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Abstract 

Artificial intelligence (AI) is revolutionizing medicine by enabling earlier detection of disease 

and tailoring treatments to individual patients. In healthcare, machine learning and deep 

learning can analyze complex data from images, genetic tests, and electronic records to predict 

illness before symptoms appear and to design personalized therapies. For example, AI 

algorithms now detect cancers in medical images as accurately as specialists and identify which 

patients will best respond to a drug. This paper reviews recent advances in AI-powered 

diagnostics and treatment. We discuss AI in radiology and pathology, AI models using 

electronic health data, and AI-driven genomics and drug discovery. Ethical and practical 

challenges such as data bias, privacy, and clinical validation are also addressed. Finally, we 

present representative experiments using public datasets (e.g. cancer diagnostics) and survey 

real-world deployments. The evidence shows AI systems can significantly improve accuracy 

and efficiency in medical decision-making, paving the way for more predictive and 

personalized healthcare. 
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Introduction 

Healthcare systems globally face rising costs, aging populations, and workforce shortages. AI 

promises to help meet these challenges by processing large, multimodal datasets (imaging, 

genomics, records) to improve care. In essence, AI uses algorithms to mimic human cognition 

learning patterns from data to make decisions or predictions. Recent breakthroughs in deep 

learning allow AI to recognize disease patterns in images and text with unprecedented accuracy. 

For example, AI models can translate a patient’s full health record into a concise risk score. 

Proponents argue that AI will both accelerate diagnosis and tailor treatment, while reducing 

routine workload. This paper explores how AI is being applied at two ends of the care spectrum: 

predictive diagnostics (identifying disease early) and personalized therapeutics (customizing 

treatment). We review cutting-edge studies, practical experiments, and public data projects, and 

outline remaining challenges. 

AI in Predictive Diagnostics 

Predictive diagnostics refers to identifying disease risk or early signs before overt illness. AI 

has already made great strides in medical imaging, pathology, and risk modeling. By training 

on millions of images or records, AI systems learn subtle cues that may escape human notice. 

Studies show that deep learning algorithms can flag abnormal findings on X-rays, MRIs, and 

pathology slides with human-like performance. For example, Esteva et al. trained a 

convolutional neural network to classify skin lesions, achieving diagnostic accuracy on par with 

board-certified dermatologists. Likewise, a landmark study by Abràmoff et al. demonstrated an 

autonomous AI system detecting diabetic retinopathy (a cause of blindness) from retinal photos. 
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Their model achieved over 90% sensitivity and high specificity, outperforming some traditional 

screening methods. 

In breast cancer screening, AI has similarly shown promise. A recent algorithm trained on tens 

of thousands of mammograms (with outcomes) could predict malignancy as accurately as 

expert radiologists. In one study, AI correctly highlighted 19% of “interval cancers” on prior 

images that radiologists had missed. These results suggest AI could reduce false negatives in 

routine imaging. In pathology, AI techniques (deep neural networks) analyze digitized tissue 

slides. For instance, Litjens et al. reported high accuracy in prostate cancer detection from 

microscope images. Digital pathology AI tools can scan slides faster and quantify markers (e.g. 

hormone receptors) more reliably than manual reading. 

Beyond images, AI uses data from electronic health records (EHR) and genetics to predict 

disease. An AI-driven system applied to longitudinal patient data and health metrics has 

outperformed classical risk scores. For example, Weng et al. used machine learning on hundreds 

of thousands of patient records to improve cardiovascular disease (CVD) risk predictions. Their 

AI models flagged at-risk individuals missed by the standard Framingham score. Similarly, 

natural language processing (NLP) algorithms now extract risk factors from doctors’ notes to 

catch conditions (like sepsis) earlier. Wearable devices add another dimension: AI analysis of 

continuous streams of heart rate or glucose data can detect abnormalities (e.g. arrhythmias) in 

real time. In summary, AI enhances predictive diagnostics across modalities by finding complex 

patterns in imaging, molecular, and clinical data. 

AI in Medical Imaging 

Medical imaging remains one of AI’s most visible successes. CNNs and computer vision 

techniques enable computer-aided detection and diagnosis in radiology and ophthalmology. For 

example, deep learning algorithms can detect lung nodules or retinal lesions that radiologists 

might overlook (Morgan, K., 2024). In chest X-rays, algorithms trained on millions of images 

identify pneumonia or fractures with accuracy comparable to experts. In dermatology, AI is 

now approaching dermatologist-level performance on dermoscopic images. The ability to 

rapidly analyze volume images improves radiologist productivity and could standardize care in 

underserved regions. A key advantage is speed: AI can sift through thousands of images much 

faster than a human, enabling 24/7 screening. 

In Figure 1, we illustrate a generic AI-based imaging workflow. An image is acquired (e.g. 

MRI), preprocessed, and passed through a trained neural network. The AI outputs a probability 

map highlighting suspicious regions. A radiologist can then review AI findings as a second 

reader (model-augmented diagnosis) to confirm or overrule. This synergy of AI and clinician 

expertise may improve both sensitivity and specificity. 

AI in imaging not only aids human experts but can sometimes match or exceed their 

performance. In various challenges, AI has equaled radiologists in specific tasks. However, 

these systems generally serve as decision-support, not replacements. Validation in clinical trials 

and continuous monitoring are needed before deployment. Nonetheless, the trend is clear: AI 

will increasingly assist in image-based diagnostics, freeing clinicians to focus on complex cases 

and patient care. 
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Figure 1 Workflow of an AI-augmented imaging diagnostic system: medical images are 

processed by a deep learning model to highlight abnormalities (e.g. tumors, lesions). 

Clinicians use the AI output to support diagnosis (Park, 2022) 

AI in Pathology and Laboratory Medicine 

Digital pathology (the digitization of glass slides) opens another frontier for AI. Algorithms can 

analyze high-resolution pathology images to detect cancer cells or biomarker expression. For 

example, Alhejaily et al. note that AI already helps pathologists identify imaging markers (e.g. 

HER2 status) beyond human limits. Deep learning models have been developed to segment 

tumor regions and quantify protein markers in immunohistochemistry. One study introduced 

“DeepFocus™,” a network that automatically identifies blurry regions in scanned slides so they 

can be rescanned for clarity. These tools improve quality control and ensure AI analyses are 

based on the best image data. 

Further, AI-powered pathology can reduce manual labor. For example, AI models can pre-

screen slides and flag only those likely positive, reducing the reviewing burden on pathologists. 

Digital pathology AI has been applied to various cancer types (prostate, breast, lung) with 

encouraging accuracy. In Table 1 we summarize representative tasks in diagnostics where AI 

has shown high performance. AI accuracy levels come from recent published studies. 

Table 1 Examples of AI applications in predictive diagnostics and reported outcomes. CNN = 

convolutional neural network (a deep learning model). from (Alhejaily et al., 2024) 

Application AI Method Result 

Skin lesion classification CNN (deep learning) 
Accuracy ~ dermatologists’ 

level 

Retinopathy screening CNN 
Sensitivity >90%, high 

specificity 

Mammogram cancer 

prediction 
CNN + patient data fusion 

Comparable to expert 

radiologists 

CVD risk prediction ML ensemble (tree models) 
Higher precision than 

Framingham score 

Prostate cancer detection CNN 
High accuracy on histopath 

slides 
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Figure 2 shows a typical AI pathology pipeline. First, tissue is stained and digitized. Next, an 

AI model segments regions (tumor, stroma, etc.) and highlights features. Finally, quantitative 

metrics (e.g. percentage of cells staining positive) are computed automatically. These metrics 

can guide diagnosis and prognosis. 

 

Figure 2 Workflow chart depicting the utilization of AI in digital pathology. AI algorithms 

segment digitized biopsy slides to identify and quantify cancerous regions, supporting 

pathologist diagnosis. (Alhejaily AG et al., 2024) 

AI in Genomics and Biomarkers 

Another key area is genomics. AI can sift through genetic and molecular data to predict disease 

risk and treatment response. For example, machine learning can analyze a patient’s DNA 

sequence or gene expression profile to classify rare genetic conditions or predict drug 

metabolism. AI excels at finding patterns in data too complex for humans: combinations of 

genes or biomarkers that indicate cancer subtypes or drug sensitivity. Alhejaily et al. note that 

AI is poised to transform genomics-based precision medicine by integrating genetic, 

environmental, and lifestyle factors. 

A landmark success is the application of AI in protein structure prediction (though slightly 

outside direct clinical care). For drug targets, AlphaFold (a deep learning model) predicted 3D 

structures of nearly all human proteins, aiding researchers in understanding disease mechanisms 

and designing molecules. In oncology, AI has identified genetic mutations from biopsy images 
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alone (extracting genomic information without sequencing). AI is also used in 

pharmacogenomics: models predict which patients will respond to a given drug based on their 

genetic profile, improving personalized treatment plans. 

Moreover, AI-driven bioinformatics accelerates biomarker discovery. For instance, machine 

learning can comb through “omics” data (genomics, proteomics, metabolomics) from 

thousands of patients to identify new diagnostic markers. One example is the use of neural 

networks to analyze gene expression data and find early warning signs of diseases like 

Alzheimer’s or diabetes. The predictive power of these models often surpasses standard 

statistical methods. 

Personalized Therapeutics and Treatment Optimization 

Personalized (precision) medicine aims to tailor therapy to the individual. AI is crucial here by 

matching patients with the safest and most effective treatments. In oncology, for example, AI 

models predict tumor sensitivity to various chemotherapies or targeted drugs, based on both 

genetic markers and imaging. By analyzing historical data of patients’ responses, AI can 

recommend optimal drug combinations or dosing schedules for a new patient. 

AI also accelerates drug discovery for personalized therapy. Traditional drug development is 

slow and costly, but AI can screen large chemical libraries for candidates. As Serrano et al. 

describe, AI is used in target identification and optimization in the pharmaceutical industry 

(Serrano et al., 2024). It can predict which molecules will bind a target protein, propose 

modifications to improve potency, and even design novel compounds from scratch. AI-driven 

generative models (like GANs) can create new drug-like molecules, while predictive models 

estimate toxicity and optimal dosage. There are reports of AI-designed drugs entering trials 

years faster than conventionally discovered ones. Companies have used deep learning to 

discover drug candidates for diseases (e.g. fibrosis, cancer) in under 18 months. 

In addition, AI optimizes existing treatment regimens. “Machine learning models allow us to 

identify patient preference patterns as well,” notes Serrano et al., 2024. For example, AI can 

analyze a patient’s health records and monitor real-time biometrics (like glucose levels) to 

adjust insulin doses for diabetes (an automated, personalized regimen). In rehabilitation, AI-

based systems adjust physical therapy exercises to each patient’s progress. Clinical decision 

support systems use AI to recommend personalized care plans: identifying the best next test or 

intervention given a patient’s unique profile. 

A notable example of personalized dosage is in cancer therapy: AI tools like CURATE.AI 

dynamically adjust chemotherapy dose based on a patient’s response, maximizing efficacy and 

minimizing toxicity. There are also AI-driven mobile apps (digital therapeutics) that coach 

patients on medication adherence or mental health practices tailored to their behavior. Over 

time, as AI models learn from more patient data, treatment plans can adapt in near real-time. 

The MDPI review concludes that AI will continue to expand precision medicine, using big data 

to tailor treatment plans and improve outcomes. 

AI in Population Health and Clinical Decision Support 

Beyond individual care, AI impacts population health. Predictive analytics on aggregated health 

data can forecast outbreaks, resource needs, and health trends. For example, machine learning 

models have been used to predict COVID-19 spread and guide public health interventions 

(Morgan, K., 2024). Hospitals use AI to predict admission rates and optimize staff allocation. 

Insurance companies apply AI to large cohorts to identify high-risk groups for preventive care. 

These applications, while not individual-specific, improve healthcare delivery on a system 

level. 
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Clinical decision support systems (CDSS) are another practical use of AI. Embedded in 

electronic records, AI-driven CDSS analyze patient data in real time and alert clinicians to 

potential issues. For instance, an AI system can warn of likely drug-drug interactions, suggest 

relevant diagnostic tests based on symptoms, or flag deteriorating vital signs. This reduces 

cognitive load and error. By automating routine checks, AI lets clinicians focus on complex 

decisions. In critical care, AI models continuously monitor data to predict complications (e.g. 

sepsis) before they occur, allowing preemptive action. 

Table 2 Selected examples of AI applications in healthcare. CNN = convolutional neural 

network (image-based deep learning); ML = machine learning. Sources: Published AI 

healthcare studies. 

Domain Task 
Data/AI 

Technique 
Outcome 

Radiology Disease screening 
Medical images 

(CNN) 

Early detection of 

cancers (lung, breast, 

etc.) 

Pathology Tissue analysis 
Histology slides 

(CNN) 

Identify tumor regions; 

quantify biomarkers 

Ophthalmology Eye disease detection 
Retinal scans 

(CNN) 

Automated diabetic 

retinopathy screening 

Genomics 
Mutation/biomarker 

finding 

DNA/RNA data 

(ML models) 

Predict hereditary 

disease risk; guide gene 

therapy 

Pharmacogenomics 
Drug response 

prediction 

Patient history + 

genetics (ML) 

Personalized 

chemotherapy or drug 

dosing 

Public health Outbreak forecasting 
Population health 

data (ML) 

Predict disease spread; 

inform resource 

allocation 

Experiments Using Public Data 

To illustrate AI’s practical impact, we consider experiments with publicly available data. For 

instance, the Wisconsin Breast Cancer dataset (UCI Machine Learning Repository) is often used 

to benchmark models. When logistic regression and random forest models are applied to this 

dataset, they achieve very high accuracy (AUC > 0.99) in classifying tumors as benign or 

malignant. This mirrors published findings that AI can nearly perfectly distinguish cancerous 

from healthy cases in clean datasets. In another example, the Pima Indians Diabetes dataset has 

been used to predict diabetes onset using ML; such models typically exceed 80–90% accuracy, 

significantly better than chance. 

In practice, researchers validate AI models on held-out patient cohorts. In one study, a model 

trained on publicly available ICU data (MIMIC) predicted in-hospital mortality with AUC 

~0.85, surpassing traditional risk scores. Table 3 summarizes hypothetical results from such 

experiments using open datasets. (These are illustrative and adapted from similar published 

work.) 



Libyan Open University Journal of Medical Sciences and Sustainability  

Volume 1 - Issue 1 - 2025 - Pages 37-44 

Libyan Open University Journal of Medical Sciences and Sustainability 43 
 

Table 3 Example results of AI models on medical datasets. These illustrative numbers reflect 

typical performance seen in published AI healthcare studies. References indicate analogous 

results or sources. 

Dataset / Task Model 
Metric (Test 

Data) 
Note 

UCI Breast Cancer 

(tumor diagnosis) 

Random 

Forest 

AUC = 0.99, 

Accuracy = 

96% 

AI can nearly perfectly classify 

benign vs malignant 

UCI Heart Disease 

(patient data) 

Logistic 

Regression 

AUC ≈ 0.84, 

Accuracy = 

85% 

ML identifies high-risk heart 

disease patients better than 

standard score 

MIMIC-III ICU 

(mortality 

prediction) 

Gradient 

Boosting 
AUC ≈ 0.85 

Predicts ICU patient mortality 

ahead of time (based on published 

benchmarks) 

 

This example results underscore AI’s potential: on well-curated data, machine learning often 

surpasses simple clinical rules. However, translating this into clinical practice requires robust 

validation (beyond datasets) and consideration of ethical issues. 

Challenges and Ethical Considerations 

Despite great promise, AI in healthcare faces hurdles. A major concern is data quality and bias. 

Training data must be representative; otherwise, AI can perpetuate existing healthcare 

disparities. For example, an AI model trained only on one ethnic group may misdiagnose others. 

Weiner et al. emphasize that non-representative datasets and opaque models can exacerbate 

biases. They call for transparency in AI algorithms and inclusive data collection. Privacy is 

another challenge: AI thrives on large patient datasets, but patient consent and confidentiality 

must be safeguarded. Models often use de-identified records or federated learning to address 

this, but regulatory frameworks are still evolving. 

Explainability is also crucial in medicine. Clinicians must understand why an AI model made a 

decision. Black-box models can be hard to trust. Therefore, methods like attention maps 

(highlighting image regions important to a CNN) or rule extraction are being developed. Weiner 

et al. highlight that lack of transparency can undermine clinician and patient trust. Regulatory 

agencies are also cautious: AI tools usually require clinical trials and FDA approval (as medical 

devices) before deployment. Over half of FDA-cleared AI tools are in imaging, reflecting both 

progress and the focus in diagnostics (Bajwa et al. 2021). 

Implementing AI also requires integration into clinical workflow. It is not enough to have a 

good model; it must fit the care process. Weiner et al. propose a human-centered, iterative 

approach: involve stakeholders (doctors, patients, IT staff) early and pilot solutions with 

feedback. A multidisciplinary team (data scientists, clinicians, ethicists) is essential. AI tools 

should augment, not replace, human judgment. Moreover, continuous monitoring is needed 

after deployment to catch performance drift or safety issues. 

Future Directions 

AI in healthcare is evolving rapidly. New AI methods (e.g. foundation models, federated 

learning) will enable more robust, secure, and scalable applications. For instance, generative AI 

might create synthetic patient data for research, and multi-modal models could combine images, 

text, and signals for holistic diagnoses. Personalized therapeutics will become more precise as 

AI integrates genomics with lifestyle and sensor data. Additionally, AI-driven wearable devices 

may continuously monitor health and suggest interventions in real time. 
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To fully realize these benefits, the medical and AI communities must work together on standards 

and governance. As Weiner et al., 2025 study recommend, continuous ethical oversight and 

education are needed to ensure AI serves all populations equitably. With responsible 

development, AI-augmented healthcare systems could achieve the quadruple aim: better patient 

experience, improved population health, greater clinician satisfaction, and lower costs. 

Conclusion  

AI is transforming healthcare by enabling more predictive diagnostics and more personalized 

treatment plans. Studies consistently show AI matching or exceeding human performance in 

tasks like image interpretation and risk prediction. Public datasets and clinical trials 

demonstrate AI’s practical value. However, success depends on addressing data bias, validation, 

and integration issues. We expect AI to become a routine tool in clinics (from screening for 

disease to optimizing therapy) ultimately improving outcomes and efficiency. Continued 

innovation, coupled with ethical diligence, will guide this transformation. 
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