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Executive Summary

The integration of artificial intelligence (Al) into regulated industries is fundamentally transforming Good
Documentation Practice (GDocP). Traditionally, GDocP has ensured data integrity through *ALCOA+* principles
- Attributable, Legible, Contemporaneous, Original, Accurate (plus Complete, Consistent, Enduring, and

Available) — and rigorous manual processes (!'' www.qad.com) (%)

pmec.nchi.nlm.nih.gov). Today, Al-driven tools
are automating many documentation tasks, from drafting text to searching archives, while also introducing new
compliance considerations. This report comprehensively examines how Al is reshaping GDocP: it accelerates
document creation and review, enhances data capture accuracy, and streamlines retrieval, yet raises data
integrity and governance challenges. We review historical context, current practices, Al applications, case

studies, and regulatory changes, presenting data and expert insights throughout. Key findings include:

e Dramatic efficiency gains: Al systems (e.g. large language models and document-Al) can accelerate

drafting of reports, protocols, and labels by 30-50% or more (°! intuitionlabs.ai) (!

6] jmai.amegroups.org), and cut

www.hcltech.com),
reduce clinicians’ documentation time by 5-30% (°) www.techtarget.com) (!
manual audit effort by two-thirds (14! www.hcltech.com).

¢ Improved completeness and consistency: Al-powered workflows can prompt for missing information,
enforce consistent templates, and reuse modular content across documents, boosting compliance. For
example, Al generation of clinical trial documents led to a ~50% throughput increase and 30% less effort in
patient summaries (I° intuitionlabs.ai).

o Data integrity safeguards and risks: On one hand, Al aids ALCOA+ compliance by flagging errors in real
time, logging all edits, and even embedding latest regulations into templates (/) www.worldpharmatoday.com)
("®1 www.mastercontrol.com). On the other, unchecked Al outputs (hallucinations) and reliance on proprietary

(9]

models pose new validation and traceability concerns (www.cntxt.tech) (*°' cdt.org).

e Regulatory evolution: Global regulators (FDA, EMA, MHRA, etc.) are actively updating guidelines. The FDA
is piloting Al tools (e.g. "Elsa") internally (:'°) www.mastercontrol.com) and expects sponsors to document Al
tools swiftly, while the EU's Al Act and updated GxP annexes will mandate detailed Al-system
documentation, audit trails and governance (\'") www.mastercontrol.com) (!"2) www.arnoldporter.com).

o Workforce and quality culture: The adoption of Al demands new skills (prompt engineering, model
validation, Al oversight) and shifts the quality mindset. Experts emphasize robust Al governance, training,
and human review to ensure that the ALCOA+ standards remain upheld in an Al-augmented environment

(”21 www.arnoldporter.com) ([91 cdt.org).

This report details these developments with numerous cited sources, case examples, tables, and technical

analysis. It concludes that while Al offers a revolutionary opportunity to enhance documentation quality and
efficiency in life sciences, realizing its benefits safely will require updated practices, governance, and a re-
commitment to data integrity fundamentals.

Introduction

Good Documentation Practice (GDocP) is a cornerstone of quality and regulatory compliance in
pharmaceuticals, biotechnology, and other life sciences sectors. GDocP ensures that all records — from lab
notebooks to manufacturing logs to regulatory submissions — are reliable, traceable, and accurate, following
principles of data integrity often summarized by the acronym ALCOA (Attributable, Legible, Contemporaneous,
Original, Accurate) plus the extensions Complete, Consistent, Enduring, and Available ("' www.qad.com) (%)
pme.nchi.nlm.nih.gov). In practice, GDocP has traditionally entailed meticulous manual processes: written
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signatures, careful time-stamps, and paper or electronic entries made at the time of the activity ("'*
www.pharmout.net) (WH www.chromatographyonline.com). The adage "if it isn't written down, it never happened”

encapsulates the core philosophy (!"°) www.pharmout.net).

Over the past decades, the documentation landscape has steadily shifted from paper to digital. Regulatory
frameworks (e.g. FDA's 21 CFR Part 11, EU’'s Annex 11) now permit electronic records and signatures, provided
robust controls and audit trails are in place. Despite this digital transition, many procedural elements of GDocP
remain manual and labor-intensive, often involving multiple reviews, physical approvals, and manual cross-
referencing by quality teams (%) www.pharmout.net) ("' www.chromatographyonline.com). The recent emergence
of Al — particularly generative models and advanced analytics — promises to revolutionize these workflows.

This report examines how Al is changing Good Documentation Practice. We first review the background of
GDocP and the ALCOA+ framework. We then describe the rise of Al/ML tools in regulated industries and outline
key applications in documentation processes, from generation to management, with evidence and case studies.
Data and surveys on Al adoption and compliance requirements are presented. We discuss implications for data
integrity, regulatory expectations (including evolving FDA/EMA guidance), and quality management. Finally we
explore future directions, potential benefits and pitfalls, and recommendations for integrating Al into
documentation practice without compromising compliance. Throughout, we support points with extensive
citations from industry, academic, and regulatory sources.

Good Documentation Practice: Principles and Background

Good Documentation Practice (GDocP), sometimes also called Good Recordkeeping Practice (GRP), is
fundamental to Good Manufacturing Practice (GMP) and other quality systems. According to industry sources,
GDocP is “a crucial component of regulatory compliance, including data integrity assurances” (!’
www.pharmout.net).lts core aim is to ensure that every action in a regulated process is recorded accurately and
reliably. The "ALCOA" principles were codified decades ago to summarize what reliable data means:

e Attributable: Every entry or data point must clearly identify who performed the action and when. No shared

logins or unsigned records (/' www.pharmout.net) ("9 pmec.ncbi.nim.nih.gov).

o Legible: Records must be readable. lllegible writing or obscure codes are unacceptable (I

www.pharmout.net) ([201 www.chromatographyonline.com).

e Contemporaneous: Data should be recorded at the time of observation or action, not later or by
retrospective recollection ([211 www.chromatographyonline.com) (“91 pmc.ncbi.nim.nih.gov).

e Original: The original record (or a true, verified copy) must be preserved as evidence; no erasures or back-

(I22\

dating www.pharmout.net) (' pme.ncbi.nlm.nih.gov).

o Accurate: Entries must be correct and reflect what really occurred (/') www.pharmout.net) (1'%

pmc.ncbi.nlm.nih.gov).

The EMA later added additional criteria of ALCOA+ — Complete, Consistent, Enduring, and Available — to stress

that data should be whole, not altered, retained long-term, and readily accessible for review ([” www.gad.com)

(" pme.ncbinim.nih.gov). Table 1 summarizes these principles.

Principle

Meaning
(ALCOA+)

Clearly record who performed each action and all entries (no shared accounts); signatures or unique

Attributable (18]

IDs ensure attribution ( www.pharmout.net) (“9] pmc.ncbi.nim.nih.gov).

Legible Data must be understandable (handwriting readable, logs clear). Machine-printed or transcribed data

should be formatted for easy reading (“3] www.pharmout.net) ([201
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Principle .

Meaning
(ALCOA+)

www.chromatographyonline.com).

Records created at the time of the event or activity (not delayed). Date/time stamps or automated
Contemporaneous

logging help meet this ([2” www.chromatographyonline.com) (“9] pmc.ncbi.nim.nih.gov).

Maintain the primary source record (paper or electronic); no untraceable corrections. Alterations must
Original
([22]

be crossed out with initials and date www.pharmout.net) (el pmc.ncbi.nim.nih.gov).

Data must be correct and truthful. Errors should be detected and corrected transparently (with

Accurate . . [13] [19] . )
explanation and sign-off) (‘') www.pharmout.net) ( pmc.ncbi.nim.nih.gov).
Complete Entire dataset present, with no missing values or steps. Metadata (date, time, location) and contextual
(ALCOA+) info recorded (! www.qad.com) (el pmc.ncbi.nlm.nih.gov).
Consistent Uniform use of formats, terminology, and procedures. Entries should follow SOPs and avoid
(ALCOA+) contradictory information over time (\'/ www.qad.com).

Records must be permanent (non-erasable) for their retention period. Digital logs should prevent
Enduring (ALCOA+) o
deletion or overwriting ("' www.gad.com).

Records must be readily accessible in case of audit or review, not hidden in insecure archives (|
Available (ALCOA+) v ' (

www.qad.com).

Table 1. Core GDocP (ALCOA+) principles for data integrity in regulated industries (" www.qad.com) (/"%

pmc.nchi.nlm.nih.gov).

GDocP is enshrined in regulations. As LCGC International notes, “Good documentation constitutes an
essential part of the quality assurance system and is key to operating in compliance with GMP
requirements” (°°/ www.chromatographyonline.com). EU GMP Chapter 4 explicitly requires accurate and reliable
records: "It is the existence of accurate and reliable records that demonstrate that instructions have been
followed... hence the work is compliance with GMP regulations” (:**! www.chromatographyonline.com). The US
FDA likewise emphasizes data integrity in 21 CFR Part 11, which governs electronic records, underscoring that
documentation errors can trigger warnings or recalls (12°! pmc.nebi.nim.nih.gov) (%0 www.pharmout.net). In
practice, GDocP touches every stage of product lifecycle — from design and development to manufacturing,
testing, batch release, and distribution (/) www.pharmout.net) (%! www.chromatographyonline.com) — with strict

requirements for signatures, transaction logs, and audit trails.

The Rise of Al in Regulated Sectors

Concurrently with digitalization, artificial intelligence (Al) has surged in relevance. Modern Al techniques —
particularly machine learning (ML) and deep learning — excel at pattern recognition and language tasks, enabling
new automation capabilities. In the life sciences, executives report rapid Al implementation: a 2024 survey by
law firm Arnold & Porter found 75% of 100 senior life-science leaders had adopted Al in the past two years, with
86% planning further Al deployments soon (12 www.arnoldporter.com) (2! www.arnoldporter.com). Applications
range from drug discovery to supply chain optimization. Notably, regulatory and quality functions are catching
up: 42% of companies in that survey were already using or planning Al in regulatory areas (20

www.arnoldporter.com).

This explosion of Al use is outpacing governance: only about half of companies had formal Al policies and
conducted audits ("'?) www.arnoldporter.com). In essence, the Al revolution is moving faster than official
guidance. Regulators are taking notice — both FDA and EMA have initiated Al programs and are updating
frameworks. For example, the FDA has piloted internal Al tools (“Elsa”) and is drafting guidelines on Al/ML use,
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while the EU is enacting an Al Act addressing high-risk systems ("°" www.arnoldporter.com) (/")
www.mastercontrol.com). In this uncertain but dynamic environment, organizations are exploring Al for
documentation workflows in parallel: automating text, classifying data, and extracting information.

However, Al also introduces unique challenges to documentation. Unlike deterministic software, models can
produce unpredictable outputs or “hallucinations”, which threaten the fidelity of records if unchecked.
Auditability and transparency — hallmarks of GDocP - can be obscured in Al processes. This tension has
prompted new industry analyses and guidance on Al-specific documentation and quality management. For
instance, a recent industry report highlights how regulators will soon demand “structured Al quality
management, technical documentation, logging, and human oversight” for Al systems, fundamentally changing

audits in life sciences (' www.mastercontrol.com) (www.cntxt.tech).

In the sections that follow, we delve deeply into these issues. We survey the current state of documentation
practice and the ways Al tools are being applied. We examine data integrity and regulatory considerations as
Al enters documentation. Then we analyze the impacts on GDocP - both benefits and risks — using data-driven
evidence and real examples. Finally, we discuss implications and future directions, including the need for
governance frameworks that preserve ALCOA+ even as Al technologies are embraced.

Al in Documentation Workflows

Al technologies are transforming the lifecycle of documents — from creation and review through storage and
retrieval. We organize this section by stages of the documentation process, illustrating how Al alters each and
what that means for GDocP compliance.

Document Creation and Authoring

One of the most visible impacts of Al is in content generation. Large language models (LLMs) like GPT-4 or
specialized document-Al can draft text from prompts or templates. In regulated industries, this can speed the
authoring of manuals, protocols, reports, and summaries. Pharmaceutical companies have begun prototyping Al
to automate labor-intensive writing tasks. For example, IntuitionLabs reports a proof-of-concept where a global
biopharma used generative Al to auto-generate Plain Language Protocol Synopses (PLPS) and Informed
Consent Forms (ICFs) from technical clinical trial protocols (I°! intuitionlabs.ai). The Al system translated
complex technical details into patient-friendly language. This pilot saw a ~50% increase in throughput and
~30% reduction in effort for producing lay summaries (*°! intuitionlabs.ai). Such results illustrate that Al can
significantly augment human writers, freeing them to focus on higher-level content and review.

In healthcare settings, Al-driven documentation assuages time pressure on clinicians. Studies show physicians
may spend more time documenting patient visits than interacting with patients; reducing this burden is critical
(%) jmai.amegroups.org) (! www.techtarget.com). Vendors of clinical Al solutions highlight that digital scribes
and Al assistants can slash documentation time by substantial margins. For instance, Microsoft's Al “Copilot”
reportedly saves clinicians about 5 minutes per patient visit, and Oracle’s Al agent claims a 30% reduction in
documentation workload (!°) www.techtarget.com). In one real-world implementation in Brazil, an Al scribe
platform integrated into a hospital workflow achieved high user adoption and satisfaction, indicating that
automating note-taking can improve efficiency and reduce charting delays ('°/ jmai.amegroups.org) (°

www.techtarget.com).
Common Al authoring use cases include:

e Drafting first-pass documents: Al models generate initial versions of SOPs, batch records, or regulatory
submissions, which are then edited by experts. This practice is already emerging under controlled settings;
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one Plum Labs study showed professionals using prompts to create draft CAPAs and reports, drastically
cutting initial writing time (PMC).

¢ Summarization and translation: Al can summarize multilingual source documents into a standard
regulatory language or condense lengthy reports into executive summaries. This helps meet ALCOA
“"Concise” documentation goals while preserving details. Structured content tools use Al to ensure that each
translated label or manual version adheres to current guidelines (/) www.worldpharmatoday.com).

¢ Template customization: Generative Al can fill in and adapt templates (e.g. Quality Manual, validation
protocols) for different contexts. TechTarget notes that GenAl can customize SOAP (Subjective-Objective-
Assessment-Plan) note templates or develop specialty-specific report outlines (:°%) www.techtarget.com). In
pharma, this means consistent formatting of documents like Module sections of an eCTD, with Al ensuring
the correct sections are kept up to date.

While Al can greatly increase speed and consistency, it also raises compliance questions. If Al-generated text
contains errors or unsupported statements, those must be caught by review. Thus, the use of LLMs in GDocP
requires rigorous validation: quality teams must demonstrate that any Al-assisted drafting yields “accurate,

1 www.pharmout.net) (11 jmai.amegroups.org). Guidelines for new “Al-driven content” are

reliable data” ([
emerging. For example, MasterControl reports that organizations will need to maintain documentation (within
their quality systems) of each Al application used: its purpose, training data provenance, and human oversight
strategy (°) www.mastercontrol.com). These records become part of the audit trail, ensuring that an Al's

contribution is transparent and attributable.

In summary, Al authoring tools are ripe for deployment in documentation-intensive tasks. When properly
governed, they can accelerate writing while embedding compliance (e.g. automatically including required
headers or review checklists). However, they cannot replace human judgment; trained personnel must review
and approve all Al-generated text. The principle “If it isn't written down, it never happened” (\'°!
www.pharmout.net) now extends to “If an Al generates it, document and verify it."

Document Management and Retrieval

Beyond writing, Al is revolutionizing how documents are stored, organized, and retrieved. Modern document
management systems (DMS) are integrating Al to make massive repositories searchable and structured. Key Al-
driven capabilities in document management include:

¢ Semantic search and knowledge agents: Instead of keyword queries, embedded Al models allow natural-
language queries across enterprise documents. For instance, a researcher might ask: “What were the
sterilization parameters for Batch 102?” and the Al will locate relevant SOPs, lab notebooks, and electronic
batch records. Chatbot-like interfaces are being piloted so that employees can query company documents
in plain language. This addresses ALCOA's “Available” component (') www.qad.com) by making documents
more accessible.

¢ Automated classification and tagging: Al/ML can categorize files by content (e.g. identifying documents
as SOP, batch record, lab report) and tag them with metadata (date, processes involved, regulatory
context). This reduces manual indexing errors and ensures consistent organization across teams ([71
www.worldpharmatoday.com).

(\34I

(\35\

e Content modularization: As detailed in structured content initiatives www.worldpharmatoday.com)
www.worldpharmatoday.com), Al can break large documents into standardized “topics” or modules. These
modules (e.g. a description of a test method) are stored centrally. When writing, systems reassemble
modules as needed. Any updated module propagates automatically to all documents that use it, ensuring
consistency across filings. Al enhances this by flagging outdated segments or suggesting where new

regulatory text might need insertion (”) www.worldpharmatoday.com).
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e Automated data extraction: Al-powered OCR (Optical Character Recognition) and information-extraction
tools scan scanned lab notebooks, PDFs, and image files to pull structured data (text, tables, signatures).
This digitizes older records and allows integration into databases. For example, an IDP (Intelligent
Document Processing) solution might reliably extract lot numbers from scanned certificates and flag
mismatches. IntuitionLabs notes that pharma documents have complex layouts causing OCR to range ~80-
95% accuracy (% intuitionlabs.ai); Al techniques (ML-based OCR and NLP) are steadily improving these
rates.

e Real-time logging and audit trails: Newer systems use Al to record every action. For example, if a user
edits a document, the Al notes who, when, and highlights what changed (°/) www.worldpharmatoday.com).
This creates rich electronic audit trails, satisfying ALCOA's "Attributable” and "Original” aspects. Some
implementations even use blockchain-esque mechanisms so that each change submission is tamper-
evident.

These Al capabilities imply a shift in GDocP from siloed files toward dynamic document ecosystems. A
whitepaper-speaking source observes: “structured content transforms documents into modular, centrally
governed and managed reusable components. Overlying Al on this approach releases much more promise” (1°¢!
www.worldpharmatoday.com). For instance, WorldPharma Today describes how Al-driven structured content can
guarantee that repeated sections across regulatory submissions are “compliant with the most recent criteria
and consistent,” thus relieving workload on regulatory teams ([7] www.worldpharmatoday.com). In other words, Al
can ensure that every part of a document adheres to the latest rules and that changes propagate correctly.

Importantly, while Al can power these systems under the hood, human oversight remains critical. For ALCOA, the
“attributable” and "original” criteria require that automated logs are tamper-proof and traceable to individuals.
Most modern DMS now enforce role-based user authentication and digital signatures. A GDocP audit would
expect that, even if an Al flagged or auto-generated text, a qualified employee signed off on it.

In summary, Al-enhanced document management means fewer lost files, quicker retrieval, and better
consistency, all of which serve compliance. However, it also requires vigilance: data governance policies must
cover Al data lineage, and companies must validate that these systems do not inadvertently omit or alter data (a
theme addressed further below).

Quality Assurance and Compliance Checking

Quality assurance (QA) processes for documentation are being automated by Al. Traditionally, QA teams
manually review records for compliance (ensuring complete signatures, correct dates, accurate content, etc.).
Al can assist or even partly automate these reviews:

e Automated content verification: Al can cross-check entries against templates and checklists. For
example, a batch record Al-auditor might scan a completed log and flag any missing initials, out-of-range
values, or inconsistent units. WorldPharma Today highlights that algorithms can be "built to automatically
find mistakes, inconsistencies, and compliance concerns during document generation” (/!
www.worldpharmatoday.com). This capability directly enforces ALCOA checks (legibility, accuracy,
consistency) in real time.

¢ Grammar/style QA: While less critical for compliance, natural-language generation quality can be improved
by Al grammar and clarity checkers. HCLTech's case study notes a “50% increase in readability score” when
their GenAl refactored technical documents (:°°! www.hcltech.com). Clear, unambiguous writing supports
“Legible" and "Accurate” by reducing misinterpretation.

¢ Anomaly detection: Machine learning models can be trained to detect unusual patterns in documentation
data. For instance, an ML model could flag if text appears to be copied from an unauthorized source, or if
handwriting recognition detects anomalies.
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e Audit preparation: Some Al tools analyze large sets of records ahead of inspections. For example, by
digesting tens of thousands of QC records, Al can identify trends or red flags. MasterControl notes that

(8]

regulators themselves (e.g. the FDA's Al system Elsa) will soon use Al to prioritize audits (

10]

www.mastercontrol.com) (') www.mastercontrol.com). In response, companies may deploy Al to “shorten the

runway"” - i.e. find documentation vulnerabilities ahead of regulators.

A recent case study illustrates the potential: HCLTech reports that for a pharma client, their Al audit tool
“predicted gaps in document quality with accuracies over 95%," while massively cutting reviewer effort (1!
www.hcltech.com). In that project, legacy rule-based checks were replaced by an Azure/OpenAl solution. The
outcome was as follows: the Al found QA issues (missing data, formatting errors, etc.) with >95% accuracy,
reducing manual document development effort by 65% and boosting the readability of reports by 50% (!*!
www.hcltech.com). Such results suggest that Al can quickly triage and improve documentation long before a
human auditor would.

However, there are caveats for GDocP: an Al catching "mistakes” is only as valid as its own validation.
Companies must verify that the Al's rules and algorithms align with regulatory requirements. Any Al-driven
correction or suggestion also must be logged as a change, with an approving signature — again demanding
transparency. Moreover, if an Al false-negatively deems a document “clean” when it's not, data integrity suffers.
Human QA professionals need to audit the auditors (whether human or Al) and periodically test the system'’s
performance.

Nevertheless, the current trend is clear: Al can enhance GDocP's checks by handling bulk tasks. As one source
observes, "Al guarantees that every modification done to a component is noted, therefore facilitating audit of
changes and preservation of compliance” ("°/) www.worldpharmatoday.com). By linking every change to a
timestamp and user ID, the system naturally enforces Attributable and Original. In practice, GDocP-compliant
systems now often include “immutable logs” and automated signature prompts as part of the digital workflow,
which owe much to Al and software automation.

Case Study: Al in Clinical Trial Documentation

Clinical trial documentation — central to regulatory submission - is a prime field for Al applications. The
processes include writing study protocols, patient information sheets, case report forms, and investigator
reports. Al can streamline these laborious tasks without sacrificing compliance.

One documented example involved protocol synopses and consent form drafting (:° intuitionlabs.ai). In that
project, a large pharmaceutical company partnered with an Al firm (Indegene) to pilot generative Al on clinical
trial documentation. The Al was fed detailed trial protocols and translation rules to create plain-language
summaries and informed consent documents for patients. Notably:

e Outcome: The Al-generated documents were grammatically sound and medically accurate enough to
reduce the team'’s workload. The pilot resulted in roughly 50% faster production of lay summaries and 30%

less effort needed overall (") intuitionlabs.ai).

¢ Compliance Measures: Although the Al drafted the initial text, human experts (regulatory writers and
clinicians) reviewed all outputs for scientific accuracy and ethical consistency. The key was that the Al
handled repetitive translation of technical terms into plain language, ensuring consistency (consistent
terminology across regions and languages) — something that also functions as an ALCOA+ enhancement.
The human oversight ensured that Original author citations and approval signatures remained part of the
record.

e Regulatory Success: The summarized documents produced by Al ultimately complied with regulatory
guidelines for patient information. Because the Al was used in a validated environment (the pilot was
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carefully documented), the project was praised as an example of “GenAl used to develop ICFs and plain
language protocol synopses” ( ).

This case shows that complex, sensitive documentation (normally very time-consuming) can be accelerated by
Al up to a point, with proper controls. It emphasizes that Al should be treated as a tool for drafting and
consistency, not as an autonomous originator. The GDocP implications are that such Al use must itself be
documented (e.g. recording which model/dataset was used for each draft) as part of the submission package.

Case Study: Al in Clinical and Laboratory Records

In clinical healthcare, as earlier noted, Al scribes and summarizers enhance accuracy of patient records. One
real-world trial deployed an ambient Al scribe (“Voa") in Brazilian intensive care units ( ).
Physicians who used the tool reported high satisfaction: it transcribed dialogues, filled in EHR fields, and
allowed editing. Key results included improved chart completeness and reduced physician after-hours work.
While outside drug manufacturing, these findings are instructive for GDocP. They demonstrate that Al can
reliably convert spoken/written interactions into formal records, thereby safeguarding the original observation
(ALCOA) in a machine-readable form, if properly validated.

On the laboratory side, consider analytical results and instrument logs. Modern labs can feed raw instrument
data directly into digital LIMS (Laboratory Information Management Systems). Al algorithms can then tag
reasoning (e.g. “peak integration manually checked"”) or detect outliers. Borderline cases can trigger Al-
generated comments (e.g. "Possible contamination artifact?”) that are then validated by a lab manager. This
integration improves contemporaneousness (data entered automatically as it is generated) and accuracy (Al
flags potential spikes). Although we lack a specific citation for a live lab implementation, the principle is well-
aligned with GDocP: digitizing and Al-tagging lab data helps meet ALCOA+ by leaving an immutable electronic
record of the analysis steps.

Data Integrity and Regulatory Considerations

Al's entry into documentation workflows places data integrity — the heart of GDocP - under new scrutiny. We
examine how ALCOA+ is being re-applied and how regulators are responding.

ALCOA+ Principles in the Al Era

The core data-integrity principles remain valid, but their implementation can change with Al tools. A recent
analysis emphasizes the need to extend ALCOA+ to Al environments ( ). Key points
include:

e Attributable & Audit Trails: Al platforms must log user inputs and outputs. For instance, if an LLM draft is
altered, the final record still needs a human signature and date. Some companies use “Al audit trails” that
automatically attach model version and user ID to the document metadata. This addresses the ALCOA

demand that entries are attributable to a responsible person ( ) ( ).

e Legible & Accurate: Al can improve consistency of format (e.g. units conversions are done uniformly).
However, Al "hallucinations” can introduce inaccurate or irrelevant text. Therefore, per ALCOA, every Al-
generated entry must be verified by a knowledgeable human to ensure accuracy. If an Al suggests a value
or statement, the operator must validate it. Some organizations treat Al outputs as “scrap” drafts, only
finalizing once a human approves (thus the final record remains original). This reflects the FDA's stance that

data must be consistent, genuine, and accurate ( ).
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e Consistent & Complete: Al tools can enforce consistency by using approved terminologies and refusing to
omit required sections. For example, if a document template requires certain fields (dates, signatures), an
Al-driven system can refuse to finalize a document until those fields are filled. This helps ensure
completeness, as missing entries would violate GDocP (/") www.qad.com). ML systems can also compare new
entries against historical data, flagging any unexpected omissions or duplicates, thus supporting
consistency.

e Enduring & Secure: Digital documents must still be preserved unaltered. Al-enabled systems often
incorporate version control and encryption to prevent data loss or tampering. As one study noted, modern
electronic systems “provide benefits over old paper-based methods in terms of better compliance with data
integrity regulatory standards” (I*") pmc.nchi.nim.nih.gov). Al itself can be used to monitor data integrity — for
example, checking that database backups match production data.

In essence, Al does not change what ALCOA+ requires; it changes how practitioners meet those requirements.
As the PMC analysis states, Al integration must be accompanied by “systematically recording Al system
activities, ensuring database validity, sustaining data recording practices, regularly updating records, and
facilitating data accessibility for review and audits” (1! pmc.ncbi.nim.nih.gov). The emergence of “Al-specific”
audit logs and model cards (documentation of model parameters and data lineage) is one way the industry is
applying ALCOA+ to Al tools.

Regulatory Frameworks and Guidance

Regulators worldwide are still adapting to Al, and have not yet published a formal “"Good Documentation Practice
for AL" Instead, Al falls under existing data integrity and quality system regulations, with some new annexes and
guidance in development:

o FDA and GxP Regulations: The FDA's 21 CFR Part 11 governs electronic records. It requires controls over
data inputs, access, and audit trails. As commercial Al tools like ChatGPT enter industry, the FDA has
signaled it will treat Al-generated content as any other medical/scientific record: requiring verification and

41 pme.nebinim.nih.gov) (17 www.mastercontrol.com). For medical devices, the FDA published a

traceability (
"Predetermined Change Control Plan (PCCP)" framework for Al-enabled algorithms, implying that software
documentation must include how Al components will be monitored and updated (') www.mastercontrol.com)
(181 www.mastercontrol.com). A recent FDA pilot has integrated generative Al to assist reviewers, indicating

the agency’s comfort with such tools internally ("% www.mastercontrol.com).

e EU and Annexes: The European Medicines Agency (EMA) is actively preparing guidelines on Al in quality
systems. The EU's incoming Artificial Intelligence Act classifies most Al tools in life sciences as high-risk,

1 www.mastercontrol.com) ({42! cdt.org). EMA has

necessitating technical documentation requirements (
mentioned that this will cover quality management of Al (e.g. dataset documentation, validation, human
oversight). Notably, EU GMP Annex 11 (for computerized systems) and Annex 15 (for validation) are being
updated to emphasize data integrity in digital and Al contexts (°°) www.chromatographyonline.com). Annex 22
— a new proposed annex for Al — is expected to detail structured documentation for Al components in
medical products.

e International perspectives: The UK's MHRA and other regulators have also stressed ALCOA+ in context of

new technologies (*°! pmc.ncbinim.nih.gov). Industry whitepapers report that regulators globally (FDA, EMA,
MHRA, PMDA, etc.) routinely cite inadequate documentation as a top audit finding (‘%) www.pharmout.net),

and thus companies infer that any Al introduction will be scrutinized similarly.

Two broad trends emerge: regulators are strengthening documentation requirements to cover Al tools, and
they are using Al themselves. For example, the FDA's “Elsa” Al is learning to spot compliance issues in
submissions. One MasterControl webinar notes that “Elsa” and similar systems allow regulators to audit QMS
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records continuously. As a result, expectations for industry documentation are rising — companies are advised to
prepare “applications used, business purpose, human oversight strategies, and more” as part of Al-specific

records (8! www.mastercontrol.com).

Table 2 below contrasts traditional GMP documentation approaches with emerging Al-enhanced methods in key

compliance aspects.

GDocP Aspect

Data Entry &
Completeness

Legibility &
Clarity

Attribution &
Signatures

Audit Trails

Content
Compliance
Checks

Version Control
& Archiving

Multilingual
Support

Document
Search & Access

Traditional Practice

Manual logbooks or forms; prone to
omissions and handwriting issues;
compliance relies on discipline (“3]

www.pharmout.net).

Handwritten notes can be illegible; typed
docs still need proofreading.

Human sign-off on each change; paper
signatures or electronic signatures; risk of
shared passwords.

Paper records with manual change logs;

separate audit documentation.

Peer review of SOPs and records for
missing info or deviations.

Physical filing; manual retrieval; risk of
lost/replaced pages.

Human translation of labels/SOPs; risk of
inconsistency.

Manual lookup or keyword search in
databases; might miss synonyms/phrases.

Al-Enhanced Approach

Automated data capture (e.g. voice-to-text, system pipes);
Al prompts for missing fields; real-time error checking ([6]

jmai.amegroups.org) ([7] www.worldpharmatoday.com).

Al-driven language tools ensure clarity, detect illegible
scrawl via OCR; improve consistency of terminology.

Automated identity logs; digital signatures with
biometric/crypto verification; Al enforces user lockouts to
prevent account sharing.

Immutable digital logs automatically record every edit and
approval; Al links changes to original entries for audit.

Al algorithms flag deviations from SOPs (e.g. ALCOA
compliance); templates embed latest regulations to prevent
omissions ([7] www.worldpharmatoday.com).

Centralized Version Control Systems with branching; Al

marks older versions; ensures archival of all historical data
(enduring).

Al translation ensures semantic consistency and application
of updated regulations across languages.

Natural-language and semantic search; Al chatbots retrieve
info across all documents (improves Available).

Table 2. Comparing traditional GDocP practices with emerging Al-enhanced documentation. Al tools can

automate checks and prompts to uphold ALCOA+ requirements (° www.pharmout.net) (71

www.worldpharmatoday.com), but require validation and oversight to avoid new compliance gaps.

Al Governance and Documentation

Given these changes, firms are proactively establishing Al governance to extend GDocP rules into Al domains.
Best practices include:

o Documenting Al systems: Maintain a record of each Al application’s design, data sources, and validation
process. Regulators expect to see, for high-risk uses, documentation akin to an SOP: purposes of the Al,

descriptions of training data (source, date), model versioning, and a record of updates. The EU Al Act's

"technical documentation” requirement essentially formalizes this expectation (%! cdt.org) ('

www.mastercontrol.com).

o Risk assessments: GDocP relies on risk management at all steps ("“*! www.pharmout.net). Similarly, Al

adoption should follow a quality risk management approach: identify where Al decisions could impact

product quality or patient safety, and mitigate through controls (human review, additional testing, fallback

procedures).
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e Validation and training: Core to ALCOA is that people are trained and compliant. With Al tools, companies
are starting to train users on “Al principles” — including recognizing Al errors. Regular audits of Al outputs
(as required in [6]) and periodic re-training of staff on Al SOPs are becoming common.

e Regulatory interactions: Quality teams liaise with regulators to explain Al use. FDA's emerging technology
programs now include Al and ML; sponsors sometimes engage in workshops or pilot programs to align
expectations. Alliances with consultants (e.g. the Arnold & Porter report) help companies navigate Al

policies ( ).

In practice, organizations that effectively formalize Al governance within their Quality Management System
(QMS) will be better prepared for both internal GDocP compliance and external audits. As one expert noted,
documentation is not just an audit requirement but a management tool: “documentation is the backbone for
effective Al risk management and governance” ( ).

Impacts on Good Documentation Practice

We now analyze how Al is concretely affecting GDocP, based on current evidence. Impacts fall into benefits
(efficiency, quality, new capabilities) and challenges (data integrity risks, cultural issues, regulatory gaps).

Benefits: Efficiency, Quality, and Innovation

1. Increased Productivity: As discussed, generative Al can dramatically speed up drafting and review. The
HCLTech case shows a 65% reduction in manual effort and improved readability ( ).
Similarly, the IntuitionLabs trial case reported halving the time to produce certain documents (

). Organizing and retrieving documents is also faster: corporate studies indicate that Al-driven
search can find needed documents in seconds rather than hours, leading to faster batch releases or faster
audit preparations. Microsoft reports and AMA surveys jointly indicate time savings per user encounter (5
minutes saved each, 30% time reduction) ( ), which is significant when scaled across
thousands of documentation activities.

2. Enhanced Consistency and Compliance: Al's ability to embed the latest regulations [35TL93-L101] means
documentation is less prone to outdated content. One article notes that Al can “directly include the most
recent legal requirements into the documentation creation process” ( ). This
ensures that if an SOP references an external guideline, the Al can auto-update it with a new reference or
limit. Similarly, modular content systems guarantee uniform terminology; an Al ensures that whenever a term
like "LAL test” (Limulus Amebocyte Lysate test) appears, it uses the same vetted phrasing in all documents.
Consistency and consistency checking are now partly automated, aligning with the "Consistent” principle.

3. Better Data Capture and Accuracy: Automated data entry (voice transcription, instrument data feeds)
reduces human error. For example, ambient scribe systems eliminate hand-written notes, which inherently
raises accuracy. Al-driven OCR and extraction have turned disorganized formats (handwritten logbooks)
into structured databases. According to a market report, the Intelligent Document Processing (IDP) industry
- increasingly used in pharma — is projected to grow at ~37.5% CAGR through 2027 ( ),
reflecting the drive to reduce clerical errors in labelling, trial data, and QC reports.

4. Improved Audit Preparedness: Al predictive analytics help companies catch documentation issues before
regulators find them. If an Al tool, for example, shows that a particular form is often submitted with missing
initials, that process improvement can be made proactively. This lowers the risk of “inadequate

documentation practices” — a frequent audit finding ( ).

The cumulative effect is an improvement in quality and compliance readiness. Well-implemented Al systems
make it easier to meet GDocP by taking over tedious tasks and performing high-volume checks. They can also
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generate useful metrics (e.g. how many documents are lacking a signature) that drive continuous quality
improvements.

Challenges and Risks: Data Integrity and Oversight

1. Hallucinations and Accuracy Gaps: The biggest technical risk of generative Al is inaccuracy - so-called
"hallucinations” where the model invents plausible but false information. In a GDocP context, any
hallucination threatens the "Accurate” aspect. For example, if an Al composes a procedural report and adds
a step that was not actually performed (or gets a chemical formula wrong), that error would corrupt the
official record. Therefore, one cannot blindly trust Al content without review. This underscores the enduring
need for human oversight: all Al-generated entries must be validated for correctness before being signed
off.

2. Provenance and Attribution: Unlike typed text, an Al-generated sentence has no obvious author. GDocP
requires that you know who did the work. It is still unclear officially how to attribute Al input. Some propose
tagging Al contributions as co-authors or annotating documents with model sources. Until regulators
provide formal guidance, companies typically treat Al output as machine-generated "draft” that a qualified
person finalizes. Proper attribution in audit trails (i.e., noting “Drafted by [Model-Version] on [Date]") helps
maintain transparency.

3. Data Security and Confidentiality: Many Al tools today are cloud-based. Uploading proprietary protocols
or quality documents to external servers (e.g. a public LLM) risks exposing confidential information. GDocP
requires data to be “secure and backed-up” (“3] www.pharmout.net). Companies must ensure any Al solution
is validated and secure — often requiring on-premise or private-model deployments for sensitive content.
The FDA and others have warned about using unapproved software with real regulated data without vetting.

4. Regulatory Uncertainty: While regulators are moving fast, many specifics of Al compliance remain
untested. Will an Al-generated sign-off be acceptable if properly logged? If an Al decides whether a
document is complete, who certifies the decision? Until detailed guidance is in place, organizations must
proceed cautiously, often defaulting to traditional procedures (double-checks, manual signatures) even
when using Al. Regulatory sentences such as “When Al influences quality decisions, it must be treated like

any critical [process]” reflect this uncertainty (/') www.mastercontrol.com).

5. Human Factors and Culture: Technological change also encounters social challenges. Quality personnel
might distrust Al outputs, slowing adoption. Conversely, users might over-trust Al suggestions.
Misalignment of incentives is a concern noted in Al documentation literature: developers may deprioritize

#€l cdt.org). In practice, training and user engagement are

documentation itself unless properly motivated (!
required so staff understand both the power and limits of Al in documentation. The overriding GDocP must
be instilled as corporate culture: even with Al, “if it isn't documented correctly, it is as if it never happened”

(['151 www.pharmout.net).

In short, Al's risks primarily revolve around data integrity. If an Al system behaves unpredictably or maliciously
(e.g. due to a cyberattack) and alters records, the consequences could be severe. Thus, the same regulatory
scrutiny that applies to any computerized system (Annex 11) — including validation and periodic review — will
doubtless apply to Al modules as well. Industry experts stress that “oversight is crucial to maintain data

integrity” in Al integration (1*) pmc.nchi.nim.nih.gov) (" cdt.org).

Perspectives: Balancing Quality and Innovation

Different stakeholders have varied perspectives on Al in GDocP:
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e Quality/Regulatory Affairs: They focus on compliance risk. Surveys indicate only about half of companies
have Al governance in place ( ), so Q/A teams often feel they must catch up. Their
concerns include audit readiness and explaining Al use to inspectors. Many are cautious but see Al as an
opportunity to eliminate repetitive errors (e.g. consistent CAPA write-ups).

o R&D/IT Departments: They push for innovation. Teams developing Al pilots emphasize ROI: faster writing,
knowledge capture (especially as experienced staff retire). IT staff aim to embed Al securely within
electronic batch record systems or knowledge management portals.

e **Executives: ** Senior leadership recognizes Al's potential value (e.g. Arnold & Porter noted a perception of
$100 billion potential in life sciences by some) but worries about governance gaps (
). Executive buy-in is growing, but usually tied to well-defined projects.

e Regulators/Auditors: They welcome Al for their own efficiency (e.g. FDA using Elsa) but are beginning to
sharpen focus on how companies control Al. The prevailing message is that an Al process must have even
stronger documentation and oversight than manual processes. Audit guidelines will evolve, but now
regulators have signaled they expect companies to anticipate how Al outputs align with data integrity
standards.

One interesting viewpoint is that Al documentation practices might ultimately improve GDocP culture: for
example, requiring Al to generate thorough records could embed a habit of completeness and uniformity. On the
other hand, over-reliance on Al could erode human diligence if staff assume “the Al will catch that.” The
prevailing recommendation from experts is balance: use Al to augment human expertise, not replace it.
Documentation "best practices” in an Al context often stress “Al plus human” as the mantra.

Future Directions and Recommendations

Al in GDocP is still nascent. Key future trends and recommendations include:

e Policy and Standard Development: Agencies like the FDA and EMA are expected to clarify Al
documentation rules. The final EU Al Act and revisions to GMP annexes (Annex 11, 21 CFR Part 11
clarifications) will mandate new quality system requirements for Al. Companies should track these
developments closely and participate in pilot programs. Standards organizations may develop best
practices for "documentation Al" in life sciences.

e Integration with Quality Systems: Going forward, Quality Management Systems (QMS) will incorporate Al
modules. For example, next-generation QMS software might offer embedded LLM-driven writing assistants
or compliance bots. Quality teams should ensure that such features include auditable logs and validation
utilities. Collaborative efforts between Al vendors and GxP experts are advisable - for instance, ensure Al
outputs automatically link to revision numbers and trained personnel.

e Data Standards and Al Training Data: Good documentation depends on good data. Preparing high-quality
corpora for Al training (e.g. cleaned, deidentified legacy documents) will improve Al outputs. Life science
companies may begin curating “enterprise knowledge graphs” to feed into Al.

o Workflow Automation: Beyond text, Al is poised to automate entire decision trees in documentation. For
instance, an "Al-driven digital batch record” could ask operators questions in real time based on current
context, ensuring no step is skipped. Such systems would programmatically enforce ALCOA+, but need
design to match the rigor of SOPs. Flow automation combined with predictive Al checklists is an exciting
frontier.

¢ Human-centered Design: Future systems should enhance the human role. Tools that explain their
reasoning (e.g. LLMs that cite sources) will help users trust Al more. Training and change management
programs should be implemented so that staff understand how Al works under the quality hood.
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e Research and Tools: Academic and industry R&D likely will expand. We anticipate growth in research on
Al-auditing (auto-audit of QMS), explainable Al for quality (to make Al decisions traceable), and Al
certification (methods to “certify” an Al model’s compliance readiness). There will also be an increased
emphasis on benchmarking Al tools specifically for pharma — as IntuitionLabs has begun (/°°!

intuitionlabs.ai).

Fo

=

practitioners now, the advice is pragmatic:

e Validate Al Tools: Any Al application used in documentation should undergo a validation process equivalent
to new software (IQ/OQ/PQ), demonstrating that outputs meet quality requirements under various scenarios.

e Maintain Al Documentation: In QMS, store not only the regulated documents but also logs of the Al
processes (e.g. model versions, source code changes) as part of records. Use ALCOA+ to govern Al
outputs.

e Train Staff: Provide GDocP training that includes Al. As one expert said, documentation tools are only
effective if people use them correctly (" pmc.nchi.nim.nih.gov).

e Monitor and Audit: Continue routine audits, but include Al behavior in scope. For example, audit a sample
of Al-assisted documents and verify compliance.

e Collaborate and Share Knowledge: Industry groups (e.g. PharmaQuality R&D consortia) should share
anonymized findings on Al in documentation to build collective best practices.

Conclusion

Al is rapidly reshaping the practice of documentation in the life sciences. From R&D to manufacturing, powerful
new tools enable faster writing, smarter search, and automated quality checks, promising gains in productivity
and consistency. Case studies suggest order-of-magnitude improvements in document throughput or audit

efficiency ([3] intuitionlabs.ai) ([‘”

www.hcltech.com). At the same time, Al use in GDocP must be tempered with
the same rigor that underpins regulated documentation: robust audit trails, human oversight, and adherence to

ALCOA+ principles.

In essence, the future of GDocP will be a hybrid: Al-augmented but human-validated. Organizations that
successfully harness Al for documentation will enjoy efficiencies and safer compliance, but only if they also
evolve their quality systems. This means creating new governance policies, training programs, and
documentation standards that explicitly account for Al components. Regulators have already begun signaling
these expectations, and companies must respond by building Al governance into their GDocP frameworks (!

www.arnoldporter.com) (" www.mastercontrol.com).

Finally, the transformation of documentation through Al has implications beyond mere efficiency. It reflects a
broader cultural shift: data integrity in the digital age requires data literacy and algorithm literacy in equal
measure. By integrating Al carefully into documentation processes, life sciences firms can ensure that their
records remain proofs of reality — even when an algorithm helps write them. As one industry commentary aptly
puts it, “comprehensive documentation [is] the bedrock upon which regulatory approvals are built, offering a
transparent view into the design, development, and deployment of [new] technologies” (www.cntxt.tech). Good
Documentation Practice will survive — indeed, flourish — if we treat Al not as a black box, but as another
element that must itself be documented, reviewed, and validated under the same standards that have always
safeguarded public health.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,
automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field
force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 19 of 20


https://intuitionlabs.ai/contact?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-in-good-documentation-practice-gdocp-alcoa-compliance.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-in-good-documentation-practice-gdocp-alcoa-compliance.pdf
https://intuitionlabs.ai/articles/ai-good-documentation-practice?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-in-good-documentation-practice-gdocp-alcoa-compliance.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-in-good-documentation-practice-gdocp-alcoa-compliance.pdf

E IntuitionLabs  IntuitionLabs - Al Software for Pharma & Biotech

DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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