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Enhancing Early Colon Cancer Detection: A Framework for Optimising Gastroenterology Units
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Background: The rising incidence of colorectal cancer in younger populations, highlighted by revised screening guidelines, has placed gastroenterology units under unprecedented strain. This surge coincides with advancements in personalised therapies, whose efficacy is vastly superior for early-stage disease. A critical disconnect exists between the growing demand for high-quality colonoscopy and the operational capacity of existing services.
Objective: This paper proposes a newly developed comprehensive framework designed to optimise gastroenterology units. The primary aim is to enhance both the capacity for early cancer detection and the quality of the diagnostic procedure, thereby creating a more effective bridge to modern therapeutic modalities.
Methods: A narrative evidence synthesis was conducted to develop a multifaceted framework integrating four core strategies: artificial intelligence for workflow optimisation, lean management principles, computer-aided detection polyp recognition systems, and formal collaborative care models with primary care. 
Results: Evidence synthesis indicates that this integrated model can significantly improve key performance indicators. AI-driven scheduling can drastically reduce patient wait times and improve resource utilisation. Lean methodologies standardise workflows and improve bowel preparation quality. Computer-aided detection systems demonstrably increase adenoma detection rates. Collaborative models enhance referral appropriateness and follow-up adherence, closing critical care gaps.
Conclusion: Optimising gastroenterology units requires a holistic strategy that synchronises operational efficiency with clinical excellence. The proposed framework provides a viable roadmap to increase screening accessibility, improve diagnostic quality, and ensure that more patients can benefit from the life-saving potential of early detection coupled with advanced, personalised treatments.
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Introduction
The landscape of colorectal cancer care is undergoing a significant transformation. This change is driven by two concurrent developments; an unsettling shift in disease demographics and remarkable progress in therapeutic technologies. In 2021, the United States Preventive Services Task Force revised its guidelines, lowering the recommended age for initial colorectal cancer screening from 50 to 45 years (Davidson et al., 2021). This decision reflects a growing body of evidence documenting a steady increase in incidence among younger adult populations. Research by Siegel et al. (2020) indicates that between 2012 and 2016, the incidence of colorectal cancer rose by two percent annually in individuals under 50 years of age, with a significant increase in rectal cancer cases. This trend necessitates a substantial expansion of screening capabilities, placing unprecedented strain on existing gastroenterology service infrastructure.
The imperative for this expansion is highlighted by the critical importance of early disease detection. Yang et al. (2025) related that recent advances in molecular and cellular therapies offer new hope for patients, yet their effectiveness is vastly superior when applied to localised, early-stage malignancies. The five-year survival rate for localised colorectal cancer is 91 per cent, a figure which drops to just 14 per cent for disease diagnosed at a distant stage (American Cancer Society, 2023; Ilyas, 2023). This huge disparity highlights the life-saving potential of timely intervention. Colonoscopy remains the basic diagnostic and therapeutic procedure, uniquely capable of visualising the colonic mucosa and simultaneously resecting precancerous lesions (Hong & Baek, 2023). Its role is further cemented in the era of personalised medicine, as histopathological and molecular analysis of obtained biopsies informs treatment strategies for advanced diseases.
Therefore, a pressing challenge emerges for healthcare systems worldwide; how to meet the rising demand for high-quality colonoscopy services effectively and sustainably. Simply performing more procedures is an insufficient solution if it leads to longer waiting times, procedural delays, or compromised quality. A more sophisticated approach is required. This research proposes a novel, multidimensional framework designed to optimise gastroenterology units. The proposed model integrates operational efficiency methodologies, cutting-edge technological adjuncts, and collaborative care strategies. Its primary aim is to enhance capacity and quality simultaneously, thereby improving patient outcomes through earlier detection and ensuring that the benefits of modern therapeutics are accessible to a greater number of individuals. This holistic perspective bridges the traditionally separate domains of service optimisation and clinical innovation, presenting a cohesive strategy for the future of colorectal cancer care.
The Unassailable Role of Colonoscopy in the Precision Medicine Era
Despite the introduction of various non-invasive tests, colonoscopy retains its status as the definitive procedure for colorectal cancer management. Its preeminence is founded on a unique capability that other modalities lack, the ability to both visually diagnose and therapeutically resect precancerous adenomas during a single session (Maida et al., 2024). This direct intervention prevents the development of cancer, a proactive benefit that faecal tests cannot offer. The long-term value of this approach is demonstrated by a large-scale meta-analysis, which found that colonoscopy screening was associated with a 68% reduction in colorectal cancer mortality over a 30-year period (Heisser et al., 2024). This preventive power remains the foundation of its clinical value.
The function of colonoscopy now extends far beyond population screening and cancer prevention. In the current climate of precision medicine, the procedure serves as an important gateway to personalised treatment strategies. The tissue samples acquired during a colonoscopy are not merely for histopathological confirmation of cancer (Oguntoye et al., 2024). They provide the essential biological material required for sophisticated molecular profiling. This profiling guides therapeutic decisions, particularly for patients with advanced disease (Heisser et al., 2024). For example, determining the mutational status of genes such as RAS and BRAF is standard practice, as it predicts patient response to epidermal growth factor receptor inhibitor therapies. Similarly, identifying tumours with high microsatellite instability or mismatch repair deficiency is important, as these biomarkers select patients who may derive exceptional benefit from immunotherapy.
This expanded diagnostic role solidifies colonoscopy’s position as an indispensable first step in a modern patient care pathway (Veitch et al., 2015). Its technical execution and the quality of the obtained biopsies directly influence subsequent treatment efficacy. A high-quality examination with a high adenoma detection rate ensures pre-malignant lesions are removed (Scalvini et al., 2025). Furthermore, adequate tissue sampling enables accurate genomic analysis, ensuring patients are matched with the most effective available treatments (Jamalinia & Weiskirchen, 2025). This synergy between a macroscopic therapeutic procedure and subsequent microscopic molecular analysis highlights why optimising gastroenterology units is so vital. Enhancing capacity cannot come at the expense of the procedure’s diagnostic quality or its tissue acquisition role. The data presented in Table 1 summarise the key molecular markers that depend on colonoscopy-derived tissue.
Table 1: Key molecular biomarkers in colorectal cancer informed by colonoscopy-acquired tissue
	Biomarker
	Clinical Significance
	Impact on Treatment Selection

	RAS (KRAS/NRAS) status
	Mutations predict resistance to anti-EGFR monoclonal antibody therapy (e.g., cetuximab, panitumumab).
	Guides use of targeted therapies; patients with mutant RAS are not candidates for anti-EGFR agents.

	BRAF V600E mutation
	Associated with a poorer prognosis and specific disease behaviour.
	Informs prognosis and is a potential target for combination therapies in metastatic disease.

	Microsatellite Instability (MSI) / Mismatch Repair (dMMR)
	A hallmark of Lynch syndrome and present in some sporadic cancers.
	A strong predictive biomarker for response to immune checkpoint inhibitors (e.g., pembrolizumab).



Therefore, colonoscopy is not a standalone screening tool. It is an integral component of a continuous care pathway that spans from primary prevention to individualised oncology. Its optimisation is therefore not merely a logistical concern but a fundamental prerequisite for delivering effective, modern colorectal cancer care.



A Four-Pillar Framework for Capacity and Quality Optimisation
Pillar 1: Intelligent Systems (AI-Driven Workflow and Scheduling)
A fundamental reassessment of operational workflows is required to address systemic inefficiencies that plague many gastroenterology units. The first pillar of this framework addresses the critical shortcomings in traditional scheduling and patient flow management. Conventional booking systems often operate on fixed, estimated procedure times that fail to account for patient-specific factors or clinician variability (Ala & Chen, 2022). This inflexibility creates significant bottlenecks, leading to prolonged patient waiting times and suboptimal utilisation of staff and physical resources (Biya et al., 2022). These inefficiencies directly constrain unit capacity and can compromise the quality of patient care through rushed preparations or procedural delays.
Artificial intelligence presents a tangible solution to these deeply entrenched problems. Machine learning algorithms can analyse historical data to predict procedure duration with far greater accuracy than human estimation. A study by Li et al. (2021) demonstrated the practical impact of such a system, where its implementation slashed patient wait times from nearly two hours to just over twenty minutes. This was achieved through dynamic, AI-assisted scheduling that optimised the sequence of patients and allocated resources proactively. The potential benefits of this intelligent system are summarised in Table 2. However, a critical barrier remains the initial investment and the integration of these technologies into legacy hospital information systems, which often lack interoperability.
	Metric
	Traditional System
	AI-Optimised System

	Patient Wait Times
	Often exceeding 60-90 minutes
	Can be reduced to under 30 minutes

	Staff & Room Utilisation
	Inconsistent, with frequent idle periods
	Predictable and maximised

	Scheduling Accuracy
	Based on averages, leading to delays
	Tailored to patient and procedure complexity


Table 2: Potential impacts of AI-driven workflow optimization

The implementation of AI-driven scheduling is not merely a technical upgrade but a necessary step towards a more rational and responsive service. It moves units away from reactive practices and towards a data-driven model that can adapt to real-world demands. Failure to adopt such intelligent systems will perpetuate existing inefficiencies, thereby limiting a unit’s ability to meet rising screening demands effectively. 
Pillar 2: Process Excellence (The Application of Lean Management)
Many gastroenterology units suffer from ingrained process waste and workflow inconsistency that technology alone cannot solve. The second pillar advocates for the rigorous application of Lean management principles, a methodology often discussed but poorly implemented in healthcare. The core objective is to systematically identify and eliminate non-value-added activities that consume staff time and delay patient care. These inefficiencies range from redundant documentation and poor inventory control to unpredictable patient preparation quality (Balkhi, Alshahrani, & Khan, 2022; David et al., 2024). A study focusing on inpatient colonoscopy found that applying Lean principles significantly reduced process variability without requiring additional resources (Strauss et al., 2021). This demonstrates that substantial gains are possible through better use of existing assets.
A principal target for Lean intervention is the bowel preparation process, a well-documented source of procedure cancellation and suboptimal mucosal visualisation. Inconsistent patient instructions and variable adherence lead to inadequate prep, which directly increases adenoma miss rates and necessitates earlier repeat procedures, thereby straining capacity further (Maramraj, Yeap & Yeap, 2025). Lean methodology maps the entire patient journey to pinpoint failure points, leading to standardised protocols and improved patient education. The outcomes of such an approach, when executed correctly, are quantified in Table 3. Critics rightly argue that Lean initiatives can falter without sustained staff engagement and may be perceived as a top-down demand for increased productivity. A superficial implementation that focuses only on speed, rather than value, risks compromising patient safety and staff morale.



Table 3: Impact of Lean management on key process metrics
	Process Metric
	Pre-Lean Implementation
	Post-Lean Implementation

	Bowel Preparation Adequacy Rate
	Variable, often below 85%.
	Can be stabilised above 90-95%.

	Procedure Cancellation Rate
	Higher due to inadequate prep or admin issues.
	Significantly reduced.

	Staff Time on Non-Value Tasks
	High (e.g., searching for equipment).
	Reduced, freeing time for direct care.



While the potential of AI and Lean methodologies is significant, it is important to acknowledge their limitations. The performance of AI systems can be constrained by the quality and diversity of the data on which they were trained, potentially limiting generalizability across different patient populations and clinical settings. Similarly, the success of Lean management initiatives is often context-dependent, requiring sustained cultural buy-in and adaptation to local workflows; outcomes observed in one unit may not be directly transferable to another without careful customisation. Therefore, Lean management is not a cost-cutting exercise but a cultural shift towards continuous improvement. Its success is entirely dependent on clinical ownership and a focus on quality as the primary driver of efficiency. When properly embedded, it creates a more predictable and resilient system, forming a stable foundation upon which technological solutions can deliver their full potential.
Pillar 3: Technological Augmentation (Advanced Imaging and CADe)
A significant challenge in colonoscopy practice is the variability in adenoma detection rates among endoscopists. This variation represents a critical quality gap, as missed lesions can lead to interval cancers. The third pillar examines computer-aided detection systems, which use artificial intelligence to analyse the video feed in real-time and highlight suspicious regions for the endoscopist. Evidence from a large, international tandem trial indicated that AI-assisted colonoscopy increased adenoma detection rates by approximately twenty per cent compared to standard high-definition white-light endoscopy (Maas et al., 2023). This technology ostensibly serves as a cognitive second observer, potentially mitigating human error from factors like fatigue.
However, the integration of CADe is not an unambiguous solution. A primary criticism centres on the risk of deskilling, where endoscopists might become over-reliant on the technology, potentially allowing their own perceptual skills to atrophy. Furthermore, these systems generate a high number of false positive alerts, typically for innocuous features like bubbles or residual stool. This can disrupt the procedural rhythm and lead to unnecessary biopsies, increasing both procedure time and pathology costs. The purported increase in detection must also be scrutinised for its clinical impact, as it often involves a higher yield of diminutive, low-risk adenomas whose removal may not significantly alter cancer risk. The comparative outcomes are illustrated in Table 4.
Table 4: A comparison of conventional colonoscopy and AI-assisted colonoscopy
	Performance Metric
	Conventional Colonoscopy
	AI-Assisted Colonoscopy (CADe)

	Adenoma Detection Rate (ADR)
	Variable, operator-dependent
	Demonstrates a significant increase.

	False Positive Alerts
	Not applicable
	Frequent, for non-neoplastic features.

	Impact on Procedure Time
	Stable
	Can be prolonged due to an alert investigation.



The financial investment required for CADe systems is substantial, raising questions about cost-effectiveness. The benefit must be weighed against other potential investments in training or staffing. Therefore, while CADe represents a powerful technological advance, its deployment must be accompanied by robust training on its intelligent use. It should be viewed as a tool to augment, not replace, endoscopic expertise, and its value is maximised only when endoscopists retain critical control over the examination. 


Pillar 4: Integrated Care (Collaborative Patient Management)
[image: C:\Users\HP-PC\Downloads\Pathway StageFragmented Care ModelIntegrated Care Model - visual selection.png]The final pillar addresses a fundamental weakness in the patient pathway, the persistent disconnect between primary care and specialist gastroenterology services. This fragmentation often results in inappropriate referrals, poor patient preparation, and inadequate follow-up, which severely undermine the efficiency of the entire screening system. A collaborative care model aims to create a seamless continuum from initial risk assessment through to post-procedure management. Research by Eaden, Ward, & Mayberry (2000) and Schiff et al. (2017) demonstrated that structured collaboration between primary care providers and gastroenterologists can lead to measurable improvements in screening adherence and follow-up completion rates. The theoretical benefits of such integration are contrasted with common current failures in Figure 1 below.







Figure 1: The impact of collaborative care models on patient pathway gaps 
The practical implementation of these models, however, faces considerable obstacles. Primary care practices are frequently overburdened, and introducing new referral protocols or shared care responsibilities can be met with resistance without additional funding or time allocation (Seyed-Nezhad, Ahmadi, & Akbari-Sari, 2021). The digital infrastructure required for seamless information sharing, such as interoperable electronic health records, is often lacking, leading to communication that remains dependent on outdated methods like fax or post (Tsai et al., 2020). This creates information silos where critical patient data, such as family history or comorbidities, is not readily available to the endoscopist. Furthermore, unclear lines of responsibility for follow-up can lead to patients with abnormal findings being lost to the system entirely.
Successful collaboration, therefore, demands more than goodwill. It requires a formal re-engineering of workflows, investment in shared digital platforms, and a clear definition of responsibilities across the primary-secondary care interface. Without this structural and financial support, collaborative models risk becoming another well-intentioned but ultimately ineffective initiative, failing to resolve the very coordination problems they are designed to fix.

Bridging the Diagnostic-Therapeutic Divide from Early Detection to Advanced Therapies
The optimisation of gastroenterology units holds little purpose if it serves only to increase procedural throughput. Its true value is realised only when it functions as an extensive bridge connecting early detection to the contemporary landscape of advanced oncology treatments (Kidambi et al., 2024). Recent therapeutic breakthroughs have created a paradoxical situation. While we possess an expanding arsenal of highly effective treatments, their application is often critically dependent on the quality and timing of the initial diagnostic encounter (Alharbi et al., 2025). The tissue samples obtained during a colonoscopy are the fundamental substrate for the molecular analyses that now guide therapeutic decisions. An inadequate biopsy or a delayed diagnosis can therefore nullify the potential benefits of these sophisticated drugs.
The efficacy of targeted therapies, for instance, is contingent upon precise molecular stratification. Drugs such as anti-EGFR monoclonal antibodies are only effective for patients whose tumours harbour wild-type RAS genes. Research by Watanabe et al. (2023) confirmed a significant overall survival benefit for patients with RAS wild-type metastatic colorectal cancer receiving panitumumab, but this benefit is exclusively available to those whose tumour tissue has been properly genotyped. Similarly, the remarkable success of immunotherapy with PD-1 inhibitors like pembrolizumab is confined to the subset of patients with microsatellite instability-high tumours, a status determined from colonoscopy-derived tissue. The Phase III KEYNOTE 177 study reported an objective response rate of 43.8 percent in this patient group (Diaz et al., 2018). These dependencies are mapped in Table 5, illustrating the direct link between diagnostic quality and therapeutic eligibility.

Table 5: The pathway from colonoscopy to personalised therapy selection
	Diagnostic Prerequisite
	Subsequent Analysis
	Therapeutic Implication

	Adequate Tumour Biopsy
	RAS/RAF Mutation Testing
	Determines eligibility for anti-EGFR targeted therapies.

	Adequate Tumour Biopsy
	MSI/MMR Testing
	Identifies candidates for immunotherapy (e.g., pembrolizumab).

	Early-Stage Detection
	N/A
	Enables curative resection; expands window for adjuvant/novel therapies.



A critical failure occurs when a patient receives a delayed diagnosis or an insufficient biopsy that precludes comprehensive biomarker testing. This effectively disqualifies them from receiving the most appropriate and potent treatments, relegating them to less effective, generic chemotherapy regimens. The promise of emerging modalities, such as CAR-T cell therapies, will further intensify this diagnostic-therapeutic link. These treatments are likely to be most applicable in minimal residual disease settings following early-stage cancer resection. Therefore, the capacity to detect cancers at their earliest stages directly determines the future patient population eligible for these next-generation interventions. Optimising gastroenterology units is not merely an operational goal but a fundamental prerequisite for unlocking the full potential of modern oncology. 

A Collaborative Blueprint for Implementation 
Translating the proposed optimisation framework from theory into practice demands a concerted effort from multiple stakeholders, each with their own competing priorities and institutional constraints. Success is improbable without acknowledging and addressing these inherent tensions. A collaborative blueprint must therefore move beyond aspirational statements to define concrete responsibilities and confront the barriers each group presents. The engagement of five key stakeholder groups is non-negotiable, yet each introduces a distinct set of challenges that have historically stifled similar initiatives.
Healthcare providers, including gastroenterologists and endoscopy nurses, are the ultimate end-users of any new system (Hashimoto et al. 2023; Bucobo et al., 2024). Their engagement is critical, yet they are often sceptical of top-down mandates that appear to prioritise efficiency over clinical judgement. They must be integral to the design and testing of new workflows to ensure these changes are practical and do not compromise patient safety. Hospital administrators control the necessary financial and human resources. Their support hinges on a compelling business case, a requirement that often clashes with the long-term, qualitative benefits of prevention and quality improvement (Bhati, Deogade & Kanyal , 2023). Their focus on short-term financial metrics can derail investments in AI or lean training that offer returns over a longer horizon.
Technology vendors provide the essential tools for AI-driven scheduling and CADe systems. However, their proprietary platforms often lack interoperability with existing hospital electronic health records, creating data siloes and frustrating clinical staff. Pharmaceutical companies and payers represent two further pillars. Drug developers must align clinical trial designs with the biomarkers identified through improved colonoscopy, while payers must be persuaded to redesign reimbursement models that currently favour procedural volume over quality outcomes or prevention. This misalignment of incentives is a fundamental roadblock. The specific roles and primary challenges for these groups are detailed in Table 6.
Table 6: Stakeholder roles and implementation challenges
	Stakeholder Group
	Primary Implementation Role
	Principal Challenge

	Healthcare Providers
	Lead workflow adoption and provide clinical feedback.
	Resistance to perceived deskilling or increased workload.

	Hospital Administrators
	Provide strategic direction and capital investment.
	Focus on short-term financial returns over long-term value.

	Technology Vendors
	Ensure system integration and user training.
	Proprietary systems that lack interoperability.

	Pharmaceutical Industry
	Align drug development with diagnostic biomarkers.
	Prioritisation of late-stage over early-intervention trials.

	Payers (Insurers)
	Develop reimbursement for quality and prevention.
	Adherence to fee-for-service models that incentivise volume.



Therefore, this blueprint will fail without a governance structure that forces collaboration and manages conflict. A multidisciplinary steering group with representatives from all five stakeholder groups is essential to hold each party accountable. Without this enforced collaboration, the optimisation framework risks becoming another document that acknowledges complexity but achieves little tangible change in the clinical environment.
Conclusion
This proposed framework for optimising gastroenterology units presents a necessary shift from a volume-based service to a value-driven integrated system. The four pillars of AI-driven workflow, lean management, advanced imaging, and collaborative care are not standalone solutions but interconnected components. Their combined implementation addresses the urgent need to expand capacity for colorectal cancer screening while simultaneously enhancing the quality of each procedure. This dual focus is important, as the diagnostic accuracy of the initial colonoscopy directly determines a patient’s eligibility for increasingly personalised and effective advanced therapies.
[bookmark: _Hlk204003461][bookmark: _Hlk211509776]The true innovation of this model lies in its holistic bridging of operational efficiency and therapeutic progress. It ensures that gains in procedural throughput directly translate into more patients being diagnosed at a stage where modern treatments can achieve their greatest impact. Facing rising incidence rates, healthcare systems must adopt such a synergistic approach. The strategies outlined provide a realistic roadmap for units to improve accessibility, fortify their role in the cancer care pathway, and ultimately deliver superior patient outcomes. Future efforts must now focus on practical implementation and rigorous evaluation of this model in diverse clinical settings.
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