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Objective: This study was aimed to determine the effect of genetic
polymorphisms (hon-synonymous, missense, and copy nhumber
variations) in ABCC2, CYP2C9, CYP2C19&SCN2A genes on
treatment response to anticonvulsants.

Methods: The search was carried out in PubMed, Scopus, Cochrane
Central Register of Controlled Trials, Embase, LILACS, Google
Scholar, MEDLINE, ScienceDirect, Web of Science, and the DOAJ
database. Hardy Weinberg Equilibrium (HWE), New-Castle Ottawa
scale value, Cochrane Review Manager 5.0 (&R 4.0.3,) and Rayyan
QCRI are used for assessing data synthesis, risk of bias, heterogeneity
assessment using |1@statistics and calculating Inter-rater agreement
respectively. Publication bias assessment was performed using Egger’s
test and the Funnel plot. For statistical analysis, random effects
modeling was used to explain the association between genetic
variations in ABCC2, CYP2C9, CYP2C19 & SCN2A genes related to
drug resistance or treatment failure.

Results: This meta-analysis includes a total of 29 studies. We found a
greater risk of AED resistance in ABCC2rs2273697 genetic variations
(OR=1.51 [ 0.93-2.47], p value=0.03 at 95% CI), ABCC2 rs3740066
genetic variation has a greater possibility of AED resistance was seen
in pooled population (OR= 0.85 [0.12-5.85], p-value<0.01 at 95% CI),
risk of drug resistance was increased by ABCC2 rs717620
polymorphism. (OR =2.13, [1.02-4.44], p-value<0.01 at 95% CI),
CYP2C9 rs1799853 polymorphism had a significant increase in AED
resistance (OR =1.27, [0.49-3.32] p-value<0.01 at 95% CI), CYP2C9
rs1057910 polymorphism. (OR= 0.74, [0.32-1.70] p-value 0.01 at 95%
Cl), CYP2C19 rs4244285 polymorphism. (OR= 0.68, [0.29-1.62], p
value=0.02 at 95% CI), SCN2A rs2304016 polymorphism. (OR= 1.20,
[0.48-3.05], p value<0.01 at 95% CI), SCN2Ars17183814
polymorphism. (OR =1.51, [1.12-2.03], p value=0.30 at 95% ClI).
Conclusions:Gene polymorphisms play a key role in epilepsy
development and therapeutic efficacy, and could have greater impact
treatment outcomes.
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Introduction:-

International League Against Epilepsy (ILAE) defines epilepsy as a brain illness characterized by at least two
unprovoked seizures occurring within 24 hours of each other™™ Epilepsy is one of the most common neurological
diseases, according to the World Health Organization (WHQO), with over 50 million individuals suffering from it
globally?! It affects people of all ages and has a significant impact on the morbidity and mortality of those who
suffer from it and it may be caused by geneticvariationst.. Epilepsy is a complicated disorder in which resistance to
anti-epileptic drugs (AED) is thought to be influenced by environmental variables, genetic factors, andorboth™®. Anti-
epileptic drug (AED) non-responsiveness is a prevalent problem in epilepsy treatment®. Anti-epileptic medications
(AEDs) are available in clinical practice, however around a third of epilepsy patients remain resistant to
treatment™ PP Anti-epileptic drugs (AEDs) suppress neuron development, reduce excitement, and prevent
abnormal burst firing. Treatment failure occurs in 30-40% of patients, regardless of personalized dose or the use of
a wide range of anti-epileptic drugs!®MM - At numerous stages of drug absorption, distribution, metabolism,
excretion, and drug concentration at target sites, genetic variations might affect an individual's reaction to
therapy!?. The anticipated effects of AEDs can be predicted using polymorphic genes encoding drug targets and
drug-metabolizing enzymes. Genetic variation is a primary factor influencing a patient's individualized response to
pharmacological therapy!*®. The drug transporter hypothesis is a basic theory that claims that multi-drug transporter
failure on the blood-brain barrier (BBB) influences medication uptake in the brain, including various AEDsPH,
Overexpression of ATP-binding cassette (ABC) efflux transporters at the blood-brain barrier (BBB) is one possible
mechanism for lowering AED accumulation, bioavailability, and concentration at seizure foci or their target sites,
and a change in the composition and capability of volta e—gated ion channels or neurotransmitter receptors leads to
reduced target sensitivity in epileptogenic brain tissue =M EBMIOMILIST “Nost anti-epileptic drugs' dose-plasma
concentration relationship is influenced by the activity of drug-metabolizing cytochrome P450 (CYP) enzymes,
which may contribute to treatment resistance or side effects!!. Recent evidence suggests that genetic factors like
polymorphisms in the genes of microsomal enzymes involved in drug metabolism (CYP) play an important role in
the development of treatment resistance epilepsy™®. Valproic acid(VPA) is the most commonly used drug for the
treatment of epilepsy. Inter-individual variation in VPA dose and plasma levels may reflect the functional
repercussions of genetic differences in gene-generatingdrug-metabolizing enzymes™™. It is processed mainly
thronf%? phase Il metabolism catalyzed by uridine 5-diphosphate-glucuronosyltransferase enzymes (UGT) in the
liver=>,

Materials And Methods:-

Ethical Approval

The study was permitted to be carried out at the site by the Krupanidhi College of Pharmacy (KCP), Bangalore. The
study protocol was approved by the institutional ethics committee of KCP (Approval no: REF: IEC/KCP/2020-
21/03). Clinical data of the patients who fulfilled the inclusion criterion were documented from a pre-designed
electronic data capture form.

Searches

Electronic databases including PubMed, Scopus, Cochrane Central Register of Controlled Trials, Embase, LILACS,
Google Scholar, MEDLINE, ScienceDirect, Web of Science, and DOAJ will be searched for observational studies
reporting genetic association and meeting the inclusion criterion.

Condition being studied
Anticonvulsant failure/recurrence of seizure episodes in patients with generalized/focal seizures.

Inclusion Criterion
Patients diagnosed with generalized or focal seizures and received either one or moreof the following
anticonvulsant(s): Acetazolamide, Benzodiazepines, Carbamazepine,

Ethosuximide, Felbamate, Gabapentin, Lamotrigine, Levetiracetam, Oxcarbazepine,Phenobarbital, Phenytoin,
Pregabalin, Primidone, Tiagabine, Topiramate, Valproic Acid, Vigabatrin, Zonisamide.

64



ISSN: 2320-5407 Int. J. Adv. Res. 11(01), 63-81

Exclusion Criterion
Review papers, randomized control trials, and unrelated epileptic studies were excluded from the first review of the
literature search results.

Intervention or Exposure

Genetic Variations in ABCC2 gene: rs2273697, rs3740066, rs717620.
Genetic Variations in CYP2C9 gene: rs1799853, rs1057910.

Genetic Variations in CYP2C19 gene: rs4244285.

Genetic Variations in SCN2A gene: rs2304016, rs17183814.

Comparator/Control
Patients who are carriers of wild-type variants of ABCC2, CYP2C9, CYP2C19& SCN2A.

Types of study to be included
Case-control and cohort observational studies reporting genetic association will be included.

Main outcome
The recurrence of seizure episodes will be used as a dichotomous outcome measure of treatment response to
anticonvulsants.

Measures of effect
Crude odds ratio and Adjusted odds ratio with confidence interval.

Data extraction

Two independent reviewers will screen the quality of retrieved articles. Studies with an inter-rater reliability of more
than 90% will be included in the analysis. Patient demographics, clinical characteristics, effect allele frequencies,
mean allele frequencies, odds ratios/relative risk, confidence intervals, and type of sequencing will be extracted from
each study. Two independent reviewers will extract data from selected literature into a designed electronic data
capture form. Discrepancies will be reviewed by a third reviewer and resolved by consensus.

Statistical Analysis

Initial methods of data synthesis included the assessment the of Hardy Weinberg Equilibrium (HWE) value after
which the New-Castle Ottawa scale is used for assessing risk bias and Inter-rater agreement was calculated using
Rayyan QCRI. The heterogeneity assessment using 17 statistics was performed by using Cochrane Review Manager
5.0 and R 4.0.3. Publication bias is assessed by using Egger’s test as well as the Funnel plot. For statistical analysis,
random effects modelling was used to explain the association between genetic variations in ABCC2, CYP2C9,
CYP2C19&SCN2A genes related to drug resistance or treatment failure.

Results:-

Eighteen thousand and forty-six records were identified through database search using the keywords ABCC2,
CYP2C9, CYP2C19 &SCN2A genetic polymorphisms, drug resistance, treatment failure, recurrence, and
anticonvulsant. After applying the exclusion criteria, 36 studies were eligible for inclusion in the systematic review
(see Fig: 1). Based on the New Castle Ottawa scale for risk of bias assessment above 36 studies were incorporated in
these meta-analysis. Finally, 36 studies were included: 9 studies (n=4,155) assessed the association between the
ABCC2 gene and anticonvulsant treatment, 5 studies (n=763) assessed the association between CYP2C9 and
CYP2C19 gene and anticonvulsant treatment, 11 studies (n=4,288) assessed the association between SCN2A gene
and anticonvulsant treatment.

The studies included in the meta-analysis were conducted in China (n=8), India (n=4), Germany (n=3), Japan (n=1),
Malaysia (n=2), Jordan (n=2), Croatia (n=1), Turkey (n=1), Mexico (n=1), Egypt (n=1), Pakistan (n=1),Bosnia and
Herzegovina (n=1). Of the 29 articles included in the meta-analysis 11 assessed the pediatric population, 1 assessed
the elderly population of16-65 years, 2 assessed 12-40 years, and the remaining 15 articles did not assess any
specific age group.

Each study adopted different methods to identify the patient population which included medical records, health
insurance databases, and general practice databases
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18,046 records identified
by database

9,535 excluded due to patients not responded

to antiepileptic drug therapy

8.511 articles are
considered for further

evaluation

5.668 excluded due to there is no dmg
resistance in epileptic patients

2.843 arficles assessed
foreligibility

| 2,748 excluded due to there is no effect of
genetic polymorphisms on drug resistance

epilepsy

05 abstracts considered
for further evaluation

66 excluded because it is not an ABCC2,
CYP2CY9,CYP2CI9&SCN2A  polymorphisms
based response study

20 full fext articles
assessed for eligibility

Fig 1:- PRISMA Flowchart for inclusion of articles in systematic review and meta-analysis.

Assessment of quality of the studies:

The quality of the articles included in the study was evaluated using the New Castle Ottawa Scale as recommended
by the Cochrane Handbook. This scale assessed the quality of methods used in the selection, comparability of cases
and control, exposure in case-control, and outcome in case-control. Each study was rated and awarded a maximum
of nine stars. The studies were independently reviewed by three reviewers and any discrepancies were resolved by
discussions.

The articles were reviewed using a web application Rayyan QCRI, a tool designed for collaboration to create
systematic reviews. The review was conducted for each polymorphism: ABCC2 rs2273697 (see Fig:), ABCC2
rs3740066 (see Fig:), ABCC2 rs717620 (see Fig:), CYP2C9 rs1799853 (see Fig:), CYP2C9 rs1057910 (see Fig:),
CYP2C19 rs4244285 (see Fig:), SCN2A rs2304016 (see Fig:),SCN2A rs17183814 (see Fig:) based on this inclusion
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and exclusion criteria, New Castle Ottawa assessment, the list of studies to be included in the systematic review was
finalized.

Table 1:- Risk of assessment bias by using the New Castle Ottawa scale.

Author Q1L | Q2 Q3 Q4 Q5 Q6 Q7 Q8 NOS score
a b a b

D Sporiset al. (2013)[2] | * * * * * | * | * [* | = * 10

JChenetal (2018)[32] | * * * * * | * | * | * | = * 10

J Chen et al. (2018)[16] * * * * * | * | * |* | = * 10
J Qu et al. (2012)[3] * * - * * | *x | * | * | * * 9

M Uferet al. (2011) [21] | * * * * * | * | * |* | = * 10

M Uferet al. (2009)[5] * * - * * | *x | * | * | * * 9

L N AL-Eitan etal |* * * * x| % * | x [ * * 10

(2019) [26]

P Kwan et al. (2008)[18] | * * - * * | * | * | * | * * 9

L Zhou et al. (2015)[9] * * - * * | * | * | * | * * 9

M Liu et al. (2020)[31] * * * * * | *x | * | * | * * 10

L Shi et al. (2019)[31] * * * * x | *x | * | * | = * 10

R  Lakhan et al |* * * * * | x [ * [* [=* * 10

(2009)[28]

R  Kumari et al |* * * * * | *x | * | * | =* * 10

(2011)[12]

L Shi et al. (2019) [29] * * * * N EEERE * 10

H R Nazishet al | * * * * * | * | * | * | * * 10

(2018)[10]

M Seven et al. (2013)[20] | * * * * R R " R * 9

N Pejanovic-Skobic et al. | * * - * * | x | x [x | = * 9

(2019)[12]

M * * - * * _ * * * * 3

Makowskaetal.(2020)[23]

M A Lopez-Garcia et al. | * * * * * | x | *x [ % | = * 10

(2017)[34]

S Eltalal et al. (2020)[33] | * * * * * x| * | * * 10

Heterogeneity assessment:
Heterogeneity was assessed by visual representation of forest plots and the fraction of variance that is due to
heterogeneity was estimated using 12 statistics.

Seven articles contained the data to compare the drug-responsive population (n= 729) and drug non-responsive
population (n=652) to assess the effect of ABCC2 rs2273697 polymorphism associated with treatment failure
(Fig:2). An higher risk of AED resistance was observed with ABCC2 rs2273697 genetic variation. (OR 1.51 [0.93-
2.47], p=0.03, at 95% ClI).
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Weight Weight

Experimental  Control

Study Events Total Events Total Odds Ratio OR  95%Cl (fixed)
Davor 2013 % A 0N % | + 312 [055:1784]  21%
Juan 2018 7 2 19 % —— 112 [0.42; 298] 10.0%
Jian 2012 58 181 3 262 i—*— 296 [185 4.74) 26.7%
Mike 2011 o 119 18 i 00%
Laith 2019 % 5 13 —-'*1:- 126 [064; 2471 19.9%
Mike 2009 Mo61 4T % — ! 061 [025; 151 16.3%
Luo 2018 28 128 3 204 T 196 [0.89; 2.76] 25.0%
Fixed effect model 652 129 & 1.71 [1.29; 2.25] 100.0%
Random effects model = 1.51 [0.93; 247] -
Prediction interval S—— [0.36; 6.29]
Heterogenety: I = 50%, «* = 0.2009,p = 0.03 LR

01 0512 10

favours treatment response - favours drug resistance

(random)

6.2%
13.8%
24.0%

0.0%
19.4%
14.9%
21.8%

100.0%

Fig2:-Risk of drug resistance with ABCC2 rs2273697 polymorphism with drug-responsive vs drug non-responsive.

Four articles contained the data to compare the drug-responsive population (n= 338) and drug-non-responsive
population (n=299) to assess the effect of ABCC2 rs3740066 polymorphism associated with treatment failure (Fig:
3).A statistically significant association between ABCC2 rs3740066genetic variants shows a higher rise of AED
resistance from the pooled population. (OR= 0.85,[0.12-5.85], p=<0.01, at 95% ClI).

Study

Juan 2018
Jian 2012
Mike 2011
Laith 2019

Fixed effect model
Random effects model

Experimental

Events Total Events Total

14 25
94 123
108 68
86 83

299

Heterogenedy: I° = 92%, 1= 1.7874, p < 0.01

Control Weight Weight
Odds Ratio OR  95%Cl (fixed) (random)
5 gy —H—| | 030 011082 2%  474%
120 200 | 1:—'— 216 [131:357) 628% 526%
19 13 N 00%  00%
62 62 i 00%  00%
338 Ces 1.47 [0.95; 2.27] 100.0% -
T :l 0.85 [0.12; 5.85] - 100.0%

02 051 2 5

favours treatment response - favours drug resistance

Fig3:- Risk of drug resistance with ABCC2 rs3740066 polymorphism with drug-responsive vs drug non-responsive.
Six articles contained the data to compare the drug-responsive population (n= 566) and drug-non-responsive
population (n=554) to assess the effect of ABCC2 rs717620 polymorphism associated with treatment failure (Fig:4).
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ABCC2 rs717620 genetic polymorphism causes a greater risk of drug resistance. (OR=2.13,[1.02-4.44], p=<0.01 at
95% ClI).

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR  95%-Cl (fixed) (random)
Davor 2013 24 % 23 2 00%  00%
Jian 2012 9 118 113 207 —& 433 [247:760] 196% 21.2%
Mike 2011 64 112 8§ 24 + 267 [105; 674 84% 17.5%
Laith 2019 21 131 21 9 T 064 [0.35 117 3717%  20.8%
Mike 2009 8 175 2 8 T 360 [184; 704 134%  202%
Luo 2015 0 8 9 136 * 170 [088; 328] 210%  20.3%
Fixed effect model 554 566 <@ 215 [1.62; 2.86] 100.0% -
Random effects model = 213 [1.02; 4.44] - 100.0%
Prediction interval | [ [0.14; 31.84]

Heterogenety: /* = 83%, °= 05816, p < 0.01 R
01 0512 10
favours treatment response - favours drug resistance

Fig4:- Risk of drug resistance with ABCC2 rs717620 polymorphism with drug-responsive vs drug non-responsive.

Six articles contained the data to compare the drug-responsive population (n= 706) and drug-non-responsive
population (n=462) to assess the effect of CYP2C9 rs1799853 polymorphism associated with treatment failure
(Fig:5). Genetic variation ofCYP2C9 rs1799853causes higher risk of AED resistance. (OR=1.27 ,[ 0.49-3.32],

p=<0.01 at 95% CI)

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR  95%-Cl (fixed) (random)
Mehmet 2013 14 58 15 45 —t 064 [027; 151 221% 19.7%
Marianna 2020 40 66 10 66 i —— 062 [374,1985 68% 20.0%
Samah 2020 4 6 42 8 : 00%  00%
Ram 2011 7121 22 252 — T 064 [027; 155 232% 196%
Mike 2009 28 90 20 8 T 142 [073; 279 247% 21.1%
Ritu 2011 7121 22 25 —*—ﬂ:L 064 [027; 155 232%  19.6%
Fixed effect model 462 706 §'> 1.38 [0.99; 1.92] 100.0% -
Random effects model Ry 1.27 [0.49; 3.32] - 100.0%
Prediction interval [0.04; 45.22]
Heterogenetty: I* = 85%, 1° = 1.0194, p < 0.01

01 0512 10
favours treatment response - favours drug resistance

Fig5:- Risk of drug resistance with CYP2C9 rs1799853 polymorphism with drug-responsive vs drug non-
responsive.
Five articles contained the data to compare the drug-responsive population (n= 557) and drug-non-responsive
population (n=376) to assess the effect of CYP2C9 rs1057910 polymorphism associated with treatment failure
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(Fig:6). A higher rise of AED resistance was observed with CYP2C9 rs1057910 polymorphism. (OR=0.74,[0.32-

1.70], p=<0.01 at 95% Cl)

Study

Mehmet 2013
Samah 2020
Ram 2011
Mike 2009
Ritu 2011

Fixed effect model
Random effects model
Prediction interval

22
50
19
10
19

Experimental
Events Total Events Total

50
0
109
108
109

376

Control

9 5
N 0
64 210
17 86
64 210

567

Heterogeneity: F= 82%, = 0.5920, p < 0.01

Odds Ratio

S
|

—-"—'.—

|
——

P ——

01 05

S
-
T

12 10

Weight Weight

OR  95%Cl (fixed)

367 [147: 912  53%

0.0%
048 027 0.86] 38.3%
041 048 0.96] 18.2%
048 [0.27: 0.86] 38.3%

0.64 [0.46; 0.88] 100.0%
0.74 [0.32; 1.70]
[0.02; 32.44]

favours treatment response - favours drug resistance

(random)

22.6%

0.0%
26.9%
23.5%
26.9%

- 100.0%

Fig6:-Risk of drug resistance with CYP2C9 rs1057910 polymorphism with drug-responsive vs drug non-responsive.

Five articles contained the data to compare the drug-responsive population (n= 282) and drug-non-responsive
population (n=281) to evaluate the outcome of CYP2C19 rs4244285 polymorphism associated with treatment
failure (Fig:7). A statistically significant association between CYP2C19 rs4244285genetic variation shows a higher
risk of AED resistance from the data of pooled population. (OR=0.68, [ 0.29-1.62], p=0.02 at 95% CI)

Experimental Control
Study Events Total Events Total
Mehmet 2013 17 5% 17 4
Marianna 2020 21 19 29 47
Samah 2020 6 4 4 6
Ram 2011 72 5 168 106
Mike 2009 I8 23 80
Fixed effect model 281 282
Random effects model
Prediction interval
Heterogeneity: 1*=76%,1° = 0.4434, p=002

Odds Ratio OR
4 068
& 032

|
:r*' 137

i

i
g 0.72
<& 0.68

[ [

l
0.001

0111

0 1000

Weight Weight

95%-Cl (fixed) (random)
[030; 158 251%  314%
015 068 456% 33.3%
00%  00%

00%  00%

[0.71; 264] 294%  354%
[0.48; 1.09] 100.0% -
[0.29; 1.62] - 100.0%

[0.00; 17648.78]

favours treatment response  favours drug resistance

Fig7:- Risk of drug resistance with CYP2C19 rs4244285 polymorphism with drug-responsive vs drug non-
responsive.
Five articles contained the data to compare the drug-responsive population (n= 764) and drug-non-responsive
population (n=573) to evaluate the result of SCN2A rs2304016 polymorphism associated with treatment failure
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(Fig:8). SCN2A rs2304016genetic variant shows the greater risk of AED resistance. (OR=1.20, [0.48-3.05],

p=<0.01at 95% ClI).

Study

Patrick 2008
Luo 2015
Maochang 2020
Laith 2019
Lihong 2019

Fixed effect model
Random effects model
Prediction interval

17
29
10

1
21

Experimental
Events Total Events Total

181
121

3
133
101

573

Heterogeneity: 1° = 85%, 1° = 0.9230, p < 0.01

Control Weight Weight
Odds Ratio OR 95%-Cl (fixed) (random)

52 216 —'—i 033 [018; 059] 564%  31.1%
47 188 o 089 [052 151] 384% 31.7%
9 9 i == 429 [154 1189 41% 264%
1 161 — 121 [008 1957 12% 10.7%
109 0 i 00%  00%
655 G 0.71 [0.50; 1.01] 100.0% -
= 1.02 [0.34; 3.07] 100.0%

| I [0.01; 122.46]

001 01 1 10 100
favours treatment response  favours drug resistance

Fig8:- Risk of drug resistance with SCN2A rs2304016 polymorphism with drug-responsive vs drug non-responsive.

Six articles contained the data to compare the drug-responsive population (n= 725) and drug-non-responsive
population (n=446) to assess the effect of SCN2A rs17183814 polymorphism associated with treatment failure
(Fig:9). Higher risk of drug resistance was observed with SCN2A rs17183814genetic variant. (OR=1.51,[1.12-2.03],

p=0.30 at 95% CI)

Study

Patrick 2008
Ram 2009
Lihong 2019
Ritu 2011
Natasa 2019
Haleema 2018

Fixed effect model
Random effects model
Prediction interval

96
34
29
34

3
34

Experimental
Events Total Events Total

141
83
99
83
30
10

446

Heterogeneity: /* = 18%, 1° = 0.0211, p = 0.30

Control

67
45
25
45
10
18

202
174
100
174
o7
18

725

Weight Weight
Odds Ratio OR  95%-Cl (fixed) (random)
TR 133 [0.85;208] 364%  314%
—— 199 [1.14,346]) 188% 227%
- 124 [066;232] 193% 186%
—TH— 199 [1.14;346] 188% 227%
# 0.52 [0.13;2.06] 6.8% 4.5%
0.0% 0.0%
<= 1.51 [1.16; 1.95] 100.0% -
<= 1.51 [1.12; 2.03] - 100.0%

l | -—I' [0.78; 2.95]

02 05 1 2 5

favours freatment response  favours drug resistance

Fig9:- Risk of drug resistance with SCN2A rs17183814 polymorphism with drug-responsive vs drug non-

Assessment of publication Bias:

responsive.

Funnel plots graphically summarize the extent of bias due to publication by plotting coordinates with odds ratios
along the x-axis and standard error (SE) on the y-axis. Herein, we assessed publication bias in ABCC2 rs2273697 in
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drug responsive vs drug non-responsive through Egger’s test (Fig:10), ABCC2 rs2273697 counter enhanced funnel
plot (Fig:11), ABCC2 rs3740066 in drug responsive vs drug non-responsive (Fig:12), ABCC2 rs3740066 counter
enhanced funnel plot (Fig:13),ABCC2 rs717620 in drug responsive vs drug non-responsive (Fig:14),ABCC2
rs717620counter enhanced funnel plot (Fig:15), CYP2C9 rs1799853 in drug responsive vs drug non-responsive
(Fig:16),CYP2C9 rs1799853counter enhanced funnel plot (Fig:17), CYP2C9 rs1057910 in drug responsive vs drug
non-responsive (Fig:18),CYP2C9 rs1057910counter enhanced funnel plot (Fig:19), CYP2C19 rs4244285 in drug
responsive vs drug non-responsive (Fig:20),CYP2C19 rs4244285counter enhanced funnel plot (Fig:21),SCN2A
rs2304016 in drug responsive vs drug non-responsive (Fig:22),SCN2A rs2304016counter enhanced funnel plot
(Fig:23), SCN2A rs17183814 in drug responsive vs drug non-responsive (Fig:24)SCN2A rs17183814counter
enhanced funnel plot (Fig:25).

Odds Ratio
s R
Fig:10 ABCC2 rs2273697 Fig:11 ABCC2 rs2273697
B ¢ E W
01\ 7(31',7 Dok "‘.’31’:
Fig:12 ABCC2 rs3740066 Fig:13 ABCC2 rs3740066
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To assess publication bias in meta-analysis Egger’s plot is used via funnel plot. ABCC2 rs2273697 the quantifying
heterogeneity value is low, ABCC2 rs 3740066 the quantifying heterogeneity value is high, ABCC2 rs 717620 the
quantifying heterogeneity value is low, CYP2C9 rs 1799853the quantifying heterogeneity value is high, CYP2C9 rs
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1057910the quantifying heterogeneity value is high, CYP2C19 rs 4244285the quantifying heterogeneity value is
high, SCN2A rs 2304016 the quantifying heterogeneity value is low, SCN2A rs17183814 the quantifying

heterogeneity value is low.
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Table2:- Assessment of heterogeneity.
Gene Polymorphism tau”"2 "2 H Q d.f P value
ABCC2 rs 2273697 0.3134 68.3% 1.78 18.95 6 0.0042
[30.0%; [1.20;
85.7%] 2.64]
rs 3740066 0 0 0 0 0 0
rs 717620 1.1328 91.2% 3.38 68.36 6 <0.0001
[84.5%; [2.54;
95.0%)] 4.49]
CYP2C9 rs 1799853 0.9610 84.4% 2.54 32.15 5 <0.0001
[67.8%; [1.76;
92.5%] 3.65]
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rs 1057910 05913 | 82.3% 2.38 16.98 3 0.0007
[54.50%; | [1.48;
93.1%] | 3.87]

CYP2C19 | rs 4244285 1.1249 | 88.2% 2.91 33.99 4 <0.0001
[75.1%; | [2.00;
94.4%] | 4.24]

SCN2A | rs 2304016 13870 | 86.4% 271 36.82 5 <0.0001
[72.6%; | [1.91;
93.3%] | 3.85]

rs 17183814 00210 | 18.1% 1.11 4.88 4 0.2993
[0.0%; [1.00;
83.0%] | 2.42]

Discussion:-

Non-responsiveness to anti-epileptic drugs (AEDs) is a common complication associated with anti-epileptic therapy
largely influenced by genetic factors, patient-specific pathological states, and environmental circumstances.
Variations in genes involved in the pharmacodynamics of AEDs and their disposition such as single nucleotide
polymorphisms, copy number variations, and/or restriction fragment polymorphisms can serve as predictive markers
of patient response. While genetic variations in channel proteins significantly impair classical AED bindin%,
variations in transporter can impair AED conductance across the neuronal membrane leading to AED failuref™.
Moreover, genetic variations in microsomal CYP450 enzymes can impair the bioactivation of prodrugs such as
primidone and thereby decrease patient response. On the contrary, non-synonymous variations in microsomal
enzymes can also lead to AED accumulation and toxicity as observed in the case of CYP2C9*2 and *3 allelic
variations causing phenytoin-inducedneurotoxicity™. The drug transporter hypothesis is a widely held belief that
multi—g]rug transporter failure on the blood-brain barrier (BBB) affects medication uptake in the brain, particularly
AEDs*.

Here in, we report a statistically significant association between ABCC2rs2273697 single nucleotide variation and
AED (Anti-epileptic drug) resistance in epileptic adult patients. The results of our study (OR=1.51, [0.93-2.47],
p=0.03 at 95% CI) are on par with previous reports published by Uferet al, (2011) that there was a reduction in
Carbamazepinetransport in epileptic patients associated with ABCC2rs2273697 polymorphism (OR=2.68, [1.25-
5.78], p=0.010 at 95% C1 )™ Qu et al,(2012) reported that Response to AED is affected by ABCC2 polymorphism
(OR=0.915, [ 0.559-1.50], p=0.725 at 95% CI)¥!.

Similarly, we report an association between ABCC2 rs3740066 polymorphism and AED resistance in epileptic adult
and pediatric patients. The outcomes of our study (OR=0.85, [0.12-5.85], p<0.01 at 95% CI) are on par with
previous results reported by Qu et al, (2012) that ABCC2 polymorphism affects AED response (OR=1.41, [0.943-
2.10], p=0.094 at 95% CI)E!, Chen et al, (2018) reported that increase in VPA resistance was seen in epileptic
patients with ABCC2rs3740066 polymorphism (OR=0.78, [ 0.36-1.69], p=0.53 at95% CI)™**!.

Similarly,the association between the effect of ABCC2 rs717620 single nucleotide variations and AED resistance
was reported in epileptic adult and pediatric patients. The results of our study (OR=2.13, [1.02-4.44], p<0.01 at 95%
Cl) are on par with previous results reported by Uferet al,(2011) that could determine the drug response in epileptic
patients associated with ABCC2rs717620 polymorphism (OR=0.58, [0.25-1.37], p=0.21 at 95% CI)I Qu et
al,(2012) reported that ABCC2 rs717620 polymorphism in epileptic patients is associated with drug resistance
(OR=1.57, [1.08-2.29], p=0.018 at 95% CI).

Here in, we report a statistically significant association between CYP2C9rs1799853 single nucleotide variation and
AED (Anti-epileptic drug) resistance in epileptic pediatric patients. The results of our study (OR=1.27, [0.49-3.32],
p<0.01 at 95% CI) are on par with previous results reported by Seven et al, (2013) that there was an increase in AED
resistance associated with CYP2C9rs1799853 haplotype compared to CYP2C19 polymorphism in Turkish children
(OR=0.72, [0.29-1.79], p=0.58 at 95% CI)*?, Lakhan et al (2011) reported that CYP2C9 polymorphisms play
important role in developing drug resistance in epilepsy patients (OR=0.66, [0.27-1.59], p=0.35 at 95% CI)®!.
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Similarly, we report an association between the effect of CYP2C9rs1057910 single nucleotide variations and AED
resistance in epileptic pediatric patients. The results of our study (OR=0.74, [0.32-1.70], p<0.01 at 95% CI) are on
par with previous results reported by Seven et al, (2013) that CYP2C9rs1057910 polymorphism had an increased
frequency of drug resistance in Turkish children (OR=1.91, [0.68-5.46], p=0.26 at 95% CI)!*, Lakhan et al, (2011)
reported that CYP2C9 polymorphisms play a significant role in epilepsy treatment response (OR=0.57, [ 0.32-1.00],
p=0.05 at 95% CI)°!,

Here in, we report a statistically significant association between CYP2C19rs4244285 single nucleotide variation and
AED (Anti-epileptic drug) resistance in epileptic pediatric patients. The results of our study (OR=0.68, [0.29-1.62],
p=0.02 at 95% CI) are on par with previous results reported by Lakhan et al, (2011) was that in the monomorphic
north Indian population, there was no significant difference in allele or genotypes of CYP2C19rs4244285
(OR=0.93, [0.68-1.27], p=1.27 at 95% CI)**¥ Makowskaet al,(2010) reported that in children presence of drug
resistance epilepsy could be associated with CYP2C19 polymorphism(OR=0.55, [0.3-1.05], p=0.07 at 95% CI)™¢!.

Here in, we report a statistically significant association between SCN2Ars2304016 single nucleotide variation and
AED (Anti-epileptic drug) resistance in epileptic adult patients. The results of our study (OR=1.20, [0.48-3.05],
p<0.01 at 95% CI) are on par with previous results reported by Zhou et al, (2015) that drug resistance in epilepsy
may not be associated with SCN2A polymorphism (OR=0.988, [0.569-1.715], p=0.965 at 95% CI)™ Liu et
al,(2020) reported that in Chinese epileptic patients, therapeutic responsiveness to VPA monotherapy was associated
with SCN2A rs2304016 polymorphism (OR=3.18, [1.10-9.14], p=0.041 at 95% CI)?,

Similarly,the association between the effect of SCN2A rs17183814 polymorphism and AED resistance was reported
in epileptic adult patients. The outcome of our study (OR=1.51, [1.12-2.03], p=0.30 at 95% CI) are on par with
previous results reported by Kumari et al, (2011) is thathigher frequency of drug resistance in epileptic patients
associated with SCN2A rs17183814 polymorphism (OR=1.44, [0.84-2.48], p=0.97 at 95% CI)**!, Pejanovic-
Skobicet al, (2019) reported that there was no significant impact of SCN2Ars17183814 polymorphism on
Lamotrigine efficacy in Herzegovina population (OR=0.609, [0.180-2.065], p=0.570 at 95% CI)*!.

Conclusion:-

The risk of the global prevalence of AED treatment resistance is 30-40% which warrants the risk of treatment failure
and predisposes the risk of patient mortality and or compromises the quality of treatment.Herein we have identified
genetic variants as a predisposing factor for AED treatment failure. It is likewise diagnosed that genetic factors
affect the response and effectiveness of anti-epileptic drugs (AEDs).Herein, we reported a significant association
between SNV and the rise of drug resistance in ABCC2, CYP2C9, CYP2C19 & SCN2A genes.Here patients who
are at high risk of developing recurrent seizures should be screened for genetic variations stated above.Such genetic
screening can serve as prognostic markers of treatment response which can maximize the quality of epilepsy
pharmacotherapy with AEDSs, decrease the probability of adverse events, and minimize healthcare costs.

Limitations:

The limitations in the findings of this study could be addressed as follows

Owing to the high heterogeneity in outcome between the related articles, random effects models were used to test
association .considering the residual variability with random effects models which are often unexplained the
reliability of results obtained is questionable, hence more studies with less heterogeneity are to be included to do
fixed effects plots.

Future Objectives:

In this study, the effect of variations in ABCC2, CYP2C9, CYP2C19, & SCN2A genes on treatment response to
anti-convulsantswas assessed, and found that there will be a development of drug resistance which causes recurrence
of seizure episodes. According to the International League Against Epilepsy (ILAE) epilepsy is defined as a brain
illness characterized by at the minimum of two unprovoked seizures occurring within 24 hours of each
other.According to the World Health Organization, epilepsy is one of the most frequent neurological illnesses
(WHO), with over 50 million individuals suffering from it globally.Conducting such a study is important as,It
affects people of all ages and has a significant impact on the morbidity and mortality of those who suffer from
it. Although the cause of epilepsy is unknown, special evidence suggests that epilepsy is due to genetic
variations.Anti-epileptic drug (AED) nonresponsiveness is a prevalent problem inepilepsy treatment.It is likewise
diagnosed that genetic factors have an effect on the response and effectiveness of anti-epileptic drugs
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(AEDSs).Herein, we reported a significant association between SNV and the rise of drug resistance in ABCC2,
CYP2C9, CYP2C19 & SCN2A genes.Here subjects who are at high possibility of developing recurrent seizures
should be screened for the genetic variations stated above.Such genetic screening can serve as prognostic markers of
treatment response which in turn can rise the quality of epilepsy pharmacotherapy with AEDs, decrease the risk of
adverse events, and minimize healthcare costs.
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