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ARTICLE INFO  ABSTRACT 
 
 

Through data-driven insights, AI is redefining personalized medicine by optimizing diagnoses, therapy, and 
medication discovery. This poll examines how AI, ML, and DL can improve patient outcomes in healthcare. 
AI-driven algorithms examine genomic, clinical, and biological data to predict illness risks, optimize 
pharmaceutical efficacy, and adapt treatment regimens. By offering customized healthcare solutions, 
advanced AI techniques including explainable AI, multi-omics integration, and predictive modeling 
have greatly improved precision medicine. Wearable technology, real-time monitoring systems, and 
medical imaging driven by AI all enhance early diagnosis and illness management. Furthermore, AI 
applications in cardiology, neurology, oncology, and pharmacogenomics show encouraging developments 
in patient-specific interventions and tailored medications. By offering automated diagnostic support and decision-
making tools, AI has the ability to bridge the healthcare accessibility gap, given the doctor-patient ratio of roughly 
1:25,000 in rural areas and 1:1456 in metropolitan areas. . Rural doctors, who often lack access to the latest 
medical best practices, can improve patient care with AI-driven solutions. Despite these benefits, data privacy, 
morality, model interpretability, and the need for regulatory frameworks to ensure the safe and effective use of 
AI in medicine remain. The results of numerous investigations are compiled in this survey to demonstrate how 
AI is revolutionizing healthcare and personalized medicine. The future of healthcare can be redesigned to 
provide more precise, effective, and patient-centric treatment techniques by tackling current issues and 
utilizing AI’s capabilities. 
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INTRODUCTION 
 
Personalised medicine has revolutionised healthcare by providing 
customised patient care. Personalized medicine uses genetic, 
environmental, and lifestyle data to optimize benefits and minimize 
unwanted effects. The quick development of artificial intelligence (AI), 
which makes it possible to process intricate biomedical data and find 
patterns that were previously hard to find with traditional techniques, has 
sped up this paradigm change. Grand View Research estimates that the 
global AI in healthcare market was $22.45 billion in 2023 and will 
expand 37.5% from 2024 to 2030. By enabling early disease 
identification, improving medication prescriptions, and forecasting 
patient-specific reactions to therapy, AI, in particular machine learning 
(ML) and deep learning (DL), plays a critical role in personalized 
medicine. In pharmacogenomics, AI-driven models assist in identifying the 
ways in which genetic variants impact drug metabolism, enabling the 
prescribing of specific medications. AI has been shown to 
considerably improve patient safety by reducing adverse medication 
reactions by up to 30%. Furthermore, research reveal that AI-based 
diagnostic tools can detect some malignancies with an accuracy of 
over 90%. Medical imaging technologies powered by AI assist 
diagnose cancer, cardiovascular, and neurological problems more 
accurately. 

 
 
Beyond diagnosis, AI improves real-time patient monitoring via digital health 
records and wearable technology, facilitating proactive interventions and 
ongoing health evaluations. Over 1 billion people worldwide are expected to 
utilize wearable devices driven by AI by 2030, which will help with early 
disease identification and the management of chronic illnesses.AI-
driven tailored medicine has many obstacles in spite of its enormous 
potential. Since AI systems need massive patient datasets to develop 
efficient models, ethical issues about data security and privacy are still very 
real. Data security is cited by more than 60% of healthcare businesses as a 
key obstacle to the use of AI. Furthermore, the absence of standardized AI 
frameworks in clinical practice and regulatory obstacles prevent 
personalized medicine from being widely adopted.This paper analyzes AI 
applications in personalized medicine, covering recent advances, present 
methods, and future directions. This paper examines the most recent 
research and demonstrates how AI-driven methods are 
revolutionizing healthcare by making patient-centered, precision-driven 
solutions possible. 
 

LITERATURE SURVEY 
 
This literature review discusses how AI is changing patient care, 
pharmaceutical discovery, diagnostics, and therapy optimization in 
personalized medicine. Researchers have used big data, genomic 
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insights, and AI-driven predictive modeling to use a variety of ML 
and DL approaches to customize medical therapies for specific 
patients. The following studies highlight significant developments in 
the field and offer insights into the many uses of AI in personalized 
medicine. In their analysis of AI's function in pharmacogenomics, 
Taherdoost and Ghofrani focused on how machine learning improves 
drug response predictions and maximizes treatment regimens [1]. 
Serrano et al. showed how AI can rapidly recognize drug candidates 
and provide precision-targeted treatments to transform personalized 
medicine [2]. In their investigation of AI's influence on therapy 
customization for better patient outcomes, Udegbe et al. emphasized 
the technology's use in early intervention and disease modeling [3]. 
Bilgin et al. showed how AI supports precision medicine in the field 
of theranostics by combining targeted medicines and diagnostic 
imaging, resulting in more successful treatment plans [4]. Rehan 
looked at AI-powered methods in oncology, focusing on how cloud-
based data integration makes individualized cancer therapy more 
accessible [5]. In his evaluation of AI's role in predictive analytics in 
healthcare, Kolluri outlined the technology's potential for early 
disease identification and risk assessment for individual patients 
[6].In their analysis of AI's role in personalized medicine through 
enhanced medical imaging, Diao et al. demonstrated how deep 
learning models enhance disease monitoring and diagnostic precision 
[7]. Mendhe et al. looked at AI-powered data analytics for healthcare, 
showing how it may be used for real-time monitoring and patient-
specific treatment planning [8]. Nwankwo et al. investigated the use 
of AI in pharmacology, emphasizing how it improves medication 
effectiveness while reducing side effects in precision medicine [9]. 
Rahmah et al. evaluated how AI-powered diagnostics and electronic 
health records affected the quality of patient care, highlighting the 
significance of AI in developing individualized treatment plans [10]. 
By demonstrating how AI-driven virtual patient models might mimic 
treatment outcomes and improve medical decisions, Vallée examined 
the new idea of digital twins in customized medicine [11]. In their 
study of pharmacokinetic predictive modeling, Paliwal et al. 
demonstrated how AI simulations help with patient-specific dose 
optimization [12].  
 
Babu offered perspectives on how AI would influence personalized 
medicine going forward, highlighting developments in medication 
repurposing and therapy personalization [13]. In their investigation of 
AI applications in cancer treatment, Sherani et al. described how deep 
learning improves precision oncology by tailoring treatments 
according to tumor features [14].In his discussion of patient-centric 
AI applications, Moumtzoglou provided examples of how AI-
powered decision-making enhances patient involvement and 
treatment plan adherence[15]. Addressing ethical issues, data privacy, 
and model interpretability, Cinti et al. described the opportunities and 
difficulties in implementing AI for customized medicine [16]. The 
synergy between AI and multi-omics data integration was examined 
by Molla and Bitew, who demonstrated how AI-driven insights allow 
for thorough illness profiling and tailored therapies [17]. AI's function 
in pharmacogenomics, namely in maximizing anti-cancer medication 
regimens based on genetic profiles, was studied by Zhou et al. [18].In 
his systematic assessment of explainable AI in digital health, Allen 
emphasized the significance of this technology for boosting 
transparency and confidence in personalized treatment [19]. Khansari 
examined the use of AI in tailored cancer treatment, demonstrating 
how machine learning models can forecast treatment results and 
enhance patient outcomes [20]. The integration of genetic data with 
AI algorithms was investigated by Paul et al., who showed that it 
might be used to optimize pharmacological therapy for specific 
patients [21].In their evaluation of AI's function in periodontology's 
personalized diagnoses, Pitchika et al. emphasized the technology's 
contribution to customized dental care [22]. High throughput AI 
techniques improve cardiac cellular electrophysiological 
investigations for individualized treatment plans, according to 
Seibertz and Voigt's analysis of AI applications in cardiology [23]. In 
their analysis of machine learning's function in enhancing 
individualized treatment regimens, Kumar et al. highlighted its 
influence on precision healthcare [24]. 

Ng et al. investigated how AI intersects with alternative and 
traditional medicine, offering new possibilities for incorporating AI 
into all-encompassing healthcare strategies [25]. 
 

MATERIALS AND METHODS 
 
Literature Collection and Data Sources 
 
The literature on AI-driven personalized medicine was thoroughly 
reviewed in order to undertake this investigation. Search terms 
including "AI in personalized medicine," "machine learning in 
healthcare," "deep learning for precision medicine," and "AI in 
genomics and drug discovery" were used to find research articles from 
PubMed, IEEE Xplore, Springer, Google Scholar, and Scopus. Articles 
published between 2020 and 2024 were Scopus. Articles published 
between 2020 and 2024 were taken into consideration in order to 
guarantee the inclusion of pertinent and excellent research. Peer-
reviewed journals, conference proceedings, and publications with a high 
impact factor were prioritized. Priority was given to research on AI 
applications in pharmacogenomics, neurology, cardiology, oncology, 
and uncommon illness diagnosis. 
 

 
 

Fig.1. Architecture Diagram 
 

The figure depicts how AI analyzes patient data to better diagnosis, 
treatment, and health monitoring in personalized medicine. Patient data 
collection is the first step in the process, where data is obtained from 
wearable sensors, genomes, and medical records. Data preprocessing 
is the process of cleaning, organizing, and getting ready for analysis of this 
raw data. After the data has been purified, it is processed through AI Data 
Analysis, where valuable insights are extracted using ML and DL 
approaches techniques. The AI then goes through Model Training C 
Testing to make sure it can learn from past data and produce precise 
predictions. Prediction and diagnosis are subsequently made easier by 
the trained model, which also identifies illness risks, permits early 
identification, and recommends individualized treatment plans. 
Clinical Decision Support, where AI predicts drug reactions and makes 
diagnosis suggestions, is integrated into the system to assist medical 
personnel. A customized treatment plan that modifies medicines and 
regularly evaluates the patient's health is developed using these insights. 
The system also incorporates Real-Time Monitoring, where wearable AI 
sensors continuously track health signs to guarantee timely actions. 
Additionally, AI Model Retraining C Improvement enables continuous 
learning by refining AI's recommendations in reaction to new patient data 
and outcomes. 
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Comparative Analysis of AI Techniques in Personalized 
Medicine 
 
To better understand the impact of AI, we compare different 
methodologies used in personalized medicine across various domains: 
 
 
 

 
 
 
 
 
 

 
 
Evaluation Metrics and Performance Analysis 
 
Standard criteria including accuracy, precision, recall, F1-score, and 
AUROC (Area Under the Receiver Operating Curve) were employed to 
evaluate the efficacy of AI models in personalized medicine. While 
precision and recall (sensitivity) assess how well the model detects real 
positive situations and steers clear of false positives, accuracy gauges 
overall correctness. For unbalanced datasets, the F1-score, which strikes a 
compromise between precision and recall, is essential, while the AUROC 
shows how well the model can distinguish between classes. Furthermore, 
latency (processing time) and specificity (accurately recognizing negative 
cases) were taken into account, especially for real-time monitoring 
applications. In healthcare contexts, low-latency AI models are crucial 
for quick decision-making and ongoing patient monitoring. Cross-
validation and testing on external datasets were carried out to guarantee 
dependability and confirm the model's generalizability across a range of 
patient populations. 
 
Major Challenges in AI-Driven Personalized Medicine 

 
Despite significant advancements, several bottlenecks hinder the full 
realization of AI’s potential in personalized medicine: 
 
Availability and Quality of Data: The availability and quality of 
medical data is one of the main issues facing AI-driven personalized 
medicine. The dependability of AI models is greatly diminished by 
the fragmentation and missing values that plague many datasets. 
Predictions that are not accurate can result from incomplete data, 
particularly when important patient information is not accessible. 
Furthermore, access to thorough medical records is restricted by 
stringent privacy laws like HIPAA and GDPR, which makes large-
scale AI training more challenging. These rules limit the sharing of 
various medical datasets, which is necessary for developing reliable 
and broadly applicable AI models, even if they are necessary to 
preserve patient anonymity. 
 
Explainability and Trust: AI needs to be understandable and 
transparent in order to be applied in personalized treatment. Medical 
professionals depend on precise justifications for their judgments, but 
since many AI models operate as "black boxes," it might be 
challenging to have faith in their results. The field of explainable AI 
(XAI) is still developing, and existing models do not exhibit 
reasoning that is comprehensible to humans. Techniques like SHAP 
and LIME aid in addressing this by promoting transparency. 
Furthermore, by combining AI models with rule-based clinical 
knowledge, trust and dependability can be increased and medical 
standards can be met by AI-driven choices. 

 
Ethical and Bias Concerns: Biased medical results that 
disproportionately impact underrepresented populations might result 
from AI models trained on non-representative datasets, which can 
perpetuate current health disparities. Additionally, when AI-driven 
systems provide inaccurate diagnosis or treatment suggestions, ethical 
questions about legal culpability surface. Clinical use of AI is hampered 

by the absence of precise rules about accountability in AI error 
situations. To solve these problems and guarantee justice and 
accountability in AI-driven healthcare, varied and inclusive datasets, 
strict bias- mitigation techniques, and clear regulatory frameworks are 
needed. 

 
 
 
 
 
 
 
 
 
 
Enhancing AI Interpretability for Clinical Decision-Making: AI needs 
to be understandable and interpretable for patients and physicians in order 
to be successfully incorporated into healthcare. In order to improve model 
transparency, feature attribution techniques like SHAP (Shapley Additive 
Explanations) and LIME (Local Interpretable Model-Agnostic 
Explanations) are essential for locating important biomarkers or genetic 
variations that influence AI-driven judgments. Furthermore, as AI- assisted 
tools should supplement physician decision-making rather than 
replace it, human-AI collaboration is crucial. By putting human-in-the-
loop models into practice, professional oversight is made possible, 
increasing clinical confidence in AI suggestions. Additionally, combining 
medical knowledge graphs with rule-based AI improves AI reasoning 
and makes predictions easier to understand. Combining these strategies 
can help AI systems produce more dependable and intelligible insights, 
which will make it easier for real-world healthcare settings to use them. 

 
Bridging the Gap Between AI Research and Clinical Practice: A 
number of developments are necessary for AI to go from research to 
practical uses. Decentralized AI training across hospitals is made 
possible by secure data-sharing platforms, including federated learning, 
which protect patient privacy. Blockchain-based exchanges of medical data 
can improve security even further and make teamwork easier. Wearable 
biosensors that use real-time AI monitoring enable ongoing health 
tracking, dynamic risk assessments, and early illness identification. 
Furthermore, Edge AI improves efficiency and response times by 
reducing dependency on cloud-based infrastructure by running AI 
models locally on devices. Because AI models need to be rigorously 
validated across a variety of populations prior to clinical 
implementation, standardization and regulatory approvals are also 
essential. Standardized clearance procedures will ensure safety and 
dependability while expediting the integration of AI in healthcare. 

 
Future Research Directions: Based on the findings, several key 
research directions can enhance AI’s role in personalized medicine, 
addressing existing limitations and unlocking new possibilities: 
 
Privacy-Preserving AI via Federated and Edge Learning – By 
combining edge computing and federated learning, it will be possible to 
train AI models across several healthcare facilities without disclosing 
private patient information. This will facilitate extensive AI 
developments while assisting in overcoming data-sharing limitations 
imposed by laws such as HIPAA and GDPR. 
 
Multi-Omics Integration for Precision Diagnostics To create a 
comprehensive patient profile, future AI models should include 
genetic, proteomic, metabolomic, and microbiome data. AI can go 
beyond single-modality predictions and offer highly individualized 
illness risk assessments and therapy recommendations by utilizing deep 
learning algorithms on multi-omics datasets. 
 
Next-Generation Explainable AI (XAI) for Clinical Decision-Making- 
Black-box models that are difficult to comprehend are impeding the use 
of AI in healthcare contexts. In order to provide human-

Table 1. Different methodologies used in personalized medicine 
 

AI Technique Application in Personalized Medicine Advantages Limitations 
Supervised Learning (SVM, RF, 
XGBoost) 

Disease classification, risk prediction High interpretability, robust in 
structured data 

Limited in handling unstructured medical 
data 

Deep Learning (CNNs, RNNs, 
Transformers) 

Medical imaging, genomics, clinical text 
analysis 

High accuracy, automated 
feature extraction 

Requires large datasets, lacks explainability 

Reinforcement Learning (RL) AI-assisted drug discovery, dynamic 
treatment plans 

Learns optimal strategies over 
time 

Computationally expensive, slow 
convergence 

Explainable AI (SHAP, LIME, 
Attention Mechanisms) 

Interpretable AI for clinical decision-
making 

Improves transparency and trust 
in AI models 

The trade-off between interpretability and 
model complexity 
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comprehensible explanations for AI-driven decisions, future research 
should concentrate on creating hybrid AI models that combine deep 
learning and symbolic reasoning. Furthermore, before making 
important medical decisions, physicians should use real-time XAI 
visualization tools to confirm AI recommendations. 
 
AI-Driven Personalized Drug Development  Pharmacogenomic - 
AI-assisted medication repurposing and customized drug design are 
key components of precision medicine's future. To anticipate 
personalized drug reactions and optimize treatment plans for diseases 
including cancer, heart disease, and neurological disorders, AI models 
should be trained on patient-specific genetic profiles. Drug development 
pipelines can be greatly accelerated by combining generative AI 
models (such transformer-based architectures) with molecular 
simulations. 
 
Human-AI Collaboration s Clinical Adoption Frameworks – AI should 
support medical practitioners rather than replace them. Future studies 
must investigate "physician-in-the-loop" AI models, in which medical 
professionals work with AI systems to improve treatment planning and 
diagnostic precision. Standardized frameworks for AI validation should 
also be developed in order to expedite regulatory approvals and the 
practical implementation of AI-powered customized medicine. 
 

DISCUSSION 
 
The Paradigm Shift: AI’s Role in Personalized Medicine: A 
significant change from generalist treatment approaches to data-
driven precision healthcare is represented by the incorporation of AI 
into customized medicine. While AI- driven approaches use high-
dimensional patient data to reveal hidden patterns that lead to early 
disease detection, personalized risk assessment, and optimal therapy 
strategies, traditional clinical decision-making depends on 
experience-based heuristics. Nevertheless, despite these 
developments, regulatory obstacles, physician mistrust, and the 
requirement for thorough validation across a range of patient 
demographics continue to restrict the use of AI in actual clinical 
practice. This study shows that although deep learning models 
perform better, there are questions regarding their therapeutic 
usefulness due to their inability to be explained. Although supervised 
learning techniques are still easier to interpret, they are limited when 
working with unstructured data, including genomics and medical 
imaging. 
 
Beyond Accuracy: The Need for AI Personalization in Medicine: 
The majority of AI models nowadays concentrate on improving 
accuracy metrics, however this is not enough for clinical 
implementation on its own. The focus of the conversation needs to 
change to how well AI accommodates the variability of each patient. 
AI models that dynamically adapt to changing patient health records 
rather than being trained on static datasets are essential to 
personalized medicine.Create an AI system that "learns" from 
healthcare outcomes by incorporating real-world patient feedback to 
improve predictions.Transcend population-level forecasts to really 
customized treatment regimens that incorporate environmental, 
genetic, and lifestyle factors. 
 
Redefining AI Validation: From Bench to Bedside: Cross-validation 
and external dataset testing are the mainstays of current AI validation 
techniques, which, although useful in research, do not accurately 
reflect the complexity of real-world clinical settings. The "translation 
gap" is a significant problem; models that work well in controlled 
research settings frequently fall short in clinical settings because of 
heterogeneous data distributions. This is because AI trained on certain 
datasets may not generalize well across other demographics, which 
can result in algorithmic drift. Another issue is changing medical 
knowledge; whereas AI models are trained on historical data, medical 
knowledge is always changing. AI suggestions may become out of 
date if they are not updated frequently. Additionally, unexpected 
clinical situations pose challenges because AI frequently has trouble 

with uncommon instances or unusual illness presentations, which 
lowers its dependability in high-stress situations. 
 
The Role of AI in Enhancing Physician Intelligence: One important 
lesson to be learned from this study is that AI should be used to 
enhance clinical intelligence rather than to replace doctors. By 
recommending likely diagnoses based on multi-modal data, artificial 
intelligence (AI) supports complex differential diagnoses and assists 
doctors in prioritizing testing, in contrast to traditional clinical 
decision-support systems that offer static rule-based 
recommendations. Furthermore, AI improves precision pharmacology 
by predicting drug responses, averting side effects, and boosting 
treatment effectiveness. Additionally, it enables wearable sensors 
driven by AI to monitor health continuously, allowing for early 
intervention for chronic diseases and dynamic risk assessment. 
 

CONCLUSION 
 
Precision diagnosis and patient-specific treatments are made possible 
by AI-driven customized medicine, which is revolutionizing the 
healthcare industry. This work emphasizes the importance of 
interpretable and reliable models while highlighting the influence of 
AI on pharmacogenomics, disease prediction, and treatment 
optimization. Despite AI's great accuracy, issues including data 
fragmentation, ethical dilemmas, and a lack of transparency need to 
be resolved before it can be used in therapeutic settings.Enhancing 
data quality, incorporating explainable AI (XAI), and creating legal 
frameworks for AI validation should be the main objectives of future 
initiative 
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