

[image: image1]
Comparison of Long-Term Outcomes of Monotherapy and Polytherapy in Seizure-Free Patients With Epilepsy Following Antiseizure Medication Withdrawal












	
	ORIGINAL RESEARCH
published: 24 May 2021
doi: 10.3389/fneur.2021.669703






[image: image2]

Comparison of Long-Term Outcomes of Monotherapy and Polytherapy in Seizure-Free Patients With Epilepsy Following Antiseizure Medication Withdrawal

Yuxuan Wang†, Li Xia†, Rong Li, Yudan Li, Jingyi Li, Qin Zhou and Songqing Pan*

Department of Neurology, Renmin Hospital of Wuhan University, Wuhan, China

Edited by:
Giovanni Assenza, Campus Bio-Medico University, Italy

Reviewed by:
Jacopo Lanzone, Sant'Isidoro Hospital Ferb Onlus Trescore Balneario, Italy
 Emilio Russo, University of Catanzaro, Italy
 Lorenzo Ricci, Policlinico Universitario Campus Bio-Medico, Italy

*Correspondence: Songqing Pan, psq@medmail.com.cn

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Epilepsy, a section of the journal Frontiers in Neurology

Received: 19 February 2021
 Accepted: 07 April 2021
 Published: 24 May 2021

Citation: Wang Y, Xia L, Li R, Li Y, Li J, Zhou Q and Pan S (2021) Comparison of Long-Term Outcomes of Monotherapy and Polytherapy in Seizure-Free Patients With Epilepsy Following Antiseizure Medication Withdrawal. Front. Neurol. 12:669703. doi: 10.3389/fneur.2021.669703



Objective: The objectives of this study were to compare the risk and timing of seizure relapse in seizure-free patients with epilepsy following the withdrawal of monotherapy or polytherapy and to identify relevant influencing factors.

Methods: Patients who had achieved at least a 2-year seizure remission and started the withdrawal of antiseizure medication (ASM) were enrolled in this study. All patients were followed for at least 3 years or until seizure relapse. According to the number of ASMs at the time of withdrawalwas about twice than that, patients were divided into two groups: monotherapy group and polytherapy group. The Cox proportional hazards model was used to compare the recurrence risk of the two groups. Univariate analysis and multiple logistic regression analysis were used to analyze potential confounding variables between patients treated with monotherapy and polytherapy.

Results: A total of 188 patients (119 males and 69 females) were included. The average prescribed daily dose of most ASMs at the time of withdrawal was moderate or low (30–50% defined daily dose). The recurrence of most patients (89.2%) occurred within the first 3 years after withdrawal. The recurrence risk in patients treated with polytherapy at the time of withdrawal was about twice than that of the monotherapy group [p = 0.001, hazard ratio (HR) = 2.152, 95% confidence interval (CI) = 1.350–3.428]. Multivariate analysis showed that patients treated with polytherapy were significantly older at seizure onset [p = 0.024, odd ratio (OR) = 1.027, 95% CI = 1.004–1.052] and had a significantly longer duration of epilepsy before treatment (p = 0.004, OR = 1.009, 95% CI = 1.003–1.015) compared to patients in the monotherapy group. In addition, a history of perinatal injury was found to be an independent risk factor of seizure relapse in patients with ASM withdrawal.

Conclusion: The average prescribed daily dose of most ASMs at the time of withdrawal was moderate or low. Patients who received polytherapy at the time of withdrawal, particularly those with later seizure onset age and longer epilepsy duration before treatment, had a higher recurrence risk after ASMs withdrawal compared to patients treated with monotherapy.
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INTRODUCTION

Epilepsy is one of the most common chronic neurological diseases, affecting about 50 million people globally of all ages (1). Approximately 60–70% of patients become seizure-free by taking oral antiseizure medications (ASMs) (2). The continued use of ASM may have some adverse effects, such as drug reactions, impaired brain development (3), and increased psychological and economic burdens (4, 5), and remaining on ASM may not fully protect patients from seizure recurrence (6). The ideal goal of treating patients with epilepsy is complete seizure control and withdrawal of medical treatment without seizure recurrence. However, the rate of seizure relapse after ASM withdrawal ranges from 10 to 70% in different study designs and populations (7). It has been reported that resuming medication in 19% of patients [95% confidence interval (CI) = 15–24%] who relapse after withdrawal does not control the epilepsy as before, and 7–23% of patients develop chronic drug-resistant epilepsy (8). Therefore, it is necessary to perform early assessments of factors related to high recurrence risk to guide ASM withdrawal.

The development of new ASMs and improved an understanding of drug interactions support the potential application of polytherapy in epilepsy (9, 10). However, the results on the efficacy of monotherapy and polytherapy in patients with uncontrolled epilepsy are contradictory (11–13). Similarly, there is no consistent conclusion on the effect of monotherapy and polytherapy on seizure relapse after withdrawal in seizure-free patients. In 1984 (14), the Medical Research Council Antiepileptic Drug Withdrawal Study Group conducted a randomized controlled study of 1,013 patients who had been seizure-free for at least 2 years. The results showed that two or more ASMs were significantly associated with the recurrence (RR = 1.79, 95% CI = 1.34–2.39, p < 0.05). In 2013 (15), the Italian League Against Epilepsy report that eight of 23 studies showed a higher relapse risk in patients treated with polytherapy compared to monotherapy, but only two studies found significant differences in the multivariate analysis. In 2017 (16), a large-sample meta-analysis suggested that the number of ASMs was not an independent risk factor of seizure recurrence after withdrawal. With the advance in the development of new ASMs, it is worthy exploring whether the relationship between the number of ASMs and relapse after withdrawal has been changed. It has also been reported that the number of ASMs was significantly related to the mental state and quality of life of patients with epilepsy (17). Therefore, we conducted a retrospective observational study to compare the risk and timing of seizure relapse in seizure-free patients who took monotherapy or polytherapy after withdrawal and analyzed the clinical factors associated with seizure relapse.



MATERIALS AND METHODS


Patient Enrollment

Patients who were diagnosed with epilepsy and had achieved at least 2 consecutive years of seizure control and started ASM withdrawal between September 1, 2008 and August 30, 2019 at the Renmin Hospital of Wuhan University (Wuhan, China) were enrolled in this study. All patients were followed for at least 3 years or until seizure relapse and had detailed medical records. The exclusion criteria were: patients with an acute symptomatic seizure; patients with juvenile myoclonic epilepsy; patients with progressive encephalopathy such as brain tumors; patients with a history of epilepsy resection surgery; and poor compliance (failed to take medicine as prescribed during the period of ASM withdrawal, such as medication omission and self-tapering) or incomplete medical records.

This study was approved by the Ethics Review Committee of Wuhan University Renmin Hospital. All participants provided informed consent.



Data Collection

The following information were collected for analysis: sex, age at seizure onset, seizure type, etiology of epilepsy, family history of epilepsy, history of febrile seizures, perinatal injury, and craniocerebral injury, craniocerebral imaging results (magnetic resonance imaging and computed tomography), electroencephalogram (EEG) results before treatment and before ASM withdrawal, duration of epilepsy before medical treatment, the number and the dose of ASMs at the time of withdrawal, and the seizure-free interval before withdrawal.

The classification of seizure types and the definition of epilepsy etiology were based on the latest proposal of the International League Against Epilepsy (18). The classification of epilepsy syndrome was not included in this study because of the limited predictive value of epilepsy syndrome for success or failure after ASM withdrawal (19). In the present study, the etiology of epilepsy was divided into clear etiology (including structural, genetic, and infectious etiology) and unknown etiology. There were no patients with metabolic etiology or immune etiology due to the low incidence of metabolic epilepsy, the lack of genetic examination, and the poor prognosis of autoimmune-associated epilepsy (20, 21). The duration of epilepsy before treatment was defined as the time from seizure onset to registration at outpatient clinics. An abnormal EEG was defined as a specific focal, generalized epileptiform, or slow-wave abnormality.



Study Design

Patients were divided into two groups according to the number of ASMs at the time of drug withdrawal: monotherapy group and polytherapy group. After ASM withdrawal, patients who remained seizure-free until the end of the study were defined as having seizure remission, while those who experienced seizure recurrence during the follow-up period were defined as having seizure relapse. ASM withdrawal was performed following the principle of gradual reduction, with one-quarter dose reduction every 3 months in the majority of patients. For patients treated with polytherapy, the first ASM was initially reduced and the withdrawal of the second drug started after the complete reduction of the former one. The follow-up period starts with the reduction of the first ASM. The primary outcome of this study was the comparison of the recurrence risk after ASM withdrawal between the monotherapy and polytherapy groups. Factors that were related to the recurrence risk of the two groups were also explored.



Sample Size Calculation

The sample size was calculated according to previous data of patients with ASMs withdrawal (14, 22–24). In real-world clinical practice, the proportion of patients in the two groups was not evenly distributed at the time of ASM withdrawal. Base on the data of previous studies, the sample size ratio of the polytherapy group to the monotherapy group was set as 0.3. The recurrence rates of the polytherapy to the monotherapy were set as 0.7 and 0.4, respectively. In addition, the alpha value was 0.05 and the power was 0.90. The analysis using the PASS 15.0 software showed that the sample size of the polytherapy group was 35 and that of the monotherapy group was 118. Therefore, the total number of patients should be 153. In this study, we included as many eligible patients as possible to ensure the reliability and validity of the data.



Statistical Analysis

Statistical analysis was performed using SPSS software 25.0 package (SPSS Inc., IL, USA). In univariate analysis, Mann–Whitney-test and chi-squared-test were used to compare continuous and categorical variables, respectively. Variables found to be statistically significant between the two groups on univariate analysis were further investigated using multivariate logistic regression analysis. Multivariate Cox regression analysis was performed to compare the relapse risk between the two groups after ASM withdrawal, adjusted for the effects of potential confounding factors. Firstly, multivariate Cox stepwise regression analysis was used to examine other confounding factors that unbalanced variables between the two groups and significantly affected relapse. Next, variables that significantly affected seizure relapse were included in the adjusted Cox proportional hazards model. The number of ASMs was the only covariate in the unadjusted Cox model. Kaplan–Meier survival analysis was used to determine the cumulative relapse rate of the two groups after ASM withdrawal. All statistical tests were two-tailed, and p < 0.05 was considered statistically significant.




RESULTS


Demographic and Clinical Characteristics at Baseline

A total of 188 patients (119 males and 69 females) who met the inclusion criteria were recruited in this study. The mean duration of follow-up was 45.3 months (±32.5, range = 0.5–135). The average seizure-free interval before the initiation of ASM withdrawal was 3.2 years (±0.5, range = 2.0–6.2), and the majority of ASM withdrawal (91%) occurred in the third seizure-free year. Among all patients, 135 (71.8%) received monotherapy and 53 (28.2%) received polytherapy. The demographic and clinical characteristics of the two groups at baseline are shown in Table 1.


Table 1. Univariate analysis of the demographic and clinical characteristics of patients treated with monotherapy and polytherapy.
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In the monotherapy group, oxcarbazepine (38/135, 28.1%) was the most common drug, followed by valproate (29/135, 21.5%), lamotrigine (26/135, 19.3%), levetiracetam (24/135, 17.8%), carbamazepine (14/135, 10.4%), and topiramate (4/135, 3.0%). In the polytherapy cohort, all patients received a combination of two ASMs. The most common combination was valproate and lamotrigine (24/53, 45.3%), followed by valproate and oxcarbazepine (8/53, 15.1%), levetiracetam and lamotrigine (7/53, 13.2%), and valproate and carbamazepine (5/53, 9.4%). As defined by the World Health Organization, the defined daily dose (DDD) is the assumed average maintenance dose per day for its main indication in adults (25). The mean prescribed daily dose (PDD) and the percentage of DDD (PDD/DDD) in the two groups are shown in Table 2.


Table 2. DDD, mean PDD, and percentage of DDD in the two groups.
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Comparison of Seizure Relapse Between the Monotherapy and Polytherapy Groups

The overall relapse rate was 39.4% (74/188) at the end of the study. Among all patients, 32.6% (44/135) and 56.6% (30/53) experienced seizure relapse in the monotherapy and polytherapy groups, respectively. According to the multivariate Cox stepwise regression analysis, the history of perinatal injury was the only confounding factor that affected recurrence (p < 0.05; Table 3). The recurrence risk of patients treated with polytherapy was significantly higher than that of the monotherapy group [hazard ratio (HR) = 2.152, 95% CI = 1.350–3.428] after adjusting for the history of perinatal injury (Table 4).


Table 3. Effect of various factors on seizure relapse: multivariate Cox regression analysis.
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Table 4. Comparison of seizure relapse risk between patients treated with monotherapy and polytherapy.
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According to the Kaplan–Meier survival analysis, the cumulative recurrence rates in the monotherapy group at 6, 12, 24, 36, and 60 months were 9.6, 18.5, 25.2, 28.9, and 31.8%, respectively; these were 22.6, 32.1, 47.2, 50.9, and 56.6%, correspondingly, in the polytherapy group (Figure 1). The staged recurrence rates of patients in the two groups at 0–6, 6–12, 12–24, 24–36, and 36–60 months are shown in Figure 2. In the monotherapy group, the recurrence rates were 9.6, 8.9, 6.7, 3.7, and 3.0%, respectively, whereas the rates in the polytherapy group were 22.6, 9.4, 15.1, 3.8, and 5.7%, respectively. Chi-squared-test showed that the risk of early relapse (6 months) in the polytherapy group was significantly higher than that in the monotherapy group (22.6 vs. 9.6%, p = 0.018). Most recurrences (89.2%) occurred within 3 after withdrawal.


[image: Figure 1]
FIGURE 1. Kaplan–Meier analysis of the cumulative recurrence rates in patients treated with monotherapy and polytherapy.
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FIGURE 2. The staged recurrence rates of two groups of patients at 0–6, 6–12, 12–24, 24–36, and 36–60 months. The peak occurred in the first 12 months (mainly in the first 6 months) in both groups.




Differences in Demographic and Clinical Characteristics Between Two Groups

Univariate analysis showed that patients treated with polytherapy had an older onset age (median = 16.0 vs. 13.0 years, mean = 21.5 vs. 17.0 years, p = 0.041) and a longer duration of epilepsy before treatment (median = 24.0 vs. 8.0 months, mean = 51.2 vs. 26.0 months, p = 0.035) compared to those treated with monotherapy. No significant differences were found between the two groups in sex, seizure type, etiology of epilepsy, family history of epilepsy, history of febrile seizures, perinatal injury, craniocerebral injury, EEG results before medicine treatment and before withdrawal, and craniocerebral imaging results (all p > 0.05; Table 1). In the multivariate logistic regression analysis, the age at seizure onset (p = 0.024, OR = 1.027, 95% CI = 1.004–1.052) and the duration before treatment (p = 0.004, OR = 1.009, 95% CI = 1.003–1.015) remained significantly different between the monotherapy and polytherapy groups (Table 5).


Table 5. Multivariate logistic regression analysis of the demographic and clinical variables between the monotherapy and polytherapy groups.
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DISCUSSION

In this study, all patients were followed for at least 3 years or until seizure relapse after the initiation of ASM withdrawal, which was considered sufficient to assess the overall prognosis of seizure-free patients by Park et al. (24). The total recurrence rate (39.4%) measured in our study was consistent with that reported in previous investigations (10–70%) (7). Consistent with previous studies (26–29), the average PDD of most ASMs at the time of withdrawal in our study was moderate or low (30–50% DDD), except for oxcarbazepine and levetiracetam (>60% DDD), which was slightly higher in the polytherapy group.

Several recent studies have investigated the relationship between seizure relapse and the number of ASMs in patients with ASM withdrawal, but there has been no consistent conclusion. Our results demonstrated that patients treated with polytherapy had a higher seizure relapse risk than those with monotherapy (HR = 2.152, 95% CI = 1.350–3.428), which was in line with previous studies (23, 30–32). We also found that the risk of early recurrence (within the first 6 months) in polytherapy-treated patients was significantly higher than that of the monotherapy group (22.6 vs. 9.6%, p = 0.018). Others, however, did not find that the number of ASMs was correlated with seizure relapse (33, 34). The Italian League Against Epilepsy recommends that patients who receive polytherapy be warned of a higher risk of recurrence, but the withdrawal of ASM could be considered, in particular when no other risk factors are present (15).

A recent review reported that the peak of relapse was in the first 12 months (mainly in the first 6 months) after withdrawal and tended to decrease thereafter (35), which was similar to our findings (in both monotherapy- and polytherapy-treated patients). Therefore, we concluded that the relapse trend was not correlated with the number of ASMs, in line with a previous study (24).

In the present study, we retrospectively analyzed the demographic and clinical characteristics of the two groups and found that patients treated with polytherapy had a significantly later age of onset (median = 16.0 vs. 13.0 years, mean = 21.5 vs. 17.0 years) and longer duration of epilepsy before medical treatment (median = 24.0 vs. 8.0 months, mean = 51.2 vs. 26.0 months) compared with the monotherapy group.

The effect of age at seizure onset on the recurrence of patients with ASM withdrawal has been extensively studied. An early meta-analysis of 25 studies has reported that patients with onset during adolescence (10–20 years) or adulthood (>20 years) have a higher risk of recurrence than those with onset during childhood (<12 years) (7). An individualized prediction model of seizure recurrence in seizure-free patients after withdrawal has shown that the risk of seizure relapse is high when the onset is at birth, drops to a nadir at the age of 3–4 years, starts to rise again until age 10 years, plateaus until age 25 years, and then rises further with advancing age of onset (16). Consequently, the age at first seizure onset is positively correlated with seizure relapse after ASM withdrawal. In addition, many studies have reported that the duration of epilepsy before treatment and the duration of active epilepsy were significantly correlated with seizure relapse after ASM withdrawal (23, 24, 34, 36). The duration of active epilepsy is related to the severity of the disease. Park et al. (24) reported that a longer duration of symptoms might be related to the intrinsic reactivation of epilepsy. In terms of pathogenesis (37), it has been reported that repeated seizures induce neuronal loss and mossy fiber sprouting in the hippocampus, which may reinforce the production of excitatory recurrent circuits and therefore aggravate epilepsy. Therefore, we conclude that a later age of seizure onset and a longer course of epilepsy before treatment were important characteristics of polytherapy-treated patients. We also speculate that these two factors may be related to disease severity and poor prognosis.

The correlation between EEGs and epilepsy recurrence is disputable. Previous evidence has demonstrated that an abnormal EEG before ASM withdrawal is a predictor of the relapse (7, 38). In this study, we did not observe significant differences in the EEG results collected before treatment and before withdrawal between the monotherapy and polytherapy groups, probably due to the relatively small sample size and the fact that EEG was only measured for 2 h. Yao et al. (39) reported that abnormal EEG during withdrawal was a risk factor for recurrence. Su et al. (33) found that abnormal EEG results within the first year after ASM withdrawal was an independent predictor of seizure relapse and suggested the EEG test during the first year after ASM withdrawal is highly recommended. Therefore, the detection of EEG during and after drug withdrawal is also worthy of attention. In recent years, the value of quantitative pharmaco-EEG in predicting and evaluating treatment response and side effects of ASM has started to gain scientific interest (40). Studies of patients with temporal lobe epilepsy have shown that quantitative EEG at both resting state and after treatment has a high predictive significance for the effect of drug treatment, which may offer new prognostic biomarkers for patients with epilepsy (41). Therefore, whether the application of quantitative pharmaco-EEG in seizure-free patients with ASM withdrawal can improve the predictive value of EEG warrants further investigation.

The discontinuation of medications for patients who achieved long-term seizure freedom has always been a concerning issue. According to the guidelines of the Italian League Against Epilepsy, the minimum period of seizure freedom is 2 years (15). In the present study, 171 patients were seizure-free for at least 3 years before withdrawal (eight patients: >4 years; two patients: >5 years). However, Camfield and Camfield (19) suggested that children who have been seizure-free for 1–2 years may consider the discontinuation of ASM treatment and a longer seizure-free period has no significant effect on the success rate, whereas adult patients should remain seizure-free for at least 4 years before ASM withdrawal. In addition, a prospective controlled study by Wang et al. (42) found that a seizure-free period of more than 5 years before withdrawal significantly reduced the relapse risk compared with a seizure-free period of 2–3 years for adults with focal epilepsy. Recently, a large-sample meta-analysis of seizure recurrence after ASM withdrawal supplemented that every added seizure-free year reduces the risk of recurrence (16). Therefore, it may be more appropriate to extend the seizure-free interval for patients with a high risk of recurrence.

According to previous reports, factors such as gender, seizure type, etiology of epilepsy, EEG, imaging examination, history of perinatal injury and brain injury, and family history of epilepsy are related to seizure recurrence after withdrawal. In the current study, however, no differences were observed in these factors between the monotherapy and polytherapy groups. On one hand, recall bias might occur when patients are asked to provide an overview of their medical history. On the other hand, the population and study design may differ among studies.

This study had several limitations. Firstly, as an observational study, the mechanism underlying the association between polytherapy and relapse was not explored. Secondly, there was no randomization and no control group due to the nature of the retrospective study. Finally, due to the relatively small sample size, some prognostic factors may be missed. Multicenter, large-scale, prospective controlled studies are needed to further investigate the long-term recurrence of patients treated with monotherapy and polytherapy.



CONCLUSIONS

Our study suggests that clinicians consider extending the seizure-free interval of patients who have achieved epilepsy remission by polytherapy, especially those with a later age of onset and a longer course before treatment.
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