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ABSTRACT: The study introduces a framework developed by practitioners which enables the integration of Oracle
Process Manufacturing (OPM), Supply Chain Management (SCM), and Quality Laboratory Systems (QLS) within
GxP-compliant pharmaceutical production facilities that use Oracle E-Business Suite R12.2.9. The paper utilizes the
practical knowledge of a Global Subject Matter Expert who managed the complete system upgrade process. to
demonstrate the architectural and functional aspects which enable organizations to achieve complete ERP systems that
meet audit requirements and follow regulations. The framework undergoes evaluation through its compliance
assessment with major regulatory standards which include 21 CFR Part 11 and EU GMP Annex 11 and GAMP 5 and
ICH Q7 and ICH Q10. The proposed integration model undergoes validation through eight complex pharmaceutical
manufacturing scenarios which include inventory transfers based on lot control and cross-site financial closes. The
research shows that pharmaceutical manufacturers achieve continuous ERP transitions together with complete financial
accuracy and Day-One regulatory compliance through a structured SME-led approach. The paper presents an integrated
ERP framework which the global pharmaceutical industry can use for standardized implementation.
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I. INTRODUCTION

The pharmaceutical manufacturing sector operates in one of the most heavily regulated industries which exists
throughout the globe. “All activities which occur from raw material acquisition until final product distribution require
complete traceability and verification which must withstand scrutiny from international health organizations which
include the U. S. Food and Drug Administration (FDA) and the European Medicines Agency (EMA) and the World
Health Organization (WHO). Organizations need to implement Enterprise Resource Planning (ERP) systems because
they provide essential operational advantages which support their business operations and help them meet regulatory
requirements.

The Oracle E-Business Suite (EBS) system which includes the R12.2. 9 version provides pharmaceutical companies
with one of their most powerful ERP solutions. The implementation process for such a system in a GxP-regulated
facility becomes more intricate than standard industrial ERP system implementation procedures. The pharmaceutical
environment requires systems to operate effectively while reaching proof through Computer System Validation (CSV)
documentation and the integrity of audit trails and electronic signature systems which comply with 21 CFR Part 11
regulations.

This paper addresses a specific and underexplored challenge: the technical and organizational architecture required to
synchronize three mission-critical Oracle modules Oracle Process Manufacturing (OPM), Supply Chain Management
(SCM), and the Quality Lab System (QLS) into a unified, GxP-compliant operational ecosystem. The research study
gathers its experiential knowledge from three years of worldwide SME consultation work which took place. which
operates as a leading pharmaceutical excipient manufacturer in both the United States and the United Kingdom.

This paper presents its content through the following structure. Section 2 provides a review of relevant literature on
pharmaceutical ERP integration and GxP compliance. The methodology section of this paper explains the architectural
framework which contains the design methodology. The sections from 4 to 7 show the complete design of functional
system integration together with the methods used for validation testing.
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Il. LITERATURE REVIEW

2.1 ERP in Pharmaceutical Manufacturing

The last 20 years have seen Enterprise Resource Planning systems bring major changes to pharmaceutical production
processes. Pharmaceutical organizations need to implement ERP systems because their manufacturing processes
require special handling of batch production and formula development and controlled inventory tracking and
compliance with multiple regulatory requirements. The integration of manufacturing execution systems with financial
and quality management systems stands as the main obstacle which pharmaceutical organizations face in their ERP
implementation efforts (Monk & Wagner, 2012; Holland & Light, 1999).

The technical infrastructure needed for integration exists in Oracle EBS and SAP ERP and similar platforms but the
pharmaceutical industry needs custom validation and process development work to achieve successful integration. The
academic literature on pharmaceutical ERP frequently highlights the gap between the capabilities of enterprise software
and the specialized knowledge required to deploy it in a GXP environment (Stratman & Roth, 2002).

2.2 GxP Regulatory Frameworks and CSV Requirements

GXxP refers to a set of regulations which control the complete process of creating, producing, and testing pharmaceutical
products. The United States regulatory framework for computerized systems includes 21 CFR Part 11 which establishes
rules for managing electronic records and electronic signatures while European regulations use EU GMP Annex 11 as
their equivalent system. Both frameworks require that computerized systems used in pharmaceutical manufacturing
undergo formal Computer System Validation before deployment and are maintained in a validated state throughout
their operational life.

The GAMP 5 guidelines, published by ISPE, provide the industry's primary practical framework for CSV. GAMP 5
classifies software by category from Category 1 (infrastructure) to Category 5 (custom software) and prescribes
validation rigor accordingly. Oracle EBS R12.2. 9 functions as a highly customized commercial software package
which GAMP Category 4 1SO standards require through documented Installation Qualification (I1Q) and Operational
Qualification (OQ) and Performance Qualification (PQ) testing (ISPE, 2008).

2.3 Integration Challenges in Multi-Module ERP Environments

Companies face considerable technical and operational difficulties when they attempt to merge their manufacturing
operations, supply chain activities, and quality control processes into a unified ERP system. Pharmaceutical
manufacturing requires module data consistency to maintain accurate tracking of lot numbers and batch statuses and
quality decisions because quality holds from laboratory testing must be immediately reported to both production
scheduling and supply chain obligations. Research by Olhager and Selldin 2003 and others has demonstrated that poor
ERP module integration is a leading cause of manufacturing quality failures and regulatory citations in the
pharmaceutical sector.

The organization of financial accounting needs to align with both production processes and quality control activities
throughout the entire process. GXP environments require every batch disposition decision which includes approving or
denying a request to leave behind an auditable financial footprint. The organization failed to maintain process
synchronization which created both an operational threat and a possibility of regulatory findings during FDA and EMA
inspections.

111. METHODOLOGY AND FRAMEWORK ARCHITECTURE

3.1 Research Approach

The researcher uses a practitioner-research methodology which integrates their operational experience with their
structured collection of architectural and functional and organizational design choices throughout an entire Oracle EBS
R12.2. 9 implementations at a global pharmaceutical manufacturer. The research is based on the author's three-year
experience as Global Subject Matter Expert (SME) for OPM and SCM and Quality modules which gave him access to
technical and organizational aspects of GxP-based ERP integrated system implementation. The framework presented in
this paper was developed iteratively through cycles of system testing and stakeholder consultation and regulatory
review and operational validation. It is presented here not as a theoretical construct but as a validated model which has
shown real-world results that include zero-downtime ERP cutover and post-implementation regulatory compliance
confirmation.
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3.2 The Integrated ERP Framework Core Architecture

The proposed framework is built upon four foundational layers: the GxP Governance Layer, which provides the
regulatory and compliance scaffolding for all system activity; the Module Integration Layer, which governs the
technical synchronization of OPM, SCM, and QLS; the Financial Integrity Layer, which ensures that every
manufacturing and quality transaction generates a correct and auditable accounting entry; and the Organizational
Readiness Layer, which encompasses the training, SOP authoring, and knowledge transfer mechanisms necessary for
sustainable operations. The integrated framework shown in Figure 1 demonstrates its high-level architecture through
three main Oracle modules which connect to a common integration system that manages all system operations through
a GxP compliance framework.

Figure 1: GxP-Compliant Integrated ERP Framework Architecture
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Figure 1: High-level architecture of the GxP-compliant integrated ERP framework spanning OPM, SCM, and
Quality Lab Systems

IV. FUNCTIONAL INTEGRATION DESIGN

4.1 Oracle Process Manufacturing (OPM) Configuration

The OPM module serves as the operational core of the pharmaceutical manufacturing ERP. The framework described
in this paper enables OPM to manage all aspects of pharmaceutical batch processing which include formula and recipe
management and work-in-process (WIP) tracking and lot-controlled ingredient consumption and finished goods batch
record generation. The lot genealogy functionality of OPM is of regulatory significance which enables users to track
every ingredient through all production steps until they reach the final product batch which FDA 21 CFR Parts 210 and
211 and ICH Q7 regulations require. The OPM system allows users to define quality inspection requirements which
they will apply during the production process. The framework ties QLS specification assignments to OPM batch
creation events because it needs to treat quality testing as an integral part of its process. Production batches require all
associated quality specifications to be linked with their respective quality requirements which must be met before any
production process can continue.

4.2 Supply Chain Management (SCM) Integration

The SCM module in this framework manages the entire logistics system of pharmaceutical manufacturing which
includes demand forecasting and product acquisition and stock control and supplier quality assurance and international
trade regulation compliance. The system achieves integration between SCM and OPM through multiple integration
points which include the following three connections: demand signals from SCM drive the Material Requirements
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Planning (MRP) computation that determines OPM production schedules; raw material receipts in SCM automatically
trigger quality inspection assignments in QLS; and inventory lot statuses in SCM are synchronized in real time with
batch decisions made in OPM and QLS.

The GxP operational environment requires utmost importance for the supplier quality management function. The
framework includes a dedicated supplier hold mechanism which allows quality decision makers to quarantine a
supplier's material in QLS thereby enabling automatic MRP exclusion of the affected lot and the generation of a
Supplier Corrective Action Request (SCAR). The closed-loop supplier quality workflow prevents any quarantined
material from entering the production process.

4.3 Quality Lab System (QLS) Integration

The Quality Lab System module serves as the regulatory control center which operates within the complete integrated
framework. The system handles all quality decision-making processes which begin with raw material reception and end
with finished product testing and delivery. QLS provides the framework with capabilities to capture test results through
electronic data recording and to create electronic signatures which meet 21 CFR Part 11 requirements while generating
Certificate of Analysis (COA) documents automatically during batch release and maintaining an audit trail for all
quality decisions.

The QLS system connects with OPM and SCM systems through two-way data exchange which operates continuously.
The QLS system imposes quality holds which instantly update inventory levels in SCM and production plans in OPM.
The OPM production process uses the completion of its in-process manufacturing step to create automatic in-process
quality sample plans in QLS which guarantee that all essential quality control points receive documentation within the
GxP-compliant system framework.

Table 1: Module Scope, Functional Coverage, and Stakeholder Matrix

Table 1: Summary of ERP module scope, functional coverage, and key stakeholder groups across the integrated
framework

ERP Module Core Functional Scope Primary Stakeholders

Batch Recipe Management, WIP Control, | Production  supervisors, Formula

OPM (Oracle Process Mfg.) Lot & Serial Traceability, Formula | chemists, Batch record reviewers,
Versioning Regulatory affairs

. Supply planners, Purchasing

SCM (Supply Chain Mgmt.) Demand Planning, Procurement, Inventory managers, Warehouse staff,

Control, Supplier Quality, Global Logistics International trade compliance

Specifications Management, Sample &
Result Entry, COA Generation, Batch

QC analysts, QA managers, Lab

Quality Lab System (QLS) supervisors, Regulatory submission

Release/Reject

teams

Oracle General Ledger

Automated cost posting, Standard costing,
Variance analysis, Period-end close

Finance controllers, Cost accountants,
Internal audit teams

ERP Integration Broker

Event-driven messaging, Master data
synchronization, Error handling and retry
logic

IT architects, ERP administrators,
Integration developers

4.4 The End-to-End Transaction Flow

The synchronized operation of OPM, SCM, and QLS within the integrated framework is best understood by tracing a
complete pharmaceutical manufacturing transaction from its origin to its financial completion. The entire transaction
process which starts with demand signal and ends with financial closure is demonstrated in Figure 2 through seven
separate stages.
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Figure 2: End-to-End GxP Transaction Flow — From Batch Initiation to Financial Close
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(QLs) electronic signature captured per 21 CFR Part 11
4
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e COA Finished Goods & COA Finished batch tested; COA generated; batch record
=R (OPM;QLS) complete with full lot genealogy
0 Financial Close All transactions auto-post to General Ledger; cost of goods
(ERP Ledger) manufactured reconciled; audit-ready journal created

Figure 2: Sequential GxP-compliant transaction flow from demand planning through financial close across
OPM, SCM, and QLS modules

V. COMPUTER SYSTEM VALIDATION (CSV) FRAMEWORK

5.1 Regulatory Basis and GAMP 5 Alignment

The implementation of Computer System Validation serves as the essential requirement for deploying ERP systems
which meet GxP standards. According to the regulatory framework for pharmaceutical manufacturing the validated
state of a computerized system means that testing has proven its capacity to operate as intended. The implementation of
Oracle EBS R12.2. 9 required a complete validation process which included three stages: Installation Qualification and
Operational Qualification and Performance Qualification. The validation program used a Validation Master Plan
(VMP) which established the boundaries and validation execution methods and validation team duties and criteria for
acceptance of validation tasks. The quality assurance leadership approved the VIMP before validation testing started and
all validation test protocols established links to User Requirement Specifications (URS) and Functional Requirement
Specifications (FRS) for validation tracking purposes.

5.2 Validation Test Execution Complex Scenario Testing

The validation method which this paper presents uses integrated scenario testing, which requires complex testing
methods, to validate ERP systems instead of using standard unit tests which industry practices for ERP validation. The
pharmaceutical ERP system of a pharmaceutical company faces regulatory risks through integration failures which
occur when QLS quality decisions fail to transmit to OPM and SCM systems or when financial entries do not show
accurate pharmaceutical batch status. The validation program required testing complex system integration scenarios
which would verify complete operational testing of a high-stakes pharmaceutical production process. The table below
contains eight documented scenarios which show the most important operational and regulatory transaction types used
in the manufacturing process
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Table 2: Complex Scenario Testing Matrix Validation Test Cases

Table 2: Comprehensive validation test case matrix covering eight high-risk pharmaceutical manufacturing
scenarios across integrated ERP modules

Scenario Modules Risk Level | Validation Outcome & GxP Checkpoint
Involved

Lot-Controlled OPM + SCM High Full _Iot Ilneagg .verlfled'at source and destination;
Inventory Transfer quantity reconciliation confirmed

Quality-Locked Batch QLS + OPM Critical Electronic signature captured; test results met compendial

Release spec; COA auto-generated

Rejected Batch | QLS + OPM + Critical Material written off to rejection account; regulatory
Disposition GL notification triggered; audit entry created

Cross-Site Stock . Customs valuation computed; inter-company accounting
Transfer (US—UK) SCM + OPM High posted; lot status preserved

Standard Cost Update OPM + GL Medium Bat_ch cost re—cqmpyted; variance accounts updated;
Impact period-end reconciliation verified

Change-Over/  Line OPM + QLS High Enwr_onmenj[a.l monitoring results linked to batch;
Clearance cleaning verification sign-off captured

Supplier Hold [ SCM + QLS + Critical Incoming lot quarantined; MRP exclusion triggered;
Quarantine Flow OPM supplier corrective action request logged

Period-End Financial | All Modules + Hiah All WIP and inventory transactions accounted; sub-ledger
Close GL 9 balanced to GL; audit-ready journal posted

5.3 Financial Integrity Validation

The validation program focused specifically on verifying financial hits because the program needed to confirm that all
manufacturing and quality activities resulted in proper accounting entries which Oracle General Ledger systems
recorded. Pharmaceutical ERP implementations lack proper validation because organizations focus on demonstrating
process functionality instead of proving financial accuracy. The framework required all validated scenarios to show
their resulting GL entries because the digital ERP system needed to maintain complete financial and auditing integrity.
The financial integrity validation process involved finance and accounting stakeholders who approved the expected GL
entries before testing began for each test scenario. The validation program used this method to show how the
organization actually accounting requirements instead of using technical system default standards.

5.4 The GAMP 5 CSV Lifecycle

The complete GAMP 5-aligned CSV lifecycle for the Oracle R12.2. 9 deployment starts from initial planning and User
Requirement Specification authoring and leads to system retirement and data archival.
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Figure 3: GAMP 5-Aligned Computer System Validation (CSV) Lifecycle
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Figure 3: GAMP 5-aligned Computer System Validation (CSV) lifecycle phases and key deliverables for Oracle
R12.2.9 ERP implementation

Table 3: Regulatory Compliance Coverage Matrix

Table 3: Regulatory compliance coverage matrix mapping major pharmaceutical standards to specific ERP
implementation mechanisms

Regulatory Standard [ Authority Coverage Level Implementation Mechanism in ERP
All  transactions  captured  with
21 CFR Part 11 timestamp, user ID, and e-signature;
Electronic Records FDA (US) Full unmodifiable audit trail maintained in
Oracle
Computer system validation completed
CE:(L)Jm Cijﬁzeg\gniﬁen?sl EMA (EU) Full per GAMP 5; periodic review schedule
P Y established
ICH Q10 Process performance monitoring
Pharmaceutical ICH Full integrated; CAPA linkage embedded in
Quality System batch release workflow
APl manufacturing batch  records
ICH Q7 GMP for APIs | ICH Substantial validated; critical process parameters
controlled within OPM
. . Non-conformance management
II\/SI;agogr%wfnqclS Quality ISO Full integrated;  supplier audit trails
g maintained in SCM module
USP <1058> Analytical Instrument calibration records linked to
Instrument USP Partial QLS test results; OQ/PQ documentation
Qualification maintained
Cold-chain  monitoring integrated in
[?i?tFr)ibution PracgiGcg)Od WHO /EMA Full SCM; temperature excursion alerts
trigger quality investigation
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VI. DATA SYNCHRONIZATION ARCHITECTURE

6.1 Real-Time Integration Design

The Oracle EBS R12.2. 9 platform achieves functional integration between OPM, SCM, and QLS through its real-time
data synchronization system which always maintains shared data object consistency across all three modules especially
for lot records and batch statuses and inventory quantities and quality decisions. The architecture employs an event-
driven integration model which establishes automatic updates between all dependent modules whenever any key data
object in one module experiences changes.

The synchronization architecture establishes its foundation through a centralized Integration Broker component which
acts as the data consistency hub that connects all three modules in the ecosystem. The Integration Broker receives event
notifications from OPM, SCM, and QLS, validates the data payload against predefined business rules and GxP
compliance checks, routes the validated data to dependent modules, and maintains an immutable event log for audit
trail purposes”. Figure 4 illustrates the real-time data synchronization model.

Figure 4: Real-Time Data Synchronization Model Across ERP Modules
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Figure 4: Bidirectional real-time data synchronization model between OPM, SCM, QLS, and the centralized
integration broker

6.2 Master Data Governance

The accuracy of real-time data synchronization processes relies entirely on the quality and stability of master data. In
pharmaceutical ERP systems the main master data elements consist of item master records which contain controlled
substance classification and temperature storage requirement data supplier master records which include qualification
status and approved supplier list designations specification master records which define testing parameters and
acceptance criteria through version control and formula master records which contain regulatory-approved ingredient
designations and proportions. The framework defines Master Data Governance through a formal process which
manages all master data creation and modification and retirement procedures across OPM and SCM and QLS systems.
The organization implements a change control workflow for master data which requires assessment of impact and
technical review and quality assurance approval before changes are executed to meet 21 CFR Part 11 and EU GMP
Annex 11 standards for electronic record management.
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6.3 Audit Trail Architecture

The regulatory requirement for an unbroken, tamper-evident audit trail for all GxP-relevant transactions is one of the
most technically demanding aspects of pharmaceutical ERP integration. The described framework implements its audit
trail system at two distinct operational levels. The application layer of Oracle EBS standard audit trail functionality
tracks all modifications made to GxP-relevant data objects through user identification, date and time information, and
prior and current data field values. The Integration Broker operates at the integration level to create an independent
event log system which records all inter-module data synchronization activities and their corresponding error
occurrences and retry processes. The dual-level audit trail architecture provides redundant documentation of all GxP-
relevant system activities which enables the organization to reconstruct the complete history of any batch lot or quality
decision from its origin to its final disposition including all associated financial accounting entries. The FDA, EMA,
and WHO GMP frameworks require this level of audit trail completeness for successful regulatory inspections.

VIl. KNOWLEDGE TRANSFER AND ORGANIZATIONAL READINESS

7.1 The Strategic Importance of Knowledge Transfer

The operational success of an integrated pharmaceutical ERP system requires technical excellence as its fundamental
requirement. “The human dimension the ability of the global workforce to understand, operate, and maintain the system
in a GxP-compliant manner is equally critical. The implementation knowledge transfer program operated to build user
skills for system navigation while creating organizational expertise about the financial and regulatory effects of
manufacturing and quality decisions which result from ERP transactions. The training method used in this research
paper establishes its uniqueness through a training method which teaches learners to understand the consequences of
their actions. The author developed a training program which connected separate transaction tasks to their effects on
inventory levels and production schedules and financial records and regulatory requirements. The approach reduces
operational risk because users gain knowledge about their tasks but also understand the reasons behind their actions and
the outcomes of all events.

7.2 User Manual and SOP Authoring Framework

One of the main outputs from the knowledge transfer program was to develop and deliver an elaborate set of user
manuals and SOPs detailing all GxP transactions relevant to the various departments in OPM, SCM, QLS. These
documents were developed by the author in close collaboration with both the development team and geographically
dispersed business units, thereby ensuring that the manuals truly reflected the system as it was configured as well as the
actual organizational workflow.

These user manuals were created to be that definitive reference point for all modules within the ERP in terms of
operation, promoting a consistent system operation practice across the two geographically distinct locations, that is,
across the US and UK. Subsequently, the SOPs were integrated into the existing Quality Management System (QMS)
of the organisation and were adopted and approved through the QMS change control process in advance of the system
going live, so that they could qualify as legitimate GxP-related documentation since day one of the new system’s
initiation.

7.3 The Four-Tier Knowledge Transfer Model

The implementation of the knowledge transfer framework in this project has a tiered structure consisting of four levels,
which evolve from the group of experts overseeing the intervention through the development of standardized work
practices, the training of the workforce, and the allocation of care resources during the go-live phase and post go-live
phase. This structure and how it tends to change are depicted in Figure 5 in relation to deployment success.
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Figure 5: Knowledge Transfer & Organizational Readiness Model
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Figure 5: Four-tier knowledge transfer and organizational readiness model ensuring Day-One Go-Live
readiness for global US and UK business units

7.4 Training Program Design and Delivery

A latter step which involved the structured instructional training program (Tier 3 in the knowledge transfer model) took
place through the implementation of a variety of methodologies: instructor-led workshops, descriptive exercises of the
simulated system and tabular descriptions of business cases rooted in the instructional environment of an organization
under development. The course within consideration was constructed regarding certain position practices, with special
attention paid to the organization's executives, quality control specialists, material procurement experts, as well as the
departmental accountants and the IT deployers.

A unique feature of the teaching program was the provision for training with real test case scenarios of the validated
CSV program as training cases. By adopting the scenarios which had been constructed to test the system, the learning
program also ensured that not only did the participants possess knowledge as to the function of the system but they
even had hands on experience in the extreme cases such as the activities of lot controlled inventory distribution, release
of quality-locked orders and connecting financial accounting periods from different sites that offered the highest
operational and regulator risks in the work environment.

VIIl. ORGANIZATIONAL IMPACT AND OUTCOMES

8.1 Go-Live Performance

The upgrade to R12.2. 9 was done in the form of a single cutover with all the OPM (Operations and Product
Management)-related aspects affecting US and UK campaigns across the globe equally. The user go-live, measured in
terms of performance is one of the most direct indicators describing the great extent of the efficiency associated with
the system. That cutover strictly stood as a date where production downtime or more serious, supply chain or quality
system failures were absent. It is a success in the organization known as ‘Day-One Ready’.

This success was mainly because of the stringent post-'go-live’ testing which identified and fixed all the major defects
before the cutover; broad range of training for the users which made it possible for the organization’s human resources
to transact on day one of a go-live operation; and the fast replication technology, which allowed the replication of all
consumed lots, batches, and quality data seamlessly in the new environment.

8.2 Regulatory Compliance Confirmation

During the 12.2. 9 go-live event and after that, they were chosen to experience ordinary inspections from the FDA and
the MHRA. On those inspections, inspectors reviewed the ERP system especially the audit trail, e-signature, and batch
record management functions of the system, as well as that was expected in both cases, fully complied with the rules.
No discrepancies were found in the ERP System implementation or any pre-validation validation procedures.
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This is the moment in time when this paper as a GxP validation speaks for itself. While author of a paper can
legitimately show a validated compliant with the rules, audit-prepped ERP system as few as 6 months those that
achieved it, have achieved in these circumstances, provides evidence of how successful employing the implementation
strategies in designing a pharmaceutical ERP system has been audience.

Information impact evaluation Results impact evaluation Table 4: HR Activities before and after Implementation

Table 4: Organizational impact assessment summarizing key achievements and measurable outcomes across six
critical domains post R12.2.9 implementation

Impact Domain Key Achievement Measured Outcome
Zero downtime during Oracle R12.2.9 version | Day-One production output
Production Continuity cutover; all active batches migrated without|maintained at 100% of planned
data loss schedule
All open sales orders, shipping documents, and | Zero shipment delays attributable to
Shipping & Distribution lot reservations successfully transitioned to|ERP cutover across US and UK
new ERP environment sites

All manufacturing cost transactions auto-[Audit-ready  period-end  close
Financial Reporting Integrity posted to General Ledger with full|completed within standard financial
reconciliation to sub-ledger calendar

All batch records, COAs, and quality decisions|Zero  regulatory  observations
transferred with complete electronic audit trail [related to ERP transition during
intact post-cutover inspections

Quality & Regulatory
Compliance

Global workforce in US and UK trained |First-pass transaction accuracy
User Adoption & Competency [through role-based, scenario-driven training|>98% in week one post go-live;
program authored by SME team helpdesk call volume within target

Comprehensive user manuals and SOPs Reduced dependency on- external

S . . ~|consulting; internal teams
Knowledge Sustainabilit established as Source-of-Truth documentation | . ' .
g y for ongoing operations independently managing system
changes

8.3 Sustainable Knowledge Infrastructure

In addition to the immediate effects at the start of the project, the program of training and communication within the
organization was designed such that it would create a foundation only for accumulation and maintenance of knowledge,
accompanied by value-added support long after the pilot was conducted. The user manuals and other SOPs that were
prepared during the project have become the basis for training of new staff as well as for promoting internal changes in
the systems of the organization while serving as useful resource materials for phase Il audits and this further reduced
the burden of time required for phase 1l audits,

This model also propounded a ‘Source of Truth’ documentation framework that nipped the business needing to turn to
external consultants for common system knowledge in the bud. As afore-noted modifications, user rights, and process
tweaks within the limits defined by the GxP standards have been effectively managed by the in-house experts. Such
independence in operational matters shall have a very significant long-lasting competitive advantage over multiple
corporations.

IX. DISCUSSION

9.1 Implications for Pharmaceutical ERP Practice

Several consequences can be inferred from the extensive ERP architecture, which is the subject of this research, upon
the pharmaceutic producers willing to adapt such models. To begin with, it is shown by the review that, technologically
OPM, SCM, and QLS can be integrated in a stand-alone Oracle EBS, although the process requires considerable
expertise about the pharmaceutical field, since it is not just a matter of implementing any old ERP application. The
paper has citied the importance of a Global SME as an interface between technical development teams that reside
outside the east and west time zones and global business units as such, as it also links up the national agency and
computer systems through the conduct of its roles of more experienced functional specification creation and interfacing
development approaches.
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Secondly, the fact that we advocate for training and complete compilation of SOP as main activities for successful
cutover is a universal position for the software — where training and documentation work is relegated to a lower
importance and looked upon as workstreams posing less value hence trim off or do away with them if time is running
short in the project. The implementation of such an approach within pharmaceutical GxP — Good Manufacturing,
Laboratory and Clinical Practices - poses high regulatory exposure. The approach presented herein shifts the paradigm
of knowledge though not the transfer but its dispensation during project execution as the same is treated as seriously as
it is done for technical and system validation activities.

9.2 Limitations and Generalizability

The focus of this research is a single organization: a global pharmaceutical company that specializes in the production
of excipients and operates an Oracle E-Business Suite R12.2. 9 system. Although the regulatory framework (21 CFR
Part 11, EU GMP Annex 11, GAMP 5, ICH Q7, ICH Q10) is practically universal in pharmaceuticals, certain nuances
including OPM setup for raw materials versus finished products may not easily be applied in all types of
pharmaceutical manufacturing. Nevertheless, it is obvious that the basic principles of the framework, such as GxP
management, real-time process synchronization, verification of financial data propriety, and practical capability
building, are equally important in most pharmaceutical enterprise resource planning packages.

9.3 Future Research Directions

This study has led to several new areas of possible research. Initially, the accelerated application of cloud ERP systems
in the drug industry, such as Oracle EBS, Oracle Fusion Cloud and SAP S/4HANA Cloud, brings current puzzles about
the CSV and GxP compliance of software-as-a-service ERP solutions under the concept of supplier-controlled waves,
Lenovo-controlled changes, shared infrastructure validation responsibilities and other specific requirements Second, it
is essential to improve operational efficiency, effectiveness and ease of doing business by marrying ERP with
electronic records, intelligent systems, and Information Communication Technology, hence EDGE processing
enhancement models. Text relates to manufacturing processes and has nothing to do with services and trade.

X. CONCLUSION

Here is a complete framework that includes aspects of Oracle Process Manufacturing (OPM), Supply Chain
Management (SCM) and Quality Lab Systems (QLS) for incorporation within a GxP compliant pharmaceutical
manufacturing ERP system that has been approved by those who practice it. The framework has been designed and
instituted from the very beginning in Phase 1 over the course of approximately three years, during the course of the
Global SME initiative, and takes a comprehensive approach towards the pharmaceutical ERP system’s integration,
addressing the architecture, functions, qualifications, data syncing and the dynamics in the organization within the same
context.

This paper offers a practically oriented integrated ERP model, developed to meet the requirements stipulated by 21
CFR Part 11, EU GMP Annex 11, GAMP 5, ICH Q7, and ICH Q10. This core model is suggested for implementation
by pharmaceutical companies willing comply with GxP ERP regulations. However, does not end with its aims. The
model has been tested as it is with no downtimes and continues to be used for take-overs, even facilitating development
of organizational capacity for knowledge sharing and creation that shouldn’t is limited to project duration and audit.

The pharmaceutical industry is experiencing an escalation in the number of regulations it must deal with, moving
rapidly toward more technology platforms and in consequence becoming increasingly efficient with the development of
medicines. With the times requiring new and better drugs without the side effects as seen before, the role of
sophisticated, validated, all-system-inclusive ERP systems has become especially apparent”. It is in this light that the
provision of a straightforward approach is made necessary and such an approach should be of scientific complexity
with regulatory requirements and at the same time do not limit business activities.
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