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ABSTRACT

Precision medicine (PM), also termed stratified, individualised, targeted, or personalised medicine, embraces a
rapidly expanding area of research, knowledge, and practice. It brings together two emerging health technologies
to deliver better individualised care: the many “-omics” arising from increased capacity to understand the human
genome and “big data” and data analytics, including artificial intelligence (Al). PM has the potential to transform
an individual’s health, moving from population-based disease prevention to more personalised management.
There is however a tension between the two, with a real risk that this will exacerbate health inequalities and divert
funds and attention from basic healthcare requirements leading to worse health outcomes for many. All areas of
medicine should consider how this will affect their practice, with PM now strongly encouraged and supported by
government initiatives and research funding. In this review, we discuss examples of PM in current practice and
its emerging applications in primary care, such as clinical prediction tools that incorporate genomic markers and
pharmacogenomic testing. We look towards potential future applications and consider some key questions for PM,
including evidence of its real-world impact, its affordability, the risk of exacerbating health inequalities, and the
computational and storage challenges of applying PM technologies at scale.

Keywords: Precision Medicine, Personalized Medicine, Pharmacogenomics, Genomics, Multi-Omics,
Biomarkers, Artificial Intelligence.

INTRODUCTION

Precision medicine is an innovative approach to healthcare that aims to prevent, diagnose, and treat diseases by
considering an individual's genetic makeup, environmental exposures, lifestyle, and clinical characteristics.
Unlike the traditional "one-size-fits-all" model, precision medicine recognizes that patients with the same disease
may respond differently to the same treatment. By integrating genomic information with clinical and
environmental data, precision medicine enables healthcare providers to select the most effective therapy for each
patient while minimizing adverse drug reactions and improving therapeutic outcomes [1].

The rapid advancement of genomics, next-generation sequencing (NGS), bioinformatics, artificial intelligence
(Al), and digital health technologies has accelerated the implementation of precision medicine in clinical practice.
Precision medicine has shown significant success in oncology, where targeted therapies and companion
diagnostics have transformed cancer treatment by identifying specific genetic mutations responsible for tumor
growth. Beyond cancer, precision medicine is increasingly applied in cardiovascular diseases, diabetes, rare
genetic disorders, infectious diseases, and neurological disorders, leading to earlier diagnosis, personalized
treatment strategies, and improved patient outcomes [2].

Pharmacogenomics, a key component of precision medicine, studies how genetic variations influence drug
response. This enables clinicians to optimize drug selection and dosage according to an individual's genetic
profile, thereby reducing treatment failures and adverse drug reactions. The integration of electronic health
records, multi-omics technologies (genomics, proteomics, metabolomics, and transcriptomics), wearable devices,
and machine learning algorithms further enhances the ability to provide personalized healthcare [3].

36


mailto:anithamedchem@gmail.com

Biopress Journal of Computational Life Sciences, Vol. 2, Issue. 9 (2026)

Despite its tremendous potential, precision medicine faces several challenges, including high implementation
costs, ethical and privacy concerns regarding genetic data, unequal access to genomic testing, limited diversity in
genomic databases, and the need for standardized clinical guidelines. Nevertheless, continued advances in
biotechnology, data science, and precision diagnostics are expected to expand its clinical applications and improve
healthcare delivery worldwide [4].

Overall, precision medicine represents a transformative shift toward individualized healthcare by combining
molecular biology, clinical medicine, and advanced computational technologies to deliver the right treatment to
the right patient at the right time [5].
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Figure 1: Key Factors and Clinical Applications of Precision Medicine
HISTORY

The concept of precision medicine is not really new. It existed even during the times of Sir William Osler when
he said e “It is much more important to know what sort of a patient has disease than what sort of a disease a patient
has”. Developments in the field of genomics mirror early inroads into the development of precision medicine:
from discovery of the double Helix model of DNA in 1953 to the development of Sanger sequencing in 1977 and
finally to the launching of the Human Genome Project in 1990. The Human Genome project took a long 13 years
for completion, but it was based on the premise that all disorders follow Mendelian characteristics. However, we
now know that multiple genes affect most complex diseases and individual genes may contribute very less to
pathogenicity. Also, individuals with same gene defects may develop different phenotypical disorders and a single
disorder may be caused by varied genetic defects. So, predictive power of genetics alone towards disease causation
is at best low to moderate. Hence there was a felt need for newer technologies and ideas in medicine. The concept
of precision medicine was actually brought to the limelight in 2015 by US President Barrack Obama when during
his State of the Union address, he said that “Tonight | am launching a new precision medicine initiative to bring
us closer to curing diseases such as cancer and diabetes .Following this there was a huge increase in interest and
research on precision medicine techniques with evidence from Google search where there was a 1000-fold jump
in searches for the term precision medicine from 2015 onwards [6].

PRINCIPLES OF PRECISION MEDICINE

Precision medicine is an approach to healthcare that tailors’ disease prevention, diagnosis, and treatment to the
individual characteristics of each patient, including genetic, molecular, environmental, and lifestyle factors. The
following are the key principles of precision medicine [7].

1.Individualized Patient Care:
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The fundamental principle of precision medicine is that each patient is biologically unique. Treatment decisions
are based on individual genetic makeup, biomarkers, clinical history, and environmental exposures rather than
using a "one-size-fits-all" approach [8].

2. Genomic and Molecular Profiling:

Genomic sequencing and molecular analysis identify disease-causing mutations and biomarkers that help guide
diagnosis, prognosis, and treatment selection. These technologies enable clinicians to choose targeted therapies
based on the patient's molecular profile [9].

3. Biomarker-Based Diagnosis and Therapy:

Biomarkers are measurable biological indicators that help predict disease risk, treatment response, and prognosis.
medicine relies heavily on validated biomarkers to optimize therapeutic decisions [10].

4. Targeted Therapeutics:

Targeted therapies are designed to act on specific molecular targets involved in disease development. These
therapies improve treatment efficacy while reducing adverse effects compared with conventional treatments [11].

5. Role of Multi-Omics Data:

Precision medicine integrates data from genomics, transcriptomics, proteomics, metabolomics, and epigenomics
to better understand disease mechanisms and identify personalized therapeutic strategies [12].

6. Preventive and Predictive Healthcare:

Precision medicine focuses not only on treatment but also on predicting disease susceptibility and implementing
preventive interventions based on genetic risk assessment [13].

7. Patient Centred Decision Making:

Patients actively participate in healthcare decisions. Clinical decisions consider patient preferences, lifestyle,
family history, and socioeconomic factors alongside molecular information [14].

8. Ethical, Legal, and Social Considerations:

Precision medicine requires protection of patient privacy, informed consent, equitable access to genomic testing,
and responsible use of genetic information [15].
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Figure 2: Overview of Biomarker-Guided Precision Medicine and Targeted Therapeutic Strategies

Table 1: Key principles of Precision Medicine

Principle Primary Focus Clinical Benefit

Individualized Patient Care Personalized treatment Improved treatment outcomes

Genomic and Molecular||Genetic and molecular . . .
Accurate diagnosis and targeted therapy selection

Profiling analysis
Biomarker-Based Diagnosis Biomarker identification ||Prediction of disease risk and treatment response
Targeted Therapeutics Molecular targets Higher efficacy with fewer adverse effects

Multi-Omics Integration Comprehensive biological||Better understanding of disease mechanisms and

data personalized care
Preventive and  Predictive Risk prediction Early intervention and disease prevention
Healthcare
I::;:ZT]ZCentred Decision Shared decision-making ||Improved patient satisfaction and adherence

Ethical, Legal, and Social||Privacy, consent, and||Responsible and ethical implementation of
Considerations equity precision medicine

COMPONENTS OF PRECISION MEDICINE

Precision medicine is a healthcare approach that tailors disease prevention, diagnosis, and treatment according to
an individual's genetic, molecular, environmental, and lifestyle characteristics. The major components of precision
medicine are described below [16].
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Figure 3: Role of Omics Sciences and Big Data in Precision Medicine
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Figure 4: The Multi-Omics Cascade from Genomics to Metabolomics
TECHNOLOGIES
1. Next-Generation Sequencing (NGS):

Next-Generation Sequencing (NGS) is a modern technology used to sequence DNA quickly and accurately. It
helps identify genetic mutations responsible for various diseases, especially cancer and inherited disorders. NGS
supports early diagnosis, biomarker discovery, and personalized treatment by analysing an individual's genetic
information [17].

2. Artificial Intelligence (Al) and Machine Learning:

Acrtificial Intelligence (Al) and Machine Learning (ML) help analyse large amounts of medical and genetic data.
These technologies improve disease diagnosis, predict treatment outcomes, and assist doctors in selecting
personalized therapies. Al also plays an important role in drug discovery and clinical decision-making [18].

3. Bioinformatics:

Bioinformatics combines biology and computer science to analyse complex biological data. It helps identify
disease-related genes, discover biomarkers, and understand molecular mechanisms. This technology supports
precision medicine by enabling accurate diagnosis and personalized treatment planning [19].

4. CRISPR Gene Editing:

CRISPR-Cas9 is a powerful gene-editing technology that can precisely modify DNA. It is used to correct disease-
causing genetic mutations and has great potential in treating inherited diseases and cancer. CRISPR is an important
tool for developing personalized gene therapies [20].

5. Liquid Biopsy:

Liquid biopsy is a non-invasive technique that detects disease-related biomarkers, such as circulating tumor DNA,
from blood samples. It helps in early cancer detection, monitoring treatment response, and identifying genetic
mutations without the need for surgical tissue biopsy. This makes it an important tool in precision oncology [21].
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Figure 5: Next Generation Sequencing
CLINICAL TRAILS IN PRECISION MEDICINE

Clinical trials are the means by which investigational agents, devices, or biologics, such as chemotherapy agents,
blood products, or gene therapies are scientifically evaluated in human volunteers for safety and efficacy.
Typically, candidate therapeutic agents progress through a carefully regulated and lengthy multi-phase clinical
trial process before receiving US Food and Drug Administration (FDA) approval. Moving forward, significant
modifications to current clinical trial designs will be necessary to progress toward a more personalized approach.
Adaptive trial design is an example of an innovative accelerated effort for evaluating targeted therapies. This
design allows researchers to analyse accumulating study data at prospective interim time points and to alter the
course of an individual’s study plan or the trial itself. This review will describe adaptive design, and present
examples of studies currently being conducted using this novel approach, as well as discuss ways in which
genomic and biomarker research advances in precision medicine [22].

The biological logic of new biomarker-guided clinical trial design in precision medicine. The essence of precision
medicine is to explore the unknown relationship between drugs, targets, and diseases in the human body. The left
and right arms represent the drugs and diseases, respectively. The circles distributed throughout the lungs and
body represent the therapeutic targets. The world of precision medicine in human body is an undeveloped ocean,
containing extensive therapeutic targets represented by colourful circles based on next-generation sequencing and
other biological technologies. The diseases such as lung cancer are classified into different subtypes based on
different therapeutic targets.

Based on the successful treatment experience of lung cancer, exploring the therapeutic potential of a certain target
for the disease of other body parts is the underlying logic of the basket trial design. The dynamic concept conveyed
by the diffuse distribution of circles in the ocean is the core of platform trial design. The biomarker-guided ship
of precision medicine clinical trial design is constantly advancing, riding the wind and waves in the undeveloped
ocean of precision medicine [23].
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Figure 6: Improving the Patients life Through Personalized Medicine
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APPLICATIONS OF PRECISION MEDICINE

r

Applications of Precision Medicine

1. CANCER

 Identification of gene mutations (e.g., BRCA1, EGFR).
© Targeted therapies and immunotherapies.

® Predicts prognosis and treatment response.

© Examples: Trastuzumab in HER2+ breast cancer.

2. CARDIOVASCULAR DISEASE

* Genetic risk profiling for heart disease.

* Pharmacogenomics for antiplatelet and statin therapy.
 Early detection and prevention strategies.

* Examples: Warfarin dosing based on CYP2C9, VKORC1.

3. DIABETES

* Genetic markers for Type 1 and Type 2 diabetes risk.
* Personalized insulin therapy and drug selection.
* Nutrigenomics for diet-based interventions.

* Improves glycemic control and reduces complications.

e

4. RARE GENETIC DISORDERS

* Accurate diagnosis through whole-exome/genome sequencing.
* Identification of specific genetic mutations.
* Development of gene therapies and enzyme replacement.

* Examples: Spinal muscular atrophy, Cystic fibrosis.

g

* Rapid pathogen identification and resistance profiling.
 Tailored antimicrobial therapy.

* Vaccine development based on pathogen genomics.
* Examples: TB, HIV, COVID-19.

S

6. NEUROLOGICAL DISORDERS

y P

* Genetic and biomarker-based diagnosis (e.g., Alzheimer's,
Parkinson’s).

* Personalized treatment and drug response prediction.

* Neuroimaging and genomics for early detection.

* Improves outcomes and slows disease progression.
\ O

L Precision Medicine enables the right treatment for the right patient at the right time. {'(j];g

Figure 7: Applications of Precision Medicine
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Key Benefits of Precision

Supports personal

Medicine

Improves treatment effectiveness.
Reduces adverse drug reactions.
Enables early disease detection and prevention.

ized healthcare decisions.

Table 2: Applications of Precision Medicine

Enhances patient outcomes while reducing unnecessary treatments.

|App|ication

||Description

|[Example |

Cancer Treatment

Uses genetic profiling of tumors to select the
most effective therapies.

Targeted therapy for HER2-
positive breast cancer.

Pharmacogenomics

Identifies how a person's genes affect their
response to medications, helping choose the
right drug and dose.

Adjusting warfarin dosage based on
genetic testing.

Rare Genetic Disorders

Detects disease-causing genetic mutations for
accurate diagnosis and personalized treatment.

Gene therapy for spinal muscular
atrophy (SMA).

Infectious Diseases

Cardiovascular Diseases Assesses genetic risk factors and tailors||Genetic  testing for  familial
prevention and treatment strategies. hypercholesterolemia.
Identifies pathogens and drug resistance to||Personalized treatment for

guide targeted antimicrobial therapy.

multidrug-resistant tuberculosis.

Diabetes Management

Classifies diabetes subtypes and customizes
treatment based on genetic and metabolic
profiles.

Precision treatment for monogenic
diabetes (MODY).

Neurological Disorders

Uses genetic information to improve diagnosis
and treatment of brain disorders.

Genetic testing for Huntington's
disease.

Prenatal and Newborn

Detects inherited conditions early to enable

Newborn screening for

timely intervention.

Predicts disease susceptibility and recommends
personalized lifestyle and screening plans.

Screening phenylketonuria (PKU).

BRCA1/BRCAZ2 testing for breast
and ovarian cancer risk.

CRISPR-based therapies for sickle
cell disease.

Preventive Healthcare

Regenerative and Gene
Therapy

Develops individualized treatments by repairing
or replacing faulty genes.

CONCLUSION

Precision medicine represents a transformative approach to healthcare by moving beyond the traditional "one-
size-fits-all" model and tailoring prevention, diagnosis, and treatment to an individual's genetic, molecular,
environmental, and lifestyle characteristics. Advances in genomic sequencing, molecular diagnostics,
pharmacogenomics, artificial intelligence, and biomarker discovery have significantly improved the ability to
identify disease mechanisms and deliver targeted therapies. This approach has shown remarkable success in
oncology and is increasingly being applied to cardiovascular, neurological, infectious, and rare genetic diseases.
Despite challenges such as high costs, data privacy concerns, unequal access, and the need for standardized clinical
implementation, continuous technological advancements and collaborative research are expected to overcome
these barriers. As precision medicine continues to evolve, it has the potential to improve treatment efficacy, reduce
adverse drug reactions, enhance patient outcomes, and contribute to a more efficient and personalized healthcare
system worldwide.
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