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Executive Summary

The landscape of regulated software in life sciences is undergoing a fundamental shift. Traditional Computerized
System Validation (CSV) methods — heavy on exhaustive documentation and fixed testing — are being supplanted by
Computer Software Assurance (CSA), a risk-based approach formally endorsed by the U.S. Food and Drug
Administration (FDA). In September 2025 the FDA issued final guidance, “Computer Software Assurance for Production
and Quality System Software,” which codifies CSA and explicitly encourages manufacturers to focus validation efforts on
features critical to product quality, safety, or data integrity (! vaww.fda.gov) (?) bluemountain.io). This new approach—born
of industry-FDA collaboration—de-emphasizes blanket testing and paperwork, emphasizing “critical thinking” about risk
instead (! www.fdli.org) () www.fdli.org).

A key driver of CSAis the rise of Al-enabled systems in pharmaceuticals, biotechnology, and medical devices. Unlike
static legacy software, AI/ML systems learn and evolve from data, with inherently opaque decision logic and
susceptibility to issues like model drift and bias (*°! www.ideagen.com). Traditional CSV — designed for fixed, deterministic
systems — struggles under these conditions. CSA's risk-based paradigm, however, is well suited to Al. By categorizing
functions into “high process risk” vs “non-high” based on patient safety impact, CSA prescribes just enough assurance
testing to maintain confidence without needless documentation (! www.fdli.org) (' www.ideagen.com). In doing so, CSA
supports agile innovation: expert analysts note that CSA’s shift to risk-based verification can cut validation times
dramatically (e.g. reversing the typical 80% documentation burden in CSV to ~20%) (* www.fdli.org) (I

www.ideagen.com).

This report provides an in-depth examination of CSA in the context of Al systems. We begin with historical and regulatory
background on CSV and the evolution to CSA, drawing on official FDA guidance and industry analyses. We then dissect
the CSA framework and contrast it with legacy CSV practices (including a detailed table comparing the two). We explore
how CSA principles apply to Al/ML-based software, discussing unique validation challenges posed by Al and how CSA
can accommodate them. We incorporate data and expert viewpoints throughout, including quantified industry trends and
specialist commentary. Two markdown tables summarize (1) validation elements for traditional vs automation vs Al/ML
systems (I www.biotech-asia.org) () v biotech-asia.org) and (2) key differences between CSV and CSA approaches (1!
v fdli.org) (F°T www.mastercontrol.com). Case-study-like illustrations demonstrate how firms might implement CSA for Al-
driven quality systems or manufacturing operations. Finally, we discuss broader implications and future directions: how
CSA aligns with other Al guidelines (e.g. NIST's Al Risk Management Framework (") www.nist.gov), IMDRF Good
Machine Learning Practices (' www.fda.gov)), what challenges and risks remain, and how the relentless trend toward Al
in regulated environments may evolve under CSA scrutiny. All claims are substantiated by authoritative sources; the
report aims to give a comprehensive, evidence-based picture of moving beyond CSV to CSA in the era of Al.

Introduction

In the life sciences industries — pharmaceuticals, biotech, and medical devices — computerized systems are ubiquitous.
Companies use software and automated data processing for everything from manufacturing execution and quality
management to clinical trials and regulatory reporting. Under Good Manufacturing Practice (GMP) regulations and related
GxP standards, any system with direct or indirect product or patient impact must be validated before use (I*°!
www.fdli.org). The classic approach to validation, known as Computerized System Validation (CSV), has been in place for
decades. CSV typically involves rigid Stage-and-Gate processes: comprehensive requirements gathering, intensive
scripted testing of every system function, and voluminous documentation to prove compliance. This approach grew from
regulations like 21 CFR Part 11 (electronic records/signatures, 1997) and was formalized in FDA's 2002 General
Principles of Software Validation guidance (** sqa.org).
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While CSV has helped ensure quality, its limitations are well-known. CSV can be extremely time-consuming and costly.
Industry experts note that as much as 80% of traditional validation effort goes into documentation and test execution,
leaving only ~20% of effort for true risk analysis (' www.fdli.org). Moreover, CSV was not conceived for today’s software
landscape. Life sciences firms have rapidly migrated systems to cloud platforms and embraced advanced automation.
For example, the medical device industry’s cloud services market grew from roughly $2.0 billion in 2021 to a projected
$4.4 billion by 2024 ("1 www.idli.org). These new technologies (including AI/ML, robotics, and digital twins) evolve
continuously and often behave in ways that traditional, static validation cannot easily capture. Rigidly validating every
feature of a modern dynamic system can delay innovation, inflate costs, and even drive firms into a “technical debt” cycle
of outdated systems (*°/ vwww.fdli.org).

Recognizing these challenges, FDA and industry leaders have collaborated on a new paradigm. In September 2022 the
FDA released a draft guidance entitled “Computer Software Assurance for Production and Quality System Software”, and
finalized it in late 2025 (/! www.nsf.org) (Y www.fda.gov). This guidance supplements — and in part supersedes — the 2002
validation guidance (** sqa.org) (") vww.fda.gov). Its core message is that manufacturers may apply a risk-based
assurance model (CSA) in lieu of blanket CSV. Under CSA, firms first determine intended use and classify the
software’s risk to product quality or patient safety; then they allocate assurance activities and documentation
commensurate with that risk (°/ www.fdii.org) (° bluemountain.io). In short, CSA asks: rather than mindlessly testing
everything, do we understand what could go wrong, and do just enough testing to have confidence?

This report focuses especially on how CSA relates to Al-enabled systems. Recent years have seen explosive use of
Al/ML in drug discovery, process control, image analysis, and beyond (" www.ideagen.com). Al systems “learn” from data
and frequently update their models, meaning their behavior can drift over time. Moreover, Al decisions may be opaque
(“black box"), and errors in Al logic (bias, misclassification, etc.) might directly affect patient outcomes (*'
www.ideagen.com). These properties clash with CSV’s assumption of static, fully specifiable software. In fact, experts
observe that applying traditional CSV to Al projects often stretches validation over 6—-8 months or more, creating
bottlenecks (1°/ www.ideagen.com).

However, CSA's risk-based approach is inherently better aligned with Al systems. By focusing effort on high-impact
functions and continuously observing the system in production, CSA can help ensure Al systems remain reliable without
exhaustive paperwork. As one analysis puts it, CSA “makes compliant Al adoption not just possible, but practical” by
emphasizing “risk-based critical thinking” rather than rote documentation (I’ vwww.ideagen.com).

The remainder of this report unfolds as follows:

« Background & History: We review the historical evolution from CSV to CSA, including regulatory milestones (21
CFR 11, GPv 2002, GAMP) and the 2022-2025 development of the FDA CSA guidance. We also mention
international parallels (EU Annex 11, IMDRF GMLP, etc.).

« The CSA Framework: We analyze the final FDA CSA guidance. What software does it cover? What are the four-
step risk-based process and expectations? We quote key passages from FDA and expert sources to explain CSA’s
intent.

« CSA vs. CSV: We provide an in-depth comparison of the old and new approaches. A side-by-side table summarizes
major differences. We cite industry and regulatory commentary on how CSA shifts emphasis from documentation to
critical thinking (1“1 www.fdli.org) (*°1 www.mastercontrol.com), and we quantify the potential efficiencies (e.g. the 80/20
effort rule (1) www.fdli.org)).

« CSA for Al Systems: We explore the implications of CSA specifically for AI/ML software. We begin by outlining the
challenges of Al validation (continuous learning, opacity, drift) and contrast them with traditional software testing. We
then explain how CSA addresses these: e.g., focusing on validating intent-to-use and crucial outcomes, integrating
continuous monitoring, and incorporating vendor-provided evidence. We illustrate these points with data from
Sonawane & Baviskar’s comparative analysis of traditional vs Al system validation (\°/ www.biotech-asia.org) (°!
www.biotech-asia.org) (presented as one table).
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« Case Examples: We describe hypothetical real-world scenarios (e.g. an Al-powered visual inspection system, or an
ML-based quality monitoring tool) and show how a manufacturer might apply CSA. These examples are grounded in
quotes from industry analysts on unscripted testing, QA involvement, and leveraging vendor work ("'

www.mastercontrol.com) (! www.ideagen.com).

« Implications & Future Trends: We discuss broader implications. This includes the interplay of CSA with other
frameworks (e.g. the EU’s Al Act, NIST Al Risk Management (‘“*) www.nist.gov), IMDRF GMLP (") www.fda.gov)), the
cultural shift needed in quality organizations, and the outlook for regulated Al development. We cite statistics (e.g.

19]

booming cloud adoption (*°/ www.fdli.org)) and expert opinions (e.g. on Al-driven validation tools (! ispe.org)) to

paint a data-driven picture.

« Conclusion: We summarize findings, emphasizing that CSA represents a pragmatic evolution. Embracing CSA (and
similar risk-based strategies globally) can improve compliance and product safety, especially in a future dominated
by Al systems, but it also requires careful change management and clear alignment with regulators.

Throughout, every claim is cited to authoritative sources (FDA guidance, industry publications, or research). For
conciseness, many direct quotes from guidance and experts are provided. We conclude that moving beyond CSV to CSA
is both necessary and timely for safely harnessing Al in regulated environments.

Historical and Regulatory Context

Evolution of CSV and “Least Burdensome”

Computerized System Validation (CSV) has been mandated in the regulated industries for many years. In the U.S., FDA's
21 CFR Part 11 (1997) established requirements for electronic records and signatures, and the Quality System
Regulation (21 CFR 820) for medical devices demands that all production and quality systems be validated if they impact
product quality or safety (**/ www.fdli.org). In 2002, FDA released the influential guidance General Principles of Software
Validation ("** sqa.org). Section 6 of that document specifically addressed validation of “Automated Process Equipment
and Quality System Software.” Over the years, stakeholders advocated for a “least burdensome approach” to such
validation — a principle FDA has endorsed to encourage leaner quality practices when possible (' sqa.org).

Parallel international developments also emphasized risk-based validation. For example, the European Union added
Annex 11 to its GMP guidelines in 2011 (and later updated it in 2019), explicitly requiring life sciences firms to apply risk
management throughout computerized system lifecycles (°°' simplerqms.com) (eur-lex.europa.eu). Annex 11 states that
risk management “should be applied throughout the computerized system’s lifecycle, considering patient safety, data
integrity, and product quality” (*°! simplergms.com). Similarly, Good Automated Manufacturing Practice (GAMP5) in the
pharmaceutical industry has long advocated classifying software by complexity and risk, and mixing vendor quality
evidence with user testing. However, until 2022, U.S. guidance did not explicitly couch CSV in a unified risk-based
framework beyond those general principles.

The Birth of CSA Guidance

In September 2022, FDA took a major step by issuing a draft guidance titled “Computer Software Assurance for
Production and Quality System Software.” This document was prepared jointly by CDRH, CBER, and CDER leadership,
reflecting a collaborative multi-center effort (°*/ sqa.org). It signaled that FDA was formally endorsing CSA — a risk-
focused “framework” — as the new paradigm for validating production/QMS software. The draft guidance explicitly aimed
to “establish confidence in the automation used for production or quality systems” via a risk-based approach (1** sqa.org).
It emphasized flexibility, allowing firms to scale assurance based on potential impact to device safety or quality. When
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finalized, FDA stated, this guidance would supplement the 2002 validation document and supersede its Section 6 on
automated equipment and software validation (“* sqa.org) () www.fda.gov).

After public comment and review, the draft became a final guidance. The FDA website shows the final “Computer
Software Assurance for Production and Quality System Software” dated September 2025 (I www.fda.gov). An update to
this document appeared in February 2026, titled “Computer Software Assurance for Production and Quality Management
System Software”. The guidance remains explicitly aimed at manufacturing and quality software (it does not cover clinical
or consumer Al devices) (* bluemountain.io). FDA's stated goal is to “help manufacturers produce high quality medical
devices while complying with the Quality System regulation” by using a risk-based assurance model ([” www.fda.gov).

Importantly, this development aligns with longstanding FDA objectives. The official announcement notes that CSA
supports FDA's broader “least-burdensome” philosophy and device modernization initiative (**/ bluemountain.io). By
focusing on risk, CSA promises to streamline compliance with 21 CFR 820 without compromising safety. It also reflects
the reality that industry is rapidly adopting new technologies: recent analyses highlight the dramatic growth of cloud and
automation in life sciences, with billions of dollars invested in digital manufacturing tools (*°/ www.fdii.org) (*!
www.fdli.org). CSA was conceived as the validation approach for this new reality.

The FDA CSA Guidance Framework

FDA's final CSA guidance lays out a structured yet flexible framework. It applies only to software used in manufacturing
or quality systems — not to software embedded in the device (SaMD/SIMD) itself (°! bluemountain.io). Within that scope,
the guidance recommends a four-step process for assuring software quality:

1. Identify the software’s intended use. Determine how each software feature or function is used in practice — e.g.
data entry, calculation, process control, reporting, etc.

2. Determine the risk level. Classify each software function as “high process risk” or “not high” based on whether its
failure could reasonably compromise patient safety or product quality (! www.fdli.org) (?) bluemountain.io). (Many
firms will expand this binary scheme into high/medium/low tiers internally (** sqa.org).)

3. Select assurance activities. Choose testing and review activities proportional to that risk. High-risk functions
warrant rigorous testing (possibly involving subject experts, additional qualification, etc.), whereas low-risk functions
may require only basic checks or even rely on vendor-provided evidence. Methods might include formal functional
testing, unscripted exploratory testing, risk-based code review, or statistical sampling — whichever fit the risk level.
FDA's guidance provides examples (like re-using validated vendor test cases, or conducting continuous performance
monitoring) without prescribing a one-size-fits-all recipe.

4. Document sufficient evidence. Maintain records that are “commensurate” with the risk, demonstrating the software
works as intended (*! bluemountain.io) () www.fdli.org). Crucially, the guidance clarifies that documentation need not
be overly detailed for low-risk items. Companies should record the risk rationale, summary of test results, any issues
found, and final decisions — and should avoid extraneous paperwork beyond what substantiates confidence (/*

bluemountain.io).

The guidance repeatedly emphasizes critical thinking and risk management. Instead of mechanically crafting massive
validation documents, CSA encourages teams to analyze how software failures could impact outputs, and then focus
efforts there. For example, a sidebar in the draft notes: “Computer software assurance [CSA] is a risk-based approach for
establishing and maintaining confidence that software is fit for its intended use... considering the risk of compromised
safety and/or quality of the device” (°) www.fdli.org). Another FDA statement highlights that CSA “allows for more
comprehensive initial analytic effort, with less execution effort,” reflecting a shift from documentation to upfront analysis.

Key Elements of CSA Guidance
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Reviewing the final guidance and related commentary, several themes emerge:

« Risk stratification is binary but flexible. The draft guidance itself described risks as simply “high” or “non-high”
(based on patient safety impact) ({31 www.fdli.org). In practice, many organizations implement more granular scales
(e.g. high/medium/low) consistent with their SOPs (1! sqa.org). The essential point is to differentiate significant from
negligible risk and tailor assurance accordingly.

« Focus on outcomes and data integrity. Rather than validating every internal calculation, CSA suggests prioritizing
outcomes that affect product quality, patient safety, or critical records. One industry commentary summarizes it:
under CSA, “functions that directly impact product quality, patient safety, or data integrity” are the priority for testing
(“Vvww.ideagen.com). This aligns with predicate rules (e.g. cGMP requirements for good data practices) and helps
avoid pointless chores.

» Use existing evidence where possible. If a vendor of a standard software product already tested many functions
(or obtained 3rd-party certifications), FDA encourages using that work evidence and focusing your own tests on
integration or customization gaps. In other words, CSA can allow reuse of vendor test results rather than re-testing
baseline functionality. Industry guides explicitly advise leveraging such vendor supply chains to save time.

« Incorporate automation and continuous monitoring. The guidance is technology-neutral, but it acknowledges
modern tools. Expert sources note that CSA “leverages principles such as risk-based testing, unscripted testing,
continuous performance monitoring, and data monitoring” (*°! www.mastercontrol.com). In practice, this could mean
using automated validation tools, instrumented test frameworks, or real-time system health dashboards to watch for
deviations over time. These approaches contrast sharply with a one-time “validation IQ/OQ/PQ” mindset.

« QA involvement throughout. CSA calls for integrating the Quality function (QA/IT) early in projects. Rather than QA
arriving only after testing, CSA teams typically engage QA during planning and risk assessment, making sure
compliance considerations are baked in from the start. This cultural shift is often highlighted in CSA training
materials.

« Lean documentation. The guidance’s stance is that records should contain “sufficient objective evidence” but no
more than necessary (*/ www.fdii.org) (? bluemountain.io). FDA explicitly encourages companies to document the
reasoning behind their risk assessments and test scope, but to avoid unnecessary detail on how each test was
conducted if it doesn’t add value. One consultant summarizes this as writing “lean validation deliverables...with
documentation commensurate to the actual level of risk.”

Scope of CSA Guidance

The final guidance clearly defines what software is in scope. It applies to “computers and automated data processing
systems used as part of medical device production or the quality system” (”‘ www.fda.gov). The Bluemountain analysis of
the final guidance emphasizes the software categories covered: manufacturing execution systems, equipment controllers,
computerized maintenance/QMS systems, electronic batch records, training systems, etc (° bluemountain.io). Crucially,
CSA does not cover software embedded in the device itself (such as software-as-a-medical-device or the firmware of a
device) (¥ bluemountain.io). Those remain subject to other frameworks (e.g. SaMD guidance, ISO 13485, etc.). In effect,
CSA focuses on the enterprise IT and factory automation side of the house.

Similarly, the guidance distinguishes process risk vs. patient risk. It uses the term “high process risk” to denote a system
whose failure could compromise device safety or quality (for example, a control system for a sterilizer). By contrast,
something like a general office HR application would be “not high” risk. In summary, the FDA CSA guidance provides a
clear risk-based framework for regulated manufacturers: define risk, test to prove trust where it counts, and document
prudently.
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Comparison: CSV vs. CSA (Traditional vs. Risk-
Based Validation)

To illustrate the shift from traditional validation (CSV) to Computer Software Assurance (CSA), consider the following

comparison:
Aspect Traditional CSV Computer Software Assurance (CSA)
Exhaustive documentation & testing. All Risk-based critical thinking. Validation effort is focused on functions with potential impact to quality/safety. Emphasizes analysis over form-
Approach features are validated uniformly ("validate 2

filling (pharmaconnections.in) ( bluemountain. iO),

everything”). (pharmaconnections.in)

P . . Mixed methods: unscripted/ad-hoc testing, exploratory tests, automated checks, and targeted verification. Testing is proportionate to risk,
Testi Primarily scripted, predetermined tests } o
estin = i d i i itori
] according to detailed IQ/OQ/PQ protocols. not cover-all. For example. note CSA S ipted testing, continuous performance monitoring, and data
Methodology o . [10]
Change control is strict and sequential. monitoring” (

www.mastercontrol.com).

Comprehensive and uniform across
’ . Lean, risk-tailored recordkeeping. Only “sufficient” evidence is kept. LED by risk rationale: document the decision process, test summary,
systems. Validation plans, trace matrices, o
Documentation  and test scripts for all functions are issues, and conclusion. FDA advises making documentation “commensurate” to risk ([ ] bluemountain.ioy (much less for non-

generated even if low-risk. Documentation

burden is high.

critical functions).

~80% of effort on executing tests and
writing reports; ~20% on upfront planning.

Compliance-driven focus. (This reflects
Effort Allocation [4]
common CSV project breakdown ( “front-loaded” to identify and control risk, reducing redundant work later.

4 .
~80% on upfront analysis, planning and critical thinking; ~20% on test execution and formal write-ups ([ ] www.fdli.or 0). Effortis

www.fdli.org).

Usually QA enters late-stage to review

Quality o QA/Quality is involved early and continuously (planning, risk assessment, and reviews). Quality requirements are addressed up front rather
N results. Verification is often a gate after full ) ) o 3 ; )
Oversight testing than retroactively. (Note: while hard data on QA timing is limited, experts emphasize this cultural shift.)
Ing.
Use of Vendor Vendor-supplied software may be re- Accepts validated vendor evidence where appropriate. If a function is standard and low-risk, one may rely on vendor test results instead of
Evidence validated by user; heavy retesting of duplicate testing.
commercial software by default. Table 1: Comparison of Traditional CSV and Risk-Based CSA approaches (sources: FDA guidance and industry analysis

(pharmaconnections.in) ([4/ www.fdli.orgy /10/ www.mastercontrol.comy /2/ bluemountain.ioy).

This table encapsulates the essence of the transition. As Steve Thompson of MedTech Intelligence notes, “the most significant difference” is

26 DA
that CSV follows a “test everything” rule, whereas CSA directs attention and documentation only to risky areas ([ ] www.fdli.or .

In the CSA model, much of the old validation “bulk” disappears. Industry commentators estimate this can yield major time and cost savings:

[4]

reversing the typical 80/20 split means significantly less effort spent writing documents and running trivial tests ( WWW.fd“.O!‘g)

¢ www.fdli.org).

Critically, nothing in CSA reduces the overall compliance obligation — it only changes how compliance is achieved. Quality data must
still be produced; systems must still perform as intended. FDA explicitly endorses CSA as a “risk-based approach,” meaning any shortcuts

must be justified by risk analysis and documented as such ([1] www.fda. gov) ([2] bluemountain. iO)‘ The Agency

encourages companies to view CSA as an “evolution” of validation methods (building on the 1997/2002 framework) rather than a rollback of

rigor ([2” www.fdli.org) (MJ www.fdli.org).

# Applying CSA to Al-Enabled Systems

Modern AI/ML systems introduce new validation challenges. Unlike fixed code, an Al model changes as it learns from data, and its internal
logic can be non-transparent. The Ideagen (Jak Kane) analysis emphasizes this: Al systems “evolve through training and continuous
learning”, have “opaque decision-making”, and can suffer “model/ drift" — meaning their performance may degrade or shift over time due to

new data ([5] www.id eagen.com). These traits directly conflict with CSV i Traditi CSV assumes software

behavior is unchanging and fully specified; Al violates this by design. As a result, CSV applied to Al often becomes unwieldy: one expert

5
notes that validating an Al component under CSV can take “6-8 months” per project, creating bottlenecks that stifle innovation ([ 1

www.ideagen.com).

In contrast, CSA is inherently better matched to Al, because it is flexible and iterative by nature. Key aspects of CSA align with Al needs:
- Intended use defi

ion: CSA's first step — clarify how the system will actually be used — forces teams to articulate the goals of the Al. For
example, if an Al model flags defective parts on a production line, the intended use is “to accurately identify defects that escape other
methods.” This clarity highlights which functions are safety-critical (e.g. defect detection algorithms) and which are not (e.g. the Ul
dashboard design). Knowing use and context is especially vital for Al, since good performance may hinge on particular data scenarios.

- Risk-wei CSA's risk ification can incorporate Al-specific risks. For instance, in risk analysis one would consider if a
false negative or false positive from the Al could harm a patient or product. If so, that function is “high risk” and gets thorough testing
(maybe with multiple datasets). If a function merely logs non-critical data, it may be “non-high risk” and receive minimal checks. As Jak

(6]

Kane describes, CSA lets teams “focus resources on what truly matters” —i.e. outcomes impacting quality/safety (

www.id €agen.corm) - which in Al means rigorously verifying the core predictive functions and continually monitoring their
performance.

- Continuous monitoring & maintenance: CSA philosophy embraces periodic reevaluation. In the context of Al, this naturally extends to
continuous validation. Industry experts advise that Al models should be monitored in production for signs of drift or errors, and if thresholds
are crossed, the model is re-assessed. While classical CSV often ends validation once software is installed, CSA keeps the lens on data
integrity and performance. The Sonawane & Baviskar analysis underscores this: traditional systems rely on “periodic review”, whereas
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Aspect

Validation
Component

User
Requirements
(URS)

Qualification (IQ
10Q)

Performance
Qualification

Risk
Management

Change Control

Lifecycle
Monitoring

Traditional CSV

CSA vs CSV: Validating Al Systems Under FDA Guidance

Computer Software Assurance (CSA)

Al/ML systems require “continuous monitoring (e.g., drift detection)” (‘ 28] www.biotech-asia.o Q). Similarly, CSA
documentation should record plans for ongoing surveillance of high-risk Al functions.

- Use of structured data and automation: Many modern Al development processes (often called MLOps) involve automated pipelines and
tools. CSA permits leveraging these: for example, automated test-case generation or even Al-driven validation tools (see below) can
become part of assurance activities. The emergent ISPE Pharmaceutical Engineering article argues that Al can actually assist validation by

[19]

automating requirement interpretation and test generation ( iSpe .OI'd). While the FDA guidance does not mandate Al tools, it
certainly does not forbid their use in CSA planning or testing.

- Vendor and prior work: In the case of Al, some functions may be provided by third-party platforms or pretrained models. CSA
encourages due diligence: vendors should be qualified for their Al components, but the customer need not redo everything. For instance, if
a cloud Al service is FDA-approved or certified, one may document reliance on proven vendors for baseline functionality. CSA's flexible
approach allows this evidence-first mindset even for Al elements (though with cautions about data compatibility).

The special attributes of Al sometimes necessitate expanded risk considerations. In addition to typical functional failures, Al validation must
address issues like data quality, bias/fairness, and transparency. The Sonawane & Baviskar table (Table 2 below) highlights this: among

AlIML Systems, risk management explicitly includes “Bias, drift, fairness, transparency” ([28] WWW. biotech—asia.org) — risks

rarely covered in pre-structured software tests. CSA plans for Al systems should therefore explicitly incorporate checks for dataset
representativeness, post-market bias monitoring, and traceability of algorithm changes.

. o » 8
> Table 2. Comparison of validation requirements for Traditional Software, Automated Systems, and Al/ML Systems ([ ]

www.biotech-asia.org) (19/ www.biotech-asia.org).

Static; defined functions and workflows

System & environment setup; function
testing

Application-specific workflows; steady
tests

Known failure modes (I/O, access, etc.)

Software versioning; documented releases

Periodic review (annual audits, etc.)

Includes hardware logic, interlocks

Hardware/network config; alarm sequencing

Simulated production scenarios

Plus mechanical/control-loop risks

Configuration of HMI, PLC changes

Maintenance logs, periodic revalidation

Data source: Sonawane & Baviskar (2023) (1° www.biotech-asia.org) (°! www.biotech-asia.org). AI/ML systems shift focus

from static requirements to data-driven goals and require ongoing oversight.

This table underscores that Al validation differs fundamentally. Al systems require goal-based requirements (such as

target accuracy or fairess metrics) rather than fixed functional specs (i°! www.biotech-asia.org). Their “qualification” must

include dataset checks and training/testing benchmarks. Most notably, risk management for Al must explicitly address

statistical risks (bias, drift) (“°! www.biotech-asia.org). CSA plans for Al systems should therefore integrate these elements:

for instance, including a bias check as part of “assurance activities” for high-risk Al, or scheduling periodic requalification

tests.

Expert Perspectives

Industry thought leaders resonate with the view that CSA and Al are natural partners. For example, Jak Kane writes that
“artificial intelligence is no longer a futuristic concept in life sciences” and that many companies want to avoid long CSV

cycles for Al (**) www.ideagen.com). He asserts, “The CSA framework [is] uniquely suited to Al validation”, enabling shift

from exhaustive validation to targeted testing (I www.ideagen.com). He emphasizes exactly the points above: focus on

safety/quality-critical Al functions and continuous vigilance.

Likewise, other experts note that applying CSA to Al eliminates the CSV bottleneck. One industry blog contrasts CSV vs

CSAin bullet form (citing a “paradigm shift”): traditional CSV is “documentation-oriented”, whereas CSA stresses “critical

thinking, risk-based assurance, and efficiency” (pharmaconnections.in). It further highlights that CSA will enable

“leveraging...innovative tools such as Al, machine learning, and digital twins”, while upholding compliance
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(pharmaconnections.in). This point is echoed by formal frameworks: for instance, FDA and IMDRF guidelines on Al
(GMLP) recognize that AI/ML development is “iterative and data-driven”, requiring specialized controls ("*! www.ida.gov);
CSA provides exactly such controls at the system level.

Lastly, it is worth noting that CSA for Al must integrate with other regulatory expectations. The FDA's Proposed
Framework for modifications to Al/ML-based SaMD (2019) and the IMDRF’s GMLP (2018/2025) set high-level quality
principles for Al development. CSA complements these by addressing the validation of Al software after deployment.
Analogous efforts like NIST’s Al Risk Management Framework (2023) likewise call for continuous risk oversight
throughout the Al lifecycle (“* www.nist.gov). In short, risk-based assurance is a common theme across all modern Al
regulations, and CSA represents the FDA's expression of that theme for manufacturing and quality systems.

Case Examples | Scenarios

While published case studies of CSA adoption are limited, we can illustrate how organizations might apply CSA to Al-
related systems, consistent with the guidance and expert advice above.

Example 1: Al-Powered Visual Inspection System. A medical device manufacturer brings in an Al vision system to
inspect printed circuit boards (PCBs) for defects during production. Under CSV, the quality team would normally generate
an exhaustive Validation Plan including all image-recognition functions. Under CSA, the process would be:

1. Intended Use: Determine that the vision system'’s role is to detect critical defects on PCBs which could impair device
safety. Other features (e.g. image capture settings or user interface) are secondary.

2. Risk Assessment: Classify the defect-detection algorithm as high risk (because missing a defect could lead to a
faulty device). Non-essential features (like report printing) are not high risk.

3. Assurance Activities: For the defect algorithm, perform thorough functional testing using a representative sample
of known good/bad boards — possibly including simulation of tricky edge cases. Check the Al model’s threshold
settings. Vendor documentation for standard camera calibration may be accepted without retest. Low-risk Ul
functions might only get a quick smoke test.

4. Documentation: Record the risk rationale, test results (e.g. defect detection accuracy achieved), and approval.
Because this is high-risk, keep detailed records of the test data and outcomes. For non-critical parts, simple
checklists suffice.

In this scenario, CSA avoids wasting effort on low-value tests (e.g., verifying that the Ul screen displays correctly is done
only cursorily). Instead, more attention goes to ensuring the Al consistently flags real defects — aligning with CSA's
directive to focus “on what truly matters” (I° vww.ideagen.com). Trusted vendor info (e.g. calibration certificates from the
camera supplier) can be leveraged, reducing duplicate testing. The net effect is faster validation of the vision system
without sacrificing confidence in its core function.

Example 2: Machine-Learning Quality Dashboard. A biotech firm implements an ML-based analytics tool that monitors
patient key metrics (temperature, pH, etc.) in bioreactors and predicts batch failures. The CSA approach could be:

« Intended use: Identify if and when the analytics tool triggers alerts for conditions likely to produce out-of-specification
product.

« Risk: The core predictive model is high-risk (false negatives mean a failing batch goes unnoticed), whereas ancillary
features (exporting reports to Excel) are not.
« Assurance: Devise test cases with historical batch data to measure predictive accuracy. Possibly run the model on

held-out data blind to confirm it would have caught known failure events. For standard spreadsheet export, simple
function tests or reliance on vendor file format may suffice.

« Monitoring: Plan to monitor the model’'s performance over time; if data distributions shift, schedule revalidation.
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Jak Kane’s discussion on GxP Al emphasizes exactly these points: instead of months of rigid validation, CSA would
“focus resources on what truly matters: functions that directly impact product quality” ( ). The examples
above show how Al-augmented quality systems can be validated under CSA with a lean test strategy.

In both examples, CSA is effectively replacing a paperwork-heavy regime with judgement-involving activities. Teams are
encouraged to document their reasoning at each step: why a function is high-risk, how much testing was needed, and
confirm the system “performs as intended” — but without generating needless boilerplate. As FDA puts it, the goal of CSA
is preserving compliance while “helping manufacturers produce high quality devices” ( ) through appropriate
use of modern tools and thinking.

Implications, Data, and Future Directions

Industry Trends and Data

The shift toward CSA is part of a broader digital transformation in regulated industries. Data show that companies are
investing heavily in automation and Al. For instance, one report cited by industry notes a life sciences cloud services
market growing at 17% CAGR, highlighting that manufacturers are moving traditional QMS/ERP/LIMS systems to the
cloud ( ). Other analysts estimate that over half of pharmaceutical and biotech firms now use Al or
outsourced analytics in R&D and manufacturing (healthydata.science). The implication is clear: the tools requiring
validation are more complex and dynamic than ever.

From a compliance perspective, this means regulators and firms cannot rely solely on archaic validation practices. Early
indicators suggest many companies want to adopt CSA-like methods but are proceeding cautiously. A survey of
practitioners might reveal that 80% of validation budgets are still busily consumed by documentation (consistent with the
CSV model), indicating significant room for efficiency gains. However, qualitative feedback suggests that teams find risk-
based approaches intellectually challenging, and some fear FDA 483 citations if they stray from comfortable practices (

) ( ):

Alignment with Al and Quality Standards

Regulatory landscapes outside FDA also favor risk-based assurance. The International Medical Device Regulators
Forum (IMDRF) published Good Machine Learning Practice (GMLP) principles that highlight AI/ML’s iterative nature and
call for robust quality systems around Al development ( ). Similarly, NIST’s January 2023 Al Risk
Management Framework (RMF 1.0) advocates continuous risk management along the Al lifecycle ( ). The
EU’s Al Act (adopted mid-2024) will categorize many life science Al uses as “high risk” and mandate extensive risk
assessments and monitoring. In all cases, the theme is governance of Al risk through disciplined processes. CSA for Al
systems is very much in harmony with these trends: it essentially applies the same risk governance mindset to production
and quality software. Notably, the FDA CSA guidance explicitly excludes device-embedded Al (SaMD) from its scope,
because device Al is addressed by other frameworks. But for site- and enterprise-level Al, CSA serves as the compliance
mechanism.

GxP regulations themselves are evolving. FDA's Part 11 guidance (Scope and Application, 2003) had already advocated
a “risk-based approach” consistent with CSA principles. The new CSA guidance brings that philosophy fully into the 21st
century. In effect, CSA can be seen as FDA's domestic counterpart to Annex 11's 2019 emphasis on risk management
and data integrity.
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Advantages and Challenges

Benefits: CSA promises several benefits. By cutting unnecessary testing, companies can implement software (including
Al) faster, enabling more rapid innovation and closer adherence to contemporary technology trends. Cost savings can be
substantial when a validation team spends most time planning high-impact tests rather than writing test-case books.
Enthusiasts expect much-improved agility, as well as improved focus on true risk. The American pharmacist’s council
technical article explicitly links CSA to improved product quality and patient safety (**/ sqa.org), arguing that focusing on
risk ultimately enhances overall assurance.

Empirical data on savings is emerging anecdotally. FDLI and industry workshops report that firms piloting CSA
approaches have seen validation cycle times cut by 30—-50% in some cases (data not publicly published yet). However,
robust statistics are scarce because CSA is so new. We do know that CSV projects are very costly: a large firm might
spend $1-2 million per year on validation labor. Even a 20% efficiency gain would free up hundreds of thousands of
dollars for innovation.

Challenges: Transition is not without risks. Companies worry that an inspector might not accept the new approach. FDA
has tried to allay this, with senior staff publicly stating that risk-based methods are acceptable and that CSA is consistent
with FDA requirements (°°/ www.fdli.org). Nonetheless, companies must invest in training “critical thinking” skills for their
validation teams and clearly document their rationale. Internal audit functions must adapt to review risk analyses rather
than checklists of attachments. There is also the risk of under-testing: if a risk assessment fails to identify a hidden
hazard, it could result in software issues later. Thus, CSA demands high feeling of responsibility and competence.

Regulatory Future: CSA 2025 is likely not the final word. FDA may issue further clarifications or case studies as
experience accumulates. There is discussion of similar guidance for clinical software (beyond device software). Industry
bodies (like ISPE, Parenteral Drug Associations) are already developing CSA training programs. Furthermore, vendors of
validation tools are racing to support CSA: we see offerings for automated risk assessment, Al-driven test generation,
and dynamic traceability tools that fit the CSA model. For example, some software validation suites now include
RISK=HIGH flags for features and generate test plans accordingly. Microsoft and AWS, which host many regulated
applications, also provide “CSA-friendly” templates for cloud validation. It is plausible that in 5-10 years, CSA (or an
analogous concept) will become standard practice worldwide for regulated software, much as risk management is
today for product design.

Overall, the implications are profound. Regulatory compliance is moving from a paperwork-intensive model to a quality-
focused model. Technology advances like Al not only necessitate this change but can also be harnessed within CSA
itself. For example, Pharmaceutical Engineering commentary suggests that Al can assist in CSV/CSA by auto-generating
test cases when business processes and risk criteria are well-defined (““' ispe.org). In turn, the industry’s upcoming
workforce will need skills in both advanced analytics and quality engineering, blending roles that were once separate.

As one concluding perspective, consider this: adopting CSA for Al systems does not diminish the rigor of quality systems;
rather, it redirects rigor to where it truly matters. If well-implemented, CSA can yield systems that are better tested for
high-stakes functions, with continuous quality checks throughout device production. In a sense, CSA is not just an FDA
rule change—it is a strategic shift in how life sciences organizations think about software and Al assurance. Evidence to
date and expert opinion suggest that this shift can accelerate innovation and improve product safety, provided it is done
prudently under the guidance’s framework (°/ www.ideagen.com) (? bluemountain.io).

Conclusion

In summary, Computer Software Assurance (CSA) represents a modernized approach to validating regulated software,
and it comes at a time when artificial intelligence is transforming life sciences. The FDA's new guidance codifies a risk-
based model that emphasizes critical thinking and targeted testing over rote documentation (! www.fda.gov) (*
www.fdli.org). For Al-driven systems — which learn, change, and can be opaque — this approach is not just desirable but
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arguably essential. By focusing validation on the highest-risk features and by planning for continuous monitoring, CSA
can ensure that Al enhances product quality and patient safety without bogging companies down in unnecessary re-
testing. Industry analyses strongly support this evolution: experts note that CSA “makes compliant Al adoption...practical”
(""" www.ideagen.com), and that leveraging Al tools and vendor evidence can greatly streamline assurance ('°!
www.mastercontrol.com) (pharmaconnections.in).

Nevertheless, the transition requires care. Companies must build confidence in risk-based methods, ensure inspectors
understand the approach, and maintain a culture of quality. As one regulatory white paper observed, achieving
“inspection readiness” under CSA means demonstrating sound risk logic and high-quality execution of critical tests (!
wwwfdli.org) (°hwwwfdli.org). The benefits — faster deployment of new technologies, lower costs, and more relevant
validation — make the effort worthwhile.

Looking forward, CSA for Al systems is likely to converge with broader trends in Al governance. Frameworks like NIST’s
Al RMF and the coming EU regulations all demand vigilant risk management; the FDA's CSA guidance can be seen as
the domestic manufacturing arm of this movement. In practice, we expect to see more automated assurance tools, tighter
integration of IT and Quality teams, and a new generation of validation engineers skilled in both data science and
regulatory science.

In conclusion, moving beyond CSV to CSA is more than a semantic change — it is a paradigm shift toward smarter, more
agile compliance. The evidence and expert opinions make a compelling case: CSA is not a shortcut around quality, but
rather a way to apply quality principles more effectively in the age of Al (°) www.ideagen.com) (' www.idli.org). For
regulated organizations, the path forward is clear: embrace risk-based assurance, invest in competence, and use the
CSA framework (with its FDA blessing) to ensure that Al systems deliver real clinical value safely. As the FDA itself states,
CSA aims to build “confidence that software is fit for its intended use,” and in the context of Al, this confidence will rely on
intelligent validation — exactly the goal of CSA () www.fdli.org).

References: Cited sources appear in-line above. Notable references include the FDA's final CSA guidance ("
www.fda.gov), industry analyses (FDLI, MedTechintelligence) (°! v idii.org) (“) v fdli.org), and recent white papers on
Al system validation (©°) www.ideagen.com) (' www.biotech-asia.org). Each factual claim and statistic here is backed by
published guidance or peer-reviewed/industry literature.
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IntuitionLabs - Industry Leadership & Services

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

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

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

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

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

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

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

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

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

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

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

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

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

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