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Accepted: May 26, 2020 Lennox-Gastaut syndrome (LGS), especially in those who concomitantly used other sodium chan-
nel blockers (SCBs).

Methods: We retrospectively reviewed the medical records of adolescents with LGS who initiated
lacosamide from ages 16 to 18. The efficacy of lacosamide was evaluated by seizure frequency
before and after lacosamide trial. Safety was assessed by lacosamide-related adverse events,
consequent dosage titration, and titration effects. We compared the efficacy and safety of lacos-
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Conclusion: Lacosamide is an effective and tolerable antiepileptic drug in adolescents with LGS.
Concomitant SCB use may lead to less effective treatment and more adverse events.

Se Hee Kim, MD

Department of Pediatrics,
Severance Children's Hospital,
Epilepsy Research Institute, Yonsei
University College of Medicine,
50-1 Yonsei-ro, Seodaemun-gu,

Seoul 03722, Korea
Tel: +82-2-2228-2050 Keywords: Lacosamide; Lennox Gastaut syndrome; Epilepsy; Sodium channel blockers

Fax: +82-2-393-9118
E-mail: seheekim@yuhs.ac

Introduction

Lennox-Gastaut syndrome (LGS) is a type of epileptic encephalopathy with childhood onset. It is
characterized by drug-resistant seizures with multiple seizure types, delayed development, and charac-

teristic electroencephalography (EEG) patterns of generalized slow spike-wave discharges or general-
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ized paroxysmal fast activities. About 1% to 2% of epilepsy patients are
diagnosed with LGS [1]. Seizures are often resistant to diverse medi-
cations and adjuvant therapies such as ketogenic diet, corpus callosot-
omy, resective surgery, or vagus nerve stimulation (VNS) [2].
Lacosamide (LCM) is an antiepileptic drug (AED) which aug-
ments slow inactivation of voltage-gated sodium channels and sta-
bilizes neuronal membrane [3]. The medication was initially ap-
proved for treatment of focal (partial-onset) epilepsy for patients
over 16 years (Europe, Korea) or 17 years old (United States). The
novel mechanism of LCM led to research on efficacy of LCM for
seizure control in patients with focal epilepsy and drug-resistant
epilepsy, including pediatric patients. Several research centers in-
vestigated possible interaction between LCM and other AEDs
with sodium channel blocking properties, showing mixed results.
Since the United States Food and Drug Administration (US-
FDA) approved of pediatric LCM use recently in 2017, there are
limited data on treatment of LCM on LGS patients. We aimed to
assess the efficacy and safety of LCM on Korean adolescent LGS
population in a single tertiary center. Because most LGS patients
are on multiple AEDs including sodium channel blockers (SCBs),
we also sought to assess the effect of LCM and concomitant use of

other SCBs.

Materials and Methods

We performed a retrospective study of 26 patients who were diag-
nosed with LGS and started LCM as adjuvant antiepileptic medi-
cation at a single tertiary referral center between March 2014 and
June 2019. We initially reviewed medical records of 53 adolescents
who were diagnosed with LGS a tried LCM. Among them, we fil-
tered 36 patients who started LCM from age 16 to 18. We exclud-
ed four patients who maintained LCM for less than 3 months, one
patient who had tuberectomy at 2 months after LCM add-on,
which may blur the effect of LCM, and five patients who had in-
complete information on seizure frequency before or after LCM
use, leaving 26 patients who maintained LCM and visited the clinic
for at least 3 months after LCM add-on. Review of medical records
was done from September 2019 to December 2019.

Patients were diagnosed with LGS by clinical symptoms and
EEG. They had intellectual disability and drug-resistant epilepsy
with multiple semiology. EEG at initial diagnosis showed patterns
of slow and disorganized background with multifocal sharp wave
discharges, generalized slow spike wave discharges and/or general-
ized paroxysmal fast activities [ 1].

For etiologic evaluation, all patients had gone through brain
magnetic resonance imaging (MRI). If there was no clinical history
of possible acquired etiology, targeted gene panel for epilepsy com-
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prising 172 genes related to epilepsy had been tested.

Other clinical history included age, sex, seizure semiology, fre-
quency and intensity, and previous treatment before LCM initia-
tion. Adjuvant treatment comprised of ketogenic diet, VNS, or epi-
leptic surgeries including corpus callosotomy, disconnection, or re-
section of possible lesion. We noted concomitant AEDs including
other SCBs.

Patients had started LCM from daily dosage of 1.5 to 4 mg/kg
divided in two doses. Dosage had been titrated up to 12.5 mg/kg/
day at most, not exceeding 600 mg/day. All patients visited the
clinic over 6 months after LCM add-on. Every 3 to 6 months, we
checked seizure frequency, intensity and drug-related adverse
events. We defined responders’ as patients whose seizure frequen-
cy decreased more than 50% of baseline after taking LCM for 3
months. If adverse events related to LCM were not negligible, slow
titration, transient tapering, or transient discontinuation was done.
After symptoms subsided, dosage was gradually resumed.

Statistic evaluation was done with chi-square tests, exact Fisher’s
tests, and Mann-Whitney U tests using SPSS version 23.0 (IBM
Co., Armonk, NY, USA). This study was approved by Institutional
Review Board (IRB) in Severance hospital, Seoul, Korea (IRB pro-
tocol number 4-2020-0292). Written informed consent by the pa-

tients was waived due to a retrospective nature of our study.

Results

Our study included 26 adolescents diagnosed with LGS (Table 1).
Among them, 17 patients were male (65%). Patients had seizure
onset at median 2.0 years of age (interquartile range [IQR], 0.7 to
4.3). Most common etiology was congenital structural, found in
seven patients (27%) with focal cortical dysplasia, heterotopia, and
pachygyria (Table 1). Six patients (23%) had acquired structural
etiology of periventricular leukomalacia, traumatic brain injury, in-
jury after chemotherapy and radiotherapy, and hypoxic injury after
a major operation. Six patients had infectious etiology (23%)
which presented as encephalitis, bacterial meningitis and neonatal
sepsis. One patient (4%) had genetic etiology of ZEB2 gene muta-
tion. The remaining six patients (23%) had no etiology found after
extensive work-up.

Patients added LCM at median 17.1 years of age (Tables 1 and
2). At LCM initiation, patients were on median four antiepileptic
medications (IQR, 3 to 4). A majority of 23 patients (88%) tried
adjunctive therapies. Among them, 18 patients (69%) had tried
ketogenic diet or modified Atkins’ diet. While 16 patients had
stopped dietary therapies mostly due to lack of seizure control,
poor compliance, or onset of systemic or gastrointestinal disease,
two patients were still on modified Atkins’ diet at the time of LCM
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Table 1. Baseline demographics in adolescents with Lennox-Gastaut syndrome (n=26), and comparison between lacosamide responders and
non-responders: onset, etiology, treatment history, and lacosamide treatment

Characteristic Seizure control 50%-99% (n=11) Seizure control <50% (n=15) Total (n=26) P value
Male/female (ratio) 74 (64:36) 10/5 (67:33) 17/9 (65:35) 1.000
Age of seizure onset (yr) 2.0(0.5-3.0) 3.0 (0.7-7.0) 2.0(0.7-4.3) 0.526
Etiology (n/subgroup)
Structural (congenital) 2/11 (18) 5/15 (33) 7(27) 0.658
Structural (acquired) 2/11 (18) 4/15 (27) 6(23) 1.000
Genetic 1/11 (9) 0/15(0) 1(4) 0.423
Infection 4/11 (36) 2/15(13) 6(23) 0.348
Unknown 2/11 (18) 4/15 (27) 6(23) 1.000
Seizure type
Focal only 2/11 (18) 7/15 (47) 9 (35) 0.217
Generalized 3/11 (27) 5/15 (33) 8 (31) 0.658
Focal and generalized 6/11 (55) 3/15 (20) 9(35) 0.103
Concomitant AEDs 4 (3-5) 4(3-4) 4(3-4) 0.797
Previous dietary, neuromodulatory, 10/11 (91) 13/15 (87) 23 (88) 1.000
or surgical treatment (n/subgroup)
Prior KD 7/11 (63) 11/15 (73) 18 (69) 0.683
Prior VNS 3/11 (27) 7/15 (47) 10 (38) 0.428
Prior epileptic surgery 5/11 (45) 7/15 (47) 12 (46) 0.951
Age at LCM initiation (yr) 17.1 (16.7-17.6) 17.3(16.6-17.9) 17.1(16.7-17.9)  0.51
Maximum LCM dose (mg/kg/day) 8.0 (6.9-10.0) 7.8 (6.5-9.8) 8.1(6.8-9.8) 0.701
Duration of LCM (mo) 21.0 (12.0-30.0) 11.0 (7.0-15.0) 13.5(7.8-22.5) 0.026
LCM discontinuation 0 7 (47) 7(27) 0.010
Concomitant SCB(s) 6 (55) 10 (67) 16 (62) 0.689

Values are presented as median (interquartile range) or number (%).

AED, antiepileptic drug; KD, ketogenic diet; VNS, vagus nerve stimulation; LCM, lacosamide; SCB, sodium channel blocker.

add-on. Also, 10 patients (38%) had VNS, and 12 patients (46%)
went through epileptic surgeries including corpus callosotomy,
disconnection or resection.

Patients were on LCM for median 13.5 months (IQR, 7.8 to
22.5). After dosage titration, patients’ maximum dose was median
8.1 mg/kg/day (IQR, 6.8 to 9.8). Among 26 patients, 22 patients
(85%) continued LCM over 6 months. Eleven patients (42%) had
seizures decreased over 50% after LCM (Fig. 1). There was no case
of seizure freedom.

Among 15 non-responders, eight patients maintained LCM un-
til last visit, for median 15 months (IQR, 11.5 to 21.5). Seven pa-
tients withdrew LCM after median 7 months (IQR, 3 to 9) of
LCM administration because of poor seizure control, including
one patient who had more frequent seizures after LCM add-on.
The patient with worsening seizures was a 17-year-old boy who
was born at term without perinatal history. He had delayed speech
onset at 3 years old, could not walk independently, and started
head drop seizures at 11 years old. Brain MRI showed mild en-
largement of the ventricles with white matter thinning, suggestive
of periventricular leukomalacia. EEG at 17 years of age showed
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generalized slow spike-waves, and he started LCM while taking
topiramate and levetiracetam. He had average 10 head drop sei-
zures noted every week at time of LCM add-on, but after 3 months,
he had over 20 weekly seizures.

There was no statistical difference in the previous treatment his-
tory and LCM treatment profile between the responders and
non-responders (Table 1). Both groups of 11 responders and 15
non-responders to LCM had early onset of seizures, the respond-
ers at median age 2.0 years old (IQR, 0.5 to 3.0) and non-respond-
ers at age 3.0 years old (IQR, 0.7 to 7.0). Both groups started LCM
at median age 17.1 years old and were on median four antiepileptic
medications including valproate, clobazam, perampanel, and/or
SCBs such as lamotrigine, carbamazepine or oxcarbazepine at
LCM initiation. Most commonly used AEDs were valproate and
lamotrigine (each 14 patients, $4%), followed by clobazam (10 pa-
tients, 38%).

Higher ratio of non-responders had tried adjunctive therapies
compared to responders. Eleven out of 15 non-responders (73%)
had tried ketogenic diet compared to seven out of 11 responders
(64%). Seven of 15 non-responders (47%) had VNS insertion
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Table 2. Effects of other sodium-channel blockers in the treatment of seizures with lacosamide and lacosamide-related adverse events

Variable SCB (+) SCB (-) P value
Patients 16 (62) 10 (38) -
Responders/subgroup 6/16 (38) 5/10 (50) 0.689
LCM-related AEs (n/subgroup) 5/16 (31) 1/10 (10) 0.352
LCM transiently decreased or discontinued after AE 1 1 1.000
LCM decreased or discontinued for the rest of the study after AE 2 0 0.508
Clinical manifestation of LCM-associated AEs
Hyperactivity, inattention 1 1° 1.000
Somnolence 1° 0 1.000
Ataxia 1 0 1.000
Emesis 2 (1) 0 0.508

Values are presented as number (%).
SCB, sodium channel blocker; LCM, lacosamide; AE, adverse event.

“Transient LCM reduction or discontinuation after onset of the adverse event; "LCM reduction or discontinuation for the rest of the study period after onset

of the adverse event.
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Fig. 1. Patients' response to lacosamide (LCM) based on LCM
dosage per body weight. After dosage titration, patients'
maximum dose ranged from 2.6 to 12.5 mg/kg/day (median,
8.1 [interquartile range, 6.8 to 9.8 mg/kg/day]). There was no
significant difference in dosage per body weight.

compared to three of 11 responders (27%). Half of the patients in
both groups had gone through epileptic surgeries before LCM trial
(five of 11 responders [45%] and seven of 15 non-responders
[47%], respectively). Responders had median maximum-LCM-to-
body-weight ratio of 8.0 mg/kg/day (IQR, 6.9 to 10.0) and non-re-
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Fig. 2. Patients' response to lacosamide based on etiology. There
was no statistically significant difference in the response or
withdrawal rate according to etiology.

sponders had median ratio of 7.8 kg/mg/day (IQR,6.5t09.8).
There was no statistically significant difference in efficacy of
LCM among all etiologic categories (Table 1, Fig. 2). The patient
with ZEB2 gene mutation responded to LCM. Among six patients
with infectious causes, four patients responded to LCM. One-third
of the patients responded to LCM in the groups with congenital
structural, acquired structural, and unknown origin (two patients
each). On the other hand, three out of seven patients with congeni-
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tal structural lesions withdrew from LCM due to poor seizure con-
trol. Two out of six patients with acquired structural lesions, one
patient with infectious etiology and one patient with unknown eti-
ology also stopped LCM because oflittle effect.

Among 11 responders, six patients (55%) were on other SCBs
such as lamotrigine, carbamazepine, or oxcarbazepine at the time
of LCM add-on. On the other hand, 10 out of 15 non-responders
(66%) were on SCBs. There was no patient with phenytoin during
LCM trial.

LCM-related adverse events were noted in six patients (23%)
(Table 2). There were two cases of behavioral changes such as hy-
peractivity and inattention, and two cases of emesis. Other two
cases were somnolence and ataxia. Two patients required transient
decrease or discontinuation of LCM, but resumed the dosage after
symptoms subsided. Two non-responders, one with somnolence
and another with ataxia, reduced LCM for the rest of the study pe-
riod. No patient discontinued LCM solely because of adverse
events.

There were five cases of adverse events in 16 patients with con-
comitant SCBs (27%) (Table 2). In the two cases of somnolence
and ataxia, LCM was decreased for the rest of the study period.
Also, in another case of emesis, LCM was transiently discontinued.
In 10 patients without concomitant SCBs, there was only one case
of adverse event (18%). The patient had emesis, and had transient
reduction of LCM. The results were statistically insignificant.

Discussion

Since the US-FDA and European Commission (EC) approved of
LCM in 2008 for treatment of epilepsy in patients 16 years (EC)
or 17 years (US-FDA) older [3], previous studies on LCM report-
ed its efficacy and safety on focal epilepsy or drug-resistant epilepsy
mainly in adults. However, due to the medication’s unprecedented
mechanism of sodium-channel blocking effect by enhancing slow
activation of voltage-gated sodium channels, pediatric neurologists
cautiously scrutinized its effects on drug-resistant epilepsy [4-6].
Guilhoto et al. [4] reviewed LCM treatment in 16 pediatric pa-
tients and found six responders (37.5%) with four cases (25%) of
non-severe adverse events which prompted the discontinuation of
LCM. Grosso et al. [6] performed a prospective multi-center study
of LCM use in 24 pediatric patients with focal epilepsy under age 4
and found 10 responders after 3 months of LCM (42%), including
four patients who became seizure free (17%). After 12 months,
four patients (22%) were still responding to LCM. Adverse effects
were non-severe and found in eight patients (33%) [6]. In light of
accumulating reports on pediatric population, in 2017, the US-
FDA allowed of extrapolating oral LCM use for treatment of focal
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epilepsy on pediatric population aged 4 and older [ 7].

Since LGS has onset age at childhood, there were scarce studies
on LGS before the recent FDA allowance of LCM. Rastogi and Ng
[5] prospectively studied efficacy of LCM on 16 pediatric patients,
including those with diagnosis of LGS. Among the four LGS pa-
tients, two patients had seizures decreased over 90%, and two pa-
tients had no effect [S]. Andrade-Machado et al. [8] reported a
case of 20-year-old LGS patient who had seizures and EEG pat-
terns worsened after LCM usage and returned to baseline after its
discontinuation. Grosso et al. [9] suggested possible efficacy of
LCM on a multi-center retrospective study of 18 children with
LGS, of whom six patients (33%) responded to LCM. Miskin et al.
[10] reported efficacy of LCM on 21 pediatric patients with
drug-resistant generalized epilepsy, eight of whom had LGS, and
seven of the eight patients (87.5%) responded to LCM.

Our study includes 26 patients with LGS, the largest cohort of
adolescents with LGS who tried LCM. In our cohort, 11 of 26 pa-
tients (42%) responded to LCM, which is comparable to above
previous reports of variable drug response in LGS which ranged
from 33% to 88% [5,9,10]. There was no case of seizure freedom,
which is consistent with the three studies. Adverse effects were
noted on six patients (25%), which were not severe. This result is
less than previous report of non-severe adverse events of 44% in
LGS [9], and results of other pediatric studies, which ranged from
29% [10] to 51% [11].

Whether LCM and SCBs work synergistically or additively re-
mains unknown. The fact that LCM enhances slow inactivation of
voltage-gated sodium channels, while other SCBs act on fast inacti-
vation [12] suggest that these drugs may work synergistically.
However, previous studies have been controversial, and some were
against the concomitant use of SCBs and LCM. A study on 158
epilepsy patients with mean age of 42.1 years demonstrated higher
efficacy and lower adverse events in patients without concomitant
SCBs compared to patients with concomitant SCBs [13]. A more
recent study evaluated LCM retention rates in 223 pediatric
drug-resistant epilepsy patients, and found that LCM treatment
failure was correlated with concomitant treatment of SCBs [14].
On the other hand, one study noted that among 21 pediatric pa-
tients with focal epilepsy treated with LCM, there was no signifi-
cant difference in efficacy or adverse effects between those with si-
multaneous use of SCBs and others without SCBs [ 15].

Although statistically insignificant, the results of our study sug-
gest possible interaction of LCM with concomitant SCBs. More
patients without concomitant SCBs responded to LCM (six out of
11, 55%) compared to patients with concomitant SCBs (five out of
15, 33%). Patients without other SCBs also had lower percentage
of adverse effects (1 of 10, 10%) compared to those with other
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SCBs (five of 16, 31%). Also, more patients with concomitant
SCBs had adverse events requiring LCM decrease during the rest
of study period (two cases), or transient discontinuation of LCM
(one case), compared to only one case in non-SCB group present-
ing emesis who had transient reduction of LCM.

The mechanisms of the possible interaction between LCM and
other SCBs are under investigation. The report that plasma con-
centrations of lamotrigine and oxcarbazepine were not affected by
concomitant LCM use suggest that effects of LCM on these drug
concentrations is minimal [ 16]. Another report indicates a low po-
tential for pharmacokinetic drug-drug interaction between LCM
and carbamazepine [17]. Novy et al. [ 18] suggested there may be
pharmacodynamic interaction between LCM and SCBs, as the
AED levels do not change during the intolerable adverse events.
Further studies would give more precise guideline on prescription
of LCM and other SCBs.

Our study adds to rare studies specifying LCM use in pediatric
LGS population. Because patients with drug-resistant epilepsy are
on hardship of taking multiple AEDs usually twice a day, our infor-
mation on concomitant SCB use may prevent some patients from
excessive periods of inefficacy and intolerability by LCM and con-
comitant SCBs. However, our data is based on retrospective chart
review, so some of the medical records may not contain informa-
tion on efficacy or adverse effects of LCM. We could include a
small number of 26 patients due to low prevalence of LGS in ado-
lescents and short period of LCM use in pediatric patients, and a
larger cohort may enable a statistically significant evaluation. We
evaluated patient response at 3 months of LCM use, but since pa-
tients with drug-resistant epilepsy take AEDs for years, more infor-
mation on long-term use could give pragmatic clinical information.
Although our patients took oral tablets of LCM which were the
only option in Korean market during the study period, further
studies on intravenous LCM use in pediatric patients may help
them in cases when they cannot tolerate oral medications or when
they need fast activation of the medication.

In conclusion, LCM is an effective and tolerable medication for
seizure control in adolescents with LGS. Concomitant use of SCBs
could lead to decreased effect or increased adverse events of LCM.
Further studies on LCM in pediatric population could enhance
proper treatment with LCM in LGS patients.
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