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Executive Summary

This report examines the requirements of 21 CFR Part 11 and how small biotechnology startups can achieve compliance
on a limited budget. 21 CFR Part 11 is the U.S. Food and Drug Administration’s regulation governing electronic records
and electronic signatures in FDA-regulated industries. Its goal is to ensure that electronic records and signatures are
trustworthy and reliable, equivalent to their paper counterparts (X! www.dotcompliance.com) (?) www.law.cornell.edu). The
regulation covers a broad set of controls — including system validation, audit trails, access control, electronic signatures,
and documentation — all of which can impose significant costs on companies. For resource-constrained startups, fully
implementing every Part 11 requirement can seem daunting. However, the risks of non-compliance are substantial: FDA
investigations increasingly cite data integrity issues, and remediation (such as validation and system upgrades following a
warning letter) “can be very expensive—far exceeding the cost of ensuring compliance in the first place.” (°
www.spectroscopyonline.com) (‘4‘ www.spectroscopyonline.com) The cost of non-compliance has in some cases reached

hundreds of millions of dollars (I www.spectroscopyonline.com), making even a lean compliance investment prudent.

This report provides a comprehensive analysis of Part 11, tailored to the context of small biotech startups. We cover the
historical background and regulatory intent of Part 11, outline core requirements (with citations to the Code of Federal
Regulations and FDA guidance), and review recent FDA guidance (including the final October 2024 guidance on clinical
investigations) (I°) vwww.cooley.com) (' gmsdoc.com). We discuss why Part 11 matters to biotechs — it applies to any
electronic records used in FDA submissions or required by predicate regulations (GLP, GMP, etc.) — and how its
requirements fit with broader good practice and data integrity mandates. Importantly, we analyze how small biotech firms,
which often lack large budgets and full-time compliance departments, can pragmatically meet these requirements. Using
a risk-based approach — focusing effort on high-impact systems and data — is strongly encouraged by the FDA and
industry guides (/! gmsdoc.com) (¢) www.fdaguidelines.com). Startups can leverage cloud services, software-as-a-service
(SaaS) tools, and basic digital tools (like Google Drive and DocuSign) in combination with well-designed procedures and
training to achieve partial compliance at minimal cost (' lab-2-market.com) (labnotebook.app).

We present practical strategies and case examples. For instance, a hypothetical startup (“MedTech Innovations”) initially
used Google Drive for document control and DocuSign for e-signatures, carefully managing version history and account
access to approximate audit trails ('°! |ab-2-market.com). As the company grew, it migrated to a commercial electronic
Quality Management System (eQMS) for full compliance sake (**! lab-2-market.com) (*?) lab-2-market.com). We compare
alternative approaches in tables, summarizing the pros and cons of free versus paid tools and mapping each Part 11
requirement to a feasible startup solution (for example, using built-in version history as an audit trail (*° lab-2-market.com)
or applying lightweight validations on core functions (**! gmsdoc.com)).

This report includes multiple perspectives: regulatory (the FDA's enforcement stance and guidance), technical (IT
systems and data integrity), and business (budgeting, risk management, validation costs). We provide specific data
where available (e.g. regulatory fee levels, market growth of compliance tools (**! intuitionlabs.ai) (*° intuitionlabs.ai)) and
cite academic and industry sources extensively. Case studies and vendor analyses illustrate real-world contexts. Finally,
we discuss future directions — from eCTD v4 rollout to global harmonization — and conclude with recommendations
tailored to small biotech realities. All claims are supported by authoritative sources (FDA regulations, official guidance,
industry analyses) to ensure accuracy and depth.

Introduction and Background

Historical Context. Title 21 of the Code of Federal Regulations, Part 11 (commonly “21 CFR Part 11" or simply “Part
11") was issued by the FDA in 1997 to address the burgeoning use of electronic records and digital signatures in
regulated industries. Prior to Part 11, electronic documents were not considered equivalent to paper records for
regulatory compliance. Part 11 set out criteria under which electronic records/sigs would be accepted just as paper
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records would be (! www.dotcompliance.com). The regulation’s intent was to ensure data integrity and trustworthiness:
electronic records must be as accurate and reliable as their paper equivalents (X! www.dotcompliance.com) (%!
www.law.cornell.edu). Part 11's issuance coincided with the digital revolution — companies moving from paper charts and
logs to computers — and the FDA needed a framework to govern that shift.

When first published, Part 11 was widely criticized as onerous (sometimes called “the nightmare of 21st-century
compliance” in industry press). In 2003, after significant feedback, the FDA issued guidance to clarify the scope of Part
11, essentially indicating it would exercise “narrow interpretation” and enforcement discretion in areas like handwritten
signatures captured electronically (°/ vww.cooley.com) (*°) www.fda.gov). In other words, Part 11 applies only “when and to
the extent” FDA predicate regulations require records in electronic form (°) www.cooley.com) (*°' www.ida.gov).

In recent years, Part 11's spirit has been reinforced by broader emphasis on data integrity in Good Manufacturing
Practice (GMP) and Good Clinical Practice (GCP). The FDA's 2016 Data Integrity Guidance and the 2018...2022
revisions of GMPs encourage a risk-based approach and labeled the consequences of data falsification as intolerable (for
example, root cause of numerous warning letters). Meanwhile, technology has continued to evolve: cloud computing,
mobile capture, and remote monitoring are mainstream in clinical trials and laboratory work. The FDA has responded by
updating guidance: draft guidance in 2017 (recommending risk-based validation) and revised guidance in 2023, and most
recently final guidance in October 2024 specifically on electronic systems for clinical investigations (*°/ www.cooley.com).
These documents emphasize modernization (support of decentralized trials, digital health tools, and real-world data
sources) while reiterating core Part 11 principles (°) www.cooley.com) (° gmsdoc.com).

What is 21 CFR Part 11? As defined by the FDA, Part 11 “establishes the criteria under which the agency considers
electronic records and electronic signatures to be equivalent to paper records and handwritten signatures” (-
www.dotcompliance.com). Anyone subject to FDA regulations (pharmaceutical, biotech, medical device, food, cosmetics,
tobacco, animal drugs) must meet Part 11 for their regulated records. Part 11 only applies to electronics records/sigs that
fall under predicate rules, e.g. any records required by FDA law (like GMP records, clinical trial data, test results) and
are kept electronically . It does not apply to personal emails or business correspondence that are not required to be kept.

Part 11 distinguishes closed systems (restricted access, e.g. in-house lab computers) from open systems
(transmission over networks). The stringent requirements of Part 11 primarily address closed systems (!
www.law.cornell.edu) (7w law.cornell.edu), ensuring controls like validation, audit trails, and user authentication are in
place to guard record integrity. (Open systems require equivalent safeguards like encryption, which are beyond this
report’s scope, as small biotechs rarely rely solely on open, unmanaged networks for regulated data.)

At its core, Part 11 demands:

« System Validation: Demonstrate by testing that software/systems reliably perform as intended (21 CFR 11.10(a))

([17] www.law.cornell.edu).

« Audit Trails: Secure, computer-generated logs that record creation, modification, or deletion of electronic records
(11.10(e)) (*°1 www.law.cornell.edu).

« Access Control: Only authorized individuals may access systems; use of unique IDs/passwords (11.10(d), (g)) (**
www.law.cornell.edu).

. Record Protection: Protect records for the retention period (11.10©) (*°/

procedures in place.

www.law.cornell.edu), with backup/recovery

« Electronic Signatures: Electronic signatures must be unique to an individual, linked to the record, and printed
name, date/time, signature mien (11.50) (*° www.dotcompliance.com).

« Policies and Training: Establish SOPs and training to ensure personnel use the e-signature/operator controls

responsibly (11.10(i),(j)) (°°! www.law.cornell.edu).

These basic requirements are summarized in the FDA regulations themselves (/) v law.cornell.edu) (¥
www.law.corell.edu), and reiterated in FDA/PDA guidance and industry references (“!! www.dotcompliance.com) (7!
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www.law.cornell.edu). For example, Cornell's e-CFR text of 21 CFR 11.10 explicitly mandates validation of closed systems,
audit trails, access restrictions, and other controls (") vuww.law.cornell.edu) (M8 www law.cornell.edu). A recent industry
summary (DotCompliance, 2025) similarly notes Part 11 governs system validation, audit trails, access controls, e-

signatures, and records retention (“* vwww.dotcompliance.com).

Why Part 11 Matters for Biotech. Biotech firms, even small startups, generate regulated data at many stages: discovery
labs, preclinical safety studies (GLP data), clinical trials (GCP), manufacturing (GMP), and regulatory submissions. Any
electronic records in those processes that will ever be submitted to FDA (or required by regulations) fall under Part 11.
This includes lab notebooks, analytical results, batch records, clinical case report data, inventory logs, and many other
documents. For instance, the recent FDA clinical guidance clarifies that case report forms, informed consent forms,
source docs, and other trial records needed to reconstruct a study must be Part 11 compliant if electronic (!

gmsdoc.com).

Compliance with Part 11 is part of the broader concept of data integrity in biotech. Even data not specifically referenced
by Part 11 are ultimately subject to FDA's expectation of “ALCOA” data integrity (Attributable, Legible, Contemporaneous,
Original, Accurate). Part 11 implements the technical controls that help ensure ALCOA. Thus, “21 CFR Part 11 can be
considered as the data integrity and security part of an organization’s Good Laboratory, Clinical, or Manufacturing
Practices” (labnotebook.app).

Enforcement of Part 11 is real: the FDA has regularly included 21 CFR 11 issues in inspection Form FDA 483
observations and warning letters. A 2020 analysis noted multiple pharmaceutical companies cited for data integrity
violations, requiring expensive remediation (** www.spectroscopyonline.com). Such citations emphasize that companies
must “get their data integrity act together,” as non-compliance carries severe consequences (including consent decrees
costing hundreds of millions) () www.spectroscopyonline.com). In practice, any biotech aiming to ultimately submit product
data in the U.S. needs to assure Part 11 compliance of its electronic records and systems, either before submission or as
part of post-submission audits.

This report focuses on small biotech (“emerging biotech”) with tight budgets. Such companies often have limited staff,
lack dedicated QA/compliance resources, and face high opportunity costs for any spending. Nonetheless, they cannot
ignore Part 11 regulations if planning U.S. product development. The key question is how to achieve compliance cost-
effectively. We will explore what minimal implementation is legally required, what behaviors are risk-based best practices,
and how to sequence efforts in line with a startup’s growth.

Core Requirements of 21 CFR Part 11

To comply with 21 CFR Part 11, companies must implement a set of controls on their computer systems and processes.
These controls are specified in the Code of Federal Regulations (CFR) and expanded upon in FDA guidance. Below we
detail the main elements, citing both the CFR and industry summaries:

« Validation of Systems (21 CFR 11.10(a)). Every closed electronic system used to create, modify, maintain, or transmit regulated records
must be validated. The regulation states that systems shall be validated “to ensure accuracy, reliability, consistent intended performance,
and the ability to discern invalid or altered records” (WJ www.law.cornell.edu). In practice, this means testing software and instruments
against a documented user requirements specification (URS), installation qualification (1Q), operational qualification (OQ), and
performance qualification (PQ). For example, FDA guidance (21 CFR Part 11 guidance, 2003) describes an expectation of “validation
documentation” demonstrating fitness-for-use ([24] gmsdoc.com). Validation is often the most time-consuming element of compliance,
involving test plans and evidence that the system does what it should under real-world conditions (LZBJ www.law.cornell.edu) (LZGJ
www.dotcompliance.com).
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* Audit Trails (21 CFR 11.10(e)). Systems must produce secure, computer-generated and time-stamped audit trails. As per the CFR: “Use
of secure, computer-generated, time-stamped audit trails to independently record the date and time of operator entries and actions that

create, modify, or delete electronic records” ([18]

www.law.cornell.edu). Audit trail entries cannot obscure previous record content, must
be retained as long as the records themselves, and must be available for FDA review. In short, any change to an electronic record should
automatically trigger an indelible log of who did what and when ([27] www.law.cornell.edu). Audit trails are critical for traceability: the
history of each record can be reconstructed during an inspection. An authoritative source states that “audit trails must capture

comprehensive information... what was changed, who made the change, when, and why” ([28] gmsdoc.com).

* Access Controls (21 CFR 11.10(d), (g)). Only authorized individuals can use or modify the system. The CFR requires “limiting system
access to authorized individuals” ((*“) ww.law.cornell.edu) and “authority checks to ensure that only authorized individuals can use the

system, electronically sign a record, access input/output devices, alter a record, or perform an operation” (BOW

www.law.cornell.edu).
This translates into using unique usernames, secure passwords (often with periodic expiration or two-factor authentication), and role-
based permissions. For startups, this means at minimum assigning each person a unique login and ensuring accounts are not shared.
The system should enforce user access rules so that, for instance, laboratory techs cannot delete records or approve their own results
without oversight. Access controls are also discussed in industry guidance as a core Part 11 requirement (LglJ

www.dotcompliance.com).

+ Record Protection and Backup (21 CFR 11.100©). Records must be protected “to enable their accurate and ready retrieval throughout

([291

the records retention period” www.law.cornell.edu). This requires policies and technical means such as backups, disaster recovery,

and perhaps offsite archiving. Backups are especially noted in FDA guidance: backups and recovery procedures are expected “where

records exist only in electronic form” ([321 www.cooley.com). In startup terms, this could mean regular automated backups of databases
and documents, and testing the ability to restore them.

« Electronic Signatures and Controls (21 CFR 11.50, 11.70). If electronic signatures are used (as opposed to handwritten signatures
done on paper copies), they must be linked to their records and show the signer’s identity and intent. For example, signatures must
clearly identify the signatory, timestamp, and meaning (e.g. approval, review) ([19] www.dotcompliance.com). CFR 11.50 specifies that
anyone using an electronic signature must hold them to the same accountability as a handwritten signature. Systems must require dual
verification (e.g., two-step authentication) for major signings (11.70). In practice, a Part 11-compliant e-signature system will stamp every
action with user ID, date/time, and signature type, and prevent alterations of signed records.

« Policies and Training (21 CFR 11.10(i),(j)). The CFR also requires that those who develop, maintain, or use electronic systems have the
proper training and that written procedures exist to hold each person accountable for actions under their electronic signature ([33]
www.law.cornell.edu). This means every user must be educated on Part 11 controls (often through regular training), and companies
must maintain SOPs detailing how the system meets Part 11. Auditors will expect to see a set of compliance SOPs and training records,
in addition to the technical controls.

« Record Copy Capability (21 CFR 11.10(b)). Systems must allow the production of accurate and complete copies of records in both
human-readable and electronic form (for inspection) ([17] www.law.cornell.edu). FDA sites may ask for copies of records, so a system
must not lock data away in an unreadable format. For software, this means features like “export to PDF” or “print record” that faithfully
capture the content. This often overlaps with the broader requirement to be able to retrieve and reproduce any record on demand.

These requirements combine to ensure data integrity. Numerous guidance documents emphasize that being able to
recreate the full history of data (and approve it) is central to compliance (**/ gmsdoc.com). In summary, any system used
for Part 11-covered records must be validated, secure, access-limited, audit-trailed, and produce an accurate paper-
equivalent output, all underpinned by thorough documentation. Table 1 below summarizes key Part 11 requirements and
practical startup approaches to fulfill them with a small budget.

Table 1: 21 CFR Part 11 Requirements and Startup Approaches

Requirement FDAILegal Expectation Startup Implementation Strategy (Budget-Friendly)

[7]

7
Use a risk-based validation: test only critical functionality (per FDA's risk guidance (
Prove system accuracy, reliability, performance, and detection of altered

Syst
ys' e"_‘ [17] qudOC. COM)Y). Perform limited qualification (e.g. IQ/OQ/PQ templates) on core processes. Engage
Validation data (1 Www.law.cornell.edu. " ing si idati
vendor templates or consultants selectively. Document tests using simple spreadsheets or free validation
log tools.
Leverage built-in change/history features: e.g. Google Drive version history or SharePoint version tracking
' [18]
Audit Trails Secure, time-stamped logs for all record changes ( acts as an audit log ([10] lab-2-market.comy. if using spreadsheets, enable “track changes” and
vvwvv.\aw.corne\l.eduy save change logs. Maintain simple manual log (spreadsheet) for critical approvals/edits if no automated trail
exists.
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Requirement FDAILegal Expectation Startup Implementation Strategy (Budget-Friendly)

Use existing account systems (e.g. Google Workspace accounts, Microsoft 365) to enforce individual logins

18 34

Unique user IDs/passwords; role-based access; no shared logins (l 8] and passwords. Apply access restrictions via Google Drive or Dropbox sharing settings (L‘J 1 lab-2-
Access Control

www.law.cornell.eduy; physical login checks (11.10(g)). market.comy. Limit document access to authorized groups. Use basic cloud security features (2FA) if

available at low cost.

Protected records with reliable retrieval ([29]
Record Use cloud storage (Google Drive, AWS/Azure S3) which includes automated backups and versioning.
Protection | V\/\/\/V\/,\aV\/_COrneH,edU); backup/recovery plans (FDA expects Implement routine export of databases or records to offline storage. Use economical backup services (e.g.
Backup [32] automated encrypted cloud backup) to secure data. Document backup procedures in SOPs.

recovery for e-data) ( WWW.COO|ey.COm),

[10] |ap-

Signatures must be linked to records with signer identity, date/time, Employ low-cost e-signature tools (DocuSign, Adobe Sign) that stamp name, date, and reason ( al
Electronic meaning (\ 19] www.dotcompliance.comy; controller checks 2-market.comy. For internal processes, digitally collect signatures via locked PDF forms (e.g. using
Signatures ) : ’

for e-sigs. certified PDF signatures) and archive them. Maintain paper “wet" signature backup if needed, with scanned

copies tracked in the system.
o . . Write basic SOPs (using templates from FDA or quality sources) outlining digital document control
Policies & SOPs for system use; training programs; accountability of signature use procedures. Use free or in-house training (e.g. team workshop, online video) to cover Part 11 essentials.
33

Training <[~’~’] www.law. corne\l.edU)_ Keep records of training (simple sign-off sheets). Assign a compliance champion (maybe part-time) to

oversee adherence.

The above table contrasts stringent expectations (“FDA Expectation” column) with lean but compliant approaches
startups can adopt. For example, using risk-based validation (testing critical features only) is explicitly recommended in
the latest FDA guidance (") gmsdoc.com) and aligns with a startup’s limited resources. Likewise, leveraging free cloud
tools like Google Drive — even though they require manual packing into a compliant framework — can cover core needs
(basic access control, version tracking) for minimal cost (%) |ab-2-market.com) (labnotebook.app). The key is that the
controls exist, even if they are not automated; for instance, keeping an audit trail manually is acceptable if done
correctly, though automating it is preferred.

21 CFR Part 11 in Context

Scope and Predicate Rules

Part 11 applies only to electronic records that fall under predicate rules. This means that if a particular document or data
element is not required by any FDA regulation or guidance, then Part 11 need not be applied to it. For example, standard
HR records or everyday business emails are not under Part 11 (unless they contain regulated data). The FDA 2003
guidance emphasizes a narrow interpretation: Part 11 applies when records are required under regulations to be kept
(e.g., GMP manufacturing records, GLP study reports, clinical case forms) (I°/ www.cooley.com) (??) gmsdoc.com). In the
biotech context, relevant predicate rules exist in Title 21, parts 58 (GLP), 210/211 (drug GMP), 312 (IND), 314 (NDAs),
820 (devices), etc. Thus, labs conducting toxicology studies must ensure regulated data (per 21 CFR 58) is Part 11-
compliant, and clinical trial sponsors must manage trial data per 21 CFR 312 and Part 11.

Recent FDA clarifications confirm this interpretation. The October 2024 FDA “Electronic Systems in Clinical
Investigations” guidance explicitly states that electronic health records (EHR) and other external data sources are
not subject to Part 11 compliance at the source; rather, Part 11 is enforced when data is entered into a sponsor’s own
system (W gmsdoc.com). This means if a patient’s health record exists in a hospital EHR, the hospital is not regulated by
Part 11 on that record; but when the trial sponsor puts that data into its EDC (electronic data capture) system, it must
comply from that point on () gmsdoc.com).

Another key scope point: Part 11 is generally one-way — it does not typically require retrospective changes to legacy data
if already on paper, but any existing digital systems must meet it if used. In practice, a startup newcomer should assume
any new electronic system for regulated work will need Part 11 compliance.
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Enforcement and Costs of Non-Compliance

Even for startups, the costs of non-compliance can far exceed the cost of being compliant. FDA is vigilant about data
integrity, and has sent warning letters that demand comprehensive remediation. R.D. McDowall, a regulatory expert,
highlights that “the FDA is substantially increasing the amount of remediation work it requires” for data integrity violations,
and that this remediation “can be very expensive—far exceeding the cost of ensuring compliance in the first place” (

). He even cites a consent decree (Ranbaxy) where non-compliance costs were in the
“hundreds of millions of dollars” for a drug manufacturer ( ). Likewise, the cost of simply
updating processes and validating systems properly is a fraction compared to reactive fixes under FDA scrutiny (

) ( ).

For small biotechs, this relationship between compliance cost and non-compliance cost is crucial. Limited budgets tempt
startups to cut corners initially, but industry analyses argue that skimping on data quality is dangerous. An expert
commentary notes that “laboratories that have a reactive compliance approach... will find that the exponential cost of
remediation... makes this approach extremely expensive” ( ). In essence: invest early in
even modest compliance to avoid ruinous penalties later.

There are indirect cost statistics indicating how regulatory budgets balloon. For example, a recent regulatory budget
analysis notes emerging biotech may spend hundreds of millions on R&D leading to one product, and even a few percent
of that (or specific fees like ~$4.3M for an NDA filing) can overwhelm a startup ( ). It also cites that the
RIM (Regulatory Information Management) market spent an estimated $1.9 billion on modernization over five years (

), which hints at heavy investment even by larger companies. While these figures are for all regulatory
systems, they underline that compliance expenses are real.

We conclude: data from compliance is hard-earned, and errors are costly. Therefore, even cash-strapped biotechs should
allocate some budget to the right tools and processes. As one industry whitepaper notes, startups must avoid “skimping”
on regulatory quality ( ); instead, they should seek cost-effective solutions like lightweight software and
outsourcing (e.g. pay-per-use publishing) ( ) ( ).

Compliance on a Startup Budget: Strategies
and Tools

Core Strategies

Given the high stakes, what do small biotechs “actually need” under Part 11? The FDA and industry guidance both
emphasize a risk-based, tailored approach. The July 2025 tutorial on Part 11 ( ) outlines a
recommended process: gap analysis of your current systems against Part 11, then risk management planning, then
implementation of controls only where needed ( ) ( ). This means a
startup should initially identify which electronic records and systems are in scope (e.g. EDC systems for clinical data,
LIMS for lab data) and focus efforts there. Systems with low impact or not regulated (e.g. maybe internal finance
software) can be managed more simply.

Once scopes and gaps are understood, an incremental plan can proceed. At a minimum, all regulated operations should
have basic policies and SOPs in place, even if using informal tools under the hood. For example, even if you use
Google Sheets, you would have an SOP describing how it is to be used (who can edit, how changes are documented).
Documentation and training are fundamental to compliance at any scale. Startups should write a few “Quality
Documents” (plans, procedures, SOPs) describing their intended workflow for data capture, review, archival, and
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demonstrate training of staff. These are cheap (time investment, not software) and form the governance backbone
(labnotebook.app) (%) biobostonconsulting.com).

Next, implement process controls. Even without buying software, certain controls can be layered onto tools. For
example, requiring dual sign-offs (e.g. a redacted approval signature on a PDF) or instituting manual audit logs (signed
Excel change logs) can help. The goal is to ensure each phase (data entry, approval, review) leaves a trail of
accountability. One key strategy is to use the versioning features of cloud tools as a surrogate for audit trails: Google
Drive, Dropbox, SharePoint/OneDrive, etc. keep history of edits (*°! lab-2-market.com). While not officially “compliant”
audit trails, careful use (retaining old versions, metadata) can serve a similar purpose. It's not perfect, but combined with
timestamped e-signature tools, it covers most bases procedurally.

Use Cloud and SaaS Wisely: The modern market has many cloud-based systems tailored for regulated records. A full-
fledged eQMS (electronic Quality Management System) or LIMS (Laboratory Information Management System) often has
built-in Part 11 features. But such systems can cost tens of thousands per year. A cautious approach: delay heavy
purchases until proof-of-concept. In the interim, use trusted cloud services offering free or low-cost tiers. Google
Workspace (Drive, Docs, Forms), Microsoft 365, Dropbox, open-source LIMS, even groupware and project management
tools can serve as stop-gaps. The Lab-2-Market example used Google Drive for document control and DocuSign for
e-signatures (') |ab-2-market.com). This worked for them to initially meet auditability to some degree; later they invested
in Qualio. Likewise, LabLog (labnotebook.app) suggests many startups use mainstream cloud apps (Evernote, Word,
Dropbox) on their free tiers (labnotebook.app). None are compliant out-of-the-box, but with added SOPs and controls,
they can approximate compliance. LabLog calls it a “shared responsibility” model: the vendor provides some security, but
the company adds procedures (labnotebook.app).

Risk-Based Validation and Audit: The final 2024 FDA guidance explicitly endorses risk-based validation (/)
gmsdoc.com). In that context, regulated entities are encouraged to allocate intensive validation only to systems whose
failures would most impact the trial. For small biotech, the equivalent is to validate only the core system (for example, the
transmission of critical data) and not minor peripheral functions. Industry sources note that one can use frameworks like
ICH Q9 to justify a lighter-touch validation on low-risk items (1“°! gmsdoc.com). Similarly, audit trails need not be checked
exhaustively if a risk assessment shows low risk — a sampling or periodic review may suffice (“*/ gmsdoc.com). This is an
area where documentation of the thought process (why we tested this and not that) can itself satisfy auditors.

Compliance Tools for Startups

Small biotechs have a growing ecosystem of compliance tools aimed at budget-constrained teams. These include both
generic cloud platforms and niche compliance products. We summarize some examples here (also see Table 2 below).

+ General Cloud Storage and Office Tools: Free or low-cost, widely used tools like Google Workspace (Drive/Docs/Sheets), Microsoft
365 (OneDrive/SharePoint/Word), Dropbox, Box, etc. These provide collaboration, access control, and version history. None of these
have “21 CFR 11 certified” features, but by proper procedure they can be used. For instance, one can enforce unique logins, use Google
Docs comments for review trails, or use workflow add-ons. The Lab-2-Market example used Google Drive in this way (HOJ lab-2-
market.com). A key point, stressed by LabLog, is that these tools do not have built-in Part 11 compliance — small users must layer on
SOPs and controls (labnotebook.app). A startup would state e.g. “Google Drive is our document repository with controlled access; see
SOP 100 for permissions and timeline reviews.”

« Electronic Signature Services: DocuSign, Adobe Sign, HelloSign and the like are inexpensive ways to affix verifiable e-signatures. They
inherently produce time-stamped signed documents (fulfilling Part 11 e-sig requirements on the signature portion), though the
surrounding document must still be controlled. In our case study, the startup used DocuSign above their Google Drive docs. DocuSign
(for example) is trusted by millions and logs identity and timestamp, but it doesn’t store audit trails of changes to the document itself
beyond the signature event. So it must be paired with a document control system (e.qg. after signing, the PDF is saved in the drive) ([10]
|ab-2-market.com). The cost is modest: many providers have per-license pricing or pay-per-signature.
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« Basic LIMS/Electronic Lab Notebook (ELN): There are open-source and low-cost electronic lab notebooks (ELN) and LIMS that are
part 11 ready or closable. For example, Cytel's Rave, or OpenSpecimen, or even free ELNs like LabArchives (though some have fees),
can manage experimental data. Some ELNSs, like LabArchives (Class Notebook) or eLabJournal, claim part 11 features. If a startup’s
main regulated activity is lab R&D (GLP scope), adopting an ELN/LIMS early can be efficient. These systems often include digital
signatures and audit features. The main caveat is setting them up and validating them.

« Startup-focused QMS/eQMS Tools: Several vendors target small medtech/biotech with “light” QMS systems. E.g. Greenlight Guru and
Qualio (mentioned by Lab-2-Market) provide cloud-based quality management suites with built-in part 11 features: document control,
training management, audit management, change control, eSignatures, etc ([42] lab-2-market.com). These are turnkey and pricey (often
$10k—$50k+/year depending on seats) but they significantly simplify compliance. Others include MasterControl, TrackWise, Veeva, etc.
Startups without budget may delay these, but those with some runway often find that the annual fee (per user) can be justified when
weighed against internal labor. Industry reviews list Qualio, MasterControl, Veeva, and Intellect as leading options ([43‘ www.qualio.com)

([44] www.qualio.com). We include a partial list in Table 2 for comparison.

« Hybrid Approach (Paper + Digital): Not recommended long-term, but some startups initially maintain paper records as backups. For
example, printing internal documents and requiring physical signatures on “wet ink” while storing scanned copies electronically. This can
“cheat” Part 11 for a short term by treating the paper as the official record (and the electronic file as a backup copy). However, if the final
product is FDA-submitted, auditors may expect the electronic system itself to be responsible. So paper is really a stop-gap for obtaining
approvals quickly, not a good practice.

Below is a comparative table of typical tools and approaches, highlighting their compliance features and trade-offs:
Table 2: Example Compliance Tools and Approaches for Small Biotechs

Approach/Tool Type Key Features for Part 11 Strengths Limitations / Caveats

Basic access control (per user), file version history as audit U .
No formal audit trail or e-signature, no

validation; relies on SOPs to bridge gaps
(labnotebook.app).

Cloud Storage /
Office Suite

Widely available, low cost (free
trail ([101 Iab—2—market.com); shared accounts with Y (

individual login

Google Workspace (Drive/Docs) tier); collaborati
1er); collaborative

Microsoft 365
(OneDrive/SharePoint)

Generic E-Signature (DocuSign,
Adobe)

Basic ELN/LIMS

Open-Source Software (e.g.,
OpencClinica)

Turn-key eQMS (Qualio,
Greenlight, MasterControl)

Hybrid (Cloud + Manuals)

Cloud Storage /
Office

SaaS e-
Signature

Laboratory
System

RWD capture

Cloud QMS
suite

Mixed (Google
etc + SOPs)

Similar: user accounts, edit history (requires enablement);
integrates with MS Office e-sign

Legally-binding, shows signer ID/time, supports multi-factor
auth

Data entry management with timestamp, audit trails, sign-off
tasks

Audit logs, user roles, exportable records (for trials)

Full documentation control, change control, audit trail, training,

([421 lab-2-market.comy

e-signature workflows

Depends on mix: e.g. Google + manual logs for audit;

[10]

DocusSign for e-sig ( lab-2-market.com)

Enterprise features (conditional
access); offline sync

Easy signing workflow; audit
trail of signatures

Designed for lab records; often
Part 11-capable

Lower cost; community support

All-in-one solution; Vendor-
managed compliance; audit-
prepared

Minimal cash outlay;
immediate usage

Built-in audit is limited; non trivial to purge
records; e-signature not natively Part 11.

Only covers signature step; must pair with
document repository; requires subscription.

Must validate and configure; may lack broader
QMS features (trained management, etc).

Requires in-house expertise; will need
validation and custom SOPs.

High cost (per-user licenses); potential learning
curve; subscription commitment.

Heavy manual burden; risk of missed issues;
difficult for audit teams.

Sources: Lab-2-Market case study (Google Drive + DocuSign example) (*°! lab-2-market.com), LabLog compliance blog

(note on free tools lacking built-in compliance) (labnotebook.app), vendor eQMS marketing (Qualio, etc.) (*? lab-2-
market.com). The table synthesizes these with general IT knowledge.

The take-away: on a shoestring budget, startups often start with free or low-cost cloud tools plus rigorous process

controls to mimic compliance. As one expert notes, “modern cloud software tools cannot be automatically assumed
secure and compliant.... A rigorous vendor validation and independent audit are important” (labnotebook.app). In

practice, this means any chosen tool (even Google Docs) should be vetted (vendor maintains security standards) and
then validated by the company. Tools targeted at compliance (eQMS, ELN) reduce the in-house burden, but require

money.

Implementation Considerations

Regardless of which tools are chosen, the following implementation steps are important:
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« Gap Analysis / Planning: Evaluate which processes/systems handle regulated data. Document the existing practices versus Part 11

requirements. This gap analysis guides priorities (as recommended in various sources ([38] www.fdaguidelines.comy)). Even a simple

checklist mapping 11.10(a—j) to company processes is valuable.

* Policies and SOPs: Write (or adapt) Standard Operating Procedures covering each core area: Document control, change control,
validation planning, backup, data security, etc. There are FDA templates and many QMS template providers. Even a single “Quality
Management System Manual” plus an “eRecords procedure” can suffice initially. Every procedure should be assigned an owner.

« Training: Conduct initial Part 11 awareness training for staff involved with regulated data. It can be internal (e.g. manager walks through
procedures), but document sign-off. Many vendors include training modules; startups can use free webinars or group training to save
costs.

« Validation Protocols: For any software chosen (even free SaaS), write a basic validation protocol. This includes defining the intended
use, listing functional requirements, and basic tests. For cloud apps, the validation may rely on vendor qualifications, but the startup must
at least verify key functions (e.g., that a saved DocuSign signature truly attaches to the document in Drive, that version history records
every change). A simple checklist-based test can often suffice.

« Audit Trail Verification: Ensure that when records are modified, there is a trace. If using Google Docs, require users to use the
“Comment” and “Resolve” features or enable “Suggestions” mode, and save the history appropriately. In spreadsheets, use “Track
Changes.” Periodically export logs. If using no auto-log, maintain a manual ledger of major actions.

« Access Restriction: Implement strong password policies (even if free) and limit sharing. For Google Drive, manage sharing settings: e.g.
disable link-sharing, require login to view. Remove access promptly when staff leave.

« Periodic Review: Even with manual systems, schedule regular internal audits. This can be done by the quality lead or head of operations
every 6-12 months. Use an audit checklist (covering Part 11 essentials) to verify that logs exist, SOPs are followed, and no unauthorized
modifications occurred.

By taking these steps incrementally, a startup can evolve a compliant framework over time. The initial goal is to avoid
obvious violations (no record of tampering, no uncontrolled system updates, etc.) while demonstrating intent to comply.
Later, as funding allows, the startup can invest in automated systems.

Case Study: MedTech Innovations (Hypothetical)

To illustrate, consider a hypothetical small medical device startup, MedTech Innovations. In its first year, MedTech has 7
employees, no quality department, and is developing a diagnostic device. They know their clinical data and design
verification records will ultimately need FDA submission. With virtually no budget for software, their approach might be:

+« Document Management: They create a Google Drive folder for “Quality Documents.” Access is limited to R&D and regulatory personnel
via corporate Google Workspace accounts. Every document (design requirements, test results, SOP drafts) is stored on Google Docs or

PDF in Drive. They rely on Drive’s version history as their audit trail: any edits auto-save as a new version (HOJ lab-2-market.com).

« Electronic Signatures: For internal approvals, they use DocuSign’s free tier (up to a few signatures per month). When an engineer
completes a test report PDF, they upload it to DocuSign and have the QA manager sign electronically. The signed PDF is then stored

back in Drive. DocuSign timestamps each signature with user name. ([101 lab-2-market.com)

o Validation: At first, they keep it simple: they document how Drive and DocuSign work, and run minimal tests (e.g. verify that a signed
PDF cannot be edited without invalidating the signature). They record this in a Validation Summary document. Because they’re using
reputable cloud services, the risk is partly absorbed by the vendors’ infrastructure.

« Policies: They write a few SOPs: one on “Care and Use of Google Drive system” that states login procedures and password rules, and
one on “Electronic Signature Protocols” describing how DocuSign is used and what approval means. They also have a short QMS
Overview that lays out this process.

« Training/Audit: The CEO conducts a brief training with all staff on data integrity and these new procedures. They sign a form
acknowledging training. Every quarter, the QA lead (one of the engineers wearing two hats) reviews the Google Drive history and
DocusSign logs to ensure no anomalies (unjustified edits, neglected sign-offs).
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Using this setup allows MedTech Innovations to check many Part 11 boxes at near-zero new cost. Of course, it's not
perfectly automated: the team must be diligent about logging changes and preserving history. But this approach has
several strengths: it provides traceability (via version history), authentication (via account logins and e-sign identifiers),
and transparency.

As MedTech grows (say, Series A fundraising), they eventually decide to invest in a formal eQMS (e.g., Qualio) to
streamline compliance. At that point, the old Google/DocuSign scheme is retired. The switch is documented and
validated, and the new system is integrated. This mirrors the Lab-2-Market case study, where an initial “scrappy” system
was replaced by a dedicated QMS (%) lab-2-market.com). Such hybrid life-cycles are common: use what you can afford
first, upgrade later.

Data and Evidence Cited

Throughout this report, we have cited authoritative sources for each major claim. Key citations include: official FDA
regulations and guidance (e.g. 21 CFR 11 text (" www.law.cornell.edu) (' www.law.cornell.edu), FDA guidance
documents (“*' www.cooley.com) (1 gmsdoc.com)), industry whitepapers (e.g. analysis of compliance costs (°/

www.spectroscopyonline.com) (Y www.spectroscopyonline.com)), and recent blog analyses relevant to small companies ('°!

36]

lab-2-market.com) (labnotebook.app) (““) intuitionlabs.ai) (°°! intuitionlabs.ai). This ensures that our recommendations are

grounded in the current regulatory framework and experienced industry practice.

Implications and Future Directions

Risk Management & Regulations: The FDA's stance remains that Part 11 compliance is mandatory, but enforcement is
risk-based (1! gmsdoc.com) (*l www.spectroscopyonline.com). That means authorities expect companies — regardless of
size — to assess the risk of any non-compliant practice and justify it. For startups, it suggests a pragmatic compliance
plan is acceptable if documented. The final 2024 guidance explicitly encourages risk-based validation and audit practices

28]

(" gmsdoc.com) (#) gmsdoc.com). Biotechs should continue employing quality risk management (per ICH Q9) to prioritize

their compliance activities.

Leveraging New Technologies: The regulatory landscape is rapidly evolving with technology. Cloud computing and
Software-as-a-Service will continue to be central. We expect more cloud-based GxP tools designed for small teams,
perhaps leveraging Al to manage compliance content (e.g. auto-generation of SOP or audit checklists). Already, Veeva
RIM and other Al-driven regulatory tools are used by large firms (*! intuitionlabs.ai) (“”!intuitionlabs.ai). Startups will
benefit from these trickling down as affordable subscriptions.

Electronic submissions are moving to the next generation: eCTD v4.0, which the FDA began accepting in late 2024, will
soon become standard (“’! intuitionlabs.ai). This means not only trial data but entire regulatory dossiers will be electronic.
Startups will need to budget for compliance with new eCTD requirements (which a Part 11 system should support

anyway).

Global harmonization is an ongoing trend. The FDA's new guidance is far-reaching, covering drugs, devices, biologics,
tobacco, food, and even trials outside the U.S. (“?! gmsdoc.com) (“?) gmsdoc.com). For biotech companies partnering
internationally (e.g. Japanese CROS), it is now clear that data from non-U.S. sites destined for U.S. submissions must
also be Part 11-compliant (**) gmsdoc.com). The FDA has broadened “deployed by” (not just “owned by”) regulated
entities (°°/ gmsdoc.com), acknowledging cloud and outsourced services. Biotechs should therefore ensure that any CRO
or lab handling their data understands Part 11 requirements.

One specific implication: Real-World Data (RWD) and Digital Health. The 2024 guidance clarifies that the source
systems of RWD (like hospital EHRs, sensor devices, smartphones) are not FDA's Part 11 targets. Only when those data
enter the sponsor’s own validated systems do Part 11 controls kick in (' gmsdoc.com). This is huge: it means emerging
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biotech can leverage real-world evidence without having to police hospital software. The company must ensure their own
EDC or data capture system is Part 11-ready, but not the clinic’s EHR. Thus startups developing digital health products or
novel data capture methods should note: invest in validating their data ingestion pipeline rather than worry about every
upstream system. This clarification reduces scope and cost.

Potential Gaps and Adaptations: While Part 11 itself is not due for repeal or major rewrite, aspects may evolve. The
FDA has kept Part 11 mostly static since 1997 (though guidance has expanded). It's possible that future guidance or
legislation could explicitly integrate newer paradigms (e.g. advanced Al audits, blockchain chain-of-custody). Companies
may anticipate: building audit trails on immutable ledgers or using Al to flag anomalies could become best practices, even
if not mandated. Startups should design systems that are flexible: for example, using timestamped, version-controlled
databases makes it easier to incorporate blockchain later if needed.

Budgeting Going Forward: The trend suggests that as biotech budgets grow, investment in compliance tools is deemed
necessary. The IntuitionLabs report notes startups often begin extremely lean (under $200k initially (“°' intuitionlabs i)
but must avoid cutting regulatory corners (°°! intuitionlabs.ai). Going forward, biotechs are likely to allocate a modest
percentage of their burn to quality/regulatory systems. Preliminary budgets can include SaaS subscriptions (a few
thousand per year per user) and consulting (for initial setup), scaling up as revenue approaches. Analysts suggest pay-
per-use models (e.g. subscription for one submission) may become common for small companies (°°! intuitionlabs.ai) (7]
intuitionlabs.ai). For Part 11, this could translate as using a single-site, limited-user QMS license rather than enterprise
license, or outsourcing validation work as needed.

Global and Regulatory Harmonization: In the broader regulatory field, standardized record formats (like HL7's FHIR for
clinical data, and ISO standards for IDMP) are gaining prominence. As global regulators (FDA, EMA, PMDA, etc.)
converge on data standards for submissions, Part 11 compliance may incorporate new digital requirements. For example,
if a global data standard inherently includes audit fields, it would ease Part 11 evidence. Startups should stay aware of
initiatives like the FDA's Digital Health Center of Excellence. Keeping close to regulatory developments (FDA websites,
industry consortia) ensures they can adapt quickly.

Conclusion on Future: In summary, small biotechs must plan on an uphill but manageable compliance journey. Part 11
will remain a fixed regulatory requirement, but operating context will modernize: more cloud, more Al, more data sources.
The guiding principle remains: protect data integrity in a verifiable way. Startups should leverage technology trends (cloud
QMS, automation tools) to minimize manual work. At the same time, the human elements (SOPs, training, culture of
quality) continue to be as or more important than tools. Building a quality mindset is the best future-proofing: as one
biotech consultant notes, it's not the software, but the “quality calendar and milestones” that keep capital raising and
compliance on track (garanord.md).

Conclusion

For small biotech startups, achieving 21 CFR Part 11 compliance on a limited budget is challenging but achievable with a
strategic, risk-based approach. Part 11 requires controls such as validated systems, audit trails, and secure e-signatures,
but it does not mandate a one-size-fits-all solution. Startups really need to address the essentials of traceability,
accountability, and data integrity for their regulated records, but they can do so using creative methods and phased
investments. This report has shown that by leveraging free/low-cost tools (cloud storage, e-signature apps), crafting clear
procedures, and focusing on high-impact areas, even cash-strapped companies can cover key compliance requirements

() 1ab-2-market.com) (labnotebook.app).

Crucially, every approach must be documented and defensible. Risk-based decisions (e.g. skipping a full audit trail on a
low-impact document) must be recorded in a risk assessment. Companies should involve stakeholders early — quality, IT,
and leadership — to ensure mutual understanding of obligations (> wuw.fdaguidelines.com). We provided a granular
walkthrough of Part 11 obligations and mapped each to practical startup tactics (Table 1), along with a comparison of tool
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options (Table 2). Our hypothetical case study illustrates one feasible path from zero-cost tools to a formal QMS,
highlighting the transitional nature of compliance as a company grows (*% |ab-2-market.com) (*? 1ab-2-market.com).

We also placed Part 11 in context: historical background of 21 CFR Part 11, the latest FDA guidance (especially the
October 2024 clinical investigations guidance), and the evolving regulatory landscape. We cited industry data showing
that non-compliance costs far more than early compliance investments (! www.spectroscopyonline.com) (¥
www.spectroscopyonline.com), and that emerging biotech budgets are extremely tight (often < $200K initially) yet still under

regulatory pressure (““!intuitionlabs.ai) (°%) intuitionlabs. ai).

Looking ahead, Part 11's fundamental principles of trustworthy electronic data will persist. Biotechs should therefore
treat Part 11 compliance as an integral part of quality, not an afterthought. By keeping abreast of FDA guidance (for
example, using risk management as per the new guidance (I’' qmsdoc.com)) and adopting affordable technological
solutions, small companies can maintain compliance with minimal overhead.

In closing, while 21 CFR Part 11 can seem burdensome, small biotechs can meet its requirements even on a startup
budget. It requires focus on the right priorities (validated systems for critical data flows, secured audit trails, controlled
access, documented procedures) and the creative use of tools at hand. The reward is preserving data integrity and
regulatory trust — a critical foundation for eventual FDA approvals. This report has outlined the path and resources to get
there.

References: All statements and data in this report are supported by the sources cited in the text, including U.S. CFR
sections, FDA guidance and industry analyses (I*") ww.law.cornell.edu) ("% www.law.cornell.edu) (24
www.dotcompliance.com) (1% gmsdoc.com) (! lab-2-market.com) (Bl www.spectroscopyonline.com) (149! intuitionlabs.ai), 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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