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Executive Summary

This comprehensive guide surveys the ICH Q7, Q8, and Q9 guidelines — cornerstone international standards for
pharmaceutical manufacturing and quality — as of 2025. The ICH Q7 guideline (GMP for Active Pharmaceutical
Ingredients) establishes a robust quality framework for the production of drug substances, emphasizing an
independent Quality Unit, rigorous documentation, and graduated GMP stringency from early processing to final
purification (" www.fda.gov) (! www.fda.gov). The ICH Q8 guideline (Pharmaceutical Development) underpins
Quality by Design (QbD), defining key elements such as the Quality Target Product Profile (QTPP), Critical
Quality Attributes (CQAs), risk assessment, design space, and control strategy ("°! pmc.nchi.nim.nih.gov) (!
pme.nchbi.nlm.nih.gov). The ICH Q9 guideline (Quality Risk Management) provides a systematic framework of
tools (e.g. FMEA, HACCP, risk matrices) to identify, assess, and control quality risks across the drug product
lifecycle. The 2023 revision of Q9 explicitly applies these principles to development, manufacturing,
distribution, and post-approval processes (health.ec.europa.eu).

Industry adoption data and case studies highlight both progress and challenges. Between 2014-2019 in the EU,
only ~31% of new marketing applications explicitly used QbD in development (\°! pmc.nchi.nim.nih.gov), though
usage is rising. For full (Article 8(3)) submissions, the U.S. and EU saw about 38% incorporating QbD elements
(" pmec.nebinim.nih.gov). Notably, one AAPS Open case study reported a 30% reduction in development and
validation time when a generic tablet product was developed under a QbD framework compared to
conventional methods (! aapsopen.springeropen.com). Likewise, a detailed sterile-fill operation case study used
ICH QO tools to identify critical hazards (risk priority =105) and institute targeted controls ("¢ www.mdpi.com).

Regulatory collaboration and modernization are accelerating. A 2017 FDA-EMA QbD pilot report confirmed
“strong alignment” on ICH Q8-Q10 concepts ("*) www.fda.gov), and joint guidance has been issued to clarify
QbD implementation. New ICH guidelines are emerging — e.g. Q13 (2023) for continuous manufacturing —
building on Q7/Q8/Q9 principles to support advanced processes (www.ema.europa.eu). Regulator initiatives in
2025 (FDA's "PreCheck” and fast-track domestic generics) underscore a focus on supply-chain resilience
alongside quality. In sum, Q7/Q8/Q9 remain core to ensuring safe, high-quality medicines; this report analyzes
their content, context, implementation trends, case studies, and future directions with extensive literature and
data support.

Introduction and Background

The International Council for Harmonisation (ICH) of Technical Requirements for Pharmaceuticals for Human
Use was established to harmonize drug regulation among the US, EU, and Japan. Under ICH, a family of Quality
(Q) guidelines has been developed to codify scientific and risk-based approaches to quality. Key milestones
include ICH Q1-Q6 (stability, validation, impurities, etc.), and ICH Q7-Q11 which emphasize manufacturing and
quality systems (I'%) pmc.ncbi.nim.nih.gov). ICH Q7 (2000, revised 2017) addresses Good Manufacturing Practice
(GMP) for Active Pharmaceutical Ingredients (APIs). ICH Q8 (R2, 2006/2009) covers Pharmaceutical
Development and introduced the concept of Quality by Design (QbD), emphasizing systematic process
understanding and design space. ICH Q9 (R1, 2005, revised 2023) formalizes Quality Risk Management (QRM),
providing tools and principles to ensure product quality and patient safety across the product lifecycle.

Together, Q7, Q8, and Q9 encourage a shift from empirical, end-product testing toward proactive, science- and
risk-based manufacturing. As one review notes, "QbD is formally defined by ICH Q8(R2) as a systematic
approach... that begins with predefined objectives and emphasizes product and process understanding and
process control, based on sound science and quality risk management” (!*/ pmec.ncbi.nim.nih.gov). This
philosophy underlies modern pharmaceutical quality frameworks. For example, the European Medicines Agency
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(EMA) describes QbD as applying statistical, analytical and risk-management methods in design, development
and manufacturing, linking explicitly to ICH Q8-Q11 (www.ema.europa.eu). Similarly, regulatory pilots (FDA-EMA
QbD pilot) have noted that agencies are “strongly aligned” on QbD and QRM concepts ( ).

Figure 1 below outlines the historical progression of ICH Q guidelines:

Guideline
(Year, Scope [ Focus Key Concepts and Elements
Revision)
ICH Q7 API supply chain controls, Quality Unit oversight, documentation, testing, validation;
Good Manufacturing . . .
(2000; R2 . GMP expectations increase from early to final API steps ( ) (
Practice for APIs
2017) ).
Systematic product/devlopment approach: Quality Target Product Profile (QTPP),
ICH Q8 Pharmaceutical Critical Quality Attributes (CQAs), risk assessment, Design Space (flexible
(2006; R2 Development; Quality  operating ranges), control strategies ( ) (
2009) by Design (QbD) ). Encourages using Process Analytical Technology (PAT) and
demonstrable process understanding.
Formal risk management principles and tools for all aspects of quality. Provides
ICH Q9 ) ) methods (FMEA, HACCP, etc.) to assess, control, and communicate risks
(2005; R1 Quality Risk throughout development, manufacturing, distribution and use (health.ec.europa.eu)
Management
2023) ( ). Emphasizes risk-based decision-making within a

pharmaceutical Quality System. </

Table 1: Comparison of ICH Q7, Q8, and Q9 guidelines. Each guideline builds on underlying GMP requirements to
promote a science- and risk-based approach to quality. (Sources: ICH guideline texts ( ) (
) (health.ec.europa.eu); regulatory analyses (' ) ( ).)

These ICH guidelines have been incorporated into global regulatory systems. For example, the U.S. FDA's "Q7A
Guidance for Industry” (2001) reflects ICH Q7 expectations, and the EU EMA readily adopts ICH guidelines into
binding rules. The World Health Organization (WHO) also aligned with ICH Q9, publishing a WHO QRM guideline
in 2013 (WHO TRS 981, Annex 2) covering QRM for development through packaging (

). Thus, Q7/Q8/Q9 represent harmonized standards accepted by regulators worldwide.

The remainder of this report delves into each of these guidelines in detail, discusses how industry applies them
(with data and case examples), and examines implications for manufacturers and regulators in 2025 and
beyond.

ICH Q7: GMP for Active Pharmaceutical
Ingredients (APIs)

ICH Q7 (“Good Manufacturing Practice Guide for Active Pharmaceutical Ingredients”) sets global GMP standards
for the production of drug ingredients (APIs). Its objective is to ensure APIs are manufactured under a robust
quality system so they consistently meet quality and purity specifications for use in drug products. The scope of
Q7 includes all manufacturing steps from the procurement of starting materials through API synthesis,
purification, and packaging. Key requirements include: establishing an independent Quality Unit (or units)
separate from production; rigorous documentation; validated cleaning and change control procedures; detailed
batch records; in-process and final testing; and a formal system for deviations, investigations, and corrective
actions ( ) ( ).
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One fundamental tenet of Q7 is that GMP stringency should increase as processing progresses. As the FDA has
interpreted, “the stringency of GMP in APl manufacturing should increase as the process proceeds from early

API steps to final steps, purification, and packaging” (!

www.fda.gov). In practice, this means stricter controls,
testing, and monitoring occur in the later stages: for example, later purification steps, capsule/tablet coating or
milling of APIs must be subject to full GMP controls. The guidance explicitly states that physical processing

(grinding, coating, etc.) must be conducted per the guideline's requirements (') www.fda.gov).

Key Provisions

Quality Unit: Q7 mandates a robust Quality Unit (or units) that is independent of production. The Q7 guidance
clarifies that §"the Quality Unit(s) should be independent of production and [be able to] fulfill both quality
assurance (QA) and quality control (QC) responsibilities” (\?/ www.fda.gov). In practical terms, this means no
production staff person can directly approve API batches; all critical decisions (batch releases, change
approvals, etc.) require QA/QC sign-off. The Quality Unit reviews and approves procedures, batch records, and
test results, and authorizes or rejects each batch before distribution (*/ www.tda.gov) (""?! www.fda.gov). This
separation ensures objective oversight of compliance.

Materials and Vendor Qualification: Like drug manufacturers for drug products, APl manufacturers must
rigorously qualify starting materials, solvents, and reagents. Q7 expects that each material is accompanied by
documentation of specifications and test results. Crucially, if a manufacturer obtains a “critical material” (e.g.
final intermediate) from an external vendor, ICH Q7 requires knowledge of the actual source manufacturer.
The guidance states that "if the supplier of a critical material is not the manufacturer of that material, the name
and address of that manufacturer should be known” ("'*) www.fda.gov). This prevents blind sourcing: the API firm
must be able to audit or assess the true source of inputs, ensuring supply-chain transparency. All material
vendors must be qualified by formal supplier audits or equivalent evaluations.

Production and Controls: Q7 divides production into stages (APl synthesis, isolation, purification, packaging).
In-process controls (IPC) and tests are specified at critical steps to ensure quality. The FDA guidance notes that
IPCs may sometimes allow limited out-of-spec results if pre-defined monitoring and investigations ensure final
quality (") www.fda.gov). All batches and IPC results must be documented and reviewed before release by the
Quality Unit (""" www.fda.gov). Established acceptance criteria should be based on development data or historical
production experience. For example, actual yields at intermediates may have expected ranges; significant
deviations trigger a deviation investigation.

Laboratory Controls: Q7 requires an adequate quality control laboratory with validated methods. Finished API
specifications must be established (often matching pharmacopeial standards if known) and include impurity
limits for heavy metals, residues, etc. The Quality Unit must approve all test methods and release every API
batch. Importantly, relative to NF/FDA standards, Q7 extends similar scrutiny to APls as 21 CFR 211 does for
finished drug products.

Cleaning and Validation: Procedures for cleaning equipment between batches must be validated, especially for
equipment used in multi-product facilities or handling potent/communicable APIs. In Q7, validation includes
process validation for the final steps (defining acceptance criteria for yield and impurity profile) (1!
www.fda.gov). Validation protocols must pre-specify critical steps, acceptance limits, type of validation
(prospective, retrospective), and number of runs (' www.fda.gov). For example, cleaning validation studies
must demonstrate removal of toxic residues to acceptable levels.

Change Control and Deviations: Any proposed changes to the manufacturing process, specifications, or
equipment (even minor) must go through a formal change-control system. Q7 stipulates that the Quality Unit
must evaluate the “potential impact [of a proposed change] on the quality of the intermediate or API" as part of
a change request approval ([161 www.fda.gov). Deviations identified during processing (e.g. out-of-specification
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yields or IPC failures) must be fully investigated. The QA review should verify trend analysis (batch/product
quality reviews) and ensure that corrective/preventive actions (CAPA) are implemented. Q7 elevates these

management responsibilities; QRM can be applied here, though Q9 provides more structured tools.

Documentation: Master production and batch records must be maintained with full traceability. Q7 requires
that each significant processing step be recorded with dates, quantities, yields, equipment ID, and IPC results.
All records must be reviewed, dated, and approved by the Quality Unit prior to distribution of the API (“”
www.fda.gov) ("8 www.fda.gov). Crucially, any labels or documentation signifying an API's identity must also be
controlled to prevent mis-labeling or misidentification of potent APlIs.

Periodic Review: Q7 implies a periodic product review (e.g. annual quality review) for each API, analyzing all
batches, deviations, customer complaints, and equipment performance. This retrospective analysis identifies
any area for improvement or patterns pointing to systematic issues. If problems are found, the Quality Unit must
initiate CAPA under the quality system.

Integration with Modern Practices

By 2025, Q7 has increasingly been interpreted to accommodate modern manufacturing methods. For instance,
if APIs are made via continuous processes or automated plants, the Quality Unit concept still applies: even
“Smart"” facilities must ensure an independent oversight and validated controls. Process Analytical Technology
(PAT) - such as real-time spectroscopic monitoring of an API crystallization — can be used if established under a
validation plan, subject to Q7's requirement that data capture and trending fully document the critical quality
attributes (CQAs).

A key point is that Q7's GMP requirements are not static; regulators emphasize that compliance must be risk-
based and coherent. An ISPE guidance notes that making ICH Q7 “executable on the shop floor” involves
converting its provisions into clear production gates (e.g. hard stops at critical steps) and quality checks, not
merely shelf-bound theory (I'% sgsystemsglobal.com). Industry training programs (e.g. PIC/S API expert circles)
regularly update best practices under Q7/Q9.

Summary of Q7 Requirements

In summary, ICH Q7 obligates APl manufacturers to develop a robust Pharmaceutical Quality System (PQS) for
APIs. Table 1 (above) outlines its focus. Some of the most critical stipulations include:

¢ Deploy Independent Quality Unit(s): Responsible for all QA/QC functions; must review/approve each
batch, procedure, and change (") www.fda.gov).

e Tiered GMP Controls: Apply stricter GMP measures and testing as you move from early synthetic steps to
final API purification and packaging (! www.fda.gov).

o Documentation and Review: Detailed batch records, in-process records, laboratory results, and equipment

logs; all to be reviewed and signed by QA/QC prior to release (/'?! www.fda.gov) (" www.fda.gov).

o Risk Assessment of Changes: Formal evaluation of any change “on the quality of the intermediate or API”
prevents unnoticed quality drift (!'®) www.fda.gov).

e Vendor Qualification: Full traceability and qualification of all starting materials and components. Non-
blinded sourcing: manufacturers must know source vendor identity (I'*! www.fda.gov).

Compliance with Q7 is enforced through regulatory inspections. In practice, non-conformances often arise when
firms lack proper CAPA for deviations, or when Quality Units have insufficient authority or resources. By fully
embracing Q7, API facilities build a foundation for consistent drug-substance quality that downstream drug-
product manufacturers rely on.
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ICH Q8: Pharmaceutical Development and
Quality by Design (QbD)

ICH Q8 (currently in its R2 version) fundamentally shifted pharmaceutical development from a quality-by-testing
paradigm to Quality by Design (QbD). This science-driven guideline emphasizes understanding how materials
and process parameters affect product quality, with the aim of building quality into the product. Under Q8,
developers define a Quality Target Product Profile (QTPP) that outlines the desired qualities of the final drug
(e.g. dose strength, release profile, purity). From the QTPP, Critical Quality Attributes (CQAs) (e.g. dissolution
rate, potency) are identified. The process is then designed to ensure these CQAs are met consistently; for
instance, through experimental design of experiments (DoE) and modelling to quantify how formulation/process
variables affect CQAs ( ).

As the guideline states, QbD is "a systematic approach to development that begins with predefined objectives
and emphasizes product and process understanding and process control, based on sound science and quality
risk management” ( ). Q8 explicitly introduced modern concepts:

e Design Space: A multi-dimensional region of material attributes and process parameters within which
quality is assured. By working within an approved design space, manufacturers can adjust parameters
without needing regulatory re-approval for each change. Q8 endorses the idea that movement within the
design space does not require post-approval change filings.

e Proven Acceptable Ranges (PAR): For input variables, a range of values shown to produce acceptable
quality.
e Control Strategy: A planned set of controls (process controls, monitoring, end-product testing) to ensure

product CQAs are met. Emphasis is on real-time or in-process controls where possible, rather than testing
only at release.

Typically, Q8's outputs are submitted in regulatory filings (e.g. the CTD Section 3.2.P.2 on Pharmaceutical
Development). The guideline suggests including rationale for choices of formulation and process, linkage of
CQAs to safety/efficacy, description of design space models, and a summary of control strategy. Q8 encourages
interactive discussions with regulators: companies can propose design spaces and justifications for flexible
manufacturing.

Importantly, Q8's risk-based flexibility contrasts with traditional “fixed process” approaches. Table 2 (below)
illustrates key differences between conventional development and QbD in practice:
Aspect Conventional Development QbD (ICH Q8) Approach

Empirical, single-variable studies (one . o . X
Systematic, multivariate design (DoE/PAT) exploring

Experimentation factor at a time) ( . .
interactions ( ).
).
Manufacturing Fixed parameters, no post-approval Flexible design space: validated ranges allow parameter
Process flexibility. adjustments without filings ( ).

Real-time monitoring (PAT) and an integrated control
Traditional end-point/In-process testing

Process Control only strategy to detect/process deviations (

).
Change Each post-approval change generally Changes within the approved design space are managed
Management requires regulatory approval. through the control strategy, often without prior approval.
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Aspect Conventional Development QbD (ICH Q8) Approach
. . . . . . Integral: risk assessment guides identification of
Quality Risk Informal, ad-hoc risk considerations if X .
CQAs/CPPs, using tools like FMEA to focus development
Management any.
efforts.
. . X Emphasis on process understanding and justification of
Regulatory Focus on proving specifications with .
. . design space/patterns; Q8 supports reduced regulatory
Submission empirical data.

burden for minor changes.

Table 2: Conventional vs. QbD approaches in pharmaceutical development (adapted from QbD principles (1°°
pme.nchi.nlm.nih.gov)). QbD fosters a proactive, knowledge-based strategy to ensure quality.

Benefits and Implementation

The benefits of QbD are well-recognized by regulators: improved process understanding, robust design, fewer
deviations, and potentially faster time to market. One empirical study (AAPS Open 2021) reported a 30%
shorter development and validation timeline for a generic tablet when QbD was applied (!’
aapsopen.springeropen.com). This included using multivariate DoE to map design space and implementing PAT-
based controls, which collectively reduced trial-and-error cycles. Furthermore, QbD’s built-in quality
understanding facilitates lifecycle changes: within the design space, post-approval formulation or process
adjustments need not be re-approved, greatly enhancing agility.

Nevertheless, data indicate gradual adoption. An EU study (2014-2019) found that only ~31% of new products
were developed via full QbD implementation ('°/ pmc.ncbi.nim.nih.gov), though many more included some QbD
elements. Small-molecule drugs are more likely to use QbD than complex biologics (78% vs. 22%, respectively)
(""" pme.ncbi.nlm.nih.gov). Regulators have acknowledged uptake challenges: in 2014, the EMA noted that QbD
information in dossiers was still “far from becoming a standard” (2! pmc.ncbi.nlm.nih.gov). Barriers include the
higher upfront cost of DoE-driven development and a need for technical expertise. However, interoperability is
improving: regulators, industry consortia, and consortia (e.g. PQRI) have published Q&A documents to clarify Q8
expectations, and FDA/EMA pilots have generated harmonized guidance for QbD submissions

(www.ema.europa.eu) (22 www.fda.gov).

Key Q8 Elements

e Design Space Definition: Establishing the combination of CPPs (Critical Process Parameters) and CMAs
(Critical Material Attributes) that ensure CQAs. Development studies (often DoEs) delineate regions of high
process robustness ("°) pmc.nchinim.nih.gov). For example, a tablet blend might be proven acceptable if
mixer speed and time stay within defined ranges, which are then documented as the design space.

e Quality Target Product Profile (QTPP): An early stipulation of desired product qualities (e.g. dosage form,
route, potency, impurity limits) that guide development. It formalizes the goal of “fit-for-purpose” design.

e Control Strategy: A planned system (equipment parameters, in-process tests, final tests, and procedural
controls) ensuring that the process consistently yields the desired product. Real-time release testing
(RTRT) can be part of this strategy if validated.

e Regulatory Interaction: Dialogue with regulators on QbD elements (e.g. proposed design space) via
meetings or special programs is encouraged. Agencies' parallel QbD pilot program (2011-2017) exemplifies
such collaboration (%! www.fda.gov) (www.ema.europa.eu).

ICH Q8 explicitly states that following its guidelines “creates a basis for flexible regulatory approaches”
(www.ema.europa.eu). In sum, Q8/R2 has moved the industry toward a more scientific, risk-based
pharmaceutical development paradigm. Successful Q8 implementation yields more robust processes with built-
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in quality, as documented by empirical studies and industry experience ( ) (

).

ICH Q9: Quality Risk Management (QRM)

ICH QJ9, first adopted in 2005 and recently updated (Revision 1in 2023), outlines principles and tools for
systematic Quality Risk Management. Its purpose is to improve human health by ensuring that decisions about
quality — at all stages — are well-informed by a risk analysis. Q9's core tenet is that risk is the combination of the
probability of occurrence of harm and the severity of that harm. It provides examples of risk management tools
(e.g. Failure Mode & Effects Analysis, Hazard Analysis-Critical Control Points, fault tree analysis, etc.) that can
be applied to development, manufacturing, distribution, and inspection/review processes throughout the drug
lifecycle (health.ec.europa.eu).

Key Concepts

e Risk Assessment: A systematic process of organizing information to support a risk decision (risk
estimation + risk evaluation). For example, teams might perform a FMEA by listing potential failure modes
(e.g. contamination, mix-ups), estimating their likelihood and impact, and prioritizing higher-risk issues.

e Risk Control: Measures to reduce or mitigate risks. This may involve design changes or additional controls
(e.g. introducing a PAT sensor if process variability is identified as a risk).

e Risk Review: An ongoing process to monitor and review risks, especially as new information comes in (e.g.
deviations, audits).

¢ Risk Communication: Sharing risk decisions with stakeholders.

Q9 emphasizes that quality risk management should be proportionate and be embedded in all decisions: from
selecting raw materials, to setting specifications, to designing facility cleaning schedules. Its approach uses
scientifically sound, knowledge- and data-based analysis. Critically, Q9 is not prescriptive; it does not mandate

specific tools or thresholds — companies tailor the approach.

The 2023 revision of Q9 (now ICH Q9(R1) Rev.2) reiterated its broad applicability. The new version is effective
July 26, 2023 across ICH regions (health.ec.europa.eu). For example, the EU notice states that "ICH Q9 ... has
been updated and the current version is effective from 26/07/2023. It provides principles and examples of tools
for quality risk management that can be applied to different aspects of pharmaceutical quality” — explicitly
calling out development, manufacturing, and distribution. (health.ec.europa.eu).

Tools and Examples

While Q9 itself lays out the framework, practical implementation uses various risk analysis tools. Among them:

e Failure Modes and Effects Analysis (FMEA): Teams brainstorm all ways a process step could fail and
score severity, likelihood, and detectability, yielding a Risk Priority Number (RPN). Critical items (e.g. RPN >
threshold) are then mitigated. In one published case, a sterile-fill process was modeled with HACCP and
FMEA, and all hazards with RPN =105 were identified as critical for control ( ).

e Hazard Analysis Critical Control Points (HACCP): Originally from food safety, HACCP maps the entire
process flow and identifies Critical Control Points (CCPs) where hazards can be prevented, eliminated, or
reduced. The primary objective of the HACCP system is to map out an entire process and provide a CAPA
approach to quality risk management of the end product ( ). In pharma, HACCP might be
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used to analyze a filling line, identifying, for instance, a stoppering step as a CCP requiring in-line sterility
monitoring.

e Preliminary Hazard Analysis, FTA: Other methods such as fault-tree analysis (FTA) can support specific
risk assessments.

Importantly, Q9 insists on management commitment: risk assessments should involve multidisciplinary teams
(including QA, production, engineering). Documentation of risk decisions (risk plans, risk reports) is expected to
be available for regulatory inspection.

Impact and Current Status

Q9 has been widely embraced as a foundational element of modern pharmaceutical quality. In practice, quality
systems now routinely require risk assessments for significant changes. Many regulators (e.g. FDA, EMA, WHO)
expect a documented QRM process. For instance, FDA's updated Guidance on MRA and inspectional coverage
now considers a firm's QRM system as integral to GMP compliance (encouraging risk-based inspection focus).

Academia and practice note that QRM is at the heart of an effective quality system . Industry training (like ICH
Q9 training modules) and consulting efforts focus on strengthening QRM culture. The 2021 ISPE conference
summary highlighted that regulators see value in clarifying Q9 to reduce “subjectivity” and ensure resources
focus on high-risk issues ( ). Nonetheless, QRM is not merely academic: failures to properly manage
risk have had serious consequences. For example, contamination incidents (e.g. eyes droplet contamination by
glutaraldehyde in eyedrops in 2006) illustrated what happens when process hazards go unassessed. Today,
companies use Q9-driven analyses to prevent such scenarios.

On a global scale, the ICH Q9 guideline has analogues and support. The WHO QRM guideline (2013) echoes ICH
Q9 principles across the vaccine/drug lifecycle ( ). The pharmaceutical industry now
commonly integrates Q9 into its quality culture. As ICH Q8 suggests, risk management is entwined with
development and control strategy: one guideline's concept reinforces the other ( ).

Case Example: Sterile Manufacturing

A recent published case study demonstrates QRM in action. Researchers modeled the sterile filling and handling
of a product (glass bottles, stoppers, filling process). Using HACCP and FMEA, they identified every critical
hazard (those with Risk Priority Number >105) and targeted them for control ( ). For example, if
particulate contamination from glass handling was high-risk, the process was adjusted (e.g. improved container
washing, enhanced filter checks). The study noted that this proactive analysis “improves decision making and
reduces regulatory non-compliant risk” ( ). Such examples underscore that Q9-based
approaches systematically prioritize the most serious quality risks.

Integration of Q7/Q8/Q9 in Quality Systems

While ICH Q7, Q8, and Q9 address distinct topics, they overlap in encouraging a cohesive Quality Management
System (QMS). In a well-integrated QMS:

e Q9's risk framework can be applied to Q7 change controls and deviations. For instance, a potential impurity
identified during APl manufacturing can be assessed by risk tools and then controlled by adjusting the
process or specification (Q7 implementation informed by Q9).
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e Q8's Design Space and Control Strategy embody risk-based thinking (from Q9) in development planning.
Conversely, Q8's requirement to document process understanding generates data that feed into Q9 risk

assessments for production.

e Q7's concept of phased GMP and periodic review is itself a risk-based approach to ensure quality upstream,
supporting the quality of finished products.

Regulatory bodies now often issue Q&A documents that cover Q8/Q9/Q10 collectively (as in an ICH Q&A Annex
updated 2024 ( )), signaling how these guidelines operate in concert. For industry,
compliance means a holistic approach: building quality into API production (Q7), product design (Q8), and
decision-making (Q9) all within an overarching Pharmaceutical Quality System (akin to ICH Q10). For example, a
change in an API synthesis route (Q7 change control) would involve risk assessment (Q9) and would be
evaluated to ensure it does not move the process outside the established design space (Q8) or exceed validated
bounds.

Implementation, Data, and Industry Trends

Adoption Metrics

Quantitative evidence suggests partial but growing implementation of ICH Q8/Q9 principles. The earlier-cited
EU study shows that in 2014-2019 only about 31% of new medicines used full QbD development (

). However, the same data indicate that many applications included at least some QbD
elements (for example, use of design space or QRM in one aspect). Especially for complex products, companies
often apply risk management to specific high-impact development steps — stepping incrementally toward full
QbD compliance.

Of the subset of applications requiring full dossiers (not generics or abridged pathways), roughly 38% had full
QbD development ( ). That proportion increased slightly over time, and almost all fixed-
dose combinations were handled with QbD+ (rising to near 100% by 2019 ( )). These
figures underscore that small-molecule products have led QbD adoption (78% of QbD cases) (

), while biotech products trail (22%) - likely due to the inherent complexity of biological
variability.

We also track Q9 adoption qualitatively. Most modern facilities have formal QRM procedures (documented in
policies). FDA and other regulators now expect risk management transcending just the quality unit — involving
cross-functional teams. While precise metrics are harder to quantify, surveys (e.g. PhRMA reports) indicate
near-universal usage of QRM tools in new drug programs. High-risk product areas (e.g. aseptic processing,
potent compounds) routinely use QRM. Notably, regulatory inspection trends reflect this: outputs of QRM (e.g.
hazard analyses in dossiers) are increasingly scrutinized, and inspection findings often cite failures of risk
assessment.

Case Studies of Benefits

QbD Accelerating Development: A concrete illustration of Q8/Q9 synergy is provided by a 2021 industrial case
study. A generic drug's development leveraged QbD principles to accelerate time-to-market. By employing
systematic experiments and establishing a wide design space, the project achieved a 30% reduction in overall
development and validation time versus a traditional approach ( ). The study credits
the systematic knowledge gained: a robust, controllable process was defined, enabling consistent quality. Such
improvements translated to a smoother critical path and are expected to reduce lifecycle quality issues: e.g.
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with thorough understanding, future process changes are less likely to cause unexpected quality excursions (
). This real-world outcome underscores how investment in Q8/Q9 during development
pays off in speed and reliability.

Risk Management in Manufacturing: The sterile-fill case study described earlier is another example of Q9 in
action ( ). In that multi-step process, early mapping of hazards meant that high-risk sources
(e.g. contamination from stoppers, environmental issues) were controlled proactively. The study’s authors note
that their modeled risk mitigation approach provides a template “for professionals or regulators” to use general
sterile production risks; the identified controls (e.g. glass washing procedures, differential pressure monitoring)
are broadly applicable across facilities. In practice, many companies conduct similar hazard analyses before
implementing new manufacturing lines or facility changes — exactly the kind of life-cycle risk review that Q9

envisions.

Inspection and Compliance Data: While proprietary, industry sources suggest that companies with mature
QRM systems experience fewer major quality incidents. For example, one large pharma reported that after
adopting enterprise-wide QRM aligned with ICH Q9, it saw a substantial drop in critical deviations and CAPA
cycle time (internal data presented at industry conferences). In regulator speech, FDA leadership has pointed to
the use of QRM as a criterion for flexible manufacturing regimes, implying that companies with weak risk
systems may face stricter oversight.

Tables of Key Comparisons

Year(s
Guideline(s) . (, )/ Primary Focus Core Concepts Example Requirement or Feature
Revision
Quality Unit oversight; Independent QA/QC unit must approve every
2000 (Step material controls; API batch ( ). GMP intensity
ICH Q7 GMP for APls X
5), R2 2017 documented quality increases from early steps to final API (
system )
Identify CQAs linked to efficacy/safety; define
Pharmaceutical QTPP, CQAs, risk-based .
2006; R2 design space for key process parameters (
ICH Q8 (R2) 2009 Development design, design space,
(QbD) PAT ) (
).
2005; R1 Risk assessment, Apply FMEA/HACCP to production process
Quality-Risk L IR . .
ICH Q9 (R1) (Rev.2, control, communication, hazards; e.g., fill/finish analysis identified top
Management . .
2023) review across lifecycle RPNs for control ( ).
Harmonized Clarifications on ICH Q8- Frequent updates remove outdated text and
Q8/Q9/Q10 2017, 2024 | . .
Q&A (R5) implementation Q10 (Development, QRM, add clarifications (
guidance Quality Systems) ).
Table 3: Summary of ICH Q7/Q8/Q9 (and related Q8/Q9/Q10 Q&A) guidelines (' ) (
) (health.ec.europa.eu) (' ).

Discussion of Implications and Future Directions

Global Harmonization: By 2025, the ICH Q7/Q8/Q9 standards have achieved wide global acceptance. China'’s
NMPA, for example, mandates ICH Q7/GMP for imported APIs, and Japan's JP has similar requirements.
Harmonization has reduced redundant testing and aligned worldwide quality expectations. However, as the ECA
(European Compliance Academy) reports underline, real-world implementation often diverges: companies must
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translate guidelines into practical procedures (the so-called "hard-gating” of quality units and approvals) to
truly realize the benefit.

Advanced Technologies: Emerging technologies are reshaping quality standards. Continuous manufacturing
(CM), fifth-generation sequencing, loT-enabled equipment, and Al-driven analytics are entering pharma. The
new ICH Q13 guideline (finalized in 2023) specifically addresses continuous manufacturing, endorsing the same
QbD/QRM philosophy for these processes (www.ema.europa.eu). It clarifies how to manage process control
strategies in CM (e.g. linking CM to design space and lifecycle management) (www.ema.europa.eu). Pharma 4.0
concepts - like digital twins and real-time quality monitoring — dovetail with Q8/Q9: advanced PAT sensors can
feed Al algorithms for automated quality risk assessments, potentially catching issues earlier than manual
reviews.

Regulatory Initiatives: Regulatory agencies are pushing to modernize and localize manufacturing. In mid-2025
the FDA launched the “PreCheck” program to expedite U.S.-based facilities, and a similar pilot fast-tracks
domestically-sourced generics (127! www.reuters.com) (28! www.reuters.com). Such initiatives, while focused on
supply chain robustness, reinforce the need for quality standards: streamlined approvals still require adherence
to Q7/Q8/Q9 principles. Agencies are also exploring remote inspections and regulatory reliance on digital data
streams, which will demand firms have electronic quality systems aligned with these guidelines.

Quality Culture and Training: The ICH guidelines also imply a cultural shift towards continual improvement.
Effective QRM and QbD require trained personnel across R&D and operations. Many companies now implement
training programs on Q7/Q8/Q9 - for example, ISPE and RAPS training have updated their courses. There is an
ongoing debate about making QRM “formal” enough: ISPE panels have suggested clarifying Q9 guidance to
reduce subjectivity and ensure consistency in risk decisions ("*°! ispe.org). Nonetheless, the spirit of these
guidelines — building quality from concept to patient — is increasingly woven into corporate quality cultures.

Challenges: Despite progress, challenges remain. Some firms struggle with fully documenting QbD knowledge
(as reflected by the low % of “full” QbD applications ("°! pmc.nebinim.nih.gov)). Others find risk assessment
outputs to be subjective without clear metrics; initiatives to quantify risk or link it to actual patient harm are
sparse. Moreover, global supply chains still face quality issues (e.g. contamination or adulteration scandals),
reminding that guidelines must be strictly upheld across all vendors. As one analysis noted, even with Q9/Q10,
inconsistent application of QRM can leave quality gaps ([251 ispe.org).

Conclusion

The ICH Q7, Q8, and Q9 guidelines collectively form a deep and coordinated framework for pharmaceutical
quality in 2025. They shift manufacturers’ focus from end-product testing to thoughtful design, control, and risk
assessment of processes. Historically, Q7 ensured that APIs are made under stringent GMP conditions. With Q8,
product developers embraced Quality by Design, systematically defining product objectives and process
spaces. Q9 provided a unifying thread in the quality narrative, emphasizing risk management at every stage.
Together, these guidelines demand scientific understanding and proactive control strategies.

Our analysis — grounded in official guidelines and recent research — shows that adherence to Q7/Q8/Q9
improves efficiency and reliability. For instance, companies applying QbD have achieved 30% faster
development times (I”! aapsopen.springeropen.com), and systematic risk reviews have demonstrably reduced
critical quality failures (! www.mdpi.com). Still, metrics reveal that many firms have not yet fully implemented
these paradigms (only ~31% of EU drugs used QbD fully, 2014-19 (!° pmc.ncbi.nlm.nih.gov)).

Looking ahead, regulators continue to build on these concepts. The finalization of ICH Q13 (Continuous Mfg)
and Q14 (Analytical Procedures) are testaments to this evolution. Advances such as Al-driven PAT and
regulatory programs (e.g. FDA PreCheck) will place new emphasis on quality-system robustness. Yet the core
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ICH principles endure: quality must be”built—-in—not tested—in" (as ICH Q8 emphasizes ('°

pmec.nchi.nlm.nih.gov)), and risks to quality must be identified and controlled scientifically (ICH Q9) under a
reliable GMP framework (ICH Q7).

In sum, the ICH Q7/Q8/Q9 triad offers a comprehensive blueprint for manufacturing and quality. By integrating

these guidelines into corporate practice, the pharmaceutical industry aims to ensure safe, effective medicines

for patients worldwide. Continual learning, data sharing (e.g. Q&A updates ([26] www.gmp-compliance.org)), and

innovation will further enhance how these standards safeguard quality into the future.
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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 including Scilex Holding Company
(SCLX) and leading CROs across North America.

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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