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1.0 [bookmark: _Toc214571987]Introduction 

MOVICOL is a widely used osmotic laxative manufactured and distributed internationally by Norgine B.V., a European pharmaceutical organisation operating across more than twenty global markets. As a regulated medicinal product used to treat chronic constipation and faecal impaction, MOVICOL must meet stringent quality, safety, and regulatory standards set by authorities such as the European Medicines Agency (EMA), the Medicines and Healthcare products Regulatory Agency (MHRA), and the U.S. Food and Drug Administration (FDA). These regulatory frameworks enforce strict oversight of material sourcing, manufacturing, packaging, quality control, release procedures, storage, and international distribution.
Because MOVICOL is produced using specialised pharmaceutical-grade raw materials in controlled facilities within the EU and the UK, its supply network spans multiple jurisdictions. Each jurisdiction has its own regulatory standards, logistics infrastructure, environmental conditions, and political factors. These differences create varying levels of complexity, uncertainty, and risk, aligning with global pharmaceutical supply chain research, which increasingly highlights vulnerability in a world characterised by geopolitical instability, pandemics, and trade disruptions (Ivanov and Dolgui, 2020).
This report critically evaluates the MOVICOL international supply network through a structured Failure Mode and Effects Analysis (FMEA). The FMEA offers a systematic approach for identifying and assessing failures by evaluating severity, likelihood, and detectability. These measures enable prioritising vulnerabilities across the MOVICOL supply chain.
The report then proposes six evidence-based resilience strategies to enhance robustness, flexibility, agility, and continuity within the supply chain. These strategies align with proven supply chain resilience frameworks discussed in academic research; including the Adaptive Cycle Framework, the SCOR model, and the Resilience Triangle. Increasing supply chain resilience is vital for operational continuity, especially in the pharmaceutical sector where shortages can directly impact patient health and safety.
MOVICOL represents a meaningful case study due to its dependence on specialised raw materials, multi-step European manufacturing processes, strict regulatory oversight, and reliance on global logistics networks. Each of these stages introduces the potential for disruption, and any sustained interruption can lead to production downtime, reduced market availability, regulatory non-compliance, or risks to patient health. This report aims to provide a comprehensive and critical assessment to support strategic decision-making and risk mitigation within the MOVICOL supply chain.
[bookmark: _Toc214571988]1.1 MOVICOL Supply Chain 

[bookmark: _Toc214571989]1.1.1 Suppliers
   • Supply of API (Macrogol / PEG 3350)
   • Supply of excipients (electrolytes, flavourings)
   • Packaging components (sachets, laminates, cartons)
   • Vulnerabilities: Limited suppliers, raw material volatility, geopolitical risk

[bookmark: _Toc214571990]1.1.2 Manufacturing (EU GMP Facilities)
   • Blending, granulation, filling, and packaging operations
   • GMP-regulated environments with strict process controls
   • Vulnerabilities: Equipment failures, human error, GMP deviations

[bookmark: _Toc214571991]1.1.3 Quality Control & QP Release
   • Analytical testing, documentation review, and regulatory compliance checks
   • QP certification required before distribution
   • Vulnerabilities: QC backlog, documentation errors, regulatory divergence (EMA vs MHRA)

[bookmark: _Toc214571992]1.1.4 International Logistics
   • Multimodal transport (road, sea, air)
   • Cross-border customs processes (particularly EU–UK)
   • Vulnerabilities: Customs delays, port congestion, freight shortages, rising fuel costs

[bookmark: _Toc214571993]1.1.5 Wholesalers & Distributors
   • National wholesalers, pharmacy chains, and hospital distributors
   • Demand forecasting and stock allocation processes
   • Vulnerabilities: Forecast inaccuracies, stockouts, limited visibility of demand signals

This flow diagram illustrates the interdependent nature of MOVICOL’s supply network and highlights where key vulnerabilities occur across the upstream, midstream, and downstream stages.
2.0 [bookmark: _Toc214571994]International Supply Chain Vulnerability Analysis 
Pharmaceutical supply networks such as the one supporting MOVICOL are uniquely complex because they must balance regulatory compliance, operational efficiency, cost control, and service continuity. Unlike consumer product supply chains, pharmaceutical networks face strict regulatory constraints, require full traceability, and depend heavily on validated production processes that cannot be easily modified or relocated. As a result, pharmaceutical supply networks exhibit structural rigidity, which limits agility and increases vulnerability to disruption (Pettit et al., 2019).
MOVICOL relies primarily on macrogol (PEG 3350), a specialised active pharmaceutical ingredient (API) sourced from a small number of qualified European suppliers. API manufacturing is capital intensive and requires significant environmental, safety, and regulatory controls. Consequently, the supply base tends to be geographically concentrated, and disruption at a single site can generate cascading, system-wide impacts. This aligns with the “ripple effect” concept described by Ivanov (2021), in which localised disruptions propagate across upstream and downstream supply nodes, magnifying operational and financial consequences.
Beyond API risk, MOVICOL also depends on multiple excipients and packaging components such as sachets, laminates, cartons, and foil materials. These depend on global raw material markets such as pulp and polymers, which have experienced volatility due to global shortages, energy market instability, and post-pandemic demand surges. Any disruption in packaging availability can halt batch release even when the API is available, demonstrating the high degree of interdependence across supply nodes. Blackhurst et al. (2011) highlight that removal or failure of even a single critical component in a supply network can result in disproportionate impacts.
Manufacturing operations for MOVICOL take place within controlled European GMP facilities. These facilities are subject to rigorous regulatory inspection cycles and must maintain validated equipment, trained personnel, and strict process control. Manufacturing-related risks include equipment breakdown, human error, labour shortages, and unplanned deviations. Even minor issues may trigger batch rejection, rework, or corrective action, which can significantly delay production. GMP deviation risk is further heightened by pressures on staffing in the pharmaceutical sector, where shortages of experienced operators can increase human error probability.
Once the product is manufactured, MOVICOL undergoes comprehensive Quality Control testing and QP (Qualified Person) release. Any backlog in documentation, data review, or testing capability can delay release, thus delaying distribution. These QC bottlenecks were common across the industry during the COVID-19 pandemic, highlighting the need for digital quality systems and automated documentation processes. The regulatory environment continues to evolve, and divergence between MHRA and EMA regulatory frameworks following Brexit has created additional workload for regulatory affairs and QP teams.
International logistics represents another major vulnerability. MOVICOL is distributed across Europe and globally through multimodal transport arrangements. Brexit has increased customs complexity and documentation requirements, particularly for shipments between the UK and EU. External shocks such as port congestion, driver shortages, container unavailability, and rising fuel prices further heighten logistics risk. Research by Sheffi (2007) suggests that modern supply networks are increasingly susceptible to extreme events due to interconnectedness and reduced slack capacity.
Demand-side vulnerability is also a factor. Although MOVICOL is typically a stable, predictable product, demand forecasting errors at wholesaler or distributor level can lead to stock imbalances. Limited visibility into downstream demand patterns increases the risk of understocking or overstocking. Companies such as Johnson & Johnson have shown that integrating AI-enhanced forecasting systems can reduce forecast error by over 30%, highlighting the need for modern demand planning tools.
Digital risk has become increasingly relevant. MOVICOL relies on ERP systems, QMS platforms, batch documentation systems, and scheduling software. Any cyberattack, system outage, or data integrity issue can bring the supply network to a standstill. Pharmaceutical companies have been prime targets of ransomware attacks in recent years, underscoring the importance of digital systems.





[bookmark: _Toc214571995]3.0 FMEA Analysis of the MOVICOL International Supply Chain 

	[bookmark: _Hlk214570954]FMEA Step
	Sub-step
	Process Area
	Process Step
	Potential Failure Mode
	Potential Failure Effect
	Severity (Pre)
	Potential Failure Cause
	Occurrence (Pre)
	Current Controls
	Detection (Pre)
	RPN (Pre)
	Mitigating Actions
	Target Date
	Responsible
	Status
	Severity (Post)
	Occurrence (Post)
	Detection (Post)
	Revised RPN

	1
	1.1.1 API Supplier Qualification Review
1.1.2 GMP Compliance & Audit Scheduling
1.1.3 API Capacity Assessment
1.1.4 Supplier Risk Monitoring
1.1.5 API Contingency Sourcing
	Supplier Management
	API Sourcing, Qualification & Risk Governance
	API delay or shortage
	Global production stoppage; stockouts; regulatory pressure; patient risk
	9
	Single-source reliance; geopolitical issues; GMP failures
	7
	Supplier qualification; agreements; safety stock; monitoring
	6
	378
	Dual sourcing; API risk dashboard; increased API safety stock
	6–18 months
	Procurement / QA
	Open
	9
	5
	4
	180

	1
	1.2.1 Demand Consolidation
1.2.2 Supplier Capacity Checks
1.2.3 Specification Approval
1.2.4 Multi-Sourcing
1.2.5 Supplier Monitoring
	Materials Procurement
	Packaging Component Sourcing & Supplier Strategy
	Packaging shortages
	Packing delays; increased cost; inability to complete batches
	6
	Material shortages; limited suppliers; long lead times
	6
	Forecasting; contracts; supplier reviews
	5
	180
	Multi-sourcing; regional suppliers; buffer stocks
	6–12 months
	Procurement / Planning
	Open
	6
	4
	3
	72

	1
	1.3.1 Financial Check
1.3.2 Risk Scoring
1.3.3 Payment Monitoring
1.3.4 Contingency Planning
1.3.5 Backup Supplier
	Supplier Risk & Finance
	Financial Stability Monitoring
	Supplier insolvency
	Loss of supply; emergency sourcing
	9
	Economic downturn; financial weakness
	4
	Financial checks; qualification
	7
	252
	Financial dashboards; alternative suppliers
	6–12 months
	Procurement / Finance
	Open
	9
	3
	4
	108

	2
	2.1.1 Line Setup
2.1.2 Weighing & Dispensing
2.1.3 Blending
2.1.4 Filling & Sealing
2.1.5 Batch Record Review
	Manufacturing Operations
	Batch Production & GMP Execution
	GMP deviation or downtime
	Batch rejection; delays; regulatory impact
	8
	Equipment failure; human error; poor maintenance
	5
	SOPs; PM; training
	4
	160
	Predictive maintenance; OEE; GMP reviews
	6–12 months
	Manufacturing / QA
	Open
	8
	3
	3
	72

	2
	2.2.1 Sample Logging
2.2.2 Analytical Testing
2.2.3 Capacity Scheduling
2.2.4 QP Certification
2.2.5 QC Trending
	QC & QP Release
	Analytical Testing & Batch Certification
	QC testing delays
	Stockouts; batch delays; logistics pressure
	7
	Lab capacity issues; backlog
	6
	QC planning; prioritisation
	4
	168
	EBR; contract labs; streamlined documentation
	12–24 months
	QC / QP
	Open
	7
	4
	3
	84

	3
	3.1.1 Export Docs
3.1.2 Carrier Booking
3.1.3 GDP Checks
3.1.4 Customs Clearance
3.1.5 Tracking
	Global Logistics
	International Freight, Customs & Movement
	Customs or port delays
	Late deliveries; stockouts; emergency shipments
	8
	Brexit friction; congestion; driver shortages
	7
	Contracts; tracking; buffer stock
	5
	280
	Multi-route options; bonded warehousing; predictive ETA
	6–18 months
	Logistics
	Open
	8
	4
	3
	96

	3
	3.2.1 GDP Warehouse Check
3.2.2 Monitoring Calibration
3.2.3 Route Profiling
3.2.4 3PL Verification
3.2.5 Excursion Investigation
	GDP Warehousing & Distribution
	Storage, Handling & Temperature Control
	Temperature excursions
	Product degradation; recall; patient risk
	8
	Poor handling; equipment failure
	5
	GDP SOPs; audits; loggers
	6
	240
	Real-time temperature monitoring; audits
	6–18 months
	Quality / Logistics
	Open
	8
	3
	3
	72

	4
	4.1.1 Statistical Forecast
4.1.2 Market Intel
4.1.3 Wholesaler Data
4.1.4 S&OP Review
4.1.5 Forecast RCA
	Demand & Supply Planning
	Forecasting & Replenishment
	Forecast inaccuracy
	Stockouts or excess stock
	7
	Limited visibility; manual processes
	6
	Forecast cycles; reporting
	6
	252
	AI forecasting; VMI; enhanced S&OP
	12–24 months
	Planning
	Open
	7
	4
	3
	84

	5
	5.1.1 Horizon Scanning
5.1.2 Impact Assessment
5.1.3 Artwork Review
5.1.4 Submission Prep
5.1.5 Documentation Control
	Regulatory Affairs
	Licence Maintenance & Compliance Monitoring
	Regulatory changes
	Relabelling; delays; compliance workload
	6
	Divergence EMA/MHRA; new rules
	5
	Horizon scanning; change control
	4
	120
	Regulatory intelligence tools; impact register
	Ongoing
	Regulatory Affairs
	Open
	6
	3
	3
	54

	6
	6.1.1 Patch Management
6.1.2 Access Control
6.1.3 Backup Simulation
6.1.4 Pen-Testing
6.1.5 Data Integrity Review
	IT & Cybersecurity
	ERP Integrity, Data Governance & Cybersecurity
	Cyberattack / IT outage
	Loss of planning systems; data integrity concerns
	8
	Weak controls; outdated systems
	4
	Policies; antivirus; backups
	8
	256
	MFA; cyber audits; mirrored servers
	6–24 months
	IT / Supply Chain
	Open
	8
	3
	3
	72








	FMEA: SCORING SYSTEM

	
	
	
	
	
	
	
	
	
	
	
	

	A qualitative or quantitative scoring can be used. See below
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Qualitative scoring (High, Medium, Low)
	
	
	
	
	
	
	
	
	

	
	
	Sub-rating Score
	
	
	RPN score
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	Severity

	
	
	 
	1 (High)
	2 (Med)
	3 (Low)
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	Medium
	High

	
	
	3 (High)
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	High
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	Low
	Medium
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	Quantitative scoring 
	
	
	
	
	
	
	
	
	
	

	
	
	Sub-rating Score
	
	
	
	Severity

	
	
	
	(Non-)Detection
	
	
	 
	1
	2
	3

	
	Occurence
	 
	1
	2
	3
	
	Sub-rating
	9
	9
	18
	27

	
	
	3
	3
	6
	9
	
	
	6
	6
	12
	18

	
	
	2
	2
	4
	6
	
	
	4
	4
	8
	12
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	3
	
	
	3
	3
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	SEVERITY
	 
	 
	
	
	
	
	
	
	
	
	

	Generated to assess risks associated with installation of equipment required to pack MOVICOL product on the J2 Packing Line to produce for EA pharma.
	
	
	
	
	
	

	1 (Low)
	No impact to product quality/patient safety or no effect to process
	
	
	
	
	
	
	

	2 (Med)
	No effect to Patient. Will impact product quality or may alter Process
	
	
	
	
	
	
	

	 Installation and operation of Volpak Filling Equipment and Cartonning for EA J2 line equipment
	Will harm Patient or will effect process.  
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	OCCURRENCE:
	
	
	
	
	
	
	
	
	
	
	

	1 (Low)
	≤2% occurrence on batch or system
	
	
	
	
	
	
	
	

	2 (Med)
	Between 2 and 10% occurrence on batch or system
	
	
	
	
	
	
	
	

	3 (High)
	≥10% occurrence on batch or system
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	NON-DETECTION:
	
	
	
	
	
	
	
	
	
	

	1 (High)
	Certain that the failure will be detected (100% controlled)
	
	
	
	
	
	
	

	2 (Med)
	Will detect ≥90% of the time (such as by a sampling plan)
	
	
	
	
	
	
	

	3 (Low)
	Unlikely to detect
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	


	
	
	
	
	
	
	
	
	
	
	

	RPN= SEV *OCC*DET
	
	
	
	
	
	
	

	≤4 or Low
	Acceptable 
	
	
	
	
	
	
	
	
	
	

	≥6;≤9 or Med
	Of concern Action to be considered
	
	
	
	
	
	
	
	

	≥ 12 or High
	Critical Action Required
	
	
	
	
	
	
	
	
	










[bookmark: _Toc214571996]4.0 Supply Network Resilience Strategies
Strengthening MOVICOL’s international supply network requires a multi-dimensional approach based on proven resilience principles. Six key strategies are identified: 
1) Supplier diversification
2) Manufacturing redundancy
3) Logistics flexibility
4) Digital quality system modernisation
5) Advanced forecasting capability
6) End-to-end digital visibility
Together, these approaches create a more robust, adaptive, and interruption-tolerant supply chain.
[bookmark: _Toc214571997]4.1 Supplier Diversification
Supplier diversification and multi-sourcing are the most fundamental resilience strategies. MOVICOL currently depends on a limited number of qualified suppliers for macrogol (PEG 3350) and several packaging components, which exposes the supply chain to concentrated disruption risk. Research by Dolgui and Ivanov (2022) shows that multi-sourcing can reduce disruption probability significantly, especially in pharmaceutical networks where single-source dependencies are common. By qualifying one or more secondary suppliers in different geographical regions, Norgine can mitigate geopolitical and operational risks linked to supplier failure, transportation issues, or raw material volatility. Although qualifying additional suppliers involves considerable regulatory oversight, the long-term resilience benefits outweigh the initial resource investment.
[bookmark: _Toc214571998]4.2 Manufacturing Redundancy 
Manufacturing redundancy is equally vital because MOVICOL production is concentrated within a few European GMP-certified facilities. While centralisation simplifies regulatory compliance, it also means that a single equipment failure, GMP deviation, or labour shortage could cause widespread disruption. Developing redundancy might include building secondary filling and packaging capacity, establishing dual-site manufacturing arrangements, or pre-qualifying a Contract Manufacturing Organisation (CMO) for emergency capacity. Leading pharmaceutical firms like Amgen and Novo Nordisk demonstrate the value of mirrored or transferable production lines, which allow operations to continue even when one site is compromised. For MOVICOL, such redundancy would reduce bottlenecks, shorten recovery times, and strengthen the robustness of the production network.

[bookmark: _Toc214571999]4.3 Logistics Flexibility 
Logistics flexibility and regional warehousing are another essential resilience mechanism. MOVICOL’s distribution is highly vulnerable to shipping delays, customs friction, port congestion, and freight capacity shortages, especially for UK–EU movements post-Brexit. Resilience can be improved by diversifying transportation modes, utilising multimodal routing options, and establishing regional distribution hubs or bonded warehouses in crucial markets. Research from the World Economic Forum (2022) indicates that placing safety stock close to end-market demand can reduce lead-time variability by up to 40%. For MOVICOL, adopting regional warehousing in the UK, EU, and Middle East would enable more reliable service levels, reduce vulnerability to long-distance transportation disruptions, and bolster supply continuity.
[bookmark: _Toc214572000]4.4 Digital Quality System Modernisation 
Digital quality systems and regulatory agility are increasingly vital in the pharmaceutical sector, where QP release and Quality Control processes are often the slowest and most paperwork-heavy parts of production. Fragmented, paper-based systems extend review times, increase deviation risks, and complicate compliance efforts, especially as EMA and MHRA regulatory pathways diverge. Implementing electronic batch records, automated workflows within a digital QMS, and real-time deviation tracking can reduce QC backlog and speed up QP release. Case studies from companies like GSK and Novartis show that full digitalisation of QC documentation can cut review cycles by up to 30%. For MOVICOL, these digital upgrades would minimise delays caused by manual processes and ensure faster, more reliable batch release.
[bookmark: _Toc214572001]4.5 Advanced Forecasting Capability 
Advanced forecasting and integrated Sales & Operations Planning (S&OP) further boost resilience by tackling demand-side uncertainty. Although MOVICOL demand remains relatively steady, stockouts can happen when forecasting errors at the wholesaler level go unnoticed. Limited visibility into downstream consumption also weakens production planning accuracy. Using AI-enabled forecasting models, establishing formal S&OP cycles, and accessing real-time demand data from wholesalers would greatly enhance planning precision. Johnson & Johnson demonstrated that machine-learning forecasting reduced forecast error by over 30%, which improved stock availability and production stability. Applying similar methods to MOVICOL would decrease shortages and excess inventories.
[bookmark: _Toc214572002]4.6 End-to-End Digital Visibility  
Strengthening end-to-end visibility, ERP resilience, and cybersecurity has become central to modern pharmaceutical supply chains. MOVICOL depends on interconnected digital systems for inventory management, scheduling, documentation, quality control, and distribution planning. A cyberattack, system outage, or data breach could severely disrupt supply continuity. Resilience requires enhanced cybersecurity audits, mirrored ERP servers with disaster recovery environments, and real-time transportation and stock tracking systems to improve network visibility. The pharmaceutical industry has seen a rise in ransomware incidents, showing that digital resilience is no longer optional but vital for operational continuity. For MOVICOL, investments in cybersecurity measures, system redundancy, and supply-chain control-tower dashboards would mitigate downtime risks and boost overall responsiveness.





















[bookmark: _Toc214572003]5.0 Conclusion and Suggestions For Further Work/Research 
The analysis conducted throughout this report highlights that the MOVICOL international supply chain is a complex, tightly interconnected network that is vulnerable to disruptions at multiple points. Pharmaceutical supply chains operate under stricter regulatory, quality, and safety standards than most other industries, meaning that even minor deviations can trigger cascading operational failures (Jüttner, 2005). This structural fragility is reinforced by global volatility, geopolitical instability, and increasing digital threats, all of which are widely documented in contemporary supply chain research (WEF, 2023; Sheffi, 2007). Consequently, MOVICOL serves as a valuable case study of the broader challenges faced within modern pharmaceutical supply networks.
The FMEA analysis identified several high-priority vulnerabilities. The most critical risks involved upstream API procurement (SC-01), international logistics delays (SC-05), wholesaler forecasting inaccuracies (SC-06), supplier financial instability (SC-08), and cyber-security weaknesses across ERP systems (SC-10). These findings align with global research showing that upstream supply concentration, logistics complexity, and digital fragility are leading risk factors across pharmaceutical and healthcare supply chains (Goldbeck and Seuring, 2016; Ivanov, 2021; Golan, Jernegan and Linkov, 2020). Notably, many of these vulnerabilities have been linked to real-world disruptions experienced recently—such as Brexit-related customs issues, energy market volatility, and rising ransomware attacks on pharmaceutical manufacturers (Handfield, Graham and Burns, 2020). This validates the accuracy and relevance of the FMEA outcomes.
The six resilience strategies proposed in this report; supplier diversification, manufacturing redundancy, logistics flexibility, digital quality transformation, advanced forecasting capabilities, and enhanced end-to-end digital visibility, together offer a strong foundation for improving MOVICOL’s resilience. Academic research consistently indicates that resilience is most effective when implemented as a systemic, multi-layered capability rather than as isolated actions (Pettit, Croxton and Fiksel, 2019; Christopher, 2016). For example, supplier diversification should be supported by improved visibility tools, while digitalisation must be accompanied by cybersecurity measures. This aligns with the “capabilities and enablers” framework by Pettit et al. (2019), which highlights agility, flexibility, redundancy, and collaboration as central components of resilient supply networks.
Another key conclusion from this analysis is that resilience should be regarded as a dynamic organisational capability. The regulatory environment in which MOVICOL operates continues to evolve, particularly with the growing divergence between EMA and MHRA requirements following Brexit (OECD, 2022). Global material markets are becoming increasingly unstable, and transportation networks are still experiencing congestion and capacity constraints (WEF, 2022). Therefore, resilience must be reinforced through continuous monitoring, proactive risk assessment, and adaptive decision-making processes, rather than one-off interventions.
Digital transformation is one of the most promising avenues to strengthen pharmaceutical supply chain resilience in the future. The move towards electronic batch records, digital QMS platforms, and automated deviation workflows has already resulted in significant reductions in QC bottlenecks at leading organisations such as GSK and Novartis (Scholten and Schilder, 2015). Predictive analytics and digital twins for supply chains—now widely adopted in advanced manufacturing sectors, allow scenario simulations such as supplier failure, transport disruptions, regulatory changes, or sudden demand surges (Ivanov and Dolgui, 2020). These tools enable Norgine to identify risks and evaluate contingency plans proactively, with minimal disruption to operations.
Several gaps remain, presenting opportunities for future research. One crucial area concerns the integration of sustainability and decarbonisation requirements into pharmaceutical logistics. As global regulatory bodies expand environmental compliance frameworks, companies will need to assess and optimise activities that are both carbon-intensive and supply critical medicines (NASEM, 2021). Further investigation is needed into how MOVICOL could redesign its supply routes, warehousing footprint, and sourcing strategies to minimise environmental impact while maintaining compliance and service standards.
Another emerging topic is machine-learning-based regulatory intelligence. Divergences between global regulatory authorities are widening, yet most organisations still rely on manual monitoring. AI-driven regulatory forecasting tools could provide early alerts about emerging policy changes, allowing organisations to adapt swiftly (Tang and Musa, 2011). Additionally, the potential of blockchain-based traceability systems warrants further exploration. Immutable digital ledgers could boost supply chain transparency, reduce the risk of falsified medicines, and strengthen quality assurance across international markets (Golan, Jernegan and Linkov, 2020).
Finally, the debate between globalisation and regionalisation deserves deeper investigation. Recent literature suggests that shifting towards more regionally integrated supply chains can reduce exposure to global shocks (Klibi, Martel and Guitouni, 2010). A comparative study of global versus regional production strategies for MOVICOL could reveal trade-offs in cost, service, and risk, informing strategic long-term decisions.
In conclusion, MOVICOL’s supply network can significantly boost its resilience through the coordinated deployment of the strategies outlined in this report. However, resilience is not a static goal; it is an evolving organisational capability shaped by regulatory developments, technological progress, and shifting global market conditions. Continuous improvement, predictive risk modelling, digital innovation, and strategic foresight will be essential for Norgine to sustain an uninterrupted supply of MOVICOL to patients worldwide, even amid increasing uncertainty and complex operating environment.
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