pISSN 1738-6586 / elSSN 2005-5013 / J Clin Neurol 2022;18(2):179-193 / https://doi.org/10.3988/jcn.2022.18.2.179

L)
ST
Trends in Prescribing of Antiseizure Medications
in South Korea: Real-World Evidence for Treated
Patients With Epilepsy

Kyung Wook Kang?

Background and Purpose We investigated the trends in the prescribing of antiseizure
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medication (ASM) over a 9-year period, and provide real-world data regarding ASM prescrip-

Ju-Young Shin*“ tions of patients with epilepsy in South Korea.

Hye-Jin Moon* Methods This study used data in the Korean National Health Information Database for the
Seo-Young Lee" period from 2009 to 2017. We included 18 oral ASMs, which were classified into older and
*Departments of Neurology, newer ASMs based on them first becoming available on the market before or after 1991, respec-
Chonnam National University Hospital, tively. The annual trends in ASM prescriptions were plotted over the 9-year study period, and
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and sex over the study period. The monotherapy prescription trends differed depending on age
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INTRODUCTION

Epilepsy is a neurological disorder that affects approximately 50 million individuals of all
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Revised  December 17, 2021 ages worldwide.' Epilepsy accounted for over 13 million disease disability-adjusted life years
Accepted December 20, 2021 in 2016, and was responsible for 0.56% of the total global disease burden.* More than 5 mil-
lion new cases of epilepsy are diagnosed annually. The increasing size of the older adult pop-
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Similar findings were obtained in a recent South Korean epidemiological study that ad-
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dressed the inherent limitations of using administrative
health data by surveying medical records of a representative
sample.® The ever-increasing number of older adults means
that the burden of lifetime epilepsy in South Korea is likely
to increase substantially, similar to global trends.

Antiseizure medication (ASM) therapy is the current main-
stay of treatment for patients with epilepsy (PWE), although
other options such as surgery and nerve stimulation are also
available. In general, the prescribing of ASMs is recommend-
ed alongside careful clinical assessments based on relevant
guidelines.®” However, in real-world clinical settings, physi-
cians do not depend solely on evidence-based guidelines when
selecting ASMs for treating epilepsy since each guideline
might not encompass all factors that should be considered in
the clinical management of PWE. For example, patterns of
ASM prescription are affected by patient factors such as co-
morbid medical conditions, concurrent medications, and
financial constraints.”® Furthermore, discrepancies due to
differences in cultural beliefs, unavailability of ASMs, and
physicians’ approaches to their patients have not been con-
sidered in current guidelines.*"

The above-described situation indicates that pharmacoepi-
demiological studies are required to identify current patterns
of ASM usage in real-world clinical settings. This will pro-
vide descriptive information for including newer ASMs in
clinical practice and will help to inform clinical prescription
policies. Several researchers have recently explored the utili-
zation of ASMs in European countries including Germany,"
the United Kingdom (UK),"> Norway," and Italy."* However,
with the exception of several pediatric studies,”" reports on
ASM utilization based on large-scale data in Asia are lacking.'®

We have therefore performed a nationwide analysis of data
obtained in South Korea between 2009 and 2017, with the
following aims: 1) to identify the trends of ASM utilization in
PWE across the entire population during that period, 2) to de-
termine changes in ASM prescription patterns such as mono-
therapy or combination treatment with regard to age and sex,
and 3) to identify the preferred individual ASMs or combina-
tion ASM regimens in each year according to age and sex.

METHODS

Data sources

This study used nationwide data from the Korean National
Health Information Database (NHID) provided by the Ko-
rean National Health Insurance Service (NHIS). South Ko-
rea has a unique obligatory health security system that in-
corporates insurance funds and is managed by a central
organized system encompassing the entire population. Under
this framework, the government exerts control at the primary
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level on medical services provided by the private sector, with
the freedom to select service providers when those insured
by the NHIS pay an insurance contribution and receive medi-
cal services.””” The NHID comprises comprehensive big data
that include diagnostic codes according to the International
Classification of Diseases, Tenth Revision (ICD-10), laborato-
ry examinations, hospitalization, socioeconomic profiles, and
all prescriptions received by the entire South Korean popu-
lation.

We used the NHID to evaluate nationwide prescription
patterns and regimens of oral ASMs for PWE in South Korea
from 2009 to 2017. This study was approved by the institu-
tional review boards of Sungkyunkwan University (approval
number: 2018-06-006) and of the NHIS for Bioethics Policy
(NHIS-3208-1-342).

Study population and diagnostic codes

Anonymized PWE were identified using diagnostic codes and
ASM prescription data from the NHID during the study pe-
riod. PWE were categorized using the following ICD-10 di-
agnostic codes for epilepsy or seizures: G40 (epilepsy), G41
(status epilepticus), F803 (Landau-Kleffner syndrome), and
R56 (convulsion). The ASMs included carbamazepine (CBZ),
clobazam, ethosuximide, gabapentin (GBP), lamotrigine
(LTG), levetiracetam (LEV), oxcarbazepine (OXC), perampan-
el, phenobarbital (Pb), phenytoin (PHT), pregabalin (PGB),
primidone, stripentol, topiramate (TPM), vigabatrin, valpro-
ate (VPA), zonisamide, and rufinamide. We excluded clonaz-
epam from the analysis since this drug is also widely used to
treat nonepileptic diseases such as movement disorders or
psychiatric disorders. Patients who had at least two docu-
mented visits with diagnostic codes and had been prescribed
ASMs for 2180 days were considered PWE.

ASM classification

ASMs were classified as older or newer ASMs based on them
first becoming available on the market before or after 1991,
respectively."*' Among the 18 ASMs included in our analysis,
Pb, ethosuximide, PHT, VPA, CBZ, and primidone were clas-
sified as older ASMs, and the 12 remaining ASMs were classi-
fied as newer ASMs (i.e., vigabatrin, zonisamide, LTG, GBP,
TPM, OXC, LEV, PGB, clobazam, stripentol, rufinamide, and
perampanel).

Statistical analysis

Overall trends of individual ASM prescriptions and prescrip-
tion patterns according to age and sex were described for the
period from 2009 to 2017. Patients were classified into the
following three age groups to evaluate the effects of age on the
selection of prescription patterns and types of ASMs: 1) <20



years, 2) 20—59 years, and 3) 260 years. Each ASM duother-
apy group was defined according to two individual ASMs
contained; for example, a combination of VPA and CBZ would
simultaneously classified as VPA combinations and CBZ
combinations.

Changes in annual trends of ASM prescriptions in each age
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and sex group were assessed using a Poisson regression mod-
el. Values were expressed as average annual percentage chang-
es (AAPCs), which quantify the estimated yearly percentage
changes in prescription rates over a specified time interval.
Calculations were performed by exponentiating the coefhi-
cient of regression to obtain AAPC values. Data were ana-
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Fig. 1. ASM prescription patterns between 2009 and 2017 in South Korea. A: ASM prescription patterns according to prescribed number of ASMs.
Blue, orange, and green colored areas indicate the absolute numbers of patients receiving ASM monotherapy, ASM duotherapy, and polytherapy
with three or more ASMs, respectively. B, C: ASM prescription patterns according to age and sex groups. Asterisk indicates statistical significance
(p<0.05). B: Vertical line indicates the proportion of single-ASM prescriptions in patients relative to the total number of PWE according to age
group. C: Vertical line indicates the proportion of three or more ASMs being prescribed in patients relative to the total number of PWE according
to age group: 1) <20 years, 2) 20-59 years, and 3) >60 years. ASM, antiseizure medication; PWE, patients with epilepsy.
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lyzed using SPSS (version 26.0, IBM Corp., Armonk, NY, USA)
and SAS Enterprise Guide (version 7.1 for Windows; SAS In-
stitute, Cary, NC, USA). A p value<0.05 was considered sta-
tistically significant.

RESULTS

Changes in prescription patterns in PWE
The total number of patients who were prescribed ASMs in-
creased from 170,730 in 2009 to 249,878 in 2017. From 2009
to 2017, the absolute number of patients receiving ASM mono-
therapy increased (from 114,910 to 168,863), but the propor-
tion remained statistically constant at about 67% (from 67.31%
to 67.58%, p>0.05) (Fig. 1A). The proportion of PWE receiv-
ing ASM duotherapy decreased from 22.6% in 2009 to 21.4%
in 2017 (AAPC=-1.0%, p<0.001), while the proportion receiv-
ing polytherapy with three or more ASMs increased from
10.08% in 2009 to 10.99% in 2017 (AAPC=0.9%, p<0.001).
Among age groups, males in age group 2 showed an in-
creasing trend of ASM monotherapy prescriptions over time
(AAPC=0.2%, p=0.011), while the other groups showed either
a decreasing tendency or no significant changes (Fig. 1B). Age
group 3 showed the highest prescription rate for ASM mono-
therapy throughout the study period, but at the same time
showed a decreased proportion of ASM monotherapy over
time (females: AAPC=-0.3%, p=0.001; males: AAPC=-0.2%,
p=0.003). ASM monotherapy was more commonly prescribed
for females than males in age groups 2 and 3. The proportion
of PWE receiving polytherapy with three or more ASMs in-
creased significantly in all age and sex groups (Table 1). The
largest increase was observed in age group 3 (AAPC=5.76%,
p<0.001), with a tendency to increase for females, although
the prevalence was lower than that for males (Fig. 1C).

Prescriptions for individual ASMs in monotherapy

in PWE

Of all ASMs used in monotherapy, a steady increase in the
number and proportion of newer ASMs was noted over the
study period: from 39,308 in 2009 to 83,441 in 2017 (34.21%
and 49.41% of total ASM monotherapy use, respectively). The
nine ASMs prescribed most commonly as monotherapy in
2017 are listed in Table 2, among which LEV and PGB showed
a rapid increase in monotherapy prescription rates, and
VPA, CBZ, PHT, OXC, TPM, and GBP showed decreasing
trends. VPA was the most commonly prescribed ASM for both
males and females from 2009 to 2017, more commonly for
males than females in all age groups over the study period
(Fig. 2). The proportion of prescriptions involving VPA ex-
hibited different trends according to age group, showing sig-
nificant increasing trends in males of age group 1 (AAPC=
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Table 1. Annual trends in using three or more ASMs among PWE from 2009 to 2017 according to age and sex

AAPC,
O

Prevalence, n (%)
2010 2011 2012 2013 2014 2015 2016 2017

2009

Age group

Age group 1 (<20 years)

<0.001
<0.001

1.01
1.31
0.70

3,494 (14.34)

3,465 (14.08)
1,542 (14.30)
1,923 (13.91)

3,524 (13.90)
1,546 (13.91)
1,978 (13.89)

3,638 (14.00)
1,573 (13.86)
2,065 (14.10)

3,722 (14.12)
1,592 (13.89)
2,130 (14.29)

3,721 (14.05)
1,616 (14.03)
2,105 (14.07)

3,715 (13.94)
1,617 (14.02)
2,098 (13.88)

3,604 (13.37)
1,522 (13.07)
2,082 (13.60)

3,484 (12.89)

Total

1,561 (14.58)
1,933 (14.15)

1,481 (12.64)
2,003 (13.08)

Females

Males
Age group 2 (20-59 years)

0.023

<0.001
<0.001
<0.001

1.61
2.02
1.41

19,909 (14.46)
8,345 (14.42)
11,564 (14.48)

18,644 (14.42) 19,001 (14.34)

17,836 (14.00)
7,484 (13.85)

16,833 (13.65)
10,352 (14.11)

16,203 (13.72)

15,296 (13.45)

14,415 (13.10)
6,008 (12.75)
8,407 (13.37)

12,397 (12.52)

Total

7947 (14.25)
11,054 (14.41)

7,836 (14.37)

10,808 (14.46)

7,004 (13.43)
9,829 (13.82)

6,717 (13.47)
9,486 (13.90)

6,366 (13.16)

5,159 (12.16)
7,238 (12.80)

Females

Males
Age group 3 (>60 years)

8,930 (13.66)

<0.001
<0.001
<0.001

3,229 (4.37) 3,436 (4.27) 4,047 (4.61) 5.76
597
5.65

1,369 (3.91)

2,844 (4.07)
1,197 (3.62)
1,647 (4.46)

1,636 (3.07) 1,799 (3.29) 2,078 (3.55) 2,432 (3.81)

1,324 (2.96)

Total

1,723 (4.13)
2,324 (5.04)

1,471 (3.85)
1,965 (4.65)

1,014 (3.38)
1,418 (4.19)

861 (3.13)
1,217 (3.93)

759 (2.95)
1,040 (3.58)

634 (2.69)
902 (3.41)

542 (2.63)
782 (3.25)

Females
Males
Total population

1,860 (4.78)

<0.001
<0.001
<0.001

0.90
1.01
0.80

25397 (11.11) 25902 (10.91) 27,450 (10.99)

24,318 (10.89)
10,254 (10.42)

19,555 (10.45) 20,810 (10.66) 22,002 (10.83) 22,987 (10.77)
14,064 (11.26)

8,164 (9.91)

17,205 (10.08)
7,182 (9.60)

10,023 (10.45)
AAPC, average annual percentage change; ASMs, antiseizure medications; PWE, patients with epilepsy.

Total

11,629 (10.54)
15,821 (11.33)

10,960 (10.46)

10,751 (10.68)
14,646 (11.45)

9,610 (10.27)
13,377 (11.16)

9,194 (10.34)
12,808 (11.22)

8,742 (10.21)
12,068 (11.02)

Females
Males

14,942 (11.25)

11,391 (10.88)
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1.11, p<0.001) and 2 (AAPC=0.40, p<0.001) but not in other
groups. The largest decrease in the VPA prescription rate was
observed for males (AAPC=-1.59, p<0.001) and females
(AAPC=-1.09, p<0.001) in age group 3.

The second most commonly prescribed ASMs in all groups
were CBZ in 2009 and LEV in 2017 with the exception of
age group 1, for which OXC was the second most common-
ly prescribed ASM in both years (Table 2). The use of LEV, the
most frequently prescribed newer ASM in 2017, increased in
all age and sex groups. Age group 3 demonstrated the larg-
est increase in the LEV prescription rate from 2009 to 2017
(AAPC=41.62, p<0.001) and highest prescription proportion
for LEV among age groups in 2017. The prescription rate for
LTG was higher for females than for males throughout the
study period (Fig. 2) and showed an increasing trend over the
study period except in age group 1 (Table 2).

TPM was prescribed more often for females than for males
(Fig. 2). The TPM prescription rate for females in age group
2 remained the highest among age groups throughout the
study period, with a decreasing tendency in all age groups
over time (Table 2). The GBP prescription rate declined over
time for both males and females (Fig. 2) and was more com-
monly prescribed for both males and females in age group 3
(Table 2). Also, the PGB prescription rate exhibited the largest
increase in age group 3 over time (AAPC=11.29, p<0.001).

Duotherapy prescriptions in PWE

Fig. 3 presents the data on prescriptions for ASM duotherapy,
including the five most frequently used combinations yearly
from 2009 to 2017 in PWE. The most frequent combination

in 2009 was VPA/CBZ duotherapy (12.97% and 16.28% of
total duotherapy use in females and males, respectively) (Fig.
3D). In contrast to patients in other age groups, in the age
group 1, the most commonly prescribed combination for
both males and females was the VPA/LTG combination in
2009 (14.16% and 13.70% of total duotherapy use in females
and males, respectively), although this was the only age group
exhibiting a tendency for a decline in VPA/LTG duotherapy
use from 2009 to 2017 (females: AAPC=-3.54, p<0.001; males:
AAPC=-4.59, p<0.001) (Fig. 3A).

In 2017, the most frequent combinations of ASMs differed
between age groups. VPA/CBZ duotherapy was the most
frequently prescribed combination for the entire cohort. In
age group 1, the most frequently used combinations of ASMs
were LEV/OXC (12.29% of total duotherapy use) for females
and VPA/LEV (13.11% of total duotherapy use) for males
(Fig. 3A). VPA/CBZ duotherapy was the most frequently
prescribed combination for age group 2 (10.86% for females
and 15.52% for males) (Fig. 3B). Among age group 3, VPA/
LEV duotherapy was the most commonly prescribed combi-
nation for both males (11.34%) and females (9.02%) (Fig. 3C).

The prescription rates for all combined regimens of older
ASMs, such as VPA/CBZ, VPA/PHT, and Pb/PHT, gener-
ally declined over time for all age groups (Fig. 3). Substantial
decreases over time were observed in the utilization of com-
bination regimens that included older ASMs such as VPA,
CBZ, and PHT for all age groups (Table 3). The most com-
mon duotherapy regimens in 2017 included VPA, except for
females in age group 1. However, of VPA combinations, the
only proportion of VPA/LEV use increased steadily from

Antiseizure medicine as monotherapy in male group
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Fig. 2. Proportions of antiseizure medication monotherapy prescriptions between 2009 and 2017 in South Korea in (A) males, (B) females, and (C)
the total population. CBZ, carbamazepine; GBP, gabapentin; LEV, levetiracetam; LTG, lamotrigine; OXC, oxcarbazepine; Pb, phenobarbital; PGB, prega-

balin; PHT, phenytoin; TPM, topiramate; \VPA, valproate; ZNS, zonisamide.
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2009 to 2017 among all age groups. Prescription rates for duo-
therapy, including VPA, were higher for males than females in
all age groups throughout the 9-year study period.

In contrast, the prescription rates for newer ASM combina-
tions such as LEV/OXC and LEV/LTG in all age groups tend-
ed to increase over time (Fig. 3). Prescription rates for duother-
apy containing newer ASMs, such as LEV, LTG, and OXC,
increased significantly over time except for age group 1 (Ta-
ble 3). In particular, the prescription rates for LEV and OXC
combinations increased in all age groups from 2009 to 2017.
In 2017, LEV combinations constituted the first or second
most commonly prescribed duotherapy regimens.

DISCUSSION

This study analyzed changes in the trends of ASM prescrip-
tions over a 9-year period from 2009 to 2017 using real-
world data for South Korea. We observed distinct differences
in the trends of ASM utilization between sex and age groups.
An increasing trend in ASM prescriptions over time was re-
vealed in this study. As a previous study has also shown, this
finding may be due to the increasing incidence and preva-
lence of epilepsy in South Korea from 2009 to 2017 attribut-
able to improvements in the survival rates of elderly people
and patients with chronic central nervous system illness,
which is associated with a higher risk of developing epilep-
sy.”> Moreover, the treatment gap, which has been reported
to decrease over time in many countries, may also have con-
tributed to our results.”

However, the use of monotherapy in PWE in South Ko-
rea remained relatively stable compared with polytherapy
use comprising three or more ASMs. Our results are consis-
tent with previous reports on monotherapy use based on na-
tionwide data in other countries (46.6% in 2013 in Germany"
and 72.6% in 2008 in the UK"), which fell within the previous-
ly reported range according to national or regional pediatric
databases (58%—94%).">** The frequency of ASM monother-
apy prescriptions over the analysis period was the highest in
age group 3 in the present study (Fig. 1B). This may be due
to medical comorbidities and drug interactions with other
medications in this age group.” Another potential reason
for the highest frequency of monotherapy use and lowest fre-
quency of polytherapy use with three ASMs or more in this
age group is the prevalence of drug-resistant epilepsy (DRE)
being lower than those in other age groups.”*” The Interna-
tional League Against Epilepsy (ILAE) defines DRE as seizures
that cannot be controlled by at least two tolerated and ap-
propriate ASMs according to relevant schedules.”® Our ob-
servation of the prevalence of monotherapy use being highest
in age group 3 is at least partly explained by this definition. A
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retrospective analysis of data from a single tertiary referral
hospital revealed that the DRE prevalence increased from
20% in those aged 20-29 years to the highest value of 25.8%
in those aged 4049 years.* Similarly, in our study, age group
2 (20-59 years) exhibited the lowest frequency of monother-
apy use (Fig. 1B).

In our study, females preferred monotherapy more than
males from 2009 to 2017 in only age groups 2 and 3 (Fig. 1B).
This result could be at least partly attributed to hormonal
changes that occur during puberty. Despite inconsistencies
in previous reports, the risk of epilepsy is generally in males
than in females, whereas the prevalence of idiopathic gener-
alized epilepsy is higher in females.*'®*' Further work is re-
quired to elucidate the exact mechanisms underlying these
differences, although sex hormones probably play a role.”
Similarly, the preexisting seizure frequency in young females
may increase at menarche.”>*
cians to prescribe ASM polytherapy for controlling seizures
in adolescent females. Recent expert opinions recommend
avoiding VPA for young females with epilepsy; indeed, fe-

This may encourage physi-

males aged <20 years received the fewest VPA prescriptions
throughout the period analyzed in the present study (Table 2).
The avoidance of VPA may worsen the seizure outcomes of
patients with idiopathic generalized epilepsy” and promote
the use of combination ASMs in this group.

We noted patterns of an increasing prescription frequen-
cy for newer ASMs and a decreasing prescription frequency
for older ASMs in monotherapy over the study period, which
is similar to previous findings.'*'">'*" In particular, the lin-
ear trends of increasing and decreasing prescription frequen-
cies for LEV and CBZ, respectively, were similar in the two
sexes from 2009 to 2017 (Fig. 2 and Supplementary Fig. 1 in
the online-only Data Supplement). Nevertheless, the pro-
portion of VPA prescriptions (an older ASM) was the high-
est in monotherapy prescriptions and did not change signif-
icantly in either sex over time, although it was generally higher
in males than in females due to growing concerns about the
potential detrimental effects of VPA in female patients (Fig.
2 and Supplementary Fig. 1 in the online-only Data Supple-
ment).” These findings could be due to the high efficacy of
VPA in treating various seizure types.” Indeed, no other broad-
spectrum ASMs have proven as effective as VPA for treating
generalized seizures.™

Despite the superior effectiveness of VPA, caution is nec-
essary when prescribing this drug in specific groups, includ-
ing females of childbearing age and older adult patients.
Particularly for older adults, VPA use may reduce the bone
density and increase the occurrence of Parkinsonism.* In our
study, the frequency of VPA prescriptions for adults aged 260
years was lower than that for those aged 20-59 years, with



the largest decrease in the prescription frequency observed in
males aged 260 years (AAPC=-1.59, p<0.001) (Table 2).
Among age groups, LEV and LTG prescription frequencies
exhibited the largest increase in both sexes among adults aged
260 years, although the LTG prescription frequency in 2017
was lower than in other age groups. These findings are com-
parable to a recent report from a survey of 42 epileptologists
in South Korea evaluating preferences for ASMs among old-
er adults.”

LEV was the drug of choice for various seizure types in a
recent South Korean survey.® This is supported by the pro-
portion of LEV prescriptions exhibiting the largest increase
over time in all age groups in the present study, with LEV be-
ing the second most commonly used drug after VPA in pa-
tients aged >20 years in 2017. However, in age group 1 (<20
years), OXC was the second most commonly prescribed ASM
throughout the study period. The OXC prescription frequen-
cy increased significantly in both sexes. Nevertheless, the
National Institute for Health and Care Excellence guideline
recommends CBZ or LTG as first-line treatment for partial-
onset seizures, and VPA or LTG as first-line treatment for
generalized tonic—clonic seizures in children with epilepsy.”’
Our finding that OXC was preferred over LEV and LTG for
children and adolescents is similar to previous reports from
South Korea and China.*">'® In contrast, previous studies from
Western countries have produced opposing findings.”**** In
a retrospective cohort analysis based on the UK Clinical Prac-
tice Research Datalink, the frequency of LEV and LTG pre-
scriptions was higher than that of OXC up to the third ASM
attempts in children aged <16 years. A meta-analysis of the
global ASM utilization frequency in children revealed that
LTG was the most frequently prescribed newer ASM in Eu-
rope.** Multiple factors including clinical characteristics and
race may underlie the discrepancies between the findings of
Asian and European studies. LTG, which is used to treat pedi-
atric patients in other countries,”** may result in adverse skin
reactions, as found in a retrospective analysis of the Korea In-
stitute of Drug Safety and Risk Management-Korea Adverse
Event Reporting System database between 2008 and 2017.%

OXC s a causative ASM of drug eruptions, although the pro-
portion of severe adverse skin reactions was found to be more
than twofold lower than for LTG.” OXC is the only ASM with
Class I evidence for initial monotherapy in children with par-
tial-onset seizures according to the ILAE guidelines,® and is
not subject to age restrictions in South Korea. Additionally,
OXC is available in various forms including as an oral solu-
tion, and has been approved by the Ministry of Korean Food
and Drug Safety for monotherapy in children with epilepsy
aged >4 years for longer than has LEV.

While this is evidence for the efficacy of TPM in adults
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with partial-onset seizures® and for its additional beneficial
effects on migraine and obesity, this drug exhibited the largest
decrease among newer ASMs in our study (AAPC=-6.29,
p<0.001) (Table 2). Especially, both age groups 1 and 3—in
which cognitive performance is a particularly important con-
sideration when choosing ASM—showed a prominent de-
creasing trend (AAPC<-7%, p<0.001). We speculated that
the adverse cognitive effects of TPM resulted in the decreas-
ing prescription rate in South Korea during the study period,
which is supported by a recent study using functional MRI
finding decreased activations in cognitive frontal and pari-
etal lobe networks in patients taking TPM.*

From 2009 to 2017, prescriptions for duotherapy regimens
differed according to age and sex, although a decreasing
frequency of older ASM prescriptions and increasing fre-
quency of newer ASM prescriptions were confirmed in all
groups. The decrease in the prescription frequency of regi-
mens including VPA and CBZ was the largest in age group
1 (Table 3). The order of ASM combination frequencies in
children aged <20 years in 2017 was consistent with that found
in a study of Chinese children from 2013 to 2018: the most fre-
quently used combination was LEV/OXC, followed by LEV/
VPA and LTG/VPA." The higher prescription frequencies
of OXC in monotherapy and duotherapy regimens, includ-
ing LEV, in this age group may have affected the composition
of selected duotherapy (Fig. 3).

Despite the lack of guidelines for polytherapy, practical
strategies for this have been proposed.”* For example, the
probability of eliciting synergistic effects might be higher for
combinations of ASMs with different mechanisms of action,
with LEV/OXC and VPA/LTG being notable examples.” Newer
ASMs that operate via multiple mechanisms may also be suit-
able for rational polytherapy.

We also found that the increased convenience of prescrib-
ing polytherapy using newer ASMs seems to have led to an
increase in the prevalence of polytherapy with three or more
ASMs to control DRE. A longitudinal cohort study found
that the overall seizure-freedom rate remained constant over
a 30-year period, but the proportion of patients that achieved
seizure freedom on ASM polytherapy progressively increased
from the baseline of 3.0% to 6.4% at the first follow-up and
8.4% at the second follow-up.**** Furthermore, an Italian mul-
ticenter study conducted in the era of newer ASMs showed
that the burden of adverse events is likely to be related more
to individual responsiveness, type of ASM combination cho-
sen, and physical treatment skills than to the number of copre-
scribed ASMs or the ASM load.** Our results reflect the new
approach to patients with DRE in the era of newer ASMs.

This study had some limitations. First, we did not analyze
information on epilepsy classification and severity due to the
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inherent limitations of the NHID, and so we were unable to
identify changes in the ASM prescription patterns according
to epilepsy type. Second, misclassification bias may exist when
identifying PWE in the NHID.* For example, the diagnostic
codes used to define epilepsy in our study may also have been
entered for some patients without epilepsy in order to receive
reimbursement. However, given epilepsy-related stigma, we
believe that the number of such false registrations was neg-
ligible.

This was the first epidemiological study of the changes in
prescription trends for ASM monotherapy and duotherapy
in South Korea based on nationwide real-world evidence
from 2009 to 2017. Over the 9-year study period there were
major changes in treatment patterns, including an increased
frequencies of newer ASM prescriptions for both monother-
apy and duotherapy and of polytherapy with three or more
ASMs. Further studies relevant to the domestic circumstances
in South Korea should investigate the trends in ASM pre-
scriptions over time for specific types of epilepsy.
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