment with vagus nerve
stimulation (VNS) are therapy options for drug-resistant
epilepsy patients [33], [34]. Patients with a successful
surgery may not need any subsequent AED therapy.
Secondly, AED withdrawal may be an option for patients
who have been seizure free for several years [33], [35].
Thirdly, non-persistence in AED treatment may also ex-
plain why a certain percentage of patients did not receive
any AED therapy in the observed follow-up years [36],
[37]. Fourthly, it may be possible that an unknown num-
ber of patients were diagnosed with FE, received an initial
AED therapy, but proved not to need medication, poten-
tially due to an incorrect coding.

Based on the DDD, a low drug supply was prescribed for
all observed drugs. As an example, FE-prevalent mono-
therapy patients received 171-222 DDDs of supply on
average in one observed year only. This may be due to
non-adherence of patients to their regime [37]. Another
explanation for the low prescribed AED supply may be
dosage titration of AED therapy. For example, the DDD
for one of the most frequent prescribed AEDs in 2014,
LEV, is 1,500 mg per day [28]. However, based on the
German label, the lower recommended maintenance
dose for adults is 1,000 mg a day, i.e. 0.66 DDDs [25].
If patients achieved seizure freedom with a low AED
dosage, which could be the case in a substantial percent-
age of patients, there is no a need to increase the dose.
So, it can be hypothesized that the main explanations for
the observed low prescribed AED supply is non-adherence
of patients as well as prescription of low AED dosages.
Indeed, a significant increase in prescribed dosage in in-

cident FE patients for all types of AED therapy until the
third follow-up year was observed. The prescribed dosage
remained stable in the fourth follow-up year.

To our knowledge, this is the first study that analyzes the
prescription of novel AEDs across all available AEDs in
real-world setting in Germany. The data suggest that even
if most of these drugs have been available for several
years by the time of the observation, a small proportion
(<6%) of all adult FE patients received a novel AED ther-
apy. In line with both the label of those drugs and the re-
commendations of the German Society for Epileptology
(Deutsche Gesellschaft fur Epileptologie, DGfE), patients
received novel AEDs in addition to other AEDs [23], [24],
[26], [33], [38]. Furthermore, they received at least 2-3
other AEDs before a novel AED therapy was started. A
novel AED is used after several years of disease history
and is started in the overwhelming majority of adult FE
patients earliest as third-line therapy, in many patients
even as fourth- or fifth-line therapy. This study may in fact
underestimate this situation as the observation started
in 2007, but some of the prevalent FE patients may have
received other AEDs before 2007. Thus, this study con-
firmed that German treatment guidelines are being
strongly adhered to, with high prescription of established
AEDs, and low prescription of novel AEDs [32].

Between the novel AEDs examined in this study (ESL,
LCM, PER, and RTG) there were substantial differences
in both the number of previously prescribed AEDs and
the time from first FE diagnosis until date of first prescrip-
tion. LCM and ESL are prescribed earlier after first dia-
gnosis, and with fewer previous treatments, compared
with PER and RTG. This could be related to the longer
experience of the physicians (including knowledge of the
safety profile) with ESL and LCM, due to earlier market
introduction, compared with PER and RTG. It is also likely
that AMNOG assessments of PER and RTG have impacted
their use.

Limitations

Some limitations of this study are acknowledged below.
Firstly, patients were included in the analysis only if they
received, in addition to a respective FE diagnosis, at least
one AED prescription throughout the whole follow-up
period. This methodology approach may lead to an under-
estimation of under-treated FE patients. However, there
is some uncertainty around the documented epilepsy
diagnoses in our database, especially because the major-
ity of diagnoses were documented in an outpatient set-
ting. Because the principal aim of the analysis was the
description of the AED treatment of prevalent FE patients
and not the assessment of potential under-treatment,
conservative inclusion criteria were chosen to ensure that
only patients with a confirmed diagnosis of FE were in-
cluded. Defining an AED prescription as an inclusion cri-
teria increased the reliability of results as there is a lower
probability that patients receiving a FE diagnosis and an
AED prescription do not suffer from epilepsy. Neverthe-
less, epilepsy misdiagnoses cannot be completely ex-
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cluded, especially as a growing percentage of prevalent
FE patients were found to receive no AED therapy in later
years. Additionally, because the definition of FE incidence
was based on a 6-months washout period, it cannot be
completely ruled out that some of the incident FE patients
already received their first FE diagnosis or first AED pre-
scription before that washout period.

Secondly, the definition of monotherapy, and of more
than one AED therapy was based on a yearly observation
of treatment patterns for both prevalent and incident FE
patients instead of drug-specific exposure periods. It was
assumed that monotherapy was present if only one AED
was prescribed throughout the observed respective year.
If patients received a monotherapy based on one agent,
but switched to a monotherapy with a follow-up AED
within one specific year, it was interpreted as therapy
with two AEDs. Although nearly 70% of the patients were
observed to receive monotherapy, these can be con-
sidered the minimum numbers, as the methodology may
underestimate those patients switching monotherapies.
This also applies for the percentage of patients receiving
a therapy with two AEDs versus three AEDSs, etc.

Conclusions

The study confirms that, in a real-world clinical setting in
Germany, most adult patients with FE receive an AED as
monotherapy. Novel AEDs are prescribed in less than 6%
of the patients and relatively late in the treatment course.
These results confirm the recommendations for adult
patients from the German Society for Epileptology
(Deutsche Gesellschaft fur Epileptologie, DGfE) who
suggest monotherapy options that do not include the
novel AEDs examined in this study.

Notes
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