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Executive Summary

In the highly regulated life sciences industry, Good Practice (GxP) compliance hinges on rigorous
documentation of processes, data, and decision-making. Traditionally, _ GxP evidence packages_ —
comprehensive sets of records demonstrating compliance — have been assembled manually, consuming vast
resources and often resulting in delays, errors, and fragmented audit trails (www.mastercontrol.com)
(www.bioprocessonline.com). The rapid emergence of artificial intelligence (Al) offers transformative potential
for this domain: Al-driven systems can automate the creation, validation, and aggregation of regulatory
documents and audit evidence, dramatically compressing timelines and reducing costs
(www.mastercontrol.com) (www.stackai.com). The freya fusion vendor blog estimates that combining
freya.content’s component reuse with freya.docs’ validation engine can reduce first-pass document assembly
effort by up to 60%.

This report investigates the intersection of Al and GxP compliance, focusing on how Al can automate GxP
evidence packages and validation documentation. We review historical practices and regulatory standards,
detail the current state of Al-enabled compliance tools, and analyze case studies of Al in action. Key findings
include:

« Regulatory Context — Applicable FDA electronic-record requirements and operative EU GMP Annex 11
call for traceability, audit trails, and system validation. Emerging Al-specific regulations (EU Al Act)
and guidance (ISPE GAMPS5 Appendix D11) impose additional requirements for data provenance, risk
management, and model oversight (www.bioprocessonline.com) (www.ey.com). Al tools used in
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regulated contexts need a documented assessment of which records fall within applicable requirements.
21 CFR Part 11 applies to electronic records within its defined recordkeeping and submission scope; Al
use alone does not make every model input, output and decision a controlled record.

» Traditional Challenges - Building evidence packages conventionally involves manual aggregation of
SOPs, audit trails, validation protocols, and records from multiple systems. This “scavenger hunt”
approach is error-prone and time-intensive, leading to audit findings and inspection delays
(www.stackai.com) (www.bioprocessonline.com).

« Al-Assisted Documentation — Generative Al (e.g. LLMs) and Al agents can draft and organize
compliance documents far faster than humans. MasterControl’s blog claims that automating first drafts
of regulatory documents and guiding human revisions can reduce costs by up to 50%. This is presented
as a potential saving. Separately, AWS'’s architecture uses AWS Config to evaluate resource
configurations continuously and send the results to AWS Audit Manager as evidence.

e Al in Validation — Al is not only the subject of validation but can accelerate validation itself. Leading
practices involve using Al to generate thousands of test cases and automatically score outputs against
guality metrics (www.ey.com), enabling risk-based, continuous validation with minimal manual effort.
Human experts still define inputs, expected outputs, and critical criteria, but Al massively expands
coverage (www.ey.com).

» Data Integrity & Traceability — For each Al intended use, identify which electronic records fall within
Part 11 based on applicable predicate rules. Assess model training data, code changes and inference
outputs individually rather than automatically treating them all as regulated records. Peer-reviewed
studies emphasize establishing complete traceability for Al models, e.g. monitoring systems providing
“thorough tracking with complete traceability” integrated into the quality system
(www.sciencedirect.com).

« Case Examples — Pharma companies are already piloting these approaches. AWS demonstrated
continuous compliance by using AWS Config and Audit Manager to auto-collect 21 CFR Part 11
evidence (aws.amazon.com). The freya fusion vendor blog estimates potential first-pass document
assembly savings of up to 60% from combining freya.content and freya.docs. In its event account, xLM
Continuous Intelligence states that Al-enabled systems can sometimes improve inspection readiness by
generating richer, more consistent evidence.

o Future Implications — As Al regulations solidify (e.g. EU Al Act, new Annex 22) and legacy QMS
modernize, the reliance on manual documentation packages will wane. Organizations that adopt
automated, Al-assisted compliance can accelerate innovation while strengthening audit readiness
and patient safety. Conversely, failing to update practices risks compliance gaps and lost market
opportunities (www.ey.com).

In summary, automating GxP evidence packages with Al offers profound benefits in efficiency, accuracy, and
scalability. However, it requires tight integration with regulated workflows: robust governance, human
oversight, and rigorous validation of the Al tools themselves. This report provides a deep-dive into the
historical background, current practices, data-driven analyses, and future directions for Al-enabled compliance
documentation.
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Introduction and Background

Good x Practice (GxP) standards — including Good Manufacturing Practice (GMP), Good Clinical Practice
(GCP), and Good Laboratory Practice (GLP) — are regulatory frameworks that ensure product quality and
patient safety at every step of pharmaceutical research, development, and manufacturing (www.ey.com).
Central to GxP is the notion of data integrity: records must be Attributable, Legible, Contemporaneous,
Original, and Accurate (the ALCOA+ principles) (www.bioprocessonline.com). Regulators such as the FDA and
EMA require that computerized systems used in GxP contexts be validated and produce reliable, traceable
electronic records (www.ey.com).

An evidence package in the GxP context is a compilation of documentation that demonstrates regulatory
compliance. This typically includes system specifications, qualification protocols (IQ/OQ/PQ), validation
reports, audit trails, change control logs, SOPs, training records, and any other data supporting that processes
and systems “consistently perform as intended” (www.bioprocessonline.com) (aws.amazon.com). For
example, when an inspection finds a non-conformance, a quality team might need to assemble a binder of
evidence showing the history of corrective actions (CAPA reports, investigation notes, follow-up checklists) and
how commitments were fulfilled. Similarly, launching a new drug requires an eCTD dossier with validated
clinical and manufacturing data, each piece accompanied by traceable source records and approvals
(pharmacystandards.org) (www.freyrdigital.com).

Historically, preparing these evidence packages has been a manual, document-intensive process. Quality
teams spend countless hours searching disparate systems for records — from electronic document
management systems (EDMS) to laboratory information management systems (LIMS) to simple network
folders — then compiling them into submission or audit-ready formats. Errors are common: missing signatures,
inconsistent versions, or incomplete data can trigger inspection findings. This “paperwork tax” inflates costs
and extends timelines. One industry leader described the traditional validation approach as “binders filled with
test cases and signatures... now replaced by dashboards and pipelines” (www.bioprocessonline.com), but
emphasized that the underlying duty to furnish complete evidence has not changed.

Meanwhile, artificial intelligence (Al) and machine learning (ML) are reshaping how organizations handle data
and processes. In pharmaceuticals, Al is used for image analysis in QC, predictive analytics in manufacturing,
and even decision-support in regulatory affairs. In its January 9, 2024 report, McKinsey cites a McKinsey
Global Institute estimate that generative Al could generate $60-110 billion per year in economic value for the
pharmaceutical and medical-product industries. In theory, Al tools — from natural-language generation (NLG) to
robotic process automation — can dramatically speed up the creation and verification of compliance
documents, turning laborious reports into minutes-long tasks (www.mastercontrol.com)
(www.continuousintelligence.ai).

However, the integration of Al also introduces novel regulatory considerations. Regulators emphasize that Al-
driven systems must themselves be validated and transparent (www.ey.com). For computerized systems
used in GMP activities, EU GMP Annex 11 bases the extent of validation and data-integrity controls on a
justified, documented risk assessment. For Al-related electronic records, FDA’s Part 11 guidance recommends
selecting audit trails or other appropriate controls according to predicate rules, a documented risk assessment,
and potential effects on product quality, safety and record integrity. As one Sware whitepaper notes, life
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science leaders must maintain “records describing the purpose of the Al model, its training datasets, and its
performance metrics at each development stage” (www.sware.com). In short, the documentation effort has
expanded from static software to dynamic model lifecycles.

The need for automation is clear. Modern life science quality teams juggle more vendors, products, and data
systems than ever (www.stackai.com). Adding Al means not only adapting to a new technology, but also
managing its outputs and compliance obligations. Any gap or inconsistency in documentation could be
consequential, given stringent enforcement of GxP. Thus, an emerging approach is to use Al to help with the
validation documentation and evidence packaging itself. This report explores that approach in detail: how
Al can automate GxP evidence collation and documentation, what compliance frameworks demand, and what
challenges remain.

Regulatory Framework and GxP
Documentation Requirements

GxP Fundamentals

At the heart of pharmaceutical regulation is the expectation of trustworthy electronic records. In the US, 21
CFR Part 11 applies to specified electronic records under FDA recordkeeping and submission requirements; it
does not automatically cover every Al interaction. In the EU, GMP Annex 11 distinguishes application validation
from IT infrastructure qualification and bases the extent of validation and data-integrity controls on a justified,
documented risk assessment. The validation and qualification approach should be selected for the system’s
intended use and risk, rather than treating IQ/OQ/PQ as an identical mandatory sequence for every
application.

Beyond these, the GxP umbrella includes Good Laboratory Practice (GLP) for non-clinical labs, Good Clinical
Practice (GCP) for trials, etc., each with their own record requirements (e.g. Protocols, Case Report Forms,
Equipment Logs). Collectively, GxP is enforced by authorities (FDA, EMA, etc.) to ensure product quality and
patient safety at every stage (www.ey.com). Key principles across these are traceability (the ability to trace
any decision or batch outcome back to original records) and integrity (following ALCOA+). For instance, raw
data from an analytical instrument must be made “ALCOA+" — including being recorded contemporaneously,
maintained unaltered, and easily available for review (www.bioprocessonline.com). These principles extend to
any derivative data (analysis, calculations, model outputs). As one author states, ALCOA+ “must be
systematically applied to every stage of the data life cycle” (www.bioprocessonline.com).

New Al-Specific Guidance

Al's entry into regulated environments has not upended the core GxP expectations, but it adds nuance.
Regulators worldwide emphasize that Al systems and their outputs still require validation and oversight.
Notably:
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» FDA Stance: The FDA's 2025 draft Al guidance is nonbinding and addresses Al used to produce
information or data supporting regulatory decisions about drug safety, effectiveness or quality. It
excludes operational-efficiency uses, including submission drafting, that do not affect patient safety, drug
quality or the reliability of nonclinical or clinical study results. Separately, FDA's computer software
assurance guidance addresses medical-device production and quality-management-system software.
Its risk-based principles should not be presented as a universal CSA requirement for trial cohort-
selection tools.

» EU Guidance: As of October 18, 2026, the Commission’s 2025 consultation on draft Annex 22 is
closed; consultation proposals should not be presented as operative requirements. The draft Annex 22
addresses trained, static models with deterministic outputs in critical GMP applications affecting patient
safety, product quality or data integrity. “Static” refers to models that do not adapt their performance
during use by incorporating new data, rather than to the content of a knowledge base. The EMA
workshop report confirms that the draft excludes generative Al and LLMs from that critical-use scope.
For non-critical GMP use, the draft places responsibility for output suitability on adequately qualified and
trained personnel. Separately, the EU Al Act classifies specified Al system uses by risk; pharmaceutical-
sector membership alone is not a high-risk classification. Assess the actual intended use and applicable
provider or deployer obligations.

« International Standards: The ISPE’'s GAMP 5 (2nd Edition, 2022) now includes an Appendix D11
focusing on AlI/ML systems. It prescribes an ML lifecycle with phases (Concept, Project, Operation)
emphasizing data management, model training, and performance metrics. The published ISPE GAMP®
Guide: Artificial Intelligence provides a framework for developing and using Al in GxP regulated areas.
Notably, these frameworks encourage risk-based validation akin to Computer Software Assurance
(CSA) principles, aligning testing depth with criticality. In practice, organizations are advised to apply the
same “fitness-for-use” and patient safety criteria to Al as to any GxP system (www.ey.com).

The 2025 draft FDA Al guidance excludes operational-efficiency uses, including submission drafting, when
they do not affect patient safety, drug quality or the reliability of nonclinical or clinical study results.

Documentation Expectations

Given the above, what does a GxP evidence package typically include? While it varies by context, common
elements are:

» Specifications and Protocols: User requirements, functional specifications, risk assessment
documents, validation protocols (IQ/OQ/PQ plans) for computerized systems or processes
(aws.amazon.com) (www.bioprocessonline.com).

« Test Records: Execution records (test execution protocols, test logs), deviation records, verification
checklists, validation reports summarizing results (with pass/fail criteria) (www.bioprocessonline.com)
(www.stackai.com).

« Audit Trails and Logs: All change records (SOP change control, model retraining events), user and
system logs capturing transactions or queries (e.g. who accessed data and when) (www.ey.com).

Pharma & biotech Al consulting - Custom software - Data engineering Page 6 of 17


https://www.fda.gov/media/184830/download
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/computer-software-assurance-production-and-quality-management-system-software
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/computer-software-assurance-production-and-quality-management-system-software
https://health.ec.europa.eu/consultations/stakeholders-consultation-eudralex-volume-4-good-manufacturing-practice-guidelines-chapter-4-annex_en
https://health.ec.europa.eu/document/download/5f38a92d-bb8e-4264-8898-ea076e926db6_en?filename=mp_vol4_chap4_annex22_consultation_guideline_en.pdf
https://www.ema.europa.eu/system/files/documents/report/ai-workshop-2025-report-publication-en.pdf
https://www.ema.europa.eu/system/files/documents/report/ai-workshop-2025-report-publication-en.pdf
https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai
https://ispe.org/publications/guidance-documents/gamp-guide-artificial-intelligence
https://ispe.org/publications/guidance-documents/gamp-guide-artificial-intelligence
https://www.ey.com/en_ch/insights/life-sciences/gxp-and-ai-tools-compliance-validation-and-trust-in-pharma#:~:text=Annexes%20to%20the%20EU%20GMP,consultation%2C%20it%20still%20follows%20former
https://www.fda.gov/media/184830/download
https://aws.amazon.com/blogs/mt/automated-evidence-collection-for-life-sciences-continuous-compliance-solutions-using-aws-audit-manager/#:~:text=resource%20changes,GMP%29%20as%20GxP
https://www.bioprocessonline.com/doc/trust-but-verify-validating-ai-in-pharma-s-gxp-world-0001#:~:text=In%20the%20past%2C%20prior%20to,to%20demonstrate%20that%20systems%20are
https://www.bioprocessonline.com/doc/trust-but-verify-validating-ai-in-pharma-s-gxp-world-0001#:~:text=In%20the%20past%2C%20prior%20to,to%20demonstrate%20that%20systems%20are
https://www.stackai.com/insights/automating-compliance-for-pharmaceutical-companies-how-stackai-streamlines-gxp-workflows-and-audit-readiness#:~:text=StackAI%20can%20support%20audit%20readiness,pharma%20workflows%20by%20helping%20teams
https://www.ey.com/en_ch/insights/life-sciences/gxp-and-ai-tools-compliance-validation-and-trust-in-pharma#:~:text=Annexes%20to%20the%20EU%20GMP,consultation%2C%20it%20still%20follows%20former

IntuitionLabs

« Data Records: Raw data (instrument outputs, lab notebooks), data integrity checks (hashes, forensic

reports), ALCOA+ attestation documents (www.bioprocessonline.com) (www.sciencedirect.com).
« Operational Documents: SOPs, batch records, manufacturing logs, release records, and any quality

management documentation (e.g. CAPA reports, audit findings) (www.stackai.com)

(www.bioprocessonline.com).

 Model Documentation: For Al/ML specifically, records of model design, training datasets (with lineage),

performance metrics, “model cards” describing intended use and known limitations, and evaluation

reports (www.sware.com) (www.ey.com).

In practice, an inspector asking for evidence (e.g., during a GMP audit) expects a “complete story”. Data
scientists often joke that hundreds or thousands of pages of raw data still need a compelling narrative — the

Integrated Weight-of-Evidence — to convince regulators (pharmacystandards.org). The packaging must

connect the dots: it's not enough to email FDA raw Al-generated outputs; one must contextualize them in the
regulatory submission (e.g., by including them in eCTD Module 2 and 4 narratives as illustrated by a CAIDRA

training example (pharmacystandards.org)).

Ensuring evidence completeness is difficult with traditional methods. Quality teams often face “audit evidence
scavenger hunts” and duplication of effort across QMS, LIMS, EDMS, etc. Tasks like constructing Trace

Matrices or cross-referencing versions are repeatable but labor-intensive (www.stackai.com). Moreover,

manual handling introduces variability: two sites might interpret “what counts as evidence” differently,

jeopardizing consistency.

Table 1 summarizes typical compliance documentation tasks and contrasts the traditional approach with

potential Al-enhanced methods:

Compliance Traditional Approach
Task
Document Subject experts manually write/review

Drafting/Assem protocols, SOPs, reports (taking
bly days/weeks). Version control and
formatting done by hand.

Evidence Staff manually retrieve records from

Collection multiple repositories (EDMS, folders,
tickets) and compile into binder or eCTD.
Risk of omissions.

Validation QA writes manual test cases/scripts

Testing based on requirements; executes tests;
manually logs results. Coverage may be
limited.

Audit Quality team scrambles before

Preparation inspection, manually verifying each
control is met and annotating evidence.

Often uses spreadsheets for traceability.

Pharma & biotech Al consulting - Custom software - Data engineering

Al-Enhanced Approach

Generative Al (e.g. LLMs) produces first-draft outputs in minutes
(www.mastercontrol.com) (www.freyrdigital.com). Automated editing
tools refine language and format. Metadata and references are
auto-checked for completeness.

Automated evidence collection: AWS's architecture sends resource-
configuration evaluation results from AWS Config to AWS Audit
Manager. This example concerns configuration evidence.

Al-driven testing: Thousands of input prompts are auto-generated
from defined patterns, fed into the system, and outputs are scored
against QC metrics (www.ey.com). Testing coverage is vastly
expanded under human-defined risk categories.

Continuous compliance through automation: AWS describes AWS
Config continuously evaluating resource configurations and sending
evidence to AWS Audit Manager.
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Compliance Traditional Approach Al-Enhanced Approach

Task

Change When a process or model changes, QA Automated logging: Version control systems record all model/data
Control/Log drafts reports and updates training docs. changes. Al tools track change events (e.g. model retraining
Updates Manual tracking of change history. triggers) and can draft change control forms or SOP amendments,

given parameters.

Risk Periodic risk assessments (e.g. FMEA) Dynamic risk assessment: Al continuously analyzes process data to
Management are updated manually; analysis is static. predict anomalies. When patterns diverge, it can suggest and even
pre-populate FMEA tables. Risk matrices adapt in real-time.

These examples illustrate how Al can offload repetitive GXP documentation tasks, letting human experts
focus on interpretation and oversight. Indeed, industry practitioners emphasize that automation must
“standardize and accelerate repeatable compliance controls and evidence generation” without replacing
human accountability (www.stackai.com). In other words, Al becomes an aid — a turbocharger for compliance
workflows — while final approvals, interpretations, and release decisions remain firmly with qualified personnel.

Al in GXP Evidence and Validation

Generative Al for Documentation

The advent of generative Al (e.g. large language models, LLMs) has been hailed as a “game-changer” for
regulatory affairs and quality documentation (www.mastercontrol.com) (www.freyrdigital.com). These models
can consume vast libraries of existing content and produce new text based on prompts. In the GxP context,
this enables:

« Drafting Large Documents: Submissions often require hundreds of pages (e.g. Module 3 Chemistry
sections, labeling documents, Clinical Study Reports). Al can auto-generate sections by stitching
together relevant content. As Freyr notes, Al can “intelligently match and stitch content components
(e.g., stability data, manufacturing descriptions) into templates” and polish language to regulatory style
guides (www.freyrdigital.com). In practice, the freya fusion vendor blog says that integrating
freya.content’s component reuse with freya.docs’ validation engine can cut first-pass document
assembly effort by up to 60%. Another generative Al guide notes that tasks taking weeks can be done in
minutes (www.mastercontrol.com).

« Metadata and Format Checking: Regulatory doc requirements include precise metadata (e.g.
document type, country, controlled terminology). Al can automatically verify that all required fields are
populated and consistent. For example, a platform might flag missing registration numbers or
inconsistent naming, ensuring near-complete checks before human review (MasterControl advocates
“automated verification processes” for quality systems (www.mastercontrol.com)).

» Review Assistance: Al can highlight discrepancies or omissions. If a changes log is inconsistent, Al
summarizers can bring it to attention. During peer review, it can suggest reference citations or track
cross-links between documents. Freyr’s use-case shows Al offering “natural-language suggestions [to]
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guide reviewers on required edits or missing data points” in Clinical Study Reports
(www.freyrdigital.com).

« Language Consistency: Especially for global teams, generative Al ensures consistent terminology and
phrasing. It can translate or localize content (e.g. ensuring global studies meet ICH E3 style). This
halves proofreading time and reduces drift in document tone.

MasterControl’s blog describes potential savings of up to 50% in regulatory documentation costs from
automating first drafts and guiding human revisions. Separately, MasterControl’s blog describes automation of
up to 80% of manual tasks as a way to free experts for more complex work. This is a potential task-
automation claim.

Al Agents for Evidence Collection

Beyond pure text generation, intelligent Al agents can navigate compliance ecosystems. For instance,
StackAl’s platform uses controlled Al “agents” that operate within the enterprise network. These agents can
crawl validated data sources to gather evidence. As one case study describes: “StackAl can...auto-build
evidence packets by pulling artifacts from connected repositories (EDMS, SharePoint libraries, validated
document stores...)" (www.stackai.com). In practice, an Al agent tasked with “audit readiness” could query an
electronic document system for all training completion certificates for a given SOP, extract the relevant files,
and compile them into a folder structured for inspectors (www.stackai.com).

This approach ensures breakdown of silos. Instead of a human manually asking multiple subject matter
experts for spreadsheets, an Al agent treats quality systems as its database. It applies standard naming
conventions and verifies that all expected document types are present. For example, it might automatically
check that for each batch release there exists (a) a signed batch record, (b) corresponding QC results, (c)
equipment calibration logs, and (d) any deviation reviews. Any missing element is flagged. The outcome:
evidence packages that are complete by design, reducing the chance that an inspector finds an
undocumented gap (www.stackai.com) (aws.amazon.com).

Similarly, cloud platforms like AWS Audit Manager illustrate automated evidence collection. An AWS solution
outlines how AWS Config continuously monitors cloud resources, flags deviations, remediates them, and then
pushes compliance evidence into AWS Audit Manager under GxP (21 CFR 11) frameworks
(aws.amazon.com). In this architecture, evidence flows automatically: system configurations, change
approvals, and audit logs are fed into an assessment report. The result is a dynamically updated “packaged”
report that maps to Part 11 controls (aws.amazon.com). While this example is cloud-focused, the pattern is
analogous on-premises: a continuous compliance approach where technology automatically gathers and
organizes evidence as processes run, rather than requiring ad hoc compilation.

Al-Assisted Validation and Testing

Validation of computerized systems is a GxP cornerstone, and Al has unique implications here. Al-driven
systems (especially generative or adaptive ones) do not behave deterministically: the same input may yield
different but “acceptable” outputs over time. This challenges traditional validation — which usually asserts

Pharma & biotech Al consulting - Custom software - Data engineering Page 9 of 17


https://www.freyrdigital.com/blog/5-generative-ai-use-cases-revolutionizing-pharma-regulatory-affairs#:~:text=%2A%20Auto,edits%20or%20missing%20data%20points
https://www.mastercontrol.com/gxp-lifeline/generative-ai-streamlines-gxp-compliance-for-life-sciences/
https://www.mastercontrol.com/gxp-lifeline/generative-ai-streamlines-gxp-compliance-for-life-sciences/
https://www.stackai.com/insights/automating-compliance-for-pharmaceutical-companies-how-stackai-streamlines-gxp-workflows-and-audit-readiness#:~:text=StackAI%20can%20support%20audit%20readiness,pharma%20workflows%20by%20helping%20teams
https://www.stackai.com/insights/automating-compliance-for-pharmaceutical-companies-how-stackai-streamlines-gxp-workflows-and-audit-readiness#:~:text=StackAI%20can%20support%20audit%20readiness,pharma%20workflows%20by%20helping%20teams
https://www.stackai.com/insights/automating-compliance-for-pharmaceutical-companies-how-stackai-streamlines-gxp-workflows-and-audit-readiness#:~:text=StackAI%20can%20support%20audit%20readiness,pharma%20workflows%20by%20helping%20teams
https://aws.amazon.com/blogs/mt/automated-evidence-collection-for-life-sciences-continuous-compliance-solutions-using-aws-audit-manager/#:~:text=This%20solution%20utilizes%20AWS%20Config,evidence%20is%20automatically%20sent%20to
https://aws.amazon.com/blogs/mt/automated-evidence-collection-for-life-sciences-continuous-compliance-solutions-using-aws-audit-manager/#:~:text=This%20solution%20utilizes%20AWS%20Config,evidence%20is%20automatically%20sent%20to
https://aws.amazon.com/blogs/mt/automated-evidence-collection-for-life-sciences-continuous-compliance-solutions-using-aws-audit-manager/#:~:text=This%20solution%20utilizes%20AWS%20Config,evidence%20is%20automatically%20sent%20to

IntuitionLabs

“specific input — defined output.” Instead, Al validation means ensuring “acceptable ranges” of
performance under varying conditions (www.ey.com).

A key emerging strategy is Al testing Al. As EY analysts note, a promising methodology is to employ Al to
generate test cases and evaluate Al outputs (www.ey.com). For instance, instead of manually devising 50
test prompts for a clinical chatbot, one can train a separate model to produce thousands of physician queries
covering edge cases (dosage, drug interactions, off-label questions). These are passed to the target Al, and a
downstream checklist or another Al automatically scores the answers for accuracy, completeness, and safety
(www.ey.com). EY describes the potential for Al-generated testing to provide greater coverage in less time,
enabling more comprehensive risk-based validation.

Critically, this must still be guided by human expertise. Subject matter experts define the quality categories
and the expected “must-have” (vs. optional) information in answers (www.ey.com). They also ensure the
secondary Al is not biased or using the same model as the one under test (to prevent pattern similarity). The
end result is a structured validation report that a human can review. EY describes Al-generated testing as a
way to support broader coverage and more comprehensive risk-based validation.

At a procedural level, regulators expect that Al systems in GxP are subject to risk-based validation
frameworks. Low-risk Al (e.g. a non-critical document summarizer) may have lighter checks, whereas high-risk
Al (e.g. dosing calculators or batch disposition decision tools) requires full validation akin to a medical device
(www.ey.com) (www.bioprocessonline.com). Throughout, documentation is critical: validation plans,
acceptance criteria, and testing evidence must be as robust as for any software. Al-specific points to document
include model version control, training data lineage, performance drift metrics, and re-validation triggers (e.g.
scheduled retraining or dataset updates) (www.bioprocessonline.com) (www.sware.com).

Data Integrity, Traceability, and Audit Trails

Select traceability controls for the Al system’s intended use and the records involved. FDA's Part 11 guidance
recommends basing audit trails or other appropriate measures on predicate-rule requirements, a justified and
documented risk assessment, and potential effects on product quality, safety and record integrity. For
computerized systems used in GMP activities, EU GMP Annex 11 bases the extent of validation and data-
integrity controls on a justified, documented risk assessment. The following are recommended governance
practices to tailor to that assessment; additional governance logs are not automatically regulated records:

« Logging Inputs and Outputs: Identify the inputs, outputs, user actions and metadata needed to
support required records. Additional prompt and draft logs may aid governance without every generated
sentence requiring a regulatory audit trail.

» Version Control: Use model and dataset version records to support change control, with detail
proportionate to intended use and documented risk.

- Data Governance: Identify the training and inference records subject to applicable integrity and
retention requirements, and retain source provenance needed to support those records.

 Human Oversight Documentation: Define review, approval and override records according to
applicable requirements and the workflow’s assessed risk.
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« Explainability: While not always mandated, explaining Al reasoning (e.g. via model interpretability tools
or logs of decision factors) greatly aids trust. Documentation should capture any explanations or
decision rules used.

Collectively, these measures ensure that Al usage is transparent to auditors. As a quality executive succinctly
put it: “be precise. Be boring. Be evidence-driven” when describing Al in regulated settings
(www.continuousintelligence.ai). Al systems tend to produce abundant data (logs, alerts, model metrics);
ironically, this richness can improve audit readiness. One industry perspective notes that Al-enabled processes
often “generate richer, more consistent evidence than manual processes” (www.continuousintelligence.ai),
since algorithmic steps are inherently logged and standardized.

Risk Management Integration

Risk management (ICH Q9) is a core GxP process, and Al tools must fit into it. Al introduces new risk factors:
algorithmic bias, model drift, privacy risks (if training data includes personal health information), etc.
Conversely, Al can also improve risk detection by spotting patterns humans might miss.

In practice, Al governance frameworks suggest mapping each Al function to an impact axis: high-impact (e.g.
dosing recommendations) vs. support (e.qg. literature search). High-impact Al requires extensive controls
(including comprehensive validation and continuous performance monitoring), whereas lower-impact Al can
have more lightweight oversight (www.bioprocessonline.com). Organizations should catalogue all Al models
affecting GxP (“Al inventory” with intended use, risk level, and responsible owner)
(www.bioprocessonline.com). This parallels usual IT asset management but specifically highlights Al.

The documentation of risk management is equally automated. For example, when an Al model identifies an
anomaly (say, a batch trend out of control), it can trigger an automated risk assessment draft. If a new
regulation emerges, Al can scan SOPs and quickly suggest needed redlines (continuous regulatory impact
analysis). In effect, Al can both be the object of risk control and a tool to enhance risk processes.

Data Analysis and Evidence

Quantitative data on Al in GxP is emerging. A 2025 survey found that only 9% of life sciences professionals felt
well-versed in U.S. and EU Al regulations (www.mastercontrol.com), underscoring a critical knowledge gap.
Yet nearly half report engaging with Al tools in some capacity — highlighting a mismatch between use and
understanding. Meanwhile, McKinsey estimates that digital technologies (including Al) could unlock $100
billion in value for the pharma sector (www.mastercontrol.com), providing ample incentive.

Performance claims need task-specific evaluation. MasterControl recommends establishing robust key
performance indicators to measure Al outcomes against objectives. Claims about assembly effort, task
automation, cost and elapsed time should therefore be assessed separately, with a defined baseline for each
workflow.

On the validation side, EY describes emerging tools that can generate thousands of test prompts from defined
parameters. This is a proposed testing capability, rather than evidence of a completed validation study with a
measured tenfold coverage improvement.
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Inspection outcomes and return on investment should be measured for the specific workflow. For validation
decisions, FDA recommends a justified, documented risk assessment that considers product quality, safety
and record integrity.

Case Studies and Real-World
Implementations

The examples below include vendor-described Al workflows and a conventional cloud-automation architecture:

« AWS Continuous Compliance (2023): This AWS example illustrates configuration monitoring and
automated evidence collection, rather than a demonstrated Al model deployment. Amazon Web
Services published a two-part blog series showing how a life sciences customer can use AWS Config,
Systems Manager, and Audit Manager to automate evidence collection for FDA 21 CFR Part 11
compliance (aws.amazon.com). In this solution, whenever a cloud resource deviates from the desired
configuration (e.g. insufficient encryption setting), AWS Systems Manager Change Manager requests
approval before remediation. The corrected compliance state and all change approvals are then
automatically sent to AWS Audit Manager, which generates an assessment report. Thus, the GxP
evidence package (control name, date, evidence logs) is assembled in near-real time. This exemplifies
how continuous monitoring yields audit-ready evidence packages, reducing manual audit prep.

« StackAl for Audit Readiness (2026): StackAl’'s workflow guide emphasizes a human-led approval
process and outputs anchored to approved, access-controlled sources. Any implementation should be
assessed against its defined workflow and approval requirements.

« Freya Fusion for Regulatory Affairs (2025): The freya fusion vendor blog says that combining
freya.content’s component reuse with freya.docs’ validation engine can reduce first-pass document
assembly effort by up to 60%. This is a potential vendor-estimated saving, rather than a documented
60% result from a named implementation.

« AstraZeneca Digital Strategy — event organizer’s account (2026): In its February 6, 2026 account of
a LinkedIn Live discussion, xLM Continuous Intelligence states that some Al-enabled systems can
improve inspection readiness by generating richer, more consistent evidence than manual processes.
This is the organizer’s general observation, rather than a documented AstraZeneca deployment result or
a finding attributable personally to Bob Buhlmann.

« PharmTech Al Case Study (2026): The Journal of Pharmaceutical Sciences (Mar 2026) presented
eight manufacturing case studies of Al/ML (e.g. soft sensors, predictive controllers) and underscored an
operational lesson: “to deploy sustainable AI/ML... organizations have to create data monitoring
systems that provide thorough tracking with complete traceability” (www.sciencedirect.com). This implies
that any Al deployment must be accompanied by system-level documentation infrastructure. The
article’s authors explicitly mapped Al use-cases to the Pharmaceutical Quality System, emphasizing that
regulatory compliance and Al are not separate: they must be integrated into the PQS from day one
(www.sciencedirect.com).
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These examples demonstrate that Al-enabled compliance automation is no longer theoretical. Companies are
using a mix of cloud services, in-house Al platforms, and regulatory tech solutions to accelerate
documentation and ensure audit readiness. The reported outcomes — substantial time savings, fewer
manual errors, and strengthened control — validate the approach. However, all case studies also emphasize
the need for rigorous validation and oversight of the Al tools themselves (e.g., qualifying that AWS tools meet
Part 11 controls, or that the generative errors are caught) (aws.amazon.com) (www.ey.com). This dual focus —
on innovation and on maintaining GxP rigor — is a recurring theme.

Discussion and Future Directions

The integration of Al into GxP documentation processes holds promise but also poses challenges. Key
considerations and trends include:

» Risk-Based Adoption: Not all processes should be Al-automated at once. High-risk areas (e.g. patient
safety decisions, sterility systems) demand thorough validation and slow, controlled adoption. Lower-risk
tasks (e.g. formatting documents, drafting training quizzes) are ideal candidates to trial Al, building
organizational confidence gradually. Regulatory guidance encourages a tiered approach: “develop a
tiered documentation strategy where higher-risk Al applications ... receive more extensive
documentation than lower-risk applications (like document translation or training generation)”
(www.mastercontrol.com).

« Governance and Accountability: Automation must be accompanied by governance frameworks. A
board-level directive or quality policy should define how Al is qualified. A multi-disciplinary Al governance
team (QA, IT, data science, legal) should oversee these projects. This team enforces policies such as
“never deploy an Al model without a User Requirements Specification that includes its Good Use, and
complete testing documentation” (www.bioprocessonline.com). Training for staff in Al literacy is also
crucial — the 9% statistic (www.mastercontrol.com) underscores that regulators and operators alike need
education.

« Ethical and Privacy Concerns: Some Al models use large datasets that may contain sensitive patient
or proprietary information. Al solutions in GxP must comply with GDPR and other privacy laws. They
must also avoid biases (e.g. an Al drafting medical information must not inadvertently include off-label
advice). Companies should implement bias-detection and privacy-by-design, with documentation of
mitigations (which itself is part of the evidence package).

« Regulatory Relations: Early engagement with regulators is recommended. Since official Al-specific
guidance is still evolving, companies can benefit from informal discussions (pre-submission meetings) to
align on how Al was used. Transparency (documenting COU, decision logs) builds trust; regulators
across jurisdictions emphasize that purposeful use of Al with documented human review is acceptable
(www.continuousintelligence.ai). The mantra “be precise, be evidence-driven”
(www.continuousintelligence.ai) applies: vague claims (e.g. “we used some Al to improve this”) should
be avoided in submissions or audit responses.
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« Standardization and Interoperability: For Al-generated documentation to be useful long-term, it must
fit into existing systems. Integration with Quality Management Systems (QMS) and Electronic Document
Management Systems (EDMS) is important. For example, autogenerated evidence packets should
automatically get assigned internal IDs and permissions consistent with GxP IT policies. Work is also
underway on standard formats for Al metadata (e.g. “model cards” or schema for ML documentation) so
that validation reports can be more easily reviewed cross-organization.

« Future Tools and Research: The market for Al compliance tools is expanding. In addition to the
platforms discussed, we anticipate more specialized “Al compliance modules” within QMS offerings.
Research is also focusing on metrics for Al-driven QA, such as “factual accuracy rates” for clinical
chatbots (www.ey.com) or audit-grade confidence scores for document versions. Over time, regulators
may require Al-specific submissions (e.g. include the model architecture and training regimen in a new
regulatory section). Companies prepared with robust Al documentation frameworks will have a
competitive edge.

In summary, the future promises deep synergy between Al and compliance. Quality assurance will likely
shift from proof-checking to oversight: less manual checking of doc completeness (handled by Al) and more
strategic auditing of Al's design and governance. As one expert put it, “Al validation isn’t architecture, it's
medicine” (www.continuousintelligence.ai) — meaning that the central concern is patient safety and product
quality, which remain constant even as tools evolve. Properly executed, Al can transform compliance from a
cost center into an innovation enabler, but it must always be anchored in the core principles of GxP.

Conclusion

Automating GxP evidence packages with Al is no longer science fiction but an emerging reality in the life
sciences. The combination of advancing regulations (FDA/EMA guidance, GAMP revisions, the EU Al Act) and
powerful Al techniques (generative language models, intelligent agents, automated test generation) is driving a
paradigm shift. Quality and regulatory teams now have the opportunity to reimagine documentation
workflows: tasks that previously consumed weeks of manual effort can potentially be performed in days or
hours with Al assistance (www.mastercontrol.com) (www.continuousintelligence.ai). This brings clear benefits
in reduced costs, faster time-to-market, and enhanced audit readiness.

However, the road is complex. Every claim made by Al must be backed by evidence, and the Al tools
themselves become part of the regulated landscape. Ensuring ALCOA+ data integrity for Al models, applying
risk-based validation, and maintaining transparency will be paramount. The stakes are high: mishandled Al
could undermine trust or safety just as easily as it could improve efficiency.

In the historical sweep, regulatory documentation was once ink-and-paper bound, then became computer-
records-bound, and now is moving toward Al-augmented automation. Organizations that invest in robust Al
validation documentation frameworks and automate their evidence packages will likely lead the industry.
They will turn compliance from a bottleneck into a smooth, agile process. As regulators themselves employ Al
(e.g. using NLP tools to review submissions (www.mastercontrol.com)), the industry’s ability to provide
machine-readable, Al-crafted evidence packages will become not only an opportunity but an expectation.
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This report has detailed the background, regulatory context, technological methods, and case studies that
collectively illustrate how Al can transform GxP documentation. All claims are supported by current industry
analyses, regulatory guidance, and expert reports to ensure a comprehensive and evidence-based
perspective.
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About IntuitionLabs

IntuitionLabs is an Al consulting, custom software development and data engineering firm serving
pharmaceutical, biotechnology, medical-device and other life-science organizations. We work with clinical,
regulatory, medical-affairs, commercial, quality and IT teams to connect technology decisions with the work
people need to accomplish.

Al consulting and adoption

Our Al enablement services cover readiness assessments, use-case selection, governance and policies, team
workshops, adoption measurement and ongoing advisory support. We help organizations structure the
information layer behind Al: source material, context, permissions and maintained knowledge that make
generated answers useful and reviewable. Private LLM inference and hosted Al options support teams
evaluating how to operate Al with appropriate control over their data and infrastructure.

Software, data and life-science workflows

IntuitionLabs develops custom software for pharma and biotech, integrates enterprise systems, and builds
data engineering and business intelligence solutions. Areas of focus include Al agents, regulatory research,
medical writing, medical affairs, CMC information, competitive intelligence and clinical-document workflows.
Our eTMF intelligence work includes cross-system reconciliation and inspection-readiness support.

Enterprise platforms and regulated delivery

We provide Veeva services, application support, managed services, integrations and custom applications,
alongside enterprise content work involving platforms such as Egnyte. For regulated workflows, our services
include GxP enablement, computer-system validation and software development addressing 21 CFR Part 11
requirements. The applicable controls, validation responsibilities and acceptance criteria are defined for each
engagement.

Work with IntuitionLabs

Explore Al enablement, pharma and biotech software development, data engineering and Bl, and Veeva
services. Contact IntuitionLabs to discuss your workflow, information sources and implementation needs.

IntuitionLabs publishes educational research to help life-science teams make informed technology decisions.
Coverage of a product or organization does not imply a client relationship, endorsement or partnership.

Website: https://intuitionlabs.ali

This article is educational. Verify consequential medical, legal, financial, regulatory and technical decisions with appropriate professionals and the
cited primary sources. Company services are described separately from the article's research findings.
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