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PROJECT TITLE
Artificial intelligence auto-contouring to aid radiotherapy treatment planning.
1.1 Plain English Summary
External beam radiotherapy uses radiation to kill cancer cells in the treated area. It aims to give a high dose of radiation to cancer cells but as low a dose as possible to nearby healthy cells. Contouring is an important part of the radiotherapy treatment planning process. It identifies where to best target the radiotherapy so that maximum benefit can be obtained while minimising harm to healthy tissue. Artificial intelligence (AI) technologies can improve the efficiency of this contouring process. AI technologies have been trained to process images from computerised tomography (CT) or magnetic resonance imaging (MRI) scans and produce an initial contour; these are then reviewed by trained radiation oncology professionals and modified as needed.
Radiation oncology professionals can spend a lot of time creating and reviewing manual contours. There is some evidence that AI assisted contouring may save costs by reducing the amount of time healthcare professionals spend on contouring. It may also improve consistency of contouring between professionals and standardise processes, leading to quicker access to treatment for patients, so reducing waiting lists. AI assisted contouring may also relieve pressure on radiation oncology professionals (of which there is a shortage in the UK), allowing healthcare professionals to focus on patient-facing tasks. 
1.2 [bookmark: _Ref130554020]Decision Problem
1.2.1  Purpose
The topic has been identified by NICE for early value assessment (EVA). The objective of an EVA is to identify promising technologies in health and social care where there is significant need and enable earlier conditional access while informing further evidence generation. The evidence developed will demonstrate if the expected benefits of the technologies are realised and inform a final NICE evaluation and decision on the routine use of the technologies in the NHS.
1.2.2 The interventions
This scope focuses on artificial intelligence (AI) auto-contouring technologies for radiotherapy treatment planning. This EVA will consider technologies that: 
use AI-based algorithms to automatically contour organs at risk (OAR) or target volumes as part of initial radiotherapy treatment planning 
are standalone AI auto-contouring software or have AI auto-contouring functionality integrated in treatment planning or radiotherapy platforms 
meet the standards within the digital technology assessment criteria (DTAC), including the criteria to have a CE or UKCA mark where required. Products may also be considered if they are actively working towards required CE or UKCA mark and meet all other standards within the DTAC 
are available for use in the NHS. 

AI-Rad Companion Organs RT (Siemens Healthineers) is an AI auto-contouring software that is deployed through the Siemens teamplay digital health platform. It is designed to be used with treatment planning systems and interactive contouring applications. It contours over 60 OAR on CT scans including abdomen, head and neck, pelvis and thorax. It is a CE-marked class IIb medical device under the EU medical devices regulation (MDR).

ART-Plan (TheraPanacea, Oncology Systems) is a standalone AI auto-contouring software trained using international guidelines. Images are automatically sent to ART-Plan for contouring and then to the treatment planning system. ART-Plan contours over 150 OAR and lymph nodes including abdomen, brain, head and neck, thorax and pelvis on CT images and abdomen, brain and male pelvis on MRI. It is a CE-marked class IIb medical device under the EU MDR. 

Autocontour (Radformation)
AutoContour is a standalone AI auto-contouring software. It has been trained using consensus guidelines and structures are named in line with the American Association of Physicists in Medicine (AAPM) Task Group 263 standardised nomenclatures in radiation oncology. AutoContour is vendor neutral and works with most treatment planning and imaging systems. It has DICOM standalone capability and can also be integrated with Varian Eclipse using the Eclipse Scripting application programming interface (API). Images from the CT or MRI scanner or Eclipse are sent to AutoContour for auto-contouring before being sent to the treatment planning system or back to Eclipse. It contours over 200 structures including OAR and lymph node regions in the chest and abdomen, head and neck, and pelvis on CT images and brain on MRI. It is currently undergoing regulatory approval with a notified body for CE-marking as a class IIa medical device. 

DLCExpert (Mirada Medical) is an AI auto-contouring software that is compliant with international consensus guidelines. DLCExpert is deployed on Mirada Medical’s Workflow Box platform, which is a software application designed to perform automated workflows. It is designed to be used with existing treatment planning or image processing software. DLCExpert contours over 160 structures on CT and MRI images, including abdomen, breast, head and neck, prostate and thorax. It is a CE-marked class I medical device under the EU medical devices directive (MDD). 

INTContour (Carina Medical) is a standalone AI auto-contouring software that automatically delineates organs on CT or MRI images. Healthcare professionals can create and use customised models which the company claims can improve accuracy and efficiency. It can also be integrated with Varian Eclipse and RayStation treatment planning systems. It contours over 60 target and OAR structures from abdomen, head and neck, male pelvis and thorax. Regulatory approval for use in the UK is expected in 2023.

Limbus Contour (Limbus AI, AMG Medtech) is a standalone AI auto-contouring software developed in line with international consensus guidelines. It is locally hosted and can be installed on any existing hardware without the need for a graphics processing unit (GPU) or cloud connection. It is vendor neutral which means DICOM (digital imaging and communications in medicine) files can be sent to the existing treatment planning system or workstation for review and clinical validation. It contours over 160 OAR and target volumes including lymph nodes, abdomen, breast, central nervous system, head and neck, lung, pelvis and prostate on CT images, and central nervous system, gynaecologic and brachy structures on MRI. It is a CE-marked class I medical device under the EU MDD.

MIM Contour ProtégéAI (MIM Software) is a standalone AI auto-contouring software that automatically contours OAR and sensitive structures from CT or MRI images. Image data is sent from the hospital picture archiving and communication system (PACS) or local planning system to MIM software for contouring before being saved as DICOM RT structures. Healthcare professionals can manually correct contours before sending to treatment planning systems. MIM Contour ProtégéAI is vendor neutral, and installation can be customised to service needs. It contours head and neck, thorax, lungs and liver, prostate and abdomen structures from CT images and prostate from MRI. It is a CE-marked class IIa medical device under the EU MDD.

MRCAT Prostate plus Auto-contouring (Philips) is a clinical application integrated in Philips Ingenia system for magnetic resonance imaging in radiation therapy (MR-RT). It provides automatic contours and density information for dose calculations in a repeatable workflow. MRCAT images conform to DICOM standards and can be exported to treatment planning systems. The company said that the system can replace traditional CT-based workflows with an MRI only radiotherapy workflow from imaging and planning to position verification.

MVision Segmentation Service (MVision AI Oy, Xiel) is a standalone AI auto-contouring software trained to comply with international guidelines using a peer-reviewed process. CT or MRI images from the scanner or treatment planning system are exported to MVision. A structure set is created, and contours are added to the original images. These are then sent to the DICOM folder or treatment planning system. It contours over 160 structures including OAR and target volumes in abdomen and thorax, brain, breast, head and neck, and pelvis. It is a CE-marked class I medical device under the EU MDD. 

OSAIRIS (Cambridge University Hospitals NHS Foundation Trust) is an open-source standalone AI auto-contouring software. It is a cloud-based workflow acceleration technology that only activates GPU resources on demand. It has been designed for free use and sharing within the NHS and complies with the NHS Azure Blueprint. It contours up to 26 head and neck and prostate treatment site structures on CT images. Regulatory approval for use in the UK is in progress. 

RayStation (RaySearch) is a radiotherapy external beam and brachytherapy planning system with AI auto-contouring functionality included as part of the standard contouring tools. It uses a high-speed GPU-powered algorithm to automatically contour structures needed for the creation of radiotherapy treatment plans. It integrates deep learning auto-segmentation into the workflow which allows for automation of the radiotherapy treatment planning workflow from data import to data export. It contours over 70 structures on CT images including breast and lymph nodes, head and neck, male pelvis, thorax and abdomen. It is a CE-marked class IIb medical device under the EU MDD.

1.2.3 Care pathways
The target population for this assessment is people having radiotherapy treatment planning for external beam radiotherapy. 
Contouring in radiotherapy treatment planning is used to outline the target volume and OAR to guide radiotherapy so that radiation toxicity is reduced. Healthcare professionals most often use manual or atlas-based contouring or model-based segmentation. Manual contouring is the most common contouring method used in standard care. Manual contouring of target regions is usually done by clinical oncologists while contouring of OAR may also be done by clinical technologists (dosimetrists) or therapeutic radiographers. There are published guidelines for contouring OARs and disease sites from organisations such as European Society for Radiotherapy and Oncology1 and the Royal College of Radiologists.2 Atlas-based contouring and model-based segmentation are not as widely used in standard care. Atlas-based contouring is an automated method that contours new images using models based on historical images of similar patient anatomy. Model-based segmentation is also an automated method that contours images using statistical shape models for different organ structures. Contours regardless of contouring method should be reviewed before being used in treatment planning. 
AI auto-contouring would be used as part of standard care radiotherapy treatment planning. Radiotherapy is usually given in hospital on an outpatient basis. AI auto-contouring would be reviewed and edited as needed by trained radiation oncology professionals, including clinical oncologists, therapeutic radiographers, clinical technologists and medical physicists. All contours should be reviewed and modified as needed before being used in treatment planning. 
1.2.4 Population
People having radiotherapy treatment planning for external beam radiotherapy.
1.2.5 [bookmark: _Ref216668217]Comparators
[bookmark: _Ref216668226]AI auto-contouring would be used as an alternative to manual or atlas-based contouring or model-based segmentation as part of standard care radiotherapy treatment planning. For some cases, AI auto-contouring may generate contours for structures that are not routinely produced in standard care. In these instances, no contours or no contouring may be an appropriate comparator to consider. 
1.2.6 Healthcare settings
Outpatient settings.
1.2.7 [bookmark: _Ref132966270]Outcomes to be examined
The outcome measures to consider include: 

Accuracy and acceptability 

Clinical acceptability of contours including alignment with national and international guidelines
Accuracy of contours including quantitative measures of DICE coefficient and qualitative measures
Degree of contour edits needed before use in radiotherapy treatment planning
Consistency of contours including interrater reliability
Impact on radiotherapy treatment planning quality assurance including surrogate, qualitative and quantitative measures such as:
Dose prescription changes
Dose volume distributions
Radiation toxicity
Missing targets 
Adherence to international guidelines 
Usability, user experience and satisfaction 
Resource and system impact 

Contouring time including time needed for healthcare professional review and manual edits
Radiotherapy treatment planning time including time saved and difference in time to start of treatment
Number of more complex plans produced including number of structures contoured
Impact on staffing and treatment planning resources, such as changes in skill-mix or healthcare professional grade needed to produce and review contours
Impact of the system on clinical oncology training (including training of all healthcare professionals contributing to radiotherapy treatment planning)
Impact on healthcare professional performance and productivity more broadly, such as efficiency, increase in patient-facing tasks and staff wellbeing.
Costs will be considered from an NHS and Personal Social Services perspective. Costs for consideration should include: 
Costs of AI auto-contouring software including installation, licence fees, maintenance and update costs for additional libraries or features
Costs of any associated technology needed to use AI auto-contouring tools excluding capital costs for equipment that is otherwise used in standard care
Healthcare professional grade and time 
Cost of other resource use such as additional appointments or healthcare professional training 

1.2.8 Sub-groups to be examined
This EVA is focused on people having radiotherapy treatment planning for external beam radiotherapy. This includes cancer treatment in several different regions with different associated OAR and target volumes that may affect contouring accuracy and efficiency. Subgroups within the population may be considered depending on the available evidence.
1.3 [bookmark: _Toc120885834]Objective
The purpose of the EVA is to summarise and critically appraise existing evidence on the clinical effectiveness and cost-effectiveness of AI auto-contouring for radiotherapy. A review will be conducted to identify relevant evidence for the included interventions in the target population. Where feasible, a de novo economic model will also be developed to provide an early view of the potential cost-effectiveness of the included interventions. The following objectives are proposed:
1.3.1 Clinical Effectiveness
Identify and assess evidence relating to the use and clinical effectiveness of the included technologies as it pertains to the scope
Report on any potential safety issues
Report the evidence gaps, highlighting what data may need to be collected to inform these gaps 
If evidence is included that is not directly related to the scope, outline the potential generalisability and limitations of the evidence
1.3.2 [bookmark: _Hlk120883657]Cost-Effectiveness
Identify and assess economic evidence relating to the use of the included technologies within the scope
Subject to sufficient evidence, develop a conceptual economic model related to the scope, that can be used to inform future research and data collection
Report available model inputs and evidence gaps
Report on the technologies’ costs and effects, and an early assessment of whether there is a prima facie case for their use to be a cost-effective use of NHS resources.
1.4 Evidence review
A review to identify evidence for the clinical and cost-effectiveness of included interventions will be undertaken following the general principles published by the Centre for Reviews and Dissemination (CRD) at the University of York.3 A systematic literature review (SLR) to comprehensively search for all relevant evidence for the appraisal is beyond the scope of an EVA. However, the review methods, including the literature search strategy and evidence synthesis, will be high quality and conducted in a transparent manner, with the aim to produce a comprehensive overview of the relevant literature.
Based on initial scoping searches, the EAG expects there to be a large body of evidence for the included technologies, and that this evidence base should be identified through our planned searches. If the evidence base identified is large, the EAG will prioritise the inclusion of evidence that is of the best quality and most pertinent to the objectives of the EVA. If technologies have little evidence in line with the scope, the EAG will consider including potentially relevant evidence, identified through the EAG’s existing searches, that is broadly relevant but does not adhere strictly to the scope, for example in terms of the population or comparator.
At assessment commencement the EAG or NICE will request the manufacturers supply any evidence they wish to be considered and reviewed by the EAG.
1.4.1 [bookmark: _Ref216669197]Search strategy
Searches for clinical and cost-effectiveness will be conducted in one strategy, without any study type filters, to reduce screening burden. An exemplar search strategy for MEDLINE is provided in Appendix 1.  
The search process will comprise the interrogation of the following main elements:
Electronic databases, including MEDLINE (inc In-Process and PubMed-not-MEDLINE records), EMBASE and Cochrane.
Economics sources, such as NHS EED, ScHARR HUD and CEA Registry.
Manufacturer websites.
The WHO International Clinical Trials Registry Platform (ICTRP) and the US National Library of Medicines registry at clinicaltrials.gov.
MHRA field safety notices and the MAUDE database will be searched for adverse events.
In addition, any industry submissions to NICE, as well as any relevant systematic reviews identified by the search strategy, will be scrutinised to identify additional relevant studies.
Relevant clinical guidelines from NICE, SIGN and INAHTA, especially for economic modelling
In addition to the above searches, a targeted search of the broader literature on auto-contouring may be undertaken if necessary to identify the evidence base in additional areas, e.g., HRQoL (health state utility values), resource use and costs for treatment and side-effects (UK studies only if available), and the methods available for the modelling of auto-contouring for radiotherapy to inform cost-effectiveness analyses. The search strategies employed will be reported, and findings from these explorative searches will be presented in summary format, using a tabular approach and narrative text.
1.4.2 Clinical evidence to be included
This assessment will look across a range of evidence types including RCTs and real-world evidence, with a focus on evaluative evidence. Systematic reviews meeting the inclusion criteria will also be included. Studies may report either quantitative or qualitative evidence. The following evidence types will be excluded: 
Animal models
Pre-clinical and biological studies
Narrative reviews, editorials, opinions
Meeting abstracts, for studies where full-text papers are available. If studies are only available as meeting abstracts, inclusion will depend on sufficient information being available to offer meaningful critique. 
Studies not available in the English language.
1.4.3 Economic evidence to be included
Full economic evaluations, costing studies, resources use studies and studies reporting side-effects and health related quality of life measures that inform either the design of the EAG’s own analysis or provide a source of input data will be included where they meet the inclusion criteria set out for the review of clinical effectiveness (see section 1.2). Priority will be given to more recent studies and those with a UK NHS setting.
1.4.4 Study selection
The abstracts and titles of references retrieved by the searches will be screened against the inclusion criteria for relevance. Full publications of potentially relevant studies will be obtained. The retrieved articles will be assessed for inclusion by one reviewer and a minimum of 10% will be independently checked by a second reviewer, using the pre-specified inclusion/exclusion criteria. Discrepancies will be resolved by discussion, with the involvement of a third reviewer, where necessary. Duplicate papers will be deleted.
1.4.5 Quality assessment strategy
Formal risk of bias assessment will not be conducted, as it is not required in the EVA process. Discussion will be included in the EAG report on potential biases in key studies and how the risk of bias could affect key outcomes. The report will explicitly detail the potential sources of bias such as the main confounding factors and will comment on the generalisability of the results to clinical practice in the NHS. 
1.4.6 Data extraction strategy
Data will be extracted from included studies into a bespoke database by one reviewer and a minimum of 10% will be checked by a second reviewer. Discrepancies will be resolved by discussion, with the involvement of a third reviewer if necessary. Data points to be extracted include information about the study reference and design, the population and intervention characteristics, relevant outcomes and their measurement.
1.4.7 Methods of analysis / synthesis
Clinical data will be tabulated and narratively synthesised. 
Methods and findings from included economic evaluations will be summarised in a tabular format and synthesised in a narrative review. Economic evaluations carried out from the perspective of the UK NHS and Personal Social Services (PSS) perspective will be presented in greater detail.
Key sources of risk of bias, including automation bias, will be discussed. The generalisability of findings to clinical practice in the NHS will be considered. 
1.5 Economic analysis
If data allow, an economic model will be constructed either by adapting an existing model or developing a new model using available evidence and following guidance on good practice in conduct and reporting of decision analytic modelling for HTA.4-6 If data do not allow construction of a model, the EAG will describe the appropriate characteristics of the model that would be required (e.g. structure, setting, input parameters and ideal sources of data).  If the EAG determines that a modelling approach is inappropriate it will present available data in an alternative analytic format, such as a cost-consequences analysis (presentation of costs alongside outcomes). 
The structure of any model will be determined on the basis of research evidence and clinical expert advice (from specialist committee members) about:
appropriate assumptions to make where no suitable data are identified for effectiveness for some of the interventions,
appropriate assumptions to make if there are data gaps in the information available to populate resource use or quality of life information 
All assumptions applied in the modelling framework will be clearly stated. All data inputs and their source will be clearly identified.
Due to the nature of the intervention, outcomes are unlikely to be patient HRQoL. We anticipate outcomes to be related to the clinical accessibility and accuracy of the auto-contouring software and the degree of manual editing required. Changes in the total time required to plan radiotherapy will be considered as part of the cost inputs (see below).
Costs will be considered from an NHS and Personal Social Services perspective. Costs for consideration will be based primarily on the resource use measures identified in section 1.2.7 and are likely to include:
Intervention delivery costs 
Licencing costs of the technologies
Implementation costs of the technologies
Healthcare professional training
Healthcare professional grade and time for use of the software / time taken for overall planning 
Where appropriate, and if data allow, sensitivity analyses will be undertaken to explore uncertainty. These may include one-way and multi-way sensitivity analyses, use of probabilistic sensitivity analyses (PSA), and value of information analyses where modelling permits. The use of PSA involves sampling of parameter inputs from distributions that characterise uncertainty in the mean estimate of the parameter. PSA is used to characterise uncertainty in a range of parameter inputs simultaneously, to consider the combined implications of uncertainty in parameters. Value of Information analysis helps identify where future research can be most efficiently targeted to reduce uncertainty.
Where probabilistic modelling is undertaken, results will be presented as expected costs and outcomes, with uncertainty represented using cost-effectiveness planes and/or cost-effectiveness acceptability curves/frontier (CEACs/CEAF).
1.6 Gap Analysis
Evidence gaps identified pertaining to the intermediate and final outcomes from the scope and those pertaining to the economic modelling will be summarised in tabular and narrative form. If appropriate, a ‘traffic light’ scheme will be used to highlight relative importance of the gap. Key areas for evidence generation will be summarised in tabular form. Narrative text will also address missing clinical evidence for other parts of the scope, such as population, setting and comparators. 
1.7 Handling the company submissions
Data received from the company will be appraised and, where consistent with the decision problem, will be extracted and quality assessed in accordance with the procedures outlined in this protocol. Data provided (e.g. cost and resource use data) will be assessed against NICE’s manual (2022),4 reasonableness of assumptions made and appropriateness of the data used.  
Any academic or commercial in confidence data taken from a company submission will be marked up as appropriate in the report.
1.8 Competing interests of authors
None.
1.9 References
1.	European Society for Radiotherapy and Oncology. Guidelines. Available from: https://www.estro.org/Science/Guidelines.
2.	Royal College of Radiologists. Guidelines. Available from: https://www.rcr.ac.uk/publication/radiotherapy-target-volume-definition-and-peer-review-second-edition-rcr-guidance.
3.	Centre for Reviews and Dissemination. Systematic Reviews: CRD’s guidance for undertaking reviews in health care. York: University of York; 2009. Available from: https://www.york.ac.uk/media/crd/Systematic_Reviews.pdf.
4.	National lnstitute for Health and Care Excellence (NICE). NICE health technology evaluations: the manual. Process and methods [PMG36] London: NICE; 2022. Available from: https://www.nice.org.uk/process/pmg36/chapter/introduction-to-health-technology-evaluation.
5.	Briggs A, Sculpher M, Claxton K. Decision Modelling for Health Economic Evaluation (Handbooks for Health Economic Evaluation) Oxford: Oxford University Press; 2006.
6.	Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, Briggs AH, Carswell C, et al. Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS 2022) Statement: Updated Reporting Guidance for Health Economic Evaluations. Value Health. 2022;25(1):3-9.

	
	
	



Artificial intelligence auto-contouring to aid radiotherapy treatment planning 
FINAL PROTOCOL


	
	
	



Page 7 of 19
Appendix 1 Sample Search Strategy (Medline)
Database(s): Ovid MEDLINE(R) ALL 1946 to April 24, 2023
Search Strategy:
	#
	Searches
	Results

	1
	(AI-rad companion* or "Art-plan" or Autocontour or DLCexpert* or DLC-expert* or INTContour or limbusAI or "limbus-AI" or "Limbus Contour" or ProtegeAI or MRCAT or MVision* or Osairis or Osiris or Raystation*).af.
	1191

	2
	("AMG medtech" or mirada or philips or raysearch or "Oncology systems" or therapanacea or "MIM software" or radformation or carina or "Siemens Healthineers" or MVision or "Cambridge University Hospitals NHS Foundation Trust").in.
	21356

	3
	1 or 2
	22483

	4
	Organs at Risk/
	4656

	5
	("organ*?at?risk*" or "organs-at-risk").ti,ab,kw,kf.
	5917

	6
	exp *Radiotherapy/
	113413

	7
	("clinical target volume" or CTV or "planning target volume" or PTV or "gross tumour volume" or "gross tumor volume" or GTV).ti,ab,kw,kf.
	14351

	8
	(radiotherap* or irradiation* or "gamma knife" or "cyberknife" or "linear accelerator" or linac or wbrt or (radiation adj2 (therap* or dose*))).ti,ab.
	495572

	9
	or/4-8
	538395

	10
	((AI or intelligen* or auto* or radiomic*) and (contour* or autocontour* or segment* or plan* or optimi*)).ti,ab.
	141177

	11
	(((deep* or machine*) adj2 learn*) and (contour* or autocontour* or segment* or plan* or optimi*)).ti,ab.
	25250

	12
	or/10-11
	155638

	13
	3 and 9 and 12
	156

	14
	((AI or intelligen* or (deep adj2 learn*) or (machine adj2 learn*)) adj3 (contour* or autocontour* or segment* or plan* or optimi*)).ti,ab. /freq=2
	749

	15
	14 and 9
	102

	16
	13 or 15
	240
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