BIOPHARMACEUTICAL QUALITY SYSTEMS HANDBOOK

BIOPHARMACEUTICAL QUALITY SYSTEMS
Biopharmaceutical Quality Systems
Handbook

A practical training reference for quality assurance and quality control

This handbook explains how quality assurance, quality control, manufacturing, laboratory
operations, validation, data governance, and lifecycle oversight work as one quality system.
It is designed for training and reference use in regulated biopharmaceutical operations.

Scope Biopharmaceutical manufacturing and laboratory quality systems
Format Editable professional reference

Source basis Reorganized and consolidated from the supplied QA and QC source document
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Purpose and Use

Biopharmaceutical quality is created through controlled development, materials, facilities,
equipment, manufacturing, testing, documentation, and oversight. Finished-product testing
contributes essential evidence, but it cannot by itself establish that a batch was made under
control. A reliable quality system connects process knowledge, disciplined execution,
laboratory evidence, investigation, and management review throughout the product
lifecycle.

This handbook presents that system as an integrated operating model. It distinguishes the
governance role of Quality Assurance from the measurement and testing role of Quality
Control, then shows how both functions interact with manufacturing, engineering, supply
chain, validation, and management. The chapters may be read in sequence for training or
used independently as a desk reference.

The regulatory discussion is an orientation to the frameworks named in the source. It does
not replace current regulations, approved procedures, registered specifications,
pharmacopeial requirements, or site-specific quality-system documents. Organizations
should apply the requirements and controls appropriate to their products, processes,
facilities, and markets.
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SECTION 01

1 Quality Management Framework

Quality depends on both the condition of the product and the control of the
system that produced it. QA and QC provide different forms of evidence and
oversight within that shared framework.
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Quality as a Managed System

Biological products are produced through complex processes that use living cells or
biological materials. Their structure, activity, purity, and stability may be sensitive to raw
materials, operating conditions, handling, equipment, and the manufacturing environment.
The quality system therefore controls more than a final test result. It establishes how work is
designed, performed, documented, reviewed, and improved.

An effective system connects quality policy and objectives with clear responsibilities,
approved procedures, qualified personnel, suitable facilities and equipment, controlled
materials, validated processes and methods, reliable records, and mechanisms for detecting
and correcting problems. Traceability across these elements allows the organization to
understand what happened, assess its effect, and support disposition decisions.

Complementary Roles of QA and QC

Primary
orientation

Typical responsibilities

Function

QMS governance, procedures, document control, training
System and process | oversight, audits, change control, deviation and CAPA
control oversight, validation governance, record review, inspection
readiness

Quality Assurance

Sampling and testing of materials, in-process samples and

. Measurement and finished product; laboratory investigations; stability;
Quality Control . : ; : Do .
conformance environmental and microbiological testing; method lifecycle
activities
Shared work State of control Risk assessment, validation support, investigations, trend

review, product-quality review, and continuous improvement

QA is preventive in emphasis: it defines and maintains the operating framework intended to
reduce variability and prevent failures. QC generates analytical and microbiological evidence
about materials, processes, environments, and products. Although QC often supports batch
release, its work also occurs during receipt, manufacturing, validation, stability, and ongoing
verification. Treating QC only as an end-of-process gate would understate its lifecycle role.

Quality Culture and Accountability

Senior management establishes the priority given to quality through decisions about staffing,
training, technology, and time. Leaders also set expectations for reporting problems,
following procedures, and completing investigations and actions. Personnel need role-
specific training, demonstrated competence, and continuing qualification as processes,
methods, systems, and requirements change.

¢ Define quality responsibilities and decision rights clearly.

¢ Train personnel before independent work and maintain evidence of qualification.

¢ Encourage timely reporting of errors, deviations, and emerging trends.

e Use cross-functional review where quality issues extend beyond one department.

¢ Hold actions and improvements to documented completion and effectiveness checks.
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SECTION 02

2 Regulatory Foundation

Regulatory frameworks translate patient and product protection into
expectations for controlled manufacturing, laboratory practice, documentation,
validation, and oversight.

Frameworks Named in the Source

Framework Quality-system relevance

21 CFR Parts 210 and 211 address current good manufacturing practice for
United States FDA drugs; biological products are also addressed in 21 CFR Part 600 and related
requirements and guidance.

EudralLex Volume 4 provides EU GMP guidance, including provisions relevant

SUTEREET e to medicinal and biological products.

Q8 addresses pharmaceutical development, Q9 quality risk management, and

ICH Q10 the pharmaceutical quality system.
World Health WHO guidance includes good manufacturing practices for biological products
Organization and guidance on quality, safety, and efficacy of biotherapeutic products.

Compendial monographs and standards such as USP, EP, BP, and JP support
material and product testing; ISO 14644 addresses cleanroom classification
and related control.

Pharmacopeias and
standards

Common Regulatory Themes

Across the cited frameworks, recurring expectations include a risk-based approach, scientific
understanding of the product and process, clear documentation and traceability, validation
of processes and systems, suitable laboratory controls, and continued review of
performance. Inspections assess whether the written system is implemented in practice and
whether records demonstrate sustained control.

Good manufacturing practice governs the controlled production and testing of regulated
products. Good laboratory practice may apply in relevant laboratory contexts, but the
organization must determine the governing requirements for each activity. Training
resources, inspections, and enforcement mechanisms reinforce these expectations.
Deficiencies can lead to formal observations, warning actions, recalls, or restrictions on
manufacturing.

Biopharmaceutical Considerations

Biopharmaceutical operations require particular attention to aseptic processing, cell culture
and fermentation, viral safety, complex biological raw materials, environmental monitoring,
analytical characterization, stability, and comparability after process changes. Quality by
Design and process analytical technology can strengthen process understanding and control
when appropriately developed, validated, documented, and maintained.

e Aseptic operations require controlled environments and contamination-control practices.
¢ Viral removal or inactivation steps require appropriate study and validation.
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¢ Changes to biological processes may require comparability assessment.

¢ Single-use systems shift part of the control strategy toward suppliers, component
integrity, and extractables and leachables considerations.

e Biological products commonly need complementary physicochemical, immunochemical,
and biological assays.

SECTION 03

3 QMS Architecture

The quality management system converts policy into repeatable work through
controlled documents, defined responsibilities, connected records, and formal
review mechanisms.

Core System Elements

A QMS begins with a quality policy and objectives, an organizational structure, defined
responsibilities, and a controlled hierarchy of documents. Procedures establish how recurring
activities are performed. Records show what was actually done and provide the traceability
required for review, investigation, and inspection.

QMS element Purpose Typical evidence

Sets direction, accountability, Quality policy, objectives, organization charts,
Governance . "

and review management-review records

Keeps instructions current and Quality manual, SOPs, forms, specifications,
Document control - )

approved revision history
Operational control Standardizes execution and Batch records, laboratory records, logbooks,

P preserves traceability training and maintenance records

Contains, investigates, corrects, Deviation, nonconformance, OO0S, CAPA,
Issue management 9

and learns from failures complaint, and trend records
Assurance and Evaluates performance and Audits, validation reports, product-quality
improvement sustains control reviews, metrics, change controls

Document and Record Control

Controlled documents should be approved, available where used, and protected from
unintended change. Superseded instructions must not remain available for routine use.
Records should be created as work occurs, reviewed by appropriate personnel, retained for
the required period, and retrievable when needed. Batch records, laboratory data, calibration
and maintenance records, supplier records, training documentation, and investigation files
together form the evidence trail for product and process decisions.

Training and Competence

Training should connect assigned responsibilities with the procedures, equipment, systems,
and hazards relevant to the role. Initial instruction is only one component. Ongoing
qualification, periodic assessment, continuing education, cross-functional learning, and
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updates following process or regulatory change help maintain competence. Electronic tools
can support assignment and tracking, but the record system must remain controlled and
reliable.

QMS Interfaces

Quality events rarely remain within one subsystem. A deviation may trigger an investigation,
a risk assessment, a CAPA, revised documents, retraining, and change control. Supplier
failures may affect material disposition, manufacturing, laboratory testing, and regulatory
commitments. QMS procedures should therefore define how records link, how decisions
escalate, and how effectiveness is reviewed across functions.

SECTION 04

4 Quality Assurance Operations

QA maintains the framework in which regulated work is planned, approved,
performed, reviewed, and improved.

Governance and Independent Oversight

QA establishes or approves quality procedures and evaluates whether operating groups
follow them. Its work includes document and record control, training oversight, batch and
quality-record review, validation oversight, deviation and CAPA governance, change control,
supplier-quality oversight, audits, product-quality review, and inspection preparation.
Independence supports objective decisions, while close collaboration provides the process
knowledge needed for sound assessments.

Review and Release Support

Quality review brings together manufacturing records, laboratory results, deviations,
investigations, and other relevant evidence. A conforming test result does not erase an
unexplained process departure, and a process that appears consistent does not override an
unacceptable specification result. Disposition decisions should consider the complete record
and the approved requirements that apply to the batch.

Quality Culture in Daily Operations

QA reinforces culture by making expectations understandable, responding consistently to
reported problems, and ensuring that actions address causes rather than paperwork alone.
Clear procedures, qualified staff, timely investigations, and visible management support
reduce the pressure to treat quality activities as administrative steps.

* Review procedures and records for clarity, completeness, approval, and traceability.

e Verify that validation, qualification, and change activities follow the approved strategy.
¢ Use audit and trend data to identify system weaknesses.

¢ Confirm that corrective actions are implemented and checked for effectiveness.

e Maintain readiness by keeping systems inspection-ready during routine operations.
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SECTION 05

5 Quality Control Laboratory Systems

QC laboratories generate the evidence used to evaluate identity, purity, potency,
safety, stability, and other defined attributes of materials and products.

Laboratory Control Framework

Laboratory systems require approved specifications, scientifically suitable methods,
representative sampling, qualified instruments, controlled reagents and reference standards,
trained analysts, and complete records. Results must be reviewed in context and managed
through defined procedures when they do not meet specifications or established trends.

Analytical Technology Portfolio
Method family Information provided Illustrative uses

Protein concentration, purity, variants,
Chromatography Separation and quantitation aggregates, process-related and product-
related impurities

Molecular weight, sequence information,
post-translational modifications, impurity
characterization

Molecular composition and

Mass spectrometry structure

Protein-size analysis, charge variants, high-

Electrophoresis Separation by size or charge resolution separation

Biological and
immunochemical

Cell-based potency, ELISA measurement of

Fumeiional eEiidty o epedine proteins or antibodies, host-cell protein

assays Slrehig) testing

Flow cytometry Cell populatlor] and surface- Heterog'eneoqs qell populat]qns, protein
marker analysis expression, binding to specific cell types

Physicochemical tests Deﬁ_ned physical and chemical pH, osmolality, appearance, particulate
attributes matter, content or strength

No single method fully characterizes a complex biological product. Method selection should
align with the attribute being measured and the method’s intended use. Biological assays
require particular attention to variability, reference standards, statistical evaluation, and
continued monitoring because living systems can introduce additional variation.

Release and Stability Programs

Release testing may address identity, purity, potency, sterility, endotoxins, process-related
impurities, physicochemical attributes, and content or strength, depending on the product
and approved specification. Testing must follow predefined methods and acceptance criteria.
Unapproved departures from registered or approved specifications are not a substitute for
controlled change.

Stability programs evaluate change over time under defined conditions. The source
describes real-time, accelerated, forced-degradation, photostability, and in-use studies.
These study types serve different purposes: real-time studies support shelf life and storage
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conditions; accelerated and forced studies provide earlier information about degradation
behavior; photostability assesses light exposure; and in-use studies assess the period after
opening or reconstitution.

SECTION 06

6 Materials and Supplier Quality

Material control begins before receipt. Supplier qualification, specifications,
testing, traceability, and ongoing monitoring form one connected control
strategy.

Supplier Qualification Lifecycle

The extent of supplier oversight should reflect the material’s criticality and associated risk.
Initial evaluation may include preliminary assessment, questionnaires, sample testing, on-
site audits, and risk comparison among potential suppliers. Approval is followed by
performance monitoring, periodic review, and requalification as appropriate.

Stage Quality activities

Define material needs, assess supplier capability, review the quality system, and

Selection .
evaluate risk.

Use surveys, samples, testing, and on-site audits as appropriate to the material

Qualification and supplier.

Apply approved specifications, identity or other testing, status control, CoA

Receipt and use review, and traceability.

Monitor performance, deviations, changes, complaints, and audit findings;

Ongoing oversight requalify when required.

Raw Material Specifications and Testing

Internal specifications define the required attributes of each material. Testing may include
identity, purity, physicochemical properties, impurities, microbial quality, and pharmacopeial
conformance. The specific program depends on the material and its use. Cell-culture media
components, buffers, and chromatography resins can be particularly important to process
performance and product quality.

Certificates of analysis support receipt decisions but should be reviewed against approved
requirements and verified through the organization’s testing and supplier-control strategy.
Material identity, status, sampling, storage, and use records should preserve traceability
from supplier and lot through manufacturing and product disposition.

Managing Variability and Supply Risk

Raw-material variability may influence process performance, analytical results, yield, and
product attributes. Global sourcing and outsourced supply can make transparency and
traceability more difficult. Risk controls described in the source include supplier audits,
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deeper material characterization, collaboration with suppliers, track-and-trace approaches,
and real-time or advanced monitoring where suitable.

SECTION 07

7 Manufacturing and Process Control

Manufacturing control links product requirements to critical attributes, process
parameters, monitoring, in-process testing, and documented response to
variation.

Critical Quality Attributes and Critical Process Parameters

A critical quality attribute is a physical, chemical, biological, or microbiological property that
should remain within an appropriate limit, range, or distribution to assure product quality. A
critical process parameter is a process variable whose variability can affect a critical quality
attribute and therefore should be monitored or controlled. Examples in the source include
temperature, pH, pressure, mixing speed, and flow rate.

Process development, historical data, risk assessment, and designed experimentation
support identification of attributes and parameters. The resulting control strategy defines
monitoring, sampling, testing, alarms, and responses. Not every attribute is measured
continuously, and the monitoring approach should match the process and available
technology.

In Process Monitoring and Testing

In-line sensors can continuously measure variables such as pH, temperature, and dissolved
oxygen. Process analytical technology can provide timely information about concentration or
impurities. Manufacturing execution systems and related data platforms collect and organize
process data. Statistical process control and multivariate tools help identify drift or unusual
patterns before they become larger failures.

Control mechanism Role in the control strategy

Sensors and PAT Generate timely measurements of process parameters or quality-related

attributes.
In-process sampling Provides analytical evidence at selected manufacturing stages.
Feedback controls Adjust process parameters using defined measurement inputs.
Alarms Signal approach to or excursion beyond defined operating limits.

Evaluates variation, trends, and evidence that the process remains

Statistical review
controlled.

Scale Up and Technology Transfer

A process that performs at development scale may behave differently at commercial volume.
Scale-up therefore requires appropriate models, scalable analytical methods, documented
knowledge transfer, and confirmation that the receiving facility can reproduce the process.
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When work moves to a contract manufacturing organization, clear documentation,
communication, testing, and oversight support comparability and consistent execution.

SECTION 08

8 Validation and Qualification

Validation and qualification provide documented evidence that facilities,
equipment, systems, methods, cleaning procedures, and manufacturing
processes are suitable for their intended use.

Lifecycle Approach

QA establishes or oversees the validation strategy and confirms that protocols, deviations,
conclusions, and changes are controlled. QC supplies analytical methods, sampling, testing,
and data. Manufacturing and engineering contribute process and equipment knowledge.
Continued monitoring after initial validation checks that performance remains controlled over
time.

Equipment Qualification and Commissioning

Activity Purpose

Verifies through engineering review and functional checks that equipment or
Commissioning systems are designed, installed, and operating according to operational
requirements.

Instql!athn Documents that installation and configuration meet approved requirements.
qualification

Operational : . i .

qualification Confirms operation within defined parameters.

Perfgr_mapce Demonstrates consistent performance under intended operating conditions.
qualification

Equipment control continues after qualification through calibration, preventive maintenance,
performance review, and controlled change. Records should show equipment status and
provide the history needed to assess data or product impact when a failure occurs.

Process and Analytical Method Validation

Process validation uses sampling, testing, and process data to demonstrate consistency and
reliability. Analytical methods used to measure critical attributes should be shown suitable
for their intended use. Ongoing verification and method monitoring help identify drift,
variability, or a need for reassessment over the lifecycle.

Cleaning Validation

Cleaning validation demonstrates that a cleaning procedure consistently removes product
residues, cleaning agents, and other relevant contamination to established limits. Visual
inspection can identify gross residue but is not sufficient by itself. The source also describes
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swab and rinse sampling, ATP bioluminescence, specific analytical methods such as HPLC or
total organic carbon, and placebo-batch testing.

¢ Define equipment, cleaning agents, procedures, and acceptance criteria in approved
protocols.

¢ Justify sampling locations, methods, and frequency.

¢ Use analytical methods with appropriate sensitivity and specificity.

¢ Document results, deviations, conclusions, training, changes, and periodic review.

SECTION 09

9 Sterility and Contamination Control

Contamination control combines facility design, cleanroom operation,
environmental monitoring, personnel practices, microbiological testing, cleaning,
and investigation.

Controlled Environments

Cleanrooms reduce particulate and microbial contamination through defined design and
operating controls. ISO 14644 and EU GMP Annex 1 are named in the source as relevant
frameworks. Classification and monitoring address air cleanliness, airflow, pressure
relationships, and other environmental conditions. The specific limits, locations, and
frequencies must be established for the operation and its risk.

Environmental Monitoring Program

Monitoring type Illustrative approach

A device draws a measured volume of air and collects particles or

Active air ) .
microorganisms.

Passive air Settle plates are exposed for a defined period.

Electronic instruments provide airborne particle measurements, including

Particle monitoring continuous monitoring where applied.

Contact plates or swabs sample surfaces, including irregular or difficult-to-reach

Surface :
locations.

Gloves or garments are sampled to evaluate contamination associated with

Personnel
operators.

A risk assessment should support sampling locations and frequencies. Results should be
trended, and excursions should be investigated in relation to operations, personnel, cleaning,
facility conditions, and other relevant data. Environmental monitoring is evidence of
environmental control; it does not replace sound aseptic practices.

Microbiological Laboratory Controls

Sterility testing uses compendial approaches such as membrane filtration or direct
inoculation and evaluates samples for microbial growth under specified conditions.
Bioburden testing estimates viable microorganisms before sterilization using methods such

Training reference « 11



BIOPHARMACEUTICAL QUALITY SYSTEMS HANDBOOK

as membrane filtration, pour plate, or spread plate. Endotoxin testing may use gel-clot,
kinetic chromogenic, turbidimetric, or recombinant Factor C approaches as appropriate to
the approved method and requirement.

Microbiological results should be evaluated with environmental, process, and material
information. Trends can help locate contamination sources and inform sterilization risk
assessments and contamination-control improvements. Rapid methods may shorten
detection time, but they require an appropriate validation and implementation strategy.

SECTION 10

10 Data Integrity and Electronic Records

Quality decisions are only as reliable as the data and records that support them.
Data governance must cover the full record lifecycle and every platform used to
create, process, review, report, and retain GxP information.

ALCOA Plus Principles

Principle Practical meaning

Attributable The record identifies who performed or recorded the activity.

Legible The information can be read and understood.

Contemporaneous | The activity is recorded when it occurs.

Original The record preserves the first capture or a verified true copy.
Accurate The information correctly reflects the activity or result.
Complete Relevant data, changes, and context are retained.
Consistent Sequence, dates, and records are coherent.

Enduring The record remains preserved throughout retention.
Available Authorized users can retrieve the record when needed.

Computerized System Controls

Electronic batch records, laboratory information management systems, manufacturing
execution systems, and other GxP platforms should be validated for their intended use.
Validation commonly includes risk assessment, user requirements, functional definition,
testing, and controlled release. Changes to validated systems require assessment and
control.

¢ Use unique user accounts, authentication, and role-based access.

e Maintain secure, computer-generated, time-stamped audit trails for entries, changes, and
deletions.

e Define review and approval processes, including electronic signatures where used.

¢ Provide backup, recovery, archival, retention, and retrieval controls.
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e Train users on both the system and the data-integrity procedures that govern its use.

External and Legacy Systems

Cloud services, contract laboratories, and outsourced platforms extend data-integrity
responsibilities beyond the site. Supplier qualification, agreements, access, transfer, review,
and retention controls should address those interfaces. Legacy systems may lack modern
features and require additional procedural or technical controls while they remain in use.

SECTION 11

11 Deviations OOS OOT CAPA and Root Cause Analysis

Quality-event systems separate immediate control of the event from the deeper
work of explaining cause, assessing impact, and preventing recurrence.

Event Types and Relationships

Event Working definition

A departure from an approved instruction, procedure, established standard, or

Deviation expected operating condition.

A product, material, component, or result that does not meet a specified
Nonconformance :

requirement.
Out of specification A test result outside an approved specification or acceptance criterion.

A result or pattern that departs from established or expected performance even

CUIE & e when it may remain within specification.

A controlled system for correcting identified causes and preventing recurrence

CAPA or occurrence of related problems.

The supplied source discusses deviations, nonconformities, and OOS results in detail and
emphasizes trend analysis; OOT is included here as the related trending concept requested
for this handbook. Each site should apply its approved definitions and procedures.

Investigation Flow

¢ Identify and report the event promptly, preserve evidence, and take appropriate
containment actions.

e Describe what occurred, where and when it occurred, and the applicable requirement.

e Assess potential effects on product quality, patient safety, data reliability, other batches,
validated state, and compliance.

¢ Investigate laboratory, manufacturing, material, equipment, method, personnel, and
environmental contributors as relevant.

e Determine supported root cause or causes; avoid assigning a cause that the evidence
does not establish.

¢ Define corrections and CAPA, assign owners and due dates, implement through controlled
systems, and verify effectiveness.

Training reference « 13



BIOPHARMACEUTICAL QUALITY SYSTEMS HANDBOOK

Root Cause Analysis Tools

Fishbone diagrams organize possible causes into categories such as people, methods,
machines, materials, measurements, and environment. The 5 Whys technique repeatedly
asks why an event occurred to move beyond the immediate symptom. Failure Mode and
Effects Analysis can support broader risk evaluation. Tools structure thinking; they do not
replace evidence, technical expertise, or a clear event chronology.

CAPA Effectiveness

A CAPA should address the demonstrated cause and the scope of the problem. Actions may
include process change, added controls, document revision, training, equipment work,
supplier action, or system improvement. Completion alone does not prove effectiveness. A
planned check should determine whether the action produced the intended result and
whether recurrence or related trends remain.

SECTION 12

12 Quality Risk Management

Quality risk management directs attention and resources toward conditions most
likely to affect product quality and patient protection while documenting the
rationale for decisions.

Risk Process

Risk management identifies hazards or failure modes, estimates their significance, defines
controls, communicates decisions, and reviews risk as knowledge changes. Severity,
likelihood or occurrence, and detectability are commonly considered, but the method should
fit the decision. Risk assessment does not excuse compliance with established requirements.

Failure Mode and Effects Analysis

FMEA examines how a process or system may fail, the effect of each failure, and the relative
priority for action. The source describes rating severity, occurrence, and detectability and
calculating a risk priority number. Ratings support comparison, but the documented rationale
and the controls selected are more important than a number alone.

Define scope What process, system, material, or change is being assessed?

Identify failure modes How could it fail?

Evaluate effects and What could happen, and why?

causes

Estimate risk How severe, likely, and detectable is the failure?

Control risk What prevention, detection, or mitigation is appropriate?
Review Did controls work, and has new information changed the risk?
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Using Risk Across the QMS

Risk principles can inform supplier oversight, sampling, validation, environmental monitoring,
deviation classification, CAPA priority, change assessment, audit planning, and continued
monitoring. The assessment should be updated when investigations, trends, process
changes, or new knowledge alter the basis of the original decision.

SECTION 13

13 Change Control

Change control evaluates proposed changes before implementation so that
product quality, validation, documentation, training, supply, and regulatory
effects are understood and managed.

Controlled Evaluation

Changes to processes, equipment, facilities, methods, materials, suppliers, computerized
systems, cleaning, or documents can affect several parts of the quality system. A change
record should define the proposal and rationale, identify affected products and systems,
assess risk and regulatory impact, specify required studies and approvals, and plan
implementation and verification.

Change stage Key considerations

Proposal What will change, why is it needed, and what is the current approved state?

Could the change affect CQAs, CPPs, methods, specifications, validation, data,

[ PEE EEREEE: cleaning, sterility, stability, comparability, suppliers, or filings?

What evidence, updates, training, testing, and approvals are required before

Plan and approval
PP use?

Implementation Are actions completed in the approved sequence and documented?

Post implementation Did the change achieve its purpose without unintended quality effects?

Biopharmaceutical Comparability

Biological products may be sensitive to changes in process conditions, scale, equipment, or
raw materials. When a change could alter product attributes, a comparability strategy uses
appropriate process and analytical evidence to assess the pre-change and post-change
product. The depth of assessment should reflect the nature and risk of the change.

QMS Integration

Change control should link to validation, document control, training, supplier quality,
stability, regulatory assessment, and CAPA when relevant. Implementing a change before
required activities are complete can create an uncontrolled state even if the change was
technically successful.
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SECTION 14

14 Auditing and Inspection Readiness

Audits and inspections test whether the quality system is both well designed and
consistently practiced. Readiness is maintained through routine control rather
than assembled only when an inspection is announced.

Audit Program

Internal audits evaluate adherence to procedures and the effectiveness of quality-system
elements. Supplier audits evaluate external capability and compliance as part of qualification
and ongoing oversight. Audit scope and frequency may be risk-based, considering criticality,
performance history, previous findings, and change.

¢ Use trained auditors and define scope, criteria, and records to be reviewed.

e Compare written procedures with observed practice and objective evidence.

e Describe findings clearly and link them to the applicable requirement.

¢ Assign and track responses, corrections, and CAPA when needed.

¢ Review recurring findings across departments, sites, or suppliers for systemic weakness.

Inspection Readiness

Inspection readiness depends on accurate records, trained personnel, controlled spaces,
retrievable data, and a clear understanding of the quality system. Mock inspections and
periodic self-assessment can test retrieval and communication, but they cannot compensate
for incomplete routine records.

Personnel should answer questions accurately and within their role, use approved records,
and avoid speculation. Requested documents should be tracked and reviewed before
presentation. Observations and commitments should be documented, evaluated, and
managed through the quality system.

Evidence of Control

Inspectors may follow a topic across SOPs, training, execution records, deviations, changes,
validation, metrics, and management review. Consistency across those records
demonstrates that the QMS operates as an integrated system. Contradictions, missing links,
or repeated overdue actions can indicate that the written process is not fully effective.

SECTION 15

15 Quality Metrics and Management Review

Metrics convert operating records into information that management can use to
evaluate performance, allocate resources, and identify systemic risk.

Selecting Useful Metrics

Metrics should connect to quality objectives and support decisions. The source identifies
deviation, CAPA, audit, supplier, training, process, and product review information as inputs
to continuous improvement. Useful measures may address event recurrence, investigation or
action timeliness, right-first-time execution, laboratory or environmental trends, supplier
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performance, validation status, and training completion. Definitions and data sources should
remain consistent enough to support interpretation over time.

Trend Analysis

A single conforming result can coexist with an unfavorable trend. Statistical process control,
control charts, multivariate analysis, and routine review can detect drift or increasing
variability. Trend signals should be evaluated with process knowledge and data-quality
checks before conclusions are drawn.

Review input Management question

Product and process trends Does evidence show a continuing state of control?

Deviations investigations and

CAPA Are events recurring, and are actions timely and effective?

Laboratory stability and

) Are results stable, reliable, and adequately investigated?
environmental data

Supplier performance Are external materials and services consistently controlled?

Audits inspections and

) What systemic weaknesses or commitments require attention?
compliance y a

Do staffing, competence, equipment, and systems support the quality

Resources and training objectives?

Management Review Outputs

Management review should produce documented decisions and actions. These may include
resource changes, prioritized improvement, added monitoring, revised objectives, or
escalation of recurring issues. Follow-up should confirm that assigned actions were
completed and had the intended effect.

SECTION 16

16 Product Lifecycle and Continuous Improvement

Lifecycle management carries product and process knowledge from development
through commercial manufacture, post-approval change, continued verification,
and ongoing improvement.

Development Through Commercial Operation

Quality by Design uses product and process knowledge to identify critical quality attributes,
material attributes, and process parameters and to establish a control strategy. Designed
experiments, risk assessment, scale-down models, and process characterization support
understanding during development. Technology transfer and scale-up then translate that
knowledge into the receiving manufacturing environment.
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Commercial operation adds continued process verification, stability monitoring, product-
quality review, deviation and trend analysis, supplier oversight, and change management.
Feedback from QC, manufacturing, complaints, audits, and post-market monitoring
contributes new knowledge that may justify corrective action or controlled improvement.

Lean and Six Sigma

The source presents Lean as a way to identify value, map activities, improve flow, reduce
non-value-adding work, and pursue ongoing refinement. It presents Six Sigma through the
Define, Measure, Analyze, Improve, and Control framework for reducing variation and
defects. Either approach should preserve required controls and data integrity; efficiency does
not justify bypassing approved procedures.

Emerging Technology

Technology or

Quality-system implication

approach

Process analytical Require strong process understanding, validated measurements, control
technology and real- strategies, and reliable data before release decisions can rely on real-time
time release testing evidence.

Continuous Creates continuous data streams and requires clear traceability, control, and
bioprocessing product or batch definition.

Can support monitoring, visual inspection, anomaly detection, prediction, and
analysis but requires validated intended use, governed data, and human
oversight.

Automation Al and
machine learning

Use integrated process data and simulation to support understanding,

Doz e scenario testing, prediction, and optimization.

Can reduce cleaning and cross-contamination concerns while increasing
Single-use systems reliance on supplier qualification, component integrity, and extractables and
leachables evaluation.

Sustaining the State of Control

Continuous improvement is disciplined learning from valid data. Monitoring identifies a
signal; investigation establishes meaning; risk assessment sets priority; change control
governs implementation; validation or verification demonstrates performance; and
management review confirms that the system remains effective. This cycle connects the
sixteen topics in this handbook.

The practical objective is a documented and maintained state of control in which materials,
processes, laboratories, facilities, systems, and people consistently support products that
meet their approved requirements. That objective depends on QA and QC working as
complementary parts of one quality system throughout the product lifecycle.
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Reference Terminology

ALCOA Plus Princ_iples for attri_butable, Iegi_ble, contemporaneous, original, accurate, complete,
consistent, enduring, and available data.

CAPA Corrective and preventive action.

CQA Critical quality attribute.

CPP Critical process parameter.

DoE Design of experiments.

ELISA Enzyme-linked immunosorbent assay.

FMEA Failure Mode and Effects Analysis.

GMP Good manufacturing practice.

HPLC High-performance liquid chromatography.

LIMS Laboratory information management system.

MES Manufacturing execution system.

00S Out of specification.

ooT Out of trend.

PAT Process analytical technology.

QbD Quality by Design.

QMS Quality management system.

RCA Root cause analysis.

RTRT Real-time release testing.
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