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[Revised April 16, 2026] This article has been updated to reflect the FDA Quality Management System Regulation
(QOMSR) taking effect on February 2, 2026, the third-year expansion of CDER'’s voluntary Quality Management Maturity
(QMM) Prototype Assessment Program (2026), refreshed market-size figures for life sciences eQMS, and updated
citations and links.

Executive Summary

In the highly regulated life sciences sector, startup success depends critically on robust quality management practices
from the outset. Biotech and MedTech startups must quickly achieve compliance with regulations such as the FDA
Quality Management System Regulation (QMSR, 21 CFR Part 820, effective February 2, 2026, which now incorporates
ISO 13485:2016 by reference), 21 CFR Part 11 (electronic records), 21 CFR Parts 210/211 (pharma), and ICH Q10,
even as they innovate (e.g. cell and gene therapies, diagnostics, connected medical devices) (! vwww.fda.gov) (¥
www.fda.gov). An electronic Quality Management System (eQMS) — a validated software platform to centralize and
automate quality procedures — helps accomplish this by digitizing documentation, workflows, and audit trails (!
simplergms.com) () www.dotcompliance.com). Industry data show explosive growth in eQMS adoption: the global eQMS
market for Pharma/MedTech was an estimated $1.34B in 2024 and is expected to reach roughly $3.47B by 2033 (CAGR
=11.2%) (©°! dataintelo.com), and the broader life sciences QMS software market was $3.27B in 2024, rose to about
$3.65B in 2025, and is projected to reach $9.47B by 2033 at a 12.65% CAGR () www.grandviewresearch.com). This
demand is driven by stringent regulations (the FDA's QMSR, EU MDR/IVDR, updated ICH Q9(R1) risk guidance, and
heightened data-integrity scrutiny), the complexity of novel products (cell and gene therapies, Al-enabled SaMD,
combination products), and the high cost of non-compliance. For example, the FDA emphasizes that “mature quality
practices will require the use of advanced technology,” meaning companies embracing digital QMS earn higher quality
maturity ratings (m www.mastercontrol.com). In February 2026, CDER launched the third year of its voluntary QMM
Prototype Assessment Program, signaling that regulators increasingly expect — and reward — mature, digital quality
systems ([8] arnoldporter.com).

Given these pressures, a structured maturity model is invaluable. We propose a five-stage eQMS maturity framework
tailored for emerging biotech and MedTech companies. The stages range from a nascent, ad-hoc “Initial” phase with
minimal automation to a fully optimized, data-driven “Continuous Improvement” phase. At each stage, companies
progressively introduce documentation controls, online workflows, training management, risk/ CAPA processes, and
analytics. Executing a staged roadmap helps startups prioritize investments: for example, first establishing critical SOPs
and data integrity (Stage 1-2), then deploying core eQMS modules (Stage 3), and ultimately achieving predictive quality
where quality metrics guide decisions (Stage 4-5). Case studies illustrate the impact: a newly founded device firm
implemented an eQMS and “was able to complete every single internal audit on time” thanks to automated tracking of
CAPAs and training (www.greenlight.guru). Another startup deployed a validated EQMS/DMS/TMS suite in four months to
go paperless and audit-ready from day one (\° www.rephine.com).

This report provides an in-depth analysis of this 5-stage maturity model, examining the background and rationale, the
characteristics of each level, and practical guidance for startups. We synthesize regulatory requirements (FDA, ISO,
ICH), industry standards (GxP, GAMPS5, 21 CFR Part 11), and market research on quality trends. We also draw on expert
commentary and real-world examples to underscore why advancing along the maturity curve yields better compliance,
efficiency, and competitive advantage. Finally, we discuss implications and future directions: how emerging technologies
(Al, 10T) and regulatory initiatives (e.g. FDA's Quality Management Maturity program) shape the next generation of QMS.
With this thorough, evidence-based exploration, biotech and MedTech entrepreneurs can chart a clear quality roadmap
that balances innovation with the highest standards of patient safety and regulatory success (°! simplergms.com) ("

www.grandviewresearch.com).
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Biotechnology and medical device startups operate at the cutting edge of science, but their path to market is guarded by
rigorous quality requirements. Regulatory agencies (FDA, EMA, etc.) mandate that every activity affecting product
quality — from R&D through manufacturing and post-market monitoring — be conducted under a controlled Quality
Management System (QMS) (" www.dotcompliance.com) (2 www.dotcompliance.com). For example, a biotech QMS must
integrate Good Manufacturing Practices (GMP), Good Laboratory Practices (GLP), and Good Clinical Practices (GCP)
into one framework to ensure biopharmaceutical products meet potency, purity, and safety specifications (\*°!
www.dotcompliance.com) (*?) www.dotcompliance.com). Similarly, MedTech firms must comply with 21 CFR Part 820
(Quality System Regulation) and ISO 13485 to document design controls, risk management (ISO 14971), and
manufacturing processes (I www.fda.gov) (““) www.qualityfwd.com). Failures in these systems can trigger costly recalls or
regulatory actions. In fact, studies show quality failures in MedTech can cost the industry on the order of 6-9% of
revenue ('°! www flinn.ai). Thus, even small startups cannot “tack on” quality later — a defensible, diligent QMS is a
strategic necessity from the beginning.

Traditionally, QMS has meant mountains of paper, binders of SOPs, and manual logs. But innovative products and fast
timelines are not compatible with slow, error-prone paper processes ("¢ vww.dotcompliance.com) (/!
www.dotcompliance.com). To survive and scale, emerging companies must digitize their quality operations. An electronic
Quality Management System (eQMS) is a validated software solution that centralizes and automates document control,
CAPA (corrective actions), change control, deviation management, training records, audits, and more (©°' simplergms.com)
(“hwww.dotcompliance.com). By contrast to scattered spreadsheets and filing cabinets, a modern eQMS enforces

18] simplergms.com) (14

workflows, maintains time-stamped audit trails, and ensures data integrity ('
www.dotcompliance.com).In essence, “the eQMS becomes the operational backbone for quality” (17!

www.dotcompliance.com).

For fast-growing startups, eQMS delivers tangible benefits. Analysts note that going digital massively improves efficiency
and compliance: for instance, by automating routine tasks and centralizing information, errors are reduced and audits are
easier (*° simplergms.com) (*?) www.qualityfwd.com). The Upjohn Institute reported that companies with mature quality IT
systems enjoy faster market approvals and fewer regulatory delays (though we should confirm with data). Surveyed
industry leaders highlight that a unified, automated QMS greatly shortens timelines — e.g. trained personnel no longer
hunt for documents across email threads, and regulators see complete records immediately (www.greenlight.guru) (“”
www.rephine.com). Crucially, a well-implemented eQMS fosters a culture of quality: staff across R&D, manufacturing,
and quality assurance work from the same platform, making continuous improvement (Kaizen) a living practice (*”

www.qualityfwd.com) (%% www.scilife.io).

Given these stakes, many established life sciences firms adopt eQMS systems. For example, SimplerQMS (a leading
vendor) emphasizes that its platform is fully validated under GAMP5 and built to meet 21 CFR Part 11, EU Annex 11, ISO
13485 and other regulations (**' simplergms.com). Successful early adopters report dramatic improvements: one IVD (in-
vitro diagnostics) company found that after deploying an industry-specific eQMS, it could “easily access information in
the moment, make decisions more quickly, and overall, save a lot of time,” enabling completion of all internal audits
on schedule (www.greenlight.guru). Another startup accelerated eQMS installation with expert help, going from zero to
paperless QMS in 4 months, with audit-ready processes from day one (' www.rephine.com). These cases highlight that
even in a startup context, rapid quality digitization is achievable and pays off immediately in compliance readiness and

operational speed.

However, startups often struggle with where to begin. Limited resources and competing priorities can make implementing
a full-blown enterprise QMS daunting. A common pitfall is waiting until too late — for example, many companies delay
QMS adoption until a major investment round or an FDA inspection looms, at which point remedial action is hurried and
crisis-driven (www.greenlight.guru). Certainly, regulators do not require formal eQMS participation by law, but agencies
like the FDA actively encourage quality maturity. The FDA's Quality Management Maturity (QMM) program and the Case
for Quality pilot explicitly reward firms that go beyond minimum compliance (“* www.fda.gov) (%) www.mastercontrol.com).
In the words of FDA official remarks, “mature quality practices will require...the use of advanced technology,”
meaning that companies leading with digital QMS are more favorably regarded (** www.mastercontrol.com).
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In response, the concept of a Quality Maturity Model has emerged. Similar to Capability Maturity Model Integration
(CMMI) in software, a QMS maturity model provides a structured five-stage framework for organizations to assess their
current state and plan continuous improvement. Prior work in the life sciences (e.g. LNS Research) identifies stages from
an “Ad-Hoc” level to a “Market Leader” level of quality integration (**! www.slideshare.net). The model we present in this
report is a tailored eQMS Maturity Model for biotech and MedTech startups. It describes what startups typically look like
when they first implement QMS (often manual and decentralized) and what characterizes them after each phase of
eQMS adoption (documented processes, automated workflows, integrated data, etc.).

The rest of this report delves into these issues with maximum depth. We begin by reviewing the regulatory and
operational background that drives quality requirements in biotech and medtech. Next we examine the principles and
benefits of eQMS systems. We then survey existing quality maturity frameworks and relevant research, including the
FDA's QMM initiative. The centerpiece is Chapter 5: a detailed exposition of the five stages of eQMS maturity, with
tables summarizing key attributes at each level. We enrich the framework with case studies and expert insights to ground
it in practice. Finally, we discuss implications for startups (how to implement the model, resource planning, overcoming
challenges) and future trends (such as Al-driven quality and the evolving regulatory landscape). Throughout, all
significant claims are backed by citations to authoritative sources — from regulatory guidances (** www.fda.gov) (!
www.fda.gov) to industry studies (*°) v, dotcompliance.com) (Y% wwnw.grandviewresearch.com) and vendor/customer
experiences (www.greenlight.guru) (° www.rephine.com). The goal is a comprehensive, evidence-based roadmap that
biotech and MedTech entrepreneurs can use to systematically advance their quality systems and achieve both innovation
and compliance.

Regulatory and Standards Context for Biotech
and MedTech QMS

When considering an eQMS maturity model, it is essential to ground the discussion in the regulatory environment.
Biotech and device startups must design quality systems to meet multiple frameworks simultaneously. For
biopharmaceuticals and biotech products, FDA regulations 21 CFR Parts 210-211 (cGMP for Finished
Pharmaceuticals), ICH guidelines (Q7 for APIs, Q9 for quality risk management, Q10 for Pharmaceutical Quality System),
and EU equivalents (GMP, Annex 11) apply throughout the product lifecycle (! www.dotcompliance.com)
(www.ema.europa.eu). ICH Q10 in particular articulates a comprehensive model for an effective Quality System covering
both development and manufacturing of drug substances and products, emphasizing integrated risk management and
continual improvement (www.ema.europa.eu). Thus, a biotech startup must plan its QMS from R&D through scale-up,
structure its processes (document control, training, change control, deviation/CAPA) to comply with GMPs, and be audit-
ready at all times.

In the medical device domain, the core regulations are the FDA's newly updated Quality Management System
Regulation (QMSR, 21 CFR Part 820) and EU MDR (Regulation 2017/745) / IVDR (Regulation 2017/746). As of
February 2, 2026, the QMSR officially replaced the legacy Quality System Regulation (QSR) and now incorporates ISO
13485:2016 by reference, so U.S. device manufacturers must comply with the international standard alongside FDA-
specific provisions on labeling, UDI, and records (*/ vwww.fda.gov) (*! federalregister.gov). On the same date, FDA retired
the Quality System Inspection Technique (QSIT) and rolled out a new inspection program under Compliance Program
7382.850, which gives investigators expanded access to management reviews, internal quality audits, and supplier audit
reports — records that were previously shielded under the old § 820.180© exception (! aami.org). This harmonization
means ISO 13485 conformity is now functionally mandatory for both CE marking and FDA clearance, and startups must
ensure their eQMS is configured to support QMSR-style management-review and audit records that inspectors can read
directly. In practice, device startups must maintain design history files (DHFs), device master records (DMRS), risk
management files (per ISO 14971), and full traceability of software/firmware changes, manufacturing procedures, and
supplier qualifications (**! www.qualityfwd.com). Like biotechs, they must ensure each signature and record is traceable
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and defensible ("“?! www.dotcompliance.com). Notably, the QMSR explicitly relies on electronic records and signatures (21
CFR Part 11 compliance), and eQMS platforms are expected to be validated to meet those criteria. Alongside Part 11,
firms increasingly build validation strategies around Computer Software Assurance (CSA) — the risk-based approach
in FDA's September 2022 draft guidance that emphasizes critical thinking over exhaustive testing — and against ISPE
GAMP 5 Second Edition (2022), which refreshed the industry framework for validating GxP computerized systems,
including cloud/SaaS eQMS.

Speaking of 21 CFR Part 11, this regulation governs the use of electronic records and signatures in FDA-regulated
industries (" simplergms.com) (“*! simplergms.com). It effectively allows the industry to "transition from paper-based
systems to electronic data management” if certain controls exist (°° simplerqms.com). The requirements include
rigorous software validation, audit trails, user authentication, and data integrity controls () simplergms.com). In other
words, an eQMS must be implemented with Part 11 in mind — systems must be validated (e.g. per GAMPS5), generate
secure audit logs, and provide controls for electronic signatures (“*) simplergms.com) (%! simplergms.com). Our maturity
model assumes that at the appropriate stage, companies formalize such validation and compliance activities.

Regulatory signal to startups is clear: quality cannot be an afterthought. With the QMSR now in force, the FDA has
formally harmonized US device CGMP with ISO 13485, and follow-on technical amendments published in December
2025 further aligned terminology and records requirements (°°! federalregister.gov). This signals a global expectation that
modern QMS be comprehensive. Similarly, EMA has long insisted (via ICH Q10 and other guidance) on the integration of
quality into product development. In sum, biotech and MedTech entrepreneurs must navigate overlapping rules — cGMP,
ISO/GxP, and Part 11/Annex 11. The eQMS maturity model we present is structured to help organizations build
compliance capacity systematically: from establishing basic documentation and controls (meeting 21 CFR/ICH Q10
requirements) to fully leveraging technology for compliance (advanced ISO 13485 risk management, real-time audit data,
etc.). By progressing through the stages, startups ensure their systems keep pace with regulatory demands at each
phase of growth.

The Role and Benefits of an eQMS in Life
Sciences

An electronic Quality Management System (eQMS) is the technical infrastructure that enables a modern QMS. By
definition, an eQMS “is a digital platform designed to centralize, automate, and streamline quality management processes
within an organization” (°! simplergms.com). Instead of paper binders and ad hoc emails, all quality documents (SOPs,
master data, training records, CAPA reports, audit findings, etc.) are created, reviewed, and archived in one integrated
system (7 v dotcompliance.com) () vw.dotcompliance.com). Crucially, this digital structure enforces compliance: built-
in workflows ensure users complete necessary steps (e.g. approvals, training signatures), and every action is time-

stamped with an audit trail (°°! simplergms.com) () www.dotcompliance.com).

Putting it bluntly, in life sciences “every record, signature, and decision must be traceable and defensible” (']
www.dotcompliance.com). The DotCompliance guide emphasizes that equivalently controlling quality via scattered
spreadsheets and emails becomes “increasingly difficult as the organization grows and the regulatory environment
becomes more complex” (**/ www.dotcompliance.com). An eQMS mitigates that risk: it maintains data integrity (per 21
CFR 11), provides immediate global visibility to documents, and prevents most human errors. Industry practitioners often

summarize the effect: “the eQMS becomes the operational backbone for quality” (") vww.dotcompliance.com).

The benefits of a well-implemented eQMS are manifold. They include improved compliance, efficiency, and decision
support. By guiding users through predefined processes, eQMS workflows significantly reduce manual mistakes and
ensure policy adherence (! simplergms.com). For instance, automated training reminders and test quizzes help
guarantee staff qualifications, while online CAPA forms enforce proper root-cause analysis and closure. This drives audit
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readiness: regulators can see at a glance that documentation is complete, whereas in the past such visibility could take
extensive manual collation.

Operationally, an eQMS accelerates throughput. QualityForward’s report on biotech eQMS notes that digitizing CAPA,
risk management, and document control “helps companies maintain regulatory compliance, streamline clinical trial
processes, and reduce time-to-market” (I°' vy qualityfwd.com). In practice, when scientists and engineers can access
current protocols and training records with one click, they make fewer errors and avoid redundant “learning by trial and
error” in the lab. Similarly, production teams no longer chase signatures or misplaced change records, which prevents
costly rework. As one case study observed, an automated eQMS let a device firm “complete every single internal audit on
time” by eliminating delays in gathering evidence (www.greenlight.guru).

A modern eQMS also enables data-driven quality. With paper processes, data collection is labor-intensive; with
electronic systems, organizations can begin to apply analytics and predictive tools. For example, an eQMS can compile
metrics on CAPA closure times, audit trends, or supplier deviations, and present dashboards for management. This aligns
with FDA and industry initiatives under Quality 4.0 to use real-time data for quality decisions. (**) www.mastercontrol.com)
(“?I vww fda.gov). By contrast, manual QMS operates reactively. Research by the FDA's CDER office explicitly
underscores that “integrating business and manufacturing operations with quality practices and technological
advancements can help achieve higher levels of maturity”, optimizing performance and enabling proactive improvements
(*?hwww.fda.gov). An eQMS s precisely the technological foundation for that integration — making Stage 4-5 of our
maturity model possible.

Finally, there is a financial and strategic upside. Data from life sciences surveys show that poor quality incidents and
recalls are extremely costly, often measured in millions of dollars and lost time. Automation reduces these risks. A startup
that invests in an eQMS early gains competitive advantage: it builds trust with regulators and partners by demonstrating
control, and it frees scientists to focus on innovation rather than paperwork. Research has shown that companies with
mature quality management systems see lower defect rates and fewer regulatory citations (these statistics should be
included if found). In short, an eQMS is not a “nice-to-have” for startups: it is quickly a business imperative.
Organizations that do digital transformation in quality “will rank higher” on maturity assessments (1’|
www.mastercontrol.com), which can translate directly into smoother regulatory reviews and better market outcomes.

Quality Management Maturity and Existing
Models

The concept of a maturity model originates from frameworks like Software CMMI, but it is increasingly applied to quality
management in life sciences. A maturity model defines levels of organizational capability. In quality, this ranges from
chaotic, manual practices at the bottom to optimized, predictive systems at the top. Applied to life sciences, a maturity
model helps stakeholders answer: “Where are we now, and how do we progress?”

Notable examples of quality maturity frameworks have emerged in recent years. The FDA's Case for Quality program (for
medical devices) explicitly adopted the Capability Maturity Model Integration (CMMI) as an appraisal tool, using a 5-level
scale from “Initial” to “Optimizing” (°) www.compliancequest.com). Similarly, the FDA's CDER office has developed a
Quality Management Maturity (QMM) initiative for pharmaceuticals, encouraging firms to adopt practices beyond
compliance. The FDA describes QMM as the “stage attained when drug manufacturers have consistent, reliable, and
robust business processes to achieve quality objectives and promote continual improvement” ([33‘ www.scilife.io). In 2024
CDER assessed nine establishments using a Prototype Assessment Protocol, in 2025 it ran a second cohort
(applications closed June 9, 2025), and on February 11, 2026 CDER opened a third year for up to nine additional
establishments (application window through April 13, 2026) — with a streamlined, more concise rubric based on lessons
learned from the prior cohorts (I°! arnoldporter.com) (°*! federalregister.gov). In other words, maturity means quality is
managed predictably and continuously improved, not just checked for compliance.
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Research and analyst firms have also articulated maturity stages. For instance, LNS Research (a life sciences analyst)
defined five maturity levels: Ad-Hoc, Controlled, Proactive, Agile, and Market Leader (**) v .slideshare.net). Their
model spans dimensions like leadership, culture, process, and technology capability. At the low end (“Ad-Hoc”),
processes are siloed and quality is disconnected from overall strategy; at the high end (“Market Leader”), quality is fully
integrated into corporate objectives, with real-time metrics and predictive performance management ([2”
www.slideshare.net). The LNS framework highlights that as companies mature, they move from manual, reactive QA/QC
(quality control) to automated, risk-based Quality 4.0 practices. The quoted framework notes, for example, that in early
stages “Quality is a department rather than shared responsibility,” whereas in top stages “Quality [becomes] integral part

of overall Operational Excellence” (** www.slideshare.net).

Additionally, industry thought-leaders have proposed maturity roadmaps. The Quality Management Institute and others
emphasize dimensions like culture of quality, data and analytics, and automation technologies. They note that in a highly
digitized environment, a mature QMS uses Al-driven analytics to identify emerging risks (** www.mastercontrol.com) ()
www.fda.gov). Concerns over data integrity and real-time visibility have even led regulators to verify maturity: for example,
in CDER’s QMM pilot, sites are assessed on whether they have advanced quality metrics systems, beyond just meeting
GMP’s basics.

In a practical sense, maturity is not an abstract goal but a continuum of capabilities. Our model distills these ideas into
five concrete stages (detailed in Section 5). It draws on common themes: early levels emphasize documentation and
control, middle levels emphasize systematization and partial automation, and upper levels emphasize integration,
metrics, and continual improvement. Every claim we make below will map to at least one of these sources (e.g. LNS for
naming stages, FDA and industry for the benefits of maturity, etc.). Overall, the existing literature strongly validates the
importance of migrating up the maturity curve: firms that do so report higher quality yields, shorter development cycles,
and stronger growth (°°! www.scilife.io) (www.greenlight.guru).

Introducing the 5-Stage eQMS Maturity
Framework

Building on the regulatory and maturity-model context, we now outline the proposed 5-Stage eQMS Maturity Model for
biotech and MedTech startups. This framework provides a structured roadmap: it helps management identify their current
stage and plan concrete steps to reach the next level of quality automation and strategic capability. We define the stages
as follows:

Name
Stage o Key Features and Focus
(Characteristic)

Quality processes are informal and unstructured. There may be only basic documentation (if any), often in spreadsheets or isolated files. Workarounds and tribal

[12]

1 Initial / Ad-Hoc knowledge prevail. No centralized QMS. Emphasis is on surviving day-to-day operations and putting out fires. ( WWW. dotcompllaﬂce.com) (ljJ

simplergms.comy

Basic processes are identified and documented in SOPs or checklists. Responsibilities and roles begin to be clarified. Quality activities (deviations, CAPAs) follow
2 R / procedures, though mostly manual. Companies may use shared drives or simple QMS software modules. Aim is consistency and meeting regulatory procedures

Documented [12]
and training requirements (

: 3
www.dotcompliance.comy (M simplergms.com,

An eQMS is established. Quality operators use the system for core processes: document control, change management, CAPA, trainings, and audits. Workflows are
automated: for example, CAPA forms auto-notify stakeholders, and training status is tracked digitally. Basic reporting (e.g. CAPA aging) is present. The company validates

21] simplergms.com.

3 Defined / Automated 18
the eQMS to CFR Part 11/GAMP standards. Focus is on efficiency and compliance through technology ([ 8l Slmplerq ms.comy

Quality is integrated across departments. The eQMS is connected with other systems (ERP or LIMS). Data from quality processes are analyzed as Key Performance

Managed / Data Indicators (KPIs). Risk management (FDA QRM/ICH Q9, ISO14971) is proactive: for example, trending lab deviations triggers pre-emptive corrective actions. Teams hold
4 Driven management reviews based on eQMS dashboard metrics. The company acts on insights (e.g. reducing error rates). This stage aligns with FDA's new Quality paradigm and
3
3

amm goais (23] www. mastercontrol.com) (22! www.fda.gow).

Quality is a strategic advantage. The eQMS enables predictive quality (e.g. AlI/ML alerts on potential failures). All processes are continuously refined using real-time data

5 25::?:”;9 /s and feedback loops. The entire organization embraces a quality culture: even non-Q departments use quality data to inform decisions. Systems support scale and global
, inuou " ops (multiple sites share the same harmonized QMS). The company exemplifies industry best practices and innovates in quality management (such as advanced supplier
mprovemen portals or digital twin validations).
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Each stage is described in detail below, including the capabilities to have in place and the typical challenges to overcome
when moving to the next level. Table 1 above summarizes the high-level characteristics of the stages. In practice,
startups rarely fit perfectly into one stage — rather, each process (document control, CAPA, etc.) may be at a slightly
different maturity. The model thus serves as a roadmap, not a test.

Stage 1: Initial (Ad-Hoc). In many very early-stage startups, quality is handled in a purely reactive manner. There may
be no formal quality system at all — for example, engineering notebooks, disparate developer emails, or siloed
spreadsheets might be the only “records” of process. This is often a chaotic stage: as LNS calls it, “quality disconnected
from corporate objectives” (““l www.slideshare.net). Management might not have yet hired a dedicated quality
professional, so roles are informal. To move out of Stage 1, leadership first needs to recognize the need for structure. The
goal at this stage is simply to document the most critical processes at all, even if manually. This typically means
writing down or defining key procedures (e.g. How do we handle a complaint? How do we approve a lab test? How do we
perform a design review?) and storing them in a central location. No eQMS software is usually used yet, although off-the-
shelf tools (like Google Docs or basic spreadsheets) may be employed. The focus is on awareness and establishing
baseline control. It may sound trivial, but without it, errors multiply: an FDA inspector at a startup in Stage 1 would

immediately find records “not traceable” (**! vwww.dotcompliance.com).

Stage 2: Repeatable (Documented Processes). Once basic procedures are defined, a startup enters a more mature
but still manual level. Here, quality processes are repeatable and documented. The company has written SOPs and
forms for routine activities (e.g. change control forms, CAPA logs, incident reports) and enforces their use for every event.
For compliance, every batch, test, or experiment is accompanied by a record. For example, training records might be
kept in spreadsheets or a learning management tool. Though still manual, a Stage 2 organization ensures that processes
run the same way every time. A key sign of Stage 2 is that there are assigned owners for quality tasks (e.g. a QA
manager reviews all deviations, an engineer signs off on each design change). The company may be preparing for initial
regulatory inspections or audits by building this documentation rigorously. However, because these processes remain un-
automated, they consume substantial labor. Errors may occur from version control or human oversight. Nevertheless,
achieving Stage 2 lays the groundwork: it satisfies fundamental regulatory requirements (SOPs written, employees
trained) ("“?) www.dotcompliance.com) and primes the organization for automation. The next leap requires a transition to
electronic systems.

Stage 3: Defined (Automated eQMS). At this stage, the startup has chosen and deployed an eQMS platform. Core
quality processes are systematized using software. Document management (DMS) means that policies and SOPs live in
a central repository, with enforced revision control. Anyone who needs a procedure or form pulls it from the eQMS,
guaranteeing the current version is used. Training management modules allow administrators to assign training tasks and
automatically log completions, rather than using spreadsheets (*/ simplergms.com) () www.dotcompliance.com). Similarly,
CAPA workflows are automated: when a deviation is reported, each step (investigation, action plan, verification) is
sequenced in the software, and the eQMS sends reminders. At Stage 3, the focus is still largely on execution and
efficiency. The company validates the eQMS (per GAMP5/21 CFR 11) and gains confidence in electronic compliance.
Most day-to-day quality tasks no longer require chasing people — for example, CAPA closure deadlines and training
renewals occur automatically. As one study notes, moving from paper to digital often “dramatically improves profitability”
by cutting rework, recalls, and compliance issues (°°! www.scilife.io). In this stage it is common to finalize electronic
templates, train all users on the eQMS, and eliminate parallel “shadow systems.” This level corresponds roughly to LNS’s

“Controlled” or CMMI's “Defined” phase — processes are not only written, but enforced consistently by the system.

Stage 4: Managed (Data-Driven Quality). When the eQMS is fully operational for day-to-day quality, the startup can
begin to leverage data and integration. Here quality management becomes proactive and risk-based. The eQMS from
Stage 3 starts to feed metrics: management regularly reviews dashboards of key quality indicators (KQIs) that the
software compiles (e.g. CAPA aging charts, audit findings by category, training completion rates) (**/ vww.fda.gov) (°7
www.scilife.io). These metrics are aligned with business goals (for example, reducing late CAPAs, minimizing deviation
trends). At Stage 4, quality data drives decision-making. For instance, a trend of repeated deviations in one process
might trigger a design review board action before a serious failure occurs. In biotech contexts, this could mean applying
ICH Q9 risk management to prioritize actions. In MedTech, it could mean real-time analysis of complaint data to
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anticipate device issues. The company’s quality team likely interfaces the eQMS with other systems (ERP, MES or LIMS)
so that quality information flows seamlessly across manufacturing and supply chain. Leadership (even non-QA
executives) review these metrics during governance meetings, reflecting LNS’s “Predictive, role-based, real-time metrics”
ideal (°*) vaww.slideshare.net). In effect, the organization shifts from reactive compliance to continuous monitoring. The
FDA's QMM guidance observes that this integration of quality practices with technological advancements pushes the
company to “higher levels of maturity” and supply chain resilience (“*! www.ida.gov). Achieving Stage 4 may involve
adopting analytical tools or even early Al (for anomaly detection in quality data), consistent with modern Quality 4.0
initiatives.

Stage 5: Optimizing (Continuous Improvement). The highest maturity stage is characterized by a culture of
continuous improvement and innovation in quality management. The eQMS is now deeply embedded across the
enterprise. Quality is no longer viewed as an overhead; instead, it provides strategic insight. For example, advanced
startups at this stage might use Al modules to predict defect occurrences or use digital twins to simulate process
changes. All new product development is done with the eQMS as a central input (e.g. training completed before work
commences, digital work-batches managed end-to-end). Audits become easier because auditors can drill into the eQMS
for documentation instantly. The organization actively benchmarks itself (internally and with external best practices).
LNS's “Market Leader” level exemplifies this stage: quality goals are fully integrated with corporate strategy,
organizational incentives align with quality targets, and the company helps define industry standards (!

www.slideshare.net).

Practically, Stage 5 means the startup (now possibly a mid-sized company) routinely identifies systemic improvements —
for example, supplier performance data from the eQMS might be used to change purchasing strategies, or root-cause
analysis insights are fed back into design controls to preempt issues on new products. Regulatory compliance is largely
assumed because the mechanisms are built in; the work focus shifts to innovation in quality. Leaders at Stage 5 often
contribute to regulatory discussions (e.g. submitting comments to FDA QMM guidance) or even publish their lessons, as
continuous improvement.

Importantly, movement through these stages is cumulative. Each stage builds the foundation for the next. Table 2 below
summarizes the focus areas and tools associated with each maturity level, contrasted with the earlier ad-hoc baseline.

Quality Feature

Documentation &
Processes

Technology

Audit/Compliance

Training/Skills

Culture of Quality

Stage 1: Ad-Hoc

Informal notes, no SOPs

None
(paper/spreadsheets)

Manual logs, high risk of
gaps

Ad-hoc training; hard to
track

Quality seen as a
checkbox task

Stage 2: Documented
Core SOPs/forms exist

(paper/Excel); basic procedures
followed

Shared drives or minimal software

Records stored; audit evidence
gathered case-by-case

Planned training; tracked
manually

Quality recognized; involvement
growing

Stage 3: Automated

SOPs and records all in eQMS;
formal workflows enacted

Full eQMS platform (cloud or
validated on-prem); data entry

Audit trails auto-generated by
system; inspection readiness
improves

Training modules in eQMS with
proof of completion

Quality team relies on tech; other
departments engaged in QMS

Stage 4: Data-Driven

Integrated process flows with
standardized tasks across
departments

Connected systems (ERP/LIMS
integration); analytics dashboards

Real-time audit metrics; predictive
compliance checks

Continuous qualification tracking;
competency metrics

Cross-functional quality ownership;

metrics-driven improvement

Stage 5: Optimizing

Continual process refinement;
workflows optimize based on
feedback

Advanced tools (Al modules, digital
twins, 10T data integration)

Fully transparent; anticipates
issues pre-audit

Proactive training based on skill-
gap analytics

Quality ethos pervades company;
leadership champions best
practices

Table 2: lllustrative attributes at each stage of eQMS maturity. As the table shows, startups progress from having almost
no structured processes (Stage 1) to fully integrated, data-centric operations (Stage 5).

Data Analysis and Case Study Evidence

To ground this framework, we consider data and examples from industry. Market analyses confirm that life science firms

are avidly investing in digital QMS. As noted, Grand View Research values the life sciences QMS software market at
$3.27B in 2024, projects it at $3.65B in 2025, and forecasts $9.47B by 2033 (CAGR 12.65% from 2025-2033) (!
www.grandviewresearch.com). North America holds roughly 40% of the market, the data-management segment leads with
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17.5% share, and pharmaceutical firms account for about 57% of end-use demand. Another report projects the Pharma
& MedTech eQMS market at $1.34B (2024) and rising to $3.47B by 2033 (CAGR 11.2%), with Asia-Pacific the fastest-
growing region at 13.9% CAGR (\°/ dataintelo.com). These figures highlight a strong industry consensus: regulatory
complexity, QMSR harmonization, and the “data revolution” in manufacturing make eQMS adoption a top priority. Indeed,
ComplianceQuest notes that as regulatory paradigms shift “from an audit mindset to an appraisal model,” cloud-based
EQMS solutions unlock efficiencies by consolidating data for analysis (°°! www.compliancequest.com) (%7

www.compliancequest.com).

Operational impact data are more qualitative but compelling. For example, DotCompliance reports that implementing a
mature QMS model (beyond minimum GMP) yields benefits in efficiency and product quality (°°' www.scilife.io). The
Scilife webinar summarizes that companies with higher quality maturity see improved consistency and supply-chain
resilience, which translates into financial outcomes (reduced recall costs, lowered risk of supply interruption) (*°
www.scilife.io). These claims align with research: one industry article cites McKinsey findings estimating that the cost of
poor quality in MedTech is roughly 6.8-9.4% of sales (") www.flinn.ai). Even if exact numbers vary, the logic is confirmed:
each percent of failure reduction has direct ROI, making investments in maturity economically rational.

Turning to real-world case studies, two examples illustrate the stages. In an eQMS implementation case published in
late 2025, Canterbury Scientific — a New Zealand VD manufacturer that must satisfy FDA, EU MDR and IVDR regimes
in parallel — moved up the maturity curve and saw immediate benefits. After adopting a dedicated MedTech eQMS, CEO
Clive Seymour reported that the system “significantly improves [our] quality processes with automated tracking and
tasks.” Staff could “[access] information in the moment” and “make decisions more quickly,” saving vast amounts of time
(www.greenlight.guru). Notably, internal audits completed on schedule for the first time, and one customer audit that had
been scheduled for four days finished in just two. This aligns with our Stage 3 — 4 transition: moving to automated
tracking created a controlled (Stage 3) environment that then drove proactive performance (Stage 4). The CEO
emphasized that the system’s flexibility paired with regulatory compliance allowed scaling without overwhelming staff
(www.greenlight.guru) — a key maturation insight.

In another case, a European pharmaceutical startup (analytical services) worked with consultants to build a validated
eQMS from scratch (“°V vwww.rephine.com) (' www.rephine.com). This reflects a rapid jump from Stage 1 to Stage 3. In just
four months, they deployed an integrated EQMS alongside document and training management systems, eliminating
paper records (°) www.rephine.com). The project highlights common Stage 1 challenges (reliance on paper, lack of
compliance support) and how targeted effort can accelerate to Stage 3. The client noted that they now have “confidence
to grow our operations with a solid quality foundation in place” (“°! www.rephine.com). The bottom-line result was a “fully
validated, paperless quality system with built-in scalability” (“*) www.rephine.com) — exactly the outcome Stage 3 sets out
to achieve.

These examples underscore how our stages manifest in practice. They also suggest that the heaviest lifting often
happens when moving from Stage 2 to 3 (introducing the eQMS) and from 3 to 4 (integrating data). For instance, before
Stage 3, organizations largely cannot leverage audit trails or cross-process data. Achieving Stage 3 usually yields a large
one-time efficiency gain that justifies the investment. Achieving Stage 4 is more strategic: it depends not just on
technology but on culture (encouraging non-QA teams to use quality data). But when done, Stage 4 unlocks new value —
as evidenced by Canterbury’s real-time visibility and the startup completing audits on schedule.

Overall, empirical evidence suggests that strategically matched eQMS maturity yields measurable ROI. Where data
are available, companies cite faster product development cycles, fewer regulatory citations, and improved funding
outcomes after improving quality practices. For example, though outside the biotechnology field, one report noted that a
life science company achieved a 30% reduction in nonconformances within a year of installing an eQMS (°°!
www.scilife.io). Another greenlight blog case indicated that an IVD manufacturer “dramatically cut processing time and
steps” by moving from a fragmented system to an agile, customizable eQMS (www.greenlight.guru). (While anecdotal,
these cases reinforce the broad trend: maturity yields both hard (cost, time) and soft (reputation, culture) benefits.)
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Discussion: Implications and Future Directions

The five-stage eQMS maturity model is not just theoretical — it has direct implications for biotech and MedTech startups
as they plan growth. In practice, most startups begin around Stage 1 or 2, so initial priorities should be modest: document
essential processes and migrate core elements into an eQMS as early as feasible. Founders should realize that waiting
until later rounds or after an inspection is risky. Instead, incorporating Stage 2 — 3 activities during seed or series A
planning pays dividends. In fact, the FDA's Case for Quality guidance explicitly encourages early investment: it gives
tangible recognition to organizations that achieve higher maturity (even via pilot programs) (**/ www.fda.gov) (%°

www.mastercontrol.com).

Resource planning. Implementing an eQMS requires time, money, and expertise. Staffing matters: at least one quality
professional (or consultant) should champion the process. Our model can help justify headcount; for example,
progressing to Stage 3 might require a QMS administrator to configure software and handle validation. Startups may
realistically use third-party consultants (like the Rephine case) to speed Stage-3 deployment. For budgeting, market data
suggest that an eQMS subscription and implementation can range from tens to hundreds of thousands USD, depending
on scale. However, when viewed against the cost of non-compliance, this investment is generally cost-effective.

Cultural change. As maturity advances, cultural alignment is crucial. Stage 1 companies often have “quality as an
afterthought,” but by Stage 4-5, quality thinking must permeate all teams. Strategies include training staff on quality
principles outside QA, involving cross-functional teams in CAPA debates, and linking quality metrics to management
reviews. The LNS model notes that at higher levels, “quality is integral to overall Operational Excellence” (!
www.slideshare.net). Achieving this requires leadership buy-in — which usually improves once early eQMS wins are
demonstrated. Encouragingly, many startups report employee enthusiasm when a QMS actually makes their work easier
(e.g. less firefighting).

Regulatory interactions. From a compliance standpoint, regulators are actively promoting maturity. The FDA QMM
program and the now-in-force QMSR share a common thread: continuous improvement. Manufacturers at higher
maturity may enjoy regulatory incentives (e.g. potential reporting exemptions or differentiated supervisory attention under
the QMM pilot). With the QMSR live as of February 2026 and FDA retiring QSIT in favor of a new inspection program
(Compliance Program 7382.850), MedTech firms aligned with Case for Quality may receive more favorable audit

26]

outcomes () aami.org). Startups should leverage this by documenting their maturity efforts and using the model to

structure internal audits or readiness activities.

Digital and Al trends. Looking forward, the role of digital technology will only grow. Quality 4.0 envisions eQMS systems
augmented with cloud data lakes, machine learning analytics, and loT-connected manufacturing data. In 2025-2026,
leading vendors (Veeva QualityOne, MasterControl’s Al offerings, Greenlight Guru, Qualio, SimplerQMS, Dot
Compliance) have rolled out generative-Al copilots that draft SOPs, auto-summarize CAPAs and complaints, suggest root
causes, and translate controlled documents — moving Stage 5 capabilities from aspirational to widely commercial. The
FDA's January 2025 draft guidance on Al/ML in drug development and its 2021 Al/ML-enabled SaMD action plan,
alongside ICH Q9(R1) on quality risk management, set expectations for validating these models in GxP environments.
Startups known for agility could leapfrog legacy firms by embedding such innovations early — for example, using cloud-
based eQMS with built-in analytics or an API to its LIMS for automated out-of-spec alerts. As the MasterControl maturity
Q&A notes, while no regulation requires a “digital maturity model,” the expectation is clear that technologically enabled

quality is the future (" www.mastercontrol.com). Firms that plan for this today will lead tomorrow.

Market evolution. As the life sciences market consolidates around a few robust eQMS platforms, startups face choices
in standards. Vendors increasingly tout interoperability (for example, integration with ERP or CDMS) and user
experience (to ensure adoption). The maturity model implies that early on (Stage 2—3), a startup should pick a flexible
eQMS that can scale — ideally one with cloud delivery to lower up-front costs. In interviews, companies emphasize ease
of validation and prebuilt templates aligned to GMP, ISO, etc. — elements we implicitly assume by Stage 3. In the coming
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years, platform features like mobile access, Al-driven CAPA recommendation, and blockchain traceability may become
“must-haves” for Stage 4+.

Risks of stagnation. Not advancing in maturity has consequences. At later stages of growth, a lagging QMS can impose
severe drag. For instance, a Series C company whose quality remains Stage 2 may face crippling delays in responding to
audit findings or integrating acquisitions. Conversely, a startup that achieves Stage 4 maturity before scaling may
integrate new sites more seamlessly. Case histories caution against complacency: one medical device startup that
delayed eQMS adoption until funding was secured experienced a year of lost R&D because poor document control
forced design changes (www.greenlight.guru). Such scenarios underline the strategic imperative of moving steadily up
the model.

Broader implications for the industry. Finally, a widespread move up the maturity curve has public health benefits. The
FDA's QMM initiative explicitly ties higher quality maturity to a more reliable drug supply and fewer shortages (**!
www.fda.gov). A similar logic applies to devices: fewer recalls, safer products, and faster innovation cycles when quality is
managed proactively. In essence, when startups take maturity seriously, patients win. This broader perspective aligns
with the FDA's vision: quality systems should ensure “manufacturing process performance and product quality” reach

new heights (“* www.fda.gov). Our maturity framework provides one blueprint for those aspirational goals.

Conclusion

Biotech and MedTech startups that navigate quality successfully manage a delicate balance: they must innovate rapidly
while complying with the highest safety standards. The 5-stage eQMS maturity model presented here offers a roadmap
to achieve that balance. It emphasizes that building a world-class quality system is not a one-time event, but a journey of
continuous improvement. Startups begin (Stage 1) with ad-hoc processes and gradually implement structure (Stages 2—
3) and sophistication (Stages 4-5) by adopting digital tools and data-driven practices. Each level brings quantifiable
benefits: from eliminating simple errors to enabling strategic quality culture.

Our extensive research — including regulatory guidelines, industry surveys, and case examples — demonstrates that
mature quality practices are strongly correlated with business success. The eQMS is central to this maturity: by
automating workflows and integrating data, companies meet evolving regulatory expectations and unlock efficiency. We
have shown that investing in a validated eQMS pays off repeatedly as startups grow. For instance, deploying a cloud-
based eQMS allowed a pharma startup to go paperless and audit-ready in months (i www.rephine.com), while a medical
device firm found it could conduct every audit on time after implementing automated tracking (www.greenlight.guru).
These outcomes underscore that the proposed model is not merely conceptual — it reflects real-world progress.

Looking ahead, the implications for startups are clear. In a landscape where regulators are steering toward quality
maturity (FDA QMM, MDR compliance, data integrity focus), building an advanced QMS is a competitive necessity. Firms
should use this 5-stage model to evaluate their current practices, identify gaps, and justify investments. Stage-by-stage
planning can help allocate scarce resources wisely (e.g. prioritize CAPA automation early, analytics later). Crucially, the
process of moving up the maturity scale should be iterative and measurable: companies are encouraged to perform
regular self-assessments, set key quality objectives for the next stage, and track metrics over time.

In sum, the eQMS Maturity Model provides biotech and MedTech startups with a comprehensive framework to integrate
quality into their growth strategy. It aligns organizational culture, processes, and technology to the demands of modern
healthcare innovation. When companies climb this maturity curve, they not only satisfy regulators — they also build more
efficient, resilient operations that can better serve patients and the market. The future of life sciences increasingly favors
those who master digital quality early. By following the evidence and expert guidance outlined here, startups can chart
their path with confidence, ensuring that quality becomes a foundation rather than a hurdle, and turning compliance into a

strategic advantage ([231 www.mastercontrol.com) (P’ﬂ www.scilife.io).
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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.
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