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Abstract
[bookmark: _GoBack]Pharmacogenomics, a branch of pharmacology, delves into how genetic variations influence patients' responses to drugs by correlating gene expression or single-nucleotide polymorphisms with a drug's effectiveness or potential toxicity. Its objective is to devise logical methods to refine drug therapy based on a patient's genotype, aiming for optimal efficacy with minimal adverse effects. These methodologies herald the era of personalized medicine, wherein drugs and their combinations are tailored to the distinctive genetic makeup of each individual. Pharmacogenomics represents the comprehensive genomic application of pharmacogenetics, which primarily examines interactions between single genes and drugs.
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Introduction
high-risk drugs to ensure optimal treatment selection. However, this reactive approach is costly and time-consuming, potentially rendering it irrelevant during urgent medication scenarios. As technology progresses, there is growing recognition that PGx testing, encompassing broad screening of multiple pharmacogenes and dosing recommendations, should be preemptively available in electronic health records (EHR) and drug prescription systems. The proactive integration of PGx findings remains a challenge, but ongoing implementation efforts promise to enhance knowledge and continually refine solutions [1].
History
Pharmacogenomics was initially recognized by Pythagoras around 510 BC, who linked the dangers of consuming fava beans to hemolytic anemia and oxidative stress. This connection was later validated in the 1950s, attributing it to a deficiency of G6PD, known as favism. Although the first official publication on this topic didn't occur until 1961, the informal origins of this science trace back to the 1950s. In 1956, reports emerged of prolonged paralysis and fatal reactions in patients lacking butyrylcholinesterase ('pseudocholinesterase') following succinylcholine injection during anesthesia. The term "pharmacogenetics" was coined in 1959 by Friedrich Vogel of Heidelberg, Germany, although some sources suggest it might have been in 1957 or 1958. In the late 1960s, twin studies provided further evidence of genetic involvement in drug metabolism, showing remarkable similarities in drug response among identical twins compared to fraternal twins. The term "pharmacogenomics" began appearing more prominently around the 1990s. The first FDA approval of a pharmacogenetic test occurred in 2005 for alleles in CYP2D6 and CYP2C19.[2]
Importance of pharmacogenomics
Pharmacogenomics holds immense importance in the field of medicine for several reasons. Firstly, it enables personalized medicine by tailoring drug therapy to individual genetic profiles, maximizing efficacy and minimizing adverse effects [3]. Secondly, pharmacogenomics enhances drug safety by identifying patients at higher risk of adverse reactions based on their genetic makeup, allowing for more precise dosage adjustments or alternative medication selection [4]. Additionally, by optimizing drug therapy according to genetic factors, pharmacogenomics improves treatment efficacy and disease management [5]. Moreover, it can lead to cost savings by reducing healthcare expenses associated with trial-and-error approaches to medication selection and adverse events [6]. Furthermore, pharmacogenomics contributes to the advancement of drug development by providing insights into drug response variability and informing the creation of more targeted and effective medications [7]. It also enables early intervention and prevention of adverse drug reactions by identifying at-risk individuals before treatment initiation [8]. Lastly, integrating pharmacogenomic data into clinical decision support systems helps healthcare providers make informed treatment decisions, leading to better patient outcomes [9]
Pharmacogenomics in future
Expanded Genetic Testing :  
With the decreasing cost and increasing accessibility of genetic testing, the scope of pharmacogenomic testing is expected to expand significantly [10]. This expansion will likely include screening for a broader range of genetic variants that influence drug metabolism, response, and toxicity.
Integration into Clinical Practice: 
Pharmacogenomic data is anticipated to become an integral part of routine clinical care, with electronic health records (EHR) and clinical decision support systems (CDSS) incorporating this information to guide healthcare providers in prescribing the most effective and safe medications for each patient based on their genetic makeup [11].
Enhanced Drug Development : 
Pharmacogenomics will continue to play a crucial role in drug development, enabling the identification of genetic factors that influence drug response variability [12]. This understanding will facilitate the development of more targeted and efficacious medications, as well as the identification of patient subpopulations that may benefit most from specific treatments.
Precision Medicine Initiatives: 
Pharmacogenomics will be a cornerstone of precision medicine initiatives aimed at optimizing treatment outcomes and minimizing adverse effects [13]. Tailoring drug therapy to individual genetic profiles will lead to more precise and effective treatments across various medical conditions, improving patient care and outcomes.
Research and Education: 
Ongoing research in pharmacogenomics will contribute to a deeper understanding of the genetic basis of drug response variability [14]. Continued education and training programs will ensure that healthcare providers are equipped with the knowledge and skills needed to integrate pharmacogenomic data into clinical practice effectively.
Regulatory Guidelines:
 Regulatory agencies are expected to develop and refine guidelines for the use of pharmacogenomic information in drug labeling and clinical decision-making [15]. Clear regulatory frameworks will facilitate the adoption of pharmacogenomic testing in clinical practice and ensure its safe and effective implementation.
Diagnostic test for pharmacogenomic 
Genotyping: Genotyping involves identifying specific genetic variations, such as single nucleotide polymorphisms (SNPs), associated with drug metabolism or response [21]. Techniques include polymerase chain reaction (PCR), DNA sequencing, and microarray analysis. Genotyping provides valuable information for predicting drug response based on an individual's genetic makeup.
SNP Testing: SNP testing focuses on detecting single nucleotide variations in genes relevant to drug metabolism pathways [22]. By analyzing specific SNPs associated with drug response, SNP testing helps tailor medication therapy to individual genetic profiles, improving treatment efficacy and safety.
Sequencing-Based Tests: Next-generation sequencing (NGS) technologies enable comprehensive sequencing of genes or entire genomes to identify genetic variations relevant to pharmacogenomics [23]. Sequencing-based tests offer a comprehensive approach to identifying genetic variants associated with drug response, providing detailed information for personalized medication management.
Expression Profiling: Expression profiling measures the expression levels of genes involved in drug metabolism or response [24]. By analyzing gene expression patterns, expression profiling helps predict how individuals may respond to specific medications based on their gene expression profiles
Pharmacogenomic Panels: Pharmacogenomic panels consist of a set of genetic markers associated with drug response for multiple medications [25]. These panels allow for comprehensive testing of relevant genetic variations in a single test, facilitating personalized medication selection and dosing.
Point-of-Care Testing: Point-of-care pharmacogenomic tests are designed for rapid testing in clinical settings, providing real-time information to guide medication decisions [26]. These tests offer convenience and immediate results, particularly in situations requiring urgent treatment decisions.
Benefits of pharmacogenomics
More powerful medicines,Better safer drugs the first time, More accurate methods of determining appropriate drug dosages, Advanced screening for disease, Better vaccines,mprovements into the drug discovery and approval process, Decrease in the overall cost of health care.
Impact on pharmacy profession
Clinical Decision Making: Pharmacists now integrate pharmacogenomic information into their clinical decision-making processes, allowing them to tailor medication therapy based on individual genetic profiles [16]. This personalized approach helps optimize treatment efficacy and safety by minimizing adverse reactions.
Medication Management: Pharmacogenomic data empowers pharmacists to select the most suitable medications and dosages for patients, taking into account their genetic makeup [17]. By considering genetic variations in drug metabolism and response, pharmacists can ensure that patients receive the most effective and appropriate treatment.
Patient Counseling: Pharmacists play a crucial role in educating and counseling patients about the implications of pharmacogenomic testing on their medication therapy [18]. They explain how genetic variations can influence drug response and empower patients to make informed decisions about their treatment options.
Drug Development and Research: Pharmacists contribute to pharmacogenomic research and drug development efforts by identifying genetic factors that impact drug response variability [19]. Their expertise in pharmacology and genetics helps evaluate the clinical relevance of pharmacogenomic discoveries and translate them into practice.
Integration of Technology: Pharmacists utilize technology such as electronic health records (EHRs) and clinical decision support systems (CDSS) to incorporate pharmacogenomic data into pharmacy practice [20]. These tools enable pharmacists to access and interpret genetic information efficiently, streamline medication management processes, and enhance patient care.
Continuing Education and Training: Pharmacists engage in ongoing education and training to stay abreast of advancements in pharmacogenomics and its implications for pharmacy practice . By attending conferences, workshops, and certification programs, pharmacists expand their knowledge and skills in this rapidly evolving field.
CONCLUSION 
In conclusion, the advancements in pharmacogenomics hold significant implications for personalized medicine and clinical practice. By understanding how genetic variations influence drug response, healthcare providers can tailor medication therapy to individual genetic profiles, maximizing efficacy and minimizing adverse reactions. This personalized approach to treatment allows for more precise medication selection, dosing, and monitoring, ultimately leading to improved patient outcomes and enhanced quality of care. 
Furthermore, the integration of pharmacogenomic data into clinical practice facilitates evidence-based decision-making and supports the shift towards precision medicine. Healthcare providers can utilize pharmacogenomic information to guide treatment decisions, optimize drug therapy, and minimize the risks of adverse drug reactions. As a result, pharmacogenomics contributes to the advancement of patient-centered care and promotes more effective and efficient healthcare delivery.
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