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ABSTRACT 

Pharmacogenomics is the study of genes and how a drug's effects on a person's response. 

Pharmacogenomics is a rapidly developing field of medicine that combines the fields of genomics, which 

studies genes, and pharmacology, which studies drugs, to create safe, effective doses of medication that 

are specific to each patient's genetic preferences. One of the most important programs in which scientists 

are creating and learning about the relationship between genes and how the body reacts to drugs is the 

Human Genome Project. Variations in genetic composition contribute to variations in drug efficacy and 

can be used to forecast future therapeutic efficacy for a given individual as well as investigate the 

occurrence of adverse drug reactions. Pharmacogenomics is still in its infancy, despite advances in science 

and technology. Pharmacogenomics is not widely used, although new methods are continually being 

tested in clinical settings. Pharmacogenomics will soon make it possible to create specialized medications 

to treat common health issues like HIV, cancer, asthma, neurological diseases, and cardiovascular 

disorders. 
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INTRODUCTION 

The study of pharmacogenomics focuses on how a person's genetic makeup influences how their body 

reacts to medications. The phrase refers to the area where genetics and pharmacology converge. It is 

derived from the terms pharmacology and genomics. Pharmacogenomics offers hope that medications 

may eventually be customized to a person's unique genetic composition. Although a person's environment, 

food, age, lifestyle, and health can all affect how they react to medications, it is believed that knowing a 

person's individual gene composition will be essential to developing tailored drugs that will be more 

effective and safer. A person's drug response, which encompasses both positive and negative reactions, is 

a complicated characteristic regulated by numerous genes. It has proven challenging for scientists to create 
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genetic tests that could forecast an individual's reaction to a given treatment because not all the genes 

implicated in drug response are known 1,2. 

Pharmacogenomics in the treatment of cancer 

Pharmacogenomics appears to be more potent in the realm of oncology than anywhere else. Since a 

medication must interact with two genomes in this situation, somatic or tumor-specific gene alterations as 

well as hereditary or germline mutations can affect a drug's effects. With a few notable exceptions, a 

prevalent paradigm is that somatic variants have a noteworthy effect on clinical efficaciousness and 

germline mutations significantly influence metabolism. 

Pharmacogenomic testing in the treatment of cancer includes- Colorectal cancer- 

 

Camptosar (Irinotecan) is one form of a chemotherapy that is frequently used by doctors for the 

management of colon cancer. Genetic mutations can result in a deficiency in the UGT1A1 enzyme in 

certain individuals. This is the enzyme that is in the charge of irinotecan metabolism 3. 

Acute lymphatic or lymphoblastic leukemia (ALL)- For small children with ALL, pharmacogenomic 

testing is used by doctors. A genetic difference in the enzyme thiopurine methyltransferase affects about 

ten percent of the population. TPMT is in charge of processing ALL chemotherapy. Chemotherapy doses 

are reduced for small children with lower TPMT levels. This lessens the chance of serious negative side 

effects 4. 

Importance of pharmacogenomics 

The horror of experiencing a serious adverse reaction to a prescription medication is not well conveyed 

by adverse drug reactions. However, such unfavorable responses are still possible. In the United States, 

adverse drug reactions (ADRs) accounted for over 2.2 million serious cases and over 100,000 fatalities in 

1994, making them one of the leading causes of hospitalization and mortality, according to a hospitalized 

patient study from 1998 that was released in the American Medical Association Journal. 

If the doctor had known beforehand about the patient's DNA profile, which dictates the medication 

reaction, many of the mortality could have been prevented. Because there is currently no easy way to 

predict whether a patient would react to a treatment well, poorly, or neither at all, pharmaceutical 

industries are forced to design medications based on a one-size-fits-all approach. A strategy to deal with 

the matter of ADRs before they occur is what's required 5. 

Advantages of pharmacogenomics 
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Pharmacogenomics can be defined as an integration of annotated understanding of proteins, genes, and 

variants in single nucleotides with traditional medicinal sciences like biochemistry. These are some 

benefits- 

(1) More powerful medicines- It will be possible for pharmaceutical companies to develop medications 

based on the RNA molecules, proteins, and enzymes connected to genes and illnesses. This will speed 

up the searching process of new drugs and enable producers to manage medical treatments that are 

more specialized to particular illnesses. This precision will reduce harm to neighboring healthy cells 

while also optimizing therapeutic benefits. 

(2) Better and safer drugs for the first time- Physicians will have the ability to evaluate a patient's 

genetic information and recommend the optimum therapy from the start, replacing the current trial- 

and-error approach for matching population with the appropriate medications. This will not just 

eliminate uncertainty from selecting the appropriate medication, but it will also expedite recuperation 

and enhance security by removing the possibility of negative responses 6,7. 

BARRIERS TO PHARMACOGENOMICS PROGRESS 

 

A vast amount of information on numerous potentially clinically significant genetic factors of medication 

efficacy and toxicity has been obtained through basic research in recent decades. More recently, larger, 

genome-wide searches for factors influencing medication reaction has been made feasible by the quick 

development of genomic technologies. Collectively, these developments are extensively marketed as the 

cornerstone of a novel age of customized drug-based therapies. It is evident that in order to effectively 

utilize genomic advancements in the therapeutic context, a number of progressively intricate obstacles 

must be removed 8,9. 

Clinical implementation of pharmacogenomics 

Pharmacogenomics may have an impact on clinically significant drug dose, which may lead to 

recommendations for further research. Pharmacogenomics has yielded conflicting results for medications. 

One likely explanation is that the degree to which genetic and nongenetic factors influence a drug's 

therapeutic relevance depends on both of them. The restrictions and difficulties of applying 

pharmacogenomic tests in practice are further compounded by issues related to legal, and societal 

concerns, issues related to cost effectiveness, provider knowledge, practicality, utility, and degree of 

evidence 10. 

Genotyping and phenotyping 
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The technical capacity to precisely assess genotypes the variation in DNA sequence at particular genetic 

loci or regions is necessary for the development of pharmacogenomic research and its therapeutic 

application. The majority of variations in germline DNA belong to the class of single base-pair 

modifications, or SNPs, that have some relative prevalence in the human population (e.g., a G/A 

polymorphism, which is a shift in DNA strand composition from guanine (G) to adenine (A) in more than 

1% of all persons). 

Genetic variation and their effect in drug response 

 

Pharmacokinetic variation- Two examples show how pharmacokinetic effects resulting from single 

gene variations can have very significant impacts. The first involves giving a prodrug—a 

pharmacologically inactive material—whose therapeutic benefits are dependent on drug metabolism's 

bioactivation. These bioactivation routes often include a enzyme that broaks down the drugs; genetic 

variations that cause these enzymes to become dysfunctional can reduce or completely stop the effects of 

drugs 11. 

Pharmacodynamic variations- Pharmacodynamic pathways play their role in some of the earliest well- 

defined pharmacogenetic disorders, as was previously indicated. Variants in RYR1 or CACNA1S mediate 

the risk of malignant hyperthermia following exposure to inhaled anaesthetics or succinylcholine. 

Role of pharmacogenomics in the drug development 

Fewer and fewer medication candidates that start clinical trials go on to receive regulatory approval. The 

hypothesis that medications whose targets have been verified by human genetic researches are likely to 

be successfully marketed than those that do not has substantial support from the available data. As a result, 

gathering this evidence is becoming a more crucial step in the creation of new drugs. Adding to GWAS, 

other methods that are being investigated might include EHR-based phenome scanning, which looks at 

the connection between certain variants in putative medication target genes and symptoms found 

throughout the EHR 12,13. 

Conclusion 

One of the main objectives of pharmacogenomics is personalized or custom therapy. Due to variations in 

how a medicine reacts when administered, inheritance-related factors also influence individual treatments. 

Physicians can now accomplish therapeutic individualization because to numerous recent advancements 

in the fields of genetics and pharmacology. 

The fields of pharmacogenetics and pharmacogenomics have the potential to contribute to the realization 

of personalized medication treatment plans. Individual variation in drug response is influenced by a 
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multitude of factors other than inheritance. However, recent advances in pharmacological and genomic 

science have raised the possibility that we could be able to give thedoctor objective information that could 

help customize drug selection and/or dose to the patient's likely response to that particular drug class, that 

particular agent, or that dose based on their unique genetic makeup. 

References 

1. Fiers W, Contreras R, Duerinck F, Haegeman G, Iserentant D, Merregaert J, Min Jou W, et al. 

Complete nucleotide sequence of bacteriophage MS2 RNA: primary and secondary structure of the 

replicase gene. Nature. 1976;260(5551):500–507. 

2. The Viral Genomes Resource, NCBI. 2007 September 14. 

3. Licinio J, Wong ML, editors. Pharmacogenomics: The Search for Individualized Therapies.2002; 

559. 

4. Zhang L, Glinton KE. In: Handbook of Clinical Adult Genetics and Genomics. 2020. 

5. Lu AY. Drug-metabolism research challenges in the new millennium: individual variability in drug 

therapy and drug safety. Drug Metab Dispos. 1998;26(12):1217–1222. 

6. Magdum CS, Velingkar VS, Gupta MK. Pharmacogenomics: The search for individualized therapy. 

Indian J Pharm Educ Res. 2006;40(2):84–91. 

7. McKinnon RA, Ward MB, Sorich MJ. A critical analysis of barriers to the clinical implementation 

of pharmacogenomics. Ther Clin Risk Manag. 2007 Oct;3(5):751-9. PMID: 18473000; PMCID: 

PMC2376080. 

8. Sharma S. Quantum Dots As A Novel Diagnostic Approach In Biomedical Imaging. Journal of 

Pharmaceutical Negative Results. 2022 Aug 1:7760-3. 

9. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized patients: a 

meta-analysis of prospective studies. JAMA. 1998;279(15):1200–1205. 

10. Ghodke-Puranik YA, Lamba JK. In: Innovative Approaches in Drug Discovery. 2017. 

11. Yang JJ, Landier W, Yang W, et al. Inherited NUDT15 variant is a genetic determinant of 

mercaptopurine intolerance in children with acute lymphoblastic leukemia. J Clin Oncol. 2015; 

33:1235–1242. 

12. Relling MV, Schwab M, Whirl-Carrillo M, et al. Clinical Pharmacogenetics Implementation 

Consortium Guideline for Thiopurine Dosing Based on TPMT and NUDT15 Genotypes: 2018 

Update. Clin Pharmacol Ther. 2018. 

13. Palmiere C, Lesta Mdel M, Sabatasso S, Mangin P, Augsburger M and Sporkert F. Usefulness of 

postmortem biochemistry in forensic pathology: illustrative case reports. Leg Med (Tokyo). 2012. 


