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Generative Al is increasingly applied to design and managing quality management pyramid documents,
supporting traceability and process integrity. As guidance from authorities such as the FDA, EMA, and
WHO continues to evolve, organizations face significant challenges in establishing effective governance
frameworks amid rapid technological advances. We review existing regional regulations and guidance,
identifying core governance elements such as transparency, data privacy, validation, and risk management.
We propose a practical methodology for developing governance documentation, emphasizing the use of
retrieval-augmented generation (RAG) techniques to safeguard confidentiality and improve accuracy in
documentation. Additionally, we highlight the importance of integrating ethical principles, human in the
loop (HITL), and lifecycle monitoring to promote responsible and compliant adoption of generative Al in
clinical research. Our comprehensive approach aims to accelerate Al deployment while ensuring patient
safety and regulatory compliance.

Keywords: generative Al; clinical development; governance-related documentation; large language model;
retrieval augmented generation; human in the loop; quality management system; risk-based approach;
clinical data management; clinical data science

Introduction

Generative artificial intelligence (Al) is broadly applied
in clinical development, including in the formulation of
standard operating procedures (SOPs) and data analysis.
It has become a critical tool for ensuring traceability
and process integrity in many human actions, thereby
supporting the overall quality of research. In this context,
various regions and countries have issued notices and
guidances regarding the use of generative Al, and
regulatory authorities such as the WHO, EMA, and FDA are
beginning to issue guidances for its application in clinical
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development settings.'* While the use of generative Al
offers the potential to strengthen data-driven approaches
and accelerate product development, organizations are
actively exploring the most effective frameworks for
governance. For example, generative Al is instrumental
in creating new insights by integrating and analyzing
large volumes of medical data within organizations and
healthcare facilities.* Additionally, it assists in maintaining
and managing clinical development documents, such as
research protocols, investigator's brochures, and quality
management system (QMS)-related SOPs, by rapidly
extracting useful information through natural language
processing techniques, thus enabling smooth and
consistent processes.

Given the rapid pace of generative Al development
and the regulations being issued by various regions
and countries,”® governance frameworks for the use of
generative Al within clinical development organizations
often lag behind. Ideally, organizations should establish
operational procedures before beginning use; however,
the speed of technological innovation and the inability
to acquire the necessary operational skills in time mean
that organizational responses are urgently needed. This
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paper extracts the core elements for governing generative
Al from existing regulations and guidance, and proposes
a feasible, concrete methodology for creating governance-
related documentation.

Understanding Generative Al Utilization
Guidance Issued by Various Regions and
Countries

As the use of generative Al is promoted, many regions and
countries have issued guidance on its utilization.'*>% The
foundation for developing governance documentation
lies in correctly understanding these regulations. For
example, clinical trials conducted in the United States
must comply with FDA regulatory documents.> Recent
FDA guidance on Al includes the issuance of “Use of
Artificial Intelligence in Drug Development” in 2025." Its
structure encompasses: “Scope and Definitions,” “Dataset
Bias and Fairness,” “Model Verification and Validation,”
“Transparency and Accountability,” and “Documentation
of Al Use in Regulatory Submissions.” Similarly, recent
EMA guidance® on Al outlines general considerations
such as a “risk-based approach,” “system lifecycle,” “data
processing pipelines,” “integrity of data,” “fitness for
purpose,” and the “scientific base.”

Although the Pharmaceuticals and Medical Devices
Agency (PMDA) in Japan has not issued notifications
specific to generative Al in clinical development, the
Cabinet Office (a higher authority) has implemented an
“Al Strategy Council” as part of the process to establish
the Basic Al Law. Meanwhile, in the manufacturing
sector, the Ministry of Economy, Trade and Industry has
issued “Al Governance in Japan Ver. 1.1 This document
references a universal framework designed to describe
the overall structure of governance in the Society 5.0
era. It organizes Al governance elements debated across
different countries and regions into four categories: (1)
the ultimately protected, technology-neutral goals; (2)
cross-cutting, intermediate rules for achieving these
goals—such as cross-regulatory measures, guidelines,
and international standards; (3) rules focused on specific
fields or sectors; and (4) layers consisting of monitoring
and enforcement.’
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We present a chart showing the status of laws and
regulations issued in each region as of February
2026 (Figure 1). We focusing on guidance for clinical
development of pharmaceuticals and medical devices.
Despite regional differences, common framework
elements include: “Transparency and Accountability,”
“Data Privacy,” “Data Quality and Bias,” “Validation and
Verification,” and “Risk Management.”

Pre-defining Stakeholders Utilizing Generative Al
The types of industries involved in clinical development
are diverse, including mega-pharma with global bases,
contract research organizations (CROs), academic
research organizations (AROs), and third parties
providing electronic data capture (EDC) and other clinical
development infrastructure, and the clinical development
operations of each organization vary. Furthermore,
the scope of generative Al utilization is diverse.” Since
the scope of generative Al use is closely linked to the
scope of duties of these professions, the content of the
service and the scope of generative Al utilization will be
tightly coupled.

When considering the definitions of other specialized
professionals beyond clinical data management (CDM),
such as principal investigator, clinical research coordinator
(CRC), clinical research associates, biostatistician, and
pharmacovigilance staff, we utilized the following prompt:

You are an expert well-versed in clinical develop-
ment. #Define the roles of each of the following
professions in clinical development in 2—3 sen-
tences, referencing PubMed articles or official
documents. #Also, include the source information,
such as PubMed ID codes or official URLS.

We used this prompt to generate role definitions with
Google Gemini's cloud large language model (LLM),
including PubMed citations.

For example, the tasks of clinical data managers (CDMs)
include designing and maintaining the trial database,
overseeing the creation of electronic case report forms,
and executing data cleaning processes to identify and

Singapore: Model Al Governance
Framework for Generative Al (30
May 2024) 7

WHO Guidance on LMM Ethics &

FDA: Considerations for the Use of Artificial
Intelligence to Support Regulatory Decision-
Making for Drug and Biological Products.(6 Jan
2025) 2

2023 20

Governance (18 Jan 2024) !
/ 2025 /

China: Interim Measures for the
Management of Generative Artificial
Intelligence Services (13 Jul 2024) 8

\

MHRA: Impact of Al on the regulation of
medical products Implementing the Al
White Paper principles(Apr 2024) 5

Health Canada: Canada's Drug Agency
Position Statement on the Use of

Artificial Intelligence in the Generation
and Reporting of Evidence (Apr 2025) 6

EMA: Reflection paper on the use of
Artificial Intelligence (Al) in the medicinal
product lifecycle (11 Sep 2024) 3

O

Figure 1: Status of Generative Al Guidance Issuance for Clinical Development.
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resolve discrepancies before the database is locked for
analysis. CDMs ensure the accuracy, completeness, and
integrity of the clinical data, which forms the basis for
statistical analysis and regulatory submissions. They
manage the entire data lifecycle and filing by generating
queries and resolving issues to maintain data quality.

Creating Generative Al-Related Governance
Documents and Their Consistency with Existing
Organizational QMS Documents

By providing regulatory and professional role information
to a cloud-based generative Al powered by an LLM,
the items to be included in the highest-level policy of
the organizational QMS can be defined with a certain
degree of accuracy and precision. However, using cloud
LLMs poses two major problems. One is hallucination.
For instance, Gemini provided the following incorrect
information regarding the ICH-E6 (R3), which has reached
the consensus stage at Step 4 (Example: “ICH-E6 (R3)
recommends the use of a complete black-box model as
a mandatory requirement for Al utilization in the data
collection process,” which is factually incorrect). The
second problem relates to confidentiality in the research
industry. Cloud LLMs are expected to be powerful tools
for confirming consistency with the organization’s
documents, uploading internal documents to a cloud
LLM and causing information leakage is extremely
dangerous for the organization. While large organizations
are internally developing and operating LLMs in a local
environment, small CROs and AROs often find it difficult
to allocate resources for these initiatives. Local LLMs
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enable organizations to keep sensitive QMS and project
data on-premises or within trusted clouds, reducing
the risk of confidential data exposure and facilitating
compliance with data residency rules.

We therefore focused on the retrieval-augmented
generation (RAG) approach in local LLMs. The features of
RAG include referencing external knowledge bases and
generating new text while minimizing hallucinations.
RAG can be developed using graphical processing units
(GPUs) or run with conventional central processing units
(CPUs), and the methods are evolving daily, offering
options between large-scale and small-scale language
models."" In the retrieval mechanism, text data are
transformed into high-dimensional numerical vectors
through a process known as “embedding,” which relies on
exact word overlaps. Modern RAG systems utilize dense
vector embeddings to capture the semantic context of
the text. This capability is particularly crucial for clinical
development, where the nuanced interpretation of SOPs
and regulatory requirements is essential to maintain
procedural integrity.

Our concept, as shown in Figure 2, is to first define
universal conditions such as regulations and professional
role definitions using a cloud-based LLM, then load this
information along with the organization's proprietary
QMS pyramid documents into a local LLM environment
to be used as a knowledge base to create new governance
documentation for generative Al utilization. Continuing
this cycle will refine the governance related to generative
Al. We deployed a local, open-source RAG implementation,
successfully generating governance documents for the

Company-wide Al
Generative Al Guideline [JESEISINE

Research and
SOPs

Development

Global / local regulatory guidance

ICH EMA FDA

Q D Q D

WHO MHLW*

R&D-specific
Generative Al
Governance
Documents

Local LLM
with RAG

Figure 2: Using a Local LLM and RAG methods, Generate the organization’'s R&D-specific Generative Al Governance

Documents.

Set company-wide guidelines, organizational research SOPs, and global/regional regulatory guidance as “knowledge domains,” and
produce R&D-focused generative Al governance documents through RAG. This activity is sustainable and will be updated as guidance

and SOPs are revised.
*MHLW: Ministry of Health Labour and Welfare, Japan.
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organization’s QMS pyramid. Benefits include: “Rapid
creation of governance documents highly aligned with
regulatory requirements and existing QMS,” “Generation
of SOPs tailored to the organization’s operational realities,”
and “Establishment of a low-cost, secure environment for
even small organizations to benefit from generative AlL"

Integrating generative Al into the QMS framework
enables the transition of CDM roles from manual
document creation to strategic oversight. For instance,
by referencing clinical protocols and study-specific EDC
specifications as a RAG knowledge base, it becomes
possible to automate the initial drafting of key
documents, such as the data management plan (DMP),
EDC development plan, and data review procedures.
By automating these drafts via RAG, organizations can
significantly reduce the lead time for study startup
while minimizing human error in document consistency.
Furthermore, this framework facilitates the integration
of CDM processes into consistent QMS and risk-based
approach (RBA) workflows. The establishment of
harmonized, real-time compliance metrics—such as
the discrepancy rate between Al-generated drafts and
human-finalized versions—allows for continuous process
optimization within the QMS. As CDM functions are at
the forefront of the digitalization of clinical research,
this evolution will directly contribute to enhancing the
overall quality and efficiency of the clinical development
lifecycle.

Practical Approaches and Common Pitfalls in
Using RAG

At Kowa Co. Ltd., incorporating company-wide Al
usage guidelines as reference documents enabled
alignment between common principles (such as data
privacy and information security) and specific clinical
trial requirements, thus allowing attempts to generate
documents for constructing a QMS pyramid. Creating
governance documents tailored for clinical trials
demonstrated that guidelines alone were insufficient; it
was necessary to combine them with various SOPs and
regulatory guidance related to clinical trials. Using RAG
enabled efficient generation of governance documents
that comprehensively covered key elements such as
ethical considerations, data privacy, security, Al reliability,
and the use of generative Al in clinical trials. However, it
was confirmed that the generated governance documents
remained at the high-level framework stage and did
not necessarily provide specific cautions or operational
decision criteria. Some requirements—such as verification
methods and evaluation metrics—were practically difficult
for users to implement, and there were limitations to
applying the generated outputs directly to operations. In
the current implementation of QMS documentation at
Kowa Co., Ltd., embedding models specialized for medical
terminology, such as BioBERT were not employed for the
vectorization process. However, utilizing such models
specialized for medical terms could potentially expand
the application of this framework to more complex
document ecosystems. This includes the integration
of comprehensive information from investigator's
brochures and safety databases, thereby facilitating the
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establishment of a more robust and specialized clinical
documentation hierarchy.

Documents produced by RAG should therefore be
treated as drafts, not final versions, and should be
reviewed and corrected manually. It was also suggested
that, when viewpoints are missing or expressions
are ambiguous, document quality can be improved
incrementally by updating prompts and reviewing
reference knowledge.

Establishing Ethical Principles and Human in
the Loop (HITL)

Building on the practical challenges outlined earlier
it becomes evident that ensuring reliability and safety
requires more than just technical solutions. These issues
highlight the critical need to establish a solid ethical
framework and incorporate human judgment into the
governance of generative Al in clinical development.

The application of generative Al must therefore not only
preserve scientific integrity but also address ethical and
legal considerations. We propose applying fundamental
principles of medical ethics—such as Autonomy, Non-
maleficence, Justice, and Beneficence—to guide Al use.
This involves developing SOPs to proactively identify and
mitigate potential biases, especially those related to race
and socioeconomic status, originating from training data
or model outputs.

Moreover, to effectively manage these risks, it is essential
to establish HITL as a core element of governance in
clinical development.'? When Al outputs influence critical
clinical or regulatory decisions—such as protocol drafting,
data interpretation, or updates to QMS documents—the
final responsibility must rest with a human decision-
maker. This approach mitigates risks associated with
hallucinations or unforeseen errors and clarifies
accountability. Consequently, governance documentation
should specify the level of human intervention required
for each specific use case—whether it involves a simple
review after automated generation or making important
decisions based on Al outputs, (see Figure 3).

Continuous Monitoring and Change Control
Throughout the Al Model Lifecycle

Generative Al model performance constantly carries the
risk of deviating from its initial validation performance
(Model Drift) due to the influx of real-world data different
from the training data or the manifestation of biases
over time. As this performance degradation has a direct
impact on trial reliability and patient safety, especially
in the context of clinical development, the governance
framework must cover the entire Al model lifecycle.

Our governance documentation concept proposes
integrating an "Al Utilization Continuous Monitoring
SOP” within the QMS pyramid. This SOP will specifically
define the following elements:

1. Establishment of Performance Metrics and
Thresholds: Clearly define the acceptable perfor-
mance baseline and the deviation threshold for
each generative Al use case (e.g., accuracy of proto-
col drafts, error rate during data integration).
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Global and Regional Regulations
for Generative AI Governance

Policy
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Manuals, Instructions ‘
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Figure 3: Conceptual Framework for Utilization of Generative Al Governance.
Based on the global and regional regulation for generative Al implements to the each organizational QMS document pyramid and

reviewed by human in the loop methods.

2. Periodic Audits: Audit the discrepancy rate be-
tween Al output and human judgment, as well as
bias indicators against specific attributes (e.g., race,
gender) at regular intervals (e.g., quarterly).

3. Change Control: Define and integrate into the
QMS response procedures—including risk assess-
ment, re-validation, model re-tuning, or temporary
cessation of use—if a deviation is detected or if
the underlying LLM service (e.g., provider version
update) is changed.

4. Decommissioning: Establish a safe and traceable
retirement process if the model’s performance
degrades to an irrecoverable level or if the purpose
of use ceases.”

By incorporating this continuous monitoring and
changing control mechanism into the QMS, organizations
can benefit from the convenience of generative Al while
maintaining audit readiness for regulatory authorities.
The level of oversight should be risk-based, with lower-risk
tools (e.g., document generation) warranting less scrutiny
than higher-risk use cases (e.g., data analysis).

Conclusion

Going forward, governance documentation for generative
Al is expected to be developed efficiently and reliably.
Operations are likely to employ RAG with local LLMs as
a standard approach. However, the implications of this
technological integration extend beyond operational
efficiency; they signify a paradigm shift from traditional
CDM to clinical data science (CDS). As the core
competencies of data professionals evolve from manual
data management procedures to strategic algorithmic

oversight and the generation of advanced data insights,
the necessity for a robust governance framework becomes
even more critical. The transition to CDS requires not
just technical proficiency, but a QMS-driven approach to
monitor and validate Al-driven insights." The framework
presented in this paper, which integrates RAG, ethical
principles, HITL, and lifecycle management, serves as a set
of essential “guardrails.” This governance structure ensures
that clinical data scientists leverage Al for complex pattern
recognition and predictive analytics while maintaining
strict regulatory compliance. Ultimately, this approach
offers a practical and responsible pathway for clinical
organizations to redefine the value of data functions,
fostering an environment in clinical development that is
agile and driven by data.
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