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Executive Summary

The International Council for Harmonisation (ICH) Q10 guideline on Pharmaceutical Quality Systems (PQS) establishes a
harmonized, life-cycle approach to quality management in drug manufacturing. Designed to complement existing Good
Manufacturing Practices (GMP) and related guidelines (notably ICH Q8 on Pharmaceutical Development and ICH Q9 on
Quality Risk Management), ICH Q10 provides a model PQS that spans development, technology transfer,
commercialization, and product discontinuation. Its principal goals are to achieve consistent product realization (high-
quality products meeting patient needs), establish and maintain a state of control (robust process monitoring and
controls), and facilitate continual improvement of both processes and systems ("' www.pharmtech.com) (¥
www.pharmtech.com). The core elements of a PQS in ICH Q10 include Management Responsibilities, a Corrective and
Preventive Action (CAPA) system, a Process Performance and Product Quality Monitoring System, a Change
Management System, and Management Review of Process Performance and Product Quality (!
pme.nebi.nim.nih.gov) (! investigationsquality.com). In addition, ICH Q10 emphasizes knowledge management and quality
risk management as key enablers integrated throughout the system.

Implementation of ICH Q10 is intended to foster a proactive, systematic approach to quality, leveraging scientific
understanding and risk-based decision-making. Studies have shown significant benefits after Q10’s release. For
example, VanDuyse et al. (2021) analyzed industry benchmarking data and found statistically significant
improvements in quality management practices after ICH Q10 was published, especially in areas related to Total Quality
Management and on-time (Just-In-Time) manufacturing enablers (°! pmc.nebi.nim.nih.gov) (°) www.fda.gov). Nevertheless,
regulatory observations indicate persistent gaps: FDA inspection 483s and warning letters frequently cite missing or
inadequate written procedures and CAPA processes (/! pmc.nebi.nlm.nih.gov) () www.scilife.io). This underscores that
while Q10 provides a robust framework, effective implementation remains challenging and critical for product quality and
patient safety.

This report offers an in-depth review of ICH Q10 implementation in the pharmaceutical industry. It covers the guideline’s
historical context and regulatory status, explicates each element of the PQS model, and examines how organizations
integrate Q10 with existing systems. Key enablers such as knowledge management, quality risk management, and
quality culture are analyzed. We discuss empirical evidence and case examples illustrating outcomes and obstacles in
adopting Q10. Finally, the report explores implications for regulators and industry—such as the FDA's Quality
Management Maturity (QMM) initiative and the forthcoming ICH Q12 lifecycle guideline—and provides recommendations
for sustaining a dynamic, compliant quality system. All insights and claims are supported by authoritative sources,
including regulatory documents, scholarly analyses, and industry reports (° simplergms.com) (*°! journal.pda.org).

1. Introduction and Background

High-quality pharmaceutical products are essential to patient health and safety. Historically, lapses in quality systems
have led to product recalls, adverse events, and erosion of public trust (") pmc.nchi.nim.nin.gov) (**
www.propharmagroup.com). To mitigate such risks, regulators worldwide have enforced stringent Current Good
Manufacturing Practice (cGMP) regulations (e.g. 21 CFR Parts 210/211 in the US, EU GMP Volume 4), which prescribe
minimum requirements for manufacturing processes, facilities, and documentation. However, by the early 2000s,
regulators and industry recognized that mere compliance was not enough; a more systematic, science-based framework
was needed to drive continuous improvement across the product lifecycle.

In 2003, ICH (International Council for Harmonisation) laid out a Quality Vision, aiming to harmonize regulatory
requirements and promote a proactive quality culture ("?! www.pharmtech.com). Two guidelines emerged first: ICH Q8
(Pharmaceutical Development), focusing on Quality by Design (QbD) and process understanding, and ICH Q9 (Quality
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Risk Management), prescribing tools for assessing and mitigating quality risks. The next natural step was ICH Q10

(Pharmaceutical Quality System), intended as the “bridging” guideline that unites development and manufacturing under
a cohesive quality system. Van Arnum (2007) explains that ICH Q8, Q9, and Q10 constitute the cornerstones of the ICH
vision for a harmonized, science- and risk-based regulatory framework (*“! www.pharmtech.com) (?) www.pharmtech.com).

Regulatory Adoption. ICH Q10 was finalized as an ICH Step 4 guideline in June 2008 (I**! database.ich.org) and
implemented through the global regulatory bodies. The EMA (European Medicines Agency) lists Q10 as legally effective
in the EU from June 1, 2008 (www.ema.europa.eu). The FDA adopted Q10 in April 2009 (issuing a guidance document in
2009) (" investigationsquality.com) (*°! www.fda.gov). Japan’s PMDA similarly adopted Q10 in that timeframe. Figure 1
(below) summarizes the timeline of key Q8/Q9/Q10 publications. Notably, while Q8 and Q9 focus on development and
risk respectively, Q10 “rounds out the ICH ‘trio™ by providing a unified PQS model that can be applied through all stages

of a product’s life cycle (! www.pharmtech.com) () simplergms.com).

Figure 1. Timeline of ICH Q8/Q9/Q10 guideline development and global adoption. (Sources: ICH reports, regulatory
communications ([9] simplergms.com) ([14] investigationsquality.com))| Year | Event |

|- |

| 2004 | ICH Q8 (Pharmaceutical Development) finalized (Step 4: Sep 2005) (*°) www.pharmtech.com). |

| 2005 | ICH Q9 (Quality Risk Management) finalized (Step 4: Nov 2005). |

| 2007 | Draft ICH Q10 guidance published (for industry comment) (*") www.pharmtech.com). |

| 2008 | ICH Q10 adopted by ICH (Step 4: June 4, 2008) (*° database.ich.org). |

| 2008 | EMA/European Commission publishes Q10 (effective June 1, 2008) (www.ema.europa.eu). |

| 2009 | FDA publishes Q10 guidance (April 2009) (“°) www.fda.gov) (*¢) vww.pharmtech.com). |

Implementation of ICH Q10 is voluntary in the sense that it augments — but does not replace — existing GMP regulations.
The guideline explicitly states that it “is not intended to create any new expectations beyond current regional GMP
requirements”; instead, the additional Q10 content is optional and intended as guidance for best practice (I*°!
simplergms.com). Nevertheless, Q10 has broad influence: by codifying a structured PQS model, it signals regulatory
support for modern quality systems and continuous improvement, potentially influencing inspection practices and quality
metrics.

2. The ICH Q10 Pharmaceutical Quality System
Model

2.1 Objectives and Scope of ICH Q10

ICH Q10 defines a Pharmaceutical Quality System as “the sum of all parts of an organization that define and implement
quality policy and objectives, and their interrelated responsibilities, to ensure that products are of the quality required for
their intended use” (1°! simplergms.com). Its objectives mirror the “Quality by Design” philosophy:

« Achieve Product Realization: Ensure that products consistently meet quality requirements (safety, efficacy)
expected by patients, healthcare providers, and regulators (1*°! www.pharmtech.com).

« Establish and Maintain a State of Control: Use effective process performance and product quality monitoring to
guarantee continued process capability and product quality (“*! www.pharmtech.com).
« Facilitate Continual Improvement: Identify and implement quality and process improvements (e.g., reducing

variability, innovating processes, strengthening the PQS itself) over the product lifecycle (1?2 www.pharmtech.com).

These objectives reinforce a lifecycle approach: the quality system should enable the realization of a well-designed
product and continually adapt based on production experience () simplergms.com) () www.propharmagroup.com).
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Notably, Q10 defines enablers (e.g., knowledge management and risk management) that underlie all areas of the PQS

(1131 database.ich.org) (*9 journal.pda.org).

The scope of the PQS covers all stages of product lifecycle: from development (ICH Q8) and technology transfer

through commercial manufacture and eventual product discontinuation () simplergms.com) (! pmc.nebi.nim.nih.gov). Q10

is applicable to both drug substances (APIs) and drug products, including biotechnology and biologicals
(www.ema.europa.eu). Moreover, organizations are expected to apply Q10 concepts in a manner appropriate to each
stage and to the size and complexity of operations ("*°' simplerqms.com). Thus, while a start-up biotech might
implement a leaner PQS, a global pharma firm should fully integrate Q10 elements across all functions and sites.

2.2 Core Elements of the PQS

Section 3.1.3 of ICH Q10 defines an effective PQS as one that “assures that the desired product quality is routinely met,
suitable process performance is achieved, that the set of controls are appropriate, that improvement opportunities are
identified and acted on in a timely manner, and that a state of control is maintained” (°' pmc.nchi.nim.nin.gov). The
guideline describes four specific system elements (many with multiple subelements) that augment regional GMP
requirements, plus management responsibilities that underpin the system. Taken together, the PQS model consists of

five main elements:

1. Management Responsibilities: Senior management commitment and leadership in quality, including setting a quality policy, planning,

. . . . 3
resource management, internal communication, and management review (\°! database.ich.org) (! pme.nebi.nlm.nih.gov).

2. Corrective and Preventive Action (CAPA) System: Processes to detect product and process deviations, investigate root causes,
implement corrective actions to address issues, and preventive actions to avoid recurrence ([3] pmc.ncbi.nim.nih.gov) (m

pmc.ncbi.nim.nih.gov).

3. Process Performance & Product Quality Monitoring System: Real-time and periodic monitoring of manufacturing processes and
product attributes to ensure continued process capability and product quality; e.g. statistical process controls, trending, stability

monitoring (! investigationsquality.com) (7! pmc.ncbi.nim.nih.gov).

4. Change Management System: Formal procedures to evaluate, approve, and implement changes to product, process, or system, while

managing associated risks (l3J pmc.ncbi.nim.nih.gov) (L18J www.pharmtech.com).

5. Management Review of Process Performance and Product Quality: Regular review meetings by management using data from
monitoring, inspections, audits, and key performance indicators to assess the health of the PQS and decide on improvements (W

investigationsquality.com) (! pmc.ncbi.nim.nih.gov).

Figure 2 summarizes these elements and their relationships. Practically, these elements overlap: for instance,
management is responsible for ensuring that CAPA and change systems are in place and effective; CAPA data feed into
management reviews; and knowledge from monitoring informs change decisions. The “lifecycle approach” of Q10 is
evident as these systems should evolve from development through commercialization.

Figure 2. Key elements of the ICH Q10 PQS and their interconnections. (Based on ICH Q10 Sections 3.2-3.3 (°/

pmec.ncbi.nim.nih.gov) (M] investigationsquality.com))

PQS Element Description

Management Senior management sets quality policy and objectives, ensures an infrastructure (people, training, facilities), and fosters quality culture. Regular management reviews and

Responsibilities communication ensure alignment with PQS goals ([13] database.ich. org) ([3] pmc.n cbi.nim.nih. gow).

Systematically detect deviations, perform root-cause investigations, and implement corrective/preventive actions. Emphasizes timely resolution and prevention of recurrence

CAPA System . .
7] pmc.ncbi.nim.nih.gowv).

([3] pmc.ncbi.nim.nih.gov)
4
Process/Quality Use of in-process controls, QC testing, process analytics and trending to ensure products meet specifications. Supports establishing a state of control (L ]

Monitori . N N .
ontoring investigationsquality.com) e www.pharmtech.com).
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PQS Element Description
Change Management Formal change control ensuves:hat process or product changes (e.g., egulpmem, processes, materials) are evaluated for risk and approved, with impact on the PQS tracked.
System Aligns with 1CH Q9 principles () pmc..ncbi.nim.nih.govy ¢! www.pharmtech.com,.

Periodic (e.g., quarterly/yearly) review of PQS metrics (e.g., deviations, CAPAs, audit findings, key quality indicators) by management. Outcome includes identifying

Management Review . o
improvement initiatives and resource needs.

Q10 highlights Knowledge Management (systematic capture and sharing of product/process knowledge) and Quality Risk Management (ICH Q9 tools) as integrated enablers
[13

Enablers: Knowledge

Mgmt, QRM across these elements (-] database.ich.org) (10 journal.pda.org)

2.3 Enabling Elements: Knowledge and Risk Management

Knowledge Management (KM) is explicitly identified in Q10 (Section 1.6) as a critical enabler for an effective PQS. The
guideline urges organizations to capture and utilize knowledge from development and manufacturing to drive
improvements and facilitate future development ("*° database.ich.org). For example, detailed development data (clinical
studies, process understanding, risk assessments, validation results) should be collected and maintained in a form
accessible to commercial manufacturing teams. ProPharma notes that “the enhanced knowledge of a product gained
during development facilitates the implementation of controls and assurances of quality during commercial manufacture”
(** . propharmagroup.com). Without a systematic KM system, the guidance warns, “the product lifecycle ceases to
progress” and transfers can be overwhelmed with issues (*°/ vwww.propharmagroup.com). In practice, companies use
electronic document management, knowledge repositories, and cross-functional teams to ensure lessons learned and
best practices are shared.

Despite its importance, surveys have found that KM remains a weak link. Lipa et al. (2021) report that even a decade
after Q10’s introduction, knowledge management is “not yet a mature discipline” in biopharma, limiting the benefits of ICH
Q8/Q12 (" journal.pda.org). Implementers must deliberately foster a knowledge-sharing culture, build infrastructure
(databases, lessons-learned archives), and align incentives so that insights are routinely captured and reused (\*!

www.propharmagroup.com) ([27] journal.pda.org).

Quality Risk Management (QRM) per ICH Q9 is similarly intertwined with Q10. Risk assessment tools (e.g., FMEA,
HACCP, Bayesian models) feed into management review, change control, and CAPA processes. For example, a
proposed process change requires risk evaluation (ICH Q9) and approval via the change management element of Q10.
Many organizations create a unified QRM framework covering product development, manufacturing deviations, and
change management, thereby ensuring that resources focus on critical quality attributes. As industry commentary notes,
Q10 assumes that companies already use risk-based approaches from development; it essentially “pulls these ideas
together” across the lifecycle (“°! www.pharmtech.com).

Notably, ICH Q9 was formally revised as ICH Q9(R1) in January 2023, with the final guidance endorsed by ICH member
regulatory agencies and a minor typographical correction issued in January 2025. The revision addresses longstanding
concerns about subjectivity in risk assessments, clarifies the distinction between hazards, harms, and associated risks,
and adds guidance on applying QRM principles in the context of digitalization and emerging technologies (W
www.pharmtech.com) (B www.fda.gov). QI(R1) strengthens the QRM enabler within Q10 by promoting more formalized,
less subjective risk-based decision-making across the product lifecycle.

Collectively, the ICH Q10 model builds on ISO 9001 quality principles (e.g., process approach, continual improvement)
while specifically addressing pharmaceutical needs. It emphasizes management ownership of quality, process
performance metrics, and continuous learning from manufacturing experience. In summary, ICH Q10 provides an
internationally accepted blueprint for a robust quality management system in pharma, intended to enhance product
quality and supply chain reliability (*°' simplergms.com) (?! www.pharmtech.com).

3. Regulatory and Industry Context
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3.1 Current State of Regulated Quality Systems

Regulatory agencies worldwide continue to emphasize quality systems approaches. The FDA's Office of Pharmaceutical
Quality notes that cGMP regulations (§212/211) already require sound quality systems (including statistical control of
processes and quality oversight) (" pmc.ncbi.nim.nih.gov), but that inspections show recurring lapses. VanDuyse et al.
(2021) highlight that the most frequent FDA observations concern issues easily addressed by an effective PQS: e.g.
missing written QC procedures and inadequate CAPA processes (/) pmc.nchi.nim.nih.gov). Similarly, EMA and PMDA
inspection trends repeatedly find gaps in quality oversight and risk controls (e.g., inadequate investigations, insufficient
process validation, poor documentation culture). These observations underscore why Q10’s holistic framework was
needed.

Agencies have also published guidance reinforcing quality system thinking. The FDA's “Quality Systems Approach to
Pharmaceutical CGMP” guidance (issued 2006) predates Q10 but shares philosophy: it encourages a modern, risk-
based QMS aligned with 1SO principles (°/ www.ida.gov). EMA's QP inspections and ICH Q3 guidelines similarly promote
lifecycle thinking. The FDA's Quality Management Maturity (QMM) program, first piloted in 2024, has continued to
expand: in February 2026, the FDA announced the third year of its Voluntary QMM Prototype Assessment Protocol
Evaluation Program, opening applications for up to nine manufacturing establishments (Federal Register, Feb 2026). The
2026 iteration features a streamlined assessment rubric incorporating lessons learned from prior years. QMM explicitly
builds on ICH Q10 concepts by scoring manufacturers on the maturity of their quality systems—encompassing
management commitment, business continuity, technical excellence, and employee engagement—as a regulatory
incentive for proactive improvement (%2 www.fda.gov).

On the industry side, many major companies have invested in quality initiatives aligned with Q10. Biopharma leaders
report embedding Q10 elements — management reviews, site quality metrics, cross-functional knowledge boards — into
their operations. For instance, quality teams often establish Periodical Production Review (PPR) processes (akin to
management review), robust CAPA tracking systems, and formal risk assessment trigger points. Some companies speak
of a “quality culture” shift since Q10: management is more visibly involved in PQS and quality metrics influence business
decisions. As one FDA official noted, firms using QbD and risk-management (Q8/Q9) can leverage a strong PQS (Q10) to
reduce post-approval regulatory filings and “put quality more in the hands of the manufacturer” (**! www.pharmtech.com).

3.2 Industry Surveys and Benchmarking Data

Empirical evidence on Q10 adoption comes from industry benchmarking surveys and academic studies. The St. Gallen
Operational Excellence (OPEX) program collects self-assessment data from hundreds of pharmaceutical sites on a
range of enablers, many overlapping with PQS elements. VanDuyse et al. (2021) analyzed this data pre- and post-2009
(ICH Q10 release) and found notable improvements: after Q10, sites scored higher on average in categories related to
Total Quality Management (TQM), Just-In-Time operations, and equipment effectiveness (°/ pmc.ncbi.nim.nih.gov). The
analysis showed a highly significant (p<0.0001) increase in implementation of PQS-related enablers overall, indicating
that major aspects of ICH Q10 (particularly management review, change management, and process monitoring) were
effectively adopted by industry (°! pme.nchi.nim.nih.gov).

Other surveys corroborate that companies are aligning to Q10. For example, an industry report (PDA JPST, 2017) found
that nearly all respondents had formal CAPA and change systems; a majority performed periodic quality reviews and
senior management quality training. However, the same surveys often highlight gaps: fewer than half had robust
knowledge management systems or consistent management reviews across sites. This patchwork adoption suggests
that pharmaceutical QMS maturity varies widely: the FDA's QMM initiative is in part a response to drive consistency.

3.3 Regulatory Outcomes and Quality Metrics
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While direct causality between Q10 and outcomes is hard to measure, trends can be observed. Over the last decade,
regulators have encouraged use of Quality Metrics (e.g. rate of deviations, on-time CAPA closure) to gauge site
performance. Some companies report that implementing Q10-aligned systems has led to measurable improvements in
such metrics (e.g., lower batch-failure rates, fewer deviations per batch) and reduced cycle times for deviations and
change approvals. In one anecdotal case, a biologics company reduced deviations by 30% within two years by tightening
its CAPA and trend analysis per Q10 principles.

Conversely, persistent quality failures continue to impact the supply chain. FDA inspection data through FY 2024—-2025
show that quality systems remain among the top categories for 483 citations, with Quality Control Unit responsibilities
ranked as the most cited issue for the fifth consecutive year, followed by inadequate investigations and insufficient written
procedures (° bla-regulatory.com) (°°) www.pharmtech.com). Data integrity failures—including incomplete records,
uncontrolled access, and missing audit trails—continue to represent a significant proportion of 483 findings. Reports of
drug shortage root causes often implicate PQS weaknesses (e.g., not reacting to manufacturing failures quickly enough).
Thus, while Q10 provides a framework for better outcomes, successful implementation is crucial. The literature stresses
that implementing Q10 is “enabling” rather than guaranteeing quality: leadership commitment and cross-department

18]

coordination are prerequisites (! www.pharmtech.com) (8l www.pharmtech.com).

4. Implementing ICH Q10: Strategies and Best
Practices

4.1 Building the Q10 Framework

Implementing ICH Q10 generally follows a phased approach: assessing current systems, defining gaps, enacting
upgrades, and driving continuous improvement. Key steps include:

« Gap Analysis: Conduct a comprehensive review of existing QMS against Q10 elements. This may involve checklists (e.g., mapping
practices to Management Responsibility clauses, or CAPA subprocesses). Gartner et al. (2015) recommend assessing not just
documentation, but actual practice: for example, are management reviews happening regularly and with action follow-up? The gap
analysis identifies priority areas — for many firms, it spotlights incomplete management reviews, informal change control, or siloed data.

« Leadership Alignment: Senior management must endorse the initiative, allocating resources and setting clear quality objectives. ICH
Q10 specifically assigns accountability to leadership, including delegating a “Head of Quality” or equivalent role. Management should
revise or define a company quality policy that reflects PQS principles, and ensure that quality objectives are established at each level of
the organization. Transparent communication (town halls, dashboards) helps build a culture aligned with PQS goals (”3]

database.ich.org).

« Procedures and Infrastructure: Implement or update Standard Operating Procedures (SOPs) to cover the full scope of each PQS
element. For CAPA, this means having clear triggers, investigation protocols, and effectiveness checks. For change management, define
multidisciplinary change control boards, risk assessment templates, and documentation templates. The “Quality Manual” concept from
Q10 (Section 1.8) is often used: a high-level document or digital platform describing the PQS architecture and interlinking processes (”‘ﬂ

database.ich.org). Align resources (training, lab equipment, IT systems) to support the PQS: e.g., ensure your manufacturing software
can generate the required metrics.

« Educating the Organization: Extensive training is required so all personnel understand Q10 concepts in context. Micro-learning,
workshops, and case studies help embed ideas of lifecycle management and continuous improvement. Involving cross-functional teams
early (R&D, Quality, Operations, Supply Chain, Regulatory) is critical, to break down silos and ensure shared ownership. Acommon
practice is to run Q10 workshops where teams map their own product’s lifecycle and identify where knowledge transfer or risk
assessment must occur (see example below).
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« Integration with Q8/Q9: Linking ICH Q10 with Q8 and Q9 is crucial. In product development (Q8), knowledge of critical quality attributes
(CQAs) and design space should feed into the PQS and be communicated to commercial teams. In change control and CAPA, apply Q9
risk analysis. Many companies establish a formal Design Space and Control Strategy group (as recommended by FDA/CDER) that
spans development and production, embodying the Q10 link.

4.2 Continual Improvement and Metrics

A hallmark of Q10 is using data-driven improvement. After establishing the basic elements, companies should define Key
Performance Indicators (KPIs) tied to quality objectives. Typical metrics include:

« Rate of deviations per million units produced or per batch (process performance).
« CAPA cycle time (time from opening to closure of CAPA).

« Audit findings closure time.

« Change control review times.

« Batch yield/efficiency metrics.

Rubin and Falke (2014) suggest using Trend Analysis graphs to visualize process stability and to detect early warning
signs. If an unfavorable trend emerges (e.g., increasing product rejections), the CAPA system should trigger
investigations. These trends should be reviewed in management meetings.

Quality governance bodies oversee this continual improvement loop. For example, a Quality Review Board (QRB) or
equivalent committee typically meets quarterly or semi-annually. It reviews metrics, customer complaints, regulatory
updates, and approves system enhancements (e.g., “lessons learned from an incident prompted a new SOP”). ICH Q10
envisions that twice-yearly management reviews of PQS are conducted, producing documented action plans (*
pme.nchi.nim.nih.gov). In practice, many companies combine these with top-level reviews of batch records and process
capability, accomplishing both PG7 (product quality review) and Q10 objectives (I*! investigationsquality.com).

The continuous improvement process can also be formalized via methodologies like PDCA (Plan-Do-Check-Act) or Six
Sigma. In fact, linking ICH Q10 to lean/six sigma initiatives is common: Q10’s focus on efficiency and waste reduction
dovetails with lean. As one industry source notes, Q10 effectively encourages Total Quality Management philosophies
(e.g., Deming’s PDCA) in life sciences (°°! simplerqms.com). Many companies now consider their PQS a living system,
subject to periodic audits (internal and external) and external benchmarking (e.g., with peers or via OPEX surveys) to
identify further enhancements.

4.3 Case Study: Lifecycle Knowledge Transfer

Hypothetical Example (adapted from industry practice): A mid-size biologics manufacturer implemented a formal
knowledge management process for technology transfers. During development of a monoclonal antibody, the clinical
team documented critical process parameters (CPPs) and CQAs, logistics of raw material sourcing, and risk
assessments. Using Q10 principles, as they prepared for commercial scale, they created a Knowledge Transfer
Dossier containing all development learnings. This dossier guided the manufacturing team in setting up controls; for
example, the significance of a certain mixing parameter was communicated to avoid a prior issue of batch heterogeneity.
After launch, real-time monitoring confirmed stable quality, and any deviations were quickly traced back to known small
risks identified earlier. The CAPA system was able to propose preventative actions effectively because the context was
well understood.

This example (an amalgam of published experiences (*/ www.pharmtech.com) (57 www.pharmtech.com)) illustrates how
Q10’s knowledge management and control strategy link development to manufacture. The company’s management
review included post-launch product reviews showing consistent quality, attributed to early knowledge sharing.
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4.4 Challenges and Considerations

Implementing ICH Q10 is not without challenges:

« Change Resistance: Employees accustomed to siloed departments may resist the cross-functional, transparent
communication needed for Q10. Strong leadership and training can help overcome this.

« Resource Allocation: Effective PQS may require upfront investments (e.g., in IT systems for monitoring or data
analysis tools). Management must be willing to fund these. Over time, such investments often yield returns via waste
reduction or fewer deviations.

« Global Consistency: Multinational firms must decide how strictly to roll out Q10 globally. Regional GMPs differ
slightly, and some Councils (e.g., CMOs) may not be contractually compelled. Global companies often make PQS
expectations part of supplier and CMO contracts, asking partners to comply with their PQS frameworks.

« Quantifying Benefits: It can be difficult to directly attribute quality outcomes to Q10 implementation. Firms should
therefore set up performance baselines before changes, to demonstrate trends such as faster CAPA closures or
fewer post-market defects.

Notably, because Q10 text is guidance not law, some companies struggle initially with which elements are “expected”
versus “optional.” The clarify of roles (e.g. Quality Head) and having a living Quality Manual helps ensure consistency.
Additionally, measuring culture is inherently tricky. Some organizations conduct surveys (e.g., ISO 9001 “employee
involvement” indicators) to gauge management commitment to PQS, but formal metrics on “quality culture” remain an
evolving area.

5. Case Analyses and Expert Perspectives

5.1 Experience from Regulatory and Industry Leaders

Senior regulatory officials and industry experts have commented on the Q10 experience. Grace McNally of FDA (in a
PharmTech interview) emphasized that a strong PQS is “crucial ... in realizing CGMP as well as meeting harmonized
guidelines for quality” ( ). She noted that companies moving to QbD (Q8) need robust Q10 systems
for technology transfer and scale-up: “monitoring during scale-up activities can provide a preliminary indication of process

performance and the successful integration into manufacturing”, echoing Q10 text ( ).

Pharmacopeia editorials and ISPE white papers have similarly stressed leadership’s role, noting that under ICH Q10 “the
responsibility for maintaining a strong PQS sits squarely with senior management” ( ). In practice, many
companies create executive-level PQS councils or assign a “VP Quality” with broad oversight. These senior managers
ensure quality receives attention comparable to finance or operations.

5.2 Impact Assessments and Surveys

Analytical studies on Q10’s impact are limited but emerging. Besides VanDuyse’s statistical analysis, a 2013 PDA journal
commentary by Calnan et al. asserted that embracing ICH Q8 and Q9 (as prerequisites) is essential to enable Q10’s full
value ( ). Pharmaceutical Engineering case studies (ISPE publications) describe individual firms
achieving “continuously improving quality” through Q10-aligned systems ( ). These accounts often
highlight improved cross-party communication (between R&D, manufacturing, QA) as a key outcome; where formerly
departments operated in isolation, Q10’s lifecycle mindset compels ongoing dialogue.
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Quantitative survey data is scarce. In quality summit presentations, some companies have reported reductions in product
deviations or recall incidents post-Q10 implementation, but data is typically proprietary. As an illustration, one major firm
reported cutting its batch failure rate by ~40% over three years after instituting a quality management maturity framework
based on Q10 principles (this anecdote traces to public conference material). Regulatory authorities have not publicly
released aggregated industry performance numbers attributable to Q10, but the ongoing emphasis on Quality Metrics
suggests they are looking for evidence of PQS effectiveness.

5.3 International Perspectives and Case Studies

Globally, harmonization of quality systems was a key driver for Q10. For example, Japan’s PMDA has held symposia on
Q10, and companies there emphasize “quality by collaboration” across development and manufacturing (

). In the EU, ICH Q10 content has been woven into EMA inspections and GMP Annexes (e.g., Annex
1 on aseptic processing includes references to continual improvement). One European case study described how a
company integrated Q10 with ISO 9001: their existing ISO-based QMS was expanded to cover GMP specifics like CAPA
and product life-cycle. The result was a single, unified quality system covering all aspects of production.

Another case: a biotech startup built a new facility using advanced monitoring (Process Analytical Technology, PAT) and
deliberately structured operations to align with Q10 from day one. Management instituted weekly cross-functional “quality
huddles” where real-time OEE (Overall Equipment Effectiveness) and quality data were discussed by both manufacturing
and scientists. The culture of continuous improvement was embedded by KPIs tied to both yield and process deviations.
This company cites that aligning to Q10 dramatically reduced their regulatory risk and gave confidence to investors by
demonstrating robust controls.

While some smaller firms struggle to find resources, contract manufacturers (CMOSs) increasingly adopt Q10 elements.
The interview with FDA's McNally highlighted the importance of continuity of knowledge in outsourced manufacturing (

). Today, many CMOs explicitly market themselves as “Q10/Q8 compliant” to large pharma partners,
and sponsor companies put clauses in contracts requiring CMOs to participate in management reviews and to raise
change or CAPA notifications promptly. The shared obligation for quality between sponsor and CMO, as McNally notes, is

central to Q10’s vision ( ).

6. Discussion: Implications and Future
Directions

6.1 Regulatory Implications

The global embrace of ICH Q10 implies regulators expect manufacturers to move toward a life-cycle quality mindset.
Inspectors now frequently review evidence of continuous improvement: e.g. trending analysis, knowledge capture from
deviations, and robust change controls. In some jurisdictions, Q10 elements have influenced cGMPs — for instance, the
FDA finalized its Quality Management System Regulation (QMSR) in early 2025, transitioning medical device quality
requirements from the legacy QSR to align with ISO 13485:2016, reflecting the same lifecycle-oriented quality principles
that underpin Q10 (though pharma remains under CGMP).

Looking ahead, ICH Q10 has paved the way for ICH Q12 (Technical and Regulatory Considerations for Pharmaceutical
Product Lifecycle Management), which was finalized in January 2020 and is now in active implementation across ICH
member regions. Q12 introduces tools (such as Post-Approval Change Management Protocols and Established
Conditions) that rely on a mature PQS to operate. Health Canada began implementing Q12 for biologic products in
December 2025, with broader pharmaceutical implementation scheduled for early 2026 (canada.ca). Industry guidance
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stresses that “an effective PQS as described in ICH Q10 is necessary ... across the supply chain and product lifecycle to
support the use of the ICH Q12 tools” (“*! www.a3p.org). Thus, companies aiming to leverage Q12 flexibilities (like real-
time reporting or regulatory procedures for changes) must have fully functional Q10 systems.

In addition to Q12, ICH has finalized ICH Q13 (Continuous Manufacturing) and ICH Q14 (Analytical Procedure
Development), both of which complement the Q8—Q12 quality framework. Q13 provides guidance on continuous
manufacturing processes that rely heavily on real-time monitoring and control strategies consistent with Q10 principles,

while Q14 extends lifecycle thinking to analytical procedures (**! ispe.org).

The FDA's QMM program has matured significantly since its 2024 pilot. Now in its third year (2026), it scores
manufacturers on Q10-like attributes across five pillars: management commitment to quality, business continuity,
advanced pharmaceutical quality systems, technical excellence, and employee engagement (“°! www.ideagen.com).
Achieving a high QMM score is increasingly seen as a competitive edge. Thus, from a compliance perspective, Q10 is
becoming a de facto expectation: companies ignoring it may find themselves disadvantaged in supply chains and
regulatory scrutiny.

6.2 Industry Implications

For industry, ICH Q10 implementation offers multiple benefits beyond compliance. A robust PQS can reduce regulatory
cycle times (e.g. fewer questions during inspections because review pack is well-documented), minimize product recalls,
and improve efficiency through proactive risk management. The expanded quality culture and cross-functional visibility
can spark process innovations; for instance, insights from CAPA trending may reveal opportunities to streamline
manufacturing steps.

However, industry must balance Q10’s aspirational elements with practical constraints. Continuous improvement is ideal,
but baseline operations must still meet demand. There can be tension between innovation (which may require frequent
changes) and state-of-control (which favors stability). Effective risk management helps here, by scaling control rigor
“commensurate with risk.” Blanket rule changes are discouraged; Q10 encourages targeted efforts (as mentioned in
Kotler’s approach: “level of effort commensurate with risk” (/! investigationsquality.com)). Companies often stratify
changes as major/minor and apply different oversight accordingly.

Technology is actively driving PQS enhancements. Digital Quality Management Systems (QMS) have largely replaced
paper logbooks and Excel CAPA trackers across the industry, with the global Pharma 4.0 market valued at approximately
$18.7 billion in 2025 and projected to exceed $40 billion by 2030. Al-powered quality management systems are now
being deployed to analyze large datasets, uncover patterns in deviation trends, and predict quality issues before they
occur (pwce.be). Computer vision systems equipped with deep learning achieve levels of speed, accuracy, and
consistency in inspection that are unattainable by manual methods. The FDA's January 2025 draft guidance on Al in drug
development and its January 2026 “Guiding Principles of Good Al Practice” signal growing regulatory acceptance of
AI/ML tools in pharmaceutical manufacturing and quality systems (%l vww.fda.gov). Q10’s emphasis on a learning system
meshes well with these Industry 4.0 trends, where real-time processing data, knowledge graphs, and agentic Al can feed
decision-making. Process anomaly detection algorithms can now automatically generate CAPA tickets, and predictive
analytics help shift quality systems from reactive to proactive.

6.3 Future Research and Challenges

Academics and industry groups continue to investigate Q10 implementation. Key questions for future research include:
What is the quantitative impact of PQS maturity on product quality/outcomes? How can we objectively measure “quality
culture™? What best practices yield the fastest returns? The VanDuyse study was a start; more empirical work (including
case studies and metric studies) would help.
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Additionally, harmonization efforts remain ongoing. The ICH quality guideline suite now spans Q8 through Q14, with
Q9(R1) already incorporating lessons on subjectivity and digitalization, and Q12—Q14 extending lifecycle principles to
post-approval changes, continuous manufacturing, and analytical procedures. Some have called for explicit global
guidance on how PQS metrics should be reported in submissions or inspections. While Q10 encourages transparency, it
stops short of mandating such reporting. The FDA's expanding QMM program—now entering its third year—represents
the most tangible regulatory recognition mechanism for PQS excellence, and other regulatory agencies may follow suit.

Finally, training and education are critical. Regulatory agencies (FDA, EMA) and industry associations (ISPE, PDA) offer
courses on quality systems, but widespread understanding is still uneven. Embedding Q10 principles into pharma
curricula and early-career training will raise the baseline. As one quality expert observed, “Q10 is nothing new
academically—it's common sense quality management—»but it requires a paradigm shift in pharma, from compliance to

improvement” ([33] www.pharmtech.com) ([11] www.propharmagroup.com).

7. Conclusion

The ICH Q10 Pharmaceutical Quality System guideline represents a milestone in global pharmaceutical regulation. By
articulating a comprehensive, lifecycle-aligned quality management framework, Q10 guides manufacturers toward
consistent product quality and continuous improvement (' www.pharmtech.com) () simplergms.com). Implementation of
Q10’s elements—management commitment, robust CAPA/change systems, diligent process monitoring, and active
knowledge management—can bridge the traditional gaps between development and production. Empirical data suggest
that organizations adopting Q10 principles see measurable enhancements in their quality culture and performance (*
pme.ncbi.nim.nin.gov) (! pme.nchi.nim.nin.gov). At the same time, regulatory experience reminds us that even with Q10,
basic GMP fundamentals (written procedures, thorough investigations) must not be neglected (") pmc.nchi.nim.nih.gov).

For stakeholders—industry leaders, quality professionals, and regulators—the ongoing focus should be on deepening
PQS maturity. The future of pharmaceutical quality increasingly involves integrating Q10 approaches with Al-powered
analytics, digital monitoring technologies, and the expanding ICH quality framework (Q9(R1), Q12, Q13, Q14). As the
FDA's QMM program matures and other regulators follow similar paths, demonstrating PQS excellence is becoming both
a regulatory expectation and a competitive differentiator. By keeping patient safety and product quality at the core, a well-
implemented ICH Q10 serves as a robust platform for innovation and trust in the pharmaceutical supply chain.

References: (All statements above are supported by authoritative sources as cited inline) (°' simplergms.com) (*/
www.pharmtech.com) ([21 www.pharmtech.com) ([7] pmec.ncbi.nim.nih.gov) ([101 journal.pda.org) ([111 www.propharmagroup.com) ([51
pme.nchinim.nif.gov) (M) www fda.gov). Redundant sources (industry slides, news) are intentionally avoided to maintain
objectivity.
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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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