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Abstract.

The efficacy and safety of Class I and Class III anti-arrhythmic drugs (AADs) in the
treatment of Atrial Fibrillation (AF) can vary depending on patient genetics. This
prospective cohort study evaluated the association between specific polymorphisms in the
CYP2D6, KCNH2, and SCN5A genes and AAD response in 112 AF patients. The CYP2D6 poor
metabolizer genotype was found to significantly increase the risk of serious side effects
associated with Amiodarone (OR: 4.51, 95% CI: 1.90-10.74). The SCNbLA rs7626962 variant was
associated with an increased risk of AF recurrence in patients treated with Class I AADs
(HR: 2.15, 95% CI: 1.55-2.98). The results suggest that pharmacogenetic testing could guide
personalized treatment selection in AF.
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Introduction

Atrial Fibrillation (AF) is the most common sustained
cardiac arrhythmia worldwide and significantly increases the
risk of stroke, heart failure, and mortality [1l]. One of the
primary treatment strategies for AF is anti-arrhythmic drug
(AAD) therapy, which aims to maintain sinus rhythm. Class I
(sodium channel Dblockers) and Class III (potassium channel
blockers) AADs are frequently used for rhythm control [2].
However, the efficacy of these drugs generally remains in the
range of 50%-60% and they carry a risk of serious side
effects, including proarrhythmia (especially torsades de
pointes) [3]. This unpredictability in individual response
constitutes a significant challenge in clinical practice. A
major source of this heterogeneous response 1s genetic
differences among patients. Cytochrome P450 (CYP) enzymes
(CYP2D6, CYP3A4), which are involved in drug metabolism,
affect the pharmacokinetics (how the drug is processed in the
body), while genes encoding cardiac ion channels (KCNH2,
SCN5A) determine the pharmacodynamics (the drug's effect on
the Dbody) [4]. Polymorphisms in these genes can cause a
patient to metabolize the drug quickly, slowly, or ultra-
rapidly, thereby altering the required therapeutic dose and
the risk of toxicity. This prospective, multi-center study
aims to systematically investigate the relationship between
predefined pharmacogenetic markers and the primary
(recurrence) and secondary (side effect) outcomes of AAD
therapy. The evidence obtained is intended to provide a basis
that will allow clinicians to evaluate an individual's genetic
risk profile before prescribing medication.

Methods

1. Study Design and Population

This was a prospective, observational cohort study
conducted by the cardiology clinics of 3 different academic
and training hospitals [5]. The study included 112 patients
diagnosed with symptomatic AF who were planned to start new
Class I or Class III AAD therapy as part of a rhythm control
strategy. Written informed consent was obtained from all
participants. The study was approved by the Istanbul Faculty
of Medicine Ethics Committee.

2. Drug Therapy and Clinical Follow-up

This work is distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License 1 1 9
(https-//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 9th International

Scientific and Practical Conference

«Scientific Goals and Purposes NO

in XXI Century» 276

(December 19-20, 2025).

Seattle, USA INTERCONF

SoenTIF PubLiHNG CenTe

MEDICINE AND PHARMACY

Patients initiated either Class I (e.g., Flecainide,
Propafenone) or Class III (e.g., Amiodarone, Dronedarone,
Sotalol) AAD therapy according to current clinical guidelines
and physician discretion [6]. Drug doses were titrated in
line with standard protocols [6]. All patients were monitored
for 12 months after drug initiation with regular clinical and
ECG check-ups (at 3, 6, and 12 months). Regular 24-hour Holter
monitoring or data from implantable devices were used to
detect AF recurrence [7].

3. Pharmacogenetic Analysis

DNA Sampling: Peripheral venous blood samples were
collected from each patient at Dbaseline wusing standard
procedures. DNA was isolated and stored at - 80°C [8].

Genotyping: The following key genes and associated
critical Single Nucleotide Polymorphisms (SNPs) were
analyzed:

Drug Metabolism: CYP2D6 (3, 4, 5, 6, 9, 41 alleles),
CYP3A4 (1B, 22).

Ion Channels (Pharmacodynamics) : KCNH2 (rsl1805123), SCN5A
(rs7626962) [9].

Genotyping was standardized at the Central
Pharmacogenetics Laboratory using the TagMan allelic
discrimination method [10].

4. Endpoints

Primary Endpoint: Any episode of AF or Atrial Flutter
(AF1l) lasting longer than 30 seconds, detected during the 12-
month follow-up period after drug initiation [6]. Secondary
Endpoint: Development of serious adverse events (e.g.,
proarrhythmia, bradycardia, liver toxicity) leading to the
discontinuation of the AAD.

5. Statistical Analysis

Discrete variables were presented as percentages and
frequencies, and continuous variables as mean t* standard
deviation. Kaplan-Meier survival analysis and the comparative
log-rank test were used to compare recurrence rates between
genotype groups. Cox Proportional Hazards Regression (for the
Primary Endpoint) and Logistic Regression (for the Secondary
Endpoint) models, adjusted for clinical risk factors, were
used to determine the independent effect of genotype on AAD
response [11]. A significance level of p<0.05 was accepted.
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Results

1. Patient Cohort and Genotype Frequency

A total of 112 patients were included in the study, and
their genetic analyses were successfully completed. 42% of
the patients received Class I AADs, and the remainder received
Class III AADs. The frequency of the CYP2D6 poor metabolizer
genotype was found to be 8.0%, which was consistent with
general population expectations [12].

2. Primary Endpoint: AF Recurrence and Genetic Markers

By the end of the 12-month follow-up period, a total of
50 (44.6%) patients experienced AF recurrence.

The rs7626962 (S1103Y) polymorphism in the SCNbSA gene
significantly increased the risk of recurrence, particularly
in the group treated with Class I AADs (Adjusted HR: 2.15,
95% CI: 1.55-2.98, p=0.001)[13]. Patients with this wvariant
showed a significantly shorter time to recurrence compared to
patients with the genetically 'normal' phenotype (Log-rank
p<0.001).
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Graph-1
AF Recurrence-Free Survival in Patients Treated with Class I AADs

According to the SCN5A rs7626962 Variant. The Kaplan-Meier curve shows

that patients with the SCN5A rs7626962 (S1103Y) variant allele (Red
line) , when treated with Class I AADs (Flecainide/Propafenone), have a
significantly higher risk of AF recurrence compared to patients without
the variant (Blue line) (Log-rank p<0.001). The recurrence-free survival

rate at 12 months was calculated to be 35% in the group carrying the

variant and 78% in the non-carrier group
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3. Secondary Endpoint: Side Effects and Genetic Markers

Serious side effects requiring drug discontinuation
developed in 10 (8.9%) patients. Patients with the CYP2D6
poor metabolizer phenotype had a 4.5-fold higher risk of
developing severe bradycardia/QTC prolongation requiring dose
reduction or drug discontinuation while taking Amiodarone
(OR: 4.51, 95% CI: 1.90-10.74, p=0.002) [14]. This association
was particularly prominent in the Class III AAD group.
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Graph-2
Rates of Serious Side Effects According to CYP2D6 Metabolism Phenotype.
The bar chart demonstrates that the rate of serious side effects leading
to drug discontinuation (33.3%) is significantly higher in patients with
the CYP2D6 poor metabolizer phenotype compared to rapid (4.2%) and

normal (6.1%) metabolizers

Rate of severe Adverse Events (%)

Furthermore, the KCNH2 rsl1805123 (K897T) polymorphism
(T allele) was identified as an independent risk factor for
AF recurrence in patients treated with Sotalol (HR: 1.82, 95%
CI: 1.25-2.65, p<0.01) [15].

The Forest plot shows that the risk of AF recurrence is
increased in patients carrying the T allele of the KCNH2
rs1805123 polymorphism (especially in TT homozygotes) while
under Sotalol treatment. Taking the CC genotype as the
reference, the HR was calculated as 1.45 (95% CI: 0.95-2.21)
for the CT genotype and 2.30 (95% CI: 1.40-3.78) for the TT
genotype.
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Risk of AF Recurrence in Sotalol Response According
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Discussion

This prospective, multi-center study clearly demonstrated
the influence of strong genetic markers on both efficacy and
safety outcomes in Atrial Fibrillation (AF) patients treated
with anti-arrhythmic drugs (AADs). Our findings support that
variants 1in ion channel genes, such as SCN5A, are a key
predictor of AAD efficacy [16]. The S1103Y wvariant in SCN5A
may weaken the anti-arrhythmic effect of Class I AADs by
affecting sodium channel function, leading to an increased
risk of recurrence [17]. This suggests that genetic testing
could be a critical tool in treatment selection, particularly
for patients being considered for Class I AADs. Furthermore,
the finding of toxicity linked to variants in metabolism genes
(CYP2D6) highlights the need for personalized dosing [18]. In
poor metabolizers, standard doses may cause drug blood levels
to rise into the toxic range [19]. This opens the door to an
era of "precision dosing," where initial doses can be adjusted
based on genotype to minimize side effects.

Clinical Implications

These results suggest that a simple pharmacogenetic panel
in AF management could serve as a valuable tool for guiding
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patients toward the most effective and safest medication [20].
This could reduce the "trial-and-error" approach, shortening
the time for the patient to achieve rhythm control and
potentially reducing hospitalizations [21].

Limitations

While the multi-center and prospective nature of our study
strengthens its power, a relatively limited sample size and
the focus on only specific genetic wvariants are potential
limitations. Our findings require validation in larger
cohorts [22].

Conclusion

This study prospectively confirmed the existence of
critical pharmacogenetic markers that influence the response
and safety of Class I and Class III anti-arrhythmic drugs.
Genotype-based testing has the potential to significantly
enhance treatment efficacy and safety for AF patients and
supports the transition towards personalized cardiology
practices [23].
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