
LETTER TO THE EDITOR

Establishing Prediction Model of Antiepileptic Drugs Response
using Data Mining Approach

Ji-Ye Yin,1,2 Jian Qu,1,2 Chen-Xue Mao,1,2 Xi Li,1,2 Xiao-Yuan Mao,1,2 Bo Xiao,3 Ling Xiao,1,2 Wei Zheng,1,2

Hong-Hao Zhou1,2 & Zhao-Qian Liu1,2

1 Department of Clinical Pharmacology, Xiangya Hospital, Central South University, Changsha, China

2 Institute of Clinical Pharmacology, Central South University; Hunan Key Laboratory of Pharmacogenetics, Changsha, China

3 Department of Neurology, Xiangya Hospital, Central South University, Changsha, China

Correspondence

Z.-Q. Liu, Department of Clinical

Pharmacology, Xiangya Hospital, Central

South University, Changsha 410008, China;

Institute of Clinical Pharmacology, Central

South University, Hunan Key Laboratory of

Pharmacogenetics, Changsha 410078, China.

Tel.: +86-731-8480-5380;

Fax: +86-731-8235-4476;

E-mail: liuzhaoqian63@126.com

Received 1 July 2016; revision 22 July 2016;

accepted 24 July 2016

doi: 10.1111/cns.12599

Epilepsy characterized by highly heterogeneous treatments is one

of the most common neurological disorders in the world [1,2]. A

number of antiepileptic drugs (AEDs) were developed to treat this

disease; however, the drug response was remarkably variable

among individuals. Therefore, predicting each patient’s response

to AEDs is important for the personalized treatment, which will

improve the therapeutic efficiency. Data mining (DM) is the pro-

cess of discovering knowledge embedded in large data set [3]. It is

capable of simultaneously modeling multiple factors; thus, some

DM approaches were developed to establish prediction models.

We proposed that this method can also be used to establish AEDs

response prediction model. Here, we firstly genotyped 31 SNPs in

a total of 699 patients with epilepsy. Then, nine DM approaches

were employed to establish prediction model for AEDs response

with these SNPs and three clinical factors. Finally, the

performance of these models was validated in an independent

population.

Our protocol was approved by the Ethics Committee of Xiangya

School of Medicine, Central South University. All individuals pro-

vided a written informed consent in compliance with the code of

ethics of the World Medical Association (Declaration of Helsinki)

before this study was initiated. We applied this study for clinical

admission in the Chinese Clinical Trial Register (Registration

Number: ChiCTR-TCH-0000813). The clinical characteristics of all

subjects are summarized in Table S1. The gene and SNP selection

was mainly based on our previous two published studies [4,5]. A

total of 31 SNPs in 10 genes were included (Table S2). Nine DM

approaches were employed in this study to establish prediction

model using WEKA software as described previously, including

Bayesian net (BN), logistic regression (LR), artificial neural net-

work (ANN), k-nearest neighbor (k-NN), support vector machine

(SVM), decision tree (DT), random forest (RF), adaptive boosting

(AB), and bagging (BAG) [6,7]. The outputs consisted of response

versus nonresponse, which were all binary variables. For all meth-

ods, 10-fold cross-validation was employed to evaluate the model

prediction accuracy. The data set were randomly and alternately

divided into ten groups: nine groups were assigned as training sets

used to estimate the classification accuracy, and one group was

assigned as evaluation set used to test the prediction accuracy of

established models. The process was repeated ten times to make

sure each group was assigned once as an evaluation set. The over-

all model prediction accuracy was the averaged value across all

ten trials. The P value was two-sided, and P<0.05 was considered

statistically significant. All statistical analyses were performed

using PLINK and SPSS 18.0 software (SPSS Inc., Chicago, IL, USA)

[8].

In our samples, carbamazepine was one of the most commonly

used drugs and we firstly established response prediction models

for this drug. These models were established using nine DM

approaches with 31 SNPs and three clinical factors. The results are

indicated in Figure 1A; except BN and KNNmodels, the sensitivity

was higher than specificity in all other models. The DT model

achieved the highest sensitivity of 0.94; however, it also had the

lowest specificity of 0.23. The specificity is generally low in carba-

mazepine models. The highest came from ANN and KNN models,

and they both achieved 0.68. The AB model had the best overall
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performance, and it reached a sensitivity of 0.82, a specificity of

0.59, a prediction accuracy of 0.82 for responders, a prediction

accuracy of 0.59 for nonresponders, and an overall accuracy of

0.71 (Table S3). Its quality was also assessed by the ROC curve,

with the AUC of 0.79 (Figure 1B). This model was validated in an

independent cohort of 100 patients, and compared with deriva-

tion cohort; both the sensitivity (0.95) and specificity (0.60) were

higher in the validation population (Table 1). This result showed

that this model was successfully validated in another cohort.

Valproic acid is another mostly used drug in this study, and we

thus next established the prediction model for this drug. The used

methods and involved factors were the same as above-mentioned

models. All results are summarized in Figure 1C, and similar to

carbamazepine prediction models, the sensitivity is higher than

specificity for all algorithms. Also, DT, RF, AB, and BAG models

achieved the highest sensitivity, which were 1.00, 0.99, 0.98, and

1.00, respectively (Table S3). However, except AB model, their

specificity is very low. Both AB and ANN models achieved the

specificity of 0.46; however, the highest (0.52) came from BN

model. Overall, AB model had the best performance, and it

achieved a sensitivity of 0.98, a specificity of 0.46, a prediction

accuracy of 0.98 for responders, a prediction accuracy of 0.46 for

nonresponders, and an overall accuracy of 0.84. The AUC of ROC

curve is 0.74 (Figure 1D). We next tested this model’s

Figure 1 The performance and ROC curves of prediction models established by different DM algorithms for carbamazepine and valproic acid. (A) and (C):

The sensitivity (red bar), specificity (green bar), and overall accuracy (blue bar) of models established for carbamazepine (A) and valproic acid (C) by nine

DM algorithms (BN, LR, ANN, KNN, SVM, DT, RF, AB, and BAG) were indicated. (B) and (D): The nine established models’ performance of carbamazepine (B)

and valproic acid (D) was evaluated by ROC curve, which was plotted by true-positive rate (TPR) against false-positive rate (FPR). Area under curve (AUC)

was also shown for each curve. BN, Bayesian net; LR, logistic regression; ANN, artificial neural network; k-NN, k- nearest neighbor; SVM, support vector

machine; DT, decision tree; RF, random forest; AB, adaptive boosting; BAG, bagging.

Table 1 Performance of models established by AB algorithms in derivation and validation cohorts

TP TN FP FN SE SP PRE OA AUC MAE

Carbamazepine

Derivation cohort 66 39 27 15 0.82 0.59 0.71 0.71 0.79 0.35

Validation cohort 52 27 18 3 0.95 0.60 0.81 0.79 0.83 0.32

Valproic acid

Derivation cohort 182 30 36 4 0.98 0.46 0.84 0.84 0.74 0.28

Validation cohort 135 25 40 0 1.00 0.39 0.85 0.80 0.75 0.30

TP, true positives; TN, true negatives; FP, false positives; FN, false negatives; SE, sensitivity; SP, specificity; PRE, precision; OA, overall accuracy; AUC,

area under curve; MAE, mean absolute difference.
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performance in an independent cohort of 200 patients. As indi-

cated in Table 1, the sensitivity is the same as that of derivation

cohort, but specificity decreased. The validation study showed that

this model’s sensitivity is quite reliable; however, the specificity

still needs to be improved.

In summary, we genotyped 31 SNPs of 10 genes in a total of 699

patients with epilepsy. Then, we established the response predic-

tion models using nine DM approaches with these SNPs and three

clinical factors for carbamazepine and valproic acid. The estab-

lished models were further validated in an independent popula-

tion. The results indicated that for both drugs, the prediction

model established using adaptive boosting algorithm had the best

performance. The carbamazepine response prediction model

achieved a sensitivity of 0.82, a specificity of 0.59, an overall accu-

racy of 0.71, and ROC curve AUC of 0.79. The valproic acid

response prediction model achieved a sensitivity of 0.98, a

specificity of 0.46, an overall accuracy of 0.84, and ROC curve

AUC of 0.74. However, it is noteworthy that our models still need

to be validated in other large sample size populations before they

can be used in clinical practice.
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