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Artificial Intelligence (AI) continues to evolve at an 
unprecedented pace, reshaping the way organisations operate, 
innovate, and make decisions. Among its most transformative 
advancements are Generative AI (GenAI) and Agentic AI, 
two complementary paradigms that represent distinct yet 
synergistic milestones in the evolution of intelligent systems. 
Within the realm of clinical operations, trial management, 
and medical or regulatory writing, the convergence of these 
technologies offers a groundbreaking opportunity to enhance 
productivity, quality, speed, and compliance across the clinical 
development lifecycle. This article explores the capabilities of 
Generative and Agentic AI, their synergistic interplay, and 
their potential to transform core processes in clinical research 
and operations. It also highlights practical applications across 
clinical operations, the anticipated benefits, and the challenges 
that life science organisations may face when adopting these 
technologies in real-world settings.

Generative AI has captured widespread attention for its ability 
to create original content, including text, code, images, audio, and 
structured data, based on learned patterns from large datasets. 
Its strength lies in pattern recognition, knowledge synthesis, and 
creative generation, allowing it to automate complex cognitive tasks 
such as drafting protocols, summarising clinical data, and generating 
regulatory or safety reports. In the pharmaceutical, biotechnology, 
and medical device sectors, GenAI is already assisting in generating 
the first drafts of clinical study reports, safety narratives, literature 
reviews, and medical monitoring summaries.

Agentic AI, building upon this foundation, represents the next 
frontier in the evolution of AI. Unlike traditional or generative 
models that rely solely on user prompts and static outputs, Agentic 
AI systems can autonomously plan, act, and adapt toward predefined 
objectives. These intelligent agents integrate reasoning, contextual 
understanding, feedback loops, and task orchestration, allowing 
them to function as proactive collaborators rather than passive 
tools. In clinical operations, Agentic AI can autonomously manage 
complex workflows such as monitoring KRIs, efficacy end points, 
safety data, identifying adverse events, generating narratives, 
notifying stakeholders, and updating databases, with minimal human 
intervention.

Together, Generative and Agentic AI redefine the relationship 
between humans and machines, advancing from automation to 
collaborative intelligence. In complex, data-driven, and highly 
regulated domains like clinical research, this synergy has the 
potential to revolutionise operational models by uniting Generative 
AI’s creative generation with Agentic AI’s autonomous execution 
and reasoning. Generative AI can instantly produce protocols, 
clinical documents, and analytical summaries. At the same 
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time, Agentic AI can orchestrate those workflows, monitor trial 
activities, track performance metrics, analyse specific critical data, 
flag emerging risks, and optimise resource allocation in real-time. 
This convergence represents a paradigm shift toward intelligent, 
adaptive, and proactive clinical operations, where AI not only 
generates knowledge but also acts upon it with precision, autonomy, 
and continuous learning. By augmenting human expertise rather 
than replacing it, the synergy of Generative and Agentic AI promises 
to redefine how clinical teams manage complexity, ensure quality, 
and deliver innovation at scale.

Transforming Clinical Operations with the Two Pillars of Next-
Generation AI
Modern clinical operations have evolved into a highly data-intensive 
and globally distributed ecosystem. A late-phase clinical study may 
involve multiple investigative sites, thousands of patients, and 
millions of data points captured across various systems. While 
today’s eClinical platforms have enhanced workflow efficiency 
and compliance tracking, many operational processes still depend 
heavily on manual review cycles, fragmented data reconciliation, 
and repetitive documentation tasks. The result is an operational 
landscape often constrained by data silos across EDC, CTMS, eTMF, 
and safety databases, characterised by reactive rather than predictive 
decision-making, and excessive documentation that consumes 
valuable medical writing and oversight resources. To overcome these 
limitations, the industry requires more than digital tools. It needs 
intelligent systems that can reason, learn, and act seamlessly across 
the clinical trial ecosystem. This is where the two pillars of next-
generation AI – Generative AI and Agentic AI – come into play.

Synergising Generative and Agentic AI from Protocol Drafting 
to Site Activation
Protocol Drafting and Design Optimisation: Generative AI 
accelerates protocol development by automatically drafting key 
sections based on prior protocols, therapeutic guidelines, and 
regulatory requirements. It suggests endpoints, inclusion/exclusion 
criteria, study design, and statistical methodologies that are aligned 
with the study objectives. By incorporating user inputs and historical 
data, Generative AI enables teams to refine and tailor protocols 
more efficiently, reducing the iterative drafting burden. Agentic AI 
transforms protocol development into a structured, intelligently 
managed workflow. Once Generative AI produces the initial draft, 
Agentic AI autonomously orchestrates the review and finalisation 
process by managing content ownership across functional sections. 
Through dynamic task orchestration, it can assign responsibilities 
for sections such as patient population and efficacy endpoints to 
biostatistics, eligibility criteria to the clinical or medical team, and 
safety monitoring to pharmacovigilance. Agentic AI continuously 
monitors progress, version control, and intersection dependencies 
in real-time. It validates study objectives, assesses feasibility across 
key domains such as clinical operations, biostatistics, and safety, and 
ensures alignment with the Clinical Development Plan (CDP). The 



Journal for Clinical Studies  37www.journalforclinicalstudies.com

Technology 

combined capabilities of Generative and Agentic AI make protocol 
design and drafting more agile, consistent, and evidence-driven. 

Intelligent Feasibility and Site Selection: Agentic AI can 
revolutionise this process by acting as an autonomous feasibility 
coordinator, capable of engaging with study sites in real-time, 
managing two-way communication, and dynamically learning 
from responses to optimise site evaluation. Agentic AI starts by 
designing or customising feasibility questionnaires using structured 
parameters derived directly from the study protocol. Once finalised, 
the Agentic AI system automatically circulates the feasibility 
questionnaire to selected investigators and institutions via secure 
email links or integrated site portals. Once sites begin responding, 
Agentic AI agents engage in live, conversational exchanges, using 
natural language processing (NLP) and dialogue reasoning. This 
adaptive conversation model mimics human coordination but with 
far greater speed and consistency. As investigational site responses 
are received, Agentic AI validates data entries, for example, 
ensuring patient recruitment numbers suggested are realistic given 
the site's patient population data. It will apply a dynamic scoring 
algorithm to evaluate each site across various parameters, including 
recruitment potential, the investigator’s experience with the specific 
indication, data quality history, resource adequacy, and EC/IRB 
meeting frequency, among others. The scores are continuously 
updated as new responses or clarifications are received, providing 
live feasibility dashboards for sponsors and CROs. Generative AI 
complements this process by automatically generating summary 
reports, site comparison charts, site ranking reports, and sponsor-
ready presentations. Agentic AI handles autonomous execution, 
sending questionnaires, communicating with sites, validating 
responses, and learning iteratively. Together, they enable an 
end-to-end intelligent feasibility workflow, from protocol to site 
recommendation, significantly reducing feasibility timelines and 
improving the accuracy of site selection decisions.

Streamlined Site Activation and Documentation: Once sites are 
selected, Generative AI automates the preparation of essential 
document packages, including protocols, investigator brochures, 
informed consent forms, CE/IRB submissions, and training materials, 
all customised to regional or institutional requirements. Agentic AI 
then coordinates activation workflows, monitors task completion, 
and proactively alerts stakeholders about delays or missing approvals. 
This dual-layer AI orchestration transforms site activation from 
a linear administrative process into an intelligent, continuously 
optimised workflow.

By combining the creative intelligence of Generative AI with 
the autonomous execution capabilities of Agentic AI, sponsors and 
CROs can significantly accelerate startup timelines, speed up protocol 
writing, enhance protocol quality, ensure the selection of the right 
sites, expedite the site activation process, and reduce the need for 
costly rework. This synergy creates a responsive ecosystem where 
strategy and execution continuously inform each other, setting a new 
benchmark for intelligent clinical trial operations.

Synergising Generative and Agentic AI for Intelligent Central 
Monitoring and Quality Oversight
Centralised and Risk-Based Monitoring (RBM) have become 
cornerstones of modern clinical trial oversight, enabling sponsors 
to shift from retrospective reviews to proactive, data-driven risk 
management. The convergence of Generative AI and Agentic 
AI presents a transformative model that combines autonomous 
execution with intelligent interpretation, delivering unprecedented 
precision, agility, and scalability in clinical monitoring and quality 
oversight.

AI-Augmented Risk Identification and Prioritisation: Generative 
AI can interpret study protocols, risk management plans (RMPs), 
and monitoring plans to extract potential risk indicators and key 
quality parameters such as patient recruitment rate, query rate, SAE 
reporting lag, protocol deviation/violation rate, and the efficacy 
endpoint parameter trend/outlier, etc. It can automatically design a 
risk library tailored to the therapeutic area, indication, study design, 
and patient population.

Agentic AI- Autonomous Execution of Oversight Tasks: Agentic 
AI can function as a virtual Monitor/CRA, autonomously executing 
both routine and adaptive oversight activities throughout the course 
of a clinical trial. By continuously monitoring reports planned for 
centralised and risk-based monitoring or ingesting and analysing 
real-time data streams from multiple clinical systems, including EDC, 
CTMS, ePRO, and safety databases, it maintains an integrated and 
dynamic view of study performance. The system constantly monitors 
key risk indicators (KRIs), such as query rate, query resolution rate, 
data-entry lag, patient recruitment rate, and delays in reporting 
serious adverse events (SAEs), alongside key effectiveness indicators 
(KEIs), including endpoint deviations and treatment response 
patterns. Through advanced pattern recognition and adaptive 
learning models, Agentic AI detects emerging risks, identifies 
outliers, and recognises subtle anomalies that may indicate data 
quality or compliance issues. When pre-defined risk thresholds are 
breached, Agentic AI intelligently prioritises high-risk sites, subjects, 
or data domains for further human review. It then initiates targeted 
workflows, automatically generating deviation reports, issuing 
escalation alerts, or communicating with the CRA or site coordinators. 
This continuous, self-driven monitoring loop ensures proactive trial 
oversight, enabling earlier intervention, improved data integrity, and 
reduced operational burden for clinical monitoring teams.

Generative AI – Contextual Intelligence and Documentation: 
Generative AI complements autonomous monitoring capabilities 
of Agentic AI by transforming vast streams of monitored data into 
interpretable narratives, analytical summaries, and actionable 
insights. Once Agentic AI identifies patterns, risks, or anomalies 
within clinical trial data, Generative AI translates these findings into 
structured, human-readable outputs that facilitate decision-making 
across stakeholders. Leveraging its natural language generation 
and contextual understanding capabilities, Generative AI produces 
centralised monitoring reports that synthesise key operational trends, 
data integrity indicators, and protocol compliance deviations into 
concise, easily interpretable summaries for the study monitoring or 
study oversight team. It also generates visual analytics and executive 
briefs tailored for Data Monitoring Committees (DMCs), Quality Review 
Boards, and cross-functional governance teams, enabling informed 
oversight without the need for manual data compilation. Beyond 
reporting, Generative AI drafts Corrective and Preventive Action 
(CAPA) documentation and follow-up communications, ensuring 
alignment with both organisational quality frameworks and regulatory 
expectations. Through iterative learning and continuous feedback 
loops, it refines its outputs for improved contextual precision, clinical 
accuracy, and regulatory consistency over time.

Synergistic Oversight – The Closed-Loop Model: Together, 
Generative AI and Agentic AI form a closed-loop, intelligent 
monitoring ecosystem that transforms how quality oversight is 
conducted in clinical research. Agentic AI autonomously identifies, 
assesses, and acts upon emerging risk signals in real time, while 
Generative AI translates these autonomous actions into interpretable 
insights and audit-ready documentation. This synergy bridges 
decision-making and communication, where Agentic AI executes and 
Generative AI explains, creating an adaptive, insight-driven model 
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of clinical trial monitoring. By continuously analysing operational 
and patient safety data streams, the combined system enables 
proactive risk mitigation through real-time detection and automated 
escalation, replacing traditional retrospective reviews. It ensures 
consistent quality oversight with standardised, AI-driven reporting 
that promotes transparency, traceability, and reproducibility across 
multiple studies. In parallel, operational efficiency improves as 
manual review efforts and on-site visits are significantly reduced, 
allowing sponsors and CROs to concentrate on high-value strategic 
activities.

The synergy also enhances regulatory readiness and strengthens 
regulatory compliance, as all AI-driven actions and outputs are 
captured within verifiable, audit-ready records consistent with GCP, 
21 CFR Part 11, and ICH E6(R3) standards. Ultimately, the convergence 
of Generative and Agentic AI shifts clinical oversight from reactive 
correction to proactive prevention, transforming centralised and risk-
based monitoring into a continuous, intelligent, and self-optimising 
framework that elevates both data quality and patient safety.

Synergising Generative and Agentic AI for Clinical Study Report 
(CSR) Drafting and Finalisation
The Clinical Study Report (CSR) remains one of the most complex 
and time-intensive deliverables in drug development. It integrates 
diverse information, such as statistical analyses, patient narratives, 
listings, tables, and appendices, into a single, regulatory-compliant 
narrative of study conduct, efficacy, and safety. Despite the evolution 
of automation and document management tools, CSR preparation 
continues to depend heavily on manual interpretation, extensive 
cross-functional coordination, and repeated quality review cycles. The 
convergence of Generative AI and Agentic AI represents a fundamental 
shift, transforming CSR authoring from a static documentation process 
into an autonomous, intelligent ecosystem that learns, adapts, and 
optimises continuously.

Generative AI – Intelligent Content Creation and Scientific 
Contextualisation: Generative AI serves as the creative and analytical 
core of CSR and clinical summary development. Leveraging both 
structured data, such as SDTM (Study Data Tabulation Model) 
or ADaM (Analysis Data Model) datasets, analysis tables, and 
unstructured content like monitoring reports, narrative summaries, and 
protocol amendments, GenAI autonomously generates scientifically 
coherent, regulator-ready content. It interprets statistical results 
and transforms them into clear, contextual narratives that bridge 
quantitative findings with clinical meaning, enabling a seamless blend 
of data interpretation and medical storytelling. GenAI drafts key CSR 
sections, including efficacy and safety results, statistical interpretations, 
and conclusions aligned with ICH E3 standards. It ensures a consistent 
tone and structure across contributors, automatically generates tables, 
listings, and figures, and maintains internal accuracy through real-
time cross-referencing. Drawing from prior submissions, standard 
template requirements, and style guides, it progressively learns 
sponsor preferences, regulatory feedback, and reviewer expectations, 
enhancing contextual accuracy with each iteration. Beyond CSRs, 
GenAI also accelerates the creation of clinical summaries, integrating 
data interpretation and narrative generation to deliver coherent, 
submission-ready. In practice, this capability can reduce initial drafting 
timelines by up to 70–80%, while significantly improving scientific 
clarity and linguistic consistency.

Agentic AI – Orchestrating the End-to-End CSR Workflow: While 
Generative AI focuses on content creation, Agentic AI can serve as the 
autonomous orchestrator, managing workflow execution, collaboration, 
compliance, and version control throughout the CSR lifecycle. Acting 
as a virtual project manager for CSR writing, it coordinates cross-

functional inputs from medical writers, statisticians, clinicians, and 
quality reviewers, dynamically adjusting timelines and dependencies 
to ensure smooth document progression. Agentic AI retrieves data 
directly from EDC, CTMS, and safety systems, ensuring all information 
included in the CSR remains current, traceable, and consistent. It 
performs automated quality control checks, validates table, figure, and 
text alignment, and verifies compliance with regulatory standards. It 
also manages review cycles, tracks comments, reconciles conflicting 
feedback, and maintains a transparent version of history. By 
continuously monitoring progress through interactive dashboards, 
sending automated alerts, and escalating potential bottlenecks, Agentic 
AI ensures efficient communication and accountability across CSR 
writing teams. Its oversight extends to managing approval workflows, 
archiving final documents, and maintaining an audit-ready trail aligned 
with GCP and 21 CFR Part 11 requirements.

Synergy in Action – The Autonomous CSR Ecosystem: When 
Generative and Agentic AI systems operate in concert, they form a 
closed-loop, self-optimising CSR and clinical summary development 
framework. Generative AI generates high-quality drafts informed by 
real-time data, while Agentic AI manages task orchestration, review 
governance, and compliance assurance. As reviewers provide feedback 
or quality control findings, Agentic AI channels these insights back 
to GenAI, enabling iterative content refinement through continuous 
learning loops. This synergy transforms the traditionally linear, labor-
intensive CSR authoring process into a dynamic, adaptive workflow 
where drafting, review, and validation occur in parallel. The outcome 
is faster cycle times, reduced rework, and improved scientific precision, 
leading to timely, consistent, and audit-ready regulatory submissions. 
In essence, the integration of Generative and Agentic AI advances 
medical writing beyond automation toward accurate document 
intelligence. In this paradigm, reports and summaries are not only 
written faster but also crafted with a deeper understanding of context, 
compliance, and clinical purpose. The synergy of Generative and 
Agentic AI in CSR authoring drives significant gains in efficiency, 
quality, and collaboration, cutting drafting and review time by up 
to 60–70%. This improvement enhances accuracy and compliance 
through automated validation and streamlines teamwork with 
intelligent workflow automation.

Challenges in Synergising Generative and Agentic AI within 
Clinical Operations
While the synergy between Generative AI and Agentic AI promises 
transformative potential for clinical operations, its real-world 
implementation faces several technical, regulatory, and organisational 
challenges. Clinical research, being one of the most regulated and risk-
sensitive domains, requires that every technological advancement 
strike a balance between innovation, reliability, compliance, and 
ethical accountability.

 
•	 Data Quality and System Interoperability – Clinical data often 

reside in siloed systems like EDC, CTMS, and safety databases, 
each with different standards and formats. For Generative AI 
and Agentic AI to operate in sync, data must be standardised, 
traceable, and accessible in real time. Without this foundation, 
automated insights and actions risk being inaccurate or 
incomplete.

•	 AI Coordination and Workflow Alignment – Generative AI 
generates insights and narratives, while Agentic AI acts on 
them. Ensuring seamless interaction between the two, so that 
one interprets and the other executes accurately, is critically 
important. Disconnected logic or feedback loops can disrupt 
workflow automation and compromise the quality of the 
decisions made.
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•	 Regulatory and Compliance Complexity – Regulatory frameworks 
such as ICH E6(R3) and 21 CFR Part 11, FDA guidance on AI require 
transparency, auditability, and control. Documenting adaptive AI 
decision-making in a transparent and traceable manner is crucial 
for ensuring regulatory compliance. Maintaining a transparent 
record of how AI systems make and track decisions is crucial for 
ensuring compliance in regulated environments.

•	 Security, Privacy, and Scalability – Expanding AI capabilities 
require robust protection of sensitive data under HIPAA 
and GDPR, while ensuring cybersecurity and scalability, 
which is often a challenge, especially for small and mid-sized 
organisations with limited infrastructure.

•	 Ethical Oversight and Human Accountability – With increasing 
AI autonomy, the boundaries of accountability become blurred. 
Errors in AI-generated documents or automated actions can 
have regulatory consequences. A strong human-in-the-loop 
framework must remain in place to validate outputs, maintain 
ethical standards, and ensure clinical integrity.

•	 Organisational Readiness and Cultural Shift – AI integration 
demands not only technology but also a mindset change. 
Many clinical teams are still adapting to the use of automation. 
Upskilling staff in AI literacy, establishing digital governance, 
and fostering collaboration between humans and intelligent 
systems will determine adoption success.

Conclusion
The synergy between Generative AI and Agentic AI marks a 
transformative evolution in the landscape of clinical operations. While 
Generative AI serves as the creative and analytical engine, capable of 
synthesising data, generating content, and contextualising scientific 
insights, Agentic AI acts as the autonomous executor, orchestrating 
workflows, managing compliance, and enabling continuous operational 
intelligence. Together, they establish a synergistic framework that 
extends beyond automation into adaptive, self-learning, and decision-
support ecosystems. In clinical operations, this synergy can redefine 
how teams manage protocol designing and writing, study feasibility, 
data monitoring, patient safety monitoring, CSR writing, and clinical 
documentation. The impact of this synergy extends across key 
dimensions, including improved efficiency, enhanced data quality, 
compliance with regulatory standards, better strategic insight, and 
proactive risk management. Yet, success depends on overcoming 
challenges in data integrity, model coordination, regulatory compliance, 
ethical governance, and organisational adaptation. Addressing these 
barriers through cross-functional collaboration among AI developers, 
clinical experts, quality leaders, and regulators will be key to realising 
the full potential of AI-driven clinical operations transformation.
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