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Abstract
Radiotherapy is one of the essential components of cancer treatment, utilized for curative, adjuvant, neoadjuvant, and palliative purposes. Evidence-based models demonstrate that external beam radiotherapy may be indicated at least once during a patient's lifetime in approximately 52% of cancer cases. While technological advancements such as IMRT, VMAT, IGRT, SRS, SBRT, and adaptive radiotherapy have improved treatment accuracy, they have also rendered processes increasingly dependent on additional personnel, devices, software, and quality control components. Patient flow in radiation oncology represents an interdependent process chain comprising multidisciplinary evaluation, CT simulation, immobilization, target and organ-at-risk contouring, planning, quality assurance, treatment delivery, and follow-up. The objective of this study is to summarize and evaluate this patient flow and clinical management process from the perspectives of Lean Healthcare, Six Sigma, Value Stream Mapping, Queueing Theory, FMEA, digitalization, and artificial intelligence. The literature indicates that process standardization, risk-based quality management, capacity planning, and digital integration can provide significant contributions to patient waiting times, resource utilization, and patient safety. Furthermore, while artificial intelligence offers major opportunities, particularly in auto-contouring and treatment planning, it requires human supervision, validation, data security, and continuous quality assurance.
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1.Introduction
Radiotherapy is one of the fundamental components of modern cancer treatment. When considered together with surgery and systemic therapies, radiotherapy is required in a substantial proportion of cancer patients for the curative or palliative management of the disease. In an assessment conducted by Delaney et al. based on evidence-based clinical guidelines, external beam radiotherapy was estimated to be indicated at least once during a patient’s lifetime in approximately 52% of cancer cases. This proportion demonstrates that radiotherapy services have strategic importance not only from a clinical perspective but also in terms of healthcare planning and resource management [1].
In recent years, advances in radiotherapy technologies have significantly improved treatment accuracy. The technological transformation extending from three-dimensional conformal radiotherapy to advanced treatment planning and delivery techniques such as intensity-modulated radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT), as well as image-guided radiotherapy (IGRT), stereotactic radiosurgery (SRS), stereotactic body radiotherapy (SBRT), and adaptive radiotherapy, has enabled higher doses to be delivered to tumor tissues while providing better protection of surrounding healthy tissues. The International Atomic Energy Agency (IAEA) emphasizes that the implementation of advanced techniques such as IMRT requires more sophisticated treatment planning systems, adequately trained personnel, and comprehensive medical physics support [2,3].
2. Method
This study is a qualitative literature review and process evaluation designed to assess patient flow and clinical management models in radiation oncology clinics. The foundation of this study is built upon the literature and references provided within the manuscript. The review addresses key themes including radiotherapy patient flow, clinical process management, Lean Healthcare and Six Sigma, Value Stream Mapping, Queueing Theory, FMEA and risk management, quality assurance, digital clinical management, artificial intelligence, adaptive radiotherapy, and treatment delays. Findings reported in the references were thematically synthesized in relation to the core stages of the radiotherapy process, and prominent practices in terms of clinical management were summarized. This study did not collect new patient data or execute experimental interventions; therefore, it does not constitute a primary clinical trial but is based on an evaluation of the existing literature from a process and management perspective.
3. Patient Flow in Radiotherapy Services
Radiotherapy patient flow consists of sequential and interdependent processes that must be completed in a defined order. Therefore, a delay or error at one stage may affect subsequent stages, equipment capacity, appointment scheduling, and clinical workload [4,7]. The process begins with the initial patient presentation and multidisciplinary evaluation. Comprehensive assessment of pathology, imaging, staging, and previous treatments is essential for accurate treatment decision-making [3,4]. Since incomplete information may lead to repeated procedures and prolonged waiting times, standardized admission criteria, electronic medical record review, and digital documentation of multidisciplinary team (MDT) decisions constitute useful management tools [4,7].
Following the treatment decision, CT simulation and immobilization are performed. Patient identification and verification, confirmation of the treatment site, positioning, imaging, and transfer of images to the treatment planning system constitute the key steps of this stage [2,7]. Because positioning errors may be propagated to subsequent planning stages, CT simulation represents an important quality checkpoint. Subsequently, gross tumor volume (GTV), clinical target volume (CTV), planning target volume (PTV), and organs-at-risk (OARs) are contoured [3]. Contouring is a time-consuming process, particularly in complex cases, and may be subject to inter-observer variability. Artificial intelligence-assisted auto-contouring can reduce this workload; however, expert review and correction remain necessary, particularly for complex anatomical structures [11,12].
Treatment planning and plan verification follow contouring. In techniques such as intensity-modulated radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT), the simultaneous optimization of multiple parameters increases the complexity of the planning process [2,3,7]. Therefore, monitoring indicators such as the number of daily treatment plans, planning duration, plan revision rate, physician approval time, and physics verification time is important for effective clinical management. Quality assurance encompasses equipment checks, patient-specific QA, dosimetry, data transfer, and verification of imaging systems [3,7].
During treatment delivery, patient identification, immobilization, image-guided positioning verification, and irradiation are performed [2,3]. Equipment failures, positioning difficulties, prolonged imaging or treatment times, late-arriving patients, emergency cases, and staff shortages are among the major bottlenecks affecting radiotherapy workflows [4,7]. Therefore, treatment machine scheduling should be organized not solely according to time slots but also according to patient characteristics and treatment complexity. Monitoring toxicity, nutritional status, skin care, pain, psychosocial status, and treatment adherence throughout the treatment course is also an integral component of patient flow [3,4].
4. Lean Healthcare, Queuing Theory, and Risk Management
Lean Healthcare is based on reducing activities that do not create value for patients and continuously improving process flow. Value Stream Mapping can be used to evaluate processing time, waiting time, rework, errors, and resource utilization from initial patient presentation to treatment [5,6]. While 5S practices support material organization and standardized work in simulation and treatment areas, Kaizen enables small and continuous improvements to be systematically implemented [5]. Lean Six Sigma applications in radiotherapy processes have been reported to contribute to reducing patient waiting times and improving quality assurance [6,13].
Because radiotherapy treatment machines are limited and high-cost resources, capacity management is important [4]. The Queueing Theory approach supports allocating patients to different time slots according to treatment complexity and maintaining capacity reserves. Since scheduled and emergency patients use the same resources, strategic emergency capacity may need to be reserved for conditions such as spinal cord compression, superior vena cava syndrome, or severe symptomatic metastases [3,4].
Failure Mode and Effects Analysis (FMEA) and process-based risk analysis aim to identify errors before they occur. The AAPM Task Group 100 recommends the use of methods such as process mapping, FMEA, and Fault Tree Analysis (FTA) in radiotherapy quality management and recommends that institutions develop risk profiles specific to their own processes [7]. Defensive barriers, including patient identification and verification, time-outs, peer review, and independent checks, can be established to address wrong-patient identification, wrong treatment site, contouring errors, treatment plan transfer errors, and incorrect machine parameter settings [7]. Within a safety culture, excessive workload, fatigue, communication deficiencies, and ambiguous role definitions should also be considered as factors that may increase the risk of errors [7,14].
5. Digitalizatıon and Artificial Intelligence
Oncology Information Systems (OIS) play a critical role in coordinating data flow among treatment planning systems, imaging systems, and linear accelerators [2,3]. Digital clinical management enables centralized management of patient and appointment information, monitoring of prescription and treatment plan approvals, maintenance of treatment records, and generation of quality indicators. Real-time management dashboards can be used to monitor equipment utilization rates, delayed patients, pending treatment plans, quality assurance (QA) processes, and equipment failures [3,4].
Artificial intelligence (AI) is increasingly being used in areas such as automated contouring, image segmentation, dose prediction, knowledge-based treatment planning, automated optimization, plan quality assessment, adaptive radiotherapy, and clinical decision support [11,12,15]. Although automated contouring and knowledge-based planning are among the applications approaching routine clinical implementation, the safe use of AI systems requires model verification, cross-institutional validation, data quality assurance, algorithmic transparency, continuous performance monitoring, and human oversight [11,12]. Therefore, the recommended safe workflow should consist of AI proposal, expert evaluation, quality control, clinical approval, and subsequent treatment delivery [11,12]. From the perspective of adaptive radiotherapy, real-time assessment of changes in tumor volume, patient weight, organ filling, and the position of normal tissues is expected to become an important component of future clinical management [12,16].
6. Clinical Performance Indicators and An Integrated Management Model 
To manage patient flow in radiation oncology clinics effectively, operational processes must be measurable. Primary key performance indicators (KPIs) include:
· Time intervals: Consultation-to-MDT, MDT-to-CT, CT-to-Planning, Planning-to-QA, and QA-to-First Treatment turnaround times.
· Operational throughput: LINAC utilization rates, daily patient volume, average session duration, and machine downtime.
· Quality metrics: Plan revision rates, QA failure rates, treatment interruptions, and near-miss incidents.
· Patient-centered metrics: In-clinic wait times, patient satisfaction scores, and treatment adherence rates.
Regular tracking of these indicators enables proactive intervention before operational bottlenecks manifest. The overall integrated model proposed in this study follows the operational sequence:
Patient → MDT → CT Simulation → Contouring → AI-Assisted Planning → Physician Approval → Physical QA → Treatment → Digital Monitoring → Toxicity Management → Outcome Assessment
This framework unifies four foundational management tiers: clinical management, operational management, quality and safety management, and digital management.
8. Discussion and Conclusion 
Radiation oncology is a healthcare service that requires advanced technology and a high level of multidisciplinary coordination. While technological developments have improved treatment accuracy, they have also increased the complexity of patient flow and clinical workflows [2,3]. Therefore, rather than relying solely on approaches based on increasing the number of treatment machines or staff, it is necessary to systematically analyze processes, identify bottlenecks, reduce non-value-added activities, and manage risks proactively [5-7].
Delays in treatment initiation and prolongation of the overall treatment time are not merely operational problems; particularly in rapidly proliferating tumors, prolonged treatment duration may adversely affect certain clinical outcomes [17-19]. The evidence regarding the negative association between prolonged overall treatment time and locoregional control and survival is particularly well established in head and neck cancers [18]. Therefore, effective patient flow management is directly associated with clinical quality and patient safety.
In conclusion, Lean Healthcare, Six Sigma, Value Stream Mapping, Queueing Theory, FMEA, human factors engineering, digital clinical management, and artificial intelligence-assisted treatment planning should be considered together in radiation oncology clinics [5-7,11,12]. However, applying a uniform model to every clinic is not appropriate; each institution should develop a tailored management model based on its own process data, taking into account patient characteristics, treatment equipment, staffing structure, physical infrastructure, and technological capabilities [7]. The successful management model of the future should be a data-driven, risk-focused, lean, and human-supervised digital system capable of delivering the right treatment to the right patient, at the right time, with the right dose and the appropriate technology, within a safe and well-controlled clinical workflow [12,13].
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