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Executive Summary

Artificial Intelligence (Al), especially generative Al, is rapidly entering mainstream use in life sciences, with the promise of
streamlining laborious processes and enhancing compliance. In GxP-regulated environments (e.g. pharmaceutical
GMP/GCP/ GLP), drafting Standard Operating Procedures (SOPs) is fundamental to quality management but is often
time-consuming and error-prone. Recent industry analyses highlight chronic issues: over the past five years, the FDA has
most frequently cited deficiencies in SOPs (missing, unclear, or unenforced procedures) in its inspection findings (!
www.clinicalleader.com). Al-assisted SOP drafting offers tools to address these gaps by automating tedious tasks,
improving clarity, and continuously monitoring for regulatory changes. For example, Al systems can flag ambiguous
language (“adequately clean”), suggest precise instructions, and even align multilingual regulatory requirements against
local SOPs (12l www.rephine.com) (B! www.linkedin.com).

However, balancing automation with compliance is essential. Expert commentators caution that generative Al is not
infallible: it can produce outdated or factually incorrect text, may lack knowledge of a company’s unique processes, and
can create a false sense of readiness if used naively (“/ www.clinicalleader.com) (°! www.cognidox.com). Life sciences
regulations require rigorous traceability, validation, and human accountability for all SOPs, regardless of the drafting tool.
Recent guidance emphasizes that sponsors remain 100% accountable for any document content, even if drafted by Al
(°! pharmacystandards.org) (" www.rephine.com). In practice, this means embedding Al within a validated, risk-controlled
process: using validated Al tools for low-risk tasks (like language editing or training summaries) while reserving human
experts to verify and approve all final SOP content [5] [10].

This report provides an in-depth analysis of Al's role in SOP creation and management in GxP settings. It reviews current
practices and challenges in SOP authoring, the capabilities of generative Al tools, and the regulatory context. We present
multiple industry perspectives—both enthusiastic and cautionary—and real-world examples of Al implementation. The
evidence suggests significant efficiency gains are possible (cases report, e.g., 30—90% reductions in document cycle
times () www.mastercontrol.com) (°) www.mastercontrol.com)) but only if strong compliance controls are maintained.
Our findings underscore a prudent path: adopting Al as a co-pilot that amplifies human expertise, rather than as an
unsupervised author. Key recommendations include employing robust validation (e.g. FDA's risk-based CSA framework
(*"wwwsikich.comy), enforcing audit trails and version control, safeguarding data, and providing thorough human review
of all Al-generated SOPs. By thoughtfully integrating Al, GXxP companies can enhance SOP quality and agility while
upholding the strict compliance required to safeguard public health.

Introduction

Background on SOPs and GxP Environments

Standard Operating Procedures (SOPs) are the foundational documents that codify how regulated organizations perform
critical tasks. In pharmaceutical, biotech, medical device, and other GxP (Good Practice) fields, SOPs ensure
consistency, quality, and safety across operations (! www.rephine.com) ("% northhighland.com). They cover everything
from manufacturing and laboratory processes to clinical trial conduct and record keeping. Regulators (FDA, EMA, MHRA,
etc.) treat SOPs as cornerstones of compliance: they must be clear, accurate, and adhered to, and they must evolve
with new regulations and products () www.clinicalleader.com) (*°! tech-publish.com). Poorly maintained SOPs can lead to
product defects, data integrity failures, and the most severe inspection outcomes.

Historically, SOPs have been authored by subject-matter experts and quality professionals, often using word processors
and manual review cycles. This traditional approach is labor-intensive: drafting a new or revised SOP can take weeks or

months, as multiple stakeholders (R&D, QA, Regulatory Affairs) coordinate input and approvals (' northhighland.com).
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Moreover, life sciences organizations face an ever-growing regulatory burden; SOPs must comply with a complex web of
rules (FDA, EMA, ICH guidelines, I1SO standards, etc.) that vary by region and change frequently (““ northhighland.com)
(*“*Fwwiquia.com). In practice, this leads to document backlogs and outdated procedures. Regulators have noted
systemic weaknesses: for the last five years, PDC Pharma Strategy’s Valerie Przekop reports that SOP deficiencies
(missing, vague, or unenforced procedures) were the single most common FDA inspection observation (I*!
www.clinicalleader.com). Similarly, analyses of FDA Warning Letters and 483s highlight data integrity issues rooted in
documentation lapses (I*°! tech-publish.com) (**! tech-publish.com).

These challenges have prompted life sciences firms to seek new tools. Digital quality systems (eQMS) provide better
control, and leading companies are exploring Artificial Intelligence to push further. Generative Al — large language models
(LLMs) that produce human-like text given prompts — is particularly promising. In other industries, Al can draft emails,
answer customer queries, or write code. In regulated industries, its potential includes automating SOP drafting,
summarizing procedures for training, and scanning documents for compliance gaps (") wuw.clinicalleader.com) (¢!
www.mastercontrol.com). However, GXP environments impose strict requirements: validated computer systems, audit trails,
and human oversight (the ALCOA+ principles of data integrity (*” pharmacystandards.org)) are mandatory. Thus, any Al
adoption must be balanced with rigorous compliance controls.

Objectives and Scope

This report examines Al-assisted SOP drafting specifically within GxP-regulated environments, focusing on how to
balance automation gains with compliance imperatives. We survey the current state of Al and regulatory practice,
evaluate benefits and risks, and propose best practices.Drawing on industry research, expert commentary, and emerging
regulations, we provide a comprehensive guide for organizations considering Al-enhanced SOP management. Key

questions include:
o What are the primary opportunities of using Al for SOP creation, review, and maintenance under GxP?
« What compliance requirements and regulatory expectations apply when drafting SOPs with Al tools?
« How can organizations mitigate the risks of Al (e.g. errors, lack of traceability) while leveraging its efficiency?
« What case study evidence exists of successful or problematic Al deployment in SOP contexts?

« What future developments in Al and regulation will impact SOP processes?

We aim for a detailed, evidence-backed analysis, drawing on multiple professional perspectives. Citations (in [url] format)
are provided for all claims. Tables illustrate key concepts (e.g. risk categories, benefits vs. challenges). By the end,
readers should understand how to responsibly implement Al in SOP workflows, maintaining the integrity of their quality

systems.

Traditional SOP Creation in GxP

Regulatory Framework for SOPs and Documentation

GxP regulations emphasize that all critical tasks must be governed by written procedures. For example, FDA 21 CFR
Part 820 (Quality System Regulation for medical devices) and 21 CFR 211 (pharmaceutical GMP) explicitly require
written methods for processes like manufacturing, testing, and record review. The European Union’s EudraLex Volume 4,
Chapter 4, similarly mandates “clear, consistent, and adequate documentation” across all formats (*°/ vwww.rephine.com).
International standards such as ICH Q7/Q10 require a fully documented quality management system. Annex 11 (EU
GMP) and FDA Part 11 demand that computerized records (including SOPs in eQMS) be legible, original, accurate,
and attributable (ALCOA+) (*!) pharmacystandards.org) (°?) pharmacystandards.org). Thus, SOPs must be traceable
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(version-controlled), evidence-based, and controlled by change management. The introduction of Annex 11 and
upcoming Annex 22 (2025 draft) further embed data governance and Al oversight into EU guidelines (1*°!

www.rephine.com).

Historically, these requirements have meant manual effort. Quality teams draft SOPs (often using boilerplate as a start),
route them through multiple reviews, manage revisions, and train personnel. Change control boards oversee updates,
ensuring each revision cites regulatory triggers (e.g. new ICH guidelines) (**! www.rephine.com) (“) www.rephine.com).
Audit trails must capture who changed which section when — in paper or electronic systems (*°! tech-publish.com). This
process ensures compliance but is slow and prone to human error.

Common Challenges in Traditional SOP Management

Analysis of industry audits reveals persistent pain points. Aside from nonexistent or poorly written procedures, SOP
management often suffers from ambiguity and inconsistency. Vague terms like “adequately cleaned” invite multiple
interpretations and auditor queries (/) www.rephine.com). Different departments may use different words for the same
concept (e.g. “batch release” vs “lot disposition”), leading to confusion (“%/ vwww.rephine.com) (““) www.rephine.com).
Because SOPs cover complex science and cross-functional processes, gathering all relevant knowledge is difficult,
especially in global companies with multi-lingual staffs. For example, a chief technology officer described the “real
headache” of aligning EU, Japanese, and U.S. regulations while also translating SOPs into local languages — tasks that
stretched traditional SOP teams to their limits (°°) www. linkedin.com) () v linkedin.com).

Key challenges include:

« Regulatory Complexity: Life sciences SOPs must reflect a web of global regulations. A consultancy report notes
that keeping SOPs current with FDA, EMA, ICH, and other rules is “complex and time-consuming,” driving the need
for constant revising (*“! northhighland.com).

. Frequent Updates: Rapid scientific and regulatory changes mean SOPs need constant revision (')
northhighland.com). Managing these updates manually creates significant control burdens (e.g. emergency patches
for new safety guidelines).

« Cross-Functional Coordination: Developing SOPs requires input from R&D, manufacturing, QA, etc. Aligning
these stakeholders is a bottleneck (°“! northhighland.com).

- Data Silos: Critical information (process data, past deviations, previous SOPs, etc.) often resides in disparate
systems. Pulling it together to craft a procedure is onerous (°/ northhighland.com).

« Audit and Documentation Load: Every SOP change requires documented justification, versioning, and training.
Maintaining robust audit trails manually or even in legacy systems is tedious (%! tech-publish.com) (%%

northhighland.com).

Consequently, SOP cycle times can stretch for months, and “documentation bottlenecks” are seen as costing
organizations both time and compliance risk (°°! www.mastercontrol.com). For example, MasterControl notes that
companies still using e-mail and manual routing often fall “in documentation quicksand,” whereas early Al-enabled
adopters claim dramatic gains (' www.mastercontrol.com). Overall, the status quo drives the search for tools that can
accelerate SOP creation and ensure consistency and accuracy.

Generative Al and Knowledge Automation

Overview of Generative Al Technologies
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Generative Al refers to machine learning models — especially transformer-based large language models (LLMs) — that
produce new content (text, images, code) after being trained on existing data patterns (:°°/ wuw.clinicalleader.com).
Examples include OpenAl's GPT family, Anthropic’s Claude, and others. Given a “prompt” or input, these models
generate plausible text by predicting likely sequences of words. They excel at tasks like drafting coherent narratives,
rewriting text, and summarizing documents. Importantly for our context, they can ingest complex instructions and
background context to produce customized outputs. However, the output quality depends on the model’s training data
and prompt, and it can hallucinate (fabricate plausible-sounding but incorrect information) (°/ www.clinicalleader.com) (%%
www.sikich.com). Thus, Al-drafted content should always be verified.

Generative Al can be accessed via cloud APIs (ChatGPT, Gemini) or on-premise enterprise models. Many SaaS quality
management and documentation platforms are integrating Al modules. Some companies choose to fine-tune models on
their private corpora (internal SOPs, regulatory libraries) to improve relevance and confidentiality. For example, one
quality consultant reports preparing a “custom Al model trained on high-quality SOPs, industry regulations, and best-
practice writing standards” to assist SOP drafting (°? vwww.clinicalleader.com). In practice, Al works best with retrieval-
augmented generation (RAG): the system retrieves relevant source documents (e.g. regulation excerpts, existing SOP
templates) and asks the model to draft or edit text based on them. This hybrid approach grounds the Al in official sources.

How Al Can Assist with SOP Tasks

Generative Al can be applied at multiple stages of the SOP lifecycle. Key use cases include:

e SOP Ideation: Al can brainstorm SOP subjects and outlines. For example, prompting GPT with details (company type, therapy area,
phase) can yield a prioritized list of required SOP titles (:“°) vy clinicalleader.com). This helps ensure no core procedures are omitted.
It can also suggest checklist items or questions during SOP planning.

« Draft Writing: The Al can generate initial draft text. By feeding a prompt like “Write a GMP SOP for cleanroom cleaning,” the model
produces a paragraph framework. While the raw draft needs review, it jump-starts the authoring process. It can also standardize section
structures (purpose, responsibilities, procedure steps) across multiple SOPs, aiding consistency. As one blog notes, advanced NLP

models can generate “initial SOP drafts” with uniform structure and terminology (‘41] northhighland.com).

« Language Enhancement: Al excels at rewriting text for clarity. If given an existing SOP (or fragment) as input, the model can revise it for
readability, remove duplicates, and tighten wording without altering meaning ([42] www.clinicalleader.com). This can correct subtle
grammar or style issues and ensure consistent phrasing (e.g. always using “product release” instead of alternating terms). A quality
consultant suggests asking Al to identify any conflicting information and align language with regulatory expectations ([43]

www.clinicalleader.com).

« Regulatory Alignment and Gap Analysis: Perhaps the most impactful use is to map SOP content against current regulations. Al (with
RAG) can compare each section of an SOP to requirements in FDA, EMA, or internal guidelines (W1J www.linkedin.com). It can label

items as “met vs missing” and even highlight exact clauses needed ([45‘ www.linkedin.com). In one reported solution, an Al engine
ingests regulatory docs (in any language), aligns them section-by-section with the SOP, flags omissions, and suggests precise language

from norms to fill gaps (°! www.linkedin.com) (“*! www.linkedin.com). This dramatically accelerates compliance checks that would
otherwise take legal/QA teams days.

« Template Standardization: Al can ensure uniform format and fields across SOPs. For example, it can enforce that every SOP includes
sections for “scope, responsibilities, definitions, procedure steps, records, references.” If a draft is missing a “records” section, the Al can
add it. It can also automatically fill repetitive information (company name, roles, regulatory references) from a style guide or master doc

('43| www.clinicalleader.com).

* Summarization and Training Aids: Once an SOP is finalized, Al can generate concise summaries, checklists, or training slide outlines
from the SOP text ([46] www.clinicalleader.com). These assist with onboarding and help employees quickly learn key points. For
instance, a prompt can ask the model to pretend it's a trainer and list common mistakes or FAQs based on the SOP ([47]
www.clinicalleader.com). This makes lengthy procedures more digestible.
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« Continuous Monitoring: Al systems can continuously scan SOPs and regulatory updates. By parsing updates from FDA, EMA, ICH,

etc., the Al flags SOPs needing revision and even identifies affected sections ([24] www.rephine.com) ([18] www.mastercontrol.com).
Automated gap analyses (comparing SOP content against the latest guidelines) help prioritize revision tasks. MasterControl’s platform, for
example, “continuously monitor [s] regulatory changes across global markets, automatically flagging procedures that may require

updates” ([l“] www.mastercontrol.com). This shifts companies from reactive to proactive compliance.

+ Workflow Management: Smart Al-driven QMS can optimize the review/approval workflow. An Al engine can parse the nature of each
change (e.g. whether it is technical, regulatory, or procedural) and route approvals to the most relevant experts, skipping unnecessary
layers (19] www.mastercontrol.com). It can also detect conflicting reviewer comments and prompt resolution before finalization. In effect,
the software makes parallel reviews possible (not purely sequential) and prevents bottlenecks by automatic escalation (I9I

48]

www.mastercontrol.com) (8 www.mastercontrol.com).

« Multilingual Support: In global companies, regulations may originate in several languages. As one CTO described, the Al can ingest

Japanese, German, or other language texts and compare them to English SOPs ([3] www.linkedin.com). It can auto-translate non-
English guidelines so local SOPs remain aligned with, say, EU/US requirements. This capability can also expedite translating an SOP into

a plant’s native language while preserving compliance ([3] www.linkedin.com).

Each of these applications aims to augment human authors, not replace them. For example, automating the mundane
parts (formatting, consistency checks, identifying regulatory requirements) frees experts to focus on content validity and
strategic decisions. Companies report dramatic efficiency gains: one global pharma automated the creation of 30 new
SOPs for a bioreactor line, turning document control into an “active quality enabler” and reducing manual effort
substantially (“°/ vwww.rephine.com). Another simplified SOPs, cut document length by 30%, and observed a 25% drop in

procedural errors (°°) vwww.rephine.com). These cases suggest Al's utility when properly guided.

Benefits of Al-Assisted SOP Drafting

When thoughtfully implemented, Al-assisted tools offer several benefits in SOP management:

« Time Savings and Productivity: Al can perform hours of drafting or analysis in seconds. Routine tasks like reformatting or updating
phrasing can be offloaded to Al, shortening SOP draft-to-approval timelines substantially. Estimates vary, but some reports claim up to

90% reduction in audit and investigation cycle times after AIQMS integration (°°) www.mastercontrol.com) (°*!

WWW. mastercontrol.com).

« Consistency and Standardization: By automatically enforcing templates and terminology, Al ensures consistency across all SOPs and
sites. This uniformity enhances clarity and reduces auditor concerns. For example, Al can standardize terms across departments to avoid

. ([52] ;
confusion (" www.rephine.com).

o Improved Clarity and Quality: Advanced NLP rewriting can make SOP language clearer and more succinct, aiding comprehension by
staff. It can remove redundant text and highlight key steps. Clear procedures are more likely to be followed correctly, raising overall GMP
compliance.

« Regulatory Alignment: Al's ability to scan large regulatory texts and cross-check SOPs means companies can keep pace with evolving
requirements. Automated alerts ensure SOPs remain current with FDA, EMA, ICH updates ([lm www.mastercontrol.com) (”2]

northhighland.com). This reduces risk of noncompliance due to oversight of recent regulatory changes.

« Risk Mitigation: By flagging vagueness or missing elements, Al can help “catch compliance gaps before inspections,” as one industry
blog notes ([53] www.rephine.com). Example: NLP tools identify imprecise language (“adequately clean”) and suggest numeric

specifications (L54J www.rephine.com). This granularity reduces variability in practice and audit findings.

« Training and Knowledge Transfer: Al-generated summaries, checklists, or quizzes make training more engaging. With each SOP
change, staff get tailored materials for faster onboarding, improving retention. Al modules can even answer on-the-floor questions about
procedures in real-time.

« Continuous Improvement: Beyond documentation, Al can analyze deviation and audit data to spot systemic issues. For instance, by
identifying patterns in CAPA outcomes, Al can suggest which SOP sections need revision. This closes the loop between real-world
performance and procedural updates.
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« Scalability across Sites and Regions: For multinational firms, Al can maintain a master SOP repository that is auto-synced with local
language and regulation variants. This agility lets global operations scale without losing control over documentation.

Several expert sources underscore these benefits. Rephine’s GxP consultants assert that Al-powered systems are
“revolutionizing how [pharmas] manage SOPs,” enabling proactive quality oversight (°°/ vww.rephine.com) (%%
www.rephine.com). Industry blogs emphasize that Al “transforms static documents into dynamic quality tools” ([531
www.rephine.com). According to North Highland, integrated Al can “streamline [operations], improve efficiency and
maintain strict compliance” simultaneously (°° northhighland.com) (**) northhighland.com). These views reflect a growing
consensus: Al can make SOP processes faster, smarter, and more resilient to errors.

Potential Drawbacks and Limitations

Despite the upside, there are significant caveats:

o Accuracy and “Hallucination”: Generative Al can produce plausible-sounding text that is incorrect or irrelevant. If training data is
incomplete or biased, the output may be outdated or factually wrong ([37] www.clinicalleader.com) ([38] www.sikich.com). For instance,
Al might cite superseded guidelines or invent a regulatory reference. Thus, human verification is mandatory. One industry author states
that Al's ability to discriminate truth is improving but never perfect; every draft must be checked for factual accuracy ([37]

www.clinicalleader.com).

« Domain Context: Al lacks inherent knowledge of the company’s actual processes. As Cognidox warns, no Al can know how a specific
quality system or product actually works (157J www.cognidox.com). Generic Al might draft a CAPA SOP or cleaning procedure that is

“wildly out of sync” with the resources and context of the actual site (|58| www.cognidox.com). Without precise input, Al may generate
irrelevant assumptions. For example, a ChatGPT-generated SOP might not account for a unique piece of equipment or local regulation,
posing an audit risk.

« Overreliance and False Confidence: Easy Al drafts may tempt teams to accept outputs without proper thought. Cognidox and others

caution that leaning too heavily on Al can create a misleading sense of compliance ([591 www.cognidox.com). A document that “looks
good” might not reflect reality or regulatory nuances. Worse, Dave Byrne of Cognidox notes, this false assurance can “delay real
operational change and mask deeper systemic gaps.” SOPs are tools for process control, not mere paperwork, and Al alone cannot

embed them into culture ([59] www.cognidox.com).

« Data Privacy and IP Risk: Using public LLMs risks exposing proprietary information. If SOP content or trade secrets are sent to a cloud
Al, they could leak into the model or logs. Hence many recommend using on-premise or enterprise Al instances with strict data controls

([601 www.cognidox.com). For GxP, even the risk of accidental data sharing is unacceptable.

+ Regulatory Uncertainty and Audit Questions: As regulators have yet to finalize specific Al rules, any novel practice can attract scrutiny.
If an SOP drafter cannot fully explain how Al produced a section, auditors may ask for validation of that process (l5J www.cognidox.com)
(122J pharmacystandards.org). The lack of clear “Al guidelines” (as one professional training program notes) means companies must
navigate in uncertainty ([61‘ pharmacystandards.org). Misunderstanding regulator stance (e.g., thinking the Al itself could be a “co-

author”) is a trap ((°%/ pharmacystandards.org).

+ Workflow Disruption: Implementing Al tools requires changes to processes and roles. Personnel must be trained to craft good prompts,
evaluate Al outputs, and manage tools. There may be resistance or fear among staff who see their writing tasks replaced. Also,
integrating Al into existing QMS may need new IT infrastructure (secure cloud, APIs, etc.), which can be costly and time-consuming to
validate.

« Validation and Maintenance Load: Paradoxically, introducing Al can add compliance workload. The Al tool itself must be qualified

(validated) for the intended use, its outputs tested for accuracy, and its data models periodically revalidated ([22]
pharmacystandards.org) ([63] www.sikich.com). For high-impact SOP tasks, this could mean performing design controls akin to those
for medical devices [7]. MasterControl even claims their Al platform shortens validation from weeks to minutes, but that relies on
specialized “patented” tools ([64] www.mastercontrol.com). Until such products mature, generic Al adoption requires substantial
oversight.
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In summary, Al-assisted SOP drafting is a powerful tool only when used wisely. It can remove drudgery and catch
omissions, but it cannot replace the critical thinking, process knowledge, and compliance mindset of skilled QA
personnel. In the words of quality leader Valerie Przekop, Al should be used “thoughtfully... as a low-cost, low-risk tool to
support SOP development and training” — not by “blindly copy and past [ing]” its outputs ((°°! www.clinicalleader.com) (°%)
www.cognidox.com). Building a “dialogue” with the model (iterating prompts and corrections) is advised (°°!
www.clinicalleader.com). Ultimately, the human author must always verify, contextualize, and take responsibility for the final

SOP.

Regulatory and Compliance Considerations

Principle of Accountability and Validation

Regulatory agencies emphasize that accountability for content never shifts to Al. As training of pharmacists noted,
“whether a protocol synopsis was drafted by a $500/hr consultant, a junior writer, or a generative Al, the moment you [the
sponsor] sign and submit it, you are legally attesting that you have reviewed, verified, and take full ownership” (“ﬂ
pharmacystandards.org). In other words, the Al is akin to another tool (like Microsoft Word), and the qualified human
remains the “author.” Proclaiming that “Al wrote this” would be seen as shirking responsibility, not a defense (°’!
pharmacystandards.org).

Regulators uniformly require a Human-in-the-Loop (HITL) approach when Al is applied to GxP documentation (*°
pharmacystandards.org). Draft content must be reviewed by experts who validate accuracy, cross-check sources, and sign
off through electronic signatures. Tools used must be validated (21 CFR 820.70(i), EU GMP ANNEX 11) to ensure they
perform as intended. FDA's latest thinking (Draft Al Guidance, Jan 2025) calls for context-specific validation of Al models,

68] 69]

covering training data and performance conditions (I°*/ usdm.com) (°“) www.sikich.com). The FDA's Computer Software

Assurance (CSA) framework (Sept 2025) specifically endorses risk-based validation: rigorous testing of high-risk

10]

functions and streamlined checks for lower-risk features (*°) www.sikich.com) (°“) www.sikich.com).

The ALCOA+ data integrity tenets must still hold for SOPs. Any Al-drafted SOP is an electronic record: it must be
Attributable, Legible, Contemporaneous, Original, Accurate ([211 pharmacystandards.org). These principles mandate locked
edit trails (who changed what and when), and protection against unauthorized edits. If an Al suggestion is incorporated,
the system should log that the output was generated by the tool and then modified by the human reviewer. In practice,
implementation might involve using Al within a validated document management system — so that every Al action is
captured in the official eQMS audit trail (see Table 1 for examples of validation measures by risk category from the
CAIDRA framework ([701 pharmacystandards.org)).

Regulatory agencies have begun issuing guidance relevant to Al use. EMA's planned Annex 22 (in draft as of mid-2025)
explicitly requires that Al models in GxP be “fit for purpose,” with defined intended use, validation protocols, human
oversight, and traceability of training/test data (I’ www.rephine.com). The EMA also stresses embedding risk-based quality
management in documentation (Chapter 4) and tighter controls on computerized systems (Annex 11) ([201
www.rephine.com). While FDA has not finalized an Al SOP-specific rule, it has signaled analogous expectations through
other drafts. The FDA Data Integrity guidance (FDA 2021) implies any content generator must produce records satisfying
ALCOA+. The forthcoming FDA Al Guidance (draft Jan 2025) covers Al in quality systems and suggests vendors re-
evaluate any Al as regulated software, especially if it influences product or patient decisions ("* usdm.com) (")
usdm.com). In short, regulators treat Al like any other quality system: it needs validation, robust change control, and
documented user training.

Table 1. Risk Categories for Al Tools in GxP Documentation (adapted from CAIDRA and industry guidance (//°!

pharmacystandards.org) ([741 pharmacystandards.org)).
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Risk Category Description & GxP Impact

Category 1: Non- No impact on regulated content or decisions. Al used

GxP Tool only for brainstorming or generic tasks outside SOPs.
Low impact; assists humans but does not autonomously
Category 2:
- create regulated content. E.g. grammar/spell check
Productivity Tool
algorithms.
Category 3: Al- Directly involved in SOP content creation or

Assisted Drafting modification. Changes to instructions/regulatory text.

Category 4: Al- High GxP impact; Al autonomously makes compliance-

Decision Making critical decisions (rare in SOP context).

Al for GxP SOPs: A Guide to Automation and Compliance

Example Uses in SOPs

Public Al chatbot for drafting
ideas unrelated to actual SOP
content.

Grammar-check suggestion
mode vs. GPT rewriting text on
our documents.

Generative Al draft of SOP
section, Al rephrasing SOP
content.

Automated approval or rejection
of SOP content without human
review.

ontrol

No formal validation. SOPs must include prohibitions on using such tools with live GxP
data.

Minimal validation: ensure tool does only polishing, not content changes. Might include
usage SOP and periodic checks.

Process & controls validation: Define intended use, train model on trustworthy data,
document prompt/responses. Human-in-loop review mandatory. Audit trail of all Al
ir i Risk miti

via test scenarios.

Full GxP validation (software validation, risk assessment, enhanced monitoring).
Mostly discouraged for SOPs.

Sources: Based on regulatory training materials (’° pharmacystandards.org) (°°) www.sikich.com) and best practices.

Specific Regulatory Expectations

Several specific expectations emerge for Al use in GxP SOP processes:

« Human Oversight and Accountability: As noted, a qualified subject-matter expert must review and endorse all Al outputs. The expert is
legally responsible for content ([6] pharmacystandards.org). Audit submissions or filings should not label any section as “Al-generated”;
instead, only humans are listed as authors.

« Traceability: The process by which an SOP is created or updated (including Al involvement) must be traceable. Ideally, the eQMS should

record which Al tool or prompt was used, who prompted it, and what output it gave. This ensures Attributable and Legible records. For
example, if GPT helped rewrite a section, the pre- and post-text and reviewer notes would be stored.

« Validation: Any Al application classified as Cat.3 (Al-assisted drafting) should follow a documented validation protocol under computer

system validation (CSV) principles. This includes risk assessment of what errors in the Al output could lead to compliance failures (akin to

design validation for a medical device). The FDA's CSA guidance suggests focusing on “critical outputs” and high-risk prompts ([10]
www.sikich.com) (ngJ www.sikich.com). For SOPs, a “critical output” might be any procedure step affecting product safety. The
organization should test the Al's performance on a variety of representative tasks, demonstrating that it reliably meets expectations.

« Change Control & Lifecycle Management: Al models can change (through re-training or vendor updates). Regulatory guidance (e.g.
FDA CSA, EMA reflection paper) calls for a risk-based change control plan. If an Al model used for SOP drafting is updated (e.g. moving
from GPT-5 to GPT-5.2), the company should evaluate how that affects outputs. This might involve revalidating key functions or adjusting
prompts. Essentially, treat the Al as a “supplier” or “digital CRO” (analogous to how CROs are managed (L75J pharmacystandards.org)).
The sponsor should have an audit package (like a vendor qualification dossier) showing that all Al tools used are controlled and fit for

purpose (WGJ pharmacystandards.org).

« Data Integrity (Al Model Inputs): Any data used to prompt or train the Al (e.g. internal process metrics, previous SOPs, batch records)
must itself be reliable. Poor input yields poor output. Firms should ensure that proprietary documents used for fine-tuning or context

ingestion have been properly reviewed and are up-to-date (""! www.sikich.com). Some guidance suggests segregating training data to
avoid bias or contamination.

« Documentation of Al Use: Although OpenAl models can’t be “authors,” best practice may include noting in the quality documentation
that certain drafting/support steps used Al. For example, one might have a “Authoring Tools” section in an SOP template: “This document
was initially drafted with assistance from an Al-driven language model. All content was subsequently reviewed and approved by the QA
Manager.” This is not legally required but is an emerging norm for transparency (‘62] pharmacystandards.org) (‘78]
pharmacystandards.org).

In summary, regulators treat Al as a tool, not a partner. The human-driven quality system remains paramount. All GxP

expectations for validation, audit trails, and oversight apply, regardless of whether a word processor or an Al engine wrote

a sentence. Compliance functions (QA/RA) should work closely with IT to ensure any Al integration meets standards.
QA/IT/Al leaders must thus collaborate to map out Al workflows, assign responsibilities for review, and maintain

documentation that auditors will accept (’°! pharmacystandards.org) (°°) vww.sikich.com).
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Implementation Guidance and Risk
Management

Risk-Based Approach and Validation Framework

Given the mixed nature of benefits and risks, a risk-based approach is essential in deciding how to use Al in SOP
drafting. This aligns with established GxP principles (GAMP 5, ICH Q9) and new directives. The first step is to classify
each Al application by GxP impact (as in Table 1). For routine non-critical tasks (Cat. 1-2), minimal controls suffice. For
any content that will enter the official SOP, treat it as Cat. 3.

For Cat. 3 activities, the organization should develop a validation protocol (documented plan, test cases, results). The
FDA's CSA guidance recommends risk-tiering: identify “critical outputs” that pose the highest regulatory risk. For SOPs,
this could be any section that directly affects product quality or patient safety. For example: a procedure describing drug
potency testing, or aseptic technique in manufacturing — errors here could lead to harm. These sections should be
checked exhaustively. Lower-risk text (e.g. standard definitions) might warrant lighter review.

Many companies find the Computer Software Assurance (CSA) framework helpful for Al tools ( ).
Instead of exhaustive checklists, CSA focuses on critical thinking and targeted testing. For example:

« Validation Plan: Define intended use of the Al (e.g. “automatically reformat draft SOPs to company style”). Specify
performance criteria (e.g. fixes grammar 95% of the time, preserves numeric values).

« Test Cases: Create representative test prompts and sample SOP sections. Check if the Al outputs meet
expectations (e.g. clarity improved, no missing information). Topics include style conversion, omission detection, etc.

« Metrics: Use quantitative metrics (as in [10]) to gauge model behavior. For instance, perplexity or BLEU metrics can
compare Al-generated text to human-written SOPs as a surrogate for quality ( ).

« Continuous Monitoring: Implement periodic re-tests, notably after any significant model update. Monitor the Al's
performance over time. Any drift or degradation triggers revalidation.

« User Training: Ensure all users of the Al tool are trained on how to use it properly, including privacy safeguards and
difference between “assist” vs “auto-accept.”

Importantly, human review remains obligatory. A final step of validation is having one or more SOP authors/QA experts
examine the Al work. They must check every claim and link back to authoritative sources. This manual review is the
ultimate ALCOA+ check. By embracing CSA and HITL, companies can harness Al gains without abandoning GxP rigor

( ) ( )

Data and Confidentiality

Al tools must be deployed in a confidential, secure manner. Best practice is to use enterprise-grade Al—either on-
premises or in a secure cloud with data privacy guarantees—to avoid leaking IP ( ). Models should
be configured not to retain user prompts or outputs beyond the session. If using third-party Al services, strict contractual
controls and banned-data policies are needed. In-house models (trained on only company data) eliminate many external
risks but require resources to build and maintain.

All data fed into the Al (existing SOPs, GxP guidelines, product info) should itself be accurate and current. Garbage in,
garbage out: an Al trained on outdated SOPs may keep the same mistakes. Thus, it's wise to curate “gold standard” SOP
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examples for model training and prompt context. This curation effort parallels how we would vet any SOP writing team’s
references.

Integration with eQMS and Workflows

Deploying Al within an existing eQMS yields the most benefit. Platforms like MasterControl, Veeva Vault, or custom QMS
can incorporate Al modules that automatically apply these checks and edits “inside” the system ('

www.mastercontrol.com) (“2] northhighland.com). Advantages:

« Al actions are automatically logged in the system’s audit trail.
« Access control ensures only authorized users can query or alter SOPs.

« Workflows can enforce an Al-review-human loop (for instance, any Al-suggested change is routed to a documented
reviewer step).

« Training tracking can be integrated so that when an SOP changes, the system auto-assigns training and verifies

completion (%?/ www.mastercontrol.com).

For companies without a sophisticated QMS, some Al functions can still be modular. For example, using an Al text editor
locally for draft revisions (with copy/paste to the QMS) is permissible, but then the person must copy all changes to the
regulated document and keep the source Al logs externally. The key is: maintain a clear chain from Al output to the final
approved SOP file, with nothing black-boxed.

Change Management and Audit-readiness

Introducing Al-assisted drafting is itself a change to the quality system and may warrant risk assessment and
management review. The QMS should be updated to reflect this new process: Standard Operating Procedure for Al Use
in Documentation, perhaps, describing when and how Al tools are used and validated. Quality should periodically audit
Al-generated SOPs to ensure controls are followed.

Companies should also prepare for possible regulatory questions. As one industry guide notes, auditors will focus on how
the “digital CRO” (the Al provider) was qualified and how its outputs were verified (\"°! pharmacystandards.org). Having
clear documentation (as if auditing a supplier) will be crucial. Internal policies may require that any Al use (especially
public tools) is explicitly prohibited in regulated work.

In practice, early adopters find a stepwise approach best: start by using Al for non-critical tasks (templates, style,
summarization) and establish trust. Gradually expand use once trust is proven with strong oversight. This minimizes the
chance of a compliance slip early on. Vendors like MasterControl offer “validated Al” modules that claim to address
regulatory concerns, but even with such tools firms must exercise due diligence.

Case Studies and Examples

Although peer-reviewed studies on Al drafting of SOPs are scarce, several industry examples and use-cases illustrate the
impact:

« Large Pharma Co. - GMP Bioreactor Deployment: A manufacturer introducing a new large-scale bioreactor line needed ~30 new
SOPs (plus work instructions and qualification protocols). They implemented an Al-driven content generation platform. The Al
automatically drafted sections from boilerplate and ensured metadata (tags) were standardized. The human QA team then reviewed and
edited as needed. Outcome: document control was transformed from “passive repository into an active quality enabler.” Manual effort fell
(reportedly by a majority), and audit readiness improved. While exact metrics weren't given, the case indicates that entire SOP sets can

be generated with far less labor than traditional authoring ([49] www.rephine.com).
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+ Mid-Sized Biotech - SOP Simplification: Another organization used Al to simplify a set of complex SOPs. The project cut the total
length of documentation by 30% through concise rewriting and the addition of visual aids (flowcharts, checklists) generated by Al. This
brevity had tangible results: procedural error rates dropped by 25%, and compliance metrics improved owing to clearer, more user-
friendly SOPs (1°°) www.rephine.com). This reflects the notion that Al not only drafts but can re-engineer SOP structure for better
usability.

* UCSF Health - Al-QMS for Training: At the University of California, San Francisco, an Al-enabled Quality Management System was
implemented. While details are limited, one claim is that they “cut their training cycles in half’ through automatic document distribution and
smart training assignments ([83] www.mastercontrol.com). Faster training implies SOPs got to staff more quickly, and comprehension
(via Al summaries) improved. Though anecdotal, this highlights the downstream benefits of Al for SOP lifecycle management.

« Cosmitet Pharmaceuticals — Multi-regional SOP Alignment (Hypothetical): As discussed by industry leaders, global firms often
wrestle with harmonizing SOPs across jurisdictions (BOJ www.linkedin.com). One described project had the Al ingest Japanese and EU

SOP guidelines, automatically translating and comparing them to a US-based SOP template (13J www.linkedin.com). The model
identified missing steps (Japan’s secondary verification requirement) and even drafted red-lined language to insert. By automating this

workflow, compliance teams could ensure all local requirements were met without manual cross-language review (HLH

www.linkedin.com).

« Quality Assurance Firms - Tools Evaluation: Vendors of eQMS and Al tools have noneed to highlight success stories. For instance,
MasterControl claims that integration of advanced analytics (including Al) can cut investigation cycle times by up to 90%, and that

customers who adopted Al workflows were able to show end-to-end processes more easily during audits ([S“ﬂ www.mastercontrol.com)
([48] www.mastercontrol.com). While marketing-sourced, these assertions have some basis in customer reports. The message is that
where high transaction volumes or complex processes exist, AI/QMS synergy produces dramatic efficiency gains.

These examples illustrate both quantitative and qualitative impacts. Key takeaways include: comprehensive SOP sets
can be drafted jointly by Al and humans faster, SOP complexity can be reduced, and training/adoption can accelerate.
However, it's also clear these wins come with close human intervention. For instance, no case claims an Al autonomously
issued final-approved SOPs. In each, humans reviewed or guided outputs. Further, we note that reported statistics (like
25-90% reductions) come from internal sources or vendors. Independent validation of such claims is pending.
Nonetheless, the consistency of positive anecdotes suggests real potential. Balanced against this, we have seen no
public case study where Al misuse led to a regulatory incident (e.g. an actual warning letter over an “Al SOP”). That may
reflect either that companies screen outputs diligently or that regulators have not yet focused enforcement on this area.
Indexical evidence from compliance thought-leaders suggests administrators are keenly watching for any pitfalls (*

) o
www.cognidox.com) (%! usdm.com).

Discussion

Balancing Efficiency and Compliance Culture

Al's promise is speed and consistency; its peril is oversight lapse. For GxP organizations, the optimal approach is to treat
Al as a co-pilot. Al streamlines drafting and review, but it must not displace the human judgment essential to
compliance. By integrating Al into the SOP process with strict controls, companies can leverage “machine creativity [to]

86]

amplify human ingenuity” (quoting Fei-Fei Li, via Valerie Przekop) (“° www.clinicalleader.com).

Crucially, using Al should not be viewed as a shortcut to compliance, but rather as a multiplier of quality efforts. Joe Byrne
of Cognidox emphasizes that “SOPs are not proprietary to Al” — they reflect how your unique organization operates, an
understanding only humans possess (I°’) www.cognidox.com). In practice, quality teams should codify when Al is used
(e.g. in the SOP template, flag sections improved by Al) and maintain rigorous training so that staff trust both the
technology and the resulting documents.

Another cultural aspect is the attitude towards documentation. Firms should avoid treating Al as a cure for paper-pushing.

A common audit failure is overprocessing — having SOPs more complex than needed for the organization’s size (°”
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www.cognidox.com). Al might tempt companies to write more elaborate procedures (by easily generating voluminous text).
Companies must resist writing SOPs solely to keep auditors happy; the procedures must remain clear, usable, and
relevant. As regulators note, SOPs are instruments of behavior change, not just artifacts (°°/ www.cognidox.com). Al can
help refine SOPs but cannot substitute for training, enforcement, and a culture of quality.

Transparency is also vital. Even though the sponsor retains authorship, it's wise to disclose the use of Al tools in internal
quality docs (for audits). This demonstrates to regulators that the company is not hiding its methodology. The “digital
CRO” metaphor captures this: just as you document how you chose and monitored a CRO, document how you vetted
and oversee an Al provider ('°! pharmacystandards.org). Many organizations may consider including an Al governance
SOP — describing qualification/validation of Al tools, roles and responsibilities, and review steps — as a component of their
quality system.

Future Trends and Directions

Looking ahead, several trends will shape Al in GxP documentation:

+ Regulatory Guidance Evolution: As seen with EMA's Annex 22 and FDA's Al guidance drafts, agencies are moving toward explicit rules
for Al. The EU’s approach may lead globally (pending finalization in 2026). The FDA's CSA and Al guidance encourage a risk-based,
integrated view of software assurance (‘69] www.sikich.com). Organizations should anticipate new requirements, such as formal Al
model documentation. For example, EMA's drafts specify “procedures for algorithmic review” and quality of training data ([71
www.rephine.com). The forthcoming international IMDRF (medical device) “Good Machine Learning Practice” guidelines may indirectly
influence biopharma as well.

« Specialized Al Models for GxP: We are likely to see the emergence of Al models trained specifically on regulatory and quality data.
Clinical Leader hinted that custom models built on SOP corpora and GxP regulations are under development (17!
www.clinicalleader.com). Such models could reduce hallucinations by grounding in vetted sources. If vendors (or consortia) create

LLMs fine-tuned on GMP/GCP/GLP, life science companies might migrate to these for drafting tasks. This would also address privacy
concerns, as data stays in a closed domain.

« Integration with Knowledge Graphs: Future systems may embed SOP content in knowledge graphs linking regulations, CAPA
outcomes, and more. Al could then query the graph to produce context-sensitive drafts. For instance, if a CAPA arose from a missing step
in an SOP, the graph could link that event to the relevant draft revision before finalizing the procedure.

o Al Maturity Models: Industry bodies and auditors may develop maturity frameworks for Al usage. Just as systems undergo CSV
benchmarks, we might see checklists for “Al-readiness” (covering governance, data quality, user training). Achieving high maturity (e.g.
having an Al Governance Board, formal validation of generative models, etc.) could become a differentiator.

« Continuous Auditing via Al: Paradoxically, embedded Al could even audit itself. Generative Al might be used not only to write SOPs but
to monitor their use. For example, advanced chatbots could question shop-floor users about how they follow procedures, providing real-

time feedback to QA ([88] www.sikich.com). Regulators already expect companies to use such tools (the GenEng News article says

authorities increasingly expect Al in document review) (°*) www.genengnews.comy.

« Enhanced Human-Al Collaboration: Lastly, tools that improve the human prompt-Al loop will emerge. Some experts suggest building
interface layers that check prompts for completeness (like requiring the user to enter the SOP context first) or recommending relevant
regulations before asking the Al question. Training Quality professionals in prompt engineering will become part of compliance education.

Overall, the trajectory is toward tighter synergy: Al systems that understand GxP principles (through design) and human
operators who know how to use Al outputs effectively. As one Al vendor analogy put it, the model is a “digital CRO” which
you must fully qualify, monitor, and interpret ([901 pharmacystandards.org). Companies that treat Al as a strategic partner in
their quality management — rather than a toy for quick fixes — will likely gain the most. They will realize the vision of
transforming SOPs from static documents into living assets that continuously embed current knowledge into daily
operations.
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Conclusion

Al-assisted SOP drafting in GxP environments sits at the intersection of innovation and obligation. On one hand,
generative Al promises to transform SOP management: accelerating writing, enhancing clarity, standardizing content
across borders, and proactively linking to regulations (! www.linkedin.com) (**! www.mastercontrol.com). Early adopters
report significant time savings (some by orders of magnitude) and accuracy gains. The technology empowers quality
teams to focus on strategy instead of rote formatting, potentially strengthening overall compliance.

On the other hand, the stakes could not be higher. SOPs are not mere text; they encode the very procedures that ensure
product quality and patient safety. Errors or oversights in SOPs can have serious consequences. Regulators underscore
that no Al can replace human responsibility: companies remain fully accountable for any document they sign off, and
all Al-derived content must be rigorously vetted (*°! pharmacystandards.org) (°* pharmacystandards.org). The exhortation
from advisors is clear: “trust but verify” (°“ www.genengnews.com).

Our analysis indicates that the balance lies in integrating Al with stringent compliance guardrails. This means applying Al
to low-risk and support tasks first (idea generation, consistency checks, summaries), implementing robust validation for
critical drafting tasks, and retaining active human oversight at every stage (°° www.clinicalleader.com) (')
pharmacystandards.org). It also means investing in data integrity and QMS infrastructure, so that Al becomes part of the
controlled environment.

Crucially, success will depend on organizational mindset. Quality leaders must champion Al as a tool to improve
processes, while setting conservative policies that prioritize reliability. Training for personnel should emphasize the
complementary strengths of Al and human expertise. Companies might even update their quality manuals or SOP on
SOPs to define proper Al usage. Forward-looking organizations will monitor evolving regulations (e.g. EMA's Annex 22,
FDA's Al drafts) and participate in industry forums to share lessons learned.

In summary, Al-assisted SOP drafting is not a binary choice of “good or bad.” Rather, it offers a spectrum of possibilities.
At one end, a naive use of Al (unchecked, inappropriate reliance) risks introducing errors and undermining control,
potentially “masking deeper gaps” (°°! www.cognidox.com). At the other end, a well-governed Al strategy can amplify the
human ability to produce better SOPs faster, catching compliance issues early and freeing quality professionals to focus
on high-value tasks. To navigate this path, organizations must combine the innovation of Al with the rigor of GxP. Those
that do so thoughtfully stand to revolutionize their quality systems, turning SOPs into dynamic assets rather than static
burdens, all while upholding the safety and integrity that regulations demand (**) www.mastercontrol.com) (*%)

www.rephine.com).

By abiding by the core message — “Al is a tool, not a substitute” ((*°! www.clinicalleader.com) (°”) pharmacystandards.org) —
life sciences companies can embrace the next generation of digital documentation without compromising the principles
that keep medicines and devices safe. As the industry evolves, this balance of automation and compliance will define the
benchmark for excellence in quality management.

References (selected sources cited in this paper): Clinical Leader () www.clinicalleader.com) (“! www.clinicalleader.com);
Rephine Blog (°°! www.rephine.com) ("' www.rephine.com); Cognidox Blog (°") www.cognidox.com) (°! www.cognidox.com);
Council on Pharmacy Standards (°! pharmacystandards.org) (°*) pharmacystandards.org); USDM (FDA Al guidance) (1°°)
usdm.com) (°° usdm.com); GHov-Lovells Legal Commentary (°?/ vwnw.genengnews.com); Sikich Insight (!
www.sikich.com) (! www.sikich.com); MasterControl Overview (! www.mastercontrol.com) (*8 www.mastercontrol.com);
North Highland Blog ("* northhighland.com) (*2! northhighland.com); LinkedIn (Sateesh Hegde) (©°! v linkedin.com) (1%
www linkedin.com); Tech-Publish Audit Guide (! tech-publish.com) (*°! tech-publish.com); among others.
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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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