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Abstract  

Artificial Intelligence (AI) and Machine Learning (ML) have emerged as transformative  technologies 

driving innovation across medicine and healthcare. These intelligent systems  enable early disease 

detection, personalized treatment, and enhanced clinical decision making. Precision medicine and patient-

centered care leverage artificial intelligence (AI) and  machine learning (ML) to deliver tailored treatments 

and improved health outcomes. Precision  medicine has emerged as a cornerstone, providing personalized 

treatments based on genetic,  environmental, and lifestyle factors to maximize efficacy and minimize side 

effects. Tele health  has greatly expanded access to care, leveraging smartphones, wearable devices, and 

medical  apps to facilitate remote consultations, follow-ups, and preventive education—particularly  

beneficial for patients in remote or mobility-challenged settings. Mental health technology is  advancing 

through AI-powered therapy apps and virtual reality interventions, increasing  accessibility and 

personalization in psychological care. Wearable health technologies have  evolved from basic fitness 

trackers to sophisticated devices monitoring vital health metrics  such as blood pressure and blood glucose, 

thereby empowering individuals to actively manage  their health. Artificial intelligence (AI) and machine 

learning (ML) are revolutionizing  diagnostics by rapidly analyzing extensive medical data to identify 

early disease signs and  predict patient outcomes, enabling timely, personalized treatments. This summary 

synthesizes  key medical and healthcare trends based on recent expert insights and industry analyses from  

2025. The current state of AI in clinical practice, including its potential applications in disease  diagnosis, 

treatment recommendations, and patient engagement. It also discusses the associated  challenges, covering 

ethical and legal considerations and the need for human expertise. By  doing so, it enhances understanding 

of AI’s significance in healthcare and supports healthcare  organizations in effectively adopting AI 

technologies.  

Key words  Artificial Intelligence (AI), Machine Learning (ML), Precision medicine, Tele health, 

personalized treatment, Wearable health technologies, ethical and legal considerations  
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Introduction  

In recent years, the integration of Artificial Intelligence and Machine Learning into medicine  and 

healthcare has revolutionized the way health systems operate. From predictive analytics  in chronic disease 

management to intelligent imaging diagnostics, these technologies provide  tools that complement and 

enhance human expertise. Over the past ten years, the widespread  implementation of artificial intelligence 

(AI) has been observed across all major sectors,  

including healthcare and medicine.Medicine and healthcare in 2025 are undergoing  transformative 

changes driven by technological innovations in Artificial Intelligence and  Machine learning. By 

integrating genomic, clinical, and lifestyle data, AI systems support  clinicians in making well-informed, 

personalized care decisions. By analysing vast and  complex medical data, AI models can identify subtle 

patterns that often elude human  observation, improving diagnosis accuracy and patient outcomes. 

Machine learning  algorithms also streamline administrative processes, optimize hospital operations, and 

reduce  healthcare costs. Despite challenges related to data privacy, model interpretability, and ethical  

considerations, continued advancements in AI and ML hold immense potential for shaping a  more 

efficient, predictive, and patient-centered healthcare system. Key approaches include  using AI for medical 

image analysis (radiology, pathology), predictive modelling for disease  risk and patient flow, NLP for 

analysing patient data, and ML algorithms for identifying  patterns in large datasets to assist with clinical 

decision-making. The future of the healthcare  ecosystem will likely be a better-connected, data-driven 

network where AI and machine  learning play an integral part in patient care, drug development, and 

healthcare management.  

1. Evolution History of Artificial intelligence and Machine learning in Medicine and  Health care  

The evolution of AI and ML in medicine has progressed from early rule-based expert  systems in the mid-

20th century to modern, data-driven deep learning (DL) models that are  transforming diagnostics, 

treatment, and administrative processes.  

1.1 Timeline of Evolution  

⮚ 1950s-1970s: Early Explorations and Rule-Based Systems  

⮚ 1980s-1990s: AI Winters and the Rise of Machine Learning  

⮚ 2000s-2010s: The Data Explosion and Deep Learning  

⮚ 2020s-Present: Integration into Clinical Practice and Advanced Applications 1.2 Conception Era  

The first conception of AI is in 1956 at Summer Dartmouth Conference on AI. This conference  drew the 

world’s leading data scientists, engineers, and mathematicians. They travelled to  Dartmouth University 

to share ideas and collaborate with one another—all in the hope of laying  the framework for practical 

applications of AI. Many of these experts stated that AI was indeed  possible and, with keen foresight, 

claimed that AI would one day rival and surpass human  intelligence.  

1.3 Early era of AI  

AI with demonstrable medical applications began taking off in the 1970s. INTERNIST-1, the  world’s 

first artificial medical consultant, was created in 1971. The system utilized a search  algorithm to arrive at 

clinical diagnoses based on patients’ symptoms. INTERNIST-1  represented a major shift in AI in clinical 

research because it had clear potential to take some  of the onus of clinical diagnosis from healthcare 

providers and provided a mechanism for  physicians to cross-check their differential diagnoses. By this 

point, it was so clear that AI had  promising applications in medicine that the National Institutes of Health 

sponsored the very  first AI in Medicine conference at Rutgers University.  

1.4 Explosion era with AI  

The explosion of medical AI came, in part, from interdisciplinary meetings in which  researchers in 

different aspects of AI shared both ideas and systems. One such system birthed  from network integration 

was MYCIN. MYCIN was a system that used a set of input criteria  to aid physicians in prescribing the 

correct antibiotics for patients diagnosed with infectious  diseases.   
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1.5 Potential Diagnosis era  

The next major advancement took place in the 1980s at the University of Massachusetts.  DXplain was a 

program that was designed to support clinicians in arriving at a medical  diagnosis. Clinicians could input 

symptoms and the system would return a potential diagnosis.  The system was like INTERNIST-1 but 

expanded on the total number of clinical diagnoses  that the system could derive and provided an early 

information bank for physicians to look for  up to date medical information.  

1.6 Modern Era of AI  

The modern era of AI began in the early 2000s and saw some of the most expansive leaps for  AI both in 

its applications to healthcare and also to human daily living. IBM created a question  answering system in 

2007 called Watson, which was able to outcompete top contestants and  champions on the television show 

Jeopardy. This system used DeepQA, which used language  processing to analyse data from different 

contexts and extract information from a wide array  of sources to arrive at an answer. This created 

opportunity for applications in the healthcare  field, as inputs no longer needed to be symptoms and outputs 

could be more complex than  purely clinical diagnosis. For example, in 2017, the Watson system was able 

to determine RNA  binding proteins that were associated with amyotrophic lateral sclerosis. New systems 

were  made to support patient care in various capacities. Pharmbot, for example, was developed in  2015 

to provide education regarding medication and treatment processes for patients and their  families.  

2. Cognitive characteristics of AI in In Medicine and Health care  

An AI system exhibits four main characteristics that allow us to perceive it as cognitive:  understanding, 

reasoning, learning, and empowering.  

An AI system understands by reading, processing, and interpreting the available structured and  

unstructured data at enormous scale and volume. An AI system reasons by understanding  entities and 

relationships, drawing connections, proposing hypotheses, deriving inferences, and  evaluating evidence 

that allows it to recognize and interpret the language of health and  medicine. An AI system learns from 

human experts and real‐world cases by collecting  feedback, learning from outcomes at all levels and 

granularities of the system, and continuing  to improve over time and experience. An AI system empowers 

and interacts clinicians and  users by providing a more integrated experience in a variety of settings, 

combining dialog,  visualization, collaboration, and delivering previously invisible data and knowledge 

into  actionable insights. In contrast, humans excel at common sense, empathy, morals, and  creativity. 

3. Role and Focussing sources of AI and ML in medicine and Health care Artificial Intelligence (AI) 

and Machine Learning (ML) are deeply integrated across the  medical and healthcare spectrum, 

accelerating processes from early drug discovery to  precision diagnosis and operational efficiency. 

Integration of Artificial Intelligence (AI) and  Machine Learning (ML) in the Medical and healthcare 

sectors, detailing both technological  applications and associated regulatory and ethical challenges.   

One set of sources focuses on the practical use of ML in drug discovery and development,  highlighting 

its role in accelerating pipelines, from target validation to biomarker identification,  while acknowledging 

challenges with interpretability and data quality. Another core theme is  the application of AI/ML in 

diagnostics and clinical workflows, specifically in radiology for  tasks like breast cancer and lesion 

detection, as well as in streamlining nursing documentation  using tools like natural language processing. 

The sources from the FDA and academic research  address the crucial regulatory and philosophical aspects 

of AI adoption, emphasizing the need  for robust performance validation, addressing inherent biases in 

training data, ensuring the  explainability of AI (XAI) systems to clinicians, and clarifying accountability 

for AI-enabled  medical devices.  
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3.1 Benefits and Impact on Patient Outcome  

❖ Higher Diagnostic Accuracy: AI-driven tools can outperform human specialists in  identifying rare 

genetic or complex disease cases.  

❖ Personalized Treatment Plans: ML models combine genomic and lifestyle data to match  patients 

with optimal therapies, improving effectiveness and reducing adverse effects. ❖ Better Patient 

Engagement: Continuous monitoring and personalized digital health  interventions increase adherence 

and patient satisfaction.  

❖ Optimized Resource Allocation: Predictive analytics help healthcare systems allocate  resources 

more effectively, targeting interventions where they are needed most.  

AI and ML technologies are enhancing patient outcomes by  

⮚ Improving diagnostic accuracy, which reduces misdiagnosis and improves survival rates for  diseases like 

cancer and cardiovascular disorders.  

⮚ Supporting predictive analytics for early intervention in chronic diseases, thereby mitigating  

complications and lowering healthcare costs.  

⮚ Enabling proactive, data-driven preventive care strategies.  

4. Applications and Innovations in Medicine  

4.1 Drug discovery and Pharmacogenomics development  

ML methods are utilized throughout all stages, including target validation, identification of  prognostic 

biomarkers, and improving small-molecule compound design and optimization.  Deep learning (DL) 

methods, such as multi-task neural networks, significantly boost  predictive power in ligand-based 

virtual screening and molecular de novo design through  techniques like reinforcement learning and 

generative adversarial networks (GANs). 

4.2 Diagnostics and image analysis  

AI/ML models analyse vast amounts of medical imaging data, such as X-rays, MRIs, and CT  scans, 

identifying subtle patterns and abnormalities more accurately and faster than humans.  Specific 

applications in radiology include breast cancer detection via mammograms,  classification of tumors based 

on imaging and epigenetic fingerprints, detection of neurological  abnormalities like Alzheimer’s disease, 

and automated lesion detection for prostate cancer.  These systems augment, but do not replace, human 

expertise.  

4.3 Personalized medicine  

(also called precision medicine) is experiencing a paradigm shift due to AI. ML algorithms  analyse 

individual patient data, including genomic sequence, lifestyle factors, and previous  conditions, to predict 

which treatments will be most effective and safe, minimizing adverse  reactions. This approach is 

continuously optimized using new data, making treatment plans  dynamic and adaptable, which is 

especially useful for chronic disease management.  

4.4 Healthcare operations; AI streamlines workflows, enhances efficiency, and reduces  human error. 

For instance, AI-enabled natural language processing (NLP) and decision support  systems automate 

tedious nursing documentation tasks, which typically consume 19% to 35%  of a nurse's work hours. ML 

also optimizes resource allocation, administrative tasks (like  billing and scheduling), and patient flow 

management in hospitals.  

4.5 Genomic Analysis: AI processes and interprets genetic sequences to pinpoint disease  risk factors 

and guide targeted therapies.Deep learning models uncover patterns in genomic  data, supporting risk 

stratification and the prediction of disease onset.Tools like PolyPred  and DeepSEA facilitate the 
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discovery of causal genetic variants for actionable insights in  treatment design.  

4.6 Clinical Decision Support: Machine learning algorithms integrate multi-modal data— including 

electronic health records, imaging, and biosensors—so that physicians can select  optimal interventions 

for each patient.AI-powered platforms support diagnostic accuracy,  medication selection, and treatment 

forecasting.  

4.7 Real-Time Patient Monitoring: AI-enabled wearable devices continuously collect and  analyze 

biosignals, supporting proactive disease management and rapid response to patient  health changes.  

5. Data analysis with AI and ML in Health care  

Augmenting human capabilities with those provided by AI leads to actionable insights in areas  such as 

oncology, imaging and primary care. For example, a breast cancer predicting algorithm,  trained on 38,444 

mammogram images from 9,611 women, was the first to combine imaging  and EHR data with associated 

health records. This algorithm was able to predict biopsy  malignancy and differentiate between normal 

and abnormal screening results. The algorithm  can be applied to assess breast cancer at a level comparable 

to radiologists, as well has having  the potential to substantially reduce missed diagnoses of breast cancer. 

This combined  machine‐learning and deep‐learning model trained on a dataset of linked mammograms 

and  health records may assist radiologists in the detection of breast cancer as a second reader.  

6. Precision medicine  

The field of precision medicine is similarly experiencing rapid growth. Precision medicine is  perhaps best 

described as a health care movement involving what the National Research  Council initially called the 

development of “a New Taxonomy of human disease based on  molecular biology,” or a revolution in 

health care triggered by knowledge gained from  sequencing the human genome. The field has since 

evolved to recognize how the intersection  of multi‐omic data combined with medical history, 

social/behavioural determinants, and  environmental knowledge precisely characterizes health states, 

disease states, and therapeutic  options for affected individuals. Precision medicine offers healthcare 

providers the ability to  discover and present information that either validates or alters the trajectory of a 

medical  decision from one that is based on the evidence for the average patient, to one that is based  upon 

individual’s unique characteristics. It facilitate a clinician’s delivery of care personalized  for each patient. 

Precision medicine discovery empowers possibilities that would otherwise  have been unrealized.  

7. Key areas of Precision medicine and AI/ ML implementations  

Improvements in computational power, advances in algorithms, and the availability of large  datasets 

have all contributed to this growth.   

AI is anticipated to contribute significantly to the realization of precision medicine, particularly  in three 

key areas:   

1. Preventing diseases,   

2. Tailoring diagnostic approaches   

3. Customizing treatment strategies.  

A current account from the NAM (National Academy of Medicine) discussing the existing and  

forthcoming of artificial intelligence (AI) in healthcare emphasized “unprecedented  opportunities” for 

enhancing specialist care and addressing human limitations like fatigue and  inattention, as well as 

mitigating machine errors. During the last ten years, artificial intelligence  has experienced substantial 

progress and acceptance across various fields, particularly amongst  healthcare experts.   

AI offers abundant possibilities for developing intelligent products, establishing innovative  services, and 

creating new business models. However, the implementation of AI also brings  about social and ethical 

challenges related to security, privacy, and human rights concerns. The name “artificial intelligence” was 

initially introduced at the Dartmouth Summer Workshop in  1956, where it was largely described as 
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“thinking machines.” AI is a comprehensive term that  includes (and is occasionally used interchangeably 

with) machine learning and deep learning.  Generally speaking, machine learning is considered a subset 

of artificial intelligence, while DP  is a specialized area within machine learning that concentrates on 

complex artificial neural  networks. 

8. Integration of AI/ML in Precision Medicine  

8.1 Multi-modal Data Integration and Biomarker Discovery  

Combining genomics, transcriptomics, proteomics, imaging, and electronic health record  (EHR) data 

produces richer models for prognosis and treatment selection. Recent platforms  demonstrate that 

integrated AI pipelines can identify pathway-level alterations and actionable  targets, improving precision 

in diseases such as colorectal cancer by linking multi-omics  signatures with therapeutic response. 

Methodologically, successful integration requires  harmonization (batch effect correction), common 

feature representations, and model  architectures that can respect data modality-specific noise and sparsity.  

8.2 Clinical Decision Support and Case Matching  

AI systems that perform case matching—aligning patients to similar cases, treatments, or  trials—extend 

precision medicine into the clinical workflow. Services that use large real-world  datasets and LLM-

enhanced comparators can provide context-aware recommendations that  consider genetics, disease stage, 

prior therapies, and drug interactions; early results suggest  improved treatment relevance and trial access 

in oncology. These systems are most useful when  used as augmentative tools that bring additional 

evidence into clinician deliberations rather  than as black-box replacements.  

8.3 Drug Discovery, Repurposing, and Dose Optimization  

ML expedites in silicone screening, target prioritization, and pharmacokinetic/pharmaco dynamic 

modelling, reducing time to candidate selection. Predictive models can estimate  patient-specific 

response probabilities and toxicity risk, informing dose adjustments and  combination strategies. 

However, prospective validation in randomized or pragmatic settings  is essential before broad adoption.  

8.4 Real-Time Monitoring and Preventive Interventions  

Wearables and continuous sensors supply streams of physiological and behavioural data that  AI models 

can convert into early-warning signals and personalized interventions. Patient centered applications that 

combine sensor-derived PGD with longitudinal patient reports have  shown feasibility for supporting 

self-management and enhancing clinician–patient  communication between visits  

9. Theoretical Background  

9.1 Precision Medicine as an Organizing Principle  

Precision medicine reframes clinical questions around the patient’s molecular and phenotypic  profile 

rather than population averages. Biomarker-driven trial designs and targeted therapies  illustrate the 

paradigm’s potential to increase therapeutic effectiveness and accelerate drug  

development; clinical trial ecosystems have already evolved to prioritize biomarker eligibility  and 

adaptive designs. Yet, not all patients harbour actionable targets, and complex tumour  heterogeneity or 

comorbid conditions limit universal applicability.  
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9.2 Patient-Centered Care and Participatory Design  

Patient-centered care foregrounds agency, communication, and outcomes that matter to  patients (e.g., 

quality of life). Integrating AI requires design approaches that preserve shared  decision-making and 

transparency. Tools that capture patient-generated data (PGD) and  patient-reported outcomes can 

strengthen the patient–clinician partnership and enable self  

management between visits, thereby operationalizing patient-centeredness within precision  workflows.  

9.3 AI and ML: Capabilities and Limits  

AI/ML encompass supervised, unsupervised, and reinforcement learning methods, as well as  recent large 

language models (LLMs) and multi-modal architectures. In oncology and other  specialties, ML shows 

high performance in imaging, molecular classification, outcome  prediction, and trial matching. 

Nevertheless, model generalizability, interpretability, and  demonstrated clinical impact (beyond 

diagnostic accuracy) remain core concerns emphasized  by policy and clinical stakeholders..  

10. AI and Machine Learning in Patient-Centered Care  

10.1 Personalized Decision Aids and Explainability  

AI-driven decision aids can present individualized outcome probabilities, side-effect profiles,  and trial 

options in patient-friendly formats. For such aids to support shared decision-making,  model outputs must 

be interpretable, and uncertainty should be communicated clearly.  Explainable AI (XAI) techniques—

feature attribution, surrogate models, and counterfactual  explanations—help, but user testing is required 

to ensure explanations lead to appropriate  patient trust and understanding.  

10.2 Patient-Generated Data, Empowerment, and Self-Management  

Platforms that collect PGD—symptoms, activity, QoL metrics—and combine them with  clinical data 

enable patients to see their trajectories and to participate meaningfully in care  planning. In oncology, 

longitudinal apps that integrate sensors and interoperable data standards  (e.g., FHIR) have increased 

acceptance and may support personalized QoL-informed care  adjustments.  

10.3 Accessibility, Communication, and Equity  

NLP-based translation and conversational agents can reduce communication barriers and scale  routine 

triage, but they must be validated for linguistic and cultural variability. Ensuring  

representativeness in training data and monitoring for performance disparities is critical to  avoid 

exacerbating health inequities.  

10.4 Ethical, Privacy, and Trust Considerations  

Patient autonomy, data privacy, informed consent for secondary uses, and accountability for  algorithmic 

decisions are central ethical concerns. High-level guidelines and national  assessments stress the need for 

governance structures that include clinicians, patients,  technologists, and ethicists to oversee model 

lifecycle, data stewardship, and impact evaluation.  

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                          © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882 

IJCRTBJ02021 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 135 
 

11.AI Progression and Directions  

These innovations, including genomics, biotechnology, wearable sensors, and artificial  intelligence 

(AI), are steering progress in three key directions. They are   

1. Transforming patients into the focal point of care;   

2. Generating vast quantities of data that necessitate the advanced analytical   Techniques  

3. Establishing the groundwork for precision medicine.   

Nations are now showcasing their technological prowess through the computational might of  

supercomputers. In fields such as cardiology, dermatology, and oncology, deep learning  algorithms have 

demonstrated diagnostic capabilities on par with, or surpassing, those of  human physicians.   

11.1 Development Phases of AI in Medicine and Health care applications AI development is broadly 

categorized into three phases  

1. Artificial narrow intelligence (ANI),   

2/ Artificial general intelligence  

3. Artificial super intelligence. Several companies have already illustrated how  supercomputers, deep 

learning, and ANI can bolster precision medicine efforts. Utilizing high performance computing (HPC) 

and artificial intelligence (AI) enables more precise risk  assessment by analysing complex clinical and 

biological datasets. This AI-driven approach to  precision medicine allows healthcare providers to 

customize early interventions for each  patient’s unique needs.  

12. Advances in Precision Medicine  

Advances in precision medicine manifest into tangible benefits, such as early detection of  disease and 

designing personalized treatments are becoming more commonplace in health care.  The power of 

precision medicine to personalize care is enabled by several data collection and  analytics technologies. In 

particular, the convergence of high‐throughput genotyping and  global adoption of EHRs gives scientists 

an unprecedented opportunity to derive new  phenotypes from real‐world clinical and biomarker data. 

These phenotypes, combined with  

knowledge from the EHR, may validate the need for additional treatments or may improve  diagnoses of 

disease variants.  

13. Genotype- Guided treatment in Precision Medicine  

Perhaps the most well‐studied impact of precision medicine on health care today is genotype‐ guided 

treatment. Clinicians have used genotype information as a guideline to help determine  the correct dose of 

warfarin. The Clinical Pharma co genetics Implementation Consortium  published genotype‐based drug 

guidelines to help clinicians optimize drug therapies with  genetic test results. Genomic profiling of 

tumours can inform targeted therapy plans for patients  with breast or lung cancer. Precision medicine,  

integrated into healthcare, has the potential to  yield more precise diagnoses, predict disease risk before 

symptoms occur, and design  customized treatment plans that maximize safety and efficiency. The trend 

toward enabling the  use of precision medicine by establishing data repositories is not restricted to the 

United States;  examples from Bio banks in many countries, such as the UK Bio bank. Bio Bank Japan 

and  Australian Genomics Health Alliance demonstrate the power of changing attitudes toward  precision 

medicine on a global scale.  
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14. System-Level Implications  

14.1 Clinical Trials and Research Translation  

Precision-oriented trial designs (biomarker-stratified, umbrella, and basket trials) enable faster  matching 

of therapies to biological mechanisms, but require AI-ready infrastructures for patient  identification and 

eligibility matching. AI-based registries and trial-matching services have  demonstrated feasibility to 

increase clinical trial enrolment and shorten time-to-matching by  automating eligibility screening .  

14.2 Workforce, Training, and Workflow Integration  

Clinicians need data literacy and training in the interpretation of AI outputs and limits.  Interdisciplinary 

teams—combining clinicians, data scientists, informaticians, and patient  representatives—are necessary 

to co-design tools that fit clinical workflows and preserve  therapeutic relationships.  

14.3 Health System Efficiency and Resource Allocation  

AI can improve scheduling, triage, bed management, and population-level risk stratification,  potentially 

reducing costs and readmissions. However, economic evaluations that measure  downstream effects (cost 

per quality-adjusted life year, equity-adjusted outcomes) are needed  to assess true value.  

14.4 Regulation, Validation, and Governance  

Adaptive regulatory models should require evidence of clinical benefit, validation across  representative 

populations, post-deployment monitoring, and transparent performance  

reporting. Algorithmic audits and patient-inclusive oversight committees can promote safer  and more 

acceptable deployments.  

15. Practical Recommendations  

1. Build interoperable data platforms that adopt standards (e.g., FHIR) and support  multi-omics merging.  

2. Use participatory design: involve patients early to ensure that PGD capture, UI, and  explanations meet 

user needs.  

3. Require multi-site prospective validation—including randomized and pragmatic designs— for systems 

making therapeutic or triage recommendations.  

4. Implement continuous monitoring and audit trails for model drift, performance disparities,  and safety 

events.  

5. Promote workforce training programs that combine clinical reasoning with basic ML  literacy and ethical 

principles.  

16. Case Examples (Oncology)  

∙ AI-enabled trial matching registries using EHR-extracted features have increased trial  enrollment throughput 

by automating eligibility screening and supporting virtual tumour  boards, illustrating operational gains 

for precision oncology.  

∙ Multi-omics integration platforms that employ LLM-driven pipelines enable rapid  hypothesis generation 

and stratification of patients into biologically coherent groups linked  to therapeutic options, as shown in 

colorectal cancer applications.  

∙ Real-world case-matching assistants that integrate large clinical datasets with oncology specific LLM 

pretraining provide context-aware treatment suggestions and can influence  clinician decision-making 

where standard evidence is sparse.  
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17. Challenges with Precision Medicine with AI and ML  

17.1 Ethical, Legal, and Regulatory Challenges  

Despite its benefits, the integration of AI/ML presents significant challenges. A primary  concern is 

algorithmic bias, which arises when models are trained on limited, non-diverse, or  skewed data sets (often 

predominantly sourced from Western populations), leading to  differential performance and potentially 

perpetuating existing healthcare disparities across  subgroups (e.g., race, age, sex).  

Despite their promise, AI adoption in healthcare raises significant ethical issues: 17.1.1 Bias and 

Fairness  

Algorithms trained on biased, non-representative datasets can exacerbate inequalities,  leading to 

misdiagnosis and unequal resource allocation. Ensuring justice and fairness  requires careful algorithm 

design and diverse data collection.  

17.1.2 Transparency  

Opaque decision-making by black-box models can erode trust and accountability among  clinicians and 

patients. There is a growing need for interpretable and transparent AI systems  in clinical practice.  

17.1.3 Access and Equity  

Marginalized populations may have limited access to advanced AI systems, highlighting the  role of 

public policy in ensuring equitable distribution of AI tools and resources. 17.2 Lack of transparency 

and interpretability  

Many advanced ML techniques, often referred to as the "black-box" problem, is a major barrier  to clinical 

adoption and regulatory approval. This opacity makes it difficult for doctors and  patients to understand 

the rationale behind a decision or prediction. Future efforts focus on  Explainable AI (XAI) to provide 

context- and user-dependent insights into the model's  reasoning process. Legal and ethical frameworks 

are struggling to keep pace with technological  advances.   

17.3 Patient privacy and data security,  

The use of sensitive personal health data necessitates robust privacy protection and explicit  patient 

consent. Regulatory frameworks must safeguard confidentiality while enabling  innovation AI systems 

necessitate the large-scale collection and use of sensitive personal  information, increasing the risk of data 

breaches and misuse. Additionally, defining  accountability and liability when erroneous AI-driven 

decisions result in patient harm remains  a complex legal question globally.  

17.4 Total Product Life Cycle (TPLC) approach  

For AI-enabled devices. This approach requires manufacturers to submit detailed  documentation 

regarding risk assessment, data management, model description, development,  and rigorous validation 

studies on independent datasets. The objective is to ensure transparency  and evaluate whether the device 

remains safe and effective for its intended use throughout its  deployment.  

Although there is much promise for AI and precision medicine, more work still needs to be  done to test, 

validate, and change treatment practices. Researchers face challenges of adopting  unified data formats 

(e.g., Fast Healthcare Interoperability Resources), obtaining sufficient and  high quality labeled data for 

training algorithms, and addressing regulatory, privacy, and  sociocultural requirements.  

18. Future Directions and Research Needs  

18.1 Future Directions  

⮚ Federated Learning: Secure, decentralized AI platforms will enable collaborative  development without 

compromising patient privacy.  

⮚ Multi-modal Data Fusion : Combining data across different biomedical domains will deliver  deeper 

insights for truly personalized healthcare.  

⮚ Explainable AI: Advances in interpretable models are needed to increase clinician trust and  regulatory 

compliance. 

⮚ Digital Twins: AI-powered simulations of individual patients will allow personalized risk  prediction and 

virtual treatment testing.  

⮚ Remote Care Expansion: AI’s role in hospital-at-home and telemedicine will be vital for  reaching 

underserved populations with personalized solutions.  
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18.2 Research needs  

⮚ Develop more generalizable and interpretable AI models for diverse populations. ⮚ Establish clear 

guidelines for ethical algorithm development and deployment in clinical  settings.  

⮚ Encourage multidisciplinary collaboration among data scientists, clinicians, ethicists, and  policymakers 

to create responsible, patient-centered AI solutions for healthcare.  

Conclusion  

Artificial Intelligence (AI) and Machine Learning (ML) have emerged as transformative  technologies 

driving innovation across medicine and healthcare Health care is shifting from  “one-size-fits-all” 

interventions to approaches that account for individual biology,  environment, and values. Precision 

medicine leverages genomic, molecular, and phenotypic  data to tailor treatments, while patient-centered 

care emphasizes respect for patients’  preferences, participation in decision-making, and attention to 

quality of life. Continued  advancements in AI and ML hold immense potential for shaping a more 

efficient, predictive,  and patient-centered healthcare system.  

AI-powered systems learn from medical records, imaging data, and genomic information to  offer insights 

that support clinicians in making evidence-based decisions. The convergence of  data science, computing 

power, and medical knowledge has accelerated the shift toward  precision medicine, where individualized 

care is tailored to each patient’s unique biology and  lifestyle. As healthcare continues to evolve, AI and 

ML innovations are not only improving  clinical accuracy and operational efficiency but also paving the 

way for more proactive,  preventive, and equitable care delivery.  
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