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Objective: To evaluate the efficacy and safety of lacosamide (LCM) monotherapy in the treatment of self-limited epilepsy with
centrotemporal spikes (SeLECTS).

Methods: In this study, 89 children with SeLECTS who were treated with LCM monotherapy in the Children’s Hospital Affiliated to
Soochow University from June 2019 to June 2021 were included. Clinical seizures and spike wave index (SWI) on video EEG during
slow-wave sleep were evaluated before and after treatment. The role of LCM monotherapy in improving SWI, controlling clinical
seizures and improving cognition was analyzed, and corresponding adverse reactions were documented.

Results: There were 52 males and 37 females in this group, with an average age of 7.6 + 2.1 years. The total effective rate was
93.83% and at 18 months of treatment, the cumulative control rate was 85.19%, the retention rate was 91.01% and the effective rate in
terms of EEG spike index was 72.92%, all of which showed a high rate; there was no statistically significant difference in intelligence
quotient before and after treatment (P > 0.05). In addition, it was found in the study that the earlier the age of onset, the less obvious
the improvement in SWI after LCM treatment; the lower the baseline seizure frequency, the more significant the improvement in SWI
after LCM treatment.

Conclusion: LCM monotherapy had curative effect and adverse reactions for SeLECTS, with no negative impact on cognition. These
significant findings indicate that LCM is likely to become a widely prescribed ASM for the treatment of SeLECTS. Meanwhile, the
onset age and baseline seizure frequency had certain value in judging prognosis and predicting curative effect.
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Introduction
Epilepsy is a common neurological disorder in children and adolescents, and about three-quarters of patients with
epilepsy have onset in childhood, with a prevalence of about 0.3% to 0.9%, of which self-limited epilepsy with
centrotemporal spikes (SeLECTS) is the most common focal epilepsy for children.! The typical interictal EEG pattern
is a high-amplitude spike or sharp wave with a prominent following slow wave appearing singly or in groups most
commonly located at the midtemporal and central region. Epileptic discharges on EEG increased significantly after
children with SeLECTS fell asleep. In a few children, spike and wave index (SWI) can reach 50% or even more than
80% during non-rapid eye movement sleep (NREM) period.” Currently, there are a variety of antiseizure medications
(ASMs) that can treat SeLECTS,” but there is no consensus on which ASM to use for this epilepsy. However, several
studies have investigated various ASMs in the treatment of SeLECTS, such as Levetiracetam and oxcarbazepine, which
are suggested to be effective and well-tolerated drugs.* But 25% to 30% of pediatric patients still have poor response to
medical treatment, incomplete control of seizures, and even develop into drug-refractory epilepsy.’

In addition, some studies® ® have shown that children with SeLECTS have a certain degree of cognitive impairment.
Several studies have investigated the impact of treatment in cognitive profile, such as levetiracetam, which is suggested
a nonworsening of the cognitive profile, on the contrary, cognitive scores also improved over time.” To protect the
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learning ability of school-age child, it is particularly important to get timely and effective treatment and choose drugs that
have no negative effects on cognition.

LCM is a third-generation antiseizure medication that was available clinically in 2008. LCM has a novel mechanism
of action and anticonvulsant effects by selectively acting on the slow voltage-gated sodium channel inactivation. Unlike
conventional sodium channel blockers, LCM does not affect fast inactivation.'®!" A large number of clinical studies have
confirmed that LCM has good seizure control efficacy with less side effects in patients with epilepsy as adjunctive
therapy or monotherapy. Based on the findings of three randomized controlled trials, LCM was initially approved as an
adjunctive therapy for partial-onset (focal) seizures, whether with or without secondary generalization.'®'* The further
open-label extensions showed that LCM had a sustained efficacy and good long-term safety.'* The efficacy and safety of
lacosamide in treatment in patients with epilepsy is confirmed by a recent study conducted in Italy, that compared four
third-generation ASM (lacosamide, brivaracetam, perampanel and eslicarbazepine) in a real-life setting.'> A retrospective
study of 18 pediatric patients with SeLECTS in Japan showed that LCM monotherapy may be considered as a first-line
drug for pediatric patients with possible SeLECTS. The drug showed meaningful efficacy with >80% of the children
achieving seizure freedom finally and no severe adverse effects during the study period. However, limitations of the
study'® include its relatively small sample size and lack of insight into cognition and EEG.

In China, the drug was approved by national medical products administration (NMPA) in 2018 for the adjunctive
treatment of focal seizures in patients aged 4 years and order with epilepsy, and in 2021 for monotherapy indications in
the same population. Although a number of studies have reported LCM monotherapy for epilepsy in Western countries,
there is insufficient clinical experience and limited date in using LCM monotherapy in Chinese patients. Recently, Zhao
et al found that LCM therapy is effective and safe for Uighur children with epilepsy in China, leading to a decrease in the
seizure frequency.'” Another retrospective study from Children’s Hospital of Nanjing Medical University also found that
LCM treatment used alone or with other ASMs in children with focal epilepsy can reduce the seizure frequency with
mild adverse reactions reported. Based on the result, the reference range, ie, 2.0-7.0png/mL is recommended for routine
LCM monitoring in Chinese children with epilepsy.'® However, the clinical efficacy and safety of LCM monotherapy for
SeLECTS in China have not been reported. Clinical studies with larger sample sizes are also needed to further confirm
the effect of LCM for children with SeLECTS.

Based on the above, this study aimed to evaluate the efficacy and safety of LCM in Chinese children with SeLECTS
and compare the changes of cognition and EEG during treatment.

Materials and Methods

This research was conducted in Children’s Hospital Affiliated to Soochow University. The protocol of this study was
approved by the Ethics Committee of Children’s Hospital Affiliated to Soochow University, and it was conducted
according to the Declaration of Helsinki.

Participants
This is a single-center retrospective study involving pediatric patients with SeLECTS treated with LCM monotherapy
from 2019 to 2022 at Children’s Hospital Affiliated to Soochow University. All children diagnosed with SeLECTS were
screened according to inclusion and exclusion criteria (Figure 1). The patient inclusion criteria were as follows: (i) The
age range is from 4 to 14 years old; (ii) Experience typical seizures, which are closely related to sleep and appear as focal
seizures, some of which may be followed by generalised seizures.; (iii) Frequent epileptic seizures, with one persistent
state of epilepsy or more than two focal seizures in the past six months; (iv) Long-range video-EEGs show normal
interictal background activity, spikes, sharp waves or their complex waves can be seen in the central and temporal
regions, and abnormal waves during sleep are significantly increased, in line with the EEGs characteristics of SeLECTS;
(v) Psychomotor development, neurological and neuroimaging examinations are all normal.

The exclusion criteria were as follows: (i) Patients without seizures or with treatable causes, such as intracranial mass
lesions or poisoning; (ii) Patients with atrioventricular block in ECGs; (iii) Allergic constitution; (iv) Patients with other
serious diseases affecting efficacy or safety evaluation; (v) Except for atypical evolution of SeLECTS; (vi) Those who do
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Patients with SeLECTS received the Lacosamide
Treatment in the Department of Neurology.
Children's Hospital Affiliated to Soochow University
From 2019-06 t0 2021-06.

(n=157)
Patients received Lacosamide
monotherapy, and except for atypical
v evolution of SeLECTS (n=116).

Obtain informed consent from
the patient's guardian and
cooperate with follow up.

(n=97)

Patients were excluded (n=8).

Reasons:

P . Lack of key research data (n=4).

. The timing of seizures cannot be accurately
recorded (n=2).

Patients with SeLECTS . The presence of other systemic diseases (n=2).
received the monotherapy
Lacosamide
(n=89)

'

. Patients with focal seizures (n=36)

. Patients with focal seizures generalized to generalized
seizuress (n=28)

. Patients with generalized tonic-clonic seizures when
their parents discover (n=25).

Figure | Number of patients who were eligible for this study.

not meet the above inclusion criteria. The study was reviewed and approved by the Medical Ethics Committee of
Children’s Hospital of Soochow University and informed consent was obtained from the children’s guardian.

Treatment Protocol

All patients included in this study were newly diagnosed with SeLECTS and received LCM monotherapy. The initial
dose of LCM was 2 mg/(kg-d), increased by 2 mg/(kg-d) every two weeks, and the maintenance dose was 4 to 8 mg/
(kg-d) for children patients weighing >30 kg and <50 kg; the maintenance dose was 6 to 12 mg/(kg-d) for those weighing
>11 kg and <30 kg, administered in two oral doses. Regular follow-up visits were performed at 1, 2,4, 6,9, 12, 15 and 18
months after treatment. Their efficacy was analyzed and judged by understanding the status of epileptic seizure and the
SWI on EEG; at the same time, the impact of LCM on cognition and post-treatment adverse reactions was evaluated, and
laboratory and device examination results, including liver and kidney function, blood electrolytes, hematology, urinalysis
and ECG results, were analyzed.

Data Collection

General data, medical history, follow-up data, EEG findings, intelligence assessment and other clinical data were
collected. EEG monitoring was performed for approximately 3 h on the day after sleep deprivation to record at least
one full wake-sleep cycle. Intelligence was tested by age according to The Wechsler Preschool and Primary Scale of
Intelligence-Fourth Edition (WPPSI-IV) (2 years, 6 months through 7 years, 7 months) or Wechsler Intelligence Scale for
Children-Fourth Edition [WISC-1V] (6 years through 16 years). Due to the difference in the test structure between
WPPSI-IV and WISC-1V, the mean value of visual spatial reasoning and fluid reasoning in WPPSI-IV replaced the
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perceptual reasoning of WISC-IV in order to compare the differences between them. Intelligence assessment was
followed up and evaluated for least 1 year.

Definitions of Clinical Response

The criteria for judging the efficacy are as follows. The frequency of two or more than two seizures in half a year was
used as the baseline seizure frequency. The post-treatment frequency of seizures and SWI were compared with the
baseline data before treatment, that is, the efficacy was judged by (number of seizures — number of baseline seizures)/
number of baseline seizures. (i) Control: The control rate is 100% and achieved clinical seizure freedom; (ii)
Significantly effective: The control rate is 75% to 99% and clinical seizures were significantly reduced; (iii) Efficient:
The control rate is 50% to 74%, and clinical seizures were reduced; (iv) Invalid: Control rate < 50%, and clinical seizures
were slightly reduced. The total effective rate of antiepileptic treatment is the sum of the control rate, significantly
effective rate and efficient rate, which is used as the main judgment standard. Video EEG was performed before LCM
treatment, 6 months after treatment and one year after treatment. The response of EEG to treatment was divided into 3
categories: markedly effective: >50% reduction in SWI; effective: 25% < reduction in SWI < 50%; ineffective: <25%
reduction or increase in SWI.

Statistical Analysis

SPSS 26 statistical software was used for data analysis. All measurement data was expressed as X+ s, with rates
compared using a fourfold table y” test; the mean was compared by one-way ANOVA, and P < 0.05 indicated statistically
significant difference.

Result

Patients’ Characteristics

The age of the 89 children patients at visiting ranged from 4 to 14 years, with an average of 7.6 years, including 19 cases
<6 years, 48 cases of 6 to 9 years, and 22 cases >9 years. Among them, there were 37 females and 52 males, and all 89
children had seizures related to sleep, with seizure forms: There were 36 cases of focal seizures, manifested as unilateral
orofacial or ipsilateral limb twitching, salivation, throat vocalization, inability to speak, but clear consciousness; 28 cases
of focal seizures generalized to generalized seizures, manifested as limb tonic-clonic seizures with loss of consciousness
secondary to orofacial twitching; there were 25 cases of generalized tonic-clonic seizures when their parents discover.
The seizure duration ranged from 1 to 7 min, and there were no patients with status epilepticus.

Efficacy Analysis

Efficacy for Seizure Control

The efficacy of LCM monotherapy in the treatment of SeLECTS is shown in Table 1. Among the 89 children patients, 3
had worsened seizures and withdrew from LCM treatment after 2 months of medication and switched to levetiracetam, 2
had first-degree atrioventricular block and atrial premature beat at 4 months of medication and switched to other

Table | Efficacy of LCM in the Treatment of SeLECTS

Time (Month) | Control Significantly | Efficient Invalid
Effective

0-3 56 (69.14) 8 (9.88) 6 (7.41) Il (13.58)

4-6 61 (75.31) 6 (7.41) 6 (7.41) 8 (9.88)

7-9 64 (79.01) 6 (7.41) 5(6.17) 6 (7.41)

10-12 68 (83.95) 4 (4.94) 4 (4.94) 5(6.17)

13-18 69 (85.19) 4 (4.94) 3 (3.70) 5(6.17)

Notes: 3 case in the whole group withdrew due to worsening clinical seizures, 2 cases
withdrew due to arrhythmia, 3 cases withdrew due to poor seizure control.
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antiepileptic drugs for safety reasons, and 3 had poor control at 6 months of medication and switched to other drugs,
which was counted as failures. The remaining 81 children patients were included in the efficacy analysis. In 81 children
patients with SeLECTS, the total effective cases reached 76 cases (93.83%) at 1, 2, 4, 6, 9, 12, 15 and 18 months of
medication, and the cumulative control cases reached 69 cases (85.19%) at 18 months of medication, with a retention
efficacy of 91.01%, all of which showed a high rate.

Efficacy for SWI

SWI > 50% was indicated on first video EEG obtained from 48 out of 89 children with SeLECTS (85% not reached). The EEG
results obtained from these 48 children at 6 months and 1 year after LCM treatment were analyzed. It was found that 6 months
after LCM treatment, 19 children (39.58%) had >50% reduction in SWI, and the treatment was effective in 13 children
(27.08%), with an overall effective rate of 66.67% (32/48); 1 year after LCM treatment, 25 children (52.08%) had >50%
reduction in SWI, and the treatment was effective in 10 children (20.83%), with an overall effective rate of 72.92% (35/48).

Effect on Intelligence Quotient

Of 89 children, 42 underwent WPPSI-IV or WISC-IV before treatment and at the last follow-up, with an interval of at
least 1 year. After self-control, it was found that there were no statistically significant differences in verbal comprehen-
sion index, perceptual reasoning index, working memory index and processing speed index, indicating that long-term
treatment with LCM had no negative affect on cognition (P > 0.05), as shown in Table 2. However, in this study, it was
found that the working memory index of children was somewhat increased after treatment with LCM, despite no notable
statistical difference (P = 0.079), and it was clinically observed that 13 children were found to concentrate more than
before, have improved memory, and have improved academic record after controlling SWI, indicating that LCM
treatment can improve cognition to some extent.

Predictors of Improvement in SWI

Children were divided into effective group (n=35) and ineffective group (n=13) according to the improvement in SWI
after 1 year of treatment. Two groups were compared in terms of age of onset, degree of first seizure, pre-treatment basic
intelligence test results, and baseline seizure frequency. It was found that among the children with SWI >50% to <85%,
the earlier the onset age, the less obvious the improvement in SWI after LCM treatment; the lower the baseline seizure
frequency, the more significant the improvement in SWI after LCM treatment, as shown in Table 3.

Adverse Reactions

A total of 29 patients (32.58%) experienced adverse reactions in the whole group, manifested as dizziness, nausea,
vomiting, diplopia, and somnolence (Table 4), these adverse reactions are mild and transient, which can be tolerated with
prolonged medication; they can also be alleviated after appropriate adjustment of the dose or titration of the drug rate,
and basically disappear when followed up for 2 months. Two of the 89 pediatric patients had ECGs showing first degree
atrioventricular block and premature beat atrial, respectively, the correlation with LCM was unclear, but due to concerns
about medication safety, other antiepileptic drugs were switched. Laboratory tests showed no abnormalities in all children
patients, and there were no withdrawals or dressing changes due to financial reasons.

Table 2 Effect of LCM Monotherapy on Intelligence Quotient of Children with SeLECTS

Group Number of Verbal Perceptual Working Processing
Cases Comprehension Reasoning Memory Index Speed Index
Index Index
Before treatment 42 95.85+8.52 97.214£9.27 93.8348.96 92.9448.61
After treatment 42 97.65+7.60 99.81+8.94 96.94+8.13 95.27+8.07
F value 1.183 1.964 3.160 1.878
P value 0.279 0.164 0.079 0.174
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Table 3 Predictors of the Efficacy of LCM Treatment on EEG

Item Effective Group Ineffective 72IF value | P value
(n =35) Group (n = 13)
Age of onset (years, X+ s) 8.36+1.84 5.83x1.40 20.046 <0.05
Degree of first seizure Focal seizure not generalized 16 5 0.203 >0.05
Generalized to generalized seizure 19 8
Pre-treatment intelligence quotient Verbal comprehension index 96.71+8.74 93.54+7.73 1.328 >0.05
(years, X+ s)
Perceptual reasoning index 97.91£9.52 95.3148.62 0.746 >0.05
Working memory index 94.60+9.08 91.77+8.64 0.944 >0.05
Processing speed index 93.86+8.86 90.46+7.64 1.491 >0.05
Baseline seizure frequency (n) 2-5 times half a year 29 5 9.043 <0.05
2 5 times half a year 6 8

Table 4 Adverse Reactions of LCM Treatment in Children with SeLECTS

Adverse Reactions | Dizziness | Nausea and Vomit | Diplopia | Lethargy
Cases (n) 17 4 5 3
Percentage (%) 19.10 449 5.62 3.37

Discussion

Self-limited epilepsy with centrotemporal spikes (SeLECTS) in children is the most common form of epileptic syndrome
for children, with remission of seizures by adolescence and normal psychomotor development, which mostly onsets
between the ages of 2 to 14 years, accounting for 15% to 24% of epilepsy in children.'® Seizures mostly appear during
the time period before waking up or shortly after falling asleep, and seizures appear as focal seizures, with most children
starting in the orofacial region and typically showing mouth twitching, laryngeal vocalization, increased saliva, and
inability to actively vocalize, but maintaining clear consciousness, and some of these pediatric patients have secondary
generalized tonic-clonic seizures, along with loss of consciousness.”” LCM is currently approved by the European
Medicines Agency”' (EMA) and the Food and Drug Administration’? (FDA), which are indicated for the treatment of
patients with focal epilepsy aged >2 years and >1 month respectively as monotherapy and adjunctive therapy.

LCM is a novel sodium channel blocker antiepileptic drug. Unlike traditional sodium channel blockers, lacosamide
selectively acts on the slow inactivation of voltage-gated sodium channels, and also spares the rapid inactivation. This
does not affect short-time high-frequency discharges involving normal brain function, so it plays a stabilizing role in the
cell membrane of hyperexcitable neurons, which in turn achieves the purpose of controlling seizures, without affecting
normal physiological functions.”*** SeLECTS is a kind of focal epilepsy, while LCM, as a new antiepileptic drug, has
high safety and efficacy.”> In this paper, LCM monotherapy is chosen for the treatment of SeLECTS in order to
understand the clinical efficacy and safety of LCM.

The initial dose of LCM was 2 mg/(kg-d), increased by 2 mg/(kg-d) every other week, and titrated to the maintenance
dose according to the body weight of the child. The total effective rate within 12 months was 94.12%, the cumulative
control rate was 86.27%, and the retention rate was 89.47%, suggesting that LCM monotherapy has good efficacy and
high retention rate for the treatment of SeLECTS. Studies have confirmed that the proportion of seizure-free patients after
treatment with lacosamide for focal epilepsy in adults at 6 months is 90%, with high efficacy and safety.'* This study
confirmed that the efficacy of LCM in children with focal epilepsy is comparable to that in adults, and it is easy for LCM
to control SeLECTS, with a significant effect.

In addition, it has been shown in other study that*® long-term treatment of focal epilepsy with LCM does not
negatively affect cognition and can even improve cognition, which is consistent with the results obtained from this study.
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After scoring the children using the Wechsler Intelligence Scale before treatment and at the last follow-up, it was found
in this study that no statistical significance in verbal comprehension index, perceptual reasoning index, working memory
index and processing speed index. All those demonstrated that LCM had no significant effect on cognition in children.
However, there are 13 children with SeLECTS were found by their parents to concentrate more than before, have
improved memory, and have improved academic record after improvement in SWI, indicating that LCM treatment can
improve cognition to some extent. The high drug retention in this group was due to the fact that LCM monotherapy has
few adverse reactions and significant effect in the treatment of SeLECTS without affecting cognition, which is conducive
to improving the quality of life of children with SeLECTS, thus increasing their medication compliance.

By observing and comparing SWI on video EEG of 48 children with SeLECTS before and after LCM monotherapy, it
was found that 35 children had significant reduction in SWI on EEG one year after treatment, with a total effective rate of
up to 72.92%, but still lower than the total effective rate of clinical seizures, indicating that the normalization of EEG
with SeLECTS was later than the termination of epileptic seizure, suggesting that the improvement of EEG by LCM was
not as obvious as the improvement of seizures. This study found that the earlier the age of onset, the less obvious the
improvement in SWI after LCM treatment; the lower the baseline seizure frequency, the more significant the improve-
ment, which is of certain significance for the prediction of the efficacy of LCM.

In terms of safety, LCM has a low incidence of adverse reactions, which are mild and infrequent. The most common
drug-related adverse reactions were dizziness, nausea, and diplopia. There were studies” stated that the most common
adverse drug reactions for LCM were dizziness (30.6% and 8.2% in the LCM group and placebo group, respectively),
diplopia (10.5% and 1.9% in the two groups, respectively), and nausea (11.4% and 4.4% in the two groups, respectively).
In addition, adverse reactions include liver enzymes abnormal, weight changes, rash, depression, and psychosis. An add-
on treatment trial mainly enrolled Chinese and Japanese, and adverse reactions related to LCM included dizziness (the
incidence of adverse reactions in the LCM group and placebo group was 22.9% and 8.2%, respectively), diplopia (4.4%
and 0.5% in the two groups, respectively), vomiting (4.1% and 1.6% in the two groups, respectively), somnolence (8.8%
and 2.2% in the two groups, respectively) and headache (4.1% and 3.3% in the two groups, respectively).?® Findings on

drug tolerability and safety in the above two studies®’*®

were similar. In this study, after LCM monotherapy treatment of
SeLECTS, the incidence of adverse reactions was 32.58%. Adverse reactions were not serious, mainly manifested as
dizziness (19.10%), nausea, vomiting (4.49%), diplopia (5.62%) and somnolence (3.37%). Similar to the above studies,
by adjusting the dose and drug titration rate and prolonging medication time, the adverse drug reactions of LCM could be
gradually reduced in a short time until disappear, indicating that LCM had good tolerance and safety. In this group, two
patients had ECGs showing first degree atrioventricular block and premature beat atrial, respectively, and it was not
possible to determine whether there was a correlation with LCM, but due to concerns about medication safety, other
antiepileptic drugs were switched. No other adverse reactions, such as headache, rash, weight gain or loss, and liver
enzymes abnormal etc., were observed, which may be related to the small number of cases.

There were still some limitations in our study. First of all, we had small sample size, short follow-up period and large
patients heterogeneity, which may lead to statistical bias. Secondly, the study on cognition was limited due to the lack of
a control group for any evaluation of development-associated changes. Therefore, further studies are needed in the future
to further evaluate the effectiveness, tolerability and safety of LCM administration, with larger sample sizes and longer
clinical observations.

Conclusion

LCM is a novel antiepileptic drug, which has mild adverse reactions that are dose-related, mostly involving the central
nervous system and gastrointestinal tract which can gradually disappear in a short time, indicating its good tolerability
and safety. It has a high effective rate in the treatment of epilepsy and considered to be an ideal treatment medicine for
focal epilepsy. LCM monotherapy is effective and safe in the treatment of SeLECTS, without leading to significant
abnormal behaviors and decreased cognition, which has high value of clinical application.
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