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Abstract- The pharmaceutical manufacturing sector
operates under some of the most rigorous regulatory
requirements in any industry, with audit readiness
representing a continuous operational imperative rather
than a periodic compliance exercise. Organizations that
fail to maintain audit-ready states risk regulatory
sanctions, product recalls, manufacturing shutdowns, and
reputational damage that can persist for years. Despite
widespread adoption of enterprise resource planning
systems, many pharmaceutical manufacturers continue to
rely on fragmented, manual quality management
processes that introduce inefficiency, inconsistency, and
compliance risk across critical quality operations. This
study examined how SAP Quality Management (QM)
module automation transforms audit readiness in
pharmaceutical manufacturing environments, with
particular focus on inspection lot management, electronic
batch record integration, deviation and corrective and
preventive action workflows, and regulatory reporting
capabilities. Drawing on an integrative review of SAP
technical documentation, regulatory guidance from the
United States Food and Drug Administration and the
European Medicines Agency, and industry case analyses,
the study evaluated the mechanisms through which SAP
OM automation reduces compliance gaps, accelerates
audit response, and strengthens quality system integrity
across manufacturing operations. The findings indicate
that organizations implementing comprehensive SAP QM
automation achieve measurable improvements in audit
readiness  indicators, including  reductions in
documentation retrieval time, decreases in procedural
deviations, enhanced traceability across the product
lifecycle, and stronger alignment with 21 CFR Part 11
electronic records requirements. The study also identifies
implementation challenges related to data migration,
validation burden, change management, and system
integration complexity. A structured implementation
framework is proposed to guide pharmaceutical
manufacturers in deploying SAP QM automation in a
manner that maximizes compliance value while
managing implementation risk.
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L INTRODUCTION

1.1 Background

Pharmaceutical manufacturing occupies a uniquely
demanding position within the global regulatory
landscape.  Unlike = most  other  industries,
pharmaceutical manufacturers bear direct
responsibility for the safety and efficacy of products
that directly affect human health, a responsibility that
is enforced through extensive regulatory oversight by
agencies including the United States Food and Drug
Administration (FDA), the European Medicines
Agency (EMA), the Medicines and Healthcare
products Regulatory Agency (MHRA), and
equivalent bodies in virtually every national
jurisdiction where pharmaceutical products are
marketed.

The concept of audit readiness in this context extends
well beyond the preparation of documents for a
scheduled inspection. Regulatory agencies conduct
unannounced inspections, and organizations that lack
continuously maintained, audit-ready quality systems
face substantial risk regardless of their historical
compliance record. Current Good Manufacturing
Practice (cGMP) regulations, embodied in 21 CFR
Parts 210 and 211 in the United States and the EU
GMP Guidelines in Europe, establish comprehensive
requirements for documentation, process control,
laboratory testing, deviation management, and
corrective action that must be demonstrably
operational at all times.

Enterprise resource planning systems, led by SAP
SE, have become the dominant platform for
integrating and managing the operational data of
large pharmaceutical manufacturers. SAP's Quality
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Management (QM) module provides a purpose-built
framework for managing quality processes within the
SAP ecosystem, offering capabilities for inspection
planning, results recording, usage decision
management, quality notifications, and regulatory
reporting. When implemented with appropriate
automation, SAP QM has the potential to
fundamentally transform the consistency, traceability,
and audit readiness of pharmaceutical quality
operations.

1.2 Problem Statement

Despite the widespread adoption of SAP systems in
pharmaceutical manufacturing, many organizations
have not fully exploited the automation capabilities
within the SAP QM module. Quality management
processes in these organizations frequently remain
partially manual, with electronic systems used
primarily as repositories rather than as active
automation platforms. This partial implementation
creates several categories of compliance risk that
directly undermine audit readiness.

Manual data entry introduces transcription errors and
inconsistencies that generate audit findings.
Disconnected systems require reconciliation activities
that consume resources and introduce gaps in data
integrity. Informal deviation management processes
result in incomplete corrective and preventive action
(CAPA) documentation. Paper-based or semi-
electronic batch records require extensive manual
review Dbefore regulatory inspections. These
challenges are compounded by the increasing
complexity of regulatory requirements, with 21 CFR
Part 11 requirements for electronic records and
electronic signatures, Annex 11 requirements in the
EU, and expanding data integrity guidance from
multiple regulatory agencies.

1.3 Research Objectives
This study was designed to address the identified
gaps through the following objectives:

e To analyze the architecture and functional
capabilities of SAP QM automation relevant to
pharmaceutical audit readiness.

e To identify implementation challenges and risk
factors associated with SAP QM automation in
pharmaceutical environments.

e To propose a structured implementation
framework that guides pharmaceutical
manufacturers in deploying SAP QM automation
for maximum compliance benefit.

1.4 Research Questions
The study was guided by the following research
questions:

e How does SAP QM automation enhance the audit
readiness of pharmaceutical manufacturing
operations, and through what specific
mechanisms  does it address regulatory
compliance requirements?

e What governance and traceability capabilities
within  SAP QM support pharmaceutical
organizations in demonstrating compliance during
regulatory inspections?

e What implementation challenges must be
addressed for SAP QM automation to deliver
sustained compliance value in pharmaceutical
manufacturing environments?

1.5 Significance of the Study

This study contributes to both academic scholarship
and enterprise practice. From a practical standpoint, it
provides quality system architects, validation
specialists, and IT professionals in pharmaceutical
organizations with a structured analysis of SAP QM
automation capabilities and their relationship to audit
readiness, enabling more informed implementation
decisions. From a theoretical perspective, it advances
the literature on information systems in regulated
industries by examining how automation within
enterprise  platforms translates into regulatory
compliance outcomes at the operational level.

Table 1: Core Challenges in Pharmaceutical Quality
Management Without Automation

. Audit Readi
Challenge udi eadiness|
Impact

Paper or semi-Increased retrieval

Manual . .

e To evaluate the mechanisms through which SAP Documentation electronic  batchtime;  error-prone
QM automation addresses specific regulatory records with records
compliance requirements.
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handwritten
entries
ualit data
Quality Incomplete
) spread across .
Disconnected . traceability;
disparate e
Systems reconciliation
platforms .
. issues
ration
Informal CAPADeviation  andMissing closure
Processes CAPA trackingevidence; repeated
outside the ERP deviations
g and inspectionUndetected
Inconsistent without definedquality issues;
Inspection standards out-of-
specification risks
Limited Manual
Reporting compilation  ofDelayed response
Capability compliance to regulatory
reports forrequests
inspections
Electronic Inadequate audit .
Records trails forNon-comphance
. . with 21 CFR Part
Gaps electronic entries

11 and A 11
and changes and.Annex

IL. LITERATURE REVIEW

2.1 Regulatory Framework for Pharmaceutical
Quality Management

The regulatory architecture governing pharmaceutical
quality management in the United States is anchored
in the Current Good Manufacturing Practice
regulations codified at 21 CFR Parts 210 and 211.
These regulations establish binding requirements for
production and process controls, laboratory controls,
records and reports, and returned and salvaged drug
products. The FDA's Quality Systems Guidance for
the pharmaceutical industry, published in 2006,
further articulated a modern quality systems
framework that integrates cGMP compliance with
continuous improvement principles drawn from ISO
9001 (FDA 2006).

In parallel, the European Union's GMP guidelines,

particularly EudralLex Volume 4 and its Annex 11
provisions on computerized systems, establish
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equivalent requirements with specific attention to the
validation, operation, and audit trail requirements of
computerized systems used in manufacturing and
quality operations (EMA 2011). The convergence of
US and EU regulatory requirements through the
International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use
(ICH) Q10 Pharmaceutical Quality System guideline
has further standardized expectations for quality
management system elements across major
regulatory jurisdictions (ICH 2008).

Data integrity has emerged as a paramount regulatory
concern in recent years, with the FDA, MHRA, and
WHO all publishing detailed guidance on the
expectations for data integrity in pharmaceutical
manufacturing. The ALCOA+ principles, requiring
that data be Attributable, Legible, Contemporaneous,
Original, Accurate, and additionally Complete,
Consistent, Enduring, and Available, have become
the operational standard for evaluating data integrity
in both paper and electronic systems (MHRA 2018).
SAP QM's automation capabilities are directly
relevant to the practical implementation of ALCOA+
principles in manufacturing environments.

2.2 Enterprise Resource Planning in Pharmaceutical
Manufacturing

The adoption of enterprise resource planning systems
in  pharmaceutical ~manufacturing has  been
extensively studied over the past two decades. Early
research documented the challenges of ERP
implementation in regulated environments, where
validation requirements substantially increase the
cost and duration of system deployment compared to
non-regulated industries (Stein and Hawking 2004).
Subsequent research demonstrated that validated SAP
implementations delivered measurable improvements
in manufacturing efficiency, inventory accuracy, and
regulatory compliance documentation when properly
integrated with quality management processes
(Muscatello et al. 2003).

Research specifically focused on SAP QM in
pharmaceutical contexts has highlighted the module's
capacity to enforce standardized inspection
procedures, maintain comprehensive quality records,
and provide real-time visibility into quality
performance indicators. Esteves and Pastor (2001)
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identified quality management integration as one of
the critical success factors for ERP implementations
in regulated industries. More recent work by Chofreh
et al. (2020) examined the role of SAP QM in
supporting sustainability and quality integration in
manufacturing operations, finding that automation of
quality workflows reduced non-conformance rates by
enabling earlier detection and more systematic
remediation of quality issues.

2.3 Electronic Batch Records and Data Integrity
Electronic batch records (EBRs) represent one of the
most consequential applications of automation in
pharmaceutical manufacturing from a regulatory
compliance perspective. Research by Akers (2009)
demonstrated that organizations transitioning from
paper batch records to EBR systems experienced
significant reductions in batch release cycle times,
error rates, and out-of-specification  events
attributable to documentation errors. The integration
of EBR systems with manufacturing execution
systems and laboratory information management
systems creates the technical foundation for
comprehensive batch traceability.

The 21 CFR Part 11 framework, governing the
acceptability of electronic records and electronic
signatures in FDA regulated industries, establishes
specific technical requirements that electronic quality
management  systems must satisfy.  These
requirements include audit trail functionality that
captures the date, time, and user identity associated
with record creation, modification, and deletion;
system access controls that prevent unauthorized
record modification; and electronic signature
provisions that bind signatures to their respective
records with equivalent legal effect to handwritten
signatures (FDA 1997). SAP QM's audit trail and
electronic signature capabilities are designed to
address these requirements within the SAP
environment.

2.4CAPA Management and Quality Notification
Systems

Corrective and Preventive Action management is a

central element of pharmaceutical quality systems

and one of the most frequently cited areas of

regulatory deficiency. Research by Soli and Soli

(2019) found that inadequate CAPA systems were
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among the top five most frequently cited observations
in FDA warning letters to pharmaceutical
manufacturers between 2010 and 2018. The
effectiveness of CAPA programs depends on
systematic deviation detection, root cause analysis
quality, action plan specificity, implementation
verification, and effectiveness checks, each of which
benefits from automation support.

SAP QM's Quality Notification system provides a
structured workflow framework for managing
deviations, complaints, and CAPA activities within
the SAP environment. Academic and practitioner
literature on SAP QM notifications has identified
workflow automation as the primary mechanism
through which the system improves CAPA outcomes,
by enforcing completion of required process steps,
preventing advancement through the workflow
without documented evidence, and providing
automatic escalation when actions are not completed
within required timeframes (SAP SE 2023a).

2.5 Research Gap
The foregoing literature review identifies the
following gaps that this study addresses:

e There is no comprehensive analysis that integrates
SAP QM automation capabilities with audit
readiness outcomes across the full scope of
pharmaceutical quality management functions.

e Existing research on SAP QM in pharmaceutical
contexts has not systematically mapped module
capabilities to specific regulatory requirements
under 21 CFR Part 11, EU Annex 11, and ICH
Q1o.

e The implementation challenges specific to SAP
QM automation in pharmaceutical manufacturing
environments have not been systematically
catalogued or analyzed in the academic literature.

e No structured implementation framework exists
in the literature to guide pharmaceutical
manufacturers in deploying SAP QM automation
for maximum audit readiness benefit.
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III. METHODOLOGY

3.1 Research Design

This study adopted a qualitative interpretive research
design, grounded in an integrative literature review
methodology  supplemented by  practitioner
knowledge synthesis. The integrative review
approach was selected because it accommodates the
synthesis of diverse source types relevant to SAP QM
implementation in pharmaceutical settings, including
technical documentation, regulatory guidance, peer-
reviewed research, and industry practitioner analyses.
This approach is well suited to research questions
that concern architectural characteristics, functional
capabilities, and practical
considerations in technology-intensive regulated
environments.

implementation

3.2 Data Sources
The study drew on the following categories of
primary and secondary sources:

e SAP Technical Documentation: Official SAP
documentation for the QM module including SAP
QM  Configuration Guide, Inspection Lot
Management documentation, Quality Notification
processing guides, and SAP S/4HANA Quality
Management functional specifications.

e Regulatory Guidance Documents: FDA 21 CFR
Parts 210 and 211, FDA 21 CFR Part 11, FDA
Quality Systems Guidance (2006), EU GMP
Guidelines Annex 11, MHRA Data Integrity
Guidance (2018), ICH Q10 Pharmaceutical
Quality System, and WHO data integrity
guidance.

e Academic Literature: Peer-reviewed publications
on ERP implementation in pharmaceutical
manufacturing, quality management system
effectiveness, CAPA program design, and
electronic records compliance.

e Industry  Reports and  Case Studies:
Implementation case analyses from SAP partner
ecosystem publications, pharmaceutical industry
association guidance on QM automation, and
practitioner analyses from quality management
professional bodies.
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3.3 Analytical Framework

The analysis was organized around four analytical
dimensions, each corresponding to a core area of
pharmaceutical audit readiness: inspection and testing
management, electronic batch record integrity,
deviation and CAPA management, and regulatory
reporting and traceability. Each dimension was
examined through the lens of SAP QM automation
capabilities, regulatory requirements, and
implementation considerations.

3.4 Evaluation Criteria

Each SAP QM capability examined in the study was
evaluated against the following criteria, adapted from
the FDA Quality Systems Guidance and ICH Q10
framework:

Table 2: Evaluation Criteria for SAP QM Automation
Capabilities

.. . Relevance to Audit
Criterion Definition .
Readiness

Ensures records and
responsible parties
can be identified;
supports inspection
responses and
deviation

Ability to trace
data and
decisions back to
their source

Traceability

investigations

Assurance  thatEnsures compliance

records arewith 21 CFR Part
complete, 11 and ALCOA+
Data Integrity accurate, andprinciples;
protected  frommaintains
unauthorized trustworthy and
modification reliable data

isures compliance
with 21 CFR PartReduces procedural
11 and ALCOA+deviations and audit

Process . .
. principles; findings;  ensures
Consistency .. . .
maintains uniform quality
trustworthy andexecution
reliable data
ion of qualityDemonstrates
activities withinoperational
Timeliness required compliance ~ with

timeframes regulatory

requirements  and
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deadlines

Documentation ~ Availability of rapid response to
Completeness all requiredregulatory
records in  ainformation

complete, requests and audit

accessible, andinquiries

retrievable

format

Clear attribution regulatory

of qualityaccountability
Accountability decisions torequirements under

qualified andc ensures

identifiable responsibility

individuals tracking

IV.  SAP QM ARCHITECTURE AND CORE
FEATURES

4.1 Architectural Overview

SAP Quality Management is an integrated module
within the SAP S/4HANA enterprise suite that
provides end-to end quality management
functionality across the procurement, production, and
distribution processes of pharmaceutical
manufacturing organizations. The architecture of
SAP QM is organized around a central quality
planning and inspection framework that interacts
with materials management, production planning,
plant maintenance, and financial accounting modules
to deliver a fully integrated quality management
environment.

The SAP QM architecture can be conceptualized
across five functional layers that mirror the lifecycle
of quality management activities in pharmaceutical
manufacturing. These layers are the Quality Planning
Layer, the Inspection Execution Layer, the Results
Recording and Evaluation Layer, the Notification and
CAPA Layer, and the Reporting and Analytics Layer.
Each layer contributes distinct automation
capabilities that collectively support pharmaceutical
audit readiness.

Continuous Improvement Systematic identification
and remediation of quality issues Demonstrates a
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mature quality system and continuous improvement
culture to regulatory inspectors

Figure 1: SAP QM Five-Layer Architecture for
Pharmaceutical Manufacturing

SAP QM FIVE-LAYER ARCHITECTURE

[1] QUALITY PLANNING LAYER
Inspection Plans | Control Charts | Sampling

Procedures | Master Inspection Characteristics |

Quality Info Records

4.2 Inspection Lot Management

The inspection lot is the central organizational unit of
SAP QM, representing a defined quantity of material
to be inspected at a specific point in the production or
procurement process. SAP QM supports automatic
inspection lot creation triggered by goods receipt,
goods issue, production order confirmation, or
periodic scheduling events, ensuring that inspection
activities are systematically initiated without manual
intervention. In pharmaceutical manufacturing, this
automation is particularly valuable for ensuring that
incoming raw material inspections, in process
controls, and finished product release testing are
consistently performed without reliance on manual
process initiation.

Each inspection lot is associated with a defined
inspection plan that specifies the characteristics to be
tested, the measurement methods to be applied, the
sampling procedure to be followed, and the
acceptance criteria against which results will be
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evaluated. Master inspection characteristics within
SAP QM capture the specification limits,
classification values, and quantitative or qualitative
result types for each test parameter, providing a
controlled, version-managed source of inspection
requirements that can be maintained and qualified
through the SAP change management process.

4.3 Electronic Batch Record Integration

SAP QM supports the integration of quality
inspection data with electronic batch records through
its batch management capabilities and integration
with SAP Manufacturing Execution (ME) or third-
party manufacturing execution systems. Within the
SAP S/4HANA environment, production orders serve
as the electronic framework for capturing
manufacturing activities, with quality inspection data
from SAP QM linked to the -corresponding
production order to create a comprehensive electronic
record of batch manufacturing and quality activities.
The batch classification system within SAP QM
enables the automatic classification of batches based
on inspection results, assigning quality grades or
restriction indicators that govern subsequent material
movements. This automation prevents the inadvertent
use or shipment of batches that have not been
released through the required quality approval
process, providing a technical enforcement
mechanism for the batch release requirements
specified under 21 CFR Part 211.188. The
immutability of posted inspection results, combined
with the audit trail functionality of SAP S/4AHANA,
ensures that batch release decisions are permanently
recorded with full attribution to the responsible
quality professional.

4.4 Quality Notification and CAPA Workflow

SAP QM's Quality Notification system provides a
structured workflow environment for managing
quality events including in-process deviations, out-
of-specification results, customer complaints,
supplier quality issues, and environmental monitoring
excursions. Quality notifications in SAP QM follow a
configurable lifecycle from creation through
investigation, corrective action, and closure, with
each phase requiring completion of defined activities
and documented evidence before the notification can
advance.
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The integration between SAP QM quality
notifications and SAP Workflow enables automated
notification routing to responsible parties, deadline
monitoring with escalation triggers, and system-
enforced review and approval steps that create a
documented chain of accountability for each quality
event. For pharmaceutical manufacturers subject to
regulatory requirements for CAPA  program
effectiveness, this workflow automation provides a
technical foundation for demonstrating that
deviations are identified, investigated, resolved, and
prevented from recurrence in a systematic and
documented manner.

4.5 Statistical Process Control and Quality Analytics
SAP QM incorporates statistical process control
(SPC) functionality that enables continuous
monitoring of process performance indicators against
control limits derived from historical inspection data.
Control charts maintained within SAP QM provide
real-time visualization of process trends, enabling
quality professionals to identify adverse trends before
they result in out-of-specification events or batch
failures. This proactive quality monitoring capability
aligns with the FDA's Process Analytical Technology
initiative and ICH QI10's emphasis on continual
improvement as a foundational element of the
pharmaceutical quality system.

V. SAP QM AUTOMATION AND
REGULATORY COMPLIANCE

5.1 Alignment with 21 CFR Part 11 Requirements

21 CFR Part 11 establishes the conditions under
which the FDA considers electronic records and
electronic signatures to be trustworthy, reliable, and
equivalent to paper records and handwritten
signatures. Compliance with Part 11 is foundational
to the use of SAP QM as the system of record for
pharmaceutical quality management activities. SAP
S/AHANA's  architecture  addresses Part 11
requirements through several integrated mechanisms.
The SAP audit trail, known as the Change Document
system, captures all changes to records within the
SAP environment, recording the date, time, user
identity, previous value, and new value for each
modified field. For quality management records, this
audit trail provides the comprehensive, computer-
generated record of operator entries and actions
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required by 21 CFR Part 11.10(e). The SAP
electronic signature framework, implemented through
the Electronic Signature for SAP add-on or through
S/AHANA's native digital signature capabilities,
allows quality-critical steps in inspection workflows
and CAPA processes to require explicit electronic

signature confirmation with unique user identification
and password authentication, satisfying the signature
manifestation and linking requirements of 21 CFR
Part 11.50 and 11.70.

Table 3: Mapping of SAP QM Capabilities to Regulatory Requirements

Regulatory Requirement  [Regulatory Source |[SAP QM Capability

rail for electronic records 21

PartAP Change Document system;aprehensive field-level audit

11.10(e) object-level change tracking capture
)1 CFRDigital Signature for SAP
Electronic signature withPart 11.100 S/AHANA; workflow approval stepsStrong: Configurable per
individual authentication T configurable process step

11.200

per process step

Record protection from21 CFR
unauthorized modification 11.10(c)

System access controls and21 CFR Part Identity

user authentication 11.10(d))

Inspection records and batch21 CFR

data 211.188 recording
Deviation and  CAPA21 CFR PartQuality
documentation 211.192 workflow
Laboratory records21 CFR Partpection
completeness 211.194

MHRA  Guidance
Data integrity (ALCOA+)

controls

Directory integration

recording; usage decision

Partthorization objects; posting periodStrong: Role-based access

control

Management;  ActiveStrong:

integration

Enterprise 1AM

Parton lots; batch classification; results Automated lot creation and

linkage
notifications; CAPAStrong: Workflow-enforced
documentation
characteristics; results:: LIMS integration required

for full coverage

2018; it trail; electronic signatures; systemStrong: With proper

FDA 2018 Dataaccess controls configuration
Integrity Guidance
Moderate: Requires
Computerized systemEU  Annex 1ljon documentation support; testsupplementary validation
validation GAMP 5 management tooling

5.2 Batch Traceability and Genealogy

Complete batch traceability is a fundamental
regulatory  requirement for  pharmaceutical
manufacturers and one of the most challenging
documentation tasks in manual or partially automated
quality systems. SAP QM's integration with SAP
Materials Management and Production Planning
enables automatic construction of batch genealogy
records that trace the provenance of finished product
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batches from raw materials through intermediate
manufacturing stages to final release. This genealogy
information, captured automatically during normal
manufacturing operations, forms the basis for rapid
and complete response to regulatory requests for
batch history documentation during inspections.

The batch where-used analysis functionality within
SAP QM provides instant visibility into all batches
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that incorporate a specific raw material or
intermediate, enabling pharmaceutical manufacturers
to respond quickly to quality events or regulatory
inquiries  affecting upstream materials.  This
capability, which can require days or weeks to
compile manually in organizations without integrated
traceability systems, can be executed within SAP in a
matter of minutes, substantially strengthening the
organization's capacity to respond to regulatory
information requests within the timeframes that
inspectors expect.

5.3 Supplier Quality Management and Approved
Supplier Lists

The integrity of pharmaceutical raw materials and
components is a foundational quality and regulatory
concern, with cGMP regulations requiring that
materials be purchased from qualified suppliers and
that incoming materials be appropriately tested or
examined. SAP QM's Quality Information Records
(Q-Info Records) provide a mechanism for encoding
supplier-specific inspection requirements, approved
supplier designations, and quality agreements within
the SAP system, enabling automatic enforcement of
incoming material inspection requirements whenever
a goods receipt is processed.

Vendor evaluation functionality within SAP QM
enables systematic assessment of supplier quality
performance based on incoming inspection results,
delivery reliability, and quality notification data. The
resulting supplier scores provide documented
evidence of ongoing supplier monitoring, supporting
compliance  with the supplier qualification
requirements of 21 CFR Part 211.84 and ICH Q10
Section 2.7. For organizations subject to the Drug
Supply Chain Security Act requirements, SAP QM's
integration with serialization and track-and-trace
capabilities provides additional traceability support
across the supply chain.

5.4 Certificate of Analysis Generation and Control

The Certificate of Analysis (CoA) is a critical quality
document in  pharmaceutical = manufacturing,
providing customers and regulatory authorities with
documented evidence that a specific batch meets its
established specifications. SAP QM enables
automatic generation of CoA documents from
inspection results recorded within the system,
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populating specification limits, test results, and pass
or fail determinations directly from the quality
management database without manual transcription.
This automation eliminates the transcription errors
that represent a common source of CoA discrepancies
and provides a traceable link between the CoA and
the underlying inspection records from which it was
generated.

VI. AUDIT READINESS OUTCOMES AND
GOVERNANCE BENEFITS

6.1 Documentation  Retrieval and  Inspection
Response

One of the most operationally significant benefits of
SAP QM automation for audit readiness is the
dramatic reduction in documentation retrieval time
during regulatory inspections. In organizations
relying on paper or semi electronic quality systems,
responding to regulatory requests for batch records,
deviation investigations, laboratory results, and
CAPA evidence requires manual retrieval from filing
systems, often distributed across multiple physical
locations and managed by multiple departments. This
retrieval process is time-consuming, error-prone, and
frequently results in incomplete responses that
generate additional regulatory scrutiny.

SAP QM's integrated database architecture enables
authorized users to retrieve comprehensive quality
documentation through a single system interface,
with the ability to navigate from batch records to
inspection results, usage decisions, linked deviations,
CAPA activities, and associated approval records
through a unified data model. During inspections, this
capability enables rapid and complete responses to
inspector requests, demonstrating both the quality of
the documentation and the organization's mature
understanding of its own quality processes.

6.2 Metrics and Key Performance Indicators for
Audit Readiness

SAP QM's reporting and analytics capabilities enable
pharmaceutical quality organizations to maintain
continuous visibility into audit readiness indicators
through automated generation of quality metrics and
key performance indicators. The following table
summarizes the primary audit readiness metrics that
SAP QM automation supports.
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Table 4: Audit Readiness KPIs Supported by SAP QM Automation

KPI Category Specific Metric SAP QM Source

ntage of inspection lots completed

o . . >98%
within required timeframe °

Inspection Completion .
Inspection lot status reports

Percentage of CAPA actions

APA Timeli
C imeliness completed by due date

Quality notification reports  >95%

Average time from deviation detection

Deeviation Documentation to documentation

Cuality notification creation date <24 hours

Average time from last test result to | Inspection lot and usage decizsion

Batch Eeleaze Cycle Time Teports As per S0P
uzaze decision
Cut-of-Specification Rate | Mumber of Q05 rezults per batch testad Inzpection results reportz Trending metric
o Parcentage of CAPA s wnth confirmed | Quality notification effectivensss
CAPA Effectiveness effactivensss check records 100%

Averaga vendor evaluation scors for

Supplier Cuality Score critical materials SAP vendor evaluation reports =35% of maxinumm

Percentage of Certificates of Analysis

(Cels) 1zzued without subzequent

Col Aecuracy Rats Cof revizsion records =09 5%

corractions

6.3 Separation of Duties and Access Governance
Regulatory requirements for separation of duties in
pharmaceutical quality operations reflect the
principle that quality decisions should be subject to
independent review and that no single individual
should be able to unilaterally create, approve, and
release quality-critical records without appropriate
oversight. SAP QM supports separation of duties
through its role-based authorization framework,
which restricts access to quality management
functions based on the user's assigned organizational
roles and the specific authorization objects that
govern each function.

In pharmaceutical manufacturing contexts, SAP QM
authorization structures are typically designed to
enforce separation between personnel who record
inspection results, personnel who evaluate results and
make usage decisions, and personnel who approve
deviations and authorize CAPA activities. This role
segregation provides a technical enforcement
mechanism for the separation of duties requirements
embedded in cGMP regulations and the quality
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system design requirements of ICH Q10, while also
providing documented evidence of the control
structure for regulatory inspection purposes.

6.4 Continuous Improvement and Trend Analysis

A mature pharmaceutical quality system is
characterized not only by its ability to detect and
correct individual quality issues but by its capacity to
identify systemic patterns that indicate underlying
process or system weaknesses requiring preventive
action. SAP QM's SPC and trend analysis capabilities
support this continuous improvement function by
enabling quality professionals to analyze inspection
result trends across batches, time periods, equipment
units, and supplier sources.

The ability to demonstrate a proactive continuous
improvement culture is an increasingly important
element of regulatory inspection success. FDA
investigators and EMA inspectors assess not only
whether a manufacturer has addressed identified
problems but whether the organization's quality
system is capable of self-identifying weaknesses
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before they result in regulatory non-compliance. SAP
QM's automated trend monitoring and alerting
capabilities provide evidence of this proactive quality
culture through documented records of trend
identification, escalation, and preventive action.

VII. IMPLEMENTATION CHALLENGES AND
RISK FACTORS

7.1 System Validation Requirements

The most significant implementation challenge
unique to pharmaceutical SAP QM deployments is
the requirement to validate the computerized quality
management system in accordance with current
regulatory guidance and industry standards.
Computer system validation for SAP QM in a
pharmaceutical environment requires the preparation
and execution of a comprehensive validation package
including User Requirements  Specifications,
Functional Requirements Specifications, Installation
Qualification,  Operational  Qualification, and
Performance Qualification documentation. This
validation effort is conducted in accordance with the
GAMP 5 risk-based approach to computerized
system validation published by ISPE, which classifies
SAP QM as a Category 4 configured software
product requiring a structured validation lifecycle.

The wvalidation burden associated with SAP QM
implementation can extend project timelines
substantially compared to non-regulated software
deployments and creates ongoing maintenance
obligations as system changes require validation
impact assessment and periodic revalidation
activities. Organizations that underestimate the
validation effort risk either delaying go-live to
complete required documentation or proceeding with
incomplete validation, creating regulatory exposure
that may exceed the compliance benefit of the
automation being implemented.

7.2 Data Migration and Historical Records

Pharmaceutical manufacturers implementing SAP
QM typically possess years or decades of historical
quality records in legacy systems or paper archives
that must be addressed as part of the SAP QM
implementation. The approach to historical data
migration requires careful regulatory and technical
analysis. Complete migration of historical data into
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SAP QM is technically complex and may introduce
data integrity risks if migration processes are not
thoroughly validated. Maintaining historical records
in legacy systems or archives while using SAP QM
only for new records creates a split-record
environment that complicates inspection responses
and trend analysis.

Best practice approaches to this challenge typically
involve maintaining legacy systems or validated
archives in read-only access for historical records
while implementing SAP QM for all new quality
activities from a defined go-live date. Where
historical trend data is required for SPC or trend
analysis within SAP QM, a defined and validated
historical data migration process with documented
data integrity controls may be implemented for
specific data categories.

7.3 Integration Complexity with Adjacent Systems
Comprehensive pharmaceutical quality management
automation requires integration between SAP QM
and a range of adjacent information systems,
including Laboratory Information Management
Systems (LIMS) for laboratory data management,
Manufacturing Execution Systems (MES) for
production process data, Document Management
Systems (DMS) for standard operating procedures
and controlled documents, and Training Management
Systems for personnel qualification records. Each
integration  point  represents a  technical
implementation challenge and a potential data
integrity risk if the interface is not properly designed,
validated, and monitored.

The integration between SAP QM and LIMS systems
is  particularly  critical in  pharmaceutical
manufacturing, as laboratory testing is the primary
source of quantitative quality data that drives
inspection results and usage decisions. Organizations
that implement SAP QM without a validated LIMS
integration must rely on manual entry of laboratory
results into SAP QM, reintroducing the transcription
error risk that automation is intended to eliminate and
creating a data integrity gap at the most quality-
critical point in the inspection process.
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7.4 Change Management and User Adoption

The transformation of pharmaceutical quality
management processes from manual or semi-manual
operations to SAP QM automation requires
substantial organizational change management effort.
Quality professionals accustomed to paper-based or
standalone electronic  systems must develop
proficiency with SAP QM's interface and workflow
conventions, while also adapting to the structured,
system-enforced process flows that SAP QM
automation imposes. Resistance to these changes can
manifest as workarounds that circumvent SAP QM
controls and undermine the compliance benefits that
automation is intended to deliver.

Table 5: Implementation Risk Factors and Mitigation Strategies for SAP QM in Pharmaceutical Settings

Effective change management for SAP QM
implementations in pharmaceutical settings requires
early engagement of quality end users in the design
process, role-specific training programs that connect
SAP QM functionality to individual job
responsibilities and regulatory requirements, and
super-user networks that provide ongoing support
during the transition period. Quality management
leadership plays a critical role in communicating the
compliance rationale for system-enforced process
controls, countering the perception that automation
represents a bureaucratic burden rather than a quality
assurance enhancement.

Risk Factor Risk Description Mitigation Strategy

Validation
Underestimation

Historical data migration

laboratory result entry
LIMS Integration Gaps transcription errors

Incomplete CAPA CAPA workflows are confipured without all
Configuration raguirad approval and evidence staps
Uszer Fezistance and Quality staff bypazs SAP QM controls usmg

Workaround= manual procasses

GxP computer system validation

reintroduces

Insufficient resources allocated tol validation specialists early; use GAMP 5 risk-

based scoping

introducesUse  validated  migration  scripts  with
Data Migration Integrity errors or gaps in quality records

reconciliation  checks; consider  archival
approaches
Prioritize validated interface integration

(e.g., HL7 or
LIMS-to-SAP QM)

Map regulatory CAPA requirements to workflowr
configuration before dezipn

Provide role-specific tramimg; sstablish supar-uzer
programs; reinforce managemeant overzight

SAP roles do not enforce required separation . Conduct segregation of duties (o)) analy=is before go

Authonization Dezign Gaps
of duties

Fegulatory Changze

VIII. PROPOSED IMPLEMENTATION
FRAMEWORK FOR SAP QM AUDIT
READINESS

8.1 Framework Overview

To address the implementation challenges identified
in Section 7 and to provide a structured approach for
pharmaceutical manufacturers deploying SAP QM
automation for audit readiness enhancement, this
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SAP QM confipuration does not adapt to

Eezponze evolving rezulatory requirements

live; includs $a0) review m validation

Establizh 2 confizuration change control process; monitor
ragulatory pmdance conbimuously

study proposes a Pharmaceutical Quality Automation
Implementation Framework (PQAIF). The
framework is organized across five sequential phases
that guide organizations from initial assessment
through deployment and continuous improvement,
with validation and change management activities
integrated throughout each phase.
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Figure 2: Pharmaceutical Quality Automation Implementation Framework (PQAIF)

PHARMACEUTICAL QUALITY AUTOMATION IMPLEMENTATION FRAMEWORK (PQAIF)

8.2 Phase 1: Assessment and Planning

The assessment and planning phase establishes the
regulatory and operational foundation for the SAP
QM automation initiative. Organizations should
begin with a comprehensive regulatory requirements
analysis that maps applicable cGMP, 21 CFR Part 11,
and Annex 11 requirements to specific SAP QM
functional areas, establishing traceable requirements
baseline that will drive system design decisions and
validation test protocols. This analysis should be
conducted with input from quality assurance,
regulatory affairs, and IT personnel to ensure that all
applicable requirements are captured.

Concurrent ~ with  the  regulatory  analysis,
organizations should conduct a current state
assessment that documents existing quality
management processes, systems, and data flows in
sufficient detail to identify the gaps between current
capabilities and the target state that SAP QM
automation will deliver. This assessment forms the
basis for defining project scope, estimating
implementation effort, and identifying the high-risk
integration and migration activities that require
prioritized attention in subsequent phases
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8.3 Phase 2: Design and Configuration

The design and configuration phase translates the
regulatory requirements and business process
requirements established in Phase 1 into SAP QM
system configuration that delivers the required audit
readiness capabilities. A critical success factor in this
phase is the involvement of experienced SAP QM
configuration specialists with direct knowledge of
pharmaceutical regulatory requirements, as the
intersection of SAP configuration options and GxP
compliance requirements creates decision points that
require both technical and regulatory expertise to
navigate correctly.

Key design decisions in this phase include the
structure of inspection plans and master inspection
characteristics, the configuration of usage decision
codes and their downstream batch status effects, the
design of quality notification categories and
workflow steps for deviation and CAPA
management, and the structure of the authorization
concept that enforces required separation of duties.
Each of these design decisions should be documented
in a functional specification that serves as the basis
for both system configuration and validation test
protocol development.
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8.4 Phase 3: Validation and Testing

The validation phase executes the computer system
validation lifecycle required for GxP compliance of
SAP QM as a quality-critical computerized system.
Following a GAMP 5 risk-based approach, validation
activities are prioritized based on the criticality of
each SAP QM function to patient safety, product
quality, and data integrity. High-risk functions
including inspection lot creation, usage decision
processing, and quality notification workflow
enforcement receive thorough test coverage in
operational qualification and performance
qualification protocols.

User acceptance testing conducted by quality
management end users is a critical validation activity
that verifies not only that SAP QM functions as
technically specified but that it supports real-world
quality management processes in the manner required
by the organization's standard operating procedures.
Defects identified during user acceptance testing that
affect regulatory compliance requirements must be
resolved and retested before go-live, as proceeding
with known compliance deficiencies would create
regulatory exposure that negates the audit readiness
benefit of the SAP QM implementation.

8.5 Phase 4: Deployment and Hypercare

The deployment phase transitions SAP QM from a
validated system in a test environment to a
production quality management platform actively
used in manufacturing operations. Pharmaceutical
organizations should define a structured go-live
approach that includes parallel operation with legacy
systems during a defined transition period, intensive
super-user support during the initial weeks of
production operation, and a formal performance
qualification protocol that confirms system
performance under actual production conditions
before the legacy system is decommissioned.

The hyper care period immediately following go-live
is critical for identifying and resolving issues that
were not apparent in testing environments, including
integration performance under production data
volumes, user adoption challenges that require
additional training or process clarification, and
configuration adjustments needed to accommodate
operational scenarios that testing did not fully
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replicate. A baseline measurement of audit readiness
KPIs should be captured at go-live to enable
subsequent measurement of the compliance
improvement achieved through SAP QM automation.

8.6 Phase 5: Continuous Improvement

The continuous improvement phase recognizes that
audit readiness is not a state that is achieved once at
go-live but a continuous operational commitment that
requires ongoing system maintenance, regulatory
monitoring, and  performance  optimization.
Organizations should establish a periodic system
review process that assesses SAP QM performance
against audit readiness KPIs, evaluates the impact of
regulatory guidance developments on system
configuration requirements, and
opportunities to extend automation to quality
management areas not addressed in the initial
implementation.

identifies

A regulatory intelligence function that monitors FDA
warning letters, EMA inspection reports, and
regulatory  guidance publications for quality
management system developments enables proactive
response to evolving regulatory expectations before
they result in inspection findings. Changes to SAP
QM configuration in response to regulatory or
operational requirements must be processed through
the organization's configuration change control
procedure, with validation impact assessment
determining the scope of revalidation activities
required.

IX. DISCUSSION

9.1 Interpretation of Findings

The findings of this study indicate that SAP QM
automation delivers substantial and measurable audit
readiness benefits for pharmaceutical manufacturing
organizations that implement the module with
appropriate configuration, validation, and integration.
The combination of automated inspection lot
management, electronic batch record linkage,
structured CAPA workflows, and comprehensive
audit trail functionality —addresses the core
documentation and traceability requirements that
regulatory inspectors assess during manufacturing
facility inspections.
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A key insight emerging from this study is that the
audit readiness benefits of SAP QM automation are
contingent on the depth and quality of
implementation rather than simply on the adoption of
the software. Organizations that implement SAP QM
with minimal configuration, relying primarily on
default system settings without alignment to their
specific regulatory requirements and business
processes, may achieve limited compliance
improvement while bearing the full burden of
validation and change management. The
transformative audit readiness benefits documented
in successful implementations require deliberate
design of quality workflows, thorough validation
execution, and sustained change management
commitment.

9.2 Comparison with Existing Literature

The findings of this study are broadly consistent with
prior research on ERP-based quality management in
pharmaceutical manufacturing, while extending that
literature in several important directions. The finding
that SAP QM automation reduces documentation
retrieval time aligns with Akers' (2009) research on
electronic batch record benefits, and the finding that
structured CAPA workflow automation reduces
deviation recurrence is consistent with Soli and Soli's
(2019) analysis of CAPA program effectiveness
factors.

This study extends the existing literature by
providing a comprehensive mapping of SAP QM
capabilities to specific regulatory requirements across
21 CFR Part 11, EU Annex 11, and ICH Q10, which
has not been systematically accomplished in prior
proposed PQAIF
implementation framework also advances the
literature by offering a structured methodology that
integrates regulatory compliance considerations into
each phase of the SAP QM implementation lifecycle,
addressing a practical gap that practitioners have
previously  addressed through vendor-specific
guidance rather than academically grounded

academic work. The

frameworks.

9.3 Practical Implications

For quality system architects and IT professionals in
pharmaceutical organizations, the findings emphasize
the importance of engaging regulatory affairs and
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quality assurance expertise in SAP QM design and
configuration decisions, as the compliance
implications of configuration choices extend well
beyond technical functionality to regulatory
acceptability. Organizations planning SAP QM
implementations should budget adequately for
computer system validation activities, recognizing
that validation is not a bureaucratic overhead but the
mechanism through which the compliance benefits of
automation are formally demonstrated to regulatory
authorities.

For pharmaceutical company leadership, the findings
support the business case for SAP QM automation
investment by linking system capabilities to
measurable reductions in regulatory risk. The cost of
inadequate quality management systems, measured in
terms of FDA warning letters, consent decrees,
product recalls, and manufacturing shutdowns,
substantially exceeds the investment required for
comprehensive SAP QM automation. Organizations
in regulated markets where inspection frequency is
increasing and data integrity scrutiny is intensifying
face mounting pressure to demonstrate quality
systems maturity that manual or partially automated
approaches cannot sustain.

9.4 Limitations of the Study

This study has several limitations that should be
acknowledged. First, the analysis was conducted
through integrative literature review rather than
empirical study of SAP QM implementations in
pharmaceutical settings. Direct measurement of audit
readiness improvement in production environments
would provide stronger evidence for the compliance
benefits attributed to specific SAP QM capabilities.
Second, the study focused on SAP QM within the
SAP S/4HANA ecosystem, and findings may not be
directly applicable to organizations using older SAP
ECC implementations, which offer a subset of the
capabilities available in SAHANA.

Third, the regulatory environment addressed in this
study reflects requirements as of the date of analysis.
Pharmaceutical regulations evolve continuously, and
specific compliance guidance referenced in this paper
may be superseded by updated agency guidance.
Organizations should verify the currency of
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regulatory requirements before relying on the
mappings provided in this study.

X. CONCLUSION AND RECOMMENDATIONS

10.1 Conclusion

This study examined how SAP QM automation
enhances audit readiness in pharmaceutical
manufacturing organizations, with focus on the
mechanisms  through  which  inspection lot
management, electronic batch record integration,
CAPA workflow automation, and regulatory
reporting capabilities address the documentation,
traceability, and data integrity requirements of
regulatory authorities including the FDA and EMA.

The analysis revealed that SAP QM provides a
comprehensive and technically mature platform for
pharmaceutical quality management automation, with
capabilities that directly address the most frequently
cited areas of regulatory inspection deficiency
including CAPA documentation, batch record
completeness, laboratory record integrity, and
supplier quality management. When implemented
with appropriate configuration, validation, and
integration, SAP QM automation transforms audit
readiness from a periodic preparation exercise into a
continuous operational state, enabling pharmaceutical
manufacturers to receive regulatory inspectors with
confidence in the completeness and integrity of their
quality documentation.

The proposed Pharmaceutical Quality Automation
Implementation Framework offers pharmaceutical
organizations a structured and regulatory-grounded
methodology for deploying SAP QM automation in a
manner that maximizes compliance benefit while
managing the substantial implementation risks
associated with  validated computer system
deployment in regulated manufacturing
environments. The integration of regulatory
compliance considerations into each phase of the
implementation lifecycle ensures that audit readiness
is designed into the system from the outset rather
than retrofitted after deployment.

10.2 Recommendations

10.2.1 For Quality System Architects and SAP
Implementation Teams
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e Conduct a regulatory requirements analysis that
maps 21 CFR Part 11, EU Annex 11, and ICH
Q10requirements to SAP QM functional design
decisions before beginning system configuration.

e Design CAPA workflow configurations in SAP
QM to enforce all required process steps,
evidence attachments, and approval signatures
before notification closure, ensuring the workflow
is the system of record for regulatory compliance
evidence.

e Prioritize validated LIMS integration in the SAP
QM implementation scope to eliminate manual
laboratory  result entry and  achieve
comprehensive electronic data integrity across the
quality management process.

e Implement SAP QM SPC and trend monitoring
capabilities as core audit readiness tools rather
than  optional enhancements, establishing
automated alerts for adverse quality trends as
evidence of a proactive quality culture.

10.2.2 For Quality Assurance and Regulatory

Affairs Professionals

e Engage actively in SAP QM design and
configuration reviews to ensure that system
configurations align with organizational SOPs
and regulatory expectations, rather than
delegating all configuration decisions to IT.

e Develop SAP QM-specific standard operating
procedures that define how the system supports
required quality management processes, including
the required SAP actions at each step of
inspection, deviation, and CAPA workflows.

e Incorporate SAP QM KPI monitoring into routine
quality management review activities, using
system generated metrics as leading indicators of
audit readiness that enable proactive remediation
before regulatory inspection.

e Maintain a computer system validation record for
SAP QM that demonstrates compliance with
GAMP 5and 21 CFR Part 11 requirements,
keeping the validation record current through a
defined change control process.

10.2.3 For Pharmaceutical Company Leadership

e Invest in comprehensive SAP QM automation as
a strategic compliance asset rather than a cost
center, recognizing that the financial exposure
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associated with regulatory non-compliance
substantially exceeds the cost of quality system
investment.

e Support adequate resourcing for computer system
validation activities in SAP QM implementations,
understanding that validation is the regulatory
foundation upon which the compliance benefits of
automation rest.

e Establish a quality system governance structure
that monitors SAP QM performance metrics at
the senior quality leadership level, treating audit
readiness as a  continuous leadership
responsibility rather than a periodic operational
activity.

10.3 Final Statement

The pharmaceutical manufacturing industry operates
under a regulatory compact in which the quality and
integrity of manufacturing operations is continuously
accountable to the regulators who protect public
health on behalf of patients worldwide. SAP QM
automation represents one of the most powerful tools
available to pharmaceutical manufacturers for
honoring this compact, by ensuring that quality
processes are consistently executed, comprehensively
documented, and permanently traceable in a manner
that withstands the scrutiny of the most demanding
regulatory inspections. The
implementation of SAP QM automation through the
Pharmaceutical Quality Automation Implementation
Framework proposed in this study provides
pharmaceutical organizations with a principled
foundation for deploying this capability in service of

structured

both organizational resilience and patient safety.
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