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Aim: Identifying a patient’s risk for poor outcomes after starting antiseizure medication (ASM) therapy is crucial in managing
epilepsy pharmacologically. To date, there is a lack of designated tools to assess such risks.

Purpose: To develop and validate a risk assessment tool for the therapeutic outcomes of ASM therapy.

Patients and Methods: A cross-sectional study was carried out in a hospital-based specialist clinic from September 2022 to August 2023.
Data was analyzed from patients’ medical records and face-to-face assessments. The seizure control domain was determined from the
patients’ medical records while seizure severity (SS) and adverse effects (AE) of ASM were assessed using the Seizure Severity
Questionnaire and the Liverpool Adverse Event Profile respectively. The developed tool was devised from prediction models using logistic
and linear regressions. Concurrent validity and interrater reliability methods were employed for validity assessments.

Results: A total of 397 patients were included in the analysis. For seizure control, the identified predictors include >10 years’ epilepsy
duration (OR:1.87,95% CI:1.10-3.17), generalized onset (OR:7.42,95% CI:2.95-18.66), focal onset seizure (OR:8.24,95% CI:2.98—
22.77), non-adherence (OR:3.55,95% CI:1.52-8.27) and having >3 ASM (OR:3.29,95% CI:1.32-8.24). Younger age at epilepsy onset
(<40) (OR:3.29,95% CI:1.32-8.24) and neurological deficit (OR:3.55,95% CI:1.52-8.27) were significant predictors for SS. For AE,
the positive predictors were age >35 (OR:0.12,95% CI:0.03—0.20), <13 years epilepsy duration (OR:2.89,95% CI:0.50-5.29) and
changes in ASM regimen (OR:2.93,95% CI: 0.24-5.62). The seizure control domain showed a good discriminatory ability with
a c-index of 0.711. From the Bonferroni (ANOVA) analysis, only SS predicted scores generated a linear plot against the mean of the
actual scores. The AE domain was omitted from the final tool because it did not meet the requirements for validity assessment.
Conclusion: This newly developed tool (RAS-TO) is a promising tool that could help healthcare providers in determining optimal
treatment strategies for adults with epilepsy.
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Introduction

Achieving the desired therapeutic outcomes with antiseizure medication (ASM) therapy is of paramount importance in the
management of epilepsy. The integral component of the outcomes is mainly related to the effectiveness and safety of the
therapy. Researchers worldwide have been putting vast efforts into finding solutions to overcome poor or adverse therapeutic
outcomes, which aligns with the International League Against Epilepsy (ILAE) aspirations. In practice, healthcare providers
need to make decisions regarding optimizing the pharmacotherapy, which includes initiating and/or deferring the medication
therapy, switching and altering the drug regimen and decisions on employing surgical interventions.' In order to aid the
healthcare providers in executing the above workup, a clinical prediction tool, also known as a prognostic model, clinical
prediction rule or risk score, is often used to estimate the probability of the patient experiencing a particular outcome, requiring
further interventions as mentioned above.
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For epilepsy management, ILAE has outlined the definition of the outcome of therapeutic intervention, which
includes the component of seizure freedom, treatment failure and undetermined outcome. An undetermined outcome is
defined as an inadequate trial of the drug therapy or a lack of information in assessing the outcome.” To date, there is only
one study that developed a tool to estimate the prognostic outcome of epilepsy (Scale to Estimate Prognostic Outcomes
of Epilepsy — SEPE) with ASM therapy in an outpatient setting. This study used regression analysis of data retro-
spectively collected from a specialized epilepsy center and subsequent telephonic follow-up of the patient’s seizure
occurrence. The tool was able to predict whether a patient will become seizure-free without ASM therapy, the possibility
of achieving long-term remission or whether the patient will experience pharmacoresistance.’

The most common method used to identify predictor variables in quantitative studies is regression analysis. The
combination of multiple predictors would provide an understanding of the comparative influence of the predictors in the
model.* This method has been used by many other researchers investigating clinical outcomes in epilepsy and other
neurological disorders.”>® Developing a prediction tool from regression analysis requires meticulous examination of the
model fit as overfitting models may hinder the applicability of the tool in other centers of similar population.*’*
Furthermore, establishing the tool’s validity is not less important and should not be taken for granted. Researchers need
to select validity and reliability assessments appropriate for the method used in the tool’s development.

Apart from the prediction model derived from regression analysis, methods utilizing machine learning applications
are also increasingly widespread, especially in developed nations. Regardless of the approach, a risk assessment tool for
predicting the therapeutic outcomes of ASM therapy is highly warranted given the high rates of adverse outcomes as
evident in previous studies. Thus, this study aims to develop a risk assessment tool for predicting the adverse therapeutic
outcomes of ASM therapy and subsequently validate the developed tool.

Materials and Methods

Study Design

This cross-sectional study involves adults diagnosed with epilepsy who were being monitored by a specialized clinic.
Patients’ variables and information collected from medical records, along with face-to-face assessments using established
validated tools, constituted the dataset for model development. The scope of development involves the identification of
outcome measurement and predictor variables as well as analysis, verification and validation of the prediction model. The
study was conducted between September 2022 to August 2023 at Tengku Ampuan Rahimah Hospital, a tertiary,
government-funded healthcare center located in the central region of Malaysia.

Outcome Definition

The therapeutic outcomes of ASM therapy involve the outcomes that can be measured by retrieving the data from patients’
medical records and direct assessment during patient encounters. The finalized tool was sub-categorized into three main
domains: seizure control (domain 1), seizure severity (domain 2) and adverse effect (AE) of ASM (domain 3). Seizure control
(domain 1) is defined as freedom from any form of seizure activities (including auras) for at least one year from the last clinic
visit. The information regarding the frequency and occurrence of the patient’s seizures was collected based on the doctor’s
assessment documented in the patient’s medical records. For the seizure severity domain, the patients were assessed using
a validated tool developed by Cramer et al which is called the Seizure Severity Questionnaire (SSQ).” This tool contains 24
items and is made up of three subscales, gauging the patient’s or carer’s perspectives on the severity of the seizure within the
past four weeks. The subscales include the phases of seizure activity, namely: i) pre-ictal (aura), ii) ictal and iii) post-ictal
phases. The final SSQ score, which can range between 0 to 7, represents the severity of the seizure. The lowest score indicates
the least severe seizure, while the highest score reflects the most severe seizure experienced by the patient.

For domain 3, the Liverpool Adverse Events Profile (LAEP)'® tool was employed to assess the incidence and intensity of
adverse effects within the past four weeks.'” The tool consists of 19 items, each corresponding to a common adverse effect of
ASM overall. Each item is tagged with a four-point Likert scale with the lowest score of 1 —no AE within four weeks, 2 — AE
appeared for three to four days within four weeks, 3 — AE appeared for 15 days within four weeks and 4 — AE occurred almost
every day within four weeks. The lowest score, which is 19, indicates that the patient never experienced any adverse effects
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within the past four weeks. Conversely, higher scores correlate with higher prevalence and intensity of adverse effects with
a maximum score of 76."° Permission to use the tools was granted by the corresponding authors via email. These three main
outcomes served as the main domains in developing the assessment tool. While other outcomes such as quality of life and
cognitive and psychosocial function are as important, these will not be included in this study.

Source of Data

Patients who had been on ASM for at least three months and had at least two years of clinic follow-up were eligible for inclusion in
the study. For seizure control outcome, all patients (n = 397) from retrospective data collection were included as the data on seizure
frequency were available in patients’ medical records. According to Kwan et al,? counting the seizure frequency as a measure of the
effectiveness of ASM therapy is appropriate. Thus, the most recent seizure control (seizure frequency within a certain period of time)
was recorded. For the seizure severity and adverse effect domain, the patients’ outcomes were measured by a self-administered tool
during the patients’ follow-up appointments (n = 105). This was conducted during the scheduled follow-up visits of pre-randomized
patients within the study period (Supplementary material 1). Those who attended the clinic appointments were called and directed to

a designated room before being seen by the medical officer. Once the informed consent form was signed by the patient or carer, they
were requested to complete the SSQ and LAEP tools. The researcher assisted the patients throughout the assessment process. All
other variables were retrieved directly from patients during the encounter or noted from patients’ medical records.

Data Analysis, Model Development and Validation

There were two analysis methods used for the development of final model in this study. For binary outcomes (seizure
control), multivariate logistic regression was utilized. For outcomes involving continuous parameters, ie SSQ and LAEP
scores, multivariate linear regression was applied. The patients’ demographic and clinical variables and ASM factors that
may impact therapeutic outcomes were initially subjected to univariate analysis with a significance threshold set at
p <0.25"" to identify potential predictor variables. Subsequently, the significant variables identified through this univariate
analysis were further scrutinized using multivariate logistic (for seizure control outcome) and linear (seizure severity and
adverse effects outcomes) regressions. In this multivariate analysis, continuous data variables were examined and classified
based on established evidence and findings from statistical analysis with the rationale discussed earlier.

Variables with a significant value of p < 0.05 were taken into account as predictors and retained for scoring system
generation.'” Repeatedly, the variables in the final model were checked for multicollinearity and any possible interactions.
The distribution of the residuals and homoscedasticity of the data was also checked. For the generation of the scoring system, the
beta coefficient values of the predictors were used as the score value.'>'* For the development of the items’ score, the value of
the beta coefficient of each predictor was divided by the smallest beta coefficient and the resulting value was rounded."'* All
statistical analyses were performed using Statistical Packages for Social Sciences (SPSS Inc., Chicago, IL) version 27. Validity
assessments were done using the criterion (concurrent) validity method where scores obtained from the developed tool were
compared with the patients’ actual outcomes.

Results

Identification and Verification of Predictor Variables

All of the relevant independent variables for therapeutic outcomes of epilepsy management with ASM therapy have been pre-
identified from literature. Each of the potential variables were analyzed using univariate logistic regression (against seizure control
status) and linear regression (for SSQ and LAEP scores). Patients’ descriptive and univariate analysis findings for the seizure
control domain are described in Table 1, whereas results for multivariate regression analysis for the domain is shown in Table 2.

Finalization of Prediction Model

The predictor variables included in the final model were duration of epilepsy, type of seizure, adherence status and the
number of ASM prescribed. The final model was checked for multicollinearity using bivariate correlation analysis and
the result showed a small value of Pearson’s correlation (<0.3) across all variables. All the predictors were deemed
necessary to be included in the final model based on clinical importance.
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Table | Descriptive and Univariate Analysis of Patients’ Variables with Seizure Control

Statistical test Descriptive analysis Univariate analysis
Seizure-free within | year OR (95% CI) p-value
Variables Yes (n =82) | No (n=315)
Age, years n (%) n (%)
16-19 2 (6.7) 28 (93.3) 9.62 (1.89-48.98) 0.006
20-34 25 (19.1) 106 (80.9) 2.92 (1.20-7.04) 0.018
35-49 26 (19.1) 110 (80.9) 2.90 (1.21-7.00) 0.017
50-64 18 (24.7) 55 (75.3) 2.10 (0.83-5.35) 0.119
>64 Il (40.7) 16 (59.3) |
Gender
Male 42 (20.5) 163 (79.5) |
Female 40 (20.8) 152 (79.2) 0.98 (0.60-1.59) 0.932
Ethnicity
Malay 35 (23.5) 114 (76.5) |
Chinese 13 (15.9) 69 (84.1) 1.63 (0.80-3.30) 0.174
Indian 34 (21.1) 127 (78.9) 1.15 (0.67—-1.96) 0.616
Others 0 (0) 5 (100) 999 (0) 0.999

Smoking status

Non/ex-smoker 73 (20.4) 284 (79.6) |
Smoker 9 (22.5) 31 (77.5) 1.13 (0.52-2.48) 0.761

Alcohol consumption

Never 77 (20.9) 291 (79.1) [
Ever 5(17.2) 24 (82.8) 127 (047-3.44) | 0.638

Employment status

Employed 31 (24.8) 94 (75.2) [
Student 7 (17.9) 32 (82.1) 151 (0.61-3.78) | 0378
Unemployed 32 (16.8) 159 (83.2) 1.64 (0.94-2.86) | 0.082

Clinical characteristics

Seizure type
Unknown 15 (62.5) 9 (37.5) |
Generalized 50 (18.7) 218 (81.3) 7.27 (3.00-17.55) | <0.001
Focal 17 (16.2) 88 (83.8) 8.63 (3.25-22.89) | <0.00I

Age at onset

Adult and elderly 54 (51.5) 148 (73.3) |
Adolescent 18 (16.8) 89 (83.2) 1.80 (1.00-327) | 0.520
Birth to childhood 10 (11.4) 78 (88.6) 2.85 (1.37-590) | 0.005

Duration of disease, years, mean (¥SD) | 15.21 (x13.12)

<120 months 47 (26.3) 132 (73.7) |
2120 months 35 (l6.1) 183 (83.9) 1.86 (1.14-3.04) 0.013
(Continued)
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Table | (Continued).

Statistical test Descriptive analysis Univariate analysis
Seizure-free within | year OR (95% CI) p-value
Variables Yes (n =82) | No (n=315)

Etiology (based on ILAE)

Unknown 50 (20.8) 190 (79.2) |

Structural 27 (21.3) 100 (78.7) 0.98 (0.58—-1.65) 0.924

Others 5(l6.7) 25 (83.3) 1.32 (0.48-3.61) 0.594
Family history

No 68 (20.1) 271 (79.9) |

Yes 6 (27.3) 16 (72.7) 0.67 (0.25-1.77) 0419
Comorbidity*

None 24 (16.2) 124 (83.8) |

At least | comorbidity 58 (23.3) 191 (76.7) 0.64 (0.38-1.08) 0.094

Renal profile

Normal 73 (19.7) 298 (80.3) [
At least | deranged 8 (40.0) 12 (60.0) 0367 (0.15-093) | 0.035

Liver function test

Normal 79 (21.4) 290 (78.6) [
At least | deranged 2 (10.0) 18 (90.0) 2.45 (0.56-10.79) | 0.236

Diabetes mellitus

No 63 (18.4) 279 (81.6) [
Yes 19 (34.5) 36 (65.5) 0.43 (0.23-0.80) | 0.007

Hypertension

No 63 (18.9) 270 (81.1) |

Yes 19 (29.7) 45 (70.3) 0.55 (0.30-1.00) 0.054
No. of ASM

<3 76 (46.4) 243 (70.3) |

23 6 (7.7) 72 (92.3) 3.75 (1.57-8.98) 0.003
Adherence

Yes 75 (23.8) 240 (76.2) |

No 7 (8.5) 75 (91.5) 3.35 (1.48-7.58) 0.004

Notes: *Comorbidity includes all other patients’ conditions, both neurological and/or non-neurological conditions.
Abbreviations: OR, odds ratio; SD, standard deviation; ILAE, International League Against Epilepsy; ASM, antiseizure medication.

The interaction terms for each of the variables against the other were also checked and the result showed a p-value of
>0.05, indicative of no interactions within all the variables. The goodness of fit for the final model was assessed using the
Hosmer-Lemeshow test and reviewing the correctly classified percentage from the classification table From the analysis,
the results showed that the model is able to establish that there was no significant difference between the observed
probability and the predicted probability with the p-value of 0.900 and the degree of freedom (df) of 6. Also, the correctly
classified percentage from the classification table demonstrated that the model is of good fit (81.1%).

For the seizure severity domain, two variables, seizure types and psychiatric comorbidities, were initially included in the
multivariate analysis, but both showed insignificant results and were omitted to enhance the model fit. All assumptions of linear
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Table 2 The Final Predictive Model of Seizure Control Status Using Multivariate Analysis

Variable B S.E. | Wald | Sig. | Exp. (B) | 95% CI for EXP(B)
Lower Upper
>10 years duration 0.625 | 0.270 5.355 | 0.021 1.868 1.100 3.171
>3 ASM 1.192 | 0468 | 6.501 | 0.011 3.294 1.318 8.238
Non-adherence 1.267 | 0.431 8.629 | 0.003 3.550 1.524 8.268
Type of seizure
Generalized onset 2.004 | 0.470 | 18.162 | 0.000 7422 2.952 18.660
Focal onset 2.108 | 0.519 | 16.507 | 0.000 8235 2978 22.771
Constant —-1.180 | 0.473 6.226 | 0.013 0.307

regression were evaluated and scrutinized. In this study, the outliers detected by Mahalanobis distance were retained due to the
clinical complexity of seizure severity context and its measurement findings. There was no serial correlation present among the
residuals as proven by the Durbin—Watson test, which yielded a value of 2.162 (values that lie between 1.5 and 2.5 indicate no
serial correlation). Apart from that, the variance inflation factor (VIF) revealed values of less than 10 for all the variables,
indicative of no multicollinear issues in the model. Both the histogram and P—P plot showed a normal distribution of the
standardized residuals. Similar to the SSQ domain, the LAEP domain also adopted the same method to establish the final
predictive model. Except for homoscedasticity assessment results, all the other linear regression assumptions for both the SSQ and
LAEP domains were met (Table 3).

Devising the Weight of the Items for the Domain’s Score

For the seizure control domain, we assigned each outcome (good and poor seizure control) with a weighted
integer value accordingly. Essentially, good seizure control carries 0 points whereas poor seizure control is
valued at 1 point. Below is the regression equation (binary logistic regression) prorated with the smallest f
coefficient:

Table 3 The Results of Regression Analysis for SSQ Score and LAEP Score Against Predictor Variables

Respectively
Model Unstandardized Standardized t Sig. 95.0% confidence
coefficients coefficients interval for B
B Std. Beta Lower Upper
error bound bound
Seizure severity domain
(Constant) 0.094 0.437 0.216 0.830 -0.773 0.962
Disease duration 0.007 0.011 0.063 0.652 0.516 -0.014 0.028
Positive neuro deficit status 1.191 0.586 0.190 2.032 0.045* | 0.028 2.354
Age at onset <40 1.310 0.461 0.274 2.839 0.005* | 0.395 2.226
Structural-related etiology —-0.008 | 0.293 —-0.002 -0.026 | 0.979 —0.589 0.574
Adverse effect domain
(Constant) 18290 | 1.657 11.035 | 0.000 15.002 21.579
Age >35 2.955 1.095 0.250 2.700 0.008* | 0.783 5.127
Duration <13 years 2471 1.154 0.205 2.141 0.035% | 0.181 4.761
Changes in ASM regimen 3311 1.341 0.269 2.469 0.015% | 0.650 5.972
Number of current ASM 0.364 0.664 0.061 0.548 0.585 —0.954 1.681

Notes: *Dependent variable: Seizure Severity Questionnaire (SSQ) and Liverpool Adverse Events Profile (LAEP) score. Durbin—Watson statistic = 1.957.
*p-value < 0.05.
Abbreviation: ASM, antiseizure medication.

534 htps: Therapeutics and Clinical Risk Management 2024:20

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Rusli et al

Seizure control score = — 2 + (1 x Disease duration) 4 (3 x Seizure type) + (2 x ASM adherence)
+ (1 x No.of ASM)

Where the weighted integer values are as follows:
Disease duration: <10 years = 0
>10 years = 1
Seizure type: Unknown = 0
Generalized = 1
Focal = 1
ASM adherence: Yes =0
No =1
No. of ASM: <3=0
>3=1
From the equation, it could be inferred that the predicted score is equivalent to the sum of all the predictors. We further
reshuffled the equation as follows:

Seizure control score + 2 = (1 x Disease duration) + (3 x Seizure type) + (2 x ASM adherence)
+ (1 x No.of ASM)

Given the assigned weight for good seizure control is 0, the right side of the equation is thus represented by “0”.
Therefore, the cut-off point corresponding to good seizure control is 2, where:

0 + 2 = (Sum of all the predictors)

Thus,

For good seizure control, the cut-off point =0 + 2 =2

For poor seizure control, the cut-off point =1+ 2 =3

From the above formula, good seizure control is calculated to be equivalent to 2. Hence, the risk of poor seizure
control was predicted for patients with a total score of more than 2.

Similar to seizure control, the smallest values of the respective f§ coefficients for seizure severity domains became the
denominator of the other variables, which are disease duration (f = 0.625) and neuro deficit status (£ = 1.191) respectively. On the
other hand, for the adverse effect domain, the coefficients were prorated so that the constant in the formula becomes a value of 19,
which is the minimum possible score for LAEP. For patients with a negative finding (0 points) for all three variables, the total score

will be 19, which indicates no adverse effects experienced. The finalized items and points of each domain are described in Table 4.

Table 4 Scoring System to Calculate Point Values for Each Item in the
Risk Assessment for ASM Therapeutic Outcomes Tool (RAS-TO)

Variables p Categories | Reference value | Points

DOMAIN |: SEIZURE CONTROL

Disease duration (Ref) | <10 years 0 0

0.625 | 210 years | |

Type of seizure (Ref) | Unknown 0 0
2.004 | Generalized | | 3
2.108 | Focal 2 3
(Continued)
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Table 4 (Continued).

Variables p Categories | Reference value | Points
Adherence remark | (Ref) | Yes 0 0
1.267 | No | 2
No. of ASM (Ref) | <3 ASM 0 0
1.192 | =23 ASM | |
Total maximum score 7
DOMAIN 2: SEIZURE SEVERITY (SSQ Score)
Age at onset Ref >40 0 0
1.310 | <40 | |
Neuro deficit Ref No 0 0
1191 | Yes | |
Total maximum score 2

Finalized Tool Validity and Reliability Assessment

Measurement of agreement (interrater reliability) of the tool was performed using Kappa’s coefficient analysis and the

result revealed a value of 0.220 (fair agreement). Further validity test was performed by determining the area under the

ROC curve for seizure control as predicted by the developed assessment tool (Figure 1). The result showed that the AUC

value was 0.711, which would translate the tool’s ability of discriminating the cases with 71.1% accuracy (p < 0.001).

Apart from this, another predictive analysis performed was the determination of the specificity and sensitivity of the tool

to accurately predict the seizure control outcomes. It was found the sensitivity of the tool was 82.1% whereas the
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Figure | The area under the Receiver Operating Characteristic (ROC) Curve exhibiting the proportion of the predicted seizure control in concordance with the actual

outcome.
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Figure 2 The mean of actual Seizure Severity Questionnaire (SSQ) score versus the predicted score.

specificity was 68.2%. The Bonferroni test from the ANOVA analysis was performed to determine the homogeneity of
variance and compare the means of the actual and predicted scores for each of the possible scores in domain 2 (Figure 2)
and domain 3 respectively. The mean for the actual score against the predicted scores was generated, and from the graph,
with the emphasis on domain 3 (LAEP score), the scores obtained for the tool did not accurately parallel the
corresponding mean of the actual scores.

For the seizure severity domain, the range of scores was determined by obtaining the mean of the interval between the
lower and upper values (eg a domain score of 1 yielded 1.5 from the equation, and the lower value of the calculated score
is 0, thus the mean is 0.75) and the mean was subsequently added and subtracted from the calculated score to establish
the score range. A simple descriptive analysis was conducted to verify the proportion of patients fell under each actual
score range. It was found that the largest proportions of patients from each domain score group fell under the
corresponding score range. The same procedure was repeated for domain 3 in determining and verifying the correspond-
ing scores for the tool. It was discovered that the predicted LAEP scores from the new tool was not clearly corresponding
to the actual scores. This construed the unfitness of the predictive model for the adverse effect outcome in predicting the
LAEP score. Therefore, it is appropriate for the domain to be omitted from the final tool.

Discussion
The therapeutic outcomes following ASM therapy have been one of the topics of interest of researchers in epilepsy
management, particularly in developing countries. Evidence has shown that, with the optimal use of ASM, a greater
proportion of patients have successfully achieved seizure remission.'> However, there are still a significant number of
studies reporting prominent fractions of patients who were still suffering from poor seizure outcomes.'®'® Recognizing
patients with the tendency to experience undesired therapeutic outcomes is a challenge that should be collaboratively
addressed by healthcare professionals from multiple disciplines.

In 2009, Kwan and the ad hoc Task Force of the ILAE Commission on Therapeutic Strategies (2010)* established
a framework for the definition of drug-resistant epilepsy. In the report, the researchers developed a scheme for
categorizing the outcome of therapeutic intervention in epilepsy that comprises two main dimensions, which are seizure
control and the occurrence of adverse effects. These dimensions serve as the foundation of the outcome measures in this
current study with the added measurement of seizure severity as recommended by Cramer et al (2002)° and Todorova
et al (2013).>" A recent study originating in China developed a scale for predicting the outcome of adults with epilepsy
(SEPE scale) with a total of 141 subjects. The subjects were divided into three groups based on clinical outcomes during
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the follow-up period: seizure-free without ASM therapy, pharmacoresponsive epilepsy and pharmacoresistant epilepsy.
The study utilized logistic regression analysis to determine the predictor variables and simply included all the predictors
with a significance level of p < 0.05 from univariate analysis. These variables are family history of epilepsy, mental
deterioration, sleep-wake circles of seizure occurrence, the number of seizure types, frequency of seizures and MRI
findings. Integer values were allocated to each item of the variables based on the regression findings. The sum of the
score indicated the estimation of epilepsy prognosis, where a score of <3 would predict that the patient will become
seizure-free without ASM therapy, a score of <4 meant that the patient has the potential for long-term remission and
a score of >6 indicates that the patient is more likely to have pharmacoresistant epilepsy (maximum score: 16.5).
Predictive analysis was the only measure conducted of the scale’s validity and the mean scores among the three groups
were compared using ANOVA (p < 0.001).%

There are various strategies with statistical tools available for model generation. The commonly used approaches are
regression analyses (either logistic, linear or both) and Cox proportional hazard models, depending on the intended
purpose of the model.'* As the prognostic or predictive models are intrinsically multivariable, multivariable regression
modelling is the most frequently used approach.' In this current study, both logistic and linear regressions were applied as
a method of model generation. The steps involved in the prediction model development in regression analysis include
identification of candidate variables, elimination of insignificant variables using either forward, backward or stepwise
elimination approach, assessing the goodness of fit and other assumptions in regression analysis and finally, checking the
model performance.'®'*?? Although the strength of linearity between the predictors and outcomes was modest (R2<0.3),
many researchers have repeatedly emphasized that statistically significant predictors were not even a prerequisite
criterion to be legitimately included in a prognostic/prediction model as long as the predictors have profound values
within the subject matter context.'*?*%

In this study, the generation of a simplified model in the form of weighted scores was derived from the regression
coefficient of the final model of each domain. This was carried out by converting the 5 coefficients to integer values, with
the aim of the user-friendliness of the developed tool. For seizure control and severity domain, f coefficients of each
variable were divided by the smallest § values of the respective model. As for adverse effects, the denominator was
computed so that the constant value becomes the minimum score value of the adverse effect measurement (LAEP score).
This generation of a simplified model approach has been verified by researchers and adopted in numerous studies related
to prediction model development,'=-:14-24.23

Typically, the assessment of a model’s overall performance involves measuring the difference between the predicted
outcome and the actual outcome. This difference is associated with the notion of a model’s “goodness of fit”, in which
superior models exhibit narrow gaps between predicted and observed results.* In this study, the model’s performance was
assessed by the ability of the model to discriminate between positive and negative outcomes for the binary outcome
prediction model. For the seizure control domain, the model was assessed by determining the c-index of the ROC curve,
which is equal to the area under the curve. A model is considered to have a perfect discrimination ability if the c-index
(AUC) is equal to 1. A value of 0.5 indicates that the model has no better discriminative ability than random
predictions.*'*?? From the finding of the area under the ROC curve (AUC = 0.711), it can be deduced that the model
was able to discriminate cases within the seizure control outcome. Furthermore, the specificity of the seizure control
domain was found to be 68.2% with an 82.1% sensitivity. This is comparable with Chen’s SEPE scale with 67-80%
specificity and sensitivity ranging between 50-81% for the two main outcomes.

Validating a tool derived from a quantitative study involves assessing its reliability and validity to ensure its
reproducibility and measuring what it is intended to measure with good accuracy and consistency.®**?**” Given the
nature of this study, the criterion validation method, which is a concurrent and predictive validity method, is the
appropriate validation assessment to be applied. In both types of criterion validity, the correlation between the predicted
outcome from the finalized model and the actual patients’ outcome was analyzed to determine the strength of the
relationship.”® A high correlation coefficient indicates a strong relationship, suggesting good criterion validity.?*"!
Although there was only a fair correlation between the domain and actual outcome (Kendall’s Tau-b < 0.3), it is
important to note that the strength of the correlation would depend on the seriousness of the outcome, the vulnerability of
the population and the manipulability of the risk factors.>*** Moreover, in the context of concurrent validity assessment,

538 https: Therapeutics and Clinical Risk Management 2024:20

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Rusli et al

the correlation analysis employed in this study was mainly to establish the relationship between the predicted and actual
outcome without the means to explore the causal relationship. Nevertheless, a diagnostic or mortality prediction of an
acute disease might require a higher correlation coefficient in validating the prediction model owing to the seriousness of
the outcome.

As the final step of the tool development, the corresponding range of actual scores with the predicted score was determined
and verified for the finalized tool’s interpretation. Initially, the means plots, which were derived from the Bonferroni
(ANOVA) test, were assessed to determine the consistency of each of the predicted scores to resemble the actual scores.*
By visual observation of the plot, the seizure severity domain yields good consistency between the domain and actual scores
while the adverse effect domain fails to match the actual score consistently. Both actual and predicted scores were
subsequently regressed and the actual range was determined by substituting the predicted score into the regression formula.
Further descriptive analysis to gauge the patients’ proportions of each score revealed inconsistency between the patients’
proportions across the domain scores with the corresponding actual scores for the adverse effect domain. A plausible
explanation for this discrepancy is the model was generated from a heterogeneous dataset which denotes unequal variances
within the variables. To prevent inaccurately predicting a patient’s LAEP score, the developed domain from the adverse effect
prediction model is excluded as part of the domain in the final tool.

Internal validation is a process to assure the relationship between the predictors and the outcome did not occur by
chance. Internal validity does not resolve issues such as selection bias within the recruitment, measurement errors and
missing data, as the validation process is executed within the study population.'**> The most important value of internal
validity is that it addresses the stability of the predictors’ selection, hence adjudicating the quality of the predictions.*
Although internal validation could not replace the role of external validation in establishing the generalizability of the
model, performing either of the approaches would nevertheless heighten the confidence in employing the model in
comparable settings.

This new tool; Risk Assessment tool for ASM Therapeutic Outcomes (RAS-TO) possesses an important feature which is
simple and easy to use based on variables that are readily available. It can be applied in clinic settings where clinicians can
begin the patient’s consultation using the tool as a guide. Alternatively, other healthcare professionals such as pharmacists or
epilepsy care nurses can play an active role in assessing the patients at the clinic beforehand. This may also lead to more
efficient patient management as the risk of poor outcomes would have been acknowledged in advance. This allows the doctors
to plan the best treatment strategies while upholding the interest of patients’ waiting time at the clinic.

It is important to acknowledge the limitations of the study. The method of universal sampling of the subjects for both
outcome assessments, seizure severity and adverse effect outcomes, may have contributed to the heterogeneity of
variances. Nevertheless, the findings of this study could notably contribute to the appropriate pharmacotherapy manage-
ment of adults with epilepsy.

Conclusion

From this study, the two important therapeutic outcomes of ASM therapy, seizure control and severity, can be predicted
using the assessment tool developed from the regression analysis of patients’ data. Identifying and recognizing the
patients’ therapeutic outcomes are the responsibility of not only the treating physicians but also all members of the
healthcare team alike. Therefore, the use of a practical and convenient tool may aid the decision in optimizing the ASM
therapy in the management of epilepsy.
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