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Currently, clinical trials face challenges such as complex 
protocols, extended timelines, substantial costs and increasing 
regulatory requirements. As these trials become increasingly 
complex, costly and subject to stricter regulations, sponsors 
are exploring innovative methods to enhance trial planning, 
execution and oversight. Historically, the management of 
clinical trials has relied heavily on labour-intensive procedures, 
including the use of spreadsheets, reports and periodic status 
meetings, as well as fragmented technological systems. With 
the rising complexity of clinical trials, the workload on clinical 
project teams correspondingly increases. Furthermore, the 
clinical research ecosystem is under increasing pressure to 
conduct trials more efficiently and cost-effectively. 

The transition towards digital transformation presents an 
opportunity to reconsider methodologies for conducting trials 
through the integration of Artificial Intelligence (AI)-driven, 
automated and data-centric systems. Conventional manual 
procedures are increasingly insufficient in maintaining efficiency and 
cost-effectiveness. Artificial Intelligence (AI) is progressing beyond 
just being a tool for data analysis and forecasting, emerging as an 
active participant within the clinical project team. AI is no longer 
a distant concept; it is becoming a virtual team member capable of 
enhancing or even autonomously executing a broad spectrum of roles 
traditionally carried out by members of the clinical operations team. 
By employing machine learning, natural language processing (NLP) 
and real-time analytics, AI enhances essential functions such as 
patient recruitment, site selection, data monitoring, risk assessment 
and protocol adherence. It facilitates expedited decision-making, 
predictive risk management and increased operational efficiency. 
As the complexity and scale of clinical trials expand, AI offers an 
intelligent, scalable solution to streamline workflows, improve data 
quality and accelerate timelines, redefining the future landscape of 
the drug development process.

This article explores a framework for leveraging artificial 
intelligence to augment or fulfill critical roles in clinical trial 
management and to transform operations into a streamlined, 
intelligent and proactive process. It describes how artificial intelligence 
can function as a ‘virtual team member,’ either augmenting or 
autonomously executing essential functions traditionally assigned 
to human professionals, such as Feasibility Associates, Clinical 
Research Associates (CRA), Medical Monitors/Safety Monitors, 
Data Managers and Project Managers. Through this transformation, 
artificial intelligence enhances operational efficiency, reduces 
costs and improves data quality and compliance. Additionally, it is 
recommended that human oversight be maintained over these AI-
performed functions to ensure overall effectiveness and integrity in 
clinical trial management. For the conduct of efficient and effective 
clinical trials, automation should not be the sole approach; instead,  
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a collaborative model employing both human expertise and machine 
capabilities is vital – working side by side as a digitally enabled, 
virtual project team.

Clinical Trial Feasibility: AI as a Feasibility Associate 
Feasibility is a crucial first step in clinical trial planning, as it assesses 
the suitability of sites, countries and patient populations to ensure 
effective patient recruitment and smooth operations. Traditionally, 
feasibility assessments are manual, lengthy and rely on limited 
historical data and subjective judgment. AI is revolutionising this 
process by offering data-driven, predictive insights that improve 
speed, accuracy and scalability. Let’s explore some key functions of a 
Feasibility Associate that AI can fully perform or enhance. 

Protocol Feasibility Assessment: AI can draft, distribute and analyse 
site feasibility questionnaires utilising natural language processing 
(NLP). Based on the responses obtained and the weighted importance 
of each question, AI can effectively assist in analysing the responses 
to identify the most suitable sites for the study. It can detect 
inconsistencies or red flags within site responses. Additionally, it will 
diminish the need for manual review and subjective decision-making.

Country and Site Selection: These procedures can leverage 
various data sources, including historical clinical trial databases 
(such as ClinicalTrials.gov), Electronic Health Records (EHRs), site 
performance databases, publication data, disease prevalence data 
and investigator networks, to optimise the selection process. AI 
capabilities can be effectively employed to rank potential sites based 
on assigned weights to feasibility parameters, which are aligned 
with the specific relevance to the clinical study. These parameters 
include prior enrolment performance for similar indications, the 
investigators’ experience in managing patients within that indication, 
protocol complexity, as well as the durations of ethics committee 
and regulatory reviews. Additionally, consideration can be given to 
sites and countries located in geographic regions with high disease 
prevalence relevant to the clinical study indication.

Patient Population Analysis: AI capabilities are utilised promptly 
and effectively to evaluate the feasibility of obtaining the required, 
protocol-specific patient cohort. AI is employed to analyse 
protocol-specific inclusion and exclusion criteria against de-
identified Electronic Health Record (EHR) datasets to identify 
potential feasibility gaps that may limit the necessary patient 
population. This analysis will facilitate recommendations for 
protocol modifications, if necessary, to ensure better alignment 
with real-world populations.

 
Enrolment Forecasting: By utilising patient population analysis 
and predictive models derived from historical trial data, AI can aid 
in estimating enrolment timelines. Additionally, it can effectively 
simulate various recruitment scenarios, such as adding more sites or 
countries, or modifying eligibility criteria.
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Overall, compared to traditional manual feasibility activities, AI 
as a Feasibility Associate will provide significant benefits to clinical 
operations, such as greatly reducing feasibility timelines, increasing 
site or country selection accuracy, improving enrolment forecasting, 
speeding up study startup and enabling better-informed protocol 
decisions.

Clinical Trial Monitoring: AI as a Clinical Research Associate
The Clinical Research Associate (CRA) plays a vital role in the 
comprehensive management of clinical trials, encompassing start-
up activities, interim assessments and close-out procedures at the 
trial sites. The CRA's role is central and crucial in ensuring that 
clinical trials are conducted in accordance with the protocol, standard 
operating procedures (SOPs), Good Clinical Practice (GCP) and all 
applicable regulatory requirements. Traditionally, CRAs undertake 
labor-intensive site visits, data verification and monitoring tasks that 
are costly and sometimes reactive rather than proactive. Furthermore, 
while performing these tasks, CRAs may occasionally overlook data 
pertinent to patient safety and data quality. Artificial Intelligence 
(AI) is increasingly enhancing and partially automating many CRA 
responsibilities through centralised and risk-based monitoring 
models. By analysing large volumes of clinical data in real-time, 
AI can identify anomalies, monitor trends and generate alerts, 
thus facilitating more intelligent and targeted site monitoring. The 
following outlines key CRA responsibilities that AI can perform or 
augment.

Remote and Centralised Site Monitoring: AI tools can continuously 
analyse clinical data streams from electronic data capture (EDC) 
systems, lab systems and ePROs to identify patterns and site-specific 
anomalies. The dashboards and reports designed to monitor data 
quality and patient safety will assist in flagging sites with QTL (quality 
tolerance limits) and data quality issues, such as inconsistent reporting, 
protocol deviations, patient safety alerts, or delays in data reporting. 
This approach facilitates remote and prompt escalation. AI consistently 
monitors site-level and study-level KRIs, including enrolment rates, 

SAE reporting timeliness and query resolution times. Predictive models 
identify trends before they escalate into deviations. As part of a risk-
based monitoring strategy, AI does not replace CRAs but enhances their 
capacity to monitor trials intelligently and efficiently, in accordance 
with regulatory expectations. Here, we refer to both the efficiencies and 
effectiveness that AI can contribute to clinical monitoring.

Risk-Source Data Verification (SDV) Prioritisation: AI can prioritise 
which data points and sites necessitate comprehensive source data 
verification, thereby alleviating the workload of CRAs. The dynamic 
SDV algorithms analyse risk factors such as adverse event reporting 
trends, data inconsistencies and protocol deviations to identify the 
data and sites that require additional scrutiny to ensure data quality, 
integrity and patient safety.

Query and Issue Management: AI can autonomously generate data 
queries by identifying missing, implausible, or inconsistent data 
entries. Natural Language Generation (NLG) tools are capable of 
drafting query texts and suggesting remedial actions.

Protocol Deviation Detection: AI is capable of identifying deviations 
by comparing patient data against the predefined protocol windows 
and criteria. Temporal Analysis ensures that visit scheduling and dose 
administration adhere to the protocol. The AI dashboard facilitates 
the identification of off-schedule visits at the sites.

Document Compliance and TMF Review: AI tools utilising NLP are 
capable of examining uploaded documents to verify completeness, 
consistency and date discrepancies within the Trial Master File (TMF) 
or Informed Consent Forms (ICFs).

We propose that AI-powered clinical monitoring can redefine 
the management and oversight of clinical trials by Clinical Research 
Associates (CRAs), facilitating a transition from reactive to proactive 
site monitoring. This technology enables the processing of extensive 
datasets in real-time, uncovering insights that may elude human 
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monitors. An AI-enhanced CRA role will support continuous 
and predictive site supervision, in contrast to the periodic and 
reactive monitoring associated with traditional CRA functions. This 
innovative approach will prioritise targeted and risk-based Source 
Data Verification (SDV), replacing the traditional, manual and costly 
100% SDV procedures. Data queries will be automatically detected 
and drafted and protocol deviations or violations will be identified 
nearly in real time. AI-powered CRA role will reduce costly on-site 
visits, thereby enhancing data quality and integrity through  
real-time alerts. It is important to note that AI is not intended to 
replace CRAs; rather, it aims to empower them to concentrate on 
value-added activities where human judgment is indispensable, 
such as investigator engagement, site visits, quality improvement 
and patient safety assurance. 

Medical and Safety Monitoring: AI as a Medical & Safety 
Monitor
The Medical Monitor (MM) often also serves as a safety monitor, 
playing a crucial role in clinical trials by overseeing data safety, 
medical validity and scientific integrity throughout the study lifecycle. 
This includes reviewing adverse events (AEs), ensuring protocol 
adherence, identifying clinical risks and supporting investigators 
in medical decision-making. However, as trials grow more complex 
and data-driven, traditional manual review processes are no longer 
sufficient for timely and effective oversight.

Artificial Intelligence (AI) is transforming the role of the Medical 
Monitor through the facilitation of real-time, automated and 
predictive medical data analysis. With the integration of AI, Medical 
Monitors are able to transition from reactive data review to proactive 
management of clinical risks, thereby enhancing patient safety and 
the overall quality of clinical trials. The following core responsibilities 
of a Medical Monitor are either performed or significantly enhanced 
by AI.

Real-time Monitoring and Detection of Adverse Events and 
Safety Signals: These are enhanced through the use of AI, which 
can generate dynamic, real-time subject profiles by aggregating 
data from electronic data capture (EDC), electronic patient-
reported outcomes (ePRO), laboratory results, imaging and adverse 
events. This facilitates periodic reviews of adverse events (AEs), 
laboratory abnormalities and treatment outcomes on a patient-
by-patient basis, thereby enabling the early identification of 
patient risks and safety signals. The signal detection algorithm 
is capable of identifying unusual patterns or clusters of adverse 
events by comparing trial data with historical datasets and external 
pharmacovigilance databases. Additionally, AI can propose probable 
severity, expectedness and causality scores based on patient data 
and protocol-defined risk thresholds.

Medical Data Review and Anomaly Detection: AI algorithms can 
identify unexpected clinical trends and outliers across patient 
populations. It can flag values that deviate from patient baseline 
or population norms. AI-based models can assist in clustering 
detection of unexpected adverse events at specific sites, facilitate 
early identification of dose-limiting toxicities, or detect laboratory 
abnormalities inconsistent with the disease or treatment.

Medical Review of Protocol Deviations: As MMs evaluate the 
medical significance of protocol deviations, AI-powered medical 
monitoring assists in deviation classification by categorising 
deviations based on severity and impact using pre-trained models. It 
also assesses whether a deviation may affect patient safety, efficacy 
outcomes, or trial integrity and it prioritises events that require 
immediate medical attention.

Safety Narrative Generation: AI creates structured safety narratives 
using structured data and clinician notes. AI assists in consistency 
checks to ensure all AE narratives align with data in EDC, ePRO and 
SAE forms.

Medical Query Management and Site Support: The medical query 
bot answers site-related questions about protocol procedures, patient 
eligibilities, study drugs and common safety concerns. 

AI is transforming the role of the Medical Monitor from a passive 
reviewer of medical and safety data to an active, data-driven risk 
manager. With capabilities ranging from automated profile creation 
and safety signal detection to NLP-powered medical narrative review, 
AI enables Medical Monitors to identify clinical issues earlier, focus 
on high-risk patients and make faster, more informed decisions. 
By integrating AI into medical monitoring workflows, sponsors 
and CROs can enhance patient safety, improve trial outcomes, and 
meet increasing regulatory and scientific demands more efficiently 
and confidently. However, we also see the need for human medical 
monitor oversight in the process to address queries related to the 
contextual interpretation of complex cases, decision-making in 
unexpected clinical scenarios, patient selection waivers, ethical 
judgment, patient advocacy and of course, communication with 
investigators, DSMBs and regulators.

Clinical Project Management: AI as a Project Manager
The Clinical Project Manager (PM) plays a vital role in executing 
clinical trials, ensuring studies are completed on time, with quality, 
within budget and in compliance with regulatory and scientific 
standards. The project manager collaborates with cross-functional 
teams, tracks milestones, manages budgets and timelines, mitigates 
risks and ensures quality outcomes. As modern clinical trials become 
more complex, traditional project management approaches often 
become reactive, fragmented and labor-intensive. AI has the potential 
to enhance the Project Manager's role by providing predictive 
analytics, workflow automation, real-time tracking and intelligent 
decision support, thus shifting clinical trial operations from reactive 
to proactive.

Project Planning and Timeline Optimisation: AI-driven planning 
tools analyse historical data from previous trials to forecast realistic 
timelines for study initiation, enrolment, monitoring and closeout. 
AI has the capability to simulate various project scenarios based on 
country, indication, protocol complexity and operational variables. 

Resource and Budget Forecasting: AI utilises historical data and 
current project inputs to accurately predict resource requirements 
and financial needs. The machine learning models are capable of 
refining predictions in response to variations in enrolment rates, 
protocol modifications, the addition of countries or sites and site 
performance.

Risk Prediction and Mitigation: AI identifies early warning indicators 
through the analysis of data spanning multiple domains, including 
enrolment delays, query resolution lags and protocol deviations. The 
use of predictive analytics facilitates timely interventions to avert 
subsequent complications. 

Milestone and KPI Tracking: AI continually monitors progress 
against key performance indicators (KPIs), pertaining to project 
management metrics such as site initiation rates and timelines, 
patient enrolment versus planned targets, query resolution times and 
adherence to monitoring visits. AI-powered dashboards can prioritise 
project management risks, identify deviations and recommend 
corrective measures.  
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Team Coordination and Communication: AI-powered project 
management platforms can automate scheduling meetings, assigning 
tasks, tracking deliverables and summarising status reports. NLP can 
extract action items from meeting transcripts or emails and turn them 
into tasks.

Regulatory and Documentation Compliance: AI can monitor Trial 
Master File (TMF) documents for completeness, version control and 
regulatory submission readiness. Intelligent checklists ensure that 
country-specific regulatory requirements are tracked and met. 

Real-Time Portfolio and Study Dashboards: AI consolidates data 
from CTMS, EDC, IRT, finance and eTMF systems to provide 
a comprehensive, real-time view of projects. AI can suggest 
prioritisation strategies across a portfolio of studies based on risk, 
strategic importance, or resource limitations. 

AI is revolutionising clinical project management by giving PMs 
tools to handle trials more efficiently, accurately and proactively. 
From planning and budgeting to execution and oversight, AI helps 
predict issues before they arise, allocate resources effectively and 
maintain quality and compliance. AI functions as an intelligent  
co-pilot – improving human decision-making with insights derived 
from thousands of variables in real time. As trials grow more complex 
and urgent, AI-enabled PMs will set the standard for delivering faster, 
safer and more efficient clinical research.

Data Management: AI as a Data Manager
Clinical Data Managers play an essential role in maintaining the 
integrity, accuracy and preparedness of clinical trial data for analysis 
and submission. With the growing volume and complexity of data 
generated from EDC systems, ePROs, wearable devices and real-
world data sources, traditional data management methods face 
new challenges. AI provides powerful solutions to transform data 
management into a proactive, intelligent and highly automated 
function. When integrated into the clinical trial ecosystem, AI as a 
Virtual Data Manager can streamline data cleaning, speed up query 
resolution, discover hidden data patterns and ensure high data 
quality with less human intervention.

Smart Edit Check Design and Validation: AI algorithms analyse past 
trials to suggest relevant edit checks based on protocol, indication and 
data structure. NLP models interpret protocol criteria and translate 
them into logical rules, reducing time spent on manual programming. 
AI tests edit checks against simulated data for performance and 
redundancy, decreasing creation time significantly while enhancing 
rule relevance. 

Real-Time Anomaly Detection and Data Cleaning: The machine 
learning models continuously monitor incoming EDC data to detect 
outliers and implausible values, protocol deviations and pattern-
based inconsistencies. AI proactively flags issues, thereby facilitating 
real-time resolution rather than relying solely on periodic reviews. 
For instance, if a subject’s BMI (Body Mass Index) is recorded as 
decreasing drastically over a span of two days, the AI promptly flags 
this anomaly and suggests contextual information from previous 
entries or similar past irregularities.

Automated Query Management: AI agents automatically generate 
queries founded on validation rules and anomaly detection. These 
queries are prioritised considering data impact and patient safety 
risk factors. NLP models support site personnel by proposing query 
responses or clarifications in straightforward language. This approach 
aims to diminish the workload of data managers, expedite data 
cleaning processes and enhance support for site staff.

Advanced Data Reconciliation: AI facilitates the intelligent cross-
verification of Electronic Data Capture (EDC) data with other systems 
such as electronic Patient-Reported Outcomes (ePRO), laboratories 
and Interactive Response Technology (IRT). Mismatches are duly 
flagged, accompanied by potential explanations. For instance, AI can 
identify that a discrepancy in laboratory value dates is attributable 
to a time zone difference and can automatically correct such 
discrepancies when permitted by policy. Additionally, AI possesses 
the capability to automatically resolve minor discrepancies by 
employing confidence thresholds.

Medical Coding Automation: Using trained AI/NLP models, medical 
terms are automatically coded to MedDRA or WHO-DD with high 
accuracy. Human coders review only uncertain or ambiguous entries. 
AI continuously learns from previous coding decisions to enhance 
performance over time. This process speeds up coding turnaround 
and boosts consistency across coders and sites.

Data Lock Readiness and Forecasting: AI continuously assesses the 
database's readiness for interim or final lock by analysing the number 
of open queries, missing data rates and query response turnaround 
times. It provides alerts and timelines to keep stakeholders informed 
about progress and potential bottlenecks. Therefore, AI facilitates 
predictive planning and helps prevent last-minute delays during 
database lock.

Coordination with Other AI Roles: The data manager handles data 
generated from the study conduct, which is the ultimate output used 
to assess the safety and efficacy of the treatment. Therefore, a process 
can be established where the AI data manager coordinates with other 
AI roles within the clinical trial management team to communicate 
data-related risks, quality and safety issues in a timely manner. For 
example, working with the AI CRA to share alerts on site-specific data 
quality issues to prioritise monitoring efforts. Similarly, collaborating 
with the AI Medical Monitor to flag data anomalies that may indicate 
safety signals, or with the AI project manager to provide ongoing 
data health metrics that influence timeline projections and resource 
planning.

AI is transforming the role of the Clinical Data Manager by 
automating routine tasks, boosting data quality, and providing 
predictive insights. When applied thoughtfully, AI functions as a 
virtual co-pilot that improves data oversight and speeds up the 
process of reaching clean, locked databases, thereby reducing trial 
timelines and increasing efficiency. The decrease in manual work for 
repetitive tasks allows teams to focus more on strategic data review. 
In the future of clinical trials, AI-enhanced data management will 
be vital for maintaining data integrity in an increasingly digital, 
decentralised and rapid research environment.

Conclusion
As the clinical trial landscape evolves, embracing AI across feasibility, 
monitoring, medical oversight, data management and project 
management is not just innovation but a necessity. AI is not just a 
tool; it is becoming a co-pilot in clinical research. By reimagining AI 
as a virtual project team, sponsors and CROs can execute trials faster, 
more adaptable and more resilient. The goal is not to replace human 
intelligence but to amplify it with continuous, real-time, data-driven 
decision support. It enhances their capabilities by managing repetitive 
tasks, uncovering patterns and providing real-time insights. This 
hybrid operating model allows clinical teams to focus on strategic 
decisions, patient safety and regulatory compliance.

One of the key advantages of using AI in clinical trial management 
is establishing coordination among AI-powered roles to ensure that 



38 Journal for Clinical Studies Volume 17 Issue 2

Technology 

Ashok Ghone

Ashok Ghone, PhD, MBA, is the Founder and 
CEO of MedInventas, with nearly 25 years of 
experience in the pharmaceutical, medical 
device and CRO industries. He brings deep 
expertise in global clinical research, with 
hands-on experience in clinical operations, project management, 
trial execution and process development. Ashok has successfully led 
cross-functional teams on local, regional and global projects across 
early and late-phase clinical studies in multiple therapeutic areas. A 
recognised thought leader, he has played a key role in designing and 
implementing processes, systems and training programs for risk-
based and centralised monitoring. At MedInventas, he now offers 
domain expertise and AI-powered solutions for clinical operations, 
clinical trial management and medical writing. 

Email: ashok.ghone@medinventas.com

knowledge transfer regarding key risks and benefits occurs promptly, 
enabling necessary proactive actions. Often, these insights or 
knowledge transfers from one role to another are missed in traditional 
human-based clinical trial management. For example, suppose 
during the feasibility process it is known that a site has fewer EC 
meetings or the schedule for upcoming EC meetings. In that case, 
this information should be promptly shared with the CRA so that 
site start-up activities can be planned accordingly to avoid delays 
in site initiation. Similarly, timely communication of data quality 
or safety issues identified by the AI data manager to relevant roles 
like AI CRA, AI Medical Monitor, or AI Project Manager will help 
reduce or eliminate issues, improve data quality, enhance patient 
safety, ensure timely database lock and support overall trial conduct. 
This innovative approach will facilitate effective management of 
clinical trials by ensuring proactive measures for risk mitigation or 
management.

While exploring the framework for implementing AI across clinical 
trial roles, responsibilities such as data privacy and security arise, 
requiring us to ensure that AI tools comply with HIPAA, GDPR, and 
GxP guidelines. The algorithms must be validated to meet regulatory 
standards (e.g., FDA, EMA, MHRA). Human oversight of these key 
functions performed by AI is essential, as AI will augment rather than 
replace human clinical judgment. Additionally, an effective change 
management process is necessary, where sponsors and CROs must 
train teams to trust and effectively utilise AI insights.
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