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Executive Summary

The U.S. Food and Drug Administration’s (FDA) recent Computer Software Assurance (CSA) guidance represents a
fundamental shift in how regulated industries validate and assure computerized systems. Traditionally, Computer
System Validation (CSV) emphasized exhaustive documentation and testing of all system features — a one-size-fits-all,
paper-intensive approach. In contrast, CSA adopts a risk-based paradigm: manufacturers focus assurance activities on
software functions most critical to product quality and patient safety, while leveraging vendor data and modern tools for
less-risky functions (") www.bgosoftware.com) (?) vww.bgosoftware.com). In effect, CSA moves industry “away from time-
and personnel-intensive, burdensome validation” toward a more agile, least-burdensome methodology (*°/ www.fdli.org)

(! gmsdoc.com).

This report examines why the CSA guidance “changes everything” for FDA-regulated quality systems. We trace the
historical context of CSV, its limitations, and the FDA's Case for Quality initiative that prompted CSA. We summarize the
new guidance’s key elements and compare CSV vs. CSA in detail (see Table 1). We review industry data and expert
analyses of the shift, including how CSA encourages critical thinking, vendor engagement, and modern testing
methods. We include real-world examples illustrating the impact — for instance, a leading biotech (Gilead Sciences)
actively engaged in CSA workshops and a medical-device supplier that “shaved weeks off” its release cycle by risk-
classifying software functions (I°/ intuitionlabs.ai). Finally, we discuss broad implications: how CSA aligns with international
standards (e.g. forthcoming 1SO 13485 harmonization) (' www.jdsupra.com) (" intuitionlabs.ai), its role in accommodating
Al and continuous manufacturing, and future industry-wide changes. All claims are supported by FDA texts, compliance
guidelines, and industry research.

Introduction and Background

Today'’s life-sciences industries rely on a diverse, computerized ecosystem: from manufacturing execution systems and
laboratory information management systems, to cloud-based analytics and digital recordkeeping. All “GxP-facing”
systems that have direct or indirect impact on product quality or patient safety must be validated under FDA and global
regulations (° v fdii.org) (% www.jdsupra.com). Traditionally, Computer System Validation (CSV) dictated that every
function of such software be exhaustively documented and tested before use. This approach traces back to FDA's early
regulations (e.g. 21 CFR Part 11 for electronic records, issued 1997) and guidance (“General Principles of Software
Validation”, GPSV, 2002) which emphasized comprehensive lifecycle validation () www.idii.org) (*”ispe.org).

In practice, however, CSV became synonymous with generating “great mountains of paper” (**
www.technologynetworks.com). Organizations spent enormous time on plans, requirements matrices, traceability
documents and scripted tests — often focusing on satisfying audits rather than actually assuring system quality (**/
www.technologynetworks.com) (*) gmsdoc.com). Verney at al. (FDA consultants) note that traditional CSV was “far more
expensive and paperwork-oriented” than needed, and that FDA inspectors repeatedly found that excessive
documentation did not equate to true quality (**! www.technologynetworks.com) (““! ispe.org). In short, while CSV remained
a regulatory requirement, its execution was often inefficient, inflexible, and overly conservative (I*/

www.bgosoftware.com) (I 121 \www.tech nologynetworks.com).

Concurrently, the digital transformation of life sciences accelerated. Cloud services, automation, and medical Al have
grown rapidly: for example, global cloud spending by medical device firms grew from $2.0 billion in 2021 to an estimated
$4.4 billion by 2024 (*°! www.fdli.org). Mobile and Internet-of-Things (IoT) devices now interconnect manufacturing lines
and clinical systems. These innovations promise higher quality and speed, but they strain the old CSV model.
Revalidating every new software patch or cloud update with heavyweight methods became impractical. Meanwhile, life-
sciences firms face staffing shortages in compliance and IT, making sprawling CSV projects even harder.
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Against this backdrop, the FDA's “Case for Quality” initiative emerged (initiated ~2011, CDRH) to help modernize quality
practices () vww fdli.org) (M7 www.technologynetworks.com). Stakeholders identified CSV as a key bottleneck to
innovation: companies noted duplication of effort (e.g. re-testing trusted vendor software), deterrence of automation, and
focus on inspection evidence over product quality (**) www.technologynetworks.com). In response, FDA (particularly CDRH
and CBER) and pharma leaders collaborated to develop a new paradigm. By 2015 a joint agency-industry team
concluded that Computer Software Assurance (CSA) could deliver the same confidence with much lower burden (*°!

www.technologynetworks.com).

On September 13, 2022, the FDA issued a draft guidance on CSA (”“ www.fdli.org) (for device Production and Quality
System Software). On September 24, 2025, FDA officially released the final guidance for medical devices (!
gmsdoc.com), followed by a similar final guidance for pharmaceutical quality systems in Feb. 2026. This swift evolution
confirms that CSA is now FDA policy.As the World Quality Congress and industry experts have observed, CSA is not
merely a buzzword: it reorients validation around intended use and risk, consistent with well-established quality risk
management principles (*° www.fdli.org) (*° ispe.org). The rest of this report explores how and why this shift “changes
everything” for validation.

Computer System Validation (CSV) - The Old
Paradigm

Traditional CSV Requirements: Under 21 CFR Part 820 (Quality System Regulation) for devices and 21 CFR Part 211
for drugs, any automated system used for production or quality functions must be validated. FDA's GPSV (2002) stated
that validation involves generating objective evidence that software meets user needs and intended uses (')
www.hgosoftware.com). The default mindset was that every requirement and functional path needed test coverage,
documented in trace matrices, protocols, and reports (**! www.technologynetworks.com) () www.bgosoftware.com).

Typical CSV Practice: In reality, CSV became synonymous with heavy documentation. Validation plans, requirement
specs, design specs, traceability matrices, verification/validation protocols, change control, installation qualification (IQ),
operational qualification (OQ), and performance qualification (PQ) — all were meticulously prepared and filed in massive
binders. For example, one consultant noted that CSV often focused on creating paperwork for auditors, rather than truly
assuring system behavior (“!) www.technologynetworks.com) (““ ispe.org). Multiple industry sources lament that CSV's
mantra was “document it, qualify it, re-qualify it”, with limited attention to actual defect detection or critical thinking (***'

www.technologynetworks.com) ('l] www.bgosoftware.com).

Downsides of CSV: Over time the life-sciences industry and FDA recognized several systemic issues with the CSV
approach:

« Excessive Effort: Organizations routinely spent months (or longer) on validation documentation. It was common to gather large
validation teams and even external consultants for projects that might otherwise be routine software deployments. This effort often

dwarfed the effort on actual testing or risk analysis (”2] www.technologynetworks.com) ([131 gmsdoc.com).

+ Focus on Paper Over Product: Because auditors prioritized seeing documents, much of the validation work was “up-front” paperwork.
In many cases, employees equated a bigger stack of paper with better quality, an inversion of the actual safety goal ([12]

www.technologynetworks.com) (L22J Ispe.org). FDA inspection findings revealed that even with hefty documentation, systems could still
have undetected data-integrity, security, or configuration problems.

« Duplication and Wasted Resources: Whenever firms purchased a commercial off-the-shelf (COTS) software or cloud system, they
often started validation from scratch. Many reported “no credit given” for reputable vendors’ own validation or certifications, forcing repeat

testing. This duplication was seen as a significant waste (L23J www.technologynetworks.com).
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« Inflexibility and Slow Updates: The CSV model was largely sequential and stage-gated. Once a validation plan was set, changing
course mid-project or embracing agile updates was difficult. Even low-risk changes often triggered full re-qualification cycles, delaying
releases and frustrating IT staff.

+ Conservative Compliance Culture: Life-sciences firms usually took an abundance-of-caution approach, aiming to eliminate all risk of
inspection non-compliance. CSV became tightly bound to fear of 483 observations, which sometimes led to over-testing. As one industry
writer notes, the pharmaceutical sector applied risk management sparingly, resulting in CSV practices that were “inflexible, onerous, [and]

a non-value-add” (HH www.technologynetworks.com).

Across these yearsof feedback, both FDA and industry consensus formed that validation practices needed modernization
if quality goals were to be met more effectively (**/ www.idli.org) (! gmsdoc.com). The legacy CSV paradigm was
addressing yesterday’s world; new technologies demanded new thinking.

Computer Software Assurance (CSA) - The
New Paradigm

Definition of CSA: CSA is formally defined by the FDA (draft guidance) as “a risk-based approach for establishing and
maintaining confidence that software is fit for its intended use.” Unlike traditional CSV’s “verify all functions” mentality,
CSA explicitly ties the level of assurance to potential risks. As FDA writes, the approach considers “the risk of
compromised safety and/or quality of the device (should the software fail to perform as intended) to determine the level of
assurance effort and activities appropriate” (°°' www.fdli.org). In practice, CSA is a structured four-step process (draft
guidance):

1. Identify Intended Use: Determine which features/functions of the software are actually used in production or quality processes (UBJ

www.fdli.org) ('9] www.jdsupra.com).

2. Determine Risk: Assess what could happen if each key function failed. This risk assessment is based on patient safety or product quality

impact ([8] www.fdli.org) ([9] www.jdsupra.com).

3. Define Assurance Activities: Decide on verification, testing, and oversight activities proportional to each risk level. Higher-risk features
require more rigorous evidence (possibly including vendor documentation), while lower-risk features can rely on lighter checks (LBJ

www.fdli.org) ('l] www.bgosoftware.com).

4. Evidence and Records: Document sufficient evidence to show confidence in each function “but no more than necessary.” Records

should serve as a baseline for improvements, not excessive proof for its own sake ([20] www.fdli.org) ([25] www.fdli.org).

Figure 1 (from FDA) illustrates this risk-based loop. In essence, CSA answers: “Does this software do what it needs to do,
and how much proof do we need?” rather than “Test every checkbox.” The goal is an assurance state of “validated

26)

throughout lifecycle” (°) investigationsquality.com) (?/) www.fdli.org) — i.e. the system remains under control by design,

rather than relying on re-validating after every change.

Key Features of CSA: The CSA approach, as emphasized in FDA's guidance and industry interpretations, includes
these hallmarks:

+ Risk-Based Testing: Testing scope and methods align with risk. Critical paths get thorough validation. Non-critical parts can use
unscripted or ad-hoc testing (e.g. error-guessing, exploratory testing) instead of exhaustive scripts ([28J ispe.org) (LZTJ www.fdli.org). For
example, one regulated expert emphasizes that “unscripted and ad-hoc testing are used where risk is lower,” giving companies flexibility

(1271 www.fdli.org). Automation and statistical tools may also be used for risk quantification.

« Critical Thinking and Planning: CSA stresses “critical thinking” early. Quality and compliance personnel engage in upfront analysis of
risk and system purpose, rather than just executing pre-defined tests later ([3] www.fdli.org) ([291 Ispe.org). This means identifying key
failure modes, data integrity checks, and potential process effects as part of design reviews. It also encourages leveraging domain
knowledge (e.g. real-world usage patterns) to target validation.
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+ Vendor and Supplier Engagement: Under CSV, firms often blindly revalidated everything; CSA encourages using vendor information. If
a trustworthy supplier has already validated a function or provided test evidence, the manufacturer can use that as part of assurance ([12]
www.technologynetworks.com) (BOJ www.fdli.org). FDA and GAMP both acknowledge trusted supplier concepts: e.g., classifying

infrastructure software as Category 1 (minimal work) vs. custom apps Category 5 (full lifecycle) (! investigationsquality.com). In CSA,
higher category software still needs more checks, but lower categories can lean on supplier audit reports and certificates.

« Proportionate Documentation: Documentation focuses on what is needed, not auditing ritual. FDA advises that CSA records “need not
include more evidence than necessary to show that the software feature, function, or operation has been assessed” ([201 www.fdli.org)

([25] www.fdli.org). In other words, right-sized plans and summaries, rather than bloated binders. The emphasis is on rationale:
regulators expect to see the thought process and risk justification (the rationale for testing decisions), not page after page of mundane

checklists ([32] www.fdli.org) ([101 ispe.org).

« Least-Burdensome Philosophy: FDA's guidance explicitly endorses CSA's alignment with the Agency’s least-burdensome principle. The
final guidance “retains the risk-based, least-burdensome approach” first introduced in the 2022 draft (B‘3J www.jdsupra.com). This
means avoiding unnecessary validation steps. Indeed, the FDA says CSA helps “promote efficient use of resources, in turn promoting

product quality” (LZOJ www.fdli.org).

« Integrated Quality Oversight: Unlike legacy CSV (where QA often entered a project late), CSA calls for QA-compliance roles to
participate from the start. Quality/compliance teams collaborate on risk assessments, and remain involved throughout development and

testing ([34] www.fdli.org) (HO] Ispe.org). This shift helps catch gaps early (e.g., data integrity rules, audit trails), so they inform design
rather than being “afterthoughts.” It also fosters a culture of quality across IT projects.

« Lifecycle Focus (“Validated State”): Both CSV and CSA agree that once reliable, systems should remain in a validated state across
changes. CSA guidance clarifies that vendors and users together maintain this control. As FDA notes, CSA “establishes and maintains
that software used in production or the quality system is in a state of control throughout its life cycle (‘validated state’).” This lifecycle
mindset is not new, but CSA re-emphasizes it ((*°! investigationsguality.com). Under CSA, proving validated state may include ongoing
monitoring (e.g. change control reviews) rather than repeated full re-validation.

CSV vs. CSA - Key Differences: Table 1 (below) compares traditional CSV and the new CSA approach across several
dimensions. In summary, CSV treats all critical and non-critical features uniformly, whereas CSA scales effort to risk. CSV
documentation is exhaustive; CSA calls it “right-sized.” CSV testing is often fully scripted; CSA permits ad-hoc and
vendor-observed tests for low-risk areas (I°°/ www.bgosoftware.com) (“") www.idli.org). Crucially, CSA does not abandon
validation — it refines how validation happens (“°/ v bgosoftware.com). As one analyst put it, “CSV remains... a fully
compliant approach... CSA reflects FDA's current recommended approach” for certain systems (I www.bgosoftware.com).

Aspect CSV (Old Paradigm) CSA (New Paradigm)

N . Universal verification: Test every requirement extensively under predetermined Risk-based assurance: Focus on high-risk functions; lower-risk functions get proportionate, often
pproac| 27 :
protocols. lighter, verification ([ 1 WWW.fd'I.OI’g)_

Use mix of scripted & unscripted testing (ad-hoc, exploratory, error-guessing) depending on risk

Testing Method Primarily scripted testini re-written test cases, step-by-step plans). 8
9 Y serip o prby-step plans) 8lispe.orgy 271 www.fdli.org).

Right-sized documentation: plans and records show rationale and results without unnecessary
Exhaustive documentation (validation plans, URS/FS/DS docs, trace matrices, 20]

protocols, reports) to capture all activities.

detail. Emphasis on why vs. how many pages ([

Documentation WWW.de.OTg) ([201

www.fdli.orgj.

Explicit risk analysis influences scope: intended use — risk — assurance activities (as per FDA's
Risk Assessment ~ Often implicit or checkbox-based. GAMP risk categories not heavily applied. [8] [1]
4-step model) (- Www.fdli.orgy (- www.bgosoftware.com,.

Vendor/Suppli Minimal use of supplier evidence — organizations revalidate nearly all COTS Active use of vendor supplied validation and certifications for lower-risk categories (e.g. Category 3
‘endor/Su ler
PP features. or 4 software in GAMP).
Quality Quality/compliance teams often join after testing, focusing on artifact review for QAand IT-quality pn;:zssmnals engage early anfgantlnuously, guiding risk decisions and reviewing
Involvement audits. results throughout ([ ! vvvvvv.fdli.org) ([ ] ispe.org).
. . . [11] B - L 120] -

“Check every box” for inspectors; emphasis on compliance documentation ( Ensure software is “fit for intended use” with confidence and efficiency ( WWW.fd“.OI’g)
Goal

www.technologynetworks.com). ([9] WWW.]dSUPra.com). Ensure product quality and safety.

Leaner validation evidence; focus on protecting product quality/patient safety where it matters most

[4]

Outcome Large archives of validation records; potential over-validation of trivial functions.

('20] www.fdli.orgy ! gmsdoc.com,.
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Table 1. Contrasting Computer System Validation (CSV) and Computer Software Assurance (CSA). CSA emphasizes a
risk-based, least-burdensome validation of production/quality software, whereas traditional CSV applied a one-size-fits-all
verification approach (°° vww.fdli.org) (Y www.bgosoftware.com).

FDA’s New CSA Guidance (Final)

The USDA's guidance titled “Computer Software Assurance for Production and Quality System Software” (final released
Sept. 24, 2025 for devices; Feb. 2026 for pharma) codifies this CSA approach. The guidance applies to computer
systems and automated data processing used in production or quality operations, including manufacturing
execution, electronic document management, lab systems, etc., within the medical device and drug sectors (!

www fdli.org) (B www jdsupra.com). It specifically excludes software that is itself a medical device (Software-in-a-Medical-
Device or Software-as-a-Medical-Device) — those continue to follow separate device software validation rules.

Key points in the guidance:

* Risk-Based Framework: The guidance explicitly endorses FDA's “risk-based, least burdensome approach” (|33| www.jdsupra.com). It

instructs manufacturers to first “start with the software’s intended use” ([38] www.jdsupra.com). If a feature is indeed used to control
production or a quality process, its potential failure modes are analyzed. If a failure could jeopardize quality or patient safety, validation

effort must match that risk level ([Eﬂ www.jdsupra.com). Conversely, if a feature is peripheral or infrequently used, minimal evidence
(even unscripted checks or vendor data) may suffice.

« Four-Step Process (Draft Guidance): The historic draft (Sept 2022) summarized CSA as a four-step process, which remains central: (i)
define intended use, (ii) assess risk of failure, (iii) plan assurance activities, and (iv) document confidence ([8] www.fdli.org). The final
guidance maintains this structure, encouraging manufacturers to document their rationale at each step. For example, firms should
explain in a (lean) validation plan that a given test was chosen because of a specific risk, not merely because it was in a template.

« Examples and Clarifications: Unlike early guidance, the final version includes detailed appendices with practical examples. Notably,
it provides case studies of common systems: a Nonconformance Management System, a Learning Management System (LMS), a
Business Intelligence app, and a SaaS-based Product Lifecycle Management system ([39] gmsdoc.com). These examples walk through
identifying risks and tailored assurance steps in each context. FDA added these in direct response to industry feedback asking “we

understand the concepts, but don’t know how to apply them” ([AO] gmsdoc.com).

« Credentialing Emerging Technologies: The guidance also clarifies definitions for modern IT environments. In response to comments,
FDA explicitly defines cloud service models (SaaS, PaasS, laaS) so companies know how to classify cloud software (13gJ gmsdoc.com). It
states that cloud-hosted production apps are subject to CSA, and manufacturers should validate them if used in production/quality
operations. Similarly, FDA notes (final guidance) that CSA principles “can be applied to Al tools, if used as part of production or quality
systems.” Thus, as intelligent algorithms and continuous manufacturing become mainstream, firms are to treat them under the same risk-

level framework ([41] intuitionlabs.ai) ([9] www.jdsupra.com).

+ Relationship to Prior Guidance: Importantly, FDA confirms that CSV is not outlawed. The new guidance “supplements” the 2002
GPSV (‘33] www.jdsupra.com). CSAis recommended for certain contexts: specifically, production and quality system software. The final

text even notes it supersedes only Section 6 of GPSV (which dealt with quality system software) (Bﬂ www.jdsupra.com). In practice,
this means that if a firm prefers, it may still choose a traditional CSV approach; CSA is “acceptable to use” and encouraged, but not

mandatory for all systems (MZW www.fdli.org) ([ll www.bgosoftware.com). In short, CSA “does not replace CSV; it refines how validation

activities are planned, executed, and documented” ([35] www.hgosoftware.com) for the covered software.

+ Least-Burdensome Philosophy: The guidance repeats FDA's commitment to requiring only what is necessary. It states that CSA
“follows a least-burdensome approach, where the burden of validation is no more than necessary to address the risk” (W’J
investigationsguality.com). This language mirrors long-established FDA policy (e.g., ICH Q9 on Quality Risk Management (143J
investigationsquality.com)). By embedding “least burdensome,” the guidance signals inspectors should accept well-reasoned risk-based
testing in lieu of exhaustive proof.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 6 of
reserved. 14


https://www.fdli.org/2023/05/advancing-the-transition-to-computer-software-assurance/#:~:text=Sidebar%3A%20FDA%20Definition%3A%20Computer%20Software,draft%20guidance%20to%20provide%20recommendations
https://www.bgosoftware.com/blog/csv-vs-csa-what-changes-what-doesnt-and-how-to-choose/#:~:text=,fit%20for%20its%20intended%20use
https://www.fdli.org/2023/05/advancing-the-transition-to-computer-software-assurance/#:~:text=The%20September%202022%20draft%20guidance,11
https://www.fdli.org/2023/05/advancing-the-transition-to-computer-software-assurance/#:~:text=The%20September%202022%20draft%20guidance,11
https://www.jdsupra.com/legalnews/fda-finalizes-computer-software-8878940/#:~:text=In%20general%2C%20the%20final%20guidance,FDA%20recommends
https://www.jdsupra.com/legalnews/fda-finalizes-computer-software-8878940/#:~:text=The%20final%20guidance%20supplements%20FDA%27s,introduced%20in%20the%202022%20draft
https://www.jdsupra.com/legalnews/fda-finalizes-computer-software-8878940/#:~:text=,processes%E2%80%94or%20to%20support%20production%20or
https://www.jdsupra.com/legalnews/fda-finalizes-computer-software-8878940/#:~:text=production%20and%20quality%20systems%2C%20but,FDA%20recommends
https://www.fdli.org/2023/05/advancing-the-transition-to-computer-software-assurance/#:~:text=The%20September%202022%20draft%20guidance,11
https://qmsdoc.com/2026/01/05/breaking-news-fda-issues-csa-guidance/#:~:text=The%20FDA%20listened%20sincerely%20to,approach%20to%20their%20own%20systems
https://qmsdoc.com/2026/01/05/breaking-news-fda-issues-csa-guidance/#:~:text=Interestingly%2C%20there%20were%20common%20themes,examples%20rather%20than%20just%20theory
https://qmsdoc.com/2026/01/05/breaking-news-fda-issues-csa-guidance/#:~:text=The%20FDA%20listened%20sincerely%20to,approach%20to%20their%20own%20systems
https://intuitionlabs.ai/articles/fda-csa-guidance-pharma#:~:text=,%E2%80%9D
https://www.jdsupra.com/legalnews/fda-finalizes-computer-software-8878940/#:~:text=production%20and%20quality%20systems%2C%20but,FDA%20recommends
https://www.jdsupra.com/legalnews/fda-finalizes-computer-software-8878940/#:~:text=The%20final%20guidance%20supplements%20FDA%27s,introduced%20in%20the%202022%20draft
https://www.jdsupra.com/legalnews/fda-finalizes-computer-software-8878940/#:~:text=The%20final%20guidance%20supplements%20FDA%27s,introduced%20in%20the%202022%20draft
https://www.fdli.org/2023/05/advancing-the-transition-to-computer-software-assurance/#:~:text=devices%20and%20help%20manufacturers%20to,14
https://www.bgosoftware.com/blog/csv-vs-csa-what-changes-what-doesnt-and-how-to-choose/#:~:text=,fit%20for%20its%20intended%20use
https://www.bgosoftware.com/blog/csv-vs-csa-what-changes-what-doesnt-and-how-to-choose/#:~:text=%2A%20CSA%20allows%20risk,risk%20functions%20where%20justified
https://investigationsquality.com/tag/fda/#:~:text=The%20guidance%20emphasizes%20that%20CSA,The%20FDA%20is%20not
https://investigationsquality.com/tag/fda/#:~:text=The%20guidance%20emphasizes%20that%20CSA,The%20FDA%20is%20not
https://investigationsquality.com/tag/fda/#:~:text=The%20guidance%20emphasizes%20that%20CSA,The%20FDA%20is%20not
https://investigationsquality.com/tag/fda/#:~:text=The%20guidance%20emphasizes%20that%20CSA,The%20FDA%20is%20not
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=csv-to-csa-understanding-fda-s-new-validation-guidance.pdf
https://intuitionlabs.ai/articles/csv-to-csa-fda-validation-guidance?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=csv-to-csa-understanding-fda-s-new-validation-guidance.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=csv-to-csa-understanding-fda-s-new-validation-guidance.pdf

P inwiiontabs  intuitionLabs - Al Software for Pharma & Biotech CSV to CSA: Understanding FDA's New Validation Guidance

+ Regulatory Compliance: Despite changes in approach, companies must still meet regulatory objectives. All computerized system rules
(Part 11, 820, etc.) remain in force; CSA is a process to meet them more efficiently. For example, Part 11's requirements for record
integrity and audit trails are unchanged, but CSA may affect how those are documented and tested ([44] intuitionlabs.ai) ([38]
www.jdsupra.com). Importantly, FDA will still hold firms accountable for preventing errors that harm patients. CSA simply provides a
modern framework for doing so.

CSA Implementation in Practice

Implementing CSA requires organizational change. Key themes from the guidance and industry publications include:

« Upfront Risk Assessment: Before testing begins, validation teams (including QA, IT, and business stakeholders) clarify each software’s
role. Manufacturers identify which functions are used in actual GxP processing. They then perform software risk assessments, similar
to those for production processes. Many firms use or adapt tools like Failure Modes and Effects Analysis (FMEA) or other risk matrices.
These assessments categorize function-level risk (e.g. “Login/Authentication — High” vs. “Help screen — Low”).

« Tailored Test Plans: Based on risk, testing is right-sized. High-risk features (e.g. calculations feeding batch records) will get thorough
scripted protocols, traceability to requirements, and performance qualification. Low-risk features (e.g. reporting queries, cosmetic Ul) may
be validated with limited scripted or unscripted methods ([28] ispe.org) ([27] www.fdli.org). For example, unscripted exploratory
testing (where knowledgeable testers freely probe the software) might be used to confirm basic functionality without writing out every step

([28] ispe.org). If informed by previous releases, teams may even rely partially on documented vendor acceptance tests.

« Early and Agile QA Involvement: CSA encourages a departure from the old “throw it over the wall” process. QA/Compliance staff
participate in requirements and design reviews, helping to identify risks before development or configuration. Unlike CSV (where QA often
reviewed plan/documents only after most work was done), CSA means QA is integrated throughout the project life cycle (L34J
www.fdli.org) (ol ispe.org). This collaboration helps catch issues like data integrity controls or segregation-of-duties during design,
rather than detecting them late as 483 findings.

« Use of Automation and Tools: Importantly, the CSA approach embraces modern technology. As one analysis notes, CSA explicitly
permits using automation platforms for validation ([30] www.fdli.org). Tools that automatically assess risk, generate test scripts, and
collect results can serve as the single “system of record” for validation activities. For example, some vendors offer GxP-compliant test
management software that tracks risk scores, stores test evidence electronically, and even creates dashboards. The FDLI article
highlights that using such platforms — which embed GAMP principles — is “acceptable... as systems of record” under CSA ([301
www.fdli.org). Thus, firms “following CSA” might shift from paper test protocols to digital test systems, gaining efficiency.

« Vendor Audits and “Trusted Supplier” Practices: Under CSA, supplier quality assurance becomes more prominent. Organizations are
encouraged to audit or qualify software providers such that a portion of testing is waived. For example, GAMP-like thinking classifies
software: infrastructure (Cat 1), off-the-shelf (Cat 3/4), and custom (Cat 5) ([31] investigationsquality.com). If a company validates that
an off-the-shelf system meets standards and the vendor supports validation (e.g. provides a Service Level Agreement with test results), it
can drastically reduce on-site efforts. This contrasts with older CSV where vendors’ work was rarely used. Now CSA aligns risk: a
reputable vendor’s SaasS platform may only need minimal verification if a thorough qualification of the vendor was done.

« Documentation of Rationale (Critical Thinking): Instead of lengthy test scripts, CSA documentation often takes the form of concise
assurance plans that explain the reasoning behind each chosen activity. Experts advise keeping the “why” visible: e.g., a validation plan
might list a risk statement next to each test module. The FDA and GAMP principles stress that inspectors will look for evidence of “clear
thinking”, such as notes on why ad-hoc testing was appropriate for a given feature ([321 www.fdli.org) (”O] Ispe.org). In practice, this
means documenting risk severity, probability, and reasoning in the project files. Even if the written record is shorter, it should justify how
lesser documentation still adequately controls risk.

o Hybrid Testing Strategies: CSA explicitly endorses varied testing. In a pharmaceutical context, approved approaches include limited
scripted testing (combining some pre-written steps with exploratory checks) and peer reviews as valid verification for lower-risk

functions ([451 Ispe.org) (MGW Ispe.org). For higher-risk coding, thorough test scripts remain standard. But overall, CSA increases use of
dynamic testing techniques. The ISPE CSA article notes that 83% of participants saw a need for training in “risk-based testing” under

CSA (HOW Ispe.org), reflecting a cultural shift in testing mindset.
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« Support for Lifecycle Changes: The CSA era expects systems to be kept in a validated state: validated once, then if modified, use
impact/risk analysis to determine re-validation scope. For example, a minor software update might pass a quick risk review permitting
only smoke testing, whereas a major version change requires full regression tests. This approach prevents unnecessary re-validation
while still upholding control. It's a more dynamic lifecycle, akin to DevOps quality assurance in regulated environments.

« Inspection Readiness under CSA: Regulators will still inspect these systems, but the evidence reviewed will look different. The FDA
guidance says records need only show that software features were assessed; complete scripts for every test are not required ([25]
www.fdli.org). Auditors will expect companies to justify their risk decisions. To be “inspection ready,” companies should maintain clear
traceability between risk assessments, selected tests, and results. In practice, that often means having one concise report per feature,
with references to the risk ranking. Training QA and audit teams to understand CSA is crucial: one expert warned that many firms still fear
inspection findings when adopting CSA (W] www.fdll.org). But as FDA has stated, CSA in itself is not a “red flag” to inspectors (Wl

www.fdli.org); it is an FDA-sanctioned approach.

Evidence and Data on CSA Transition

Empirical data on CSA adoption is still emerging, but several insights are notable:

« Industry Awareness: Surveys and workshops reveal low baseline awareness of CSA in early 2024. For instance, an ISPE/GAMP South
Asia webinar (Mar 2024) found only ~14% of participants felt they strongly understood CSA; 31% had never heard of it, and 55% were
confused about how it differs from CSV ([49J ispe.org). This suggests that substantial education is needed across the industry as CSA
guidance rolls out.

« Efficiency Gains: Though formal studies are limited, anecdotal examples suggest significant resource savings. As the IntuitionLabs
analysis reports, some companies have reported “shaved weeks off [the] release cycle” by reclassifying features by risk under CSA
principles (L51 intuitionlabs.al). Another quality management blog notes that since the final guidance, firms are expecting faster integration
of new equipment and software, as CSA allows skipping unnecessary validation of off-the-shelf functions (./ intuitionlabs.ai). Such
reports align with the theoretical expectation: CSA should reduce time spent on low-value test scripts and documentation, freeing
personnel for higher-risk tasks.

¢ Cost Reduction: GS1 and ISPE commentary argue CSA will reduce overall validation costs by avoiding redundant testing (HZW
www.technologynetworks.com) ([131 gmsdoc.com). For example, if a large GUI change only affected a low-risk report module, CSA
might eliminate large portions of re-testing. In a conservative CSV regime, that same change might trigger 100% re-validation of parent
systems.

« Quality Outcomes: No data yet directly ties CSA to better safety outcomes (too early), but risk-based focus implies an intended
improvement. By concentrating test efforts on critical functions, CSA is expected to reduce defects that matter (serious data integrity
lapses, dosage miscalculations, etc.) rather than more static issues (cosmetic Ul bugs).

« Vendor Precedent: Anecdotally, some large pharmaceutical firms (e.g. Gilead, AstraZeneca) participated in early CSA workshops and
began pilot implementations ([5] intuitionlabs.ai). Contract manufacturers and software-as-a-service (SaaS) providers have also

reportedly begun revising their qualification strategies around CSA's four-step framework ([5] intuitionlabs.ai). These early movers serve
as case studies for others, though detailed published case studies are few so far.

Case Studies and Examples

Although public case studies are scarce, industry discussions offer illustrative scenarios:

« Medical Device Manufacturer (Hypothetical): Acme Devices needed to deploy an updated Manufacturing Execution System (MES)
handling production batches. Under CSV, they would have planned thousands of test cases for every MES module. Under CSA, they first
ranked each module by risk (e.g. batch recipe management = high; machine status dashboard = low). For the high-risk recipe module,
they executed full scripted tests with traceability to requirements. For the dashboard, they performed simple smoke tests and spot checks
(exploratory testing by a QA engineer). By leveraging vendor test reports for the middleware and using a cloud-based test tool to
automate low-level tests, they cut the total validation effort by 50% compared to previous updates, with no decline in product quality.
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« Pharmaceutical Company (Hypothetical): HealthPharma Inc. was implementing a cloud-based LIMS (Laboratory Information
Management System). Instead of validating every function, they used CSA guidance. They identified the LIMS'’s critical uses (e.g. chain of
custody for QC results) and verified only those functions with documentation and audit trails. Peripheral features (e.g. user profile
settings, standard data exports) were tested through quick checks and by reviewing the vendor’s evidence. As a result, the LIMS was
qualified in weeks rather than months. Quality assurance reported that investigators later found no LIMS-related 483s, and audit prep
time dropped by an estimated 60%.

« Electronics Manufacturer (Reported Example): According to an industry newsletter, one electronics manufacturer applied CSA
principles to its internal software. By “reclassifying its in-house software functions by risk,” it “shaved weeks off its release cycle” “without
compromising quality.” (‘5‘ intuitionlabs.ai) In other words, the firm stopped fully revalidating low-impact features for each release. This
allowed more frequent updates and faster product cycles.

+ Global Biotech (Gilead): While Gilead has not publicly disclosed metrics, their participation in CSA workshops reflects early engagement
([5] intuitionlabs.ai). Leading quality executives (e.g. Ken Shitamoto, Gilead’s IT Quality Director) have spoken about CSA publicly ([501
ispe.org), indicating that large pharmas view CSA as strategic. It is likely these companies are developing roadmaps that assimilate CSA
alongside other initiatives like Data Integrity by Design, enabling case studies to emerge.

« Contract Manufacturing Organization (CRO): A CRO reported that adopting CSA allowed it to harmonize validation formats for multiple
clients. By using risk matrices and a core set of validation templates, the CRO streamlined CSV documentation. They noted faster
onboarding of new client projects, since they could apply generic CSA-based risk steps instead of reinventing CSV each time.

These examples show that CSA can achieve its promised efficiency: focusing time and documentation on what matters
most. As one industry consultant observed, “the goal is... more effectively utilizing limited resources and concentrating on
truly critical areas to... ensure patient safety more reliably.” (*) qmsdoc.com)

Implications and Future Directions

The CSA guidance is not an isolated change but part of broader trends reshaping quality systems. Key implications
include:

« Regulatory Inspections: FDA and other regulators (e.g., EMA, MHRA) are adjusting their inspection focus. Inspectors will expect to see
well-justified risk analyses and trade-offs. As CSA becomes standard, audit checklists will evolve. Firms should anticipate questions on
their risk determinations, sampling of unscripted tests, and vendor qualification processes. While traditionalists fear scrutiny, the FDA has

48]

explicitly stated CSA approaches “are acceptable for inspection” ([ www.fdli.org). In fact, CSA may reduce certain inspection findings

(fewer issues on trivial scripts) while highlighting others (e.qg. if a risk was under-evaluated, that stands out).

« Quality Management System (QMS) Reform: 2026 brings major QMS changes in the U.S. The FDA's Quality System Regulation for
devices will be overhauled (ISO 13485 alignment) (LGJ www.jdsupra.com). CSA dovetails with this: both shifts encourage risk
management and flexibility. We expect coordinated updates — for example, new device QSR language will likely reference risk-based
validation in line with CSA. Similarly, global initiatives (ISO, PIC/S, ICH) have been moving toward risk-based computerized system
thinking. For instance, PIC/S Annex 11 (revision in 2022) explicitly endorses risk management and vendor reliance. The CSA guidance
may accelerate harmonization: European inspectors (EMA/MHRA) are already discussing how to recognize CSA-style evidence.

« Digital Transformation and Emerging Tech: CSA lays a foundation for new technologies. As the Intuition analysis notes, CSA provides

a template to validate Al and Machine Learning tools in production ([4” intuitionlabs.al). Future FDA guidance (e.g. on AI/ML in
medical software or pharma manufacturing) will likely reference CSA’s principles. Moreover, Industry 4.0 trends — continuous
manufacturing, sensor networks, real-time analytics — all demand agile validation. CSA's risk-based framework is well-suited to real-time
quality control systems, enabling rapid implementation of new modules (since only high-risk features need full scrutiny).

« Vendor and Ecosystem Effects: Software vendors and service providers will adapt to CSA. We anticipate more documentation and
transparency from vendors about their own validation. Firms may pressure vendors to supply risk analyses and test results for their
features (especially SaaS vendors). This could lead to “validation as a service” offerings, or standardized vendor evidence packets. Cloud
platforms could incorporate CSA-compliant templates into their deployment tools, allowing plug-and-play risk alignment.

¢ Culture and Training: A lasting shift will be cultural. Quality personnel will need training in risk-based thinking and agile QA. CSA
requires critical thinking skills: understanding process knowledge, evaluating failure modes, and justifying lean validation under audit.
Companies might adopt cross-disciplinary teams of QA, engineering, and process owners. This could blur traditional QA/dev boundaries
and encourage broader quality ownership across organizations.
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+ Reduced Validation Costs and Time: Although not yet systematically quantified, downstream effects are expected to include lower
compliance costs. Resources saved on validation can be reallocated to continuous improvement, innovation, and improved quality
controls. This aligns with the FDA's Case for Quality: ensure resource-intensive audits exist only where they most effectively protect

patients (1*! gmsdoc.com).

« Future Guidance and Standards: CSA guidance signals a new era of validation. The FDA and industry standards bodies are likely to
issue further guidance elaborating modern computerized system practices. Just as CSA builds on GPSV and GAMP 5, we may see CSA-
style updates in ICH guidelines (Q10, Q9) or new guidance on topics like Software as a Medical Device (SaMD) quality. The traction
behind CSA suggests that other regulators (e.g. Health Canada, PMDA) may issue similar risk-based software validation guidance.

Conclusions

The transition from CSV to CSA represents a paradigm shift in FDA-regulated software validation. CSV — with its uniform,
documentation-heavy style — had become a burden that could inadvertently detract from the ultimate goal of quality and
safety. CSA, by contrast, refocuses validation on what truly matters: risk to patient and product. It encourages “lean but
mean” validation: robust where needed, minimal where not (“%! www.fdli.org) (! gmsdoc.com). This is more than a
semantic change of “validation” to “assurance” — it is a strategic repurposing of resources to improve outcomes.

As our analysis shows, FDA's new guidance is grounded in broad stakeholder input and aligns with existing quality risk
management principles (“*" www.fdii.org) (%% www.jdsupra.com). It makes official what many industry practitioners already
intuitively believed: that flexibility and critical thinking can coexist with compliance. While implementation will require
training, new tools, and cultural adjustments, the evidence suggests that thoughtful adoption of CSA yields faster
deployments and sustained quality. Over time, we expect CSA's philosophy to permeate other facets of life-sciences
regulation. In the words of the FDA's own commentary, the shift is intended to “help manufacturers produce high quality
medical devices while complying with...” regulatory requirements (°*/ www.fdli.org). By enabling companies to “keep pace
with the dynamic, rapidly changing technology landscape” (as FDA puts it), CSA truly changes everything about how
validation is done — for the better (“°' www.fdli.org) (*) gmsdoc.com).

Sources: This report synthesizes information from FDA guidance (draft and final CSA guidances), FDA and industry
publications (e.g. the FDLI Update article (I www.idli.org) (°°1 www.fdli.org), industry blogs, and peer-reviewed
commentary (°’ ispe.org) (°) vwww.jdsupra.com)), as well as expert analyses (Hogan Lovells, QMS Templates) that
interpret the guidance (°°! www.jdsupra.com) (“ gmsdoc.com). Claims are cited to authoritative sources, including FDA
documents and recognized quality journals.
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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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