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INTRODUCTION 
Artificial Intelligence (AI) is playing an increasingly 

pivotal role in the transformation of clinical trials, 

offering groundbreaking solutions to improve efficiency, 

accuracy, and patient outcomes. Clinical trials, which are 

essential for the development of new treatments and 

therapies, are often time-consuming, expensive, and 

logistically challenging. Traditional methods face 

significant obstacles, such as recruiting eligible 

participants, managing and analyzing large amounts of 

data, and ensuring the accuracy of trial outcomes.
[1-2]

 

One key area where AI is having an impact is in patient 

recruitment. By analyzing large datasets from electronic 

health records (EHRs) and social media, AI can identify 

eligible participants more quickly and accurately, 

reducing delays caused by manual screening. 

Furthermore, AI algorithms can predict patient dropout 

risks by analyzing behavioral and medical data, ensuring 

more consistent participant retention. AI also improves 

trial design and optimization by using machine learning 

models to simulate various trial scenarios. These models 

help in identifying the most effective trial protocols and 

endpoints, increasing the likelihood of success. In 

addition, AI can analyze vast amounts of real-time data 

during trials, identifying patterns and trends that may not 

be apparent to human researchers. This enables adaptive 

trial designs where protocols can be modified in real-

time based on emerging data, thereby increasing trial 

efficiency.
[3]

 Moreover, AI-powered natural language 

processing (NLP) assists in mining relevant medical 

literature, reports, and clinical notes, helping researchers 

stay updated with the latest findings and reduce 

redundancy in trial design. AI also plays a crucial role in 

drug safety by detecting potential adverse effects earlier, 

using predictive analytics and pattern recognition.
[4]

 In 

summary, AI is transforming clinical trials by enhancing 

patient selection, optimizing trial design, enabling real-

time data analysis, and improving safety monitoring. 

These advancements are reducing the time and cost 

associated with clinical trials while increasing their 

success rates, ultimately accelerating the availability of 

new and effective treatments.
[5]

 A clinical trial’s potential 

participants may be uncovered by using AI to comb 

through mountains of medical information. Researchers 

at New York’s Mount Sinai Medical Centre, for instance, 

analysed electronic health records (EHRs) and genetic 

data using topological data analysis (TDA) to classify 

people with type 2 diabetes into three categories.
[7]

 In 

recent years, AI has demonstrated its potential to 

enhance the efficiency, accuracy, and overall quality of 

clinical trials. By automating routine tasks, improving 

patient recruitment strategies, and optimizing data 
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analysis, AI addresses key challenges that have long 

hindered the trial process. Furthermore, AI-driven tools 

and models can predict patient responses, identify safety 

concerns earlier, and facilitate real-time monitoring of 

trial outcomes.
[6]

 This review article will explore the 

significant roles AI plays in clinical trials, focusing on 

how it streamlines operations, and improves patient 

outcomes. Additionally, the article will highlight the 

impact of AI in various stages of clinical trials, including 

patient enrollment, data collection, monitoring, and 

clinical data management, while also addressing the 

ethical considerations and limitations that accompany the 

adoption of this technology. 

 

Role of ai in design of trail 

Predicting patient outcomes in clinical trials (CTs) is 

pivotal for advancing precision medicine and enhancing 

trial design by reducing statistical variability. AI 

algorithms can simulate data to improve statistical 

outcome measures and predict participant outcomes, 

potentially shortening trial durations by identifying 

individuals who may progress faster.
[8]

 By analyzing 

Electronic Medical Records, AI can also forecast the 

likelihood of participants dropping out. Rather than 

excluding these participants, particularly in 

cardiovascular trials, targeted interventions such as 

additional education have been implemented to extend 

their involvement. AI-driven tools can help reduce 

sample sizes and, consequently, the number of 

participants needed.
[9-10]

 One study highlighted the use of 

machine learning (ML) models to reduce cancer 

mortality by 15-25% across multiple CTs. These models, 

which incorporate environmental and genetic factors, are 

built from large biological databases correlating 

predictive biomarkers with survival outcomes, as 

demonstrated in Non–Small Cell Lung Cancer trials.
[11]

 

By tailoring drug selection and adapting investigational 

drugs to specific cancer profiles, AI can enhance survival 

rates and transform trial design. AI also supports 

predicting the probability of trial success. ML algorithms 

can detect diseases early and improve trial outcomes, 

including predicting molecular characteristics, drug 

sensitivity, and toxicity during early research phases. 

This helps mitigate later-stage trial failures, increasing 

the likelihood of PhII/PhIII trial success and regulatory 

approval.
[12]

 By understanding success factors in each 

phase—such as clinical endpoints and protocol 

complexity—ML models can inform better trial designs. 

In oncology, AI is being applied to in-silico trials, using 

clinical data to simulate cohorts and predict treatment 

effectiveness, though the lack of high-quality datasets 

remains a challenge. AI is also reshaping trial design. It 

improves cohort composition, adherence, and endpoint 

selection through faster, more accurate hypothesis 

generation and disease evolution understanding.
[13]

 

Virtual control arms using synthetic data could replace 

placebo groups, reducing ethical concerns and trial costs, 

though significant investments in datasets and validation 

are required. Nonetheless, collaborative efforts to 

standardize data collection and organization are essential 

for maximizing AI's potential. Ethical considerations 

surrounding data misuse remain a critical challenge.
[14] 

 

Role of ai in subject recruitment 

Recruiting participants for clinical trials (CTs) is a 

significant challenge, often leading to delays and 

increased costs. The difficulty arises from several 

factors, such as intricate trial protocols, limited 

awareness, fear of participation, and general lack of 

interest. Additionally, increasingly complex inclusion 

and exclusion criteria make it harder to find eligible 

patients who meet the necessary standards, minimizing 

risks of confounders or misclassifications.
[15]

 However, 

AI tools are proving beneficial across various therapeutic 

areas by analyzing demographic, laboratory, imaging, 

and -omics data to match participants with the stringent 

criteria required for recruitment. AI could also enhance 

patient selection through automated trial 

recommendations, reaching a wider audience via public 

CT platforms. Moreover, by utilizing extensive datasets, 

especially in the metabolic field, AI contributes to fairer 

trial access, as shown in an HIV study.
[16]

 This shows 

AI’s potential in improving awareness and matching 

participants in clinical trials. The effective use of AI 

tools in recruitment largely depends on the 

implementation of standardized language for eligibility 

criteria to ensure system interoperability.
[17]

 These tools 

must accurately interpret and process the input data for 

their intended function. Combining structured data with 

natural language processing insights from patient reports 

can enhance eligibility screening. Recent advancements, 

like a clinicaltrials.gov database that extracted eligibility 

criteria from over 350,000 trials, show promising 

results.
[18-19]

 Additionally, AI could streamline 

investigator ranking based on past performance, 

accelerating site initiation and improving recruitment 

efficiency.
[20]

 

 

Role of ai in conduct of trail 

Digital health technologies (DHTs) are increasingly 

integrated into clinical trials through automated data 

collection tools and the development of AI-powered 

digital biomarkers. These innovations enable near real-

time monitoring of participants' conditions via wearable 

devices and sensors, providing investigational sites with 

immediate insights.
[21]

 This capability enhances 

participant safety, particularly for those with serious or 

debilitating conditions, by offering faster access to 

actionable data. In psychiatric and neurological trials, 

DHTs have also been used to address the ongoing 

challenge of ensuring investigational medicinal product 

(IMP) adherence. Traditional methods, such as tracking 

when participants open their IMP packages, have shown 

limitations in accuracy. AI can offer a more reliable 

alternative, such as video capture devices with AI 

algorithms to confirm medication intake.
[22-23]

 This 

approach is considered one of the few effective ways to 

verify drug adherence remotely, as in-person monitoring 

by clinical staff is often impractical. AI also shows 

promise in the analysis and workflow management of 
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medical images, where it can automate the annotation of 

key markers and reduce the time experts spend on image 

classification. However, building a robust, standardized 

image repository for algorithm training remains a 

significant challenge.
[24]

 

 

Role of ai in analysis of data 

Identifying treatment effect heterogeneity is a significant 

challenge for clinical trial (CT) statisticians, as true 

homogeneous treatment effects are rare. AI tools, trained 

on cardiovascular datasets, have been employed to 

analyze CT data and uncover subgroups with varying 

treatment responses, as well as to identify crucial risk 

factors and rapid responders in specific populations. 

These advancements offer the potential for more 

thorough analysis and valuable insights for drug 

development. However, achieving regulatory approval 

remains a hurdle, necessitating full validation of these 

AI-derived results.
[25-26]

 During the COVID-19 

pandemic, many CTs were disrupted due to resource 

reallocations, travel restrictions, and participant health 

concerns, leading to missing data and delayed study 

visits. Machine learning (ML) can be utilized to impute 

missing data and assess participant conditions when 

visits fall outside protocol-defined windows. 

Additionally, AI tools have the potential to automate the 

extraction of data into statistical analysis software, 

minimizing manual effort and reducing the risk of human 

error. Nonetheless, the development and validation of 

these algorithms remain key challenges.
[27]

 

 

Role of ai in clinical trial management 

Artificial intelligence (AI) has become an integral tool in 

medical practice, particularly in clinical trials, where it 

plays a key role in streamlining patient recruitment, 

cohort composition, and ongoing trial monitoring. By 

leveraging predictive analytics, AI simplifies the 

complex process of identifying suitable candidates for 

trials, automating the screening and assessment of 

participants based on predefined criteria. This technology 

also provides trial recommendations, ensuring the 

selection of appropriate participants. One of AI's major 

contributions is the automation of data collection and 

management, from initial candidate screening to the final 

recording of trial outcomes. This has resulted in 

significant reductions in both time and cost, while 

improving data accuracy. AI gathers data from various 

sources such as electronic health records, medical 

devices, and wearable technologies, ensuring 

standardized formats and minimizing inconsistencies. 

Furthermore, AI systems can detect missing values, 

incorrect data entries, and flag discrepancies for review, 

enhancing data quality.
[28-29]

 Machine learning (ML), a 

subset of AI, has proven particularly valuable in 

optimizing trial design and predicting outcomes. By 

utilizing accurate data, researchers can better anticipate 

trial results and identify high-risk patients for targeted 

interventions, which improves overall patient outcomes. 

AI-driven tools also streamline patient recruitment by 

accelerating the screening process for large cohorts and 

improving retention through efficient early-stage data 

management. Additionally, AI enhances data quality 

throughout the trial, automating not only data collection 

but also its cleaning and analysis. This reduces the risk of 

human error and boosts the reliability of trial results. AI's 

real-time monitoring capabilities allow for the prompt 

detection of issues, enabling investigators to take timely 

corrective action, which further strengthens the trial 

process.
[30]

 Moreover, AI-powered platforms help 

optimize trial design, reducing the likelihood of trial 

failure and improving success rates. By automating data 

analysis, AI cuts down on manual labor and costs while 

increasing the precision of trial outcomes. AI also 

facilitates real-time data collection during trials, 

providing investigators with actionable insights for 

refining and optimizing trial designs. Machine learning, 

in particular, excels at integrating digital health 

technologies like wearables, speech recognition, and 

computer vision, enabling remote monitoring of patients 

and capturing real-time biometric data.
[31]

 This allows 

researchers to track the long-term effects of treatments in 

real-world settings, reducing the need for traditional 

study visits. Wearable devices contribute patient-

generated data, introducing novel digital biomarkers that 

enhance the efficiency and patient-centered focus of 

clinical trials. However, these new biomarkers require 

FDA approval before widespread use, and their 

integration with established clinical endpoints demands 

further exploration. Transparent communication about 

the risks and benefits of data collection is also critical to 

addressing privacy and ethical concerns, as these could 

impact participant recruitment and retention if not 

properly managed.
[32]

 

 

Role of ai in improve patient safety in clinical trials 

AI is also making strides in improving patient safety 

during trials. AI significantly enhances patient safety in 

clinical trials by streamlining data analysis, monitoring, 

and risk assessment. AI algorithms can analyze vast 

datasets to identify potential safety issues and adverse 

effects in real-time, allowing for timely intervention. 

Machine learning models predict patient responses and 

optimize trial designs, minimizing exposure to 

ineffective or harmful treatments. Additionally, AI 

facilitates patient recruitment by matching individuals 

with appropriate trials based on their health profiles, 

ensuring better monitoring and adherence. Overall, AI's 

ability to process complex data and automate routine 

tasks improves patient safety and enhances the overall 

efficiency of clinical trials. By leveraging predictive 

analytics, AI can detect early warning signs of adverse 

events or side effects in patients. This allows researchers 

to intervene promptly, ensuring that patients receive 

appropriate care and reducing the risk of trial-related 

complications. AI’s predictive capabilities extend to drug 

safety as well, where it can predict potential toxicities or 

interactions before a drug is widely used, enhancing the 

overall safety profile of new therapies.
[33-34]

 A review of 

various studies reveals a significant lack of standardized 

benchmarks for assessing AI models in healthcare. 
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Despite differences in AI performance, most studies have 

demonstrated a positive impact on patient safety 

outcomes, suggesting that these outcomes do not 

necessarily align with AI performance metrics. For 

instance, one study reported a relatively low accuracy of 

0.63 for the Patient Assisting Net-Based Diabetes Insulin 

Titration (PANDIT) system, which led to unsafe 

recommendations in 1.4% of cases where AI-generated 

suggestions diverged from nurse recommendations, 

resulting in negative safety outcomes.
[35]

 In contrast, 

another study using natural language processing to 

analyze patient safety reports showed a positive impact 

on safety outcomes, even with an accuracy of 0.53. 

Similarly, computer-aided diagnostic tools approved by 

the FDA in the 1990s increased diagnostic recall rates 

but did not enhance safety or patient outcomes. A key 

finding from this review is that AI algorithms are rarely 

evaluated against established clinical standards, which 

can be misleading when determining their true impact on 

patient care. For example, the QRISK cardiovascular 

disease risk algorithm was revised in 2008 (QRISK2) 

and demonstrated improved performance compared to its 

predecessor. However, QRISK2 was not validated 

against a clinical gold standard, and years later, in 2016, 

the Medicines & Healthcare Products Regulatory 

Agency identified errors in the algorithm that affected 

risk estimation in a third of general practitioner surgeries 

in England. While several global Standards Development 

Organizations are actively working on standardizing AI 

in sectors like cloud computing and cybersecurity, 

healthcare has seen little progress toward such efforts. 

The field of healthcare is highly specialized, with 

different departments having unique clinical standards. 

Thus, healthcare requires ―vertical standards‖ tailored to 

specific areas, such as drug safety, surgery, or emergency 

care. When standards are not sufficiently tailored, patient 

safety may be compromised.
[36-39]

 

 

Advantages and Limitaion of ai in clinical trials
[40] 

Advantages Limitations 

AI can transform key steps of clinical trial design, from 

study preparation to execution, leading to improved trial 

success rates 

Requires significant investment in technology and 

infrastructure 

Improve patient recruitment and protocol design, leading 

to higher chances of trial success 

Requires specialized expertise in both clinical 

research and machine learning 

Monitor patients and analyse data, leading to more 

accurate measurement and interpretation of results 

Raises ethical concerns around data privacy and 

informed consent 

Predict clinical outcomes, which is essential for precision 

medicine and can help eliminate statistical variability of 

general populations 

Lack of empirical data validating the effectiveness of 

AI-based medications in planned clinical trials is the 

main obstacle to successful deployment 

Allows healthcare professionals to better understand the 

patterns and needs of their patients through in-depth data 

analysis 

In clinical trials, it must be verified how accurately 

the established AI algorithms solution works as 

compared to the clinical standards like sensitivity and 

specificity of diagnostic tests 

 

CONCLUSION 

Artificial intelligence (AI) is revolutionizing clinical 

trials by significantly enhancing efficiency, accuracy, 

and patient outcomes. Through the automation of data 

analysis, predictive modeling, and patient recruitment, 

AI accelerates trial processes while human errors. Its 

ability to analyze vast datasets in real-time leads to more 

precise results and personalized treatment plans. 

Moreover, AI-driven algorithms improve patient 

monitoring and adherence, leading to better safety 

profiles and faster drug development. Ultimately, AI 

optimizes trial design and execution, fostering innovative 

healthcare solutions and improving the overall success 

rates of clinical trials in modern medicine. 
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