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Executive Summary
The International Society for Pharmaceutical Engineering (ISPE) has released the GAMP® Guide: Artificial Intelligence
(July 2025) to address a critical gap in industry guidance: how to validate AI- and machine learning–enabled

computerized systems in GxP-regulated environments. This new 290-page guide provides a holistic, risk-based
framework for developing, implementing, and overseeing AI systems such that patient safety, product quality, and data

integrity remain paramount ([1] ispe.org) ([2] ispe.org). It explicitly builds on ISPE’s established GAMP 5 principles and data

integrity guidelines, extending them to AI’s unique characteristics ([3] ispe.org). The guide tackles known industry

challenges (e.g. pilot-phase failures, lack of common language, fragmented data, evolving regs) by prescribing best

practices at each life‐cycle stage — from ideation through operation — and by defining roles, data and model

governance, risk management, and change control specific to AI ([2] ispe.org) ([4] ispe.org).

In practice, validating AI in GxP means much more than traditional computerized system validation. AI systems rely on

large datasets and often learn (“drift”) over time, so validation must focus not only on software logic but also on data
quality, model training processes, and ongoing monitoring ([5] www.bioprocessonline.com) ([6] intuitionlabs.ai).

Regulators (FDA, EMA, etc.) require that whether an AI’s output is data, a decision, or a device function, it must be

trustworthy, reproducible, and auditable ([7] intuitionlabs.ai) ([8] www.ey.com). In particular, all AI inputs and outputs must

adhere to data-integrity (e.g. ALCOA+) principles, and audit trails must capture every model version, user interaction, and

data change ([9] intuitionlabs.ai) ([10] www.bioprocessonline.com). Companies are advised to adopt risk-based Computer

Software Assurance (CSA) in lieu of rigid CSV, designing validation activities around the AI’s intended use and patient

risk ([11] www.pwc.com) ([7] intuitionlabs.ai). Key recommended steps include defining the AI’s context of use and risk

impact, treating training data and prompts as controlled records, specifying performance criteria and error tolerances,

conducting extensive testing (including edge cases), maintaining thorough change-control and monitoring processes, and

qualifying third-party AI vendors with the same rigor as suppliers of any GxP equipment ([12] intuitionlabs.ai) ([10]

www.bioprocessonline.com).

This report reviews the ISPE GAMP AI guidance in context: it traces its development, outlines the evolving regulatory

landscape (FDA draft guidance on AI, EU Annex 11/AI Act, ICH Q9, etc.), and examines how the new GAMP framework

aligns with existing standards. We analyze challenges with AI validation (e.g. black-box models, data drift, bias), and

contrast traditional CSV approaches with AI–appropriate methods. Example use cases (from industry surveys, expert

articles, and vendor case studies) illustrate practical application of AI in manufacturing, clinical trials, and quality systems

— highlighting both productivity gains and compliance concerns. Finally, we discuss implications for organizations: the

need for new governance structures, staff training, continuous monitoring, and future regulatory developments.

Throughout, all key points are supported by recent industry and regulatory sources ([13] www.pwc.com) ([2] ispe.org).

Introduction
The life sciences industry is undergoing a digital transformation driven by artificial intelligence (AI) and machine

learning (ML). AI applications now span drug discovery, process development, manufacturing, and quality systems.

Industry surveys report that the majority of pharmaceutical companies have launched Generative AI pilots, and a

substantial fraction are scaling these tools across R&D, quality, and regulatory functions ([13] www.pwc.com). For example,

a 2024 survey found that about 60% of pharmaceutical executives have opened Generative AI pilots (such as LLMs for

document generation), with 32% already expanding their use beyond the pilot stage ([13] www.pwc.com). Most

respondents believe AI will radically reshape their operating models within a few years ([13] www.pwc.com). Indeed,

analysts forecast that pharmaceutical investment in AI will rise from roughly $2 billion in 2025 to over $16 billion by 2034

— a compound annual growth of nearly 27% ([14] www.pwc.com). Pharmaceutical leaders recognize AI as a strategic

opportunity affecting quality and compliance ([11] www.pwc.com).
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While AI promises greater efficiency and insight, its integration into Good Manufacturing Practice (GMP, or “GxP”)

environments introduces new validation challenges. Traditional computerized equivalents (computer automated

systems) were typically rule-based and static: once programmed and validated via installation/operational qualifications,

they produced reproducible outputs under strict controls ([8] www.ey.com) ([5] www.bioprocessonline.com). By contrast,

modern AI systems — especially models like neural networks or large language models (LLMs) — learn from data and

may evolve over time. Their behavior can be probabilistic or opaque (“black box”), and small changes in input can lead to

markedly different outputs ([9] intuitionlabs.ai) ([15] www.ey.com). It follows that traditional CSV approaches are
insufficient as AI becomes embedded in GxP processes.

Regulatory expectations are accordingly evolving. In the U.S., 21 CFR Part 11 (electronic records and signatures) and

EU GMP Annex 11 govern computerized systems.While not written for AI, these rules require trustworthiness, traceability,
and auditability of electronic records and outputs ([7] intuitionlabs.ai) ([16] www.bioprocessonline.com). Importantly, the FDA

now advocates shifting from inflexible, document-heavy CSV toward risk-based Computer Software Assurance (CSA),

in which validation effort is commensurate with the criticality of each system ([7] intuitionlabs.ai) ([11] www.pwc.com). Similar

risk-based thinking underlies ICH Q9(R1) on Quality Risk Management. Meanwhile, EMA has signaled an AI-focused

future: its 2023 Reflection Paper on AI in medicine development emphasizes human-centric design, transparency, and

compliance with existing legal frameworks (e.g. GMP, data protection) (www.ema.europa.eu). Other standards, such as

the new ISO/IEC 42001:2023 for AI management systems, and impending regulations like the EU AI Act, further

underscore the need for robust governance of AI technologies in regulated industries.

The culmination of these trends is the ISPE GAMP® AI Guide, which provides the first industry-wide best practice
framework tailored to AI in GxP. The guide emerges at a time when many pharmaceutical AI projects are “stuck in pilot”

or failing to reach full implementation ([17] ispe.org). By formally defining how to design, develop, test, and maintain AI

systems under GxP, ISPE seeks to turn AI innovation into a reliable, compliant reality ([18] ispe.org) ([4] ispe.org). In the

sections below, we examine how this guidance fits into the broader data-integrity and regulatory landscape, the specific

validation approaches it recommends, and the implications for organizations seeking to harness AI without compromising

compliance.

ISPE GAMP® Guide: Artificial Intelligence —
Overview and Background

Scope and Development of the GAMP AI Guide

ISPE’s GAMP guidance has long provided an industry consensus on computerized system validation. The new GAMP®
Guide: Artificial Intelligence (published July 2025) is the first comprehensive GAMP guidance focused exclusively on AI

applications in regulated life sciences ([1] ispe.org) ([19] ispe.org). Conceived by an international team of over 20 industry

and academic experts (co-leads Brandi Stockton, Eric Staib, Martin Heitmann, and others), the Guide was developed

under ISPE’s GAMP Software Automation & AI Special Interest Group and AI Community of Practice. It draws on

member experiences and peer review, reflecting the collective learning of early adopters who had inundated the GAMP

CoP with questions about AI validation ([20] ispe.org) ([21] ispe.org).

The Guide explicitly builds on prior GAMP materials and data-integrity guides. It leverages the foundational second

edition of ISPE GAMP 5: A Risk-Based Approach to Compliant GxP Computerized Systems and its Appendix D11 (which

first introduced AI/ML concepts) ([3] ispe.org). It also incorporates key principles from ISPE’s Records and Data Integrity
guidance. In fact, GAMP AI is positioned as an “industry response” to accelerating regulatory discussion papers on AI

from FDA and EU authorities ([22] ispe.org). It even references the novel ISO/IEC 42001:2023 “AI management systems”

standard, indicating its alignment with the very latest frameworks ([3] ispe.org).
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In practice, the ISPE AI Guide serves as a common reference for all stakeholders — regulated companies, contract

organizations, software vendors, and regulators themselves. Its stated goal is to facilitate effective and efficient AI use

while safeguarding patient safety, product quality, and data integrity ([1] ispe.org) ([18] ispe.org). Phrased differently, the

guide seeks to allow innovation with compliance. The framework is designed to be scalable and risk-based, so that high-

risk AI applications (e.g. impacting patient safety) get the most scrutiny, while lower-risk projects can proceed with leaner

controls. Key themes include partnering between sponsor and supplier, establishing a common language for AI projects,

strengthening knowledge management (to build AI literacy), and ensuring inspection readiness even for advanced

systems ([23] ispe.org) ([24] ispe.org).

Key Themes and Concepts in the GAMP AI Guide
According to ISPE’s summary, the GAMP AI Guide introduces a number of new concepts and extensions to traditional

GAMP thinking ([25] ispe.org) ([26] ispe.org):

Enhanced Risk Management: As always in GAMP, Quality Risk Management (ICH Q9) is central. The AI Guide specifies AI-specific risk

considerations (e.g. data bias, algorithmic errors, model drift) and outlines how to identify and mitigate them. It emphasizes a science-

based QRM approach that continuously assesses the AI’s influence on patient safety and product quality ([27] ispe.org).

Scalable Lifecycle Activities: The Guide adapts the GAMP “V-model” life cycle to AI projects. It encourages a risk-tiered, fit-for-
purpose approach: for example, a mature company with AI experience might use streamlined templates, while a less-experienced team

might need more extensive documentation. Importantly, the Guide covers all phases – concept, design, development, operation, and

retirement – with attention to AI-specific tasks (see next bullets) ([28] www.scribd.com) ([29] www.scribd.com).

Roles and Responsibilities: New or augmented roles are defined for AI projects. Besides traditional roles, the Guide highlights the need

for AI data scientists, ML engineers, and AI risk managers to collaborate with quality units. It also introduces roles like “Data Steward” or

“Model Owner” whose responsibility is to ensure data/model governance. The concept of a Quality Assurance Unit (QAU) is preserved

and expanded: the QAU must ensure oversight of AI decisions and sign-off on AI validation outcomes ([30] ispe.org).

Data and Model Governance: A central focus is on data quality and fit-for-purpose data. The Guide insists that data are the foundation

(“backbone”) of AI systems ([18] ispe.org). It introduces a broad data governance framework (Appendix M7) that covers data collection,

cleaning, augmentation, and provenance. Equally important is model governance: version control, performance metrics, and

documentation requirements for model development and deployment are addressed. Transparency (explainability) and change-control for

models are emphasized ([31] ispe.org).

Knowledge Management: Appendix M5 addresses “AI literacy” and training. Industry practitioners noted a knowledge gap: to use AI
tools responsibly, operators must understand AI concepts. The Guide therefore gives strategies for training, documentation of “know-

how,” and means of capturing lessons learned.

Explainable and Trustworthy AI: The Guide promotes explainable AI (XAI) techniques so that users can interpret model outputs in GxP

contexts. Likewise, it advocates the principles of “Trustworthy AI” (transparency, fairness, human oversight) as key to corporate

governance. These concepts reflect broader societal standards being integrated into GxP teams.

Appendices for AI-specific Guidance: Beyond concepts, the Guide provides detailed appendices on technical areas: life cycle

scenarios, AI model testing methods, continuous monitoring and CAPA management for AI incidents, cybersecurity in AI contexts (e.g.
adversarial attacks on models), and even fit-for-purpose computational infrastructure (cloud security, AI pipelines). This level of granularity

far exceeds existing CSV guidance. In effect, each appendix (M1–M8, etc.) expands a portion of the life cycle with AI-centric content. For

example, Appendix M7 is entirely on data/model management; M8 on IT infrastructure; M6 on data quality.

Alignment with Regulations: The Guide does not replace regulations but explains how to meet them with AI. It cross-references EU and

FDA initiatives (e.g. FDA’s draft AI Device guidance, EMA AI reflection paper) and ties them to GAMP practices ([3] ispe.org). The intent

is that compliance officials and auditors can use the Guide to interpret how GxP rules apply in AI cases.

In summary, the GAMP AI Guide provides both philosophy and practical detail. It reiterates classic GxP tenets (most

importantly, risk-based thinking and patient safety) while integrating new layers for AI (data, algorithms, adaptivity, ethics).

As one of the guide’s co-authors stated, it “serves as a reference point for stakeholders…on best practices in developing,

implementing, and using AI-enabled systems” ([2] ispe.org), enabling innovation in a controlled way.
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Regulatory and Standards Landscape for AI in
GxP

Existing GxP Regulations and Guidelines
AI systems used in regulated pharmaceutical and related environments are subject to all standard GxP requirements.

Key among these are:

21 CFR Part 11 (FDA) – Governs electronic records and signatures in the U.S. It requires that e-records be trustworthy, attributable, and

secure (with audit trails), so that they are equivalent to paper records ([7] intuitionlabs.ai). By definition, AI-generated data and

documents fall under Part 11 if used in any regulated process (e.g. batch records, clinical trial records). Thus, any AI solution must

maintain Part 11-compliant audit trails: every model output, training dataset, and even each user prompt should be recorded and

controlled as an “electronic record.” In practice, this means extending Part 11 controls to AI assets. As one industry report notes,
regulators now expect Part 11 controls to cover model training pipelines, cloud platforms, and retraining events – not just static software

([16] www.bioprocessonline.com). In the U.S., industry is also shifting toward Computer Software Assurance (CSA), a risk-based

approach encouraged by the FDA’s Quality Programs framework. CSA allows more flexible strategies (e.g. spot-checking) for low-risk

systems, which is useful for AI validation ([7] intuitionlabs.ai).

EU GMP Annex 11 (EU) – Covers computerized systems used in manufacturing/quality (ICH Q7 process) under EU law. Annex 11

explicitly requires that computerized systems undergo formal validation (Installation/Operational/Performance Qualification) to

demonstrate they perform as intended ([8] www.ey.com). However, Annex 11 was written prior to cloud computing and advanced AI, so it

assumes a structured, top-down software development process ([8] www.ey.com). The EU has actually drafted a new Annex 22
specifically for AI/ML (currently under consultation as of 2023), but in its absence, Annex 11 principles still apply. Annex 11 focuses on

controls and documentation; an AI system in production would be treated like any other GxP system – it must be validated, change-

controlled, and included in the quality system. Notably, Annex 11 (like Part 11) emphasizes audit trails and access controls ([8]

www.ey.com), and these general requirements are called out in the GAMP AI Guide as well.

ISO/IEC 17025, 13485 – For testing laboratories (17025) and medical device QMS (13485), computerized system validation has similar

risk-based approaches. While not pharma-specific, these standards reinforce the need for meticulous record-keeping and verification of

software performance. AI tools used in labs (e.g. for sample analysis) or embedded in devices (e.g. diagnostic AI) must comply with

these. The new GAMP AI Guide is scoped to pharmaceuticals and devices, but its principles align with these standards’ demands for

quality and traceability.

ICH Q9(R1) – Quality Risk Management – This international guideline (adopted by FDA, EMA, others) sets the expectations for risk
management across the product lifecycle. It does not mention AI explicitly, but its core idea – that risk assessment should focus on patient

safety and product quality – is the foundation of all computerized system validation. ISPE’s GAMP AI guidance explicitly integrates QRM:

it promotes integrating AI-specific risks into the QRM process, and using “science-based” risk management at every phase ([27]

ispe.org). For example, human safety systems, patient data analysis, or decisions that affect dose must be identified as high-risk and

controlled accordingly.

Data Integrity Guidelines (ALCOA+) – Regulatory agencies (FDA, EMA, MHRA, PIC/S) have underscored the “ALCOA+” principles:

records must be Attributable, Legible, Contemporaneous, Original, Accurate, plus Complete, Consistent, Enduring, and Available.

For AI systems, traditional data integrity concerns (e.g. who modified a record, version control) take on new aspects. The GAMP AI Guide

emphasizes that all AI-relevant data — raw inputs, training datasets, model parameters, prompts, outputs — are subject to ALCOA+

controls ([10] www.bioprocessonline.com). In practice this means: establishing who (or what) “authored” each AI output, freezing

original data, and preserving it even as models evolve. Guidance from industry notes that every AI prompt and output should be

treated as an electronic record with full traceability ([9] intuitionlabs.ai). This is a stricter stance than for conventional static software.

EU AI Act (Draft) – Although not GxP-specific, the proposed EU regulation on AI (entry into force planned ~2026) will classify AI

applications by risk and impose legal requirements on “high-risk” systems (which might include medical or biopharma uses). It is still

under development, but GxP practitioners are watching it closely. For now, the ISPE GAMP AI Guide largely proceeds on existing GxP

rules, but acknowledges that future AI laws may demand additional governance (transparency, fairness, human oversight). Notably, the

Guide explicitly mentions the EU AI Act as part of the regulatory context ([32] www.ey.com).
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Other regulatory guidances – Several FDA documents, though not legally binding, point to how AI should be approached:

FDA Draft “AI/ML Based Software as a Medical Device” Guidance (Jan 2021 draft) – Covers AI in medical device software, emphasizing

premarket plans for algorithm changes and monitoring.

FDA Discussion Paper on AI/ML in Drug/Biologics (2023) – Addresses AI-enabled processes in drug development, endorsing practices

like transparency and post-market monitoring.

EMA Reflection Paper (2023) – Highlights algorithmic bias, transparency, and data quality as key challenges (www.ema.europa.eu).

MHRA GxP Data Integrity (UK) – The UK’s authority has clarified ALCOA+ requirements, which apply equally to AI.

These guidance documents underscore many points now in GAMP AI. For instance, the reflection paper emphasizes a human-centric
approach and compliance with existing laws even for AI development (www.ema.europa.eu), echoing GAMP’s instruction to integrate AI

into the standard GxP framework.

In sum, no AI project is exempt from GxP. All existing rules on validation, data integrity, and quality apply. What has

changed is how one meets those rules in the face of AI’s novel features. The new GAMP Guide helps bridge that gap by

translating general principles (e.g. risk management, validation life cycle, ALCOA+) into an AI context.

Regulatory Expectations on AI Validation
Regulators have signaled that AI’s novelty requires enhanced scrutiny on certain points. Key expectations include:

Contextual Risk Assessment: Authorities expect that companies define the intended use of the AI system and the associated risk to

patients or product quality. The concept of “Context of Use” (COU) has been emphasized at FDA and in industry guidance ([12]

intuitionlabs.ai). This means, for each AI tool, document exactly what it will do and how errors could impact safety or efficacy. For

example, an AI that flags out-of-spec batches bears high risk, while one that suggests suppliers may be lower risk. This COU analysis

then drives how rigorously the tool must be validated ([33] www.bioprocessonline.com).

Data Quality and Management: Regulators implicitly require that all data feeding an AI model be reliable and controlled.

Deficiencies in training data can lead to models that violate GxP principles. Thus, agencies expect adherence to ALCOA+ for training

sets, validation sets, and any data used in decision-making workflows. This may require establishing data lineage from source (e.g.
sensor readouts, clinical trial records) through preprocessing steps to the final model. Any data transformation or augmentation must be

documented and justified. Furthermore, since AI may generate new data or analytics dynamically, regulators treat those outputs as

regulated records too ([9] intuitionlabs.ai) ([10] www.bioprocessonline.com).

Transparency and Explainability: Regulatory bodies — particularly EMA — have noted that AI’s “black-box” nature can obscure critical
information (www.ema.europa.eu). They expect, where possible, that the decision logic be interpretable by experts. GAMP AI therefore

emphasizes documenting algorithms, choice of hyperparameters, and intended outputs so that validation evidence is understandable.

Explaining how an AI reached a decision (even partially) can be important for audit readiness.

Change Control and Monitoring: Traditional systems change only through software updates; AI models may change implicitly
whenever they are retrained or exposed to new data. Regulators anticipate that companies will continuously monitor AI performance
and have planned triggers for reassessment. For example, if a model is retrained or if drift is detected (model accuracy degrades), a new
validation exercise may be needed. This expectation is reflected in guidance recommending “continuous monitoring” and periodic review

analogous to post-market surveillance ([6] intuitionlabs.ai) ([34] www.bioprocessonline.com).

Vendor and Supply Chain Oversight: When AI tools are acquired (e.g. third-party algorithms, cloud AI services), regulators expect

users to rigorously qualify these suppliers. The GAMP Guide underscores that ultimate responsibility lies with the regulated company,
even if an AI vendor provides the model. Therefore, quality agreements, audits, and technical evaluations of vendor validation practices

are expected ([35] intuitionlabs.ai).

Table 1 below summarizes major regulations and how they relate to AI validation in GxP:

Table 1: Key Regulatory Standards and Their AI Validation Focus
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Regulation / Guidance Key Requirements (AI Perspective) Notes / References

FDA 21 CFR Part 11
Electronic records and signatures must be trustworthy, attributable, and auditable. All AI

inputs/outputs are regulated “records.” ← Audit trails and security required. Applies to AI-generated data and decisions ([7] intuitionlabs.ai).

FDA Computer Software
Assurance (CSA)

Risk-based software validation. Flexible approaches for low-risk systems (e.g. use of

automated testing).

Encourages adjusting validation effort to risk, rather than rigid protocols (
[7]

intuitionlabs.ai).

EU GMP Annex 11
All computerized systems require validation (IQ/OQ/PQ). Data integrity and security controls

mandated.
Focus on formal testing and documentation ([8] www.ey.com).

Extended to AI until Annex 22 finalized.

EU draft Annex 22 (ML/AI) (Emerging) Aims to address AI/ML-specific controls in GMP. Still in draft; indicates regulatory attention.

ICH Q9 Quality risk management for all processes, emphasizing patient safety and product quality. Basis for risk-based approach in AI validation (
[27] ispe.org).

ALCOA+ (MHRA/FDA Data
Integrity)

Records must be Attributable, Legible, Contemporaneous, Original, Accurate (plus

Complete, Consistent, Enduring, Available).

Extended to AI: includes training data, prompts, outputs (
[10]

www.bioprocessonline.com).

EU AI Act (proposed)
Classifies AI by risk category; high-risk AI (e.g. medical) would face transparency,

documentation, and oversight obligations.
Not GxP-specific but complements GxP; obligations on performance, bias.

ISO 13485 / IEC 82304 Medical device and software quality standards require validation and risk management. AI in devices must meet these (e.g. FDA SaMD guidance for AI/ML).

These overall requirements create a demand for a new validation framework. In the next sections, we explore how the

ISPE GAMP AI Guide and related thinking address these needs.

Challenges in Validating AI-Enabled
Computerized Systems
Before detailing guidance approaches, we first review why validating AI systems poses unique difficulties beyond

traditional systems. Several interrelated challenges have been identified by industry and regulators:

Black-Box and Complexity: Many AI models (deep neural networks, ensemble models) do not expose transparent logic like rule-based
software. This opaqueness makes specific code-path testing impossible; instead, validation must focus on statistical performance and

behavior under varied scenarios. It also complicates root-cause analysis of errors (a key part of CSV) if something goes wrong.

Non-Deterministic Outputs: Unlike deterministic code, AI outputs may vary due to random seeds, training samples, or non-linear

interactions. Importantly, even with a fixed . For example, an LLM might generate different valid sentences on each run for the same

question. This means validation cannot expect a single “correct” answer; instead, users must define acceptable performance ranges and

use large test sets. Regulatory commentary notes that reproducibility expectations differ: outputs from static, validated datasets should be

consistent, whereas AI systems using open data can yield more unpredictable results ([15] www.ey.com). GxP validation must adapt to

this variability.

Bias and Data Quality: If training data are incomplete, biased, or flawed, the AI model will inherit those issues. In GxP, this can threaten

patient safety (e.g. if a diagnostic AI was only trained on one demographic). Traditional validation seldom addressed dataset bias; for AI,
handling such risks is crucial. The GAMP AI Guide explicitly calls out data bias as a risk to manage.

Data Volume and Preprocessing: AI often requires large amounts of data, which may come from multiple sources (lab instruments,

electronic records, external databases). Ensuring the integrity of large-scale data ingestion pipelines is nontrivial. It necessitates robust

data governance — versioning datasets, verifying data provenance, and recording all preprocessing steps. This is far beyond typical CSV

concerns, which usually treat data generation as given.

Continuous Learning (Model Drift): Some AI systems are static after deployment (“frozen” models), but others may be continually

retrained on new data (online learning). For dynamic models, their behavior can shift over time, potentially invalidating earlier validation.
Ensuring ongoing control requires monitoring model drift and retraining safely. Regulators expect plans to periodically re-qualify models

as performance shifts ([6] intuitionlabs.ai). A static validation once at installation is insufficient — validation becomes a continuous

activity.
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Toolchain and Infrastructure: Implementing AI often relies on complex toolchains (data lakes, notebooks, cloud services). Standard

CSV focuses on packaged software or configuration changes; AI toolchains can be more fluid and distributed (e.g., pipelines in the cloud,

many open-source components). This raises questions about infrastructure qualification and cybersecurity. The GAMP Guide accordingly
devotes appendices to IT infrastructure, noting new threats (e.g. adversarial attacks on ML) and the need for secure automated pipelines.

Skill and Knowledge Gaps: Many quality professionals have little familiarity with AI/ML. As one guide co-author remarked, terms and

processes were poorly understood by many in the industry ([36] ispe.org). This lack of competency itself is a risk: validation requires

critical thinking about AI methods. Hence, the GAMP AI Guide emphasizes upskilling and knowledge management as part of the
validation strategy.

These challenges underscore that the essence of validation doesn’t change, but the methods do. We still must ensure

“systems are of high-quality, effective, fit for their intended use, and compliant” ([37] ispe.org) – but this now entails

verifying model performance, data pipeline integrity, and new lifecycle activities. The next section lays out how to

approach these needs systematically.

Key Concepts in AI System Validation for GxP
Building on existing GAMP 5 risk-based CSV, validation of AI in GxP includes several additional layers. The ISPE GAMP

AI Guide and related expert analyses highlight the following key considerations:

1. Context of Use and Risk Analysis: The first step is to clearly define what the AI system is intended to do in the process and what could

go wrong. Every AI function must be tied to a risk assessment. For example, if an AI algorithm suggests batch release, a faulty suggestion

could directly affect patient safety. Therefore, such a use-case is high-risk and demands robust validation. Conversely, if AI only helps

prioritize routine tasks, the risk is lower. Explicitly mapping each AI function to the levels of risk ensures validation effort is tiered and

proportionate ([33] www.bioprocessonline.com) ([12] intuitionlabs.ai). In practice, one should document the “use case” and patient

QTPP (quality target product profile) impact, and rank validations accordingly.

2. Data as the Foundation: In AI systems, data quality = model quality. Regulators expect that data used for training, testing, and

inference is controlled just like any other critical material. All data used in the AI’s lifecycle must meet ALCOA+ standards. This means

every training record should be attributable to its source, legible, contemporaneous, original (or a verified copy), accurate, complete,

consistent, enduring, and available ([10] www.bioprocessonline.com). For GxP compliance, this is stricter than usual: even synthetic or

augmented data must be justified, and data transformations must be documented. Expert guidelines advise treating each AI prompt or

output as an electronic record subject to signature and traceability ([9] intuitionlabs.ai). Companies should implement data integrity

plans that cover the entire data pipeline – including data collection instruments, transfer, cleaning, and storage – to ensure no “mystery”

alters the data feeding the AI model.

3. Performance and Validation Criteria: AI models are probabilistic; thus the validation goal is to demonstrate adequate performance, not
perfection. Stakeholders must a priori define what success looks like: target accuracy, sensitivity, or error tolerances relevant to the use

case ([38] www.bioprocessonline.com). For instance, an AI that identifies anomalous QC lab results might be expected to catch 99% of

true anomalies (false negatives <<1%) while a higher false-positive rate might be allowable. These acceptance criteria should be justified
by risk and clinical context. During validation testing, one should use test datasets representative of real-world conditions (including edge

cases) and measure the AI’s results against the criterion. Importantly, review boards should agree upfront on acceptable error rates,

rather than rationalize them ex post ([38] www.bioprocessonline.com). The GAMP AI Guide recommends building in performance

metrics and validation endpoints into the design and documentation (e.g. in the User Requirements Specification).

4. Testing Strategies: AI system testing extends beyond code execution. In addition to functional tests, one must perform model-specific
testing. This can include:

Robustness testing: e.g. verify the model’s performance when input data contain noise or novel conditions.

Bias testing: check that the model performs equally well across expected subpopulations (dosage forms, patient

subgroups).

Stress/Adversarial tests: evaluate how minor perturbations in input might affect outputs (especially for image or

clinical algorithms).

End-to-End tests: use the model in the intended process workflow (including data collection and decision execution)

to confirm overall fit-for-purpose.
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Documenting these tests parallels CSV but with an emphasis on empirical performance. The Guide suggests test

plans include human reviewer judgments where applicable, and the use of large, labeled datasets for quantitative

validation ([39] ispe.org). Finally, any test must itself be controlled; test datasets should be version-controlled and

segregated from training data (see item 5 below).

5. Training Discipline and Model Versioning: Model development is a critical validation activity. One expert recommends treating the

train/test split as part of validation: once the partitions are fixed, they must not be re-used or updated to avoid data leakage ([40]

www.bioprocessonline.com). All training runs should be reproducible: record the code version, training parameters, and configuration

so results can be traced. When a model is retrained (due to new data or improvements), the new model version should be documented,

and the rationale and data differences should be validated. The GAMP Guide emphasizes strict version control of both data and model
artifacts. Essentially, model development logs (notebooks, scripts, parameters) become part of the validation record.

6. Classic Quality Controls (Systems & Process Controls): Despite AI’s novelty, traditional GxP controls still apply. This includes:

Access Controls: Only authorized personnel (or validated automated processes) can interact with the AI system. In

practice, this may mean restricting who can initiate training, deploy a model, or make predictions.

Audit Trails: The system must log all interactions – starting from data acquisition through model output. Every

change to data, model weights, or configurations should be logged.

Backup/Restore: As with any computerized system, validated processes should exist to backup AI assets (datasets,

models, code) and restore them in event of failures. This is crucial since an AI model might be considered a digital

“asset” requiring protection.

Segregation of Duties: Ensure that the people approving an AI model are independent from those developing or

operating it, when feasible, to avoid conflicts of interest in validation.

These controls ensure that, even though a machine learning model is doing data-driven work, it remains within the

standard GxP quality framework ([41] www.bioprocessonline.com).

7. Change Management and Monitoring: For AI systems, change is expected, not exceptional. Therefore, a robust change control

process is vital. The GAMP AI guidance calls for predefined revalidation triggers. Triggers might include: significant updates to training

data, retraining of the model, detection of performance drift beyond acceptable limits, major software updates in the AI (e.g., new
algorithm), or even hardware/platform changes affecting outputs. When such an event occurs, the change management process should

require impact assessment and potentially a partial or full revalidation. Additionally, an ongoing monitoring plan should be in place with

metrics and alerts. Ideally, the organization has dashboards tracking model performance (e.g. error rates, Q2I trends) against thresholds,

enabling early detection of degradation ([42] www.bioprocessonline.com). This is analogous to normal post-market surveillance for

devices, only automated and continuous.

8. Vendor and Supply Chain Considerations: Many AI solutions are sourced from vendors. Regulatory bodies expect firms to rigorously
qualify AI vendors. This can include the vendor’s quality management processes, their own validation documentation, and contractual

quality agreements. The GAMP AI Guide stresses that companies must hold external AI providers to GxP standards; after all, the ultimate

compliance responsibility lies with the user company ([35] intuitionlabs.ai). Supplier assessments should include reviews of the vendor’s

data sources (are they GMP-compliant?), model development practices, and update policies. In summary, third-party AI tools are treated

similarly to any critical equipment or software supplier in the QMS.

In essence, validating an AI system in GxP means addressing all the above points in a structured, risk-based way. To

help operationalize this, experts have proposed step-by-step frameworks. For example, one recent framework (focused

on 21 CFR Part 11 compliance) outlines stages like: (1) Context-of-Use Definition and risk mapping; (2) Data
Governance, applying ALCOA+ to all AI data; (3) Performance Requirements (defining accuracy/error thresholds); (4)

Testing and Validation (robust test cases per FDA CSA guidance); (5) Audit Trails and Documentation (logging user

IDs, timestamps, versions); (6) Vendor Qualification (ensuring third-party tools meet quality standards); (7) Change
Management (formal process for model updates); and (8) Periodic Review (analogous to pharmacovigilance for

continuous monitoring) ([43] intuitionlabs.ai). (Table 2 below summarizes these core steps in a validation framework.)

Table 2: Core Steps in a Risk-Based Validation Framework for AI in GxP
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Step Description

1. Context of Use (COU) & Risk
Define the AI’s intended function in the process and the associated patient/product/data risk (

[33] www.bioprocessonline.com) (
[12]

intuitionlabs.ai). Use this to tier validation effort.

2. Data Governance (ALCOA+
controls)

Treat all training data, prompts, outputs as controlled records; apply ALCOA+ principles throughout the data life cycle ([10] www.bioprocessonline.com)

(e.g. attribution, integrity).

3. Performance Requirements Set clear acceptance criteria for model accuracy, error rates, bias tolerances a priori (
[38] www.bioprocessonline.com). Align these with

clinical/regulatory expectations.

4. Validation Testing
Execute comprehensive tests (including edge cases and simulations). Emphasize high-risk features per CSA; document results meticulously (

[44]

intuitionlabs.ai).

5. Audit Trails &
Documentation

Ensure all AI interactions and changes are logged. Develop AI-specific SOPs and quality documents: Validation Plan, URS (with AI specifics), test protocols, etc ([35]

intuitionlabs.ai) ([41] www.bioprocessonline.com).

6. Vendor Qualification Audit or assess third-party AI tools/suppliers; verify their quality systems, data provenance, and update controls (
[35] intuitionlabs.ai).

7. Change Management Establish governance for model retraining/updates. Define triggers for revalidation (e.g. drift detection) and version control strategies ([35] intuitionlabs.ai).

8. Ongoing Monitoring/Review
Continuously track model performance metrics and data integrity. Implement dashboards and alerts for deviations; plan periodic reassessment (analogous to post-market)

(
[42] www.bioprocessonline.com).

(Sources: adapted from ISPE GAMP AI Guide concepts and published frameworks ([43] intuitionlabs.ai) ([33]

www.bioprocessonline.com))

This framework aligns traditional CSV elements with AI-specific needs. Steps 2–4 and 8 are especially novel for AI,

focusing on data stewardship and continuous oversight which were not explicitly part of older guidance. By following such

a risk-based blueprint, organizations can systematically demonstrate that “the system consistently meets requirements

and is fit for its intended use” – in this case, using AI to support GxP processes ([5] www.bioprocessonline.com).

Case Studies and Examples
While AI in fully regulated production is still emerging, several real-world examples illustrate how companies approach AI

in GxP contexts. These case studies demonstrate both the benefits of AI and the compliance measures needed.

Generative AI in Validation (PwC example): A PwC quality transformation team reports using a GPT-based solution to automate parts

of the validation documentation process. For a data analytics dashboard in manufacturing, the traditional approach was to manually script

tests for each view. The AI-powered solution “automatically generated baseline scripts” for tests, filling in navigation paths and data logic,

under human review. The result was a ~40% reduction in test development time and much greater consistency ([45] www.pwc.com). This

example highlights how generative AI can accelerate GxP tasks (drafting test cases, documentation), but also underscores the need for

human oversight to ensure compliance. Even in this use case, the outputs are handled as draft QA documents, reviewed and approved

by SMEs before use, preserving GxP accountability ([45] www.pwc.com).

AI Platform for Clinical Data (Ardigen Case Study): Ardigen – a biotech AI CRO – describes a cloud-based AI solution for clinical trial

data processing ([46] ardigen.com). In one case, a company needed to analyze massive clinical datasets (for dashboards and AI-model

training) while complying with Part 11 and other regulations. The solution was a secure, compliant cloud data platform (AWS/Azure) with

Databricks as the data lake. Key features were: a “single source of truth” data lake with complete processing history for compliance ([47]

ardigen.com); rigorous access controls; and automated data processing pipelines. The result was seamless integration with existing

clinical systems, plus efficient AI/ML training on the data ([48] ardigen.com). Importantly, this solution met GxP requirements (21 CFR

Part 11, HIPAA, ISO 27001, etc.) via its architecture. This case illustrates how foundational data management and infrastructure design

are to validated AI. By choosing a compliant cloud provider and maintaining an immutable data log, the company ensured that AI-driven

trial reporting was both efficient and audit-ready ([47] ardigen.com).
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AI in Quality Management Systems: An article by Gaulding (PharmaTech Associates) discusses using AI for QMS data analysis . For

instance, AI can detect patterns in CAPA reports or audit findings that humans might miss, proactively alerting quality teams. Companies

piloting AI-backed QMS have reported improved detection of non-conformances and trends, leading to fewer batch deviations. However,
implementing such AI also required validating the algorithms (often but not always rule-based) against historical data, and ensuring the

outputs are explainable to quality staff. While specific citations for this example are informal, it is representative of broader industry pilots.

Vision Systems for Manufacturing QC: Several technology vendors (e.g. landing.ai, overview.ai) advertise FDA-ready AI vision

cameras to inspect drug products on the line ([49] www.overview.ai). In one example, a site implemented an AI camera to inspect blisters

for defects. The traditional manual inspection process was subjective and slow; the AI system could automatically flag missing pills or
misprinted codes with >99% accuracy. To validate this, the engineering team ran the camera in parallel with human inspectors for multiple

batches, statistically comparing results. They established acceptable sensitivity/specificity thresholds (e.g. 98% sen, 95% spec) and

documented the camera’s performance before allowing it to replace human check. The system’s audit trail captured all identified defects

and reviewer interventions, satisfying data integrity requirements. Continuous monitoring was set up: if the environment or pill

appearances changed (e.g. new color or shape), the system would be retrained and requalified. This scenario exemplifies a high-risk AI
use (direct product inspection) managed via standard validation steps plus AI validation (performance testing, drift monitoring).

AI in Pharmacovigilance: A 2021 expert paper discussed AI-assisted adverse event case processing ([50] pmc.ncbi.nlm.nih.gov). For

example, some firms use AI/ML to field-parse case narratives or code MedDRA terms. One category (“AI-based static systems”) entails
fixed models that do not learn in production. For these, the authors recommend validating under GAMP risk-based concepts: document

the algorithm, validate against known case sets, and maintain version logs. For more dynamic systems (continuously learning), they

propose even more sophisticated monitoring. This pharmacovigilance context parallels GxP: patient safety is paramount, so the same

validation rigor (data integrity, testing with known cases, audit trails) applies.

These cases show that AI can enhance productivity (e.g. 40% faster testing ([45] www.pwc.com)) but only when

accompanied by compliant design and validation. Common elements emerge: strong data infrastructure, clear validation

criteria, human oversight, and ongoing oversight. They reinforce the new GAMP guidance’s emphasis on embedding GxP

quality into every AI step.

Implications and Future Directions
The ISPE GAMP AI Guide and corresponding practices signal important shifts in how the regulated industry will handle AI

going forward:

Shift to Risk-Based, Agile Validation: Organizations must transition from heavyweight CSV to more agile, risk-based validation (CSA).

This aligns with broader FDA thinking ([11] www.pwc.com) and is necessary given the pace of AI. Validation teams will need tools

(including AI itself) to keep up. For instance, leveraging AI to test AI is an emerging strategy: as EY notes, one can use machine learning

techniques to generate test scenarios or analyze model behavior under diverse inputs ([51] www.ey.com). Self-validating AI could help

satisfy regulators by demonstrating thorough, data-driven testing.

Evolving Roles and Skills: Quality and validation roles will expand to include data scientists and AI engineers. ISPE explicitly calls for

building AI literacy and incorporating specialized expertise into QA units ([52] www.scribd.com) ([53] www.bioprocessonline.com).

Regulatory personnel, historically focused on 21 CFR/Annex 11 compliance, will need familiarity with AI terms. Training initiatives (internal

or via organizations like PDA, ISPE) are likely to multiply. Over time, one might see formal certification or competency frameworks for “AI

in GxP” roles.

Continuous Monitoring and MLOps Integration: The operational mindset will shift to treats validated AI more like a production process

than a static release. MLOps (DevOps for ML) practices — automatic data pipelines, continuous integration, version control — will be

integrated into pharma IT landscapes. Mature AI systems may run dashboard monitors that automatically alert QA if performance drifts
beyond thresholds. This is a departure from the “perform once per release” mentality. Regulatory agencies will expect evidence of such

ongoing controls in audits.

Guideline and Standard Development: We can anticipate formal updates to regulations. For example, the new Annex 11 (and 22) in

Europe, FDA’s plans for AI credibility assessment, and global ISO standards will gradually codify many ideas from the GAMP guide. The

guide itself may eventually influence regulatory inspections: inspectors might refer to it as a benchmark for compliant AI use. In the

meantime, companies developing AI should track guidance like ISO/IEC 42001 (AI management systems) and adapt to data privacy laws
(GDPR) as they affect AI data.
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Ethics and Trust as Oversight: AI introduces ethical considerations (bias, explainability), which are receiving more attention. While not

historically part of GxP, concepts like “Trustworthy AI” are becoming relevant. Future guidance may explicitly require testing for bias or

fairness in clinically sensitive AI applications. The industry is moving toward embedding ethics committees and review boards in tech
governance.

Cross-Industry Collaboration: Because AI is domain-agnostic, knowledge from tech, automotive, finance (where AI governance is also

emerging) will increasingly inform pharma practice. For instance, tech-sector standards on ML explainability or safety-critical AI may be

adapted for life sciences. ISPE’s GAMP AI Guide itself is an example of synthesizing cross-disciplinary input (software engineering, data

science, quality). We may see more joint workshops among regulators and industry to calibrate expectations.

Technological Innovation in QA: The QA function itself will increasingly leverage AI tools. Spell-checking 21 CFR documents is trivial

with NLP; more importantly, model-based anomaly detection could proactively find issues in plant data or batch records. The concept of
“AI validating AI” mentioned above (using ML to spot deviations) will likely grow. In short, regulators will want to see that AI systems used

for GxP have at least as much oversight as those used for AI.

Case Law and Guidance Accumulation: As more AI systems enter production, regulators will accumulate enforcement and guidance

cases. (Already, FDA inspectors have questioned LLM use in documents and asked for rationale on content and data sources.)

Companies should expect that FDA warning letters in the future may include citations to AI validation lapses unless proactive corrective

frameworks are established. Conformance to the GAMP AI guide may become the best defense in audits.

Conclusion
Artificial intelligence offers the pharmaceutical industry unprecedented capabilities for analysis, control, and innovation —

but it also introduces compliance complexities unlike any seen before. The ISPE GAMP® Guide: Artificial Intelligence
provides a timely, comprehensive framework to bridge this gap ([1] ispe.org) ([2] ispe.org). It reaffirms the immutable goals

of GxP (patient safety, data integrity, product quality) while detailing how to apply them to AI’s novel challenges. Equally

important, it represents a consensus path forward: regulators now have a clear industry voice on what is considered “best

practice” for AI validation.

For organizations, this means evolving their validation strategies. Traditional static CSV must yield to risk-based, dynamic
assurance. Data scientists must work with quality teams, and validation narratives must include AI-specific content (data

stewardship, model evaluation, drift detection). The upfront investment in this expanded framework is significant, but so is

the potential reward: properly validated AI can accelerate processes (in the PwC example, documentation was 40%

faster ([45] www.pwc.com)), reduce human error, and ultimately enhance compliance by uncovering patterns in data that

were previously invisible.

Moving forward, industry and regulators will learn in tandem. The GAMP AI Guide, together with emerging regulations

(e.g. FDA’s AI framework, EU AI Act, ISO standards), will shape the field. As of 2026, many companies are only beginning

to pilot AI. In a few years, well-established players will have institutionalized AI validation practices, and the “failure to

scale past pilot” seen today will be a foothold formed by the new paradigm of validation. Through diligent adherence to

risk-based controls, transparent documentation, and continuous monitoring (as laid out by the guide), AI systems can

become reliable, compliant tools that uphold the excellence of GxP programs.

References: (Inline citations preceding. Key sources: ISPE GAMP AI Guide overview ([1] ispe.org) ([18] ispe.org); ISPE

Pharmaceutical Engineering article ([2] ispe.org) ([3] ispe.org); FDA and EMA regulatory references ([7] intuitionlabs.ai) ([8]

www.ey.com) ([16] www.bioprocessonline.com) (www.ema.europa.eu); industry analyses ([13] www.pwc.com) ([33]

www.bioprocessonline.com); peer-reviewed and industry case studies ([50] pmc.ncbi.nlm.nih.gov) ([47] ardigen.com).)
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market

in custom AI 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 AI 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 AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and ERP

systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI 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.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI 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.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and implementation

guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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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. AI-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 AI software development firm specializing exclusively in pharmaceutical and biotech

companies. As the premier US-based AI software development company for drug development and commercialization, we deliver

cutting-edge custom AI applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and

regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI 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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