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Abstract: 

The convergence of artificial intelligence (AI) and precision medicine will revolutionize healthcare by making 
highly personalized prevention, diagnosis, and treatment possible. Precision medicine seeks to customize 
medical care to the specific genetic, molecular, and lifestyle characteristics of individual patients, moving away 
from the conventional "one-size- fits-all" treatment. AI supercharges this capability by using huge, intricate 
data sets to develop actionable insights, improve clinical decision-making, and speed up drug discovery. Recent 
breakthroughs in machine learning, generative AI, and digital biomarkers are fuelling rapid progress, but there 
are still challenges in data integration, model bias, privacy, and regulatory control. This review examines the 
history of precision medicine, the central role of AI, current uses, and the future horizon. It describes the 
benefits and limitations of AI-based precision medicine, how AI is being used today, and the revolutionary 
possibilities on the horizon. The paper concludes by discussing the implications of the results, future scope, and 
recommendations on how to tap AI to fulfil the full potential of precision medicine. 
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Introduction: 

Precision medicine is a paradigm shift from conventional one-size-fits-all medical practice to individualized 
therapeutics based on an individual's personalized clinical, molecular, and lifestyle data [1] This novel strategy 
directs disease diagnosis, treatment, and prevention for a plethora of conditions such as cancer and genetic 
diseases [1]. Although many think of precision medicine as genetic medicine, it is a wide range of up-to-date 
scientific applications, such as bio-medical and data science, to tailor to individual patients [ 2]. Traditional 
approaches to precision medicine generally involve three broad strategies. First, the mechanistic solution seeks 
to pinpoint particular physical disease causes in a patient's body, for example, targeting the HER2 gene in breast 
cancer tumors with trastuzumab [2]. Second, novel measurement techniques enable clinicians to precisely 
measure disease progression and inform tailored 

interventions, illustrated by devices such as sweat sensors that track chloride levels in cystic fibrosis patients 
[2].Third, new interpretations of measurements use vast amounts of historical patient data to improve analyses 
for similar patients, such as those used to predict prostate cancer progression based on demographic, clinical, 
and biomarker information [2]. One of the cornerstones of traditional precision medicine is biomarker- 
stratification, where treatments use biological markers such as genes, proteins, or metabolites to stratify patients 
into discrete groups[3] This allows doctors to choose therapies that best treat each group individually, making it 
more personalized and outcome-driven [3]. As opposed to mainstream Western medicine, where the goal is to 
prescribe for entire cohorts of individuals sharing the same ailment, precision medicine considers genetic 
profile, lifestyle, and environment before prescribing the most appropriate treatment for the individual 
[4] Artificial intelligence technologies, including machine learning (ML) and deep learning, are widely applied 
to process complex and varied data in healthcare to fuel huge developments in precision medicine. A brie  
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summary of the precision medicine is mentioned in Fig.1. 
 

 

 
Figure 1. Mind Map AI in Precision Medicine. 

 
Better Diagnosis and Prognosis: AI algorithms can process complex biological datasets to enhance the 
accuracy  of  diagnosis  and  prognostic  predictions  [1] Machine learning algorithms are good at classifying 
high-risk patients and predicting disease activity from clinical data, genomic data, and immunological profiles 
Genomic and Multi- omics Analysis: Machine learning and deep learning techniques are powerful instruments 
for informing the genomic landscape and allowing researchers to find patterns, make predictions, and reveal 
concealed associations in the enormous ocean of genetic data [10]. 

Evolution of Precision Medicine and AI: 

Artificial intelligence (AI) has profoundly shaped the evolution of precision medicine, transforming it from a 
concept rooted in genomics to a data-driven, patient-centric discipline. In its early stages, AI in precision 
medicine relied on expert-driven rules and simple algorithms to analyze limited datasets, primarily for 
biomarker identification and retrospective analyses in oncology [5][6]. As machine learning (ML) advanced, AI 
systems began to handle vast, multidimensional clinical and biological data, enabling more accurate disease risk 
stratification, drug response prediction, and treatment optimization [5][7]. Early applications included 
automated image analysis for disease diagnosis and the development of predictive models for cancer therapy 
outcomes using patient-specific gene expression profiles [5]. 

Currently, AI is integral to nearly every phase of precision medicine. Modern AI and generative AI models 
rapidly analyze genomic, proteomic, and real-world data, supporting tailored drug discovery, virtual clinical 
trials, and the design of individualized treatment regimens[8][9]. AI- driven tools enhance diagnostic accuracy, 
automate image segmentation, and identify novel therapeutic targets, accelerating both research and clinical 
translation[5][6]. Pharmaceutical companies now leverage AI to optimize clinical trial design, reduce costs, and 
improve patient retention [8]. 

Looking ahead, AI’s role in precision medicine is expected to expand further, with generative AI poised to 
revolutionize drug design, simulate treatment responses, and enable real-time, adaptive patient care [8][9]. 
However, challenges remain, including data privacy, ethical considerations, and regulatory hurdles. Addressing 
these will be crucial to fully realize AI’s transformative potential in delivering more rapid, personalized, and 
effective healthcare interventions [8]. 

Purpose of AI in Precision Medicine: 

The precision medicine of the future, enabled by artificial intelligence (AI), hopes to transform healthcare by 
providing extremely individualized, data-based, and patient-oriented care. The main goal is to maximize 
disease management and treatment outcomes through combining huge and complicated sets of data, such as 
genetic, molecular, clinical, and environmental data, to make earlier, more precise diagnoses and devise 
personalized treatment regimens for each patient [10] [13] Increasing diagnostic accuracy and treatment 
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efficacy using AI algorithms to process large-scale genomic and clinical data to identify meaningful patterns 
and biomarkers that are hard to discern with conventional methods[10] [11]Supporting the transition from 
reactive to proactive care through enabling timely detection, prevention, and targeted interventions driven by 
individualized risk profiles [11] Minimizing healthcare expenses and inefficiencies by maximizing treatment 
plans, reducing unnecessary interventions, and enhancing patient outcomes through decision-making based on 
data [10] [13]Making access to healthcare data democratic and enabling patients to be actively involved in their 
care, creating a more inclusive, transparent, and collective healthcare system [13] Overcoming issues like data 
privacy, algorithmic bias, and regulation through the creation of reliable AI systems, sound data governance 
structures, and nimble regulatory guidelines [13]. Finally, the intersection of AI and precision medicine aims to 
create a new normal in healthcare—a world where prevention, personalization, and precision are the rule, and 
every patient gets the best care for their individualized biological and clinical profile [11]. 

Current trends of AI in precision medicine: 

The intersection of artificial intelligence (AI) and precision medicine offers unprecedented potential to enhance 
healthcare by making it personalized to individual patient profiles. AI is being utilized across a range of 
domains in precision health, with different levels of development and implementation [14]. Following are the 
major uses of AI in precision health and their respective level of development. 

Improved Diagnosis and Prognosis: AI is employed to interpret complex biological data to enhance 
diagnostic accuracy and forecast patient outcomes Machine learning algorithms can determine high-risk 
patients and forecast disease activity from clinical, genomic, and immunological pictures. Pharmacogenomics 
and Treatment Planning, AI helps in interpreting genetic data to individualise therapeutic interventions By 
taking into account the molecular individuality of every patient, AI can anticipate treatment benefit or side 
effects[15]. Medical Imaging Analysis, Deep learning has been extremely successful in medical image analysis. 
Surveys reflect a strong expectation that AI will result in lower screening expenses in medical imaging. 

Drug Discovery and Development: AI is being utilized to make drug discovery and development more 
efficient by automating drug target identification and evaluating possible compounds. Atom Net employs deep 
learning to examine molecular structures for potential drug candidates AI/ML can streamline and make 
processes better, resulting in faster and better results from drug discovery to regulation. Leading pharmaceutical 
companies are incorporating AI tools to streamline the development of new treatments [16]. 

AI-Aided Precision Medicine: 

AI will have a great impact on precision medicine in the future through various important developments and 
uses. The integration of these two disciplines has great potential to transform healthcare [14]. Here's how AI 
will support precision medicine in the future. Deeper and Synergistic Data Integration, Future work will 
concentrate on more extensive integration of AI analysis of different data types, such as health records, 
genetics, immunology, and other modalities, to create a better overall picture of a person's health [17]. This 
integration of heterogeneous data through mining will result in a more complete and wholesome understanding 
of health. The combination of information from several large, longitudinal cohorts, like the UK Biobank and 
All of Us, will produce rich datasets for medical innovations [18]. 

Enhanced Explainability of AI Models: Future advancements will work towards developing more 
explainable AI models, boosting trust in their predictions and resolving the "black box" issue, where the 
rationale for AI decisions is not known [17]. 

Clinical Decision Support Systems in Emergency Environments, An interesting case study that investigated 
explainability in clinical decision support systems (CDSS) utilized in emergency call scenarios to detect 
patients with life-threatening cardiac arrest used a qualitative case study method intertwined with normative 
analysis through socio-technical scenarios to discuss the effect of putting in place or omitting explainability in 
this high-stakes scenario [26]. 

Personalized Prevention and Early Detection: AI will enhance the capacity to anticipate disease risk before 
symptom development and create personalized prevention strategies specific to an individual's 
characteristics[19]. AI-Powered Cardiovascular Risk Forecasting and Prevention CureMetric and Cardio care 
created AI platforms that scan medical imaging, biometric information (e.g., heart rate, blood pressure), and 
activity patterns in real-time to detect early cardiovascular risk [27]. 

23 



 

Progress in Particular Areas of Healthcare: Further progress is expected in the use of AI in medical imaging 
analysis, genomic interpretation, drug discovery, and the creation of personalized therapy. AI is going to 
dominate the area of diagnosis and treatment suggestions. Mayo Clinic and IBM Watson Health, AI for 
Personalized Diagnosis and Treatment, this partnership harnessed the cognitive computing strength of IBM 
Watson to examine huge and complicated sets of patient data, such as medical images, genomic profiles, 
electronic health records, and treatment histories. The AI system synthesized these disparate sources of data to 
produce personalized diagnostic findings and treatment suggestions, most notably in oncology. [14][30][31]. 

Federated Learning and Privacy-Preserving AI: As a solution for issues regarding privacy of data, the future 
shall research federated learning and privacy-preserving other AI algorithms, and how collaborative training of 
models could be enabled between decentralised sources of data[19]. For biomedical applications, federated 
machine learning combined with other privacy-preserving methods can offer distributed privacy guarantees 
[28]. 

More Efficient Clinical Workflow Integration: Endeavours shall focus on smooth integration of AI tools into 
routine clinical workflows without disruption to, and in line with, clinician practices as much as possible[17]. 
Workflow Customization, AI system interfaces need to be made easy to use by adapting them to the clinical 
workflow[29]. 

Challenges hinder the widespread adoption of AI-driven precision medicine: 

Various challenges are faced by AI driven precision medicine indicated in Fig.2. 
 

 

 
Figure 2. Challenges in AI aided Precision Medicine. 
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Data Quality and Availability: Problems related to data availability and quality are a challenge to developing 
and implementing AI/ML models. Electronic Health Record (EHR) data may be noisy, sparse, and 
heterogeneous, and hence difficult to obtain robust AI algorithms from. The heterogeneity of conditions and 
workflows in real-world clinical environments can degrade the quality of the data used for training AI systems. 
In addition, a lack of high-quality annotated datasets to train AI algorithms is a major challenge. The necessity 
for longitudinal data, since many patients' medical histories are incomplete in their electronic health records, is 
also an issue [19]. There is a risk of AI systems perpetuating or amplifying existing healthcare disparities if 
trained on biased datasets. Fairness and bias in AI models trained with historical patient data need careful 
definition and exploration. Bias in AI is a growing concern, and understanding its sources, measurement, 
benchmarking, and mitigation is crucial, especially in healthcare[20]. The absence of inclusive and 
representative data sets because high-quality health data is scarce across factors such as race, ethnicity, gender, 
sex, and geography impede the training of unbiased models[19]. Model Interpretability and Transparency, 
Model opacity, also described as the "black box" problem, is a serious challenge [1]. The opacity of how certain 
AI algorithms make their determinations can obstruct trust and acceptance in medical contexts. Algorithmic 
transparency is perhaps not always a necessity, but complete transparency on the data composition, semantics, 
provenance, and quality with which AI tools are created must be achieved. The "black box" approach to AI 
systems can also intensify problems related to accountability and legal liability. 

Ethical and Legal Issues: Ethical and legal issues, especially regarding patient data privacy, obtaining patient 
consent, and dealing with the ethical nuances involved in AI-based decisions, must be addressed with caution. 
Legal responsibility and accountability for AI-assisted clinical decisions are uncertain. Healthcare professionals 
have to navigate the arena where AI suggestions contradict clinical judgment and necessitate definite protocols. 
Concerns about data privacy around encryption, de-identification, and access control to protect data from 
misuse that could lead to patient harm are also significant [20]. 

Integration into Clinical Workflows: Integration of AI within current clinical workflows is challenging and is 
a main hindrance to AI adoption in diagnostic medicine. Making AI fit the particular context of clinical practice 
is a main challenge. Most AI-based diagnostic and therapeutic capabilities from technology companies are 
decontextualized in form or treat only one dimension of care, rendering integration problematic [15]. 

Trust and Acceptance: Trust building in AI-aided decision-making among doctors is necessary for its hospital 
implementation. Over-dependence on AI suggestions might reduce clinical autonomy and judgment and require 
cautious implementation strategies. It is difficult to persuade healthcare professionals to trust and implement AI 
suggestions. Resistance to change towards implementing AI can also undermine innovations [15]. 

Validation in Real-World Settings: Real-world environment validation of AI models and keeping an iteration 
loop that gathers user opinions for system upgrades is imperative before extensive utilization. Future studies 
have emphasized that AI model validation in the clinical setting is key. The variance between institutions for 
coding definitions, report presentation, or cohort variance may mean a model trained from one site's data 
performs poorly on another [10]. 

Regulatory Challenges: There is a requirement for strong regulatory systems to facilitate the equitable and 
safe deployment of AI in medicine. The accelerated nature of innovation in AI tends to outstrip the ability of 
current regulatory systems to keep pace. Lack of explicit, standardised guidelines may result in illegal gathering 
of data [20]. 

Interoperability Challenges: Various EHR systems utilize diverse coding systems to represent clinical events, 
so interoperability of AI algorithms between diverse EHR systems is important yet hard. Lack of standardized 
data formats is also a problem. 

The Cost and burden of implementing AI tools must be balanced against use case requirements. Health delivery 
systems need to have a mature and sound underlying information technology (IT) governance framework 
established before significant deployment of AI. 

Potential for Exacerbating Existing Health Inequities, AI-based precision health can amplify existing 
disparities fuelled by differences in access to resources across health systems. This emphasizes the importance 
of access to AI-enabled tools on an equitable basis and closing the digital divide [20]. 
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Future Potential of AI in Precision Medicine: 

The future potential of AI in precision medicine is vast and holds great promise for the advancement of 
healthcare (Fig 3). The intersection of AI and precision medicine seeks to transform the way diseases are 
diagnosed, treated, and prevented, ultimately resulting in more tailored healthcare[14]. 
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Figure 3. Future Scope. 

Enhanced Diagnostic Capabilities: 
 
AI is likely to have a significant impact on diagnostic medicine, with most researchers predicting revolutionary 
changes in the next decade. 

Individual diagnostic technologies, such as X-ray diagnosis and heart rhythm interpretation, are regarded as 
very likely to be combined with AI technologies because they are mature and already have AI applications. AI 
can enhance diagnostic precision in applications such as retinal disease with Optical Coherence Tomography 
(OCT) images, and in the general analysis of medical images, possibly surpassing the ability of human 
examination in the long run. Machine vision from the data provided by ambient sensors may be applied for 
monitoring safety and enhancing the efficiency of processes such as weaning patients off mechanical 
ventilation. AI can facilitate quicker genetic disease diagnosis by identifying phenotype characteristics via EHR 
or images and correlating them with genetic variants. In the case of seriously ill newborns with suspected 
genetic disorders, rapid whole-genome sequencing in combination with NLP-facilitated automated phenotyping 
can result in accurate and rapid diagnoses[17]. 

Personalised Treatment Strategies: 
 
AI is the key ability behind the creation of precision medicine, which is regarded as a much- needed step 
forward in treatment. AI can analyse complex biological data sets, including genomic data, to enhance 
therapeutic strategy and allow for more accurate patient stratification. AI can offer insight into molecular 
processes underlying individual differences in drug response, allowing particular drugs to be matched with 
specific individuals. AI shows promise in forecasting patient response to treatment, for example, chemotherapy, 
from gene expression data. Identifying patterns in gene sequences or molecular signatures that correlate with 
improved outcomes can also help clinicians choose the best treatment. AI tools such as DeepMind's AlphaFold 
can forecast protein 3D structures, and this has huge implications for drug discovery and development by 
determining how drugs bind to their targets. AI-enabled wearable technologies are poised to yield personalized 
health information and early alerts with real-time data, enabling people to take charge of their health [19]. 

Improved Clinical Workflows and Decision Support: 
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AI will help alleviate the frustration of clinicians by streamlining electronic health record tasks, like tracking 
patients for sepsis. AI can offer information synthesis, suggestions, and visualisation of information for joint 
decision-making between patients, families, and healthcare providers. AI-powered clinical decision-support 
systems can decrease diagnostic mistakes and enhance intelligence to assist decision-making. The focus in the 
near term should be on augmented intelligence, where AI tools assist humans and not replace them completely, 
which is crucial for establishing user trust. In surgery, AI can analyse high-definition surgical video to 
recognize or forecast adverse events in real-time for intraoperative clinical decision support [23]. 

Advancements in Data Analysis and Integration: 
 
Future scientists will make innovative new methodologies for finding, quantifying, and analysing an enormous 
array of biomedical information, such as molecular, genomic, cellular, clinical, behavioural, physiological, and 
environmental parameters, and AI will play an indispensable role in such integrative analysis. AI can be 
employed for integrative analysis of multi-omics data (genomics, proteomics, etc) to understand biological 
processes holistically. Network-based methods and Graph Neural Networks are promising for investigating 
relationships between different omics perspectives. AI methods, including deep learning, are extremely useful 
for traversing the genomic landscape, recognizing patterns, and revealing hidden relationships in genetic data. 
The build-up of huge data infrastructure to enable nearest- neighbour analysis, making 'digital twins' of 
individuals from extensive data, may guide prevention strategies, treatments, and results [20]. 

Broader Impact on Healthcare: 

The convergence of AI and precision medicine aligns with the final aim of prevention and early detection of 
disease, and possibly reducing the burden of disease and cost of avoidable healthcare. AI can augment self- 
care, remotely monitor patients, and offer personalized choices for prevention and early intervention. Virtual 
coaching through voice platforms might assist in controlling health behaviours. AI can potentially enhance the 
productivity of drug discovery and development. Even with this exciting future, problems like data availability 
and quality, algorithmic bias and explainability, integration within clinical workflows, and ethical and 
regulatory issues must be solved. Interdisciplinary cooperation among stakeholders such as AI developers, 
clinicians, and regulators will be required to overcome these issues and optimise the potential of AI-based 
precision medicine [24]. 

Discussion: 

Current research and business publications identify the surging use of AI in precision medicine. The 
international market for AI in precision medicine is estimated to expand from $1.75 billion in 2024 to $37.60 
billion by 2034, driven by strong investment and innovation[9] . Clinical results are better as AI-powered 
solutions improve diagnostic accuracy, optimize treatment regimens, and decrease adverse events[1][6]. 
Challenges remain, transition to cope with these concerns, but careful attention is still needed to monitor 
equitable and secure deployment[1][7]. However, Silos of data, non- standardization, and issues around 
algorithmic transparency impede widespread deployment. Ethical and regulatory paradigms are in transition to 
cope with these concerns, but careful attention is still needed to monitor equitable and secure deployment [1] 
[7]. 

Conclusion: 
 
The future of precision medicine is inextricably linked to the evolution of AI. Together, they promise a new era 
of personalized, efficient, and effective healthcare. By harnessing AI’s analytical power, clinicians can deliver 
tailored treatments, anticipate disease risks, 
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and improve patient outcomes. Overcoming challenges related to data integration, bias, and regulation will be 
crucial. With continued innovation, investment, and collaboration, AI-driven precision medicine will become 
the cornerstone of 21st century healthcare[1] [2][6][8]. 
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