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Executive Summary

The GAMP 5 Second Edition (2022) represents a major modernization of the internationally-
accepted ISPE guidance for GxP computerized systems validation. Unlike the first edition
(2008), which focused largely on compliance and avoiding audit findings, the Second Edition
explicitly shifts focus toward patient safety, product quality and critical thinking (ispe.org)
(www.scilife.io). Its core structure and risk-based framework (aligned with ICH Q9 quality risk
management) remain fundamentally the same as before (ispe.org) (ispe.org), but it updates key
content to reflect modern practices. In particular, GAMP 5 (2nd Ed) expands guidance on
cloud and IT service providers, agile/incremental software development, automated tools
and data management, and emerging technologies such as Al/ML, blockchain, and open-
source software (ispe.org) (ispe.org). It also formally introduces critical thinking (Appendix
M12) and computerized system assurance (CSA) concepts from FDA into the guidance to
promote a “least burdensome”, risk-based validation approach (ispe.org) (www.qualio.com).
Overall, GAMP 5 Second Edition continues to stress a science-based quality risk management
approach, but now applied to 21st-century digital systems. In doing so, it not only meets
regulatory compliance but also encourages the industry to leverage modern IT methods for
efficiency and continuous improvement (ispe.org) (blog.pgegroup.com).

Introduction and Background

Good Automated Manufacturing Practice (GAMP) is a widely-adopted framework from the
International Society for Pharmaceutical Engineering (ISPE) that guides the validation of
computerized systems in regulated pharmaceutical and biotech industries (www.techtarget.com)
(www.techtarget.com). GAMP was originally created in 1991 to help the industry address
evolving regulatory expectations and to standardize computer systems validation (CSV) in line
with GMP requirements (www.techtarget.com) (ispe.org). Its flagship document, the “ISPE
GAMP 5: A Risk-Based Approach to Compliant GxP Computerized Systems”, was first published
in 2008. GAMP 5 (1st Edition) shifted the focus away from purely prescriptive validation to a
risk-based lifecycle model, emphasizing understanding of product/process, scalable activities,
and leveraging supplier documentation. It classified software categories and stressed
documentation and testing proportional to risk.

Regulatory context. GAMP's guidance sits within broader GxP and data integrity requirements.
As FDA observes, cGMP regulation is inherently “flexible” to allow modern technology — indeed,
'C' stands for ‘Current’ — meaning companies are expected to use up-to-date systems and
techniques (ispe.org). Systems that were state-of-the-art 10-20 years ago may now be
inadequate (ispe.org). In recent years regulators (FDA, EMA, MHRA, PIC/S) have emphasized
data integrity (ALCOA+) and continuous improvement. The COVID-19 pandemic underscored the
need for agility and digital innovation in pharma, highlighting that patient safety and product
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quality benefit from modern IT solutions, as discussed in the GAMP Community of Practice
commentary (ispe.org) (www.techtarget.com).

Why a Second Edition? By 2022, the first GAMP 5 guidance had been in use for 14 years.
During that time, fundamental changes occurred: cloud computing became mainstream,
software development moved toward agile and DevOps paradigms, life sciences increasingly
embraced advanced analytics, machine learning and blockchain, and compliance approaches
have evolved (e.g. the FDA's recent Computer Software Assurance initiative). Industry
consultants note that many existing practices had become “ineffective and inefficient” due to
outdated assumptions (ispe.org) (blog.pgegroup.com). For example, PQE Group observes that
the original guidance was heavily compliance-driven, whereas the Second Edition deliberately
introduces “Critical Thinking” and unscripted testing to reduce unnecessary documentation
and focus on fitness for intended use (blog.pgegroup.com) (blog.pgegroup.com). Thus, ISPE
undertook a comprehensive update, resulting in GAMP® 5 (Second Edition) published in July
2022 (ispe.org) (blog.pgegroup.com).

According to ISPE, this update "embraces and reflects” current industry practice and technology
(ispe.org). The official profile of GAMP 5 (Second Ed) states that while the principles and
framework of the first edition are maintained, their application is modernized to cover “the
increased importance of service providers, evolving approaches to software development, and
expanded use of software tools and automation” (ispe.org). An ISPE iSpeak blog summary
likewise emphasizes that the Second Edition “prioritizes patient safety and product quality
over compliance” and strongly supports the regulators’ vision of an agile, quality-driven
manufacturing sector (ispe.org) (ispe.org). In short, GAMP 5 Second Edition is not about
imposing new burdens, but about enabling higher quality with smart, risk-based practices
aligned with today’s technologies.

Key Updates in GAMP 5 Second Edition

GAMP 5 Second Edition retains the original risk-based lifecycle approach but extends and
updates it in specific ways. </current_article_content>Below we detail the main enhancements
and new content, grouped by theme.

Risk-Based Foundation and Quality Focus Remain

The overall risk-based framework of GAMP 5 remains intact (ispe.org) (ispe.org). The guide
continues to align with ICH Q9 Quality Risk Management, emphasizing understanding product
and process to define requirements and scale activities by risk. The core management
appendices (M1-M10) and operational phasing are largely unchanged. However, the purpose
and tone have shifted: the Second Edition explicitly calls out that patient safety, product
quality, and data integrity are the ultimate goals, not mere checklist compliance (ispe.org)

© 2025 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 3 of 14


https://ispe.org/pharmaceutical-engineering/ispeak/gampr-5-second-edition-here#:~:text=As%20a%20society%20and%20as,in%20meeting%20these%20key%20objectives
https://www.techtarget.com/whatis/definition/GAMP-good-automated-manufacturing-practice#:~:text=Good%20automated%20manufacturing%20practice%20,ISPE
https://ispe.org/pharmaceutical-engineering/ispeak/gampr-5-second-edition-here#:~:text=We%20do%2C%20however%2C%20still%20see,fear%20of%20perceived%20regulatory%20inflexibility
https://blog.pqegroup.com/csv-data-integrity/gamp-5-critical-thinking-1st-2nd-edition-difference#:~:text=The%20new%20version%20of%20GAMP%C2%AE,taken%20place%20in%20recent%20years
https://blog.pqegroup.com/csv-data-integrity/gamp-5-critical-thinking-1st-2nd-edition-difference#:~:text=In%20particular%2C%20this%20guideline%20implements,cycle%20and%20all%20supporting%20processes
https://blog.pqegroup.com/csv-data-integrity/gamp-5-critical-thinking-1st-2nd-edition-difference#:~:text=Critical%20Thinking%20is%20introduced%20to%3A
https://ispe.org/publications/guidance-documents/gamp-5-guide-2nd-edition#:~:text=Published%3A%C2%A0July%202022%20Pages%3A%C2%A0404
https://blog.pqegroup.com/csv-data-integrity/gamp-5-critical-thinking-1st-2nd-edition-difference#:~:text=The%20new%20version%20of%20GAMP%C2%AE,taken%20place%20in%20recent%20years
https://ispe.org/publications/guidance-documents/gamp-5-guide-2nd-edition#:~:text=The%20ISPE%20GAMP%20Community%20of,therefore%20embraces%20and%20reflects
https://ispe.org/publications/guidance-documents/gamp-5-guide-2nd-edition#:~:text=Maintaining%20the%20principles%20and%20framework,SMEs%20to%20define%20appropriate%20approaches
https://ispe.org/pharmaceutical-engineering/ispeak/gampr-5-second-edition-here#:~:text=GAMP%C2%AE%205%20Second%20Edition%20,1
https://ispe.org/pharmaceutical-engineering/january-february-2023/what-you-need-know-about-gampr-5-guide-2nd-edition#:~:text=GAMP,3
https://ispe.org/pharmaceutical-engineering/ispeak/gampr-5-second-edition-here#:~:text=The%20overall%20GAMP%C2%AE%205%20framework%2C,2
https://ispe.org/pharmaceutical-engineering/january-february-2023/what-you-need-know-about-gampr-5-guide-2nd-edition#:~:text=The%20overall%20approach%2C%20framework%2C%20and,of%20software%20tools%20and%20automation
https://ispe.org/pharmaceutical-engineering/ispeak/gampr-5-second-edition-here#:~:text=GAMP%C2%AE%205%20Second%20Edition%20,1
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=gamp-5-second-edition-a-guide-to-key-changes-updates.pdf
https://intuitionlabs.ai/articles/gamp-5-second-edition-updates?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=gamp-5-second-edition-a-guide-to-key-changes-updates.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=gamp-5-second-edition-a-guide-to-key-changes-updates.pdf

E IntuitionLabs  IntuitionLabs - Custom Al Software Development GAMP 5 Second Edltlon A Guide to Key Changes & Updates

from the leading Al expert Adrien Laurent

(ispe.org). For example, one introduction note states that GAMP 5 (2nd Ed) “aims to continue to
protect patient safety, product quality, and data integrity by facilitating... computer systems that
are effective, reliable, and of high quality” (ispe.org). It even cites FDA language that CGMPs are
minimum requirements and companies should strive to exceed them with modern science and
tech (ispe.org) (ispe.org). In practice, this means all project decisions are guided first by
scientific and quality considerations, with regulation as a floor.

ISPE and industry experts underscore critical thinking as the new emphasis. Rather than blindly
following a fixed process, subject-matter experts are encouraged to evaluate risks and tailor
validation approaches intelligently” (ispe.org) (blog.pgegroup.com). The new Appendix M12
("Critical Thinking”) formalizes this. GAMP now repeatedly advises teams to question
assumptions (e.g. whether traditional tests are necessary) and to engage vendor-supplied test
evidence when appropriate (blog.pgegroup.com) (blog.pgegroup.com). The point is to avoid
rote, tick-box validation: “the system’s fitness for its intended use” becomes the guiding
standard (blog.pgegroup.com). In short, the foundational risk-based approach remains, but its
application is sharpened by a quality-centric, critical mindset.

Emphasis on Service Providers and Supply Chain

A major theme of the Second Edition is the leveraging of suppliers and service providers
(ispe.org) (blog.pgegroup.com). Modern IT and automation often involve outsourced solutions
and cloud platforms, so GAMP 5 encourages regulated companies to fully involve external
vendors in the validation effort (ispe.org). For example, the guide underscores the “increased
importance of service providers”, advising firms to obtain supplier documentation and testing
when possible to avoid duplicative effort (ispe.org). This reflects an industry shift away from
doing everything in-house. The notion is that vendors (e.g. equipment makers, software
providers, cloud hosts) have deep system knowledge that should be used.

The revised appendices mirror this. For instance, Appendix M11 (newly added) focuses on IT
Infrastructure: it subsumes content from the withdrawn "Appendix S5: Managing Quality in an
Outsourced IT Environment” (www.scilife.io). Likewise, Appendix M2 (Supplier Assessment) as
before reminds of the need to audit and qualify providers. Throughout the guide, the word
“supplier” appears frequently. GAMP 5 (2nd Ed) even retired the old Appendix S5 and folded it
into M11, recognizing that cloud/services are part of infrastructure governance (www.scilife.io).
Consultants note that this supplier-centric approach pervades all chapters, from frequent
mentions of contractual audits to new tool-based evidence (blog.pgegroup.com). This aligns
with industry trends: as more companies move to "XaaS"” (anything-as-a-service) models,
validation thinking must adapt to overseeing external participants and shared responsibilities.

Agile and Software Development Methodologies
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In 2008, many life-science IT projects still followed the traditional “V-model” and waterfall
approaches. By 2022, agile, iterative, and DevOps methods had become commonplace in
software development. GAMP 5 Second Ed explicitly acknowledges and supports these modern
methodologies (ispe.org). It clarifies that the standard GAMP specification-and-verification
approach “is not inherently linear but also fully supports iterative and incremental methods”
(ispe.org). In other words, GAMP validation can and should be applied on a sprint-by-sprint basis
in agile projects. The guide offers specific guidance on how to adapt documentation and
approvals for agile workflows, promoting principles like minimal viable products and modular
testing.

Industry sources provide insight into agile adoption. A GxP-CC blog explains how the new GAMP
guide “argues against” the misconception that agile lacks planning or control; instead, when
done properly, agile can be robust and well-managed (www.gxp-cc.com). GAMP recommends
eliminating redundant documents: for example, rather than creating a Waterfall-style User
Requirements Specification (URS), agile teams should use the sprint backlog as the single
source of truth (www.gxp-cc.com). One consultant noted that the GAMP 2nd Ed advises “not to
duplicate information” by exporting backlog items into static documents, because that leads to
risks and confusion (www.gxp-cc.com). Instead, practices like change logs and status changes
in the tool can serve as approvals, with audit trails providing evidence (www.gxp-cc.com).

The Second Edition also adds a brand-new Appendix D8: Agile Software Development. This
appendix provides explicit best practices for validating in agile projects, consistent with the
philosophy above. In summary, GAMP now fully embraces the fact that many Life Sciences
teams use Scrum or similar models — but it emphasizes that they must remain “under control”
with robust documentation within their tools (www.gxp-cc.com) (www.gxp-cc.com).

Increased Automation and Software Tools

Another key update is the recognition of software tools and automation as first-class elements
of compliance. Modern organizations use a variety of software (eQMS, LIMS, project trackers,
CI/CD pipelines, automated testing frameworks, etc.) to manage quality and development. The
Second Edition encourages leveraging such tools to improve efficiency and data integrity
(ispe.org) (blog.pgegroup.com). It notes that “more and more of the information... is contained
within tools in the form of records, rather than on paper” (blog.pgegroup.com). In response,
Appendix D9: “Software Tools” is new. This covers validation of tools themselves, and how to
use them to store requirements/TR to avoid duplicative documents. For example, if a modern
inventory application tracks its own audit trail, one can reference that directly in validation
artifacts.

The guide also points out that tools can assist with risk analysis, change management, and test
management. The aim is to use automated controls wherever possible (e.g. enforcing approvals
and separation of duties in software, rather than relying on physical signatures). Overall, GAMP 5
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(2nd Ed) looks to align itself with 21st-century best IT practices: using cloud-based QMS
systems, continuous integration testing, automated data capture, and other digital supports to
ensure quality and speed.

Emerging Technologies: Al/ML, Blockchain, Cloud, Open
Source

Recognizing the growing impact of new technologies, the Second Edition explicitly addresses
several emerging tech areas that were absent or nascent in 2008:

¢ Artificial Intelligence [ Machine Learning (AI/ML): A new Appendix D11 covers Al/ML. It provides
guidance on validating these adaptive systems, focusing on model development lifecycle: defining
intended use, selecting training data, establishing performance metrics, and continuously monitoring
models in production. This aligns with regulators’ concerns about Al transparency and control. In
fact, GAMP's inclusion of Al reflects the broader regulatory trend — for example, in mid-2025
EMA/PICs issued a draft Annex 22 specifically on Al in pharmaceutical manufacturing, which similarly
emphasizes Al model validation and oversight (picscheme.org).

¢ Blockchain and Distributed Ledger: Appendix D10 is “Distributed Ledger Technology
(Blockchain)”. It discusses how immutable ledgers can be used for secure data sharing or
traceability. The Second Ed outlines suggestions for developing blockchain systems (e.g. consensus,
smart contracts) to improve audit efficiency and prevent tampering. This addition comes in response
to industry challenges (only ~12% of firms have full supply-chain visibility (www.researchgate.net),
counterfeit drugs cause ~$200B losses annually). A recent study noted that blockchain pilot projects
"achieved 99.999% data consistency” and reduced validation effort dramatically
(www.researchgate.net) (www.researchgate.net). By including blockchain, GAMP prepares users to
evaluate how DLT can bolster data integrity.

¢ Cloud Computing: While cloud was already acknowledged, the Second Ed strengthens related
guidance. It notes the importance of qualified infrastructure services and includes detailed controls
(via M1M/IT Infrastructure) for using cloud platforms under GxP. For example, Appendix M11 (new)
covers cloud-based hosting, network segregation, and supplier audits for cloud providers. The
revised text also encourages using vendor documentation and test reports when using cloud-hosted
services (austar.com.hk) (blog.pgegroup.com). In essence, GAMP now treats the cloud (SaaS, laaS,
PaaS) as a validated component if properly assessed. Major providers like AWS even provide GxP
patterns and shared responsibility models, which GAMP aligns with to ease compliance.

e Open Source Software (0SS): The Second Ed acknowledges the widespread use of OSS libraries
and tools. It provides advice on qualifying OSS: understanding originators, ensuring proper version
control, and managing updates. This had been an under-covered area previously. By explicitly
addressing OSS, the guide recognizes that many systems rely on open code (e.g. Linux, Python).

Overall, the guide's appendices now reflect cutting-edge IT: agile development (D8), software
tools (D9), distributed ledger (D10), Al (D11). A summary of these and other appendix changes is
shown below (Table 1).
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Appendix Title [ Topic Change
New. Includes cloud/computing infrastructure (incorporates prior S5)
M11 IT Infrastructure .
(www.scilife.io).
M12 Critical Thinking New. Formalizes SME-based decision-making and risk judgment.
D1 Specifying Requirements Updated. Now includes functional spec and URS topics (merged D2).
D2 Functional Specifications Retired. Incorporated into D1 (see above) (blog.pgegroup.com).
D5 Testing of Computerized Systems Updated. Emphasizes risk-based and exploratory (unscripted) testing.
D8 Agile Software Development New. Guidance for scrum/iterative approaches.
D9 Software Tools New. Guidance on using and validating automated tools.
D10 Distributed Ledger (Blockchain) New. Guidance on blockchain systems for data integrity.
Artificial Intelligence [/ Machine . .
D11 . New. Guidance on Al/ML in GxP systems.
Learning
o7 Operational Change & Configuration Retired. Content merged into O6 (Technical Support Services)

Table 1: Highlighted changes in GAMP 5 Second Edition appendices (new vs. updated vs. retired
topics), based on ISPE guidance (blog.pgegroup.com) (www.scilife.io).

In summary, the Second Edition updates not just what is done (e.g. more vendor qualification)
but how it is done (e.g. using agile and tools). The content covers the full lifecycle from
planning through retirement, but it now embeds modern context throughout.

Computerized Systems Assurance (CSA)

A key conceptual update is the incorporation of Computerized Systems Assurance (CSA),
reflecting FDA's evolving stance. CSA (spf=, formerly “less burdensome validation”) emphasizes
risk-based testing of computerized systems. While CSA was not a term when the first edition
was written, the new guide explicitly discusses CSA approaches (austar.com.hk) (ispe.org). In
FDA-speak, the goal is to “digitize, automate and accelerate” quality processes, focusing on
digital tools that reduce human error (www.qualio.com) (www.qualio.com). Under CSA,
regulators encourage trust in vendor-supplied validation and targeted testing, freeing companies
from excessive documentation.

Industry practitioners note that CSA essentially removes barriers to adopting modern tools
(www.qualio.com) (www.qualio.com). For instance, Qualio’s analysis highlights that CSA-centric
practice means “jettisoning unnecessary legacy validation documents like IQs, OQs, PQs” and
concentrating effort on high-risk areas (www.qualio.com). The emphasis shifts from being
inspection-focused (“show me all the boxes ticked”) to demonstrating real system robustness.
This is fully in line with GAMP's risk-based mindset and is reinforced by Second Edition
guidance. One ripple effect in practice is broader acceptance of things like automated test
frameworks or continuous monitoring, as long as risk is identified and controlled. In short, GAMP
5 2nd Ed endorses CSA by guiding companies on how to validate software with “the least
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burdensome approach” —i.e. agile, risk-based, trusting suppliers — consistent with FDA's recent
draft guidance (www.qualio.com) (www.fda.gov).

Testing and Validation: Critical Thinking and “Unscripted
Testing”

Linked to the above is an overhaul of validation tactics. The Second Ed places greater
emphasis on intelligent testing. Most notably, it introduces the concept of Unscripted Testing
alongside traditional scripted tests (blog.pgegroup.com). Unscripted tests are loose exploratory
sessions where skilled testers “challenge the system” by looking for unexpected behaviors
(blog.pgegroup.com). This is a radical contrast to the first-edition focus on predefined, positive
testing from requirements. The advantage is that experts can use domain knowledge to probe
edge cases or failure modes that a formulaic testing matrix might miss.

Moreover, scripted and unscripted approaches are now both risk-driven. If a requirement is
critical to patient safety, a formal test is written, but testers are also encouraged to think beyond
the scripts (blog.pgegroup.com). GAMP 2nd Ed explicitly notes that “the system’s fitness for
intended use” should guide testing scope (blog.pgegroup.com). This means verifying the right
behavior even if it cannot be fully predicted. Appendix D5 (Testing) has been significantly
updated to include these ideas. For example, testers are told to focus on "system and user’s
behavior” with exploratory tests, complementing traditional test case execution
(blog.pgegroup.com).

In practice, this critical mindset means validation teams ask, “What could go wrong?"” rather than
"What's in the spec?” This helps find data integrity or safety issues earlier. It also saves effort:
rather than exhaustively testing low-risk areas, resources go towards the most impactful
functions. Experts note this aligns with the FDA's “spirit” of CSV: minimum documentation
proving fitness, not maximum documentation for its own sake (www.qualio.com)
(blog.pgegroup.com).

Quality Risk Management and Data Integrity

The Second Edition reiterates that Quality Risk Management (QRM) per ICH Q9 is the foundation
of GxP system compliance. All decisions — from planning to retirement — must be based on
formal risk assessment. However, it also amplifies the focus on data integrity (ALCOA+
principles) across the document. Data integrity was a major enforcement focus over the past
decade, and GAMP 5 2nd Ed recognizes this by highlighting it in relevant sections (ispe.org)
(blog.pgegroup.com). For example, M7 (Validation Reporting) and many appendices now
explicitly reference ensuring data accuracy and audit trails. The guide’s wording “protect patient
safety, product quality, and data integrity” sounds throughout the text (ispe.org).
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Practically speaking, this means implementing GxP controls around databases, logs, and record-
keeping tools. With modern tools, this often involves ensuring configurable audit trails, strict
access controls, and ALCOA+ linkages. The guidance points companies to harmonize their QMS,
validation plans, and supplier audits with data integrity risk. It also anticipates regulatory
changes: for instance, Europe’s PIC/S announced in July 2025 a revision of GMP Annex 11 to
strengthen lifecycle data integrity and QRM requirements (picscheme.org). The new Annex 11
draft “mandates that Quality Risk Management principles be comprehensively applied during all
steps” of computerized systems life cycles (picscheme.org), mirroring the intent of GAMP's
approach.

Case Studies and Industry Examples

Concrete case studies specifically about GAMP 5 Second Edition are scarce in public literature,
but parallels can be drawn from related projects. For example, cloud migration of validated
systems has become routine using GAMP 5 principles. A hypothetical case: a pharma company
moves its LIMS and eQMS from on-premises servers to a validated cloud platform. Under GAMP
5 (2nd Ed), the team classifies each system (Category 2 or 3), updates supplier qualification
(audit the cloud data center), and leverages vendor documentation for infrastructure (laaS) and
service (SaaS) components. Testing focuses on verifying the secure setup (encryption, backups,
redundancy) rather than SAP manual scripts. The project team uses risk analysis to determine
that vendor-provided security certification plus a few smoke tests are enough for low-risk
components (austar.com.hk), reserving heavy testing only for custom layers or sensitive
processes.

Another example involves adopting Al/ML in drug development. Suppose a medical device
company incorporates machine learning into its imaging software. Under the Second Edition, it
would categorize the algorithm as software (likely Category 4/5) and apply risk analysis on its
intended use (e.g. diagnostic impact). The GAMP approach would require specifying how the Al
is trained, validated, and monitored (addressing many points of the forthcoming Annex 22
(picscheme.org)). It would also rely on vendor or developer documentation about the model.
Validation might include “unscripted” testing by experts who try edge inputs, rather than only
scripted test cases. This mirrors recommendations in the JAF consulting blog: Al-driven systems
should be categorized under GAMP, with risk-based validation focusing on outputs affecting
patient safety (jafconsulting.com).

Across the industry, many organizations have begun pilot programs reflecting GAMP 5 (2nd Ed)
thinking. For instance, consultancies report scenarios where Computerized System Assurance
(CSA) was applied: trust vendor self-testing for a CRM module, supplement with targeted
penetration tests on core patient data flows, and document rationale instead of generating full
IQ/OQ/PQ sets (www.qualio.com). Surveys suggest up to half of life science firms still use
manual spreadsheets, but adopters of e-QMS and CSA report significant time savings and better
focus on quality work (www.qualio.com). While specific attribution to GAMP 2nd Ed is
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unreported, companies increasingly publish lessons on applying risk-based agile validation (as in
recent publications from industry conferences).

Overall, the trend is toward case-by-case, pragmatic validation with an eye on business goals.
One industry voice summarized it: “"When there aren’t the tools and systems in place, there
aren’t enough resources or energy to put into quality improvement” (www.qualio.com). GAMP 5
(2nd Ed) aims to provide the frameworks and mindsets to encourage building those systems
(digital records, automated checks, robust QMS) so that the focus can shift to continuous
quality enhancement.

Implications and Future Directions

The GAMP 5 Second Edition sets the stage for ongoing change in regulated manufacturing. Its
guidance, in effect, anticipates several regulatory and technological trends that are unfolding in
2024-2025:

¢ Regulatory Alignment and Annex Revisions: Global regulators are actively updating guidance to
match GAMP 5's direction. Notably, the PIC/S and EMA launched a joint consultation (July—Oct 2025)
to revise EU GMP Annex 11 (computerized systems) and issue a new Annex 22 on Artificial
Intelligence (picscheme.org) (picscheme.org). The draft Annex 11 text requires QRM at every system
phase, formal supplier oversight, and enhanced data integrity controls (audit trails, e-signatures)
(picscheme.org). The proposed Annex 22 explicitly covers Al/ML in drug production (model
development, validation, monitoring) (picscheme.org). These regulatory changes echo GAMP’s new
chapters on Al and on supplier/cloud management, suggesting companies following GAMP 5 (2nd
Ed) will already be prepared for stricter Annex 11/22 controls.

¢ Adoption of CSA and CSA Tools: As FDA moves to finalize CSA approaches, companies will likely
see CSA morph into standard practice. GAMP's emphasis on CSA means companies guided by it will
focus on quality outcomes over paperwork - a paradigm increasingly expected by regulators. In
the near future, we may see formal recognition of CSA methods in audits. Tools that automate CSA
(e.g. integrated test benches, automated evidence generation) may also emerge. A whitepaper
predicts that digital validation frameworks could reduce validation effort by up to 76% through
automation (www.researchgate.net), pointing to technology-enabled forms of CSA.

e Wider Use of AI/ML and Smart Systems: The inclusion of Al in GAMP 5 (2nd Ed) and the
forthcoming Annex 22 show that Al is moving from a niche to a foundational technology. In a few
years, any system with adaptive algorithms might require specialized validation regimes.
Pharmaceutical companies are already exploring Al for manufacturing optimization, quality
prediction, and drug screening. We should expect new Good Practice Guides on Al-specific topics
(beyond just GAMP 5 references), as well as updated pharmacopeia and standards (e.g. IEC 62304
revision for software might incorporate Al by 2027). Moreover, the emphasis on explainability and
human oversight (jafconsulting.com) (picscheme.org) means organizations will invest in tools and
teams to make Al compliant (e.g. model life cycle management, continuous performance testing).
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¢ Blockchain and Supply Chain: Although blockchain adoption in pharma remains limited today, its
promise for supply chain and batch traceability is recognized. The GAMP update is an early step in
integrating blockchain into validation thinking. Over the next 5-10 years, we may see more pilot
programs (as already being studied (www.researchgate.net) (www.researchgate.net)) and possibly
standards for blockchain validation (e.g. how to audit smart contracts). GAMP 5 (2nd Ed) guidance
on blockchain will likely be built upon with specific use-case guidelines.

¢ Digital Quality Management and System Integration: GAMP 5 (2nd Ed) implicitly supports the
trend toward fully integrated digital QMS and manufacturing systems. As companies invest in eQMS,
eBatch, MES and digital twins, GAMP's principles of continuous oversight, modernization, and
supplier alignment will become more relevant. Future developments might include GAMP-like
guidance for “continuous validation” in a digital plant (e.g. using IoT sensors, real-time analytics to
monitor critical processes). Already, industry analysts project that over the next decade >80% of
compliance processes will be digitized.

¢ Education and Culture Change: The Second Edition’s emphasis on critical thinking and SME
judgment has cultural implications. It implies a shift in training: staff must be empowered to make
risk-based decisions rather than follow rote procedures. Commonly cited wisdom from GAMP is
"80% of the effort should be on improvement, but currently it's only 20%" (www.qualio.com).
Adopting GAMP 5 (2nd Ed) fully will entail retraining teams to spend less time on documentation and

more on improvement (e.g. root causes, process optimization).

e Toward a "GAMP 6"? ISPE has not announced a new edition beyond the Second as of 2025,
implying the expectation is that this guidance remains current. However, GAMP is essentially a living
corpus, with frequent Good Practice Guides supplementing it. In the future, we may see versions like
GAMP 5.1 or an official GAMP 6 if new principles arise. For now, the Second Ed is being integrated
into industry practice as the new baseline.

Conclusion

The GAMP 5 Second Edition represents a significant evolution in computerized systems
validation guidance for 2025 and beyond. It preserves the solid risk-based core of GAMP 5
while decisively incorporating 21st-century technologies and approaches. The new guidance
explicitly addresses cloud computing, agile development, Al/ML, blockchain, and tool automation
(ispe.org) (ispe.org). It calls for regulator-aligned critical thinking and computerized system
assurance, encouraging projects to use risk-based, agile, supplier-leveraging methods rather
than legacy tick-box compliance (ispe.org) (www.qualio.com). As one author aptly summarized,
GAMP 5 (2nd Ed) moves “beyond simply meeting minimum expectations” toward “robust quality
management systems” that reliably ensure patient safety (ispe.org).

For industry stakeholders—regulators, manufacturers, and suppliers alike—the new edition
serves as a comprehensive roadmap. Companies adopting these practices can position
themselves ahead of upcoming regulatory requirements (e.g. Annex 11 revision, Al guidelines)
and derive efficiency by focusing efforts on what truly matters: system fitness and data integrity.
Empirical indicators (like the roughly 24% of medical device recalls caused by software faults
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(www.qualio.com), or the significant manual effort spent on spreadsheets (www.qualio.com))
suggest that the path set by GAMP 5 (2nd Ed) is not only mandatory but long overdue.

In sum, GAMP 5 Second Edition is not a radically new framework, but a necessary
modernization. Its changes reflect hard lessons learned and technological advances, steering
the pharmaceutical industry toward smarter compliance. As regulators update EU-US GMP
guidance in parallel (picscheme.org) (picscheme.org), GAMP 5 (2nd Ed) will remain at the center
of computer system validation strategy—guiding companies to use modern digital tools to
safeguard quality and public health.

References: Authoritative GAMP documents and analyses (ispe.org) (ispe.org) (ispe.org)
(austar.com.hk) (www.qualio.com) (jafconsulting.com) (www.scilife.io) (www.scilife.io)
(picscheme.org) (www.fda.gov) (www.techtarget.com) (blog.pgegroup.com)
(www.researchgate.net) (see in-text citations for details).
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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 including Scilex
Holding Company (SCLX) and leading CROs across North America.

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.
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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.
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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