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Oxcarbazepine oral suspension in pediatric patients with 
partial seizures and/or generalized tonic-clonic seizures:
a multi-center, single arm, observational study in China

Yi Wang, Yin-Bo Chen, Yu-Qin Zhang, Rong Luo, Hua Wang, Jun-Lan Lv, Dong Wang, 
Sui-Qiang Zhu, Zhong-Dong Lin, Jiong Qin
Beijing, China

Background: To assess effi cacy and safety of oxcarbazepine 
(OXC) oral suspension in pediatric patients aged 2-16 years 
with partial seizures (PS) and/or generalized tonic-clonic 
seizures (GTCS) in real-world clinical practice in China.

Methods: This 26-week, single arm, multicenter and 
observational study recruited patients aged 2-16 years with 
PS or GTCS suitable for OXC oral suspension treatment. 
Enrolled patients received OXC oral suspension treatment 
for 26 weeks. Primary endpoints included mean seizure 
frequency at the end of the treatment and mean seizure 
frequency reduction at the end of the treatment vs. baseline. 
Secondary effi cacy-related endpoints and safety parameters 
were also assessed.

Results: Nine hundred and eighty-seven pediatric 
patients were enrolled and 912 (92.4%) completed the 
study. The mean seizure frequencies at baseline and the 

end of week 26 were 13.40±64.92 and 1.62±19.47 times/
month, respectively. The mean seizure frequency reduction 
was 10.03±63.67 times/month and the mean seizure 
frequency reduction percentage was 90.02%±5127.0% 
(P<0.0001). After 26 weeks of treatment, 82.36%, 7.24% 
and 3.86% of the patients became controlled, signifi cantly 
improved and improved, respectively. Adverse events 
(AEs) were reported in 74 (7.65%) patients. Rash was the 
most common AE. The effi cacy of OXC was not affected 
by seizure types, age or gender.

Conclusion: This study confi rms the effi cacy and good 
safety profi le of OXC oral suspension in Chinese pediatric 
patients aged 2-16 years with PS and/or GTCS.
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Introduction

Epilepsy is a common chronic neurological 
disorder affecting 10 million children worldwide. 
Its estimated prevalence is approximately 0.5%-

1% in children ≤16 years of age, and an estimated 
20 000 to 45 000 new cases of pediatric epilepsy are 
diagnosed annually.[1-4] In China, pediatric epilepsy has 
an estimated prevalence of 0.33%-0.68%.[5,6] Successful 
epilepsy treatment in children remains a challenge, 
more than 25% of children with epilepsy have 
treatment-refractory seizure and cannot maintain long-
term seizure freedom.[4,7]

Identifying a proper treatment for pediatric patients 
is particular challenging due to limited efficacy and 
safety data on this population. Additionally, pediatric 
and adult patients have different pharmacological, 
efficacy and safety profiles.[2] Although effectiveness 
of the fi rst-generation antiepileptic drugs (AEDs) such 
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as carbamazepine, valproate and phenytoin is well 
established, there have always been concerns about 
their long-term safety and tolerability in children.[1,2,8,9]

The second-generation AED oxcarbazepine 
(OXC) is a keto-analog of carbamazepine designed 
to overcome the toxicity, auto-induction and drug-
interaction profi le associated with carbamazepine.[2,10,11] 
OXC monotherapy or adjunctive therapy is indicated 
for treating partial seizure (PS) in adults and in children 
4 years of age in the United State and 2 years of age 
in China, and it is currently the only AED with Class 
I evidence and Level A recommendation for efficacy 
in children with PS monotherapy.[12-14] Various studies 
have demonstrated its efficacy in seizure control and 
its good safety profile.[2,15-18] OXC administered in the 
form of oral suspension allows for more accurate dosing 
and easier pediatric administration compared to tablet 
and therefore is considered a better option.[18] Despite 
studies reporting the efficacy and safety of OXC in 
treating pediatric epilepsy,[2,7,15-24] only a few small-scale 
studies evaluated OXC in Chinese pediatric patients with 
PS.[14,18,25,26] In a large-scale, multi-center, single-arm, 
open-label and observational study, we evaluated the 
effi cacy and safety of OXC monotherapy or adjunctive 
therapy in 606 Chinese pediatric patients aged 2-5 
years with PS and/or generalized tonic-clonic seizures 
(GTCS) in real-world clinical practice in China.[27] After 
26 weeks of OXC treatment, compared to baseline, 
81.8%, 7.0% and 4.5% of the patients achieved 100% 
seizure frequency reduction, ≥75% but less than 100% 
seizure frequency reduction and ≥50% but less than 
75% seizure frequency reduction, respectively. Adverse 
events (AEs) were observed in 49 (8.1%) patients, with 
rash [18 (2.97%)] being the most common AE. That 
study confirmed the efficacy and safety of OXC oral 
suspension in Chinese pediatric patients aged 2-5 years 
with PS and/or GTCS in real-word clinical practice. 

There has been very little efforts in exploring how 
age impacts efficacy and safety of OXC, especially in 
pediatric patients. Only one study assessed whether OXC 
oral suspension had different effi cacy and safety profi les in 
infants (<1 year) and children (1-9 years old).[18] It found 
that OXC oral suspension had comparable efficacy and 
tolerability in infant and children.[18] On the other hand, 
studies on other AEDs reported that age could impact 
the efficacy and safety of AEDs such as topiramate.[28,29] 
Kholin et al[28] divided 722 patients with epilepsy aged 
from 3 months to 57 years into 3 age-based groups: <1 
year, 1-3 years and >3 years, and found that the effi cacy 
of topiramate increased and the risk of seizure aggravation 
decreased as the age increased. Additionally, Voronkova 
et al[29] found that the effi cacy of topiramate was higher in 
adolescents, youths and adults than in younger children. 
Furthermore, it has been reported that age was a factor 

affecting the degree of drug interactions of AEDs such as 
lamotrigine in children and adolescents.[30] Finally, studies 
found that young children (aged 2-5 years) needed higher 
dose of OXC than older children (aged 6-12 years) because 
young children had more rapid OXC clearance, therefore 
an increase in the daily dose of OXC by up to 30% in 
children aged 2-5 years has been recommended.[31,32] 
These studies suggested that younger children (aged 2-5 
years) belonged to a special age group in terms of AED 
dosing, and as we know, dosing may affect effi cacy and 
safety. Based on these findings, we extended the range 
of ages of eligible pediatric patients and conducted the 
current study on the efficacy and safety of OXC oral 
suspension in Chinese children of 2-16 years of age 
with PS and/or GTCS in real-world clinical practice 
in China. The study was a large-scale, 26-week, multi-
center, single-arm, open-label and observational study. 
Subgroup analysis was conducted based on age ("≥2 
years and <5 years" and "≥5 years and <16 years") to 
investigate whether age impacted the effi cacy and safety 
of OXC. Additional subgroup analyses based on patients' 
type(s) of seizure and gender were also conducted to 
further examine the effi cacy of OXC in more detail.

Methods
Patients
Pediatric patients aged 2-16 years with previously 
confirmed diagnosis of PS and/or GTCS were included 
in this study if they had not received OXC treatment 
within 30 days prior to enrollment and were judged to 
be suitable for OXC therapy by their physicians. Key 
exclusion criteria included the presence of generalized 
seizures other than GTCS or the presence of febrile 
convulsion, known intolerance/poor response to OXC 
treatment, or the presence of any severe/unstable 
condition(s) unsuitable for the study as judged by their 
attending physicians. Patient(s) included in our other 
large-scale, multi-center, single-arm, open-label and 
observational study[27] were also excluded.

Ethics
Informed consent was obtained from patients' legal 
representative and patients were enrolled after their 
eligibility assessment. This study was approved by 
the Independent Ethics Committees or Institutional 
Review Board of each study center, and was conducted 
according to the ethical principle of the Declaration of 
Helsinki.[33] Its State Food and Drug Administration 
approval number is 2008S03406.

Study design
In this 26 week, single arm, open label, multi-center, 
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observational and post marketing surveillance study 
(protocol No. CTRI476BCN04) conducted between 
15 June 2009 and 20 March 2011, patients received 
OXC oral suspension treatment as per routine clinical 
practice of their attending physicians. Baseline 
demographic information, current medical condition 
and medical history were recorded at baseline visit. 
Physical examination, laboratory examination, 
electroencephalogram (EEG), OXC administration, 
concomitant medications along with the study-related 
efficacy and safety parameters were monitored and 
recorded at baseline visit and weeks 4, 13 and 26.

Patients were recruited from 23 medical centers 
in China and received OXC oral suspension treatment 
(trileptal oral suspension, 250 mL/bottle containing 
OXC 60 mg/mL, Novartis Pharma S.A.S., Switzerland) 
for 26 weeks according to the approved package insert 
and as per the physicians' routine practice. Treatment 
was initiated with a dose of 8-10 mg/kg/day given 
in two doses as monotherapy or adjunctive therapy. 
If clinically indicated, the dose could be increased by 
a maximum of 10 mg/kg at weekly intervals to a 
maximum dose of 60 mg/kg/day as long as the patients 
could tolerate it. Concomitant medications were allowed. 

Efficacy endpoints
Primary efficacy endpoints included mean seizure 
frequency at the end of the 26-week treatment and mean 
seizure frequency reduction at the end of the treatment 
compared to baseline [difference between baseline and 
end-of-treatment seizure frequency (times/month)]. 
Secondary efficacy endpoints included: 1) mean seizure 
frequency reduction percentage at week 26 compared 
to baseline; 2) the percentage of patients who became 
controlled (100% seizure frequency reduction at week 
26) (seizure frequency at week 26 was defined as the 
average number of seizure episodes per month between 
week 26 and the previous visit; baseline seizure 
frequency was the average number of seizure episodes 
per month within 3 months prior to enrollment in the 
study; and seizure frequency reduction at week 26 was 
defined as baseline seizure frequency-seizure frequency 
at week 26/baseline seizure frequency), significantly 
improved (≥75% but less than 100% seizure frequency 
reduction), improved (≥50% but less than 75% seizure 
frequency reduction), no change or worsening (<50% 
seizure frequency reduction); 3) retention rate (the 
percentage of patients who completed the study). 

Subgroup analyses based on age (2≤age<5 years 
and 5≤age<16 years), seizure types [simple partial 
seizure (sPS), complex partial seizure (cPS), partial 
seizure with secondary generalization (PSSG) and 
GTCS] and gender were also conducted.

In addition, average initial dosage, average maintenance 

dosage and time to achieve the maintenance dosage 
were also monitored and recorded.

Safety endpoints
Incidence of AEs and serious AEs (SAEs), their 
severities and possible relationships to OXC treatment 
were monitored and recorded at each visit.

Statistical analysis
Analyses of baseline demographics, disease characteristics, 
efficacy endpoints and also subgroup analyses were 
performed on all patients who received at least 1 dose of 
OXC and had at least one post-baseline efficacy assessment 
[full analysis set (FAS)] with last observation carried 
forward. Secondary population for supportive analysis 
included all FAS patients who had no pre-specified 
protocol violation during the study [per protocol set 
(PPS)]. Safety analysis was performed on all patients 
who received at least one dose of OXC and had at least 
one post-baseline safety assessment [safety set (SS)]. 
Descriptive statistics was used to analyze the study 
parameters. SAS 9.1.3 (TS1M3) for Windows was 
used for all statistical analyses. All statistical tests were 
conducted against a two-sided alternative hypothesis 
with a significance level of 0.05.

Results
Patient demographics and baseline characteristics
A total of 987 patients from 23 medical centers in China 
were enrolled in the study, among them, 912 (92.4%) 
patients completed the 26-week study (Fig. 1); and 
75 (7.60%) patients withdrew from the study, AE (22, 
2.23%), poor efficacy (18, 1.82%) and lost to follow-
up (12, 1.22%) as the most common reasons (Fig. 1). 
The FAS, PPS and SS consisted of 932, 857 and 967 
patients, respectively (Fig. 1). Thirty-one of the 967 
patients in the SS received OXC treatment for less than 
four weeks and did not have any post-baseline safety 
assessment before their withdrawal from the study, and 
four other patients had only one post-baseline safety 

Fig. 1. Flow diagram of the included patients.

Patients discontinued the
  treatment: 75 (7.6%)
Primary reasons for discontinuation:
  Adverse events: 22 (2.2%)
  Poor efficacy: 18 (1.8%)
  Lost to follow-up: 12 (1.2%)
  Requested by patients: 11 (1.1%)
  Poor compliance: 4 (0.4%)
  Others: 8 (0.8%)

A total of 987 patients were 
enrolled into the study

Patients completed 
  the study: 912 (92.4%)
Full analysis set: 932
Per protocol set: 857
Safety set: 967
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assessment without any efficacy assessment, these 35 
patients were therefore not included into the FAS.

Patients' mean age was 5.19 years, mean weight 
was 19.56 kg, and 58.37% of the patients were male 
(Table 1). Of the 932 FAS patients, 515 were aged ≥2 
years and <5 years, and the rest 417 were ≥5 years and 
<16 years. Their mean epilepsy duration at baseline 
was 11.73 months and mean baseline seizure frequency 
(times/month) was 13.40. PSSG was the most common 
type of seizure, presented in 56.01% of the patients, 

followed by sPS (31.22%), GTCS (14.48%) and cPS 
(2.90%). Distributions of the four seizure types within 
the two age-based subgroups were well balanced (Table 1). 
Concomitant medications used by the patients are listed 
in Table 1.

Efficacy 
The FAS population of 932 patients was used for 
efficacy assessment. Their mean baseline seizure 
frequency was 13.40±64.92 times/month, and at the end 
of the 26-week OXC treatment, mean seizure frequency 
was reduced to 1.62±19.47 times/month, reflecting a 
significant mean seizure frequency reduction of 10.03 
63.67 times/month and a mean seizure frequency 
reduction percentage of 90.0%±5127.0% (P<0.0001) 
(Table 2). Further, after 26 weeks of OXC treatment, 
the percentages of patients who became controlled, 
significantly improved, improved, and no change or 
worsening were 82.36%, 7.24%, 3.86%, and 6.54%, 
respectively (Fig. 2).

Subgroup analysis showed that OXC treatment 
demonstrated comparable efficacy in patients of 
the "2≤age<5" group (n=515) and the "5≤age<16" 
group (n=417). Patients in the "2≤age<5" group and 
the "5≤age<16" group had mean baseline seizure 
frequencies of 12.46±55.70 and 14.55±74.79 times/
month that were significantly reduced to 0.46±2.73 
and 3.00±28.66 times/month at the end of the 26-week 

Items Values 
Demographics
  Age (y), mean±SD (range)     5.19±2.80 (2.00-15.08)
  Age-based subgroups (y), n (%)      
    2≤age<5 515 (55.26)
    5≤age<16 417 (44.74)
  Gender male/female, n (%) 544 (58.37)/388 (41.63)
  Weight (kg),, mean±SD (range)   19.56±8.45 (7-75)
  Disease duration (mon), mean±SD (range)   11.73±17.71 (0-63)
  Seizure frequency per mon, mean±SD   13.40±64.92
Classifi cation of seizure types*, n (%)
  Partial seizure with secondary
    generalization 522 (56.01)
  Complex partial seizure  27 (2.90)
  Simple partial seizure 291 (31.22)
  Generalized tonic-clonic seizures 
    (primary) 135 (14.48)
Classifi cation of seizure types based on age* (y), n (%)
  Partial seizure with secondary generalization
    2≤age<5 287 (55.73)
    5≤age<16 235 (56.35)
  Complex partial seizure    
    2≤age<5   14 (2.72)
    5≤age<16   13 (3.12)
  Simple partial seizure
    2≤age<5 159 (30.87)
    5≤age<16 132 (31.65)
  Generalized tonic-clonic seizures (primary)
    2≤age<5   79 (15.34)
    5≤age<16   56 (13.43)
Concomitant medication, n (%)
  Central nervous system drugs 177 (18.30)
  Valporate 100 (10.34)
  Topirmate  56 (5.79)
  Levetiracetam  48 (4.96)
  Lamotrigine  15 (1.55)
  Phenobarbital  10 (1.03)
  Nitrazepam    6 (0.62)
  Clonazepam    5 (0.52)
  Carbamazepine    4 (0.41)
  Phenytoin    1 (0.10)

Table 1. Demographic, baseline characteristics of the patients (n=932) 
and concomitant medication used (n=967)

*: Some patients had multiple types of seizure and as such, they were 
included in multiple seizure-type based subgroups. SD: standard 
deviation.

Visits n (missing) Seizure frequency
  (times/mon), mean±SD

Mean seizure frequency reduction
  (from baseline) (times/mon), mean±SD

Mean seizure frequency reduction percentage
  (from baseline), mean±SD P value*

Baseline 931 (1) 13.40±64.92 - - -
End of Week 4 932 (0)   4.54±22.29   -8.85±61.22 35.85±309.09 <0.0001
End of Week 13 886 (46)   2.01±19.50   -9.92±61.55 73.99±107.90 <0.0001
End of Week 26 863 (69)   1.62±19.47 -10.03±63.67 90.02±5127.0 <0.0001

Table 2. Seizure frequency and seizure frequency reduction percentage (full analysis set, last observation carried forward) (n=932) 

*: P value was calculated with the Wilcoxon signed-rank test. "-": no data. SD: standard deviation.

Fig. 2. Percentages of patients reaching pre-specified seizure frequency 
reduction percentages at week 26 (full analysis set, last observation carried 
forward). Controlled: 100% seizure frequency reduction; Significantly 
improved: ≥75% but less than 100% seizure frequency reduction; 
Improved: ≥50% but less than 75% seizure frequency reduction; No 
change or worsening: <50% reduction at week 26 compared to baseline.

Controlled

90
80
70
60
50
40
30
20
10
0

82.4

7.2 3.9 6.5

Worsening or 
no change

Signifi cantly
improved

Improved
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OXC treatment, respectively (P<0.0001 and 0.0002, 
respectively). Further, 391 (84.09%), 34 (7.31%) and 
14 (3.01%) patients in the "2≤age<5" group, and 314 
(80.31%), 28 (7.16%) and 19 (4.86%) patients in the 
"5≤age<16" group became controlled, significantly 
improved, and improved, respectively (Table 3). 
Analysis on the PPS population supported the FAS 
results.

In addition, OXC was efficacious for all the four 
seizure types (sPS, cPS, PSSG and GTCS) presented in 
this study. It led to signifi cant reduction of mean seizure 
frequency from baseline at the end of the 26-week OXC 
treatment for all the four types of seizure (P<0.0001 
for all). In addition, 221 (84.03%), 23 (8.75%) and 
8 (3.04%) patients with sPS become controlled, 
significantly improved and improved, respectively; 22 
(91.67%), 1 (4.16%) and 0 (0.00%) patients presented 
with cPS were controlled, significantly improved and 
improved, respectively; 391 (81.12%), 35 (7.27%) 
and 22 (4.56%) patients with PSSG were controlled, 
significantly improved and improved, respectively; as 

Variables n (%)/cases
Total 74 (7.65)/105
Skin and subcutaneous disorders 33 (3.41)/34
  Rash 32 (3.31)/33
  Itching   1 (0.10)/1
Nervous system disorders 23 (2.38)/24
  Somnolence   8 (0.83)/8
  Myoclonus   6 (0.62)/6
  Fatigue   4 (0.41)/4
  Headache   1 (0.10)/1
  Learning disability   1 (0.10)/1
  Movement disorder   1 (0.10)/1
  Tremor   1 (0.10)/1
  Seizure   1 (0.10)/1
  Muscle contract    1 (0.10)/1
Gastrointestinal disorders 13 (1.34)/19
  Nausea   4 (0.41)/5
  Disgusting   4 (0.41)/4
  Stomach pain   3 (0.31)/3
  Stomach uncomfortable   3 (0.31)/3
  Vomiting   2 (0.21)/2
  Constipation   1 (0.10)/1
  Mouth ulcer   1 (0.10)/1
General disorders   8 (0.83)/8
  Fever   5 (0.52)/5
  Fatigue   2 (0.21)/2
  Varicella   1 (0.10)/1
Respiratory disorders   4 (0.41)/4
  Upper respiratory tract infection   4 (0.41)/4
Others   4 (0.41)/4
  Overdose   3 (0.31)/3
  Trauma   1 (0.10)/1
Hepatobiliary disorders   2 (0.21)/4
  Alanine aminotransferase increased   2 (0.21)/2
  Abnormal liver function test   1 (0.10)/1
  Aspartate aminotransferase increased   1 (0.10)/1
Immune system disorders   3 (0.31)/3
  Allergy   2 (0.21)/2
  Infection   1 (0.10)/1
Musculoskeletal and bone disorders   1 (0.10)/1
  Arthralgia   1 (0.10)/1
Eye disorders   1 (0.10)/2
  Visual disorder   1 (0.10)/2

Table 3. Adverse events (safety set) (n=967)

for patients with GTCS, 97 (78.23%), 12 (9.68%) and 
5 (4.03%) became controlled, significantly improved 
and improved, respectively. Finally, OXC demonstrated 
comparable effi cacies in male and female patients (data 
not shown). The PPS results were consistent with the 
FAS results.

Nine hundred and twelve (92.4%) of the 987 
enrolled patients completed the study, indicating a 
retention rate of 92.4%.

Safety and tolerability
The SS population (n=967) was used for safety analysis. 
OXC treatment was started with a mean initial dose of 
10.62±3.99 mg/kg/day (median: 9.60 mg/kg/day, range: 
2.40-40.50 mg/kg/day) which was then titrated up to a mean 
maintenance dose of 25.20±10.49 mg/kg/day (median: 24.62 
mg/kg/day, range: 5.00-80.00 mg/kg/day). The average 
number of days needed to achieve the maintenance 
dose was 40.12±34.73 days (median: 28.00 days, range: 
7.00-154.00 days). 

Seventy-four (7.65%) patients reported a total of 
105 cases of AEs, of them, 75 cases experienced by 
57 patients were suspected to be treatment-related. 
Most of the AEs were mild and transient. One patient 
experienced one SAE (rash) and recovered after 
discontinuation of the OXC treatment and symptomatic 
treatment. The most common AEs included skin and 
subcutaneous tissue disorders, nervous system disorders 
and gastrointestinal disorders (Table 3). By symptoms, 
rash (3.31%), somnolence (0.83%), myoclonus (0.62%) 
and fever (0.52%) were the four most common AEs. 
Overall, 22 (2.23%) patients withdrew from the study 
due to AEs. No death occurred during the study and no 
new safety concerns were fl agged.

Subgroup analysis indicated that patients in the 
"2≤age<5" group and the "5≤age<16" group had very 
similar safety profiles. Forty-two (7.87%) patients in 
the "2≤age<5" group reported 58 AEs, of them, 44 were 
suspected to be treatment-related. Most of the AEs were 
mild and transient and only one patient experienced 
one SAE (rash). Skin and subcutaneous tissue disorders 
were the most frequently reported AEs (17 patients 
reporting 17 cases), followed by nervous system 
disorders in 14 patients (15 cases) and gastrointestinal 
disorders in 7 patients (11 cases). Meanwhile, 32 
(7.39%) patients in the "5≤age<16" group reported 
47 cases of AEs, of them, 30 cases experienced by 23 
patients were suspected to be related to the treatment. 
Most of the AEs were mild and transient and no one 
experienced any SAE. Skin and subcutaneous tissue 
disorders were the most frequently reported (16 patients 
reporting 17 cases), followed by nervous system 
disorders in 9 patients (9 cases) and gastrointestinal 
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disorders in 6 patients (8 cases). 
Laboratory examination revealed that 7 (0.72%) 

patients experienced asymptomatic hyponatraemia 
(Na+ <135 mmol/L) during the study, none of them 
developed clinically significant hyponatraemia (Na+ 

<125 mmol/L). Six (0.62%) and 16 (1.65%) patients 
have slightly elevated level of alanine aminotransferase 
and aspartate aminotransferase, respectively. No other 
clinically relevant abnormal laboratory parameters, 
abnormal EEG or physical examination results were 
detected. 

Discussion
In this  26-week,  mult icenter,  s ingle-arm and 
observational study, we evaluated the efficacy and 
tolerability of OXC oral suspension in Chinese 
pediatric patients aged 2-16 years with PS or GTCS 
during routine clinical practice and found that OXC 
oral suspension treatment was effective in this group 
of patients regardless of their seizure types or gender 
and was well tolerated. Further, OXC treatment 
demonstrated similar efficacy and safety profiles in 
patients aged "≥2 years and <5 years" and "≥5 years 
and <16 years".

This study is similar to our other study on pediatric 
patients aged 2-5 years,[27] however, the age range of the 
eligible patients in the current study was extended and 
an age-based subgroup analysis ("2≤age<5 years" and 
"5≤age<16 years") was conducted to evaluate whether 
age impacted OXC treatment efficacy and tolerability. In 
addition, this study enrolled a larger population to gather 
more data. These two studies had very consistent results in 
terms of efficacy and safety.[27] The striking similarities 
between the efficacy and safety data of these two 
studies supported the validity of our proposal that 
OXC oral suspension was effective in treating pediatric 
patients with PS and/or GTCS and was well tolerated.

The age-based subgroup analysis revealed that 
OXC treatment had comparable efficacy and safety 
profi les in patients aged "≥2 and <5" and "≥5 and <16", 
implying that age might not play a role in OXC effi cacy 
and safety. There has only been one study on whether 
a pediatric patient's age impacted OXC treatment and 
it found that OXC oral suspension had comparable 
efficacy and safety in infants (<1 year) and children 
(1-9 years).[18] Therefore, there is currently no solid 
evidence of age impacting the efficacy and safety of 
OXC treatment. More data are needed. However, at 
least for now, age shall not be a factor when a physician 
considers whether to prescribe OXC oral suspension to 
pediatric patients with PS and/or GTCS.

One of the efficacy measures used in this study 

was 100% seizure frequency reduction at the end 
of the 26-week treatment (0 seizure between week 
26 and previous visit at week 13) as opposed to the 
seizure freedom during the entire trial commonly used 
in the previous studies.[2,16,19,20,24-26,29] 100% seizure 
frequency reduction at the end of the treatment allows 
for the possibility that a treatment might need time to 
demonstrate its effi cacy for some patients and that lack 
of effi cacy during the early phase of the treatment does 
not necessarily indicate poor efficacy later on. This 
efficacy measure still allows us to evaluate whether 
OXC treatment could lead to seizure freedom over an 
approximately 3-month period rather than the whole 
6 to 36-month OXC treatment period used by other 
studies.[2,16,19,20,24-26,34] Such difference could account 
for the higher percentage of patients achieving 100% 
seizure frequency reduction (82.36%) at the end of the 26-
week treatment in our study, as opposed to the 50%-69% 
achieving seizure freedom over the entire trial obtained by 
previous studies.[2,19,20,24-26] 

Our current study and our another study on patients 
aged 2-5 years both showed that OXC oral suspension 
demonstrated good effi cacy in all of the 4 seizure types 
(sPS, cPS, GTCS and PSSG) included in the studies. 
Results on whether seizure type impacts OXC treatment 
effi cacy have been inconsistent.[15,16,18] Obviously, more 
in-depth studies on this topic are needed.

Our study also demonstrated that OXC treatment 
had comparable effi cacies for male and female patients. 
Data on this topic are sparse, however our results 
were consistent with Yılmaz et al,[1] which reported 
that age did not play a role in determining whether the 
289 pediatric patients taking phenobarbital, valproate, 
carbamazepine, oxcarbazepine, or levetiracetam 
became seizure free during a 12-month treatment 
period. However, since Yılmaz et al[1] included patients 
taking various different AEDs, more studies are needed 
to confi rm our results.

We used retention rate in this study as an additional 
efficacy measure to evaluate the "effectiveness" of 
OXC treatment as recommended by International 
League Against Epilepsy.[35] The term "effectiveness" 
represents a composite measure of an AED's efficacy 
and tolerability associated with its long-term use and 
could be extremely helpful to physicians when they 
choose proper AED therapies for different patients. The 
retention rate of 92.4% obtained in this study suggested 
general effectiveness of OXC oral suspension for 
pediatric patients with partial PS and/or GTCS. 

Our study demonstrated overall favorable safety 
profile associated with OXC oral suspension over 
the 26-week treatment period. 7.65% of the patients 
reported one or more AEs, and only one reported SAE 
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(rash). The most commonly reported AEs were rash 
(3.31%) followed by somnolence, myoclonus and fever, 
all of the reported AEs have been previously reported, 
with rash always being one of the most common types 
of AEs.[4,11,19,24] Prevalence of rash associated with 
OXC oral suspension in pediatric patients varied 
substantially from one study to another (0% to 
16.7%), although reason(s) for such inconsistency 
are still unknown.[14,20,24,26] The rate of rash (3.31%) 
in our study is very close to the 3.2% obtained by 
Rufo-Campos et al.[20] Further, the fact that the rates of 
rash obtained by the current study and by our study on 
patients aged 2-5 years[27] were extremely close (3.31% 
vs. 2.97%) further supported the validity of our data. 
Patients in our study did not demonstrate known AEs 
associated with OXC such as dizziness, malaise and 
nystigamus,[4,11,17] the relatively short treatment duration 
of our study might be a contributing factor, on the other 
hand, patients of different ethnicities might demonstrate 
different types of AEs, of course, more studies are 
needed to explore this question.

There have always been concerns about OXC-
associated hyponatraemia because OXC acts via 
modulating voltage-sensitive sodium and calcium 
channels. [7] Although it  has been reported that 
hyponatraemia was more frequently associated with 
OXC treatment than carbamazepine in adult patients, 
most cases of OXC-associated hyponatraemia in 
pediatric patients were asymptomatic.[18] Seven patients 
in our study experienced asymptomatic hyponatraemia 
(Na+ <135 mmol/L). The timing of its occurrence varied 
among different patients. Hyponatraemia was found 
in 3 patients at baseline, in 2 at week 4, in 1 at week 
13 and in 1 at week 26. The patient who was found 
to have hyponatraemia at week 13 continued to have 
hyponatraemia at week 26. The fact that three patients 
already had hyponatraemia at baseline reduced number 
of patients suffering OXC-related hypornatraemia down 
to 4. For these hypornatraemic patients, daily monitoring 
of their blood sodium level was conducted until the blood 
sodium level returned to normal. None of these patients 
developed clinically signifi cant hyponatraemia (Na+ <125 
mmol/L). This result was consistent with our study on 
patients aged 2-5 years[27] and was also consistent with a 
previous report.[18]

Also of note was the fact that our study did not 
exclude patients with rolandic seizure, the most 
common epileptic syndrome present in children.[36] 
As 20 patients presented with rolandic seizure were 
included in our study, some may be concerned that 
some patients with rolandic seizure might recover 
without treatment[36] and this could bias our result 
favorably. However, if remained untreated, it generally 
takes years for children with rolandic seizure to become 

seizure-free, often when they reach adolescence.[36,37] 
Our study was a 26-week study, a 26-week treatment 
period was too short for patients with rolandic seizure to 
recover spontaneously, and as such, we did not believe that 
our results on the effi cacy of OXC could be affected by the 
fact that we included children with rolandic seizure in our 
study. In addition, OXC is one of the fi rst-line medications 
for rolandic seizure,[37] therefore, treating these patients 
with OXC in our study was also suitable.

We chose weeks 4, 13 and 26 as our efficacy and 
safety assessment points because it is common to 
give OXC in a gradual dose titration to patients with 
seizure within one month according to OXC clinical 
protocol,[18] monitoring efficacy and safety at the end 
of this 1-month period was necessary since levels of 
OXC in the patients have not stabilized at this point. 
After completion of the dosage titration, weeks 13 
and 26 represent the effi cacy and safety profi les of the 
maintenance period, and are often used as assessment 
points for medium-term effi cacy and safety of AEDs.[4]

One major limitation of our study is its relatively 
short duration, therefore long-term efficacy and 
safety profile beyond week 26 of OXC treatment 
couldn't be assessed in this study. In addition, 
our results showed a mean maintenance dose of 
25.20±10.49 mg/kg/day (median: 24.62 mg/kg/day, 
range: 5.00-80.00 mg/kg/day), indicating that most 
patients took a dose close to 24.62 mg/kg/day and that 
our data distribution might not be very homogenous. 
We did not perform an age-based subgroup analysis on 
the mean maintenance dosage used for the "2≤age<5" 
and the "5≤age<16" subgroups, therefore we could 
not know whether the younger subgroup had a higher 
maintenance dose (mg/kg/day) vs. the older group, as 
suggested by prior reports and guidelines.[32] However, 
our analysis revealed no correlation between mean 
seizure frequency and mean maintenance dose at 
the end of the 26-week treatment (data not shown), 
suggesting that in the real-life setting, patients in our 
study received suitable dosage for their seizure as 
judged by their physicians, and as a result, we could 
make an age-based subgroup analysis on the effi cacy of 
OXC as both groups of patients received suitable dose 
of OXC for their disease. On the other hand, the fact 
that our study was an observational study on OXC's 
efficacy and safety in real-life clinical practice has its 
strength, since it could assess real-life performance of 
OXC treatment in pediatric patients and thus could be 
conducive to generalization of its finding to routine 
clinical practice as it closely mirrored the real-world 
patient populations and treatment setting.

In conclusion, various clinical trials and studies 
conducted under controlled conditions have established 
the efficacy and safety of OXC treatment for pediatric 
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epilepsy; however, data on Chinese pediatric patients 
have been lacking. This study, by collecting, analyzing 
and reporting the real-world data, further confirmed the 
efficacy and good safety profile of OXC oral suspension 
in Chinese pediatric patients aged 2-16 years with PS or 
GTCS. It further suggested that age, gender or seizure types 
did not impact the effi cacy and safety profi le of OXC.

Acknowledgements
We would like to thank the following hospitals for their participation 
in and generous assistance for this study (the order of the hospitals 
does not ref lect their contributions): Children's Hospital of 
Fudan University, Shanghai; The First Bethune Hospital of Jilin 
University; Tianjin Children's Hospital; West China Second 
University Hospital of Sichuan University; Shengjing Hospital of 
China Medical University; Beijing Children's Hospital, Capital 
Medical University; Xi'an Children's Hospital; Tongji Hospital, 
Tongji Medical College of Huazhong University of Science & 
Technology; The 2nd Affiliated Hospital of Wenzhou Medical 
University; Peking University First Hospital; Tangshan Women 
and Children's Hospital; Quanzhou Children's Hospital; Yantai 
Yuhuangding Hospital; Huai'an Third People's Hospital; Dalian 
Children's Hospital of Dalian Medical University; Xiangya Hospital 
of Central South University; The Second Affiliated Hospital of 
Guangzhou Medical University; Chinese PLA General Hospital; 
Xijing Hospital, The Fourth Military Medical University; Shenzhen 
No.2 People's Hospital; Beijing Handian Hospital; Affiliated 
Hospital of Tianjin Armed Police Medical College and Sanbo Brain 
Hospital of Capital Medical University.

Medical writing suppor t was provided by Xin Liu of 
Shanghai Zhiliao Data Systems Co., Ltd. Trial result synopsis, 
manuscript revision and compiling work was provided by Quan 
Hu, PhD, of Beijing Novartis Pharma Co., Ltd. All of the editorial 
support was funded by Beijing Novartis Pharma Co., Ltd.

Funding: This study was funded by Beijing Novartis Pharma Co., 
Ltd. which participated in study design and data interpretation in 
collaboration with the authors and also made the decision to submit 
this article for publication; however it did not in anyway interfere or 
affect patient treatments, nor did it participate in data collection and 
analysis and writing of the report.
Ethical approval: Informed consent was obtained from the patients' 
legal representative and patients were enrolled after their eligibility 
assessment. This study was approved by the Independent Ethics 
Committees or Institutional Review Board for each study center, and 
was conducted according to the ethical principal of the Declaration of 
Helsinki. The publication of this manuscript is approved by all of the 
participating authors and their institutions.
Competing interest: None.
Contributors: Qin J was the principal designer of the study, all 
of the contributing authors participated in the concept and design 
of the study. In addition, each of the contributing authors oversaw 
the study and was in charge of patients' treatment and acquisition 
of the data in his/her own hospital. All contributing authors gave 
input as to how to draft the article and each author also revised 
it critically for important intellectual content. Finally, all authors 
gave fi nal approval of the version to be published.

References
1 Yılmaz U, Yılmaz TS, Dizdarer G, Akıncı G, Güzel O, Tekgül H. 

Effi cacy and tolerability of the fi rst antiepileptic drug in children 
with newly diagnosed idiopathic epilepsy. Seizure 2014;23:252-
259.

2 Kothare SV, Mostofi N, Khurana DS, Mohsem B, Melvin JJ, 
Hardison HH, et al. Oxcarbazepine therapy in very young 
children: a single-center clinical experience. Pediatr Neurol 
2006;35:173-176.

3 Shinnar S, Pellock JM. Update on the epidemiology and 
prognosis of pediatric epilepsy. J Child Neurol 2002;17 Suppl 
1:S4-S17.

4 Chung AM, Eiland LS. Use of second-generation antiepileptic 
drugs in the pediatric population. Pediatr Drugs 2008;10:217-
254.

5 Rong P, Liu A, Zhang J, Wang Y, Yang A, Li L, et al. An 
alternative therapy for drug-resistant epilepsy: transcutaneous 
auricular vagus nerve stimulation. Chin Med J (Engl) 
2014;127:300-304.

6 Wang WZ, Wu JZ, Wang DS, Dai XY, Yang B, Wang TP, et al. 
The prevalence and treatment gap in epilepsy in China: an ILAE/
IBE/WHO study. Neurology 2003;60:1544-1545.

7 Northam RS, Hernandez AW, Litzinger MJ, Minecan DN, 
Glauser TA, Mangat S, et al. Oxcarbazepine in infants and young 
children with partial seizures. Pediatr Neurol 2005;33:337-344.

8 Perucca E. Clinically relevant drug interactions with antiepileptic 
drugs. Br J Clin Pharmacol 2006;61:246-255.

9 LaRoche SM, Helmers SL. The new antiepileptic drugs: 
scientifi c review. JAMA 2004;291:605-614.

10 Franzoni E, Garone C, Sarajlija J, Gualandi S, Malaspina E, 
Cecconi I, et al. Open prospective study on oxcarbazepine in 
epilepsy in children: a preliminary report. Seizure 2006;15:292-
298.

11 Bang L, Goa K. Oxcarbazepine: a review of its use in children 
with epilepsy. Paediatr Drugs 2003;5:557-573.

12 Arya R, Glauser TA. Pharmacotherapy of focal epilepsy in 
children: a systematic review of approved agents. CNS Drugs 
2013:27:273-286.

13 Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Chadwick 
D, Guerreiro C, et al. ILAE treatment guidelines: evidence-based 
analysis of antiepileptic drug effi cacy and effectiveness as initial 
monotherapy for epileptic seizures and syndromes. Epilepsia 
2006;47:1094-1120.

14 Chen J, Zou L, Zhao M, Ju J. Oxcarbazepine oral suspension 
in partial epilepsy of preschool-aged children: an efficacy and 
safety study. Chin J Neuromed 2014:13:398-401. [In Chinese]

15 Gaily E, Granström ML, Liukkonen E. Oxcarbazepine in 
the treatment of early childhood epilepsy. J Child Neurol 
1997;12:496-498.

16 Serdaroglu G, Kurul S, Tutuncuoglu S, Dirik E, Sarioglu B. 
Oxcarbazepine in the treatment of childhood epilepsy. Pediatr 
Neurol 2003;28:37-41.

17 Glauser TA, Nigro M, Sachdeo R, Pasteris LA, Weinstein S, 
Abou-Khalil B, et al. Adjunctive therapy with oxcarbazepine 
in children with partial seizures. The Oxcarbazepine Pediatric 
Study Group. Neurology 2000;54:2237-2244.

18 Wei SH, Liu CC, Fan PC. A comparison of the efficacy and 
tolerability of oxcarbazepine oral suspension between infants and 
children with epilepsy: a retrospective chart review at a single 
medical center in Taiwan. Paediatr Drugs 2014;16:83-89.

19 Naik N, Gawai A, TRIOX Study Group. Efficacy, safety 



559

Oxcarbazepine in children with PS/GTCS

O
riginal article

World J Pediatr, Vol 13 No 6 . December 15, 2017 . www.wjpch.com

and tolerability of Trioptal® (oxcarbazepine) in children and 
adolescents with newly diagnosed partial seizures or generalized 
tonic-clonic seizures: results of a 6 months, prospective, 
open-label, multicentre, non-comparative, observational 
post-marketing surveillance study. Indian Medical Gazette 
2012;CXLVI:324-330.

20 Rufo-Campos M, Casas-Fernández C, Martínez-Bermejo A. 
Long-term use of oxcarbazepine oral suspension in childhood 
epilepsy: open-label study. J Child Neurol 2006;21:480-485.

21 Kothare SV, Khurana DS, Mostofi N, Melvin JJ, Marks HG, 
Valencia I, et al. Oxcarbazepine monotherapy in children and 
adolescents: a single-center clinical experience. Pediatr Neurol 
2006;35:235-239.

22 Piña-Garza JE, Espinoza R, Nordli D, Bennett DA, Spirito S, 
Stites TE, et al. Oxcarbazepine adjunctive therapy in infants and 
young children with partial seizures. Neurology 2005;65:1370-
1375.

23 Unalp A, Uran N, Bayram E, Bayram M, Ozturk AA. Efficacy 
and safety of oral suspension of oxcarbazepine in children with 
epilepsy. Neurosciences (Riyadh) 2008;13:456-457.

24 Eun SH, Kim HD, Chung HJ, Kang HC, Lee JS, Kim JS, et al. A 
multicenter trial of oxcarbazepine oral suspension monotherapy 
in children newly diagnosed with partialseizures: a clinical and 
cognitive evaluation. Seizure 2012;21:679-684.

25 Chen YB, Hao YP, Hao XS, Liang D. Clinical efficacy of 
oxcarbazepine suspension in children with focal epilepsy. 
Zhongguo Dang Dai Er Ke Za Zhi 2013;15:340-342. [In 
Chinese]

26 Chen Q, Yan XX, Zhang GZ, Xu KM. Experience of use of 
oxcarbazepine oral suspension in underage children epilepsy. J 
Med Res 2013;42:88-91. [In Chinese]

27 Qin J, Wang Y, Huang X, Zhang Y, Fang F, Chen Y, et al. 
Effi cacy and safety of oxcarbazepine oral suspension in pediatric 
patients aged 2-5 years with partial seizures and/or generalized 
tonic-clonic seizures in routine clinical practice in China 31st 
International Epilepsy Congress (IEC); 2015 Sep 5-9; Istanbul, 
Turkey.

28 Kholin AA, Zavadenko NN, Il'ina ES, Fedoniuk ID, Kolpakchi 
LM, Khalilov VS, et al. Efficacy and safety of topiramate 

depending on patient's age and forms of epilepsy. Zh Nevrol 
Psikhiatr Im S S Korsakova 2013;113:45-51. [In Russian]

29 Voronkova KV, Pylaeva OA, Petrukhin AS. Efficacy of 
topiramate (Topamax) in epileptic patients of different ages. 
Neurosci Behav Physiol 2007;37:547-551.

30 Reimers A, Skogvoll E, Sund JK, Spigset O. Lamotrigine 
in children and adolescents: the impact of age on its serum 
concentrations and on the extent of drug interactions. Eur J Clin 
Pharmacol 2007;63:687-692.

31 Rey E, Bulteau C, Motte J, Tran A, Sturm Y, D'Souza J, et al. 
Oxcarbazepine pharmacokinetics and tolerability in children 
with inadequately controlled epilepsy. J Clin Pharmacol 
2004;44:1290-1300.

32 Schmidt D, Sachdeo R. Oxcarbazepine for treatment of partial 
epilepsy: a review and recommendations for clinical use. 
Epilepsy Behav 2000;1:396-405.

33 World Medical Association. WMA Declaration of Helsinki-
ethical principles for medical research involving human subjects. 
http://www.dhmjournal.com/files/Helsinki_Declaration_
revised_2008.pdf (accessed June 1, 2009).

34 Belousova ED, Mukhin KIu, Ermolenko NA, Guzeva VI, 
Tysiachina MD, Mironov MB, et al. Efficacy and safety of the 
monotherapy with trileptal (oxcarbazepine) in children and 
adolescents. Zh Nevrol Psikhiatr Im S S Korsakova 2010;110:45-
50. [In Russian]

35 Deckers CL, Hekster YA, Keyser A, van Lier HJ, Meinardi 
H, Renier WO. Monotherapy versus polytherapy for epilepsy: 
a multicenter double-blind randomized study. Epilepsia 
2001;42:1387-1394.

36 Gkampeta A, Fidani L, Zafeiriou D, Pavlou E. Benign epilepsy 
with centrotemporal spikes: Relationship between type of 
seizures and response to medication in a Greek population. J 
Neurosci Rural Pract 2015;6:545-548.

37 Astradsson A, Olafsson E, Ludvigsson P, Björgvinsson H, 
Hauser WA. Rolandic epilepsy: an incidence study in Iceland. 
Epilepsia 1998;39:884-886.

Received June 21, 2016
Accepted after revision November 4, 2016


