
                                               ©    2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208176 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1545 

PRECISION MEDICINE IN TREATMENT OF 

NON-COMMUNICABLE DISEASES AND 

CANCER 

 
1Gajanan Keshav Gajmal, 1Tanuja Bhausaheb Kolhe, 1Shivraj Popat Jadhav, 1Dhananjay Machindra 

Patil, 1Deepak Devidas Sonawane. 
1 Shrishakti Shaikshanik Sanstha’s Divine College Of Pharmacy, Nampur Road Satana, Baglan, Nashik, Maharashtra, India,423301. 
 

 

Abstract :  Most deaths and disease burdens are caused by non-communicable diseases (NCDs). The primary cause of NCD-related 

deaths worldwide is cardiovascular disease (CVD), which is followed by various cancers, chronic obstructive pulmonary disease 

(COPD), and diabetes. To achieve the 25% reduction in NCD mortality target set by the World Health Organization (WHO) and the 

United Nations by 2025, many communities must embrace preventive measures. The purpose of the precision medicine approach is 

to provide patients with a better therapeutic goal to maximize benefits and minimize risks. The clinical advantages of this strategy are 

already evident in cancer targeted therapy, but additional research on its effects on other illnesses is required in many countries. In 

this review, we primarily discuss the idea of precision medicine in relation to NCDs and its potential for prediction, prevention, and 

individualized care. 

 

IndexTerms - Precision medicine, non-communicable diseases, type 2 diabetes, chronic obstructive pulmonary disease, cardiovascular 

diseases, cancer. 

1. Introduction 

The practice of using cutting-edge molecular profiling in conjunction with more conventional techniques, for example, family history, 

to develop therapeutic and diagnostic approaches that are precisely tailored for each patient's needs is known as precision medicine, 

also known as precision medicine or individualized medicine. just genomic analysis, such as exome sequencing or genotyping, is 

heavily used for patient treatment, even though numerous molecular-profiling techniques accessible in research environments. This 

study discusses genomic databases that enable a contemporary precision medical practice that incorporates genomic data. specifically, 

the use of germline (rather than somatic) DNA to supplement a previous perspective paper on pharmacogenetic testing in primary 

care settings.[1] 

In the past, diagnosing disease was done based on symptoms that may be caused by several different conditions. Because we can now 

test for genes known to be associated with the disease, several diseases can now be diagnosed with greater accuracy. This approach 

can precisely identify the subtype of the disease in addition to confirming the presence of a specific disease. The majority of medical 

practice throughout history has been reactionary. Even today, we have to wait until a disease manifest before attempting to treat or 

cure it. Because we are still learning about the genetic and environmental elements that contribute to the development of ser ious 

illnesses like cancer, Alzheimer's disease, and diabetes, our efforts to treat them are frequently erratic, unpredictable, and inefficient. 
[2] 

It entails clearly defining drugs within the context of treatment that is customized for a specific patient, but it may also entail grouping 

people into stratified subpopulations that have different health statuses or treatment responses.[3] 

http://www.ijrti.org/


                                               ©    2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208176 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1546 

 
Fig. 1: Data flow in Precision medicine. [137] 

 

Abbreviations: BAM -binary alignment/map,VCF- variant call file. 

 

Maximizing treatment effectiveness and reducing the risk of drug toxicity for a specific patient are the two main objectives of Precision 

medicine. It demonstrates the proper use of pharmaceuticals with the appropriate patient, dosage, and timing. Individualized 

pharmacological therapy based on each patient's genetic makeup and molecular diagnosis is Precision medicine's main goal. Precision 

medicine's main promise is that genomics will increase the target selectivity of pharmaceuticals, the selection of volunteers and 

patients for clinical trials, and consequently the likelihood that many therapies will be effective for populations and individuals. This 

study's primary objective is to assess customized medicine in terms of its applications, advantages, drawbacks, and potential effects 

on healthcare. Actual clinical applications as well as perspectives for the future. With Precision medicine, illnesses can be predicted, 

prevented, and treated specifically for each patient's needs. Development of effective clinical diagnostic tools, high-throughput 

genome-wide screening for susceptibility to or protection from complex medical conditions, evaluation of a person's genomic profile 

for disease prediction/prevention, and the creation of vaccines and novel medications have all resulted from translational genetics and 

genomics research.[4] 

 

2. Present and Future of Precision Medicine 
A medical concept known as precision medicine suggests treating a person according to their genetic make-up. To determine a patient's 

genetic makeup, a variety of proper diagnostic tests must be performed on the patient. Molecular diagnostics, imaging, and analytics 

are just a few of the techniques used in precision medicine. Although there is no single, accepted definition of "precision medicine," 

the US National Institutes of Health's (NIH) definition is probably the most widely used. It describes the field as "an emerging 

approach for disease treatment and prevention that takes into account individual variability in genes, environment, and lifestyle for 

each person." This is occasionally used interchangeably with personalized medicine or tailored care. 

Precision medicine is "an approach to disease treatment and prevention that seeks to maximize therapeutic effectiveness by taking 

into account the individual genetic, molecular, environmental, and lifestyle differences," according to the Precision Medicine Initiative 

Working Group of the National Institutes of Health. 

Only about 40% of the medications we recommend are believed to be suitable or beneficial for the people in question. We currently 

conduct trial-and-error medicine, which ignores the individual variability that accounts for the variations in how well the effects of 

the pharmaceuticals vary from person to person. Instead of only treating the symptoms of an illness, precision medicine looks at its 

underlying causes. It considers the individual variation in genes, environment, and lifestyle for each person, as well as genotypic and 

phenotypic aspects. As a result, it uses focused therapy and is involved in finding relevant biomarkers. Every person is an island, and 

now that the molecular intricacy of disease has been uncovered, the contributions of genetics, environment, and epigenetics are 

blatantly informing us that every patient has to receive care tailored to their specific physiology and body type. 

Numerous targeted medicines only function on individuals who have a certain genotype or genetic mutation; as a result, specific 

patients must be thoroughly evaluated before the therapy is recommended. Genetic testing is used to identify changes in chromosomes 

or genes in a variety of clinical and non-clinical contexts, such as diagnostic, predictive, and presymptomatic testing, carrier screening, 

preimplantation genetic diagnosis, prenatal screening, new-born screening, pharmacogenomic testing, etc. 

A paradigm change in medicine has occurred with the introduction of precision medicine. With its help, specific treatment plans can 

be adapted for individual patients based on their genetic makeup. Thus, patients can take safe and effective medications. It prevents 

the needless administration of medications that may not only be ineffective in a certain patient but also endanger him or her. Healthcare 

professionals can customize therapy by changing the dose or medicine for each unique patient thanks to pharmacogenomic testing. 

Pharmacogenetics offers data that can be used to forecast how a person will react to the medication. Pharmacodynamics and 

pharmacokinetics are impacted by changes in specific genes. It is feasible to identify patients who are more prone to experience 

pharmacological side effects or who are more likely to not respond by noticing these changes. Pharmacogenomic testing enables 

medical professionals to customize therapy by changing the dosage or medication for each patient. 
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Only 30 pharmacogenomic medications that have been licensed for use in oncology as of today are helping the few patients who have 

cancer. Intratumor heterogeneity and poorly known resistance mechanisms also restrict the efficacy of these medications. Clinicians 

consider significantly more time to have passed between getting a patient's biopsy and beginning customized cancer treatment. Patients 

and doctors would both accept a 10- to 14-day delay in the start of tailored treatment. The situation is rapidly changing, and the 

adoption of Next Generation Sequencing (NGS) technology in the clinical setting has encouraged the creation of new laboratory best 

practices and standards for the generation, processing, and exchange of NGS data. These efforts have been made by numerous 

organizations and groups all over the world, and as a result, a large number of partially overlapping guidelines have been published. 

Some of these guidelines are very general, while others concentrate on particular diseases or steps in the process, such as providing 

patients and clinicians with results or creating specific bioinformatic pipelines for NGS data analysis. By lowering the price of hospital 

stays and the overall financial, physical, and psychological expenses of the trial-and-error method of medicine, precision medicine 

may provide a solution.  It is comparable to the government of India's direct benefit transfer (DBT) program, which transfers subsidies 

directly to the linked bank accounts of intended individuals through the use of Aadhaar biometrics to achieve precise and targeted 

benefit delivery without any negative side effects or waste of tax dollars. Similar to this, precision medicine delivers the intended 

therapeutic drug directly to the targeted cells or tumor without causing collateral damage to normal cells or tissues, dramat ically 

lowering morbidity and mortality. By implementing tailored therapy with a public health strategy, advancements in precision medicine 

are anticipated to benefit the health of the general population. 

Precision medicine will use technology that goes beyond genes and disease. A new era of precision public health is being ushered in 

by the same technologies and big data that are advancing precision medicine. When it comes to public health, using techniques and 

technology to research different diseases, their infections, and their vulnerability at the community level will aid in creating accuracy 

in disease prevention. As the cost of genetic sequencing and data decreases over the coming years, precision medicine will overtake 

conventional medicine as the primary mode of therapy. Artificial intelligence (AI) will further change it by doing algorithm analysis 

and decision-making for the best drug selection, for more effective drugs, for a large number of patients in less time. This will make 

precision medicine genuinely a personalized treatment. In the meanwhile, nations must develop comprehensive and all-encompassing 

enabling legislation for DNA usage policy. Precision Medicine Initiative (PMI) [1] was previously launched in the US in 2015; it has 

subsequently been renamed "All of Us" to broaden its scope through federal financing and the involvement of numerous reputable 

universities. Similar efforts to develop more precise therapies have been made in the UK through the Medical Research Council's 

Stratified Medicine Initiative and significant collaborations between businesses and the country's National Health Service. These 

investments serve as a reminder of how precision medicine holds the potential to transform numerous other areas of medicine over 

the next several decades. Since malnutrition and poverty are two of the leading causes of death in a nation like India, the drive for 

precision medicine may be seen as an overly ambitious undertaking. However, a large number of inherited diseases are prevalent in 

this diversified nation, which has about 4000 different population groupings and a high proportion of consanguineous marriages. 

These diseases are caused by distinctive genetic traits in the subpopulations. With 1.3 billion people, there are a disproportionately 

high number of patients with genetically based disorders. India may seem perplexing to an outsider due to its disparate populations of 

billionaires and multimillionaires, underdeveloped infrastructure, top-four ranking in the fields of space and nuclear science, 

production of the greatest number of physicians and paramedics in the world, and state-of-the-art medical facilities, but people in rural 

areas cannot afford quality health care. Add to this the youthful middle class that is just beginning to emerge. The political leadership 

in India now, unlike in the past, is leapfrogging by making quantum leaps rather than small steps in all areas of growth. The Indian 

Prime Minister has declared that his country will make every effort to pass a complete DNA law after learning about the Precision 

Medicine Initiative. India will succeed in this area with perfection. Imagine that a patient undergoes a blood or saliva test at a lab and 

that at the ensuing appointment, his or her doctor is well-prepared with the medical horoscope, which includes information on chemical 

compounds or combinations of drugs that may be beneficial to or harmful to the patient, based on the reliable results of a genetic test. 

Although still in its infancy, precision medicine is being used in India in several medical disciplines, including oncology, cardiology, 

psychiatry, and diabetology. Oncology, however, appears to be the field where precision medicine is most progressed. To produce, 

share, and store the data necessary for precision medicine, infrastructure that uses high throughput computing systems is needed. 

Investment is also necessary for educating the general population, insurance providers, and medical professionals. Precision medicine 

cannot be achieved until appropriate training is provided to diverse stakeholders and transdisciplinary research is promoted or carried 

out.[5] 

 

 

3. Advantages of Precision Medicine 
1. Lower medical expenses 

2. There will be a larger likelihood of achieving the intended results because of improved targeted therapy. 

3. Place more emphasis on disease prediction and prevention than on disease response. 

4. It is possible to lower the likelihood of adverse side effects. 

5. Compared to the past, disease intervention will occur sooner.[6] 

 

4. Disadvantages of Precision medicine 
1. Huge data needs to be collected from the patient 

2. The patient has to be aware of the family history 

3. Time-consuming.[7] 
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Table 1: Precision Medicine Versus Traditional Medicine.[8] 

 

Precision medicine Traditional medicine 

Liquid biopsy: non-invasive and captures more 

cancer characteristics that are not limited to a single 

area of the body 

Prevents side effects, forecasts dosing, and boosts 

compliance Biopsy of a tumour: 

 

 invasive and does not capture cancer's 

heterogeneity 

 cancer metastasizes to only one area of the 

body 

Individualized and genetically targeted medicine Finding the right medication requires trial and error. 

Identify patients who are most likely to respond to 

clinical trials. 

Clinical trials' one-size-fits-all approach 

Prevents side effects, forecasts dosing, and boosts 

compliance 

A large percentage of patients do not benefit 

 

 

 

5. Precision Medicine Used In Non-Communicable Diseases 
 The most common cause of death worldwide is non-communicable diseases (NCDs), including cancer, cardiovascular diseases 

(CVDs), type 2 diabetes mellitus (T2DM), and chronic respiratory diseases (CRDs).[9] NCDs cause more than 36 million deaths each 

year, or 63 percent of all fatalities worldwide.[9,10] Preventing premature death from the four major NCDs( malignancies, CRDs,CVDs, 

and diabetes) up to 25 percent relative to 2025, World Health Organization (WHO) produced a global NCD action plan with nine 

targets.[11] Considerable progress in medical practice is now possible because of significant advances to the basic science and the 

publication of human genome project data. Over the past ten years, hundreds of genes have had mutations that contribute to human 

disorders. Precision has always been a goal in medicine. Many doctors and academics have used the phrases "personalized," 

"precision," "stratified," "individualized," and "P4 medicine" interchangeably.[12] Precision medicine, often known as personalized 

medicine or tailored medicine, is not a recent development.[13] A novel taxonomy in the framework of In addition to the traditional 

signs and symptoms, precision medicine describes common diseases based on their molecular profile.[14] Precision medicine a new 

strategy to prognosis, early detection and therapy which considers each person's unique gene diversity. As soon as omics (genomic, 

transcriptomic, proteomic, and metabolomic) profiles are used to create tailored assessments of health and disease, this field of 

medicine is known as precision medicine.[15,16] When it comes to cancer, Precision medicine(PM) is far more popular than when it 

comes to diabetes, where omics sciences support personalized treatment. 

Diabetes and cancer have very different genetic architectures because Both types of diabetes have genetic causes—type 1 (T1D) also 

type 2 (T2D) are germline mutations that have only a minor impact, whereas Cancer is caused by a specific somatic mutation in a 

specific cancer cell type.[15] 

 

5.1 Precision medicine in type 2 diabetes 
It is well acknowledged that diabetes poses a serious threat to human health on a global scale.[17]  Therefore, it is vital to implement 

novel interventions that can predict and prevent diabetes. There is evidence to support the idea that prompt treatment is essential to 

preventing diabetes complications. Because of advanced diabetes's poor metabolic control, the current treatment guidelines are 

limited. Diabetes is a group of diseases that is far more diverse than the current classification of type 1 and type 2 diabetes. Even 

though it is related with insulin insufficiency , and increased blood glucose. 

Clearly defined classification of diabetes, especially T2D, could be a powerful instrument to support the Precision medicine being 

used to improve diagnosis and to give treatment that works.[18] Five repeatable clusters of diabetes patients with varying Diabetic 

complications and disease progression were found In 2018, a data-driven cluster study was carried out. With the help of this new 

stratification, early treatments might finally be tailored to patients who would benefit from them the most, paving the way for precision 

medicine in the treatment of diabetes.[19] The American Diabetes Association (ADA) moves away from protocol-driven guidelines 

and highlights the value of a patient-centered approach. Care that recognises and responds to each patient's distinct preferences, needs, 

and values have been referred to as patient-centered care. Therefore, whether expert opinion or data is used, all clinical decisions are 

guided by patient values.[20] T2D have recently been divided into several unique diagnostic kinds (type 2A and type 2B).[21] When a 

clinician must make treatment suggestions for a patient who may not meet the eligibility criteria utilized in the guidelines on which 

we rely By using an evidence-based approach, medicine's science and art may coexist.. As a result, we must examine medical practice 

from the perspective of precision-based medicine, a cutting-edge strategy for customizing a focus on disease prevention and treatment 

surroundings, genetic composition, and lifestyles.[22] The ADA guidelines offer guidance regarding when and how to modify 

recommendations for an individual, acknowledging that one size does not fit all.[20] a majority prevalent diabetes type, T2DM, is a 

heterogeneous, difficult condition where hyperglycemia is caused by both inherited and environmental factors, which is its main 

identifying feature.[23] Exome, candidate gene, linkage analysis, and genome-wide association studies have all been used to look for 

the pathophysiology of T2DM-related risk genes (GWAS).[24] In 2007, the first GWAS for T2D were reported.[25] Upon completion 

of the Human Genome Project and affordable ‘genotyping techniques’ produced first GWAS successes, There was eagerness that the 

use of genomics had a significant influence on decisions about risk assessment, diagnosis, stratification, prevention, and treatment 

based on genetic variability in each patient. More than 300 loci that are strongly linked with T2DM have been found by GWAS.[26] 

Despite several GWAS that encompasses thousands of individuals in their hundreds and demonstrate genome-wide relevance, most 

of the polymorphisms collectively have a small impact on T2DM predisposition and only represent 10% of overall disease risk.[26,27,28] 

Numerous GWAS loci linked to T2DM have an impact on the pancreatic islet-specific insulin production pathway. Several genome-
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based omics technologies have been used to construct gene expression maps of human islets, and T2DM risk mutations have been 

found to reside in active islet enhancers. One of the melatonin receptors is encoded by the melatonin receptor 1B (MTNR1B) gene, 

which is located near one of these crucial areas. 

An islet enhancer contains a binding site for neurogenic differentiation 1 (NeuroD1), and changes to this site affect the expression of 

MTNR1B.[29] The genome, transcriptome, proteome, and metabolome have all received extensive knowledge thanks to high-

throughput technology. These omics methods can aid in the identification of T2D subgroups that share particular biological traits.[15] 

However, only monogenic forms of diabetes have seen clinical use of genetics yet.[30]  

 

5.1.1 Type 2 diabetes pharmacogenetics 
Currently, there are 12 classes of medications available for the treatment of T2DM (Table 1).[20] Metformin is typically recommended 

as first-line treatment along with lifestyle/behavioural therapy. Several months into the course of treatment, metformin and a 

combination of treatments plus one or more additional oral diabetes drugs will be started If metformin is not tolerated well or the 

Haemoglobin A1C (HbA1c) target is still not achieved. Genetic variables account for roughly 20–40% of the variance between an 

individual’s drug response and metabolism.[31] The main goals of pharmacogenomics studies are the stratification of patients, It 

attempts to group patients depending on their clinical reaction to the relevant medication or its toxicity, such as drug development by 

identifying the specific targets that arise from the GWAS.[32] Two categories of genetic polymorphisms (Table 1), the typical genes 

used in pharmacogenomics impacting pharmacodynamics /pharmacokinetics, also risk genes of T2DM, have been documented for 

the efficiency of oral drugs used in diabetes.[33,34,35] Individual differences in therapy response are not taken into account by the most 

recent standards. 

 

Table 2 : Pharmaceutically important target genes, associated pathophysiological T2DM processes, and antidiabetic drugs.[136] 

 

Drug. Pathophysiological pathway. Drug 

examples. 

Gene (s). 

.Biguanides Insulin signaling. 

Gluconeogenesis Inhibition. 

Metformin. SLC22A2, SLC47A1, SLC47A2, 

SLC29A4, PRKAA1, PRKAA2, 

EF2D, HNF1B, HNF4A, ABCC8, 

KCNJ11, GCK, CAPN10,  

SLC22A3, ATM, LC2A2, SP1, AP2, 

PPARA, STK11, MEF2A, ATE2-K, 

SRR, TCF7L2, WFS1, ENPP1, 

TCF7L2, SLC22A1, 

.Sulfonylureas Increasing secretion of insulin. Gliclazide. 

Glyburide. 

Glimepiride. 

Tolbutamide. 

Glipizide. 

KCNJ11, CDKN2A/2B, KCNQ1, 

CYP2C9, CYP2C19, G6PD, 

ABCC8, TCF7L2, IRS1, CDKAL1, 

.DPP4-inhibitors inhibition of glucagon secretion 

(Glucose-dependent) and 

Stimulation of insulin secretion.  

 

Alogliptin. 

Sitagliptin. 

Linagliptin. 

Vildagliptin. 

Saxagliptin. 

KCNQ1, PRKD1, TCF7L2, CTRB1, 

CTRB2, GLP-1R, CNTN3, ASK, 

OC10537792, CYP3A4, CYP2C8, 

.Meglitinides Insulin secretion Enhancement. Nateglinide. 

Repaglinide. 

CYP3A4, UCP2, PAX4, 

NEUROD1/BETA2, SLCO1B1, 

OATP1B1, CYP2C9, CYP2C8, 

KCNJ11, SLC30A8, NAMPT, 

OS1AP, UCP2, KCNQ1, TCF7L2, 

IGFBP2, MDR1, PAX4. 

.Thiazolidinediones Sensitization of Insulin. Troglitazone. 

Rosiglitazone. 

Ciglitazone. 

Pioglitazone. 

CYP2C8, CYP2C9, PPARG2, 

ADIPOQ1, CYP3A4, PTPRD, ACE, 

KCNQ1, RBP4, MTHFR, SLC30A8, 

ABCA1. 

.SGLT2 inhibitors Excretion of Renal glucose. Dapagliflozin. 

Canagliflozin. 

Empagliflozin. 

No gene was described due to not 

responding to relevant effects with 

respect to treatment 

.α-glucosidase 

inhibitors 

Inhibition of intestinal glucosidase 

Resulting glucose absorption 

Inhibition. 

Miglitol. 

Acarbose. 

Voglibose. 

PPARA, HNF4A, LIPC, PPARG, 

PPARGC1A, 

.Glucagon-like 

peptide-1(GLP-

1) receptor 

agonists 

decrease of glucagon secretion 

from pancreatic α-cells and increase 

of glucose-stimulated insulin 

secretion, functional pancreatic β-

cell mass 

Exenatide. 

Albiglutide. 

Dulaglutide. 

Liraglutide. 

Lixisenatide. 

CNR1, GLP-1 R, 

.Insulin Decreasing hepatic glucose 

production and Increasing glucose 

disposal. 

Glulisine. 

Inhaled insulin 

Lispro. 

Aspart. 

DBH, PNPLA3, GLP1R, COMT,  

TM6SF2, ACE 
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Human. 

Regular. 

Detemir. 

Degludec. 

Human NPH. 

Glargine. 

Peglispro. 

Basal insulin.  

.Bile acid 

sequestrants 

lowering Glucose (which not 

known) hepatic glucose 

production(HGP) Decreases. 

Colesevelam. No gene was described due to not 

responding to relevant effects with 

respect to treatment 

.Dopamine-2 

agonists 

.modulating hypothalamic 

regulation of metabolism and 

Increasing insulin sensitivity 

Bromocriptine. No gene was described due to not 

responding to relevant effects with 

respect to treatment 

.Amylin mimetics promoting satiety, reducingthe 

postprandial glucagons increase 

and Slows gastric emptying, 

Pramlintide. No gene was described due to not 

responding to relevant effects with 

respect to treatment 

 

 

5.2 Precision medicine in cardiovascular diseases 
CVD continues to be the world's number one killer.[9] 10% of the world's disease burden is caused by CVD.[36] The leading global 

cause of death and a significant hindrance to human healthcare are CVDs. all heart and circulatory system diseases are referred to as 

cardiovascular diseases (CVDs), including those caused by atherosclerosis, ischemic heart disease (IHD), or coronary artery disease 

(CAD) (e.g., heart attack), diseases of the aorta and arteries, cerebrovascular disease (e.g., stroke), including peripheral vascular 

disease and hypertension, as well as other CVDs like coronary heart disease (CHD), also known as CAD.[36] The world has made 

headway in reducing lifestyle behaviours like smoking and poor eating. However, CADs are complicated diseases that are brought on 

by numerous genetic and environmental variables working together. Between 40% and 60% of CAD, cases are heritable, according 

to estimates.[37] Because CVDs are incredibly avoidable, investing in prevention is the most long-term way to combat the disease. Due 

to a mix of preventative and control strategies, the mortality rate from CVDs has decreased in developed countries during the past 20 

years.[36] Hypertension is one of the risk factors for CVDs. Controlling hypertension is crucial to preventing fatalities from CAD and 

stroke.[38] For cardiovascular precision medicine, a modern "omics" approach is appropriate. GWASs have shown to contribute 

significantly to the discovery of genetic loci for numerous complex disorders since 2007. Chromosome 9p21's common single 

nucleotide polymorphisms (SNPs) were confirmed to be associated with CAD in the first GWASs of the disease, which were published 

in 2007. This locus continues to have the strongest known connection with CAD.[39] In numerous GWAS for CADs, nearly 163 loci 

have now been significantly and genome-wide linked with CAD.[40] The current approach to lowering cardiovascular morbidity and 

death in high-risk individuals is built on evidence-based medicine. Evidence-based medicine, Which uses a "one size fits all" treatment 

approach and only assesses a small subset of a patient's complaints, has been used in clinical care for decades. Instead of focusing on 

individual variations, this approach places more emphasis on the etiology and pathophysiology of the disease.[41] New developments 

in omics methods (genomics, transcriptomics, and proteomics) and DNA technology have shown a profound understanding that the 

conventional medical approach is unable to take into account all factors contributing to the cause of CVD. Large amounts of data 

produced by the omics approach have an impact on precision medicine's capacity, as well as by merging their data sets with those 

from conventional clinical exams. Prediction, prevention, and customized treatment choices are all being revolutionized by the 

development of CVD precision medicine, and this is especially true for oncology.[42] Precision medicine for CVDs differs from other 

disorders since Numerous chronic conditions like obesity, diabetes, and hypertension contribute to CVDs. As a simple example, 

consider blood pressure (BP) or blood cholesterol values. The genetic profile of each person determines whether to use 

antihypertensive medication or drugs to decrease cholesterol or triglycerides, which should be taken into consideration by clinicians. 

Nearly 40 genes have been identified as contributing to the genetic makeup of hypertension, and each of these genes has a negligible 

impact on blood pressure (less than 1 mm Hg), indicating that hundreds of different gene variations might have minor effects on blood 

pressure.[43] Consequently, a number of genetic variants have been linked to CAD and hypertension, but their effects are similarly 

rather small.[44] Most known risk alleles are probably close to a variations that could be causal but are not. CAD GWAS research has 

proposed a novel target therapy based on the guanylate cyclase 1 soluble subunit alpha 1 (GUCY1A1) ,proteins proprotein convertase 

subtilisin/Kexin type 9 (PCSK9), and angiopoietin-like 3 and 4 (ANGPTL3, ANGPTL4).[40] CVD stratification is the process of 

identifying a group of patients who will benefit from a specific intervention in customised care (e.g., CAD, heart failure, CHD, etc.), 

and it is the other aspect of CVD personalized medicine.[45] CVD pharmacogenomics has introduced several key groups of CVD 

pharmaceuticals, such as - lipid-lowering therapies, adrenergic receptor blockers, angiotensin-converting enzyme inhibitors and 

antithrombotic agents.[46] Although proof of precision medicine's effectiveness as a treatment option is needed before it can be widely 

adopted, The potential of precision medicine for CVD is to alter modern medical practises. Clinicians need to be aware that the 

information from the omics approach will result in a concrete step that alters the alternatives for standard treatment. 

 

5.3 Precision medicine in chronic obstructive pulmonary disease: 
The prevalent lung condition known as chronic obstructive pulmonary disease (COPD) is impacted by a number of complex genetic 

and environmental factors. Airflow restriction, airway remodeling, and chronic inflammation are the typical symptoms of COPD, one 

of the top five causes of death and morbidity worldwide.[47,48,49] same clinical signs including dyspnea, cough, and wheezing are 

caused by COPD, a disorder with substantial molecular and cellular changes.[50] Considering how serious the problem is and previous 

therapeutic choices, the “Global Initiative for Obstructive Lung Disease (GOLD)” therapeutic strategy for COPD was proposed.[47,51] 

Therefore, no helpful advice was confirmed except for using some short-acting bronchodilators and/or theophylline and convincing 

the patient to stop smoking, which was regrettably linked to serious adverse effects.[51] We have gained a lot of knowledge on COPD, 

which is a heterogeneous and complex condition with many different phenotypes and endotypes thanks to recent advancements in our 
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understanding of the disease over the past two decades.[51] Not every one of these factors is present in every person at the same time 

due to the heterogeneity of COPD, Despite the complexity of COPD, which indicates that a substantial number of intrapulmonary and 

extrapulmonary components with non-linear dynamic interactions exist in COPD.[47] Thus, clinical management may benefit from 

knowledge of the genetics of COPD, which focuses on providing individualized care for each patient rather than grouping patients 

based on a specific clinical presentation.[51] Given the individual heterogeneity in each patient's genes, environment, and lifestyle, it 

means that the existing "one-size-fits-all" approach to COPD management must be changed immediately.[52] The precision medicine 

project, which was started in 2015, has provided fresh information on precision medicine management strategies for a variety of 

diseases, including COPD.[47] Biomarkers are used to support precision medicine by identifying patient subgroups that are most 

probably to gain from therapeutic decisions and those that are only likely to experience harm (predictive biomarkers, response 

biomarkers, and separating people with relatively stable illness from those at risk of bad outcomes) (prognostic biomarkers).[52] 

Precision medicine methods enhance evaluation, therapy, and outcomes in the areas of COPD cause and presentation.[50] The care of 

COPD in the future will undoubtedly be much more individualized than the recent developments in precision medicine. Precision 

medicine is anticipated to provide greater opportunities for managing COPD through the use of predictive biomarkers.[53,54] 

Personalized medicine The base of the COPD pathobiological process demands the identification of linked endotypes, whereas the 

disease's complicated and variable presentation makes it difficult to identify phenotypes.[48]  

 

5.4 Precision medicine in cancer 
In the world, cancer is the second biggest cause of mortality, making it a serious issue. Six malignancies, including colorectal (862 

000 deaths), lung (1.76 million fatalities), stomach (783 000 deaths), breast (627 000 deaths), liver (782 000 deaths), and prostate, 

account for the majority of cancer-related mortality.[37,55] Thyroid cancer also has distinct biological traits and prognostic factors from 

other types of cancer.[56] Understanding tumour genetics has advanced significantly since the completion of the human genome project, 

which has been used in the clinical practice of precision medicine.[57] However, the development of targeted treatments in oncology 

has given rise to a novel cancer therapy strategy with the greatest impact (Figure 1). Precision medicine for the most prevalent cancer 

forms is reviewed here. Decision support systems (DSSs), developed as a result of the growth of precision medicine, use predictive 

models to assist radiation and clinical oncologists in making better decisions.[58] 

 
Fig 2: If patients are grouped according to their genetic data, cancer therapy may be more effective.[136] 

 

5.4.1 Precision medicine in lung cancer 
The most prevalent type of cancer worldwide, lung cancer has a high fatality rate in both sexes. The most advanced subtype of lung 

cancer, non-small cell lung cancer (NSCLC), accounts for 85% of cases and has a 5-year survival rate of less than 15%.[59] For patients 

with NSCLC stages I through IIIA, the conventional treatment options include extensive surgery and decisions depending mostly on 

the stage (extent) of the tumor[60] After that, adjuvant chemotherapy is used as part of the treatment plan in all resected instances other 

than stage IA.[61] Adjuvant chemotherapy using cisplatin is for individuals with stage II and stage IIIA NSCLC, the gold standard for 

entirely eliminating tumours is advised because it reduces the chance of non-brain metastases and local recurrence.[62] Additionally, 

individuals with two metastatic (N2) lymph nodes must have radiotherapy. Patients with advanced stage IIIB/IV or incurable NSCLC 

require multidisciplinary management with four cycles of cisplatin-based chemotherapy instead of a third-generation cytotoxic agent 

or a cytostatic (anti-vascular epithelial growth factor receptor (VEGFR) medication) therapy.[63] Before the precision medicine 

approach to cancer therapy, chemotherapy was administered to any patient with NSCLC, irrespective of histology or any additional 

genetic biomarker. The latest development in precision medicine is the combination of hereditary tumour data into potential patient 

diagnoses that have the lowest treatment toxicity and most treatment benefit.[64] For individuals with advanced NSCLC, anti-cancer 

medications like tyrosine kinase inhibitors (TKIs) and anti-EGFR are well-known treatments.[65] There are several classes of TKIs, 

including the most current one, osimertinib, whose effectiveness is reliant on the overexpression of the KRAS-like Kirsten rat sarcoma 

2 viral oncogene or EGFR.[66] Now that the liquid biopsy technique has flourished, Using the plasma of cancer patients, it is possible 

to trace the tumour genetics and find the circulating EGFR mutation.. The first liquid biopsy test for NSCLC customized treatment 

approved by the U.S. Food and Drug Administration (FDA) is based on circulating-free tumor DNA EGFR mutation.[67] Additionally, 

it was demonstrated that cell-free DNA (cfDNA) and exosomal RNA (exoRNA) combined with standard circulating tumor DNA 

(ctDNA) improved the sensitivity of liquid biopsy for EGFR mutation detection in NSCLC alone.[68] Echinoderm microtubule-

associated protein-like 4 (EML-4) and anaplastic lymphoma kinase (ALK) fusion, which is typically necessary for appropriate 

neuronal development and microtubule production, is another molecular route causing lung tumorigenesis.[69] Crizotinib is an ALK-
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inhibitor that inhibits the activity of the ‘EML4-ALK fusion protein's carcinogenic kinase’.[70] The alternative NSCLC treatment 

approach is based on FDA-approved monoclonal antibodies that traditionally target the interaction between the programmed death-

ligand 1 (PD-L1) and programmed cell death protein 1 (PD-1) receptor.[71] Nivolumab, pembrolizumab, and atezolizumab are drugs 

that target the PD-L1 receptor and ligand.[72] Determining the levels of PD-L1 protein , Janus kinase 1 (JAK1), CD8, Janus kinase 2 

(JAK2), and 2 microglobulins (B2M) expression is crucial for predicting the precise effectiveness of pembrolizumab in patients with 

NSCLC. Inactivating mutations in JAK2, JAK1, and B2M has been shown to reverse medication resistance in NSCLC patients, based 

on Zaretsky's research on patient models with pembrolizumab resistance.[73] 

 

5.4.2 Precision medicine in colorectal cancer 
Colon or rectum cancer, sometimes known as "colon cancer" or "rectal cancer," is also known as colorectal cancer (CRC). CRC is the 

second most prevalent cancer in women and the third most frequent in males.[74] CRC screening is an essential approach to find early-

stage CRCs in older people and suspect cases with favourable family histories. However, 80% or more of CRC cases do not have a 

family history of the disease.[75] The most recent suggestion is to base the age at which CRC screening should begin on a person's 

lifestyle, environment, and genetics. utilising information from 14 population-based studies, Jeon et al. established this mode as the 

CRC risk prediction model using 63 shared genetic variants and 19 environmental and lifestyle factors that have been linked to the 

disease.[76] Additionally, Increased plasma levels of glypican-1 positive (GPC1+) exosomes and decreased expression of miR-96-5p 

and miR149 are diagnostic indicators for the diagnosis of CRC.[77] Regarding CRC treatment, two primary molecular pathways have 

been identified, with 85% of cases of chromosomal instability (CIN) and 15% of cases of microsatellite instability (MSI).[78] The use 

of molecular markers for precise CRC diagnosis and treatment has evolved as a result of genomics knowledge. 

In reality, the primary cause of therapy failure for CRC may be the significant inter and intra-tumour heterogeneity.[79] To pick the 

targeted biological agents and spot CRC drug-resistant to the toxicity and effectiveness of particular medications, molecular testing 

should be carried out in clinical practice. Anti-EGFR monoclonal antibodies bevacizumab, cetuximab, aflibercept, regorafenib and 

panitumumab in combination with conventional fluoropyrimidines-based chemotherapy have been shown to improve the response 

rate and patient survival.[80] Additionally, the methylenetetrahydrofolate reductase (MTHFR) -1298 A>C (rs1801131) polymorphism 

may be a good predictor of stage II/III CRC patients' survival after adjuvant fluoropyrimidine treatment with or without oxaliplatin.[81] 

Inherited genetic modifications of the ATP-binding cassette (ABC) and solute carrier (SLC) drug transporter, as well as EGF and 

VEGF signalling pathways, have been linked to the patient's tumour sensitivity phenotype in CRC patients receiving 

fluoropyrimidines combined with either irinotecan or oxaliplatin therapy.[82] Nowadays, a reliable method of predicting tumour 

response to therapy involves computing clinical-pharmacogenetic algorithms that combine several SNPs with clinicodemographic 

landscapes.[83] In the treatment of CRC  5-fluorouracil and with platinum medicines, polymorphisms of the coding genes for 

dihydropyrimidine dehydrogenase (DPYD) and XPD (xeroderma pigmentosum complementation group D) are a key prognostic 

indicator.[84] Survivin, a member of the IAP (inhibitor of apoptosis) protein family that inhibits caspases and prevents cell death, may 

serve as a self-reflective prognostic factor and an appropriate target for ‘CRC’ patients undergoing chemotherapy and radiation 

treatment.[85]  

 

5.4.3 Precision medicine in stomach/gastric cancer 
Gastric cancer is another name for stomach cancer, is characterized as an aggressive, unchecked development of stomach cells. The 

third most frequent malignancy is stomach cancer -related cause of death worldwide and a disease that can be extremely deadly.[86] 

One of the challenges is that traditional diagnostic techniques are not as specific and sensitive as they should be for diagnosing stomach 

cancer. The early identification and individualised therapy of stomach cancer now have promising new opportunities because to recent 

advancements in biosensor technology.[87] Circulating tumor cells (CTCs), the main component of liquid biopsy, can provide a viable 

target for cancer detection using a nano biosensor device. Due to their properties that are similar to stem cells, CTCs may serve as a 

significant marker of gastric cancer stem cells.[88] CTCs were found in the peripheral blood, which demonstrated a clear correlation 

between the growth of secondary cancers and tissue metastasis.[89] CTCs or even ‘one cell per 10 ml of blood’ can therefore be a sign 

of a poor prognosis.[90] Molecular characterization of CTCs and their recruitment for individualized stomach cancer detection are both 

possible.[91] According to various research on the clinical effects of CTC, people with stomach cancer who have CTC may have a bad 

prognosis.[92] CTCs may serve as an alternative marker for assessing treatment response in individuals with advanced stomach 

cancer.[93] ACRG (Asian Cancer Research Group) presents a brand-new classification scheme based on MSI and gene expression 

profiles for various stomach populations. 

Stomach cancer has four main molecular subtypes.: MSI, MSS/TP53 wild-type (MSS/TP53-), MSS/TP53 mutant (MSS/TP53+), and 

MSS/TP53 stable with epithelial- to- mesenchymal transition characteristics (MSS/EMT).[94] The molecular characterization of 

stomach cancer led to the identification of many subtypes, which included prognostic hypermethylated areas and new mutational 

signatures.[95] Despite the disease's early stages, the surgical approach seldom provides full recovery, and tumor recurrence frequently 

occurs.[96] multimodality therapy, target therapy and Chemotherapy are available treatment modalities for stomach cancer. The 

recommended first-line therapy for advanced stomach cancer with HER2-positive is trastuzumab (Herceptin®), a monoclonal 

antibody against ‘human epidermal growth factor receptor 2’ (HER2). However, There is no established second-line treatment 

therapy.[85] While many new drugs are still being researched for the treatment of gastric cancer, some ongoing clinical trials are 

presently focusing on cMET, STAT3, CLDN18.2,  mTOR, and PD-1/PD-L1.[97] Pembrolizumab (KEYNOTE-012) was tested in a 

multicenter phase 1b trial and demonstrated significant decreases in a sample of patients with advanced gastric cancer that was PDL1-

positive as determined by a prototype assay method.[98] Studies on the use of histone deacetylase inhibitor vorinostat in combination 

with radiotherapy to treat gastrointestinal cancer are examples of epigenetic targeting in cancer treatment. 

 

5.4.4 Precision medicine in liver cancer 
liver cancer, sometimes referred to as hepatic cancer, is one kind of cancer that originates in the liver cells or has metastasized there 

from another organ.[99] Although percutaneous liver biopsy is still a frequently performed diagnostic test, it has major side effects 

including bleeding after the biopsy.[100] Recent research suggested that hepatocellular carcinoma patients with next-generation 

sequencing of their cfDNA could receive a genetic analysis that could be used to guide their treatment (HCC).[101] A very diverse type 

of cancer is liver cancer, and this heterogeneity can be adjusted and refined to provide patients with individualized diagnoses and 
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treatments. By assessing the serum level of alpha-fetoprotein (AFP) level along with imaging methods including magnetic resonance 

imaging ultrasonography, and computed tomography, HCC can be diagnosed without pathologic confirmation.[102] Primary liver 

cancer includes HCC, intrahepatic cholangiocarcinoma (iCCA), and other uncommon cancers such fibrolamellar carcinoma and 

hepatoblastoma.[103] The targeted therapy of HCC patients has resulted from the discovery of new therapeutic targets based on the 

molecular pathways behind liver carcinogenesis.[104] focusing on the signalling pathways linked with different growth factors, 

including VEGF/VEGFR, EGF/EGFR, PDGF, IGF/IGFR, RAS/RAF/ERK/MAPK, FGF, Wnt/beta-catenin and PI3K/AKT/mTOR, 

has the potential to treat HCC more effectively using TKIs.[105] Over 60 elements are now being studied for the treatment of HCC, 

only sorafenib, which inhibits the PDGF, VEGF, and Raf receptor tyrosine kinase signalling pathways, is able to do this, has shown 

promising outcomes in patients with advanced HCC.[106] Other TKIs, including linifanib, sunitinib, regorafenib, and brivanib, block 

many signalling pathways associated with angiogenesis, including VEGFR, PDGFR, and FGFR.[107] Even though many clinical trials 

have been abandoned due to poor performance or These lines provide insight into the processes of targeted therapy for HCC despite 

its serious side effects. and may, at long last, enable precision medicine to enhance the efficacy of the present therapies for this 

devastating disease. 

 

5.4.5 Precision Medicine in breast cancer  
Breast cancer is the type of cancer that most commonly affects women. HER2-positive, Luminal A, Luminal B and triple-negative 

breast cancers are categorised into four subtypes based on key breast cancer-associated biomarkers such the progesterone receptor 

(PR), oestrogen receptor (ER) and Ki-67 (a protein marker with prognostic and predictive potential for adjuvant chemotherapy).[108] 

Breast cancer patients receive customised care still faces some challenges that lead to variations in how well they respond to a number 

of cancer therapy protocols (radiation, surgical procedures or chemotherapy), even though advances in precision medicine have largely 

increased overall patient survival.[109] Aged 40 or younger, premature menopause causes a decrease in estrogen production, therefore 

SNPs involved in its metabolism can provide information regarding breast cancer targeted therapy or ‘chemotherapy-induced 

menopause’ in breast cancer patients.[110,111,112] Brazilian population research found a link between polymorphisms in the estrogen 

receptor genes (ESR1 and ESR2) and ‘premature ovarian failure’, a symptom of early menopause.[113] In amenorrheic patients, 

chemotherapy led to better results and increased rates of overall survival and progression-free survival.[114] For patients with advanced 

breast cancer, finding the ‘protein kinase B’ point mutation (AKT1E17K/ PKB mutation) in plasma and tissue samples can aid in 

choosing the best course of rapamycin treatment to halt tumor growth.[83] HER2 is typically taken into account when choosing 

chemotherapeutic medications which take aim at this protein, like trastuzumab. Recent research has shown that HER2 expression can 

change at various points throughout the cancer progression, Consequently, HER2 in primary tumours cannot be the exclusive target 

of trastuzumab therapy.[115] Most frequent genetic changes that occur in people with breast cancer are mtDNA common deletions.[116] 

Some mtDNA deletions/insertions can play a significant part in the development of chemotherapeutic drug resistance and the outcome 

of treatment.[117]  

 

5.4.6 Precision medicine in prostate cancer 
Prostate cancer is the most typical malignancy in men and the main cause of mortality globally. The frequency of incidence instances 

of prostate cancer has increased during the previous fifteen years.[118] The start, progression, and metastasis of prostate cancer as well 

as the various treatment reactions that can be seen between patients may be affected by heterogeneous genetic abnormalities. Some 

transcription factors, including GATA-binding protein 2, octamer-binding protein 1 and Forkhead Box A1 are involved in the control 

of androgen receptor gene expression.[119] TMPRSS2 (Transmembrane serine protease) is another protein that is unique to the prostate. 

The transcriptional regulator Erg (ERG)-TMPRSS2,  tumour protein 53 (TP53), ataxia telangiectasia mutant (ATM), speckled-type 

POZ protein (SPOP), phosphatase and tensin homolog (PTEN),  and catenin 1 are the most frequently mutated cancer-causing genes 

in prostate cancer.[120] A broad family of transcription factors known as erythroblast transformation-specific is involved in the growth 

of several tissues as well as the progression of cancer (ETS). This family is demonstrated as the fusion form of ERGTMRPSS2 (ERG-

transmembrane protease serine 2) in prostate cancer. Patients that have the ETS fusion mutation may be affected by medications that 

block fusion cofactors such as histone deacetylase and poly ADP-ribose.[121] For patients with PTEN deletion or mutation, rapamycin 

may be the best option because it targets the (Akt/ PI3K/mTOR) signalling pathway. In the care of prostate patients, FISH tests of 

ERG/ETV1 gene rearrangements and PTEN gene loss could be considered.[122] BRCA2 and ATM mutations may have greater 

sensitivity to therapy with poly ADP ribose polymerase inhibitors or platinum-based medicines.[123] In prostate tissue, several ‘long 

noncoding RNAs’ (lncRNAs) have been identified, and some investigations have shown that these lncRNAs exhibit altered expression 

patterns during prostate carcinogenesis.[124] Some epigenetic modifications, such as genomic global hypermethylation, are proposed 

as prostate cancer markers that go beyond genetic alterations.[125] Human castration-resistant prostate cancer has an overexpressed 

and hyperactivated androgen receptor (CRPC). “RAR-related orphan receptor gamma (ROR-)” was demonstrated to be a critical 

component of CRPC via the ‘androgen receptor pathway’ and is being investigated as a potential therapeutic target for advanced 

prostate cancer.[126] A response to enzalutamide and abiraterone can be developed when the androgen receptor and cytoplasmic CYP17 

are overexpressed, especially in individuals with bone metastases.[127] Increased resistance to chemotherapy drugs like docetaxel is 

seen in cancers with ‘high expression levels of the drug efflux transporter genes’, such as particular -tubulin isotypes (III-tubulin) and 

multidrug resistance protein 1 (MDR1).[128] Taxane-resistance is a result of altered ‘microtubule binding structure by isotype III-

tubulin’ or reduction of intracellular docetaxel due to MDR1's strong substrate affinity. Patients with down-regulated E-cadherin were 

linked to poor recurrence outcomes after radiation therapy, according to a prior archival cohort analysis.[129]  

 

5.4.7 Precision medicine in thyroid cancer 
A butterfly-shaped gland called the thyroid creates hormones needed for the body to function normally. It is located in the neck, 

slightly above the collarbone. There are multiple different kinds of thyroid cancer, including MTC (medullary thyroid carcinoma), 

which develops from follicular thyroid carcinoma (FTC), thyroid parafollicular (C) cells, papillary thyroid carcinoma (PTC) and 

anaplastic thyroid carcinoma (ATC).[130] As the fourth most prevalent cancer diagnosis by 2030, thyroid cancer is predicted to surpass 

colorectal cancer.[131] Ras-Raf-MEK-MAP-ERK kinase signaling is the most significant molecular process in thyroid carcinogenesis 

and is involved in the growth of both FTC and PTC. In PTC, constitutive activation of this cascade can be made by activating mutations 

in the gene encoding the serine/threonine kinase BRAF and RET tyrosine kinase rearrangements (PTC/RET oncogenes), which causes 
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thyroid cancer in the majority of populations.[132] patients with metastatic thyroid cancer that has spread or is progressed may now be 

prescribed some types of ‘multitargeted kinase inhibitors’, which have shown to have higher response rates than cytotoxic 

treatment.[133] Targeted thyroid cancer treatment can take some ‘circulating cf DNA genetic and epigenetic’ changes into 

consideration.[134] A non-randomized, open-label, multicentre, phase 2 trial conducted in 2016 by Brose et al. revealed that 

‘vemurafenib is effective in patients with metastatic or unresectable papillary thyroid cancer’ that is positive to the BRAFV600E 

‘mutation’ and is ‘resistant to radioactive iodine’ but who have never received TKI therapy.[135] 

 

REFERENCES 

1. Huser V, Sincan M, Cimino JJ. Developing genomic knowledge bases and databases to support clinical management: current 

perspectives. Pharmgenomics Pers Med. 2014 Sep 9;7:275-83. DOI: 10.2147/PGPM.S49904. PMID: 25276091; PMCID: 

PMC4175027. 

2. McPherson E. Genetic diagnosis and testing in clinical practice. Clin Med Res. 2006 Jun;4(2):123-9. DOI: 

10.3121/cmr.4.2.123. PMID: 16809405; PMCID: PMC1483893. 

3. Wilsdon T, Barron A, Edwards G, Lawlor R, Report of the benefits of personalised medicine to patients, society and health 

care system, European biopharmaceutical Enterprises (EBE) and European Federation of pharmaceutical industries and 

Associations (EFPIA),2018. 

4. Edward A, Ginsburg GS, Silver M, The personalized Medicine Coalition: goals and strategies, American journal of 

Pharmacogenomics,2005;5(6): 345-355.DOI NO: 10.2165/00129785-200505060-00002; PMID:16336000. 

5. Kariholu PL, Kumar S. Precision medicine: Present and future. Int J Case Rep Images 2019;10:101033Z01PK2019. 

6. Parmar P, Personalized Medicine: Concept and Advantages,http://ww.biotechnologynotes.com/healthcare/personalized-

medicine-concept-and-Advantages/812. 

7. Awwalu, J., Garba, A.G., Ghazvini, A. and Atuah, R., 2015. Artificial intelligence in personalized medicine application of 

AI algorithms in solving personalized medicine problems. International Journal of Computer Theory and Engineering, 7(6), 

p.439. 

8. Personalized Medicine Coalition. The Personalized Medicine Report: Opportunity, Challenges, and the Future. Washington, 

DC: Personalized Medicine Coalition; 2017. 

9. Hunter DJ, Reddy KS. Noncommunicable diseases. N Engl J Med. 2013 Oct 3;369(14):1336-43. doi: 

10.1056/NEJMra1109345. PMID: 24088093. 

10. Peykari N, Hashemi H, Dinarvand R, Haji-Aghajani M, Malekzadeh R, Sadrolsadat A, Sayyari AA, Asadi-Lari M, Delavari 

A, Farzadfar F, Haghdoost A, Heshmat R, Jamshidi H, Kalantari N, Koosha A, Takian A, Larijani B. National action plan 

for non-communicable diseases prevention and control in Iran; a response to emerging epidemic. J Diabetes Metab Disord. 

2017 Jan 23;16:3. doi: 10.1186/s40200-017-0288-4. PMID: 28127543; PMCID: PMC5260033. 

11. . Monitoring framework and targets for the prevention and control of NCDs [database on the Internet]. Organization WHO. 

2012. Available from: https:/ /www.who.int/nmh/events/2012/consultation_april_2012/en/. 

12. Pokorska-Bocci A, Stewart A, Sagoo GS, Hall A, Kroese M, Burton H. 'Personalized medicine': what's in a name? Per Med. 

2014 Mar;11(2):197-210. doi: 10.2217/pme.13.107. PMID: 29751382. 

13. Hamburg MA, Collins FS. The path to personalized medicine. N Engl J Med. 2010 Jul 22;363(4):301-4. doi: 

10.1056/NEJMp1006304. Epub 2010 Jun 15. Erratum in: N Engl J Med. 2010 Sep 9;363(11):1092. PMID: 20551152. 

14. National Research Council (US) Committee on A Framework for Developing a New Taxonomy of Disease. Toward 

Precision Medicine: Building a Knowledge Network for Biomedical Research and a New Taxonomy of Disease. Washington 

(DC): National Academies Press (US); 2011. PMID: 22536618. 

15. Merino J, Florez JC. Precision medicine in diabetes: an opportunity for clinical translation. Ann N Y Acad Sci. 2018 

Jan;1411(1):140-152. doi: 10.1111/nyas.13588. PMID: 29377200; PMCID: PMC6686889. 

16. Aghaei Meybodi HR, Hasanzad M, Larijani B. Path to Personalized Medicine for Type 2 Diabetes Mellitus: Reality and 

Hope. Acta Med Iran. 2017 Mar;55(3):166-174. PMID: 28282717. 

17. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-

based studies with 4.4 million participants. Lancet. 2016 Apr 9;387(10027):1513-1530. doi: 10.1016/S0140-6736(16)00618-

8. Epub 2016 Apr 6. Erratum in: Lancet. 2017 Feb 4;389(10068):e2. PMID: 27061677; PMCID: PMC5081106. 

18. Prasad RB, Groop L. Precision medicine in type 2 diabetes. J Intern Med. 2019 Jan;285(1):40-48. doi: 10.1111/joim.12859. 

Epub 2018 Dec 7. PMID: 30403316. 

19. Ahlqvist E, Storm P, Käräjämäki A, et. al. Novel subgroups of adult-onset diabetes and their association with outcomes: a 

data-driven cluster analysis of six variables. Lancet Diabetes Endocrinol. 2018 May;6(5):361-369. doi: 10.1016/S2213-

8587(18)30051-2. Epub 2018 Mar 5. PMID: 29503172. 

20. : American Diabetes Association. 12. Older adults: Standards of Medical Care in Diabetesd2019. Diabetes Care 2019;42 

(Suppl. 1): S139–S147 

21. McCarthy MI. Painting a new picture of personalised medicine for diabetes. Diabetologia. 2017 May;60(5):793-799. doi: 

10.1007/s00125-017-4210-x. Epub 2017 Feb 7. Erratum in: Diabetologia. 2017 May;60(5):940. PMID: 28175964; PMCID: 

PMC6518376. 

22. Pearson ER. Personalized medicine in diabetes: the role of 'omics' and biomarkers. Diabet Med. 2016 Jun;33(6):712-7. DOI: 

10.1111/dme.13075. PMID: 26802434; PMCID: PMC4879510. 

23. Brunetti A, Chiefari E, Foti D. Recent advances in the molecular genetics of type 2 diabetes mellitus. World J Diabetes. 2014 

Apr 15;5(2):128-40. DOI: 10.4239/wjd.v5.i2.128. PMID: 24748926; PMCID: PMC3990314. 

24. Elk N, Iwuchukwu OF. Using Personalized Medicine in the Management of Diabetes Mellitus. Pharmacotherapy. 2017 

Sep;37(9):1131-1149. doi: 10.1002/phar.1976. Epub 2017 Aug 15. PMID: 28654165. 

25. Sladek R, Rocheleau G, Rung J, Dina C, Shen L, Serre D, Boutin P, Vincent D, Belisle A, Hadjadj S, Balkau B, Heude B, 

Charpentier G, Hudson TJ, Montpetit A, Pshezhetsky AV, Prentki M, Posner BI, Balding DJ, Meyre D, Polychronakos C, 

http://www.ijrti.org/


                                               ©    2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208176 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1555 

Froguel P. A genome-wide association study identifies novel risk loci for type 2 diabetes. Nature. 2007 Feb 

22;445(7130):881-5. doi: 10.1038/nature05616. Epub 2007 Feb 11. PMID: 17293876. 

26. Ingelsson E, McCarthy MI. Human Genetics of Obesity and Type 2 Diabetes Mellitus: Past, Present, and Future. Circ Genom 

Precis Med. 2018 Jun;11(6):e002090. doi: 10.1161/CIRCGEN.118.002090. PMID: 29899044; PMCID: PMC6405228. 

27. McCart, Ferrer J, Loos RJ, Dupuis J, Florez JC, et. al. ; hy MI. Genetics of T2DM in 2016: Biological and translational 

insights from T2DM genetics. Nat Rev Endocrinol. 2017 Feb;13(2):71-72. doi: 10.1038/nrendo.2016.212. Epub 2017 Jan 4. 

PMID: 28051116. 

28. McCarthy MI, MacArthur DG. Human disease genomics: from variants to biology. Genome Biol. 2017 Jan 30;18(1):20. doi: 

10.1186/s13059-017-1160-z. PMID: 28137298; PMCID: PMC5278570. 

29. Gaulton KJ, Ferreira T, Lee Y, Raimondo A, et. al. Genetics Replication And Meta-analysis (DIAGRAM) Consortium. 

Genetic fine mapping and genomic annotation defines causal mechanisms at type 2 diabetes susceptibility loci. Nat Genet. 

2015 Dec;47(12):1415-25. doi: 10.1038/ng.3437. Epub 2015 Nov 9. PMID: 26551672; PMCID: PMC4666734. 

30. Fitipaldi H, McCarthy MI, Florez JC, Franks PW. A Global Overview of Precision Medicine in Type 2 Diabetes. Diabetes. 

2018 Oct;67(10):1911-1922. doi: 10.2337/dbi17-0045. PMID: 30237159; PMCID: PMC6152339. 

31. Ventola CL. Role of pharmacogenomic biomarkers in predicting and improving drug response: part 1: the clinical 

significance of pharmacogenetic variants. P T. 2013 Sep;38(9):545-60. PMID: 24273401; PMCID: PMC3828931. 

32. Florez JC. Pharmacogenetics in type 2 diabetes: precision medicine or discovery tool? Diabetologia. 2017 May;60(5):800-

807. doi: 10.1007/s00125-017-4227-1. Epub 2017 Mar 10. PMID: 28283684. 

33. Dawed AY, Zhou K, Pearson ER. Pharmacogenetics in type 2 diabetes: influence on response to oral hypoglycemic agents. 

Pharmgenomics Pers Med. 2016 Apr 6;9:17-29. doi: 10.2147/PGPM.S84854. PMID: 27103840; PMCID: PMC4827904. 

34. Tkáč I. Genetics of drug response in type 2 diabetes. Curr Diab Rep. 2015 Jul;15(7):43. doi: 10.1007/s11892-015-0617-2. 

PMID: 25975599. 

35. Tkáč I, Gotthardová I. Pharmacogenetic aspects of the treatment of Type 2 diabetes with the incretin effect enhancers. 

Pharmacogenomics. 2016 May;17(7):795-804. doi: 10.2217/pgs-2016-0011. Epub 2016 May 11. PMID: 27166975. 

36. Mendis, Shanthi, Puska, Pekka, Norrving, B, World Health Organization, World Heart Federation. et al. (2011). Global atlas 

on cardiovascular disease prevention and control / edited by: Shanthi Mendis ... [et al.]. World Health 

Organization. https://apps.who.int/iris/handle/10665/44701 

37. Orho-Melander M. Genetics of coronary heart disease: towards causal mechanisms, novel drug targets and more personalized 

prevention. J Intern Med. 2015 Nov;278(5):433-46. doi: 10.1111/joim.12407. PMID: 26477595. 

38. Kearney PM, Whelton M, Reynolds K, Whelton PK, He J. Worldwide prevalence of hypertension: a systematic review. J 

Hypertens. 2004 Jan;22(1):11-9. doi: 10.1097/00004872-200401000-00003. PMID: 15106785. 

39. Helgadottir A, Thorleifsson G, Manolescu A, et. al. A common variant on chromosome 9p21 affects the risk of myocardial 

infarction. Science. 2007 Jun 8;316(5830):1491-3. doi: 10.1126/science.1142842. Epub 2007 May 3. PMID: 17478679. 

40. Erdmann J, Kessler T, Munoz Venegas L, Schunkert H. A decade of genome-wide association studies for coronary artery 

disease: the challenges ahead. Cardiovasc Res. 2018 Jul 15;114(9):1241-1257. doi: 10.1093/cvr/cvy084. PMID: 29617720. 

41. de Denus S, Dubé MP, Tardif JC. Will personalized drugs for cardiovascular disease become an option? - Defining 'Evidence-

based personalized medicine' for its implementation and future use. Expert Opin Pharmacother. 2015;16(17):2549-52. doi: 

10.1517/14656566.2015.1088829. Epub 2015 Sep 15. PMID: 26371722. 

42. Antman EM, Loscalzo J. Precision medicine in cardiology. Nat Rev Cardiol. 2016 Oct;13(10):591-602. doi: 

10.1038/nrcardio.2016.101. Epub 2016 Jun 30. PMID: 27356875. 

43. Warren HR, Evangelou E, Cabrera CP, et. al. ; International Consortium of Blood Pressure (ICBP) 1000G Analyses; BIOS 

Consortium; Lifelines Cohort Study; Understanding Society Scientific group; CHD Exome+ Consortium; ExomeBP 

Consortium; T2D-GENES Consortium; GoT2DGenes Consortium; Cohorts for Heart and Ageing Research in Genome 

Epidemiology (CHARGE) BP Exome Consortium; International Genomics of Blood Pressure (iGEN-BP) Consortium; UK 

Biobank CardioMetabolic Consortium BP working group. Genome-wide association analysis identifies novel blood pressure 

loci and offers biological insights into cardiovascular risk. Nat Genet. 2017 Mar;49(3):403-415. doi: 10.1038/ng.3768. Epub 

2017 Jan 30. Erratum in: Nat Genet. 2017 Sep 27;49(10 ):1558. PMID: 28135244; PMCID: PMC5972004. 

44. Dai X, Wiernek S, Evans JP, Runge MS. Genetics of coronary artery disease and myocardial infarction. World J Cardiol. 

2016 Jan 26;8(1):1-23. doi: 10.4330/wjc.v8.i1.1. PMID: 26839654; PMCID: PMC4728103. 

45. Zaiou M, El Amri H. Cardiovascular pharmacogenetics: a promise for genomically-guided therapy and personalized 

medicine. Clin Genet. 2017 Mar;91(3):355-370. doi: 10.1111/cge.12881. Epub 2016 Nov 30. PMID: 27714756. 

46. Friede K, Li J, Voora D. Use of Pharmacogenetic Information in the Treatment of Cardiovascular Disease. Clin Chem. 2017 

Jan;63(1):177-185. doi: 10.1373/clinchem.2016.255232. Epub 2016 Nov 18. PMID: 27864383. 

47. Sidhaye VK, Nishida K, Martinez FJ. Precision medicine in COPD: where are we and where do we need to go? Eur Respir 

Rev. 2018 Aug 1;27(149):180022. doi: 10.1183/16000617.0022-2018. PMID: 30068688; PMCID: PMC6156790. 

48. Wouters EF, Wouters BB, Augustin IM, Franssen FM. Personalized medicine and chronic obstructive pulmonary disease. 

Curr Opin Pulm Med. 2017 May;23(3):241-246. doi: 10.1097/MCP.0000000000000377. PMID: 28257315. 

49. Hizawa N. Genetic backgrounds of asthma and COPD. Allergol Int. 2009 Sep;58(3):315-22. doi: 10.2332/allergolint.09-

RAI-0105. Epub 2009 Jul 25. PMID: 19628974. 

50. Faner R, Gutiérrez-Sacristán A, Castro-Acosta A, Grosdidier S, Gan W, Sánchez-Mayor M, Lopez-Campos JL, Pozo-

Rodriguez F, Sanz F, Mannino D, Furlong LI, Agusti A. Molecular and clinical diseasome of comorbidities in exacerbated 

COPD patients. Eur Respir J. 2015 Oct;46(4):1001-10. doi: 10.1183/13993003.00763-2015. Epub 2015 Aug 6. PMID: 

26250499. 

51. Agusti A. The path to personalised medicine in COPD. Thorax. 2014 Sep;69(9):857-64. doi: 10.1136/thoraxjnl-2014-

205507. Epub 2014 Apr 29. PMID: 24781218. 

52. Leung JM, Obeidat M, Sadatsafavi M, Sin DD. Introduction to precision medicine in COPD. Eur Respir J. 2019 Apr 

11;53(4):1802460. doi: 10.1183/13993003.02460-2018. PMID: 30679189. 

http://www.ijrti.org/
https://apps.who.int/iris/handle/10665/44701


                                               ©    2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208176 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1556 

53. Sin DD, Hollander Z, DeMarco ML, McManus BM, Ng RT. Biomarker Development for Chronic Obstructive Pulmonary 

Disease. From Discovery to Clinical Implementation. Am J Respir Crit Care Med. 2015 Nov 15;192(10):1162-70. doi: 

10.1164/rccm.201505-0871PP. PMID: 26176936. 

54. Hollander Z, DeMarco ML, Sadatsafavi M, McManus BM, Ng RT, Sin DD. Biomarker Development in COPD: Moving 

From P Values to Products to Impact Patient Care. Chest. 2017 Feb;151(2):455-467. doi: 10.1016/j.chest.2016.09.012. Epub 

2016 Sep 29. PMID: 27693595. 

55. Smith RA, Andrews KS, Brooks D, Fedewa SA, Manassaram-Baptiste D, Saslow D, Brawley OW, Wender RC. Cancer 

screening in the United States, 2018: A review of current American Cancer Society guidelines and current issues in cancer 

screening. CA Cancer J Clin. 2018 Jul;68(4):297-316. doi: 10.3322/caac.21446. Epub 2018 May 30. PMID: 29846940. 

56. Ito Y, Miyauchi A. Prognostic factors and therapeutic strategies for differentiated carcinomas of the thyroid. Endocr J. 

2009;56(2):177-92. doi: 10.1507/endocrj.k08e-166. Epub 2008 Aug 13. PMID: 18703852. 

57. Lehmann-Che J, Poirot B, Boyer JC, Evrard A. Cancer genomics guide clinical practice in personalized medicine. Therapie. 

2017 Sep;72(4):439-451. doi: 10.1016/j.therap.2016.09.015. Epub 2017 Jan 30. PMID: 28258721. 

58. MARAKAS, G. M. (2003). Decision support systems in the 21st century. Upper Saddle River, NJ, Prentice Hall. 

http://books.google.com/books?id=8OlOAAAAMAAJ 

59. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin. 2017 Jan;67(1):7-30. doi: 10.3322/caac.21387. 

Epub 2017 Jan 5. PMID: 28055103. 

60. Robinson LA, Ruckdeschel JC, Wagner H Jr, Stevens CW; American College of Chest Physicians. Treatment of non-small 

cell lung cancer-stage IIIA: ACCP evidence-based clinical practice guidelines (2nd edition). Chest. 2007 Sep;132(3 

Suppl):243S-265S. doi: 10.1378/chest.07-1379. PMID: 17873172. 

61. Tanaka F, Yoneda K. Adjuvant therapy following surgery in non-small cell lung cancer (NSCLC). Surg Today. 2016 

Jan;46(1):25-37. doi: 10.1007/s00595-015-1174-7. Epub 2015 Apr 30. PMID: 25925615. 

62. Rotolo F, Dunant A, Le Chevalier T, Pignon JP, Arriagada R; IALT Collaborative Group. Adjuvant cisplatin-based 

chemotherapy in nonsmall-cell lung cancer: new insights into the effect on failure type via a multistate approach. Ann Oncol. 

2014 Nov;25(11):2162-2166. doi: 10.1093/annonc/mdu442. Epub 2014 Sep 5. PMID: 25193990. 

63. Zarogoulidis K, Zarogoulidis P, Darwiche K, Boutsikou E, Machairiotis N, Tsakiridis K, Katsikogiannis N, Kougioumtzi I, 

Karapantzos I, Huang H, Spyratos D. Treatment of non-small cell lung cancer (NSCLC). J Thorac Dis. 2013 Sep;5 Suppl 

4(Suppl 4):S389-96. doi: 10.3978/j.issn.2072-1439.2013.07.10. PMID: 24102012; PMCID: PMC3791496. 

64. Mascaux C, Tomasini P, Greillier L, Barlesi F. Personalised medicine for nonsmall cell lung cancer. Eur Respir Rev. 2017 

Nov 15;26(146):170066. doi: 10.1183/16000617.0066-2017. PMID: 29141962. 

65. Pirker R. What is the best strategy for targeting EGF receptors in non-small-cell lung cancer? Future Oncol. 2015;11(1):153-

67. doi: 10.2217/fon.14.178. PMID: 25572790. 

66. Kilgoz HO, Bender G, Scandura JM, Viale A, Taneri B. KRAS AND THE REALITY OF PERSONALIZED MEDICINE 

IN NON-SMALL CELL LUNG CANCER. Mol Med. 2016 Sep;22:380-387. doi: 10.2119/molmed.2016.00151. Epub 2016 

Jul 7. PMID: 27447490; PMCID: PMC5072415. 

67. Kwapisz D. The first liquid biopsy test approved. Is it a new era of mutation testing for non-small cell lung cancer? Ann 

Transl Med. 2017 Feb;5(3):46. doi: 10.21037/atm.2017.01.32. PMID: 28251125; PMCID: PMC5326656. 

68. Krug AK, Enderle D, Karlovich C, Priewasser T, Bentink S, Spiel A, Brinkmann K, Emenegger J, Grimm DG, Castellanos-

Rizaldos E, Goldman JW, Sequist LV, Soria JC, Camidge DR, Gadgeel SM, Wakelee HA, Raponi M, Noerholm M, Skog J. 

Improved EGFR mutation detection using combined exosomal RNA and circulating tumor DNA in NSCLC patient plasma. 

Ann Oncol. 2018 Mar 1;29(3):700-706. doi: 10.1093/annonc/mdx765. PMID: 29216356; PMCID: PMC5889041. 

69. Perner S, Wagner PL, Demichelis F, Mehra R, Lafargue CJ, Moss BJ, Arbogast S, Soltermann A, Weder W, Giordano TJ, 

Beer DG, Rickman DS, Chinnaiyan AM, Moch H, Rubin MA. EML4-ALK fusion lung cancer: a rare acquired event. 

Neoplasia. 2008 Mar;10(3):298-302. doi: 10.1593/neo.07878. PMID: 18320074; PMCID: PMC2259458. 

70. Gridelli C, Peters S, Sgambato A, Casaluce F, Adjei AA, Ciardiello F. ALK inhibitors in the treatment of advanced NSCLC. 

Cancer Treat Rev. 2014 Mar;40(2):300-6. doi: 10.1016/j.ctrv.2013.07.002. Epub 2013 Aug 7. PMID: 23931927. 

71. Wykes MN, Lewin SR. Immune checkpoint blockade in infectious diseases. Nat Rev Immunol. 2018 Feb;18(2):91-104. doi: 

10.1038/nri.2017.112. Epub 2017 Oct 9. PMID: 28990586; PMCID: PMC5991909. 

72. Rittmeyer A, Barlesi F, Waterkamp D, Park K, et. al. ; OAK Study Group. Atezolizumab versus docetaxel in patients with 

previously treated non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled trial. Lancet. 

2017 Jan 21;389(10066):255-265. doi: 10.1016/S0140-6736(16)32517-X. Epub 2016 Dec 13. Erratum in: Lancet. 2017 Apr 

8;389(10077):e5. PMID: 27979383; PMCID: PMC6886121. 

73. Zaretsky JM, Garcia-Diaz A, Shin DS, et al. Mutations Associated with Acquired Resistance to PD-1 Blockade in Melanoma. 

The New England Journal of Medicine. 2016 Sep;375(9):819-829. DOI: 10.1056/nejmoa1604958. PMID: 27433843; 

PMCID: PMC5007206. 

74. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, Jemal A. Colorectal cancer statistics, 2017. CA Cancer 

J Clin. 2017 May 6;67(3):177-193. doi: 10.3322/caac.21395. Epub 2017 Mar 1. PMID: 28248415. 

75. Rex DK, Boland CR, Dominitz JA, Giardiello FM, Johnson DA, Kaltenbach T, Levin TR, Lieberman D, Robertson DJ. 

Colorectal Cancer Screening: Recommendations for Physicians and Patients from the U.S. Multi-Society Task Force on 

Colorectal Cancer. Am J Gastroenterol. 2017 Jul;112(7):1016-1030. doi: 10.1038/ajg.2017.174. Epub 2017 Jun 6. PMID: 

28555630. 

76. Jeon J, Du M, Schoen RE, et. al. ; Colorectal Transdisciplinary Study and Genetics and Epidemiology of Colorectal Cancer 

Consortium. Determining Risk of Colorectal Cancer and Starting Age of Screening Based on Lifestyle, Environmental, and 

Genetic Factors. Gastroenterology. 2018 Jun;154(8):2152-2164.e19. doi: 10.1053/j.gastro.2018.02.021. Epub 2018 Feb 17. 

PMID: 29458155; PMCID: PMC5985207. 

77. Li J, Chen Y, Guo X, Zhou L, Jia Z, Peng Z, Tang Y, Liu W, Zhu B, Wang L, Ren C. GPC1 exosome and its regulatory 

miRNAs are specific markers for the detection and target therapy of colorectal cancer. J Cell Mol Med. 2017 May;21(5):838-

847. doi: 10.1111/jcmm.12941. Epub 2017 Feb 24. PMID: 28233416; PMCID: PMC5387162. 

http://www.ijrti.org/
http://books.google.com/books?id=8OlOAAAAMAAJ


                                               ©    2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208176 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1557 

78. Sinicrope FA, Okamoto K, Kasi PM, Kawakami H. Molecular Biomarkers in the Personalized Treatment of Colorectal 

Cancer. Clin Gastroenterol Hepatol. 2016 May;14(5):651-8. doi: 10.1016/j.cgh.2016.02.008. Epub 2016 Feb 9. PMID: 

26872400; PMCID: PMC4836987. 

79. Ogino S, Fuchs CS, Giovannucci E. How many molecular subtypes? Implications of the unique tumor principle in 

personalized medicine. Expert Rev Mol Diagn. 2012 Jul;12(6):621-8. doi: 10.1586/erm.12.46. PMID: 22845482; PMCID: 

PMC3492839. 

80. Sartore-Bianchi A, Marsoni S, Siena S. Human Epidermal Growth Factor Receptor 2 as a Molecular Biomarker for Metastatic 

Colorectal Cancer. JAMA Oncol. 2018 Jan 1;4(1):19-20. doi: 10.1001/jamaoncol.2017.3323. PMID: 29049531. 

81. Cecchin E, Perrone G, Nobili S, Polesel J, De Mattia E, Zanusso C, Petreni P, Lonardi S, Pella N, D'Andrea M, Errante D, 

Rizzolio F, Mazzei T, Landini I, Mini E, Toffoli G. MTHFR-1298 A>C (rs1801131) is a predictor of survival in two cohorts 

of stage II/III colorectal cancer patients treated with adjuvant fluoropyrimidine chemotherapy with or without oxaliplatin. 

Pharmacogenomics J. 2015 Jun;15(3):219-25. doi: 10.1038/tpj.2014.64. Epub 2014 Oct 21. PMID: 25331073. 

82. Andersen V, Svenningsen K, Knudsen LA, Hansen AK, Holmskov U, Stensballe A, Vogel U. Novel understanding of ABC 

transporters ABCB1/MDR/P-glycoprotein, ABCC2/MRP2, and ABCG2/BCRP in colorectal pathophysiology. World J 

Gastroenterol. 2015 Nov 7;21(41):11862-76. doi: 10.3748/wjg.v21.i41.11862. PMID: 26557010; PMCID: PMC4631984. 

83. Zhang G, Zhou X, Lin C. Efficacy of chemotherapy plus bevacizumab as first-line therapy in patients with metastatic 

colorectal cancer: a meta-analysis and up-date. Int J Clin Exp Med. 2015 Jan 15;8(1):1434-45. PMID: 25785152; PMCID: 

PMC4358607. 

84. Ab Mutalib NS, Md Yusof NF, Abdul SN, Jamal R. Pharmacogenomics DNA Biomarkers in Colorectal Cancer: Current 

Update. Front Pharmacol. 2017 Oct 12;8:736. doi: 10.3389/fphar.2017.00736. PMID: 29075194; PMCID: PMC5644034. 

85. Xiaoyuan C, Longbang C, Jinghua W, Xiaoxiang G, Huaicheng G, Qun Z, Haizhu S. Survivin: a potential prognostic marker 

and chemoradiotherapeutic target for colorectal cancer. Ir J Med Sci. 2010 Sep;179(3):327-35. doi: 10.1007/s11845-009-

0448-8. Epub 2009 Nov 17. PMID: 19921309. 

86. Torre LA, Siegel RL, Islami F, Bray F, Jemal A. Worldwide Burden of and Trends in Mortality From Gallbladder and Other 

Biliary Tract Cancers. Clin Gastroenterol Hepatol. 2018 Mar;16(3):427-437. doi: 10.1016/j.cgh.2017.08.017. Epub 2017 

Aug 18. PMID: 28826679. 

87. Salapa J, Bushman A, Lowe K, Irudayaraj J. Nano drug delivery systems in upper gastrointestinal cancer therapy. Nano 

Converg. 2020 Dec 10;7(1):38. doi: 10.1186/s40580-020-00247-2. PMID: 33301056; PMCID: PMC7728832. 

88. Takaishi S, Okumura T, Tu S, Wang SS, Shibata W, Vigneshwaran R, Gordon SA, Shimada Y, Wang TC. Identification of 

gastric cancer stem cells using the cell surface marker CD44. Stem Cells. 2009 May;27(5):1006-20. doi: 10.1002/stem.30. 

PMID: 19415765; PMCID: PMC2746367. 

89. Lam CS, Ng L, Chow AK, Wan TM, Yau S, Cheng NS, Wong SK, Man JH, Lo OS, Foo DC, Poon JT, Pang RW, Law WL. 

Identification of microRNA 885-5p as a novel regulator of tumor metastasis by targeting CPEB2 in colorectal cancer. 

Oncotarget. 2017 Apr 18;8(16):26858-26870. doi: 10.18632/oncotarget.15844. PMID: 28460469; PMCID: PMC5432302. 

90. Magnowski P, Bochyński H, Nowak-Markwitz E, Zabel M, Spaczyński M. Krazace komórki nowotworowe--znaczenie 

kliniczne u chorych na raka jajnika [Circulating tumor cells (CTCs)--clinical significance in patients with ovarian cancer]. 

Ginekol Pol. 2012 Apr;83(4):291-4. Polish. PMID: 22712262. 

91. Kamel HFM, Al-Amodi HSAB. Exploitation of Gene Expression and Cancer Biomarkers in Paving the Path to Era of 

Personalized Medicine. Genomics Proteomics Bioinformatics. 2017 Aug;15(4):220-235. doi: 10.1016/j.gpb.2016.11.005. 

Epub 2017 Aug 13. PMID: 28813639; PMCID: PMC5582794. 

92. Hiraiwa K, Takeuchi H, Hasegawa H, Saikawa Y, Suda K, Ando T, Kumagai K, Irino T, Yoshikawa T, Matsuda S, Kitajima 

M, Kitagawa Y. Clinical significance of circulating tumor cells in blood from patients with gastrointestinal cancers. Ann 

Surg Oncol. 2008 Nov;15(11):3092-100. doi: 10.1245/s10434-008-0122-9. Epub 2008 Sep 3. PMID: 18766405. 

93. Ito H, Inoue H, Sando N, Kimura S, Gohda K, Sato J, Murakami K, Ito S, Odaka N, Satodate H, Kudo SE. Prognostic impact 

of detecting viable circulating tumour cells in gastric cancer patients using a telomerase-specific viral agent: a prospective 

study. BMC Cancer. 2012 Aug 9;12:346. doi: 10.1186/1471-2407-12-346. PMID: 22873704; PMCID: PMC3495032. 

94. Cristescu R, Lee J, Nebozhyn M, et. al. Molecular analysis of gastric cancer identifies subtypes associated with distinct 

clinical outcomes. Nat Med. 2015 May;21(5):449-56. doi: 10.1038/nm.3850. Epub 2015 Apr 20. PMID: 25894828. 

95. Li X, Wu WK, Xing R, et. al.  Distinct Subtypes of Gastric Cancer Defined by Molecular Characterization Include Novel 

Mutational Signatures with Prognostic Capability. Cancer Res. 2016 Apr 1;76(7):1724-32. doi: 10.1158/0008-5472.CAN-

15-2443. Epub 2016 Feb 8. PMID: 26857262. 

96. Chang JS, Kim KH, Yoon HI, Hyung WJ, Rha SY, Kim HS, Lee YC, Lim JS, Noh SH, Koom WS. Locoregional relapse 

after gastrectomy with D2 lymphadenectomy for gastric cancer. Br J Surg. 2017 Jun;104(7):877-884. doi: 10.1002/bjs.10502. 

Epub 2017 Feb 28. PMID: 28245053. 

97. Shitara K, Ohtsu A. Advances in Systemic Therapy for Metastatic or Advanced Gastric Cancer. J Natl Compr Canc Netw. 

2016 Oct;14(10):1313-1320. doi: 10.6004/jnccn.2016.0138. PMID: 27697983. 

98. Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta S, Eder JP, Golan T, Le DT, Burtness B, McRee AJ, Lin 

CC, Pathiraja K, Lunceford J, Emancipator K, Juco J, Koshiji M, Bang YJ. Pembrolizumab for patients with PD-L1-positive 

advanced gastric cancer (KEYNOTE-012): a multicentre, open-label, phase 1b trial. Lancet Oncol. 2016 Jun;17(6):717-726. 

doi: 10.1016/S1470-2045(16)00175-3. Epub 2016 May 3. PMID: 27157491. 

99. PDQ Cancer Information Summaries [Internet]. Bethesda (MD): National Cancer Institute (US); 2002-. Adult Primary Liver 

Cancer Treatment: Patient Version. 2022 Jul 1. Available from: https://www.ncbi.nlm.nih.gov/books/NBK65810/ 

100. Seeff LB, Everson GT, Morgan TR, Curto TM, Lee WM, Ghany MG, Shiffman ML, Fontana RJ, Di Bisceglie AM, 

Bonkovsky HL, Dienstag JL; HALT–C Trial Group. Complication rate of percutaneous liver biopsies among persons with 

advanced chronic liver disease in the HALT-C trial. Clin Gastroenterol Hepatol. 2010 Oct;8(10):877-83. doi: 

10.1016/j.cgh.2010.03.025. Epub 2010 Apr 1. PMID: 20362695; PMCID: PMC3771318. 

101. Ikeda S, Tsigelny IF, Skjevik ÅA, Kono Y, Mendler M, Kuo A, Sicklick JK, Heestand G, Banks KC, Talasaz A, Lanman 

RB, Lippman S, Kurzrock R. Next-Generation Sequencing of Circulating Tumor DNA Reveals Frequent Alterations in 

http://www.ijrti.org/
https://www.ncbi.nlm.nih.gov/books/NBK65810/


                                               ©    2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208176 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1558 

Advanced Hepatocellular Carcinoma. Oncologist. 2018 May;23(5):586-593. doi: 10.1634/theoncologist.2017-0479. Epub 

2018 Feb 27. PMID: 29487225; PMCID: PMC5947459. 

102. Zhu K, Dai Z, Zhou J. Biomarkers for hepatocellular carcinoma: progression in early diagnosis, prognosis, and personalized 

therapy. Biomark Res. 2013 Feb 5;1(1):10. doi: 10.1186/2050-7771-1-10. PMID: 24252133; PMCID: PMC4177612. 

103.  Sia D, Villanueva A, Friedman SL, Llovet JM. Liver Cancer Cell of Origin, Molecular Class, and Effects on Patient 

Prognosis. Gastroenterology. 2017 Mar;152(4):745-761. doi: 10.1053/j.gastro.2016.11.048. Epub 2016 Dec 30. PMID: 

28043904. 

104.  Firer MA, Gellerman G. Targeted drug delivery for cancer therapy: the other side of antibodies. J Hematol Oncol. 2012 Nov 

9;5:70. doi: 10.1186/1756-8722-5-70. PMID: 23140144; PMCID: PMC3508879. 

105. Höpfner M, Schuppan D, Scherübl H. Growth factor receptors and related signalling pathways as targets for novel treatment 

strategies of hepatocellular cancer. World J Gastroenterol. 2008 Jan 7;14(1):1-14. doi: 10.3748/wjg.14.1. PMID: 18176955; 

PMCID: PMC2673371. 

106. Villanueva A, Llovet JM. Targeted therapies for hepatocellular carcinoma. Gastroenterology. 2011 May;140(5):1410-26. 

doi: 10.1053/j.gastro.2011.03.006. Epub 2011 Mar 13. PMID: 21406195; PMCID: PMC3682501. 

107. Singhal A, Jayaraman M, Dhanasekaran DN, Kohli V. Molecular and serum markers in hepatocellular carcinoma: predictive 

tools for prognosis and recurrence. Crit Rev Oncol Hematol. 2012 May;82(2):116-40. doi: 10.1016/j.critrevonc.2011.05.005. 

Epub 2011 Jun 15. PMID: 21680198. 

108. Inic Z, Zegarac M, Inic M, Markovic I, Kozomara Z, Djurisic I, Inic I, Pupic G, Jancic S. Difference between Luminal A 

and Luminal B Subtypes According to Ki-67, Tumor Size, and Progesterone Receptor Negativity Providing Prognostic 

Information. Clin Med Insights Oncol. 2014 Sep 11;8:107-11. doi: 10.4137/CMO.S18006. PMID: 25249766; PMCID: 

PMC4167319. 

109. Lheureux S, Denoyelle C, Ohashi PS, De Bono JS, Mottaghy FM. Molecularly targeted therapies in cancer: a guide for the 

nuclear medicine physician. Eur J Nucl Med Mol Imaging. 2017 Aug;44(Suppl 1):41-54. doi: 10.1007/s00259-017-3695-3. 

Epub 2017 Apr 10. PMID: 28396911; PMCID: PMC5541087. 

110. Shuster LT, Rhodes DJ, Gostout BS, Grossardt BR, Rocca WA. Premature menopause or early menopause: long-term health 

consequences. Maturitas. 2010 Feb;65(2):161-6. doi: 10.1016/j.maturitas.2009.08.003. Epub 2009 Sep 5. PMID: 19733988; 

PMCID: PMC2815011. 

111. Abrahamson PE, Tworoger SS, Aiello EJ, Bernstein L, Ulrich CM, Gilliland FD, Stanczyk FZ, Baumgartner R, Baumgartner 

K, Sorensen B, Ballard-Barbash R, McTiernan A. Associations between the CYP17, CYPIB1, COMT and SHBG 

polymorphisms and serum sex hormones in post-menopausal breast cancer survivors. Breast Cancer Res Treat. 2007 

Sep;105(1):45-54. doi: 10.1007/s10549-006-9426-2. Epub 2006 Nov 1. PMID: 17077994; PMCID: PMC2997631. 

112. Riancho JA, Valero C, Zarrabeitia MT, García-Unzueta MT, Amado JA, González-Macías J. Genetic polymorphisms are 

associated with serum levels of sex hormone binding globulin in postmenopausal women. BMC Med Genet. 2008 Dec 

17;9:112. doi: 10.1186/1471-2350-9-112. PMID: 19091090; PMCID: PMC2615755. 

113. Cordts EB, Santos AA, Peluso C, Bianco B, Barbosa CP, Christofolini DM. Risk of premature ovarian failure is associated 

to the PvuII polymorphism at estrogen receptor gene ESR1. J Assist Reprod Genet. 2012 Dec;29(12):1421-5. doi: 

10.1007/s10815-012-9884-x. Epub 2012 Nov 13. PMID: 23150099; PMCID: PMC3528877. 

114. Swain SM, Jeong JH, Wolmark N. Amenorrhea from breast cancer therapy--not a matter of dose. N Engl J Med. 2010 Dec 

2;363(23):2268-70. doi: 10.1056/NEJMc1009616. PMID: 21121855. 

115. Timmer M, Werner JM, Röhn G, Ortmann M, Blau T, Cramer C, Stavrinou P, Krischek B, Mallman P, Goldbrunner R. 

Discordance and Conversion Rates of Progesterone-, Estrogen-, and HER2/neu-Receptor Status in Primary Breast Cancer 

and Brain Metastasis Mainly Triggered by Hormone Therapy. Anticancer Res. 2017 Sep;37(9):4859-4865. doi: 

10.21873/anticanres.11894. PMID: 28870906. 

116. Nie H, Shu H, Vartak R, Milstein AC, Mo Y, Hu X, Fang H, Shen L, Ding Z, Lu J, Bai Y. Mitochondrial common deletion, 

a potential biomarker for cancer occurrence, is selected against in cancer background: a meta-analysis of 38 studies. PLoS 

One. 2013 Jul 4;8(7):e67953. doi: 10.1371/journal.pone.0067953. PMID: 23861839; PMCID: PMC3701633. 

117. Chan CWH, Law BMH, So WKW, Chow KM, Waye MMY. Novel Strategies on Personalized Medicine for Breast Cancer 

Treatment: An Update. Int J Mol Sci. 2017 Nov 15;18(11):2423. doi: 10.3390/ijms18112423. PMID: 29140300; PMCID: 

PMC5713391. 

118. Pishgar F, Ebrahimi H, Saeedi Moghaddam S, Fitzmaurice C, Amini E. Global, Regional and National Burden of Prostate 

Cancer, 1990 to 2015: Results from the Global Burden of Disease Study 2015. J Urol. 2018 May;199(5):1224-1232. doi: 

10.1016/j.juro.2017.10.044. Epub 2017 Nov 9. PMID: 29129779. 

119. Schrecengost R, Knudsen KE. Molecular pathogenesis and progression of prostate cancer. Semin Oncol. 2013 Jun;40(3):244-

58. doi: 10.1053/j.seminoncol.2013.04.001. PMID: 23806491; PMCID: PMC3727396. 

120. Cancer Genome Atlas Research Network. The Molecular Taxonomy of Primary Prostate Cancer. Cell. 2015 Nov 

5;163(4):1011-25. doi: 10.1016/j.cell.2015.10.025. PMID: 26544944; PMCID: PMC4695400. 

121. Khemlina G, Ikeda S, Kurzrock R. Molecular landscape of prostate cancer: implications for current clinical trials. Cancer 

Treat Rev. 2015 Nov;41(9):761-6. doi: 10.1016/j.ctrv.2015.07.001. Epub 2015 Jul 9. PMID: 26210103. 

122. Reid AH, Attard G, Ambroisine L, Fisher G, Kovacs G, Brewer D, Clark J, Flohr P, Edwards S, Berney DM, Foster CS, 

Fletcher A, Gerald WL, Møller H, Reuter VE, Scardino PT, Cuzick J, de Bono JS, Cooper CS; Transatlantic Prostate Group. 

Molecular characterisation of ERG, ETV1 and PTEN gene loci identifies patients at low and high risk of death from prostate 

cancer. Br J Cancer. 2010 Feb 16;102(4):678-84. doi: 10.1038/sj.bjc.6605554. Epub 2010 Jan 26. PMID: 20104229; PMCID: 

PMC2837564. 

123. Zhang BY, Riska SM, Mahoney DW, Costello BA, Kohli R, Quevedo JF, Cerhan JR, Kohli M. Germline genetic variation 

in JAK2 as a prognostic marker in castration-resistant prostate cancer. BJU Int. 2017 Mar;119(3):489-495. doi: 

10.1111/bju.13584. Epub 2016 Aug 6. PMID: 27410686. 

http://www.ijrti.org/


                                               ©    2022 IJNRD | Volume 7, Issue 8 August 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2208176 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1559 

124. Mouraviev V, Lee B, Patel V, Albala D, Johansen TE, Partin A, Ross A, Perera RJ. Clinical prospects of long noncoding 

RNAs as novel biomarkers and therapeutic targets in prostate cancer. Prostate Cancer Prostatic Dis. 2016 Mar;19(1):14-20. 

doi: 10.1038/pcan.2015.48. Epub 2015 Oct 27. PMID: 26503110. 

125. Mahapatra S, Klee EW, Young CY, Sun Z, Jimenez RE, Klee GG, Tindall DJ, Donkena KV. Global methylation profiling 

for risk prediction of prostate cancer. Clin Cancer Res. 2012 May 15;18(10):2882-95. doi: 10.1158/1078-0432.CCR-11-

2090. PMID: 22589488. 

126. Wang J, Zou JX, Xue X, Cai D, Zhang Y, Duan Z, Xiang Q, Yang JC, Louie MC, Borowsky AD, Gao AC, Evans CP, Lam 

KS, Xu J, Kung HJ, Evans RM, Xu Y, Chen HW. ROR-γ drives androgen receptor expression and represents a therapeutic 

target in castration-resistant prostate cancer. Nat Med. 2016 May;22(5):488-96. doi: 10.1038/nm.4070. Epub 2016 Mar 28. 

Erratum in: Nat Med. 2016 Jun 7;22(6):692. PMID: 27019329; PMCID: PMC5030109. 

127. Vlachostergios PJ, Puca L, Beltran H. Emerging Variants of Castration-Resistant Prostate Cancer. Curr Oncol Rep. 2017 

May;19(5):32. doi: 10.1007/s11912-017-0593-6. PMID: 28361223; PMCID: PMC5479409. 

128. Antonarakis ES, Armstrong AJ. Evolving standards in the treatment of docetaxel-refractory castration-resistant prostate 

cancer. Prostate Cancer Prostatic Dis. 2011 Sep;14(3):192-205. doi: 10.1038/pcan.2011.23. Epub 2011 May 17. PMID: 

21577234; PMCID: PMC3444817. 

129. Kachroo, N., Warren, A.Y. & Gnanapragasam, V.J. Multi-transcript profiling in archival diagnostic prostate cancer needle 

biopsies to evaluate biomarkers in non-surgically treated men. BMC Cancer 14, 673 (2014). https://doi.org/10.1186/1471-

2407-14-673 

130. Grimm D. Current Knowledge in Thyroid Cancer-From Bench to Bedside. Int J Mol Sci. 2017 Jul 15;18(7):1529. doi: 

10.3390/ijms18071529. PMID: 28714875; PMCID: PMC5536017. 

131. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM. Projecting cancer incidence and deaths to 

2030: the unexpected burden of thyroid, liver, and pancreas cancers in the United States. Cancer Res. 2014 Jun 

1;74(11):2913-21. doi: 10.1158/0008-5472.CAN-14-0155. Erratum in: Cancer Res. 2014 Jul 15;74(14):4006. PMID: 

24840647. 

132. Nikiforova MN, Kimura ET, Gandhi M, Biddinger PW, Knauf JA, Basolo F, Zhu Z, Giannini R, Salvatore G, Fusco A, 

Santoro M, Fagin JA, Nikiforov YE. BRAF mutations in thyroid tumors are restricted to papillary carcinomas and anaplastic 

or poorly differentiated carcinomas arising from papillary carcinomas. J Clin Endocrinol Metab. 2003 Nov;88(11):5399-404. 

doi: 10.1210/jc.2003-030838. PMID: 14602780. 

133. Bible KC, Suman VJ, Molina JR, et. al. ; Endocrine Malignancies Disease Oriented Group; Mayo Clinic Cancer Center; 

Mayo Phase 2 Consortium. Efficacy of pazopanib in progressive, radioiodine-refractory, metastatic differentiated thyroid 

cancers: results of a phase 2 consortium study. Lancet Oncol. 2010 Oct;11(10):962-72. doi: 10.1016/S1470-2045(10)70203-

5. Epub 2010 Sep 17. PMID: 20851682; PMCID: PMC3107731. 

134. Khatami F, Tavangar SM. Liquid Biopsy in Thyroid Cancer: New Insight. Int J Hematol Oncol Stem Cell Res. 2018 Jul 

1;12(3):235-248. PMID: 30595827; PMCID: PMC6305265. 

135. Brose MS, Cabanillas ME, Cohen EE, Wirth LJ, Riehl T, Yue H, Sherman SI, Sherman EJ. Vemurafenib in patients with 

BRAF(V600E)-positive metastatic or unresectable papillary thyroid cancer refractory to radioactive iodine: a non-

randomised, multicentre, open-label, phase 2 trial. Lancet Oncol. 2016 Sep;17(9):1272-82. doi: 10.1016/S1470-

2045(16)30166-8. Epub 2016 Jul 23. PMID: 27460442; PMCID: PMC5532535. 

136.  Hasanzad M, Sarhangi N, Aghaei Meybodi HR, Nikfar S, Khatami F, Larijani B. Precision Medicine in Non-Communicable 

Diseases. Int J Mol Cell Med. 2019 Winter;8(Suppl1):1-18. doi: 10.22088/IJMCM.BUMS.8.2.1. Epub 2019 Jul 25. PMID: 

32351905; PMCID: PMC7175610. 

137. Huser V, Sincan M, Cimino JJ. Developing genomic knowledge bases and databases to support clinical management: current 

perspectives. Pharmgenomics Pers Med. 2014 Sep 9;7:275-83. doi: 10.2147/PGPM.S49904. PMID: 25276091; PMCID: 

PMC4175027. 

 

 

http://www.ijrti.org/
https://doi.org/10.1186/1471-2407-14-673
https://doi.org/10.1186/1471-2407-14-673

