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Abstract. Personalized medicine is an emerging, rapidly evolving approach to clinical practice 

where he uses new technologies to provide decision-making for the prediction, prevention, 

diagnosis and treatment of disease. Personalized medicine is rooted in the idea that because 

individuals have subtle and unique characteristics at the molecular, physiological, environmental 

exposure and behavioral levels, they may need to target the diseases they have to accommodate 

these subtle and unique characteristics. The goal of personalized medicine is often thought to be 

to provide the right treatment to the right person at the right time. Genomics has great potential 

in the development of personalized medicine. Pharmacokinetics provides a quantitative way to 

understand drug behavior in humans and is the scientific basis for realizing personalized 

medicine. This article aims to explore the impact of genomics on pharmacokinetics and apply 

these insights to personalized medicine. 
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1.  Introduction 

Traditionally, standard medical practice has predominantly been informed by cohort-based 

epidemiological research, which often overlooks the nuances of individual genetic variation. 

Consequently, the derived conclusions are generally representative at the population level rather than 

the individual scale [1]. For example, dosing considerations must be tailored for distinct patient 

demographics, encompassing neonates, pediatric populations, geriatric individuals, patients with obesity, 

and those in critical care settings [2]. Therefore, the fundamental tenet of personalized medicine is 

predicated on the acquisition of genomics data. This concept extends beyond the patient's genome, 

encompassing also the genome of any pathogenic organisms, thereby facilitating a dual-faceted 

genomics analysis [3]. 

Pharmacotherapy, involving drug treatment of disease, engages with the human body through a 

process collectively known as pharmacokinetics, encompassing absorption, distribution, metabolism, 

and excretion (ADME). Initially, the body absorbs the drug, followed by its distribution and bio-

transformation into active components that elicit therapeutic effects, culminating in the excretion of 

remaining substances. Pharmacokinetic processes are predominantly governed by specific genes, 

including drug metabolizing enzymes with genetic variants that influence drug processing. Concurrently, 

the interaction of drugs with their molecular targets, defining their pharmacodynamic properties, 

involves aspects such as target affinity, efficacy in modulating the target, and potency. These 

pharmacodynamic characteristics are also genetically regulated, determining the drug's ultimate 
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therapeutic impact [4]. However, prior to delving into the particular gene’s role in disease manifestation, 

we need to take genome sequencing to know the exactly base-pairing in each gene. Luckily, recent 

advancements in next-generation genome sequencing have markedly decreased its cost and enhanced 

its throughput, thereby broadening its accessibility for research purposes [5].  

After taking sequencing of genome, we can use this information to develop personalized medicine, 

which is an emerging, rapidly evolving approach to clinical practice where he uses new technologies to 

provide decision-making for the prediction, prevention, diagnosis and treatment of disease [6]. Based 

on identification of the patient’s genetic characteristics, personalized medicine promises to offer the 

precise drug at the exact dose and at the right time, making medical practice more efficient and 

decreasing healthcare costs [7-9].  

Genomics-based pharmacokinetic (PK) modeling, a complex yet essential approach, integrates tissue 

physiology, anatomy, and biochemistry to forecast the tissue concentration-time relationship. It 

enhances understanding of metabolic enzyme kinetics, drug clearance mechanisms (including passive 

diffusion and transport), disposition, and excretion [8-9]. Using this method, we can optimize medical 

care and outcomes across diverse patient groups, thereby achieving unparalleled levels of personalized 

patient care [4]. In other words, genetic testing has the potential to enhance healthcare at a societal level, 

facilitating the administration of efficacious drugs and therapies tailored to individual patients, specific 

demographic groups, and broader populations [10]. 

However, every aspect has its pros and cons, genomics related technology is no exception. For 

example, as the weight of genetic information in clinical decision-making increases, patients are 

increasingly concerned about genetic discrimination [11]. Not only to that, the intrinsic characteristic of 

personalized medicine is its targeted, specific, and individualized approach, which may result in higher 

costs compared to traditional, broadly successful preventive interventions [12]. In this paper, we will 

discuss the conveniences and the difficulties in the development of personalized medicine with 

pharmacodynamics aspect. 

2.  Literature review 

2.1.  The development of DNA sequencing methods  

The earliest DNA sequencing methods were invented and published in the 1970s by Frederick Sanger, 

Walter Gilbert and Allan Maxam, for example, DNA sequencing using chain termination inhibitors and 

DNA sequencing by chemical degradation, respectively [13-14]. In 2005, the inaugural next-generation 

sequencing (NGS) technology, delineated as second-generation sequencing, was conceptualized and 

disseminated [15-16]. This advent was swiftly followed by the introduction of a variety of NGS 

platforms. To surmount the challenges inherent in second-generation sequencing methods, third-

generation sequencing technologies have been developed [17]. These novel technologies are 

characterized by their capacity for single-molecule DNA sequencing and are distinguished by enhanced 

throughput, augmented accuracy, extended read lengths, expedited processing times, and reduced 

financial implications. 

2.2.  The pathway of genomics sequencing development 

The genome of human pathogens is being sequenced to glean insights into infection pathogenesis and 

potential therapeutic targets. In 1995, the inaugural complete bacterial genome of H. influenzae was 

sequenced [6]. Since then, over 1,000 bacterial genomes and over 3,000 viral genomes have been 

completely sequenced [18]. Distinct genomics loci within the reference genome are scrutinized for the 

identification of pathogenic variants. This process involves the utilization of multiple genomic databases, 

including but not limited to the 1000 Genomes Project, dbSNP, and HapMap, which aid in the filtration 

and annotation of variants. These variants are further evaluated based on a spectrum of defined criteria, 

encompassing amino acid alterations, the degree of evolutionary conservation, and the implications on 

protein structure. Predictive analyses of pathogenic variants leverage genetic patterns and population 
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frequency data, as sourced from various databases (for instance, the 1000 Genomes Project), 

complemented by comprehensive pathway analysis [19]. 

This genomics data offers critical insights for comparative genomics analyses, contrasting 

pathogenic with non-pathogenic strains. Such analyses facilitate the identification of proteins implicated 

in pathogenesis, thereby presenting opportunities for the development of novel therapeutics 

characterized by reduced virulence [20].  

3.  Discussion 

3.1.  The advantage of personalized medicine comparing with traditional medicine 

 

Figure 1. Traditional vs. Advanced Therapeutic Strategies in Treating Human Diseases [21] 

(A) Traditional Methodology: Historically, clinicians have adopted a uniform approach to 

pharmacotherapy, where identical pharmaceutical agents and dosages are prescribed based on the 

observable phenotypic traits of a disease. This method disregards individual variability, applying a 

standard treatment regimen across diverse patient populations. 

(B) Genomics-Driven Personalized Medicine: Contemporary advancements pivot towards a more 

tailored therapeutic strategy, recognizing genetic diversity as a pivotal factor in drug response. This 

paradigm, often termed as personalized or precision medicine, acknowledges that individuals with 

analogous phenotypic manifestations may require divergent pharmaceutical interventions and dosages, 

contingent upon their unique genetic makeup. This method employs a "genotype-first, therapy-next" 

strategy, which not only enhances therapeutic efficacy but also demonstrates cost-effectiveness by 

notably mitigating the incidence of adverse drug reactions. This approach is centered on the premise of 

administering the optimal drug in an appropriate dosage to the right patient, thereby revolutionizing the 

conventional pharmacotherapy landscape. 

In conventional medical practices, treatment protocols for a specific ailment are typically uniform 

across all patients, derived from empirical evidence gathered from studies on populations with similar 

disease characteristics. This approach often applies a standardized treatment regimen to all individuals 

diagnosed with the same condition, irrespective of their individual differences. 
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3.2.  Some example about personalized medicine driven by genomics  

On the one hand, some illnesses are characterized by mutations and accumulation of genes occurring in 

a few key genes and changes in molecular paths [22]. Focusing on this illness, the personalized medicine 

only needs to pay attention to specific genes. 

Research has increasingly focused on the impact of single-nucleotide polymorphisms (SNPs) in drug 

metabolism, particularly in the pharmacogenetics of immunosuppressive drugs like cyclosporine and 

tacrolimus [23-28]. A significant portion of inter-individual variability in the dosing of tacrolimus is 

attributed to polymorphisms in genes encoding proteins critical for its absorption, distribution (such as 

P-glycoprotein), and metabolism (CYP3A4 and CYP3A5) [29-30]. Specifically, CYP3A5 

polymorphisms are closely linked to variations in blood concentrations and dose requirements for 

tacrolimus [31]. Studies have demonstrated that genotyping CYP3A5 can identify patients at risk for 

inadequate tacrolimus levels [32-33], with recipients carrying the CYP3A51 allele, from either donor or 

recipient, needing higher doses than those homozygous for CYP3A53 [34]. Li et al. proposed a 

pharmacogenetics-based dosing model incorporating CYP3A5 genotype to predict maintenance doses 

of tacrolimus in renal transplant recipients, enhancing initial dosing safety and efficacy [35]. 

However, investigations into the mechanisms underlying increased acute rejection rates have yielded 

mixed results [30,36]. The ABCB1 genotype of either the donor or recipient has been linked to 

tacrolimus distribution, acute rejection incidence, and other adverse events in kidney transplant patients 

[29]. But the findings regarding the impact of ABCB1 polymorphisms on the disposition and efficacy 

of cyclosporine and tacrolimus remain inconsistent [37, 38]. 

Furthermore, associations of other polymorphisms with acute rejection have been evaluated, 

including rs1800795 in IL-6 [39], TNF-A-308G/A [40], TLR4 rs10759932 [41], GSTM1 and GSTP1 

[42], and MRP2 C24T [43]. However, due to study design limitations, these results are conflicting and 

do not conclusively determine the role of pharmacogenetics in shaping the individual pharmacokinetic 

and pharmacodynamic profiles of immunomodulators [44]. 

On the other hand, some illnesses are driven by multiple genes, such as stroke [9]. In this case, 

personalized medicine will be more complicated than single gene illness. Over the past decade or two, 

significant scientific progress has been made in the fields of stroke diagnosis, therapeutic interventions, 

and prophylactic strategies [45]. The prevailing hypothesis in contemporary medical research suggests 

that common stroke etiology may be attributed to the cumulative effect of multiple genes, each exerting 

a modest influence individually, yet collectively contributing substantially to the overall risk of stroke 

[46]. Similar to many disorders, individuals may possess intricate genetic profiles and distinct patterns 

of gene expression post-stroke, which can contribute to the risk and heightened sensitivity to ischemic 

stroke. In heterogeneous stroke populations, candidate gene studies address the challenge of limited 

patient cohorts through the deliberate selection of genes with functional relevance to specific phenotypes. 

This approach, often referred to as ‘association,’ is a statistical measure evaluating the dependency of a 

particular phenotype (such as ischemic stroke) on the presence of a specific candidate gene or allele. 

Consequently, associations can be positive, indicating a significant statistical relationship between the 

chosen gene and the phenotype [47], or negative, denoting an absence of a significant association 

between the gene/allele and the phenotype [47]. The selection of candidate genes is often guided by 

recognized stroke risk factors, including hypertension, hemostasis, and lipid metabolism abnormalities. 

Notably, several markers have shown significant positive associations with ischemic stroke, such as the 

ApoE ε2 allele and the D/D genotype of the angiotensin-converting enzyme-1 [47]. However, there are 

also numerous instances where genes display negative or no associations with ischemic stroke. For 

instance, negative associations have been identified for certain hemostasis factors (like Factor V, Q506 

polymorphism, and Factor VII R353 Q polymorphism) and some hypertension factors (such as 

angiotensinogen and M235T polymorphism) [47].  

Presently, discerning definitive patterns in candidate gene correlations with ischemic stroke presents 

a challenge. Moreover, the consistency of these associations across varied patient demographics, such 

as differing races or genetic backgrounds, remains uncertain. The complexity inherent in candidate gene 

association studies is further highlighted by the genomics diversity and varied phenotypic expressions 
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within the global stroke population. Research methodologies typically employ case-control or cohort 

designs to closely match phenotypes among affected and unaffected individuals. Added to these 

variations are factors like the timing of stroke onset, environmental influences, and the degree of 

penetrance, meaning not all individuals with a specific genotype will exhibit the associated phenotype. 

Additionally, while the Human Genome Project progresses [47], the functional identification of gene 

products is substantially lagging, with current estimates suggesting that functions have only been 

assigned to about 10% of the human genome [47]. There is a significant need for further research in this 

domain, particularly addressing stroke genomics issues related to risk factors and the genetic 

underpinnings of brain vulnerability and ischemic sensitivity. 

3.3.  The obstacles of personalized medicine in practical application 

At the theoretical application level, we need to consider many aspect in application, such as theoretical 

feasibility, law and local policies, cost planning, etc. First of all, we need to guarantee individual test or 

biomarker is accurate, reproducible and reliable. In contrast to pharmaceuticals, which are stringently 

regulated by entities such as the US Food and Drug Administration and various international regulatory 

agencies, tumor biomarker tests lack analogous oversight mechanisms. Consequently, numerous 

biomarker assays developed lack thorough analytical validation, casting doubt on their reliability. While 

some tests undergo independent analytical validation, a significant proportion do not, leading to 

questions regarding their dependability in clinical settings [9]. 

Second, a significant impediment in current clinical research is the reliance on what are termed 

"convenience studies." These studies, often characterized by the availability of samples or tests, generate 

results which may not directly address the fundamental research question. For clinicians and patients 

alike, it is insufficient to simply determine that a biomarker can statistically segregate a population into 

two distinct groups. The crucial aspect is the clinical relevance of such a division. It is imperative to 

understand whether the outcomes of patients can be improved by initiating or discontinuing treatment 

based on these biomarker results, a concept referred to as "clinical utility." At present, there exists a 

paucity of genomics sequencing that possess both analytical validity and clinical utility. Efforts are being 

made to encourage researchers to approach the development and validation of biomarker tests with the 

same rigor as pharmaceutical drugs, with the aim of expediting their integration into clinical practice. 

Such an approach is essential for establishing more robust foundational guidelines in this field [9]. 

Third, despite the remarkable advancements in understanding the molecular underpinnings of disease 

and the consequent development of therapeutics, which have notably influenced the treatment of specific 

cancer types, there is, to date, a lack of evidence suggesting that such progress is mirrored in the 

management of other complex diseases. So, if we want to promoting this model to other complex 

diseases may require an unimaginable amount of work [5]. 

On the practical level, personalized medicine can be influenced by many unexpected factors, such as 

education, clinical decision support, privacy, regulatory policy, standards, comparative effectiveness 

research, intellectual property and reimbursement [4]. A critical barrier in translating genomics 

information into personalized medicine is the limited knowledge of genomics among healthcare 

providers, coupled with restricted access to the appropriate tools. Numerous surveys indicate a growing 

deficit in genetic knowledge among general practitioners [48,49]. With the increasing integration of 

genetic data into clinical decision-making processes, there is a corresponding escalation in patient 

concerns regarding potential genetic discrimination [50]. If the patient worried about genetic 

discrimination, the personalized medicine is nowhere to talk about, that is the reason why we need a 

sound system to ensure patient privacy [51]. There is a requisite for policy development in the realm of 

regulation concerning genomics-based pharmaceutical products, particularly regarding the stringency 

of their testing protocols. 

Not only to that, we lack a standard of personalized medicine that can be recognized by all sectors 

of society. The escalating oversight of genomic tools in research and clinical settings underscores the 

necessity for nationwide standards in genomic infrastructures. This spans from statistical methodologies 

to clinical trial design, and includes the establishment of a bio-banking infrastructure, which allows 
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researchers access to data from diverse studies. Centralized and standardized systems for storing, 

cataloging, and annotating biological samples are integral in facilitating the progress of genomics 

medicine [52-54]. In this situation, in response to these challenges, Comparative Effectiveness Research 

(CER) has been established as a methodical approach for the evaluation of data as findings from research 

are integrated into clinical practice. In 2009, the American Recovery and Reinvestment Act allocated 

$1.1 billion specifically for CER initiatives. The Institute of Medicine delineates CER as the process of 

generating and synthesizing evidence to compare the benefits and detriments of various options for 

preventing, diagnosing, treating, and monitoring a clinical condition, or for enhancing care delivery. 

This approach is applicable at both individual and population levels. 

4.  Conclusion  

The growing scrutiny and regulation of genomic tools in both research and clinical contexts highlight 

the critical need for unified national standards across all aspects of genomic infrastructure. This includes 

everything from the statistical methods used in research to the design of clinical trials, as well as the 

creation of comprehensive biobanking systems that provide researchers with access to a broad range of 

study data. The implementation of centralized and uniform frameworks for the storage, cataloging, and 

detailed annotation of biological samples is essential to advance the field of personalized medicine [55-

56]. Although the integration of genomics research into clinical practice necessitates standardization 

and simplification, alongside the need to surmount barriers in education, accessibility, regulation, and 

reimbursement to further embed personalized medicine into clinical workflows. Genomics research has 

laid the groundwork for pharmacokinetics, enabling the use of patients' genomics information in making 

crucial clinical decisions. Personalized medicine, potentially incorporating family history and genomics 

data, offers a vast potential, steering healthcare towards assessing disease risk and focusing on 

prevention [7]. Despite current challenges in various aspects, the situation is expected to improve 

gradually with the development of comprehensive policies and societal oversight, leading to 

personalized medicine becoming a widespread treatment approach for the general populace. 
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