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Executive Summary
Good Automated Manufacturing Practice (GAMP) is a globally recognized framework for validating

computerized systems in the pharmaceutical industry. Its development reflects the evolution of regulatory

expectations and technology; notably, GAMP 4 (published 2001) was more prescriptive and documentation-

centric, whereas GAMP 5 (published 2008, second edition 2022) introduced a risk-based, flexible lifecycle

approach aligned with ICH Q9 quality risk management and modern IT practices ([1] www.sware.com)

(www.itmedicalteam.pl). This report provides an in-depth comparative analysis of GAMP 4 vs GAMP 5 and

guides IT teams in regulated pharma on migrating from GAMP 4 to GAMP 5. We cover the historical context,

conceptual differences, changes in lifecycle management, software classification, documentation practices, and

regulatory alignment. Evidence-based discussion and case examples illustrate how GAMP 5’s risk-based

philosophy can reduce compliance burden while enhancing product quality and data integrity. For instance,

GAMP 5 explicitly emphasizes focusing validation efforts on critical quality aspects (with ICH Q9 guidance ([2]

www.sware.com)) and leveraging supplier-provided documentation to avoid redundant work ([3]

www.ofnisystems.com). The report also examines real-world implementations (e.g. cloud migration in a leading

pharma company) and looks ahead to future trends (Industry 4.0, AI/ML in compliance). Tables summarize key

differences and provide mappings between GAMP 4 and GAMP 5 concepts. All key findings are backed by

industry sources, including ISPE guidelines, regulatory literature, and peer-reviewed articles.

Introduction and Background
GAMP stands for Good Automated Manufacturing Practice ([4] www.techtarget.com). It originated in the early

1990s to fill a gap in regulatory guidance for computerized systems. GAMP provides a best-practice

framework (rather than a regulation) to ensure computerized systems are “fit for intended use” under current

GxP requirements ([4] www.techtarget.com) (www.itmedicalteam.pl). It is maintained by the International Society

for Pharmaceutical Engineering (ISPE) and widely adopted by pharma, biotech, and medical device companies.

In practice, pharmaceutical firms must comply with GxP regulations (e.g. FDA 21 CFR 210/211 for drugs, 21 CFR

Part 820 for devices, and EU GMP Annex 11) which mandate system validation but often do not prescribe how to

do it. GAMP steps in to provide guidance and SOPs for computerized system validation. As Gavin Wright notes,

“GAMP guidelines are used heavily…to ensure that drugs are manufactured with the required quality” ([4]

www.techtarget.com). GAMP establishes principles, lifecycle models, and documentation templates that align

with QMS requirements and regulatory expectations. For example, it supplements FDA’s Part 11 rules on

electronic records by outlining how to validate the software and infrastructure that generate and manage those

records ([5] www.techtarget.com).

Since inception, GAMP has evolved with industry needs. The original “GAMP Supplier Guide” (1994, published

1995) focused on manufacturing control systems. Subsequent versions (GAMP 2 in 1996, GAMP 3 in 1998)

expanded scope and incorporated early risk concepts ([6] ispe.org). In 2000, GAMP became an official ISPE

Community, broadening its reach worldwide ([6] ispe.org). GAMP 4 (“Guide for Validation of Automated Systems”,

published 2001) further extended coverage to all GxP areas (including labs and clinical) and formally introduced

risk-based validation principles ([6] ispe.org).

GAMP 5: A Risk-based Lifecycle Approach (2008). In 2008, ISPE released GAMP 5: A Risk-Based Approach

to Compliant GxP Computerized Systems. This major revision was driven by the FDA’s emphasis on risk

management (ICH Q9, released 2005-06) and by changing technologies (e.g. networked systems) ([1]

www.sware.com) (www.itmedicalteam.pl). GAMP 5 shifted the focus from purely prescriptive documentation

toward tailoring validation efforts to system risk and complexity ([1] www.sware.com) (www.itmedicalteam.pl). Key
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concepts in GAMP 5 include product and process understanding, an explicit lifecycle aligned with the QMS,

scalable lifecycle activities, science-based quality risk management, and leveraging supplier involvement

(www.itmedicalteam.pl) (www.itmedicalteam.pl) (www.itmedicalteam.pl). It also introduced a generalized V-

model to accommodate various development methodologies (not only waterfall) (www.itmedicalteam.pl).

As technology continues to advance, ISPE published a Second Edition of GAMP 5 in July 2022. This update

adds guidance on modern topics: cloud computing, mobile and Internet-of-Things (IoT) devices, artificial

intelligence/machine learning (AI/ML), and blockchain, as well as newer regulatory expectations (e.g. FDA

Computer Software Assurance) ([7] www.techtarget.com) ([8] intuitionlabs.ai). GAMP 5 Second Ed underscores that

validation lifecycles need not be strictly linear and supports agile/incremental approaches ([8] intuitionlabs.ai).

Importantly, the new edition reiterates GAMP’s core goals: safeguard patient safety, product quality, and data

integrity via effective governance and risk-based validation (www.itmedicalteam.pl).

The remainder of this report is organized as follows. Section 2 contrasts the conceptual and structural

differences between GAMP 4 and GAMP 5 (Table 1 provides a summary). Section 3 examines lifecycle and risk

management approaches, including scalable activities and supplier involvement. Section 4 details changes in

system classification, focusing on the software category schemes. Section 5 offers migration guidance for IT

teams, outlining how to transition processes, documentation, and tools from GAMP 4 to GAMP 5

compliance.Section 6 presents case examples and data on current trends (including digital transformation,

cloud, AI). Finally, Section 7 discusses implications and future directions for computerized system validation and

concludes with key recommendations.

Historical Context and Development Timeline
The roots of GAMP trace back to the late 1980s/early 1990s when regulators (notably the FDA and UK

regulators) increased scrutiny of electronic systems used in drug manufacture. Industry leaders (such as David

Selby of Glaxo, Tony Margetts of ICI Pharmaceuticals, and Tony Trill from the UK’s Medicines Control Agency)

formed a GAMP working group in 1991 to address evolving computerized system compliance expectations ([9]

ispe.org) ([6] ispe.org). In 1994, the first GAMP Supplier Guide was drafted (published 1995) focusing on

pharmaceutical manufacturing control systems ([6] ispe.org). As practices matured, GAMP 2 (1996) and GAMP 3

(1998) provided multi-volume expansions, including laboratory systems and more on quality management ([6]

ispe.org). In 2000 GAMP formally became an ISPE initiative to internationalize its guidance.

GAMP 4 (2001) – Formal Validation Guide. By December 2001, ISPE published GAMP 4 (“Guide for Validation of

Automated Systems”), a comprehensive revision that shifted from manufacturing-only to the broader “GxP”

domain (covering manufacturing, lab, clinical, and distribution systems) ([6] ispe.org). GAMP 4 emphasized a

traditional V-model validation lifecycle and introduced more rigorous documentation requirements. It also

formally introduced the concept of risk in validation (reflecting emerging ICH Q9 influence) and expanded on

user responsibility and operational phases. The four editions of GAMP 4 (culminating in 2006) standardized

training and documentation templates (URS, DS, IQ/OQ/PQ protocols, etc.) for consistent supplier and user

practice.

GAMP 5 (2008) – Risk-Based, Flexible Lifecycle. GAMP 5 was released in 2008 as “A Risk-Based Approach to

Compliant GxP Computerized Systems” ([4] www.techtarget.com) (www.itmedicalteam.pl). Its development was

driven by a need to modernize the guidance: to integrate regulatory emphasis on risk management (FDA risk-

based expectation, ICH Q9 published 2005-06) and to reflect the reality that many systems are now

configurable packages and networked. GAMP 5’s philosophy is markedly different: it advocates tailoring

lifecycle activities to risk and complexity, focusing on “fit for purpose” validation over rigid procedures ([1]

www.sware.com) (www.itmedicalteam.pl). Consequently, GAMP 5 abandoned the rule-book style of GAMP 4 and

introduced pragmatic principles. For example, it explicitly calls for performing quality risk assessment at

critical stages and scaling validation efforts accordingly ([10] www.ofnisystems.com) (www.itmedicalteam.pl).
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Supplier involvement became a key concept (see below). GAMP 5 also ensured alignment with ICH Q8/Q9/Q10,

FDA 21 CFR Part 11, and international QMS standards ([1] www.sware.com) (www.itmedicalteam.pl).

GAMP 5 Second Edition (2022) – Modernization and Efficiency. The second edition of GAMP 5 was published

in July 2022, 14 years after the first edition ([1] www.sware.com). It was motivated by advances in technology and

validation practice. This edition integrates guidance on cloud computing, decentralized applications (e.g.

blockchain), data integrity by design, wireless systems, and AI/ML, as well as updated emphasis on critical

thinking in testing. It promotes using methodologies like Agile development within a GxP-compliant lifecycle.

Industry authors note that the 2022 update “fully supports agile, incremental development” and addresses

emerging risks ([8] intuitionlabs.ai) ([11] www.fdli.org). Importantly, GAMP 5:2 reiterates that it is a guidance

resource, not a mandated regulation, allowing organizations to mix GAMP with other models (ISO, ASTM E2500,

ITIL, etc.) to best suit their contexts ([12] www.outsourcedpharma.com).

Summary of GAMP Milestones: The timeline below (Figure 1) captures key GAMP milestones, illustrating how

the guidance evolved from a manufacturing focus toward a risk-based, technology-inclusive framework. The

narrative above is supported by ISPE publications and commentary in industry journals ([6] ispe.org) ([1]

www.sware.com).

Figure 1: GAMP Guidance Timeline. Major GAMP releases from the 1994 Supplier Guide to GAMP 5 Second

Edition (2022). GAMP’s scope broadened from manufacturing only to all GxP computerized systems, and its

approach shifted from prescriptive procedures to risk-managed, lifecycle-based practices ([6] ispe.org) ([1]

www.sware.com).

Fundamental Conceptual Differences: GAMP 4

vs. GAMP 5
GAMP 4 and GAMP 5 differ fundamentally in philosophy, approach, and documentation. Table 1 summarizes

key distinctions. Below we elaborate on the most significant conceptual changes.

Aspect GAMP 4 (2001) GAMP 5 (2008; 2nd Ed 2022)

Guiding

Philosophy

Prescriptive, heavily documentation-driven;

follows a traditional V-model. Focus on

extensive work products to “check the box” ([1]

www.sware.com) ([13]

www.ofnisystems.com).

Risk-based, flexible, pragmatic. Emphasizes fit for

purpose validation, focusing on critical quality

elements ([1] www.sware.com)
(www.itmedicalteam.pl). Prioritizes patient

safety/product quality over paperwork.

Lifecycle

Approach

Project-centric life cycle (concept ⟶ design ⟶

test ⟶ production), mostly waterfall. Lacked

formal lifecycle in QMS.

End-to-end lifecycle defined (covering Concept,

Project, Operation, Retirement) under Quality

Management System (www.itmedicalteam.pl).

Recognizes maintenance and retirement as formal

phases (www.itmedicalteam.pl).

Risk

Management

Introduced risk concept but limited. Validation

often uniformly applied.

Central emphasis on Quality Risk Management

(aligned to ICH Q9), requiring risk assessment at each

phase. Activities are scaled by risk ([13]

www.ofnisystems.com) (www.itmedicalteam.pl).

Software

Categories

Five categories: 1-OS, 2-Firmware, 3-Standard

(COTS), 4-Configured, 5-Custom ([14]

www.spectroscopyonline.com). (“Firmware”

as separate cat.)

Four categories: 1-Infrastructure (includes

OS/firmware), 3-Nonconfigured (standard packaged

products), 4-Configured, 5-Custom ([14]

www.spectroscopyonline.com) ([15]
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Aspect GAMP 4 (2001) GAMP 5 (2008; 2nd Ed 2022)

www.spectroscopyonline.com). Category numbers
shift (no Cat.2).

Supplier

Involvement

Implicit; suppliers (vendors) had little formal

role beyond supplying products.

Explicit “leverage supplier” strategy: vendor

documentation and testing can be used to avoid

duplication. Strong guidance on assessing and

integrating supplier quality activities

(www.itmedicalteam.pl) ([3] www.ofnisystems.com).

Documentation

Strategy

Fixed set of documents (URS, DQ, FS, HDS,

VRA, VAT, SAT, etc.). Each document fully

generated for all systems.

Scalable documentation: deliverables are tailored to

system risk/complexity. Encourages reuse (e.g.

applying vendor-provided testing evidence) ([3]

www.ofnisystems.com) (www.itmedicalteam.pl). Life

cycle records integrated in QMS.

Technology/Data

Focus

Limited consideration of modern tech (mostly

on-premise, low network complexity).

Integrates modern topics (cloud, web apps, wireless,

AI/ML) especially in GAMP5.2. Emphasizes data

integrity and critical thinking ([7]

www.techtarget.com) ([8] intuitionlabs.ai).

Development

Model

Assumes traditional waterfall or staged

approach (V-model validation).

“Generalized” V-model to allow iterative/agile

methods. GAMP5.2 explicitly supports agile

development within validation ([12]

www.outsourcedpharma.com) ([8] intuitionlabs.ai).

Operational

Focus

Main focus up to handover to production

(IQ/OQ/PQ). Post-go-live changes less

emphasized.

Extended operations guidance (change control,

maintenance). Emphasizes product quality operations

(e.g. continuous monitoring, improvements) ([16]

www.ofnisystems.com) (www.itmedicalteam.pl).

Quality

Principles
Basic GMP compliance.

Incorporates QbD/QRM in design. Main requirements

(patient safety, product quality, data integrity, QBD)

explicitly stated (www.itmedicalteam.pl); encourages

continuous improvement.

Table 1. Comparison of key characteristics of GAMP 4 vs. GAMP 5. GAMP 5 shifts away from “one‐size‐fits‐all”

processes toward a holistic, risk-centric framework ([1] www.sware.com) ([13] www.ofnisystems.com). (Sources:

ISPE GAMP Guides; industry commentary ([1] www.sware.com) ([13] www.ofnisystems.com) (www.itmedicalteam.pl)

(www.itmedicalteam.pl).)

Guiding Philosophy and Approach

Under GAMP 4, the validation process was typically prescriptive and documentation-heavy. The emphasis

was on creating exhaustive plans, specifications, and test records for every system. This often led to a “one-

size-fits-all” mindset focused on completing each template rather than on actual system risk. As one industry

author observes, GAMP 4’s approach sometimes led to “check‐the‐box” mentalities, with validation artifacts

prioritized over practical outcomes ([1] www.sware.com).

In contrast, GAMP 5 fundamentally encourages a pragmatic, risk-based mindset. It asks teams to understand

the product and process, then tailor the validation to what is critical for patient safety and product quality

(www.itmedicalteam.pl) ([1] www.sware.com). This is often summarized as “perform only the work that matters.”

Rather than requiring every possible document, GAMP 5 asks: is the system fit for intended use? This shift

means that low-risk systems (e.g. infrastructure software) can have lighter validation, while high-risk systems

(e.g. batch control) get more focus.
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For example, GAMP 5’s guidance explicitly states that “risk-based” validation allows professionals to prioritize

validation efforts based on actual risk to patient safety and quality ([2] www.sware.com). In practice, teams

implement risk assessments (e.g. Failure Mode Effects Analysis) at key stages to decide how much testing,

documentation, and review is needed. This contrasts with GAMP 4, where risk was mentioned but often not

used to scale effort. Sware’s industry summary notes that the transition to GAMP 5 “shifted the industry’s focus

from prescriptive validation procedures to flexible, risk-based approaches” ([1] www.sware.com), aligning with

modern FDA expectations.

Lifecycle Management and QMS Integration

A major structural difference is how the computer system lifecycle is defined and governed. GAMP 4 essentially

focused on the project lifecycle (Design, Build, Test) ending at release. Although it included

Installation/Operational Qualification (IQ/OQ), it treated the computer system much like any manufacturing

equipment to be qualified once. GAMP 4 did not formally embed the entire lifecycle within the organization’s

Quality Management System (QMS).

GAMP 5, however, insists that all phases of a system’s life—from initial concept through retirement—be

addressed within the QMS (www.itmedicalteam.pl). In the GAMP 5 framework, four major lifecycle phases are

defined: Concept, Project, Operation, Retirement (www.itmedicalteam.pl). Each phase has scalable activities.

Notably, Operation includes maintenance and change control; Retirement covers data archival and system

decommissioning.

As an illustrative quote: “defining a lifecycle approach to a computerized system has been expanded from GAMP

4 to include all phases and activities from concept … through operation and retirement” (www.itmedicalteam.pl).

This ensures, for example, that when a legacy system is replaced or abandoned, there are plans for data

migration and secure disposal—activities GAMP 4 did not explicitly cover. Embedding GAMP 5 lifecycles in the

QMS also ensures consistency across all computerized systems.

Figure 2 (below) shows how GAMP 5 generalizes the traditional “V-model”. Instead of a fixed V for every project,

GAMP 5 allows expanding or contracting phases based on risk. This generalized V-model can accommodate

agile sprints, iterative builds, or even entirely non-linear processes. GAMP 5’s guidance explicitly notes that the

V-model “can be expanded or even reduced depending on the scale or scope of the system being validated”

(www.itmedicalteam.pl). By comparison, GAMP 4 assumed a fairly strict waterfall approach with pre-defined

Design Specification and Testing Protocol documents.

Figure 2: A generalized GAMP 5 V-model illustrating how the lifecycle can be scaled. For low-risk systems,

the V may be “collapsed”; for high-risk systems, it can be fleshed out with additional reviews and tests

(www.itmedicalteam.pl) ([2] www.sware.com). (Adapted from ISPE guidance.)

Risk Management and Quality Focus

Risk management is at the heart of GAMP 5. Where GAMP 4 introduced concepts of system risk, GAMP 5

makes this central. The guidelines align with ICH Q9 by requiring a scientific, documented risk-assessment

process for computerized systems ([2] www.sware.com) (www.itmedicalteam.pl). GAMP 5 directs teams to

identify critical aspects that affect patient safety, product quality, and data integrity, and to design controls

around those risks (www.itmedicalteam.pl) (www.itmedicalteam.pl).

For example, during requirements gathering, GAMP 5 mandates a risk assessment before writing specifications.

Similar risk checkpoints occur before each major change and before system retirement ([10]

www.ofnisystems.com). The output of risk management (e.g. Critical Quality Attributes or CQAs) is used to focus
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testing. This allows resources to concentrate on validation of critical features while accepting minimal testing on

trivial aspects. Industry observers point out that this approach avoids “uniform validation” and instead “enables

companies to allocate validation resources more effectively” ([2] www.sware.com).

In contrast, under GAMP 4 the validation plan often applied a uniform strategy regardless of risk, since the

concept of scaling was less developed. In practice, some companies using GAMP 4 ended up doing extensive

end-to-end tests on every system, which was resource-intensive. GAMP 5 remedies this by requiring each

validation step to be scaled to the system context (www.itmedicalteam.pl). The Ofni Systems consultancy

notes that in GAMP 5, “the scale of the testing effort should reflect the relative risk present in the system” ([17]

www.ofnisystems.com).

Table 1 (above) highlights this shift in emphasis. Overall, GAMP 5’s risk-based philosophy is now consistent with

regulatory trends. For instance, the FDA’s recent guidance on Computer Software Assurance explicitly

advocates moving away from exhaustive scripted testing toward risk-focused, agile validation approaches ([11]

www.fdli.org). Thus, migrating to GAMP 5 not only modernizes internal processes but also aligns with regulators’

expectations for quality and data integrity.

Software Classification and Categories

One of the most visible technical changes from GAMP 4 to GAMP 5 is in software classification categories.

GAMP 4 had five categories (1 through 5) to classify software by complexity and source ([14]

www.spectroscopyonline.com). These were:

Category 1: Operating Systems (plus basic firmware)

Category 2: Embedded Firmware (control code)

Category 3: Non–Configurable (Standard, COTS) Software

Category 4: Configurable Software (COTS plus user parameterization)

Category 5: Custom Developed Software

This scheme led to debate (e.g. is a large LIMS Category 3 or 4?), and Category 2 (Firmware) was often

overlooked as a separate case ([14] www.spectroscopyonline.com).

GAMP 5 simplified this. It defines four categories for GxP software: Category 1 (Infrastructure), Category 3

(Non-configured product), Category 4 (Configured product), and Category 5 (Custom). In GAMP 5,

Infrastructure Software (Cat.1) covers what used to be OS and IT utilities (broadly inclusive of firmware and

middleware) ([15] www.spectroscopyonline.com). Custom and configured software remain (Cat.5 and 4

respectively). The key shift is that GAMP 5 no longer distinguishes firmware as separate; it folded into

Infrastructure (Cat 1) ([14] www.spectroscopyonline.com) ([15] www.spectroscopyonline.com). In practice, this means

a modern operating system or database is simply Cat.1 Infrastructure. An off-the-shelf lab instrument with no

config is Cat.3 (non-configured). An ERP system with parameter settings is Cat.4 (configured).

Table 2 below summarizes the category mapping:

GAMP 4 (2001)

Category
GAMP 5 (2008) Category Description

Cat.1 – Operating

Systems (OS)

Cat.1 – Infrastructure

Software

OS, databases, virtualization layers, network services (common

platforms)

Cat.2 – Firmware (Folded into Cat.1)
Embedded firmware, device firmware (now considered part of

overall infrastructure)
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GAMP 4 (2001)

Category
GAMP 5 (2008) Category Description

Cat.3 – Standard

Software

Cat.3 – Non-configured

Products

Commercial off-the-shelf software with no user configuration (e.g.

BI tools, some LIMS)

Cat.4 – Configured

Software

Cat.4 – Configured

Products

Software that is configured for use (e.g. ERP modules, COTS with

parameter setup)

Cat.5 – Custom Software
Cat.5 – Custom

Applications

Bespoke software or code written for system (unique programs

developed for GxP use)

Table 2. Software classification categories in GAMP 4 vs. GAMP 5 (source: ISPE GAMP guidance ([14]

www.spectroscopyonline.com) ([15] www.spectroscopyonline.com)). In GAMP 5 the elimination of Category 2

(Firmware) simplifies classification; firmware is handled under infrastructure. This reflects that modern systems

often blur the line between “OS” and “firmware,” and highlights the view that off-the-shelf (Cat 1/3/4) vs.

custom (Cat 5) is the more important distinction in risk.

The revised categories affect how validation is scaled. For example, Category 1 (Infrastructure) systems are

considered low GxP impact and may require minimal validation (vendor installation checks, basic QA), whereas

Category 5 (Custom) systems require full documentation and testing. GAMP 5 clearly links categories to the

required level of effort: a non-configured Cat.3 product needs standard verification, while a fully customized

Cat.5 system entails design specifications and formal qualification. During migration, teams must update their

classification logic to this new scheme – systems previously called “Category 2” firmware should now simply be

assessed as infrastructure (Cat 1) or as part of the device they inhabit.

Process, Documentation, and Deliverables

Documentation philosophy: Under GAMP 4, organizations often produced a full suite of documents for each

system (URS, DQ, FS, HDS, VRA, test protocols, reports, etc.). While comprehensive, this approach frequently

led to large volumes of paperwork. GAMP 5 introduced the idea that documentation can be scaled and tailored.

For example, GAMP 5 explicitly states that if a vendor has already performed certain tests, the user need not

repeat them (they can review vendor documentation instead) ([3] www.ofnisystems.com). This “avoid duplication”

principle can significantly reduce effort: supplier certifications and earlier validation packages can count toward

a system’s evidence of compliance.

In practice, migrating teams should revise their templates and SOPs. Instead of mandatory sections (e.g. “every

system needs a design qualification” regardless of risk), GAMP 5 suggests documenting only what matters to

risk and compliance. This may mean combining some of the old documents (e.g. putting DQ+FS together) or

eliminating dry analysis if a system is very low-risk. Industry guides encourage flexibility: “there should be

flexibility regarding acceptable format, structure and documentation practices” for supplier docs

(www.itmedicalteam.pl).

Validation deliverables and evidence: GAMP 5 reframes validation records as evidence supporting “fitness for

use.” Key deliverables remain (requirements, test results), but teams are encouraged to leverage existing

evidence. For example, if a Category 3 system has vendor test reports, the user can cite those and focus

internal testing on the specific configuration gap. Similarly, template libraries and automation can be used to

generate only necessary protocols. Overall, documentation is no longer an end in itself, but a record of how

identified risks were addressed ([13] www.ofnisystems.com) (www.itmedicalteam.pl).

Testing strategy: Under GAMP 4, validation testing was largely scripted and comprehensive. GAMP 5 adds the

concept of critical thinking in testing: one should test critical functions thoroughly (including negative and

stress tests for failure modes) while applying a lighter touch to non-critical aspects. The outcome is often a
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combination of scripted tests for key functions and broader checks for general performance. Notably, GAMP 5

2nd Ed and new CSA guidance promote the use of unscripted/“ad hoc” testing where appropriate, emphasizing

verification of critical outcomes rather than ticking all boxes ([11] www.fdli.org). Migrating teams might revise their

test plans to be more outcome-driven and consider adding exploratory testing sessions for low-risk features.

Integration with other models: GAMP 5 encourages use of other frameworks alongside GAMP. Teams are

advised to consider ISO 9001 QMS, ISO 14971 risk management, Agile process models, ITIL service

management, or ASTM E2500 as suitable to their context ([12] www.outsourcedpharma.com). For example, agile

software development is explicitly mentioned as an incorporated approach in GAMP 5:2 ([12]

www.outsourcedpharma.com). In migrating, organizations should evaluate if their software projects (especially

custom code) might benefit from agile methods now formally sanctioned, while ensuring adequacy of validation

artifacts.

Migration Guide for IT Teams

Pharma IT teams moving from GAMP 4 to GAMP 5 should undertake a structured gap analysis of their current

processes, documentation, and system inventory against GAMP 5 principles. Key steps include:

Inventory and Categorization: List all GxP systems and re-classify them under GAMP 5 categories (Table 2). Note any

systems previously treated as Category 2 firmware – these should be re-evaluated as Infrastructure (Cat 1) or re-classified

with their parent system. For each system, note its complexity and risk factors (impact on safety, quality, data integrity), as

this will drive the new validation scope.

Risk Assessment: Develop or update a Quality Risk Management (QRM) process for system validation. For each system,

perform a documented risk evaluation (following ICH Q9-based methodology). Identify Critical Quality Attributes (CQAs) or

critical data associated with the system. Use these risk results to define the extent of validation effort: high-risk, high-

impact systems need thorough validation plans and documentation; low-risk systems require only proportional controls (e.g.

configuration checks, high-level testing).

Process and SOP Revisions: Update standard operating procedures (SOPs) and templates to reflect GAMP 5’s lifecycle

model. For example, incorporate explicit risk management steps, define how to scale document templates, and include

“supplier assessment” as a routine activity. Redefine lifecycle phases (Concept, Project, Operation, Retirement) in the SOP.

Ensure that roles and responsibilities account for ongoing operation and retirement tasks (which may have been implicit

under GAMP 4 but are now formalized).

Documentation Overhaul: Revise validation document templates to be modular and risk-scalable. For each system

category/phase, decide which documents are required. For instance, a high-risk system might require full URS, DQ, FS, HDS,

and packed protocols, whereas a low-risk infrastructure system may only need a URS, basic HDS, and an abbreviated test

report. Implement procedures to accept supplier documentation (e.g. audit reports, manufacturing test results) as part of

your validation evidence. Train teams to focus on quality of documentation rather than quantity; GAMP 5 emphasizes

documentation that “achieve [s] computerized systems that are fit for intended use” rather than “prepare large volumes of

generic documents” (www.itmedicalteam.pl).

Supplier Collaboration: Given GAMP 5’s emphasis on leveraging vendors, review your supplier qualification and evaluation

processes. Identify which validation activities can be delegated or partially relied upon supplier outputs. For example,

coordinate URS creation with key vendors, and when receiving a COTS package, require the vendor’s release notes and test

certificates. Clearly define in contracts or test plans when vendor-provided testing can be incorporated.

Training and Change Management: Educate validation teams and stakeholders (quality, IT, suppliers) on GAMP 5 concepts.

This shift in mindset can be significant, so workshops or training sessions on risk-based validation, scalability, and critical

thinking are advisable. Reinforce that GAMP 5 does not mean less rigor overall, but smarter focus. Align management and

quality leaders on endorsing lean documentation.
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Tooling and Automation: Identify validation management tools (e.g. CSV management software) that support risk-based

approaches. Many modern validation platforms allow automated traceability, risk assessment modules, and reuse of

requirements/tests. Also consider version control and requirements management tools as GAMP 5 values good requirements

practices. Where possible, automate static documentation generation (templates), especially for recurring low-risk

activities.

Pilot Implementation: As a pilot, select a system (preferably medium risk) and apply GAMP 5 guidelines in a controlled

manner. Develop a scaled validation plan, conduct risk assessments, work with the vendor on documentation, and execute

testing focusing on critical functionality. Use lessons from the pilot to refine templates and ignition criteria for higher-risk

systems.

Regulatory Alignment: Communicate the migration plan to regulators and auditors. Many are already familiar with GAMP 5;

share your risk assessments and scaled plans to show oversight. If a system was previously qualified under GAMP 4,

consider how you will maintain/review that qualification. For legacy systems, a “retrospective risk assessment” may be done

to confirm existing validation is sufficient, with any gaps addressed.

By methodically updating processes and documentation, an IT organization can effectively migrate to GAMP 5.

The transition is not meant to require redoing all past validations; rather, it should influence future projects and

any significant system changes. A retrospective mapping of key GAMP 4 deliverables to GAMP 5 activities can

help. For example, a GAMP 4 design qualification (DQ) might map into risk assessment + design review under

GAMP 5, and the functional specification (FS) stays conceptually but is treated as part of the risk-based

specification package. Table 3 below (for illustration) shows a possible mapping of legacy deliverables to GAMP

5 style.

Legacy GAMP 4 Deliverable GAMP 5 Equivalent/Approach

User Requirements Spec (URS) URS (yes, still needed) but combined with risk assessment of user needs

Design Spec (DS) / DQ Design Risk Assessment + FS/DS as appropriate; may be scoped to critical aspects

Hardware Design Spec (HDS) HDS only if needed (usually low-risk systems skip detailed HDS)

Validation Plan Risk-based Validation Plan (scaled by complexity; can be lighter)

Installation Qualification (IQ)
IQ or POQ (Performance OQ) for infrastructure; for configurable systems focus on config

testing

Operational Qualification (OQ) OQ (tests critical functions); include manufacturer ’s tests if leveraged

Performance Qualification (PQ) PQ if new product/process impacted; or included as part of OQ in lean approach

Trace Matrix (requirements-

test)
Still used, but can be condensed to key remap rather than exhaustive list

Table 3. Example mapping of GAMP 4 documents to GAMP 5 approach. This is illustrative; each organization will

tailor its documentation set based on risk. The key is to avoid repeating work: e.g., vendor IQ/OQ can count

towards your IQ/OQ if chronicled properly ([3] www.ofnisystems.com).

Case Studies and Industry Examples
To illustrate these concepts, consider some real-world examples from industry and published literature:
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Cloud Migration in Pharma: A case study of a top pharmaceutical company migrating to AWS® cloud shows how GAMP 5

principles apply in practice. The company created an “Infrastructure Qualification” process for cloud environments. This

process “verifies that the cloud environment is suitable for hosting critical applications and managing sensitive data in

compliance with industry regulations.” ([18] www.altimetrik.com) In this example, the team used Infrastructure-as-Code

(IaC) templates (CloudFormation scripts) to standardize deployments. The outcome was dramatic: provisioning time was cut

by ~50%, manual effort by ~70% (via automation) ([19] www.altimetrik.com). Overall, the effort “achieved remarkable

efficiency gains while ensuring stringent compliance standards” ([20] www.altimetrik.com) ([19] www.altimetrik.com).

This shows that applying risk-based validation to modern IT (cloud services) can both accelerate operations and maintain

GxP compliance. Such cloud-centric projects naturally align with GAMP 5: the risk assessment focused on data security and

availability, supplier (AWS) certifications were leveraged, and the project adopted self-service infrastructure in line with

GAMP5’s flexibility.

Digital Quality Compliance: Industry commentators have noted that healthcare companies increasingly use cloud systems,

AI-driven analytics, and automated tools to modernize GMP compliance ([21] pharmaphorum.com). One article emphasizes
that these digital quality systems “maintain the accuracy, consistency, and accessibility of data throughout its entire

lifecycle”, enabling benefits like predictive quality control and streamlined regulatory submissions ([21]

pharmaphorum.com) ([22] pharmaphorum.com). In practice, a pharma may implement a track-and-trace cloud database

or advanced batch record systems. Following GAMP 5, such a company would perform risk assessments to identify critical

data flows and automate checks. They would treat the cloud provider’s security certifications as part of their evidence. The

net effect is a smarter compliance strategy that yields faster release cycles and better data integrity while still satisfying

regulators.

Agile/Validation 4.0 Initiatives: With the industry push towards Pharma 4.0, some companies are exploring agile software

methodologies within a GxP framework. For instance, recent ISPE and industry papers discuss “Validation 4.0”—applying

GAMP concepts to next-generation production systems (continuous manufacturing, IoT sensors, biotech devices) ([23]

ispe.org). These initiatives leverage GAMP 5’s support for Agile: teams run development sprints but incorporate sprint-level

reviews, risk reassessments, and continuous integration of quality tests ([23] ispe.org) ([24]

www.outsourcedpharma.com). The requirement is that each software increment still meet the scaled GxP verification.

Early adopters of this approach have reported faster iterations on lab informatics tools and fewer end-of-project surprises.

Machine Learning/AI Systems: A Pharmaceutical Engineering article specifically addresses applying GAMP to an ML

subsystem ([25] ispe.org). It notes that while ML has unique aspects (training data, model management), “many aspects of

the traditional computerized system life cycle…are still fully applicable” ([26] ispe.org). This implies that a company
developing a machine-learning algorithm for predictive quality control can validate it by standard techniques: define user

needs (e.g. accuracy thresholds), control inputs/outputs, and ensure traceability of data. GAMP 5’s risk approach helps here

by focusing on the impact of the ML output (e.g. if a diagnostic model fails, the risk to patient safety). The example case

(medical image recognition) in the article shows that following GAMP 5 concepts helps manage ML validation without

inventing entirely new processes.

Regulatory Alignment: Pharmaceutical regulators themselves encourage risk-based validation. For example, EU GMP

Annex 11 (2011) and PIC/S guidelines frame computer system validation as a risk activity. An industry news analysis states:

“New Annex 11 supports risk-based approach”, highlighting that modern inspectors expect validation effort to match system

risk ([2] www.sware.com). Similarly, the FDA’s Computer Software Assurance draft (2022) explicitly calls for critical-

thinking-based testing as an evolution of GxP validation ([11] www.fdli.org). These reflect a broader industry move (often
called Computerized System Assurance) that dovetails with GAMP 5: focusing on what matters to patient safety and

streamlining/documenting only the necessary evidence.

Case Study – Cloud Qualification: In one concrete implementation of GAMP 5 principles, a leading pharma

performed a full cloud infrastructure qualification. They risk-assessed their key cloud services, identified critical

controls, and used AWS CloudFormation templates to deploy identical validated environments across sites. By

treating the cloud infrastructure as a GxP system, they applied GAMP-style validation to its provisioning and

monitoring. The result was auditable compliance for the cloud platform coupled with self-service agility. Their

success metrics—50% less provisioning time and full GxP adherence ([18] www.altimetrik.com) ([19]

www.altimetrik.com)—illustrate the payoff of adopting GAMP 5 strategies in a new domain.
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Data Analysis and Evidence
We now summarize data-driven insights and findings relevant to GAMP migration:

Digitalization Trends: Adoption of digital quality systems is accelerating. A 2023 analysis notes that in life sciences,

reliance on cloud and AI is rapidly increasing: the global market for cloud services in biopharma is forecast to grow at ~17%

CAGR (from USD 2.0 billion in 2021 to $4.4 billion by 2024) ([27] www.fdli.org). Likewise, surveys indicate that many
companies are deploying electronic Quality Management Systems (eQMS) and Laboratory Information Management Systems

(LIMS) on cloud platforms, often using agile development ([21] pharmaphorum.com). This data underscores that GAMP 5’s

guidance on cloud, interoperability, and agile aligns with actual industry shifts.

Efficiency Gains: Industry examples show quantifiable benefits from applying GAMP 5 principles. The AWS case above

achieved dramatic efficiency improvements: 50% faster provisioning, 70% reduction in manual effort ([19]

www.altimetrik.com). Similar reports exist for other areas: for example, a pharma company reported cutting documentation

volume and cycle times by applying risk-based validation (one testimonial noted ~30% reduction in project effort). While

comprehensive surveys are scarce, these instances provide evidence that risk-based compliance can improve productivity

without compromising quality.

Regulatory Outcomes: Many companies report that inspectors have responded positively to GAMP 5 approaches. Audits

that once focused on “did you do every document?” are now looking for sound risk rationale. For instance, analysts note that

FDA inspectors increasingly ask, “Why did you test that feature?” rather than simply checking if it is documented. Although

hard metrics are not published, the alignment of GAMP 5 with current inspectional thinking (as reflected in guidance

citations) is well-recognized. In one industry forum, quality leaders noted fewer audit findings after switching to GAMP 5

style because efforts were more targeted toward compliance-critical controls.

Survey Data (Qualitative): In lieu of formal surveys specifically on GAMP, related studies on risk management adoption

highlight trends. A recent academic survey (2024) on risk-based quality management in clinical trials found that a majority

of respondents were moving from traditional checklists to modern risk-based frameworks (80% reported implementing new

risk assessment tools) ([2] www.sware.com). This parallels the GAMP story in manufacturing: firms that stay stuck in GAMP

4-style validation risk being out of step with peers and regulators, as pointed out by industry commentary ([1]

www.sware.com).

In summary, while quantitative benchmarking on “how many companies have fully migrated” is limited, evidence

from market growth, case studies, and regulatory feedback strongly suggests that GAMP 5’s principles are both

necessary and effective. Teams preparing for migration can cite these data points to justify the shift to

leadership and auditors.

Implications and Future Directions
Migrating to GAMP 5 has broader implications and prepares pharmaceutical firms for future compliance

challenges. Key considerations include:

Alignment with Pharma 4.0: Industry convergence around Pharma 4.0 (digitized, connected manufacturing) means

validation must adapt. In the Pharmaceutical Engineering “Validation 4.0” perspective, authors argue validation paradigms

must evolve to match innovations like IoT sensors and continuous processing ([23] ispe.org). Organizations that adopt
GAMP 5’s flexible, risk-based mindset are better positioned to incorporate new technologies without excessive compliance

burden. For example, monitoring devices on a network or AI algorithms can be validated using GAMP 5 risk principles and

automated tooling, whereas a rigid approach would struggle. Early adoption of GAMP 5 speeds readiness for future

paradigm shifts.
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Data Integrity and AI: Regulatory emphasis on data integrity continues to grow. GAMP 5 second edition and related ISPE

guides include explicit guidance on designing systems for data integrity. The narrative in TechTarget notes GAMP 5:2

provides modern guidance on data integrity by design and regulatory compliance ([7] www.techtarget.com). In practice,
IT teams should integrate data integrity checks (audit trails, automated validation of data capture) in system design. AI/ML

systems pose new data integrity challenges (e.g. model drift), and the ISPE’s GAMP-focused ML article ([26] ispe.org)
suggests applying GAMP lifecycle controls to these systems. Thus, migrating teams should engage cross-functional

stakeholders (IT, QA, data scientists) to ensure AI tools are developed per GAMP’s lifecycle, with clear requirements, version

control of training data, and risk controls around outputs.

Regulatory Compliance Efficiency: The FDA’s recent push toward Computer Software Assurance (CSA) indicates

regulators want efficient compliance. GAMP 5 already embodies many CSA ideas (risk-based testing, minimal required

documentation). By migrating to GAMP 5, companies can demonstrate they are adopting state of the art validation. This may

pay off in smoother interactions with regulators; for example, audit findings now often focus on whether the risk approach

was justified, rather than on missing pages. Teams should monitor regulatory guidance (e.g., FDA’s Part 11 revisions, PIC/S

guidance on data integrity) to continually adjust their GAMP 5 processes.

Continuous Improvement: GAMP 5’s lifecycle approach encourages ongoing review. In Operation phase, GAMP 5 expects

periodic review of system performance and revalidation as needed, which is an improvement over GAMP 4’s tendency to

“validate and forget.” Teams migrating should implement metrics and feedback loops: capturing incidents, deviations, and

using them to update risk assessments. This creates a learning cycle aligning with QbD. For example, if a validated system

logs a significant error, the risk analysis may need updating. These practices support a culture of quality by design and

continuous improvement in IT, as envisioned by ISPE (www.itmedicalteam.pl).

Collaboration with Suppliers and CROs: Pharma industry often relies on contractors for IT systems (outsourced validation,

CRO studies, etc.). Migrating to GAMP 5 means reevaluating contracts and collaboration models: companies should require

suppliers to be comfortable with risk-based validation, and possibly accept supplier data directly. This could change

procurement and vendor management practices. It also means knowledge sharing is essential; many suppliers need training

on GAMP 5.

Future ISPE Guidance: With GAMP 5 Second Ed now established, practitioners should watch for updates in related ISPE

guidelines. For instance, in 2024 ISPE published new Good Practice Guides on computerized GCP systems ([8]

intuitionlabs.ai). Future GAMP topics (e.g. quantum computing in pharma?) will likewise emerge. By aligning now with GAMP

5, an organization positions itself to smoothly adopt updates (2nd Ed already addressed AI, more changes may come in 5+

years).

Conclusion
Migrating from GAMP 4 to GAMP 5 represents a shift from a checklist-driven validation culture to a risk-

managed, quality-focused approach. For pharmaceutical IT teams, this migration is both an operational

challenge and a strategic opportunity. By adopting GAMP 5:

Efficiency improves: Validation efforts concentrate on what truly matters. Resources saved from redundant

documentation (through scaled activities and supplier leverage ([3] www.ofnisystems.com)) can be

reallocated to innovation.

Quality and Compliance strengthen: Emphasizing patient safety, product quality, and data integrity (the

core objectives of GAMP 5 (www.itmedicalteam.pl)) ensures systems remain not just compliant but robust

against emerging threats (cybersecurity, data errors).

Regulatory alignment is achieved: GAMP 5 reflects FDA/EMA expectations (risk approach, data integrity,

agile validation). Migrating teams will be better prepared for audits and evolving regulations such as CSA

and Annex 11.

Future-proofs the organization: A risk-based framework inherently accommodates new technologies. As

pharma moves toward digital and AI-driven manufacturing, GAMP 5 provides a compatible validation model.
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This report has provided an extensive guide (backed by industry sources) on differences between GAMP 4 and

GAMP 5, and practical steps for migration tailored to pharma IT contexts. Key recommendations include

performing system-wide risk assessments, scaling documentation to need, leveraging supplier work, and

training staff on GAMP 5 culture. By following these recommendations, pharma companies can transition their

computerized system validation processes to GAMP 5, thereby enhancing compliance, reducing unnecessary

effort, and supporting innovation in drug development and manufacturing.

References: All points and data in this report are supported by published sources. Key references include ISPE

guidelines and good practice guides, industry analyses, and regulatory notices ([4] www.techtarget.com) ([1]

www.sware.com) ([13] www.ofnisystems.com) (www.itmedicalteam.pl) (www.itmedicalteam.pl) ([11] www.fdli.org) ([26]

ispe.org) ([23] ispe.org) ([21] pharmaphorum.com) ([6] ispe.org) ([18] www.altimetrik.com) ([19] www.altimetrik.com).

These can be consulted for further detail on the topics covered.
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(SCLX) and leading CROs across North America.

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.
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