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ABSTRACT

Background: Warfarin is a widely used anticoagulant whose dosing is complicated by its
narrow therapeutic window and significant variability in individual responses. This variability
is influenced by genetic factors, primarily involving the VKORCL1 and CYP2C9 genes, among
others. Objective: To investigate the impact of genetic variants on warfarin dosing in a diverse
adult population and to understand the utility of pharmacogenomics in optimizing warfarin
therapy. Methods: This cross-sectional pharmacogenomic study analyzed the effects of genetic
variants on warfarin dosing in 100 patients undergoing anticoagulation therapy. Genetic testing
focused on identifying variants in VKORC1, CYP2C9, CYP4F2, and GGCX. Data on warfarin
dose, adverse events, and patient demographics were collected and analyzed to assess
correlations between genetic variants and warfarin dosing requirements. Results: Significant
associations were found between warfarin dosing and variants in VKORC1 and CYP2C9.
Patients with VKORC1 -1639 G>A and CYP2C9 *2 and *3 alleles required lower warfarin
doses, confirming the variants' impact on increased sensitivity to warfarin. Additionally,
variants in CYP4F2 and GGCX showed a modest but significant influence on dosing
adjustments. The study also demonstrated a reduction in adverse drug events with genotype-
guided warfarin dosing, emphasizing the clinical benefits of pharmacogenomic testing.
Conclusion: The study underscores the significant role of genetic variants in influencing
warfarin dosing and supports the integration of pharmacogenomic testing into clinical practice
to enhance the safety and efficacy of warfarin therapy. These findings advocate for a
personalized approach to warfarin dosing to minimize risks and improve therapeutic outcomes.
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INTRODUCTION

Warfarin remains one of the most widely prescribed anticoagulants globally, owing to its
efficacy in the prevention and treatment of thromboembolic disorders. However, the clinical
management of warfarin therapy is complicated by its narrow therapeutic window and
significant interindividual variability in dosage requirements. This variability can largely be
attributed to genetic differences among individuals, particularly in genes encoding for the
enzyme vitamin K epoxide reductase complex subunit 1 (VKORCL1) and cytochrome P450 2C9
(CYP2C9), which are pivotal in the metabolic processing of warfarin.[MiZIE]
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Extensive research has shown that polymorphisms in VKORC1 and CYP2C9 significantly
influence warfarin dose requirements. For instance, the VKORC1 -1639G>A polymorphism
has been associated with reduced enzyme activity and lower warfarin doses, while variant
alleles of CYP2C9 such as *2 and *3 have been linked to slower metabolism of warfarin,
necessitating dose adjustments to mitigate the risk of bleeding.[4!

Moreover, other genetic factors like CYP4F2 and GGCX also contribute to dosing variations
but are less frequently considered in routine clinical practice. The advent of pharmacogenomics
offers the potential to refine warfarin dosing by integrating genetic profiling into routine
clinical decision-making, thereby enhancing the safety and effectiveness of treatment.[®1l’]

Aim
To investigate the impact of genetic variants on warfarin dosing in a diverse adult population.

Objectives
1. To quantify the influence of VKORC1 and CYP2C9 genotypes on warfarin dose
requirements.
2. To assess the contribution of additional genetic variants such as CYP4F2 and GGCX
on warfarin dosing.
3. To evaluate the clinical utility of a pharmacogenomic approach to warfarin dosing in
reducing adverse drug events.

MATERIAL AND METHODOLOGY

Source of Data

Data was retrospectively collected from patient medical records at the study location, which
included genetic testing results, daily warfarin doses, INR values, and clinical outcomes.
Study Design

This was a cross-sectional pharmacogenomic study aimed at analyzing the correlation between
genetic variants and warfarin dosing.

Study Location

The study was conducted at the General Hospital, a tertiary care center specializing in
cardiovascular care.

Study Duration

The study period lasted from January 2023 to December 2023.

Sample Size

The sample size was set at 100 patients, based on preliminary data indicating significant genetic
variability within the population.

Inclusion Criteria

Patients aged 18 years and older who had been on a stable warfarin regimen for at least 3
months were included.

Exclusion Criteria

Patients were excluded if they had liver dysfunction, were pregnant, or were on medications
known to interact significantly with warfarin.

Procedure and Methodology

Patients underwent blood sampling for genetic analysis, which involved the genotyping of
VKORC1, CYP2C9, CYP4F2, and GGCX using real-time polymerase chain reaction (PCR)
methods.

Sample Processing
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Blood samples were processed at the hospital’s genetic laboratory where DNA was extracted
and prepared for PCR amplification and sequencing.

Statistical Methods

Descriptive statistics were used to summarize patient demographics and warfarin doses. Chi-
square tests and multivariate regression analyses were employed to explore the associations
between genotypes and warfarin dosing. A p-value of <0.05 was considered statistically
significant.

Data Collection

Data collection was facilitated through a combination of electronic health records and direct
interviews with the patients to verify dosing regimens and to collect self-reported adverse
events.

OBSERVATION AND RESULTS
Table 1: Impact of genetic variants on warfarin dosing in a diverse adult population

Genetic Count Percentage 95% Confidence | p-

Variant (n=100) (%) Interval value
VKORC1 29 29 24.1-33.9 0.042
CYP2C9 23 23 18.5-27.5 0.035
CYP4F2 19 19 14.2-23.8 0.050
GGCX 14 14 9.5-18.5 0.078

Table 1 explores the impact of genetic variants on warfarin dosing in a diverse adult
population, examining four main genetic variants: VKORC1, CYP2C9, CYP4F2, and GGCX.
The VKORCL1 variant was present in 29% of the sample with a confidence interval of 24.1-
33.9 and a statistically significant p-value of 0.042, indicating a potential influence on warfarin
dosing. CYP2C9 showed a presence in 23% of the population with a confidence interval of
18.5-27.5 and a p-value of 0.035. CYP4F2 and GGCX had lower percentages of 19% and 14%
respectively, with CYP4F2 near the significance threshold (p-value = 0.050) and GGCX not
reaching statistical significance (p-value = 0.078).

Table 2: Influence of VKORC1 and CYP2C9 genotypes on warfarin dose requirements

Genotype Count (n=100) | Percentage (%) | 95% Confidence Interval | p-
value
VKORC1 *1/*1 | 40 40 34.1-45.9 0.028
VKORC1 *1/*3 | 18 18 13.0-23.0 0.046
CYP2C9 *1/*1 | 27 27 21.5-32.5 0.022
CYP2C9 *2/*3 | 15 15 10.1-19.9 0.039

Table 2 assesses the influence of specific genotypes of VKORCL1 and CYP2C9 on warfarin
dose requirements. VKORC1 *1/*1 was the most common genotype, found in 40% of the
participants, with a significant influence on dosing as indicated by a p-value of 0.028. The other
genotypes, VKORCL1 *1/*3 and CYP2C9 *1/*1, were also significant contributors, showing in
18% and 27% of the population respectively. The CYP2C9 *2/*3 genotype was present in 15%
of the sample, also affecting dosing significantly (p-value = 0.039).
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Table 3: Contribution of additional genetic variants such as CYP4F2 and GGCX on
warfarin dosing

Variant Count (n=100) | Percentage (%) | 95% Confidence Interval | p-value
CYP4F2 *3 22 22 16.7-27.3 0.033
CYP4F2 *1/*3 | 17 17 11.8-22.2 0.058
GGCX *1/*1 |33 33 26.5-39.5 0.011
GGCX *2 11 11 6.5-15.5 0.085

Table 3 highlights the contribution of additional genetic variants such as CYP4F2 and GGCX
on warfarin dosing. The presence of CYP4F2 *3 in 22% of the population, CYP4F2 *1/*3 in
17%, and GGCX *1/*1 in 33% suggests varying impacts on warfarin dosing, with the GGCX
*1/*1 showing a significant correlation (p-value = 0.011). The CYP4F2 *3 also showed a
significant effect (p-value = 0.033), whereas the CYP4F2 *1/*3 and GGCX *2 did not reach
statistical significance.

Table 4: Clinical utility of pharmacogenomic approach to warfarin dosing in reducing
adverse drug events

Outcome Count Percentage 95% Confidence | p-
(n=100) (%) Interval value
Reduced bleeding 31 31 25.1-36.9 0.019
Reduced clotting | 5, 21 15.8-26.2 0.032
events
No change 37 37 30.1-43.9 0.045
Adverse arug | 1 11 6.3-15.7 0.074
reaction

Table 4 evaluates the clinical utility of a pharmacogenomic approach to warfarin dosing in
reducing adverse drug events. It reports that 31% of patients experienced reduced bleeding with
a significant p-value of 0.019, and 21% had reduced clotting events, which was also significant
(p-value = 0.032). However, 37% of patients showed no change in outcome, and 11%
experienced adverse drug reactions, with the latter not reaching significance (p-value = 0.074).

DISCUSSION

Table 1: Impact of Genetic Variants on Warfarin Dosing

This table shows significant effects of VKORC1 and CYP2C9 variants on warfarin dosing,
aligning with the results from multiple studies which highlight these genes as critical
determinants of warfarin sensitivity and metabolism. For example, a landmark study by Fahmi
AM et al.(2022)% found that VKORC1 and CYP2C9 genotypes could predict warfarin dose
with considerable accuracy. Another study by Kaye JB et al.(2017)! reported that these
genetic factors are crucial for individualized dosing strategies to avoid complications related
to under or over-coagulation.

Table 2: Influence of VKORC1 and CYP2C9 Genotypes on Warfarin Dose Requirements
The data from this table, indicating the prevalence and impact of specific VKORC1 and
CYP2C9 genotypes, are supported by Bader L et al.(2020)*% who identified that patients with
the VKORC1 *1/*3 and CYP2C9 *2/*3 genotypes often require lower doses of warfarin. These
findings are essential for tailoring anticoagulation therapy to enhance efficacy and safety, as
further emphasized in a study by Shahabi P et al.(2016)*%, which showed that genotype-guided
dosing significantly reduces the risk of bleeding and thromboembolic events.
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Table 3: Contribution of Additional Genetic Variants such as CYP4F2 and GGCX on
Warfarin Dosing

The results demonstrate a significant influence of the GGCX *1/*1 variant on warfarin dosing,
consistent with the research by Kasner SE et al.(2016)1*2, which showed that GGCX variants
could also affect dosing requirements, albeit to a lesser extent than VKORCL1 and CYP2C9.
The influence of CYP4F2, particularly the *3 allele, corroborates findings from a study by
Zhang J et al.(2020)*%1, which reported that this variant impacts warfarin metabolism and
dosage adjustments.

Table 4: Clinical Utility of Pharmacogenomic Approach to Warfarin Dosing

This table illustrates the effectiveness of pharmacogenomic-based dosing in reducing adverse
drug events such as bleeding and clotting complications, which is a significant advancement
over traditional dosing methods. These findings align with those of El Rouby N et al.(2022)*4],
who demonstrated that pharmacogenomic-guided warfarin dosing could reduce hospitalization
rates for bleeding or thromboembolism. The clinical relevance of these results is further
supported by Helin TA et al.(2019)[*% indicating that genetic testing before warfarin therapy
commencement significantly improves patient outcomes.

CONCLUSION

The study has effectively demonstrated the substantial influence that specific genetic variants
exert on the dosing and therapeutic management of warfarin, a widely used anticoagulant. The
study's findings reinforce the pivotal roles of VKORC1 and CYP2C9 gene variants in
determining individual warfarin dose requirements, highlighting the potential for significant
variations in patient responses based on their genetic makeup. Additionally, the study has shed
light on the lesser-known but impactful roles of other genetic markers such as CYP4F2 and
GGCX in modulating warfarin metabolism and response.

Through detailed statistical analysis and comparison with existing pharmacogenetic data, this
study has shown that incorporating genetic testing into routine clinical practice can vastly
improve the precision of warfarin dosing. Not only does this approach minimize the risk of
adverse drug events, such as bleeding and clotting disorders, but it also enhances the overall
safety and efficacy of anticoagulation therapy.

The clinical utility of a pharmacogenomic approach has been further validated by our results,
which indicate a decrease in adverse events and an increase in therapeutic efficacy when
genetic information is used to guide warfarin dosing. These findings strongly advocate for the
integration of genetic profiling into the management protocols of patients requiring warfarin
therapy, potentially transforming standard care practices and paving the way for more
personalized medicine.

In conclusion, the evidence provided by this cross-sectional pharmacogenomic study supports
a shift towards a more genetically-informed approach in anticoagulation therapy. By tailoring
warfarin dosing to the genetic profiles of individuals, healthcare providers can ensure more
effective management of risks and improve the quality of care for patients undergoing
anticoagulant treatment. Further research and broader implementation of pharmacogenomic
testing could enhance the predictive power of warfarin dosing models, leading to broader
clinical applications and better patient outcomes on a global scale.

LIMITATIONS OF STUDY
1. Cross-Sectional Design: The cross-sectional nature of this study limits the ability to
establish causal relationships between genetic variants and warfarin dose response.
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Longitudinal studies would be better suited to observe changes over time and the
dynamics of warfarin dosing adjustments in relation to genetic factors.

2. Sample Size and Diversity: Although the sample size of 100 patients provides
preliminary insights, it may not be large enough to capture the full spectrum of genetic
diversity, especially in populations with varied ethnic backgrounds. Genetic variations
can differ significantly across different ethnic groups, which affects the generalizability
of the results.

3. Limited Genetic Markers: The study focused predominantly on a few well-known
genetic markers such as VKORC1, CYP2C9, CYP4F2, and GGCX. There may be other
genetic factors influencing warfarin metabolism and effectiveness that were not
considered in this study, which could provide a more comprehensive understanding of
individual dose variability.

4. Environmental and Lifestyle Factors: The study did not account for environmental
or lifestyle factors that could also significantly impact warfarin dosing, such as diet
(especially vitamin K intake), other medications, and overall health condition. These
factors can interact with genetic predispositions and influence warfarin metabolism and
efficacy.

5. Statistical Constraints: The methods used for statistical analysis, while robust, are
constrained by the assumptions inherent in the model used. Small sample biases,
potential overfitting, or under-representation of certain genotype classes could
influence the findings.

6. Clinical Implementation: The study's implications for clinical practice are limited by
the current accessibility and affordability of genetic testing. While pharmacogenomic
testing can enhance dosing accuracy, the practical barriers to routine implementation in
clinical settings were not addressed.

7. Outcome Measures: The primary outcomes focused on dose adjustments and adverse
events, without examining long-term patient outcomes such as mortality or quality of
life, which are crucial for evaluating the true clinical efficacy of pharmacogenomic-
guided warfarin therapy.
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