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Executive summary

There is rapidly increasing availability of auto-contouring systems for use in radiotherapy 
planning and treatment� These have the potential to improve treatment quality and 
consistency, and to reduce the treatment pathway time� This guidance has been developed to 
support clinicians with the use of auto-contouring in clinical practice�1

There are several stages in the pathway of auto-contouring implementation in which clinical 
oncologists may have differing levels of involvement� This document addresses the important 
aspects of auto-contouring commissioning, implementation and ongoing clinical use� The 
most important principle throughout auto-contouring applications is that the healthcare 
professional approving any auto-contours is ultimately responsible for their clinical use� 
Clinicians need appropriate training since reviewing auto-contours is a different skill to 
manual delineation� The reviewer should use a structured approach for checking contours and 
prioritising areas of critical dosimetric importance, and have dedicated time in their job plan 
for review and editing�

Commissioning by a multidisciplinary team should ensure the safety and effectiveness of 
the auto-contouring system using local data, representative of the real-world clinical cohort� 
Ongoing surveillance of the performance and clinical utility of the auto-contouring system 
after clinical implementation must be undertaken� Clinician training will need to stay up to 
date as this is a rapidly evolving field and the scope of auto-contouring is likely to change�



The Royal College of Radiologists
Clinical Oncology

Guidance on auto-contouring in radiotherapy

4

Terminology in this guidance

This guidance has been developed to aid all healthcare professionals involved in the use of 
auto-contouring systems for radiotherapy treatment� While the clinical oncologist, or radiation 
oncologist, usually has overall responsibility for a radiotherapy treatment, there can be 
delegation of responsibility with advanced practice roles carried out by medical physicists, 
dosimetrists and therapeutic radiographers� This is likely to expand with increasing use of 
technologies based on artificial intelligence� Therefore, when the term clinician is used in this 
guidance, this will include all healthcare professionals appropriately trained for the task�

There are various terms used in the literature related to auto-contouring in radiotherapy� For 
consistency throughout this document, standardised wording is used but it is acknowledged 
there may be alternative or preferred wordings for the same or similar phrase� Auto-
contouring is the automatic production of contours on an imaging data set, which can 
be achieved using artificial intelligence approaches (eg deep learning) or non-artificial 
intelligence approaches (eg atlas-based)� Alternative terms include auto-segmentation and 
artificial intelligence-based auto-segmentation (AIBAS)�

The technology that automatically delineates structures is an auto-contouring system, and 
alternative terms include auto-contouring model, auto-contouring tool, auto-contouring 
solution and auto-contouring pathway�
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 • The healthcare professional approving auto-contours is ultimately responsible for 
their clinical use�

 • Auto-contouring performance is influenced by how a system is trained and by 
how it works� Auto-contouring systems should only be applied in the context of 
their intended use�

 • Clinicians should understand that the performance of auto-contouring systems 
may vary for different tumour types and across different imaging modalities� The 
impact of using auto-contours for target structures compared with organs at risk 
(OARs) will differ�

 • Clinician training will need to stay up to date as this is a rapidly evolving field and 
the scope of auto-contouring is likely to change�

Auto-contouring in radiotherapy is a rapidly evolving area of innovation� In September 2023, 
the National Institute for Health and Care Excellence (NICE) approved nine radiotherapy 
auto-contouring providers with the stipulation that contours must be reviewed by a 
healthcare professional prior to clinical application�2 Any healthcare professional approving 
auto-contoured structures is ultimately responsible for their use� This is usually a clinical 
oncologist; it may also be a delegated professional such as a therapeutic radiographer or 
dosimetrist based on local IR(ME)R protocols�3 Clinicians must therefore have appropriate 
knowledge and training on using and assessing auto-contours�

Auto-contouring refers to a technology that automatically delineates structures for 
radiotherapy planning� This may include both target volumes and OARs and is becoming 
available for an increasing number of tumour types� It has the potential to improve the 
consistency and quality of treatment and to reduce the treatment pathway time, although at 
present evidence is limited�4,5 Auto-contouring systems are medical devices that are subject 
to strict regulatory processes, and departments should familiarise themselves with the 
relevant medical device regulation guidance�6,7,8,9

There is demand from clinicians for further guidance on how to use this technology�1,10 
Although healthcare professionals do not need to know the intricacies of how to create an 
auto-contouring system, they should understand the processes involved in implementing and 
using a system safely on a day-to-day basis� Operator error has been demonstrated to be one 
of the biggest causes of error when using auto-contouring in the clinic�11

Introduction to auto-contouring01
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Established methods for producing auto-contours include atlas-based and deep learning�12 
Atlas-based systems use 20 or more previously delineated cases to build a set of atlases� 
An auto-contour is produced by applying the contours from the atlas onto a scan using 
deformable image registration� Deep learning methods produce original contours based on 
patterns the system has learned during model training� Large numbers of pre-labelled scans 
are required to make ‘training data’� Each voxel on a training scan is allocated to a region 
of interest and the scans are then entered into a deep learning system made up of neural 
networks�12 Neural networks are able to ‘learn’ patterns and predict how voxels will be labelled 
on a new scan� Applying a trained system to an unlabelled scan will then result in an original 
set of delineations, based on the patterns that have been learned�

The quality and quantity of data used to train auto-contouring systems directly affect 
performance�13 Any auto-contouring system for clinical use should have been trained on data 
similar to the intended clinical purpose� The training data should have been contoured with 
the same protocol and on the same imaging modality and patient position� Similar patient 
demographics are also required, including but not limited to age (adult versus child), gender, 
body habitus, and presence or absence of previous surgery or metallic artifacts� There are 
increasing numbers of commercially available and in-house auto-contouring solutions� How 
the system has been trained is an essential consideration when choosing between options, 
and departments should consider asking commercial vendors to disclose this information�

All auto-contouring systems need to be appropriately commissioned before clinical 
use to confirm they are applicable to the local patient population�4,14 Assessments are 
also required as part of day-to-day quality assurance (QA) and as part of formal post-
implementation monitoring� A key aim of post-implementation monitoring is to monitor for 
a drift in performance and to identify if any automation bias is occurring� Automation bias 
is an important source of error in auto-contouring for radiotherapy, and all clinicians using 
auto-contouring systems should be aware of it� Automation bias is a phenomenon whereby 
reviewers eventually favour output from the automated system, despite having evidence or 
knowledge that would suggest the automated system is wrong�11

Another important form of bias is anchoring bias, which refers to the way a human observer 
is unduly influenced by the first interpretation of a data-processing procedure that they see� 
In this case, the user would observe auto-contoured structures on the image data of a new 
patient and be unduly influenced as to their accuracy� If the same user performed a manual 
segmentation of the images first, and then reviewed auto-contoured structures, the accuracy 
and perceived utility might vary�

This guidance will discuss the different stages of selection, implementation and ongoing 
monitoring of an auto-contouring system to support the safe clinical use of this new 
technology�

01
Introduction
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Assessment metrics

 • There are multiple methods to evaluate auto-contouring systems, and the clinical 
utility of each method can vary� The most appropriate assessment metrics should 
be chosen for each stage of implementation and clinical use�

Auto-contouring systems need to be assessed during the different stages of implementation 
and use to ensure their validity and ongoing safety� These assessments may be performed 
as part of commissioning, in day-to-day use and for formal post-implementation monitoring� 
Assessments may also be required by a department choosing which system to implement, or 
to demonstrate an overall efficiency benefit when producing a business case�

Assessment methods include geometric, time-based, dosimetric and qualitative metrics, 
which have different strengths and weaknesses as summarised in Table 1�15

Table 1� Metrics used for auto-contour assessment

Type of 
metric

Examples Strengths Weaknesses

Geometric DICE similarity coefficient
Hausdorff distance
Volume comparisons
Surface DICE coefficient
Added path length

Easy to understand and 
calculate

Limited clinical relevance
Reliant on ‘ground truth’
Influenced by structure 
size

Time-based Comparison of manual 
contouring time with auto-
contour generation and 
editing time

Defines utility for a 
department

May be artificial and 
simulated
Labour-intensive to 
perform

Dosimetric Comparison of dosimetry 
for plans made with auto-
contours, manual contours 
and edited auto-contours

Clinically relevant Time-consuming
Reliant on quality of 
manual contours

Qualitative
(human-
centric)

Rating using a Likert scale
Blinded Turing test

Reflects usual clinical 
practice
Can be used for bias 
assessments (eg deliberate 
introduction of errors)

Vulnerable to bias and 
operator interpretation
Difficult to standardise

Geometric tests are numerical tests that can often be performed within the treatment 
planning system� They compare an auto-contour with a ‘ground-truth’ contour and assess 
characteristics such as overlap, distance between surfaces, volumes and structure centre 
positions� Newer geometric tests including added path length and surface DICE coefficients 
may also estimate the amount of manual editing required for a structure�16,17 Although 
geometric tests are easy to perform and understand, they have very limited clinical relevance� 
No single geometric test is accepted as reliable for detecting errors in all scenarios�

02
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Time-based assessments compare how long it takes to contour structures manually with 
the time taken to produce, check and edit auto-contours� These studies can be useful to a 
department if they demonstrate total time savings to support a business case for purchasing 
a system� However, they are often artificial and simulated, and challenging to complete�

Dosimetric assessments will ultimately determine if the use of auto-contours results in a safe 
and effective radiotherapy plan� Radiotherapy plans are generated using manual contours, 
unedited contours and edited auto-contours, with comparison of the dose-volume histograms 
by transposing each set of contours onto each plan� The clinical significance of contouring 
errors is difficult to determine from geometric measures alone, so dosimetric evaluation is an 
important part of auto-contouring evaluation and commissioning�

Qualitative assessment replicates real-life clinical practice when a clinician assesses an 
auto-contour� Clinician review is the only method that will be able to pick up one-off failure 
cases of an auto-contouring system and it is crucial that this takes place in the day-to-day 
use of auto-contours� There are multiple ways to formally perform a qualitative assessment� 
Likert scales of clinical acceptability or clinician satisfaction are most commonly used� These 
scales indicate the degree of editing a contour would need prior to clinical use (eg ranging 
from recontour from scratch to no editing needed)� In a blinded Turing test, clinicians are 
shown a sample of manual contours and automatic contours for the same cases� They are 
asked to identify if the contour has been generated by a human or computer and which 
contour is better� If the auto-contours are comparable with manual contours, they will be 
indistinguishable from manual contours and the correct source will only be identified 50% of 
the time�18

Qualitative assessment is vulnerable to variations in operator interpretation and automation 
bias� Using standardised assessments and processes can reduce this risk� Performing regular 
formal post-implementation monitoring can also identify whether performance drift and 
acceptance of automation bias is occurring�

Which metrics to use?
There is currently a lack of consensus on the best methods to assess auto-contouring 
systems, especially for clinical utility�18 The assessment metrics used in research are 
currently very varied making it difficult to produce standardised recommendations� The most 
appropriate metric to use will depend on the aim of the assessment� Different evaluations 
may therefore be needed for research, clinical commissioning, QA or business cases� When 
considering clinical use, clinician involvement is essential and standardised approaches 
are needed�19 The different time points when an auto-contouring system may need to be 
evaluated and the suggested metrics are set out in Figure 1�

A fundamental challenge for assessing auto-contours is that manual contours are only ever a 
surrogate for ground truth and that delineation in radiotherapy is impacted by uncertainties�20 
Comparing one auto-contour with one ground-truth contour does not take these uncertainties 
into consideration� Pre-existing guidance recommends assessing auto-contours in the 
context of usual inter- and intra-observer variation�14 Considering the range of this variation 
may be a useful approach to ascertain if auto-contours perform consistently with local clinical 
practice� The use of standardised contouring protocols and peer review is important when 
deciding what reference contour(s) should be used for evaluation�

02
Assessment metrics
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Figure 1� The recommended assessments for the different stages of auto-contouring 
implementation and ongoing use02

Assessment metrics
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Selection of an auto-contouring 
system

 • The proposed use for an auto-contouring system should be clearly defined to 
establish the required system specifications�

 • Available commercial, open-source and in-house systems should be carefully 
evaluated compared with current manual pathways� Different solutions may work 
better for specific tumour types, radiotherapy techniques and centres�

 • When considering an in-house or open-source system, it is necessary to comply 
with all relevant medical device regulations�

 • All systems must be subjected to the same rigorous commissioning and QA 
processes�

 • The scope of auto-contouring is likely to change in the future and this should 
therefore be considered when selecting a system�

Auto-contouring systems fall into three general types: commercial, open-source and 
developed in-house (Table 2)� At the time of writing, there are nine CE-marked commercial 
solutions that can be used in the NHS to aid contouring for radiotherapy while more evidence 
is generated on assessing these technologies�21

The following points should be considered when a department is choosing an auto-
contouring solution:

 • Intended use, projected future applications and whether it will be used in research or 
clinical practice

 • The data used to train the model and whether there is an option to use local data
 • The regulatory position including CE or UKCA marking for medical devices and 

consideration of data protection requirements
 • Costs including capital and ongoing operational costs
 • Available support and documentation
 • Staff skills required for commissioning and ongoing QA
 • Whether it is compatible with current workflows, systems and network infrastructure�

03
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When calculating the potential cost and time savings with an auto-contouring system, the 
time required by clinicians to both check and edit auto-contours should always be considered 
since the radiotherapy planning workflow may change�

Commercial solutions are costly and usually have a charge per case, which may include 
software licence and subscription, hardware, data storage, future upgrade and maintenance 
costs�22 These products come with a ready-trained model library; however, the models may 
not suit the needs of a particular department and they provide limited opportunity to train 
local models� Pre-purchase assessments should therefore ideally be performed on local 
data sets� Companies will provide maintenance and technical documentation allowing ease 
of commissioning and ongoing quality control� The method of system installation is also 
important to consider, whether that be ‘on premises’ or via a cloud-based system� These 
different methods may have implications for potential loss of service if the manufacturer were 
to go out of business� Data security should always be considered for both local and cloud-
based systems�

While open-source auto-contouring systems are ostensibly cheaper with no purchase costs, 
they are not CE marked as a medical device� Therefore, they require technical departmental 
expertise to set up and operate and may need to be taken through appropriate regulatory 
approvals before they can be used clinically� There is unlikely to be a maintenance contract so 
the department will need a long-term support plan� Some companies do provide commercial 
support of open-source products, and informal support may be available from the open-
source developer community� Open-source solutions may come with pre-trained libraries and 
may also provide the ability to train bespoke models�

Finally, departments can develop their own in-house auto-contouring tool�22 This requires 
adequate, well-curated training data and technically skilled staff� Collecting sufficient training 
data to develop an in-house system may take significant time� There is also a risk of failure 
if key staff leave, and therefore it is important that there is appropriate documentation on 
the model training, implementation, commissioning and QA� The Institute of Physics and 
Engineering in Medicine (IPEM) has guidelines on best practice for in-house manufacture of 
medical devices, including software, for use within the same institution�23 For open-source 
software, the solution will not be CE marked and the department will need to be aware of 
the regulatory processes required to use this software clinically� Solutions used purely for 
research do not require CE marking or NICE approval�

03
Selection of system
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Table 2� Comparison of the potential advantages () and disadvantages () of 
commercial, open-source and in-house auto-contouring solutions

Commercial Open-source In-house

Capital costs  -- May be free or 
cheaper than 
commercial system

May be free or 
cheaper than 
commercial system

 Expensive Costs of technically 
skilled staff

Costs of technically 
skilled staff

Operational costs  Limited staffing costs No maintenance 
contract

No maintenance 
contract

 Contouring as a 
service has ongoing 
costs

Costs of technically 
skilled staff

Costs of technically 
skilled staff

Staff skills  Limited technical 
skills required outside 
of commissioning

Opportunity to 
contribute to tool 
development

Interesting technical 
project

 -- Relies on having 
technically skilled 
staff
Risk of single point 
of failure if key staff 
leave

Relies on having 
technically skilled 
staff
Risk of single point 
of failure if key staff 
leave

Regulatory 
position  CE marked -- Can be approved 

as an in-house 
development for 
clinical use

 -- Regulatory 
requirements (not CE 
marked, software as a 
medical device)

Regulatory 
requirements (not CE 
marked, software as a 
medical device)

Support  Extensive support 
and documentation 
available

Possible open-source 
development forums
Can be well 
documented

--

 Support and 
maintenance costs

May need to 
troubleshoot in-house

No support
Documentation needs 
to be developed

Model training  Ready-trained model 
library

May come with ready-
trained models
Opportunities to train 
own models

Full control of training 
data
Knowledge of training 
data provenance

 Models may not suit 
needs
Unknown training 
data provenance
Limited opportunity 
to train own models

Provenance of 
training data may or 
may not be known

Curation of suitable 
training data can be 
resource intensive 
(for multiple 
professions)

Ease of 
implementation  Commissioning and 

ongoing QA only
Know how the system 
works

Know how the system 
works

 ‘Black box’ Needs technically 
skilled staff

Needs technically 
skilled staff

03
Selection of system
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Initial clinical evaluation and 
commissioning

 • Commissioning should ensure the safety and effectiveness of the auto-
contouring system� This includes both the auto-contouring technology itself and 
the way it interacts with other elements of the radiotherapy treatment planning 
workflow�

 • A multidisciplinary team should be involved in the design, management and 
assessment of commissioning tests�

 • Commissioning should be performed on local data, representative of the real-
world clinical cohort, including the full range of cases that will be encountered 
clinically�

 • A combination of qualitative and quantitative methods of assessment is 
recommended� Geometric, dosimetric and time-based assessments should be 
coupled with a visual evaluation of the generated contours�

 • The planning target volume (PTV) and planning organ at risk volume (PRV) 
margins should be considered for auto-contoured structures as there may be 
different uncertainties compared with manual contours�

The purpose of commissioning is to ensure that the auto-contouring system is both safe and 
effective in the radiotherapy planning pathway� This includes the auto-contouring technology 
itself, the way it interacts with other systems and how it is managed within the radiotherapy 
treatment planning workflow for the intended use� A commercial auto-contouring system 
may perform differently between centres due to subtle differences in patients, contouring 
practices, imaging and radiotherapy planning pathways� It is therefore essential that 
these systems are appropriately validated in each department prior to use� The suggested 
mandatory and optimal commissioning requirements to ensure the safety and effectiveness 
of auto-contouring within a local radiotherapy department are summarised in Table 3�

Commissioning should be a multidisciplinary process, including but not limited to clinical 
oncologists, physicists, dosimetrists, therapeutic radiographers, IT and information 
governance� A range of staff groups should be involved in the design, management and 
assessment of commissioning tests and their results� Close collaboration with regulatory staff 
by the specialist project team is required� A robust approach to defining scope of use and 
providing users with detailed and specific information about auto-contouring performance 
and known failure modes and exclusions is critical to ensuring safety�

04
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In order to establish safety, it is necessary to ensure that the risk of clinically significant 
contouring errors is as low as reasonably achievable (ALARA) in line with the principles 
of radiation protection (IR(ME)R 2017)�3 It is important to distinguish between two types 
of significant error� Firstly, there may be a generally poor segmentation performance for 
a particular region of interest (ROI)� This type of error will typically be easier to detect at 
commissioning as it will be common and affect most cases� Secondly, there may be failure 
cases, where a contour is clinically incorrect on an individual case, which can be rare (across 
the cohort) and/or local (within the scan set)� Rare and local errors can be particularly 
challenging to detect in a limited cohort test at commissioning� Commissioning should 
be performed on local data, representative of the real-world clinical cohort, including the 
full range of cases that could be encountered clinically� Ideally, at least 20 local cases per 
clinical protocol should be used for commissioning testing� This will assess variation of 
performance across cases, particularly if some with significant anatomic variations (edge 
cases) are included� These edge cases may include patients with very high or low body size, 
prior surgery, metalwork, artifact or lack of contrast� Visual assessment of contours remains 
the primary method for detecting rare and local failure cases and this should be remembered 
throughout the commissioning and subsequent ongoing QA processes�

Commissioning tests
The types of assessment metrics that can be used to evaluate auto-contours are described 
in Section 2� When commissioning, it is important to undertake tests that evaluate how the 
system performs on local data, and there should be a combination of geometric, dosimetric 
and qualitative testing� Some of the important factors to check during commissioning are 
summarised in Table 4�

Geometric tests should be performed comparing auto-contours with ‘gold-standard’ 
contours� These could be a consensus contour, a simultaneous truth and performance 
level estimate (STAPLE) or quality-assured clinical contours evaluated by a minimum of two 
independent clinicians�24,25 Various geometric tests are available as shown in Table 1� No single 
metric is universally accepted as reliable for detecting errors in all scenarios� Importantly, 
there is also no consensus on the thresholds for clinical acceptability for these metrics� 
Therefore, a suite of tests is preferred when commissioning a system, including overlap, 
distance and volume-based assessments� Rare, local but clinically significant geometric 
errors (failure cases) that occur in large organs are unlikely to be identified with any of these 
per-organ metrics� While maximal or near-maximal distance metrics could, in principle, 
detect such errors, they are often confounded in practice by noise from clinically insignificant 
differences (eg inclusion of distal bronchial tree in lung contour)�

The clinical significance of contouring errors is difficult to determine from geometric 
measures alone, so dosimetric evaluation is an important part of commissioning� Plans 
should be produced using the auto-contours to evaluate the uncertainty this introduces 
into the planning process in comparison with manual ‘gold-standard’ contours� Since target 
prescription doses and OAR dose-volume constraints vary from site to site, and between 
clinical protocols (dose and fractionation), the dosimetric consequences of a given geometric 
error will vary� Moreover, as target sites are commonly variable in location, shape and size, a 
reasonable sample of patients is required to establish dosimetric and clinical consequences 
of auto-contouring errors� This sample size is likely to be larger than the sample on which 
geometric testing is performed� There may be exceptions to this where the tumour location is 
consistent, such as the clinical target volume for the prostate�

04
Evaluation and commissioningEvaluation and commissioning
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Qualitative visual assessment is required as part of healthcare professional involvement in the 
assessment of auto-contours� The use of a qualitative assessment Likert scale may provide 
a structure for assessment during commissioning, which can be repeated during post-
implementation monitoring to identify performance drift� There are currently multiple Likert 
scales in use for assessing auto-contours, and departments should consider carefully which 
scale they will use� Qualitative assessment can unfortunately be subjective, resulting in inter- 
and intra-rater variation in contour assessment� To minimise this, contours should be assessed 
in the context of the local contouring protocol and by the relevant clinical team�

Scope of use
Importantly, a scope of use for the auto-contouring system should be defined based on the 
acceptability of these test results� This should describe not only the contours that can be 
automatically generated, but also the range of imaging protocols, clinical protocols, dose 
and fractionation schedules and patient groups for which the auto-contouring has been 
commissioned� It should also make clear any exclusion criteria� Examples may include artificial 
hips, post-surgical cases, presence of pacemakers or extended field-of-view scans� Testing 
should include cases for these scenarios, and exclusion may be based on observed poor 
performance or higher rates of failure cases�

If auto-contours are to be used for target volumes or for OARs where a PRV is created, the 
margin required to create PTVs and PRVs should be considered� This should be done during 
the commissioning stage� Guidance is provided by the British Institute of Radiology, by 
considering the delineation uncertainty for auto-contoured structures as opposed to manually 
delineated structures�21

Effectiveness
Commissioning should consider how effective the overall system will be in delivering the 
desired benefits� These may be clinical (consistency, precision, ability to increase the number 
of contoured structures) or system (efficiency and time saving) benefits� For both, but 
particularly the latter, the way in which human operators interact with the system is crucial� 
Human users are busy, prone to automation bias, used to the types of errors other humans 
make and potentially sceptical of auto-contouring technologies� If implementation of auto-
contouring systems is aimed primarily at time saving, departments should ensure that the 
reviewing and correcting of auto-contours does not take longer than manual contouring�

Importantly, the types of errors made by auto-contouring algorithms may be qualitatively 
different to those that human users make (see Table 5)� Common errors should be detected 
during the commissioning process� Centres should collate a list of detected errors to enable 
user training, and clinicians should then be vigilant for these during the checking process�

04
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Table 3� Suggested mandatory and optimal requirements for auto-contouring systems

Mandatory commissioning requirements Optimal commissioning requirements

Appropriate combination of geometric, 
qualitative, dosimetric and time-based 
assessments

Geometric tests should include overlap, volume 
and distance to agreement metrics

Performed on each relevant tumour site based on 
clinical use and risk assessment

Dosimetric tests should include clinically relevant 
dose statistics

Uses a local data set external to model 
development of sufficient size (at least 20 cases 
per clinical protocol) that represents the local 
patient cohort and imaging data distribution

Use an external data set from another centre to 
validate the system

Sets the ‘scope of use’ including the structures 
to be auto-contoured, any exclusion criteria 
and special conditions for use of auto-contours; 
differences between any training protocols 
should be noted here

Consider performance compared with inter- and 
intra-observer variation in manual contouring

Human visual qualitative assessment for clinically 
significant issues not detected by other testing

Consider impact on margins by estimating 
delineation uncertainty for auto-contouring 
systems

Collate a list of common errors detected during 
commissioning to enable user training
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Ongoing quality assurance: day-to-
day use of auto-contours

 • Clinicians with responsibility for producing or approving manual contours 
according to local IR(ME)R protocols have ultimate responsibility for any AI-
generated contours� A process must be in place for checking and editing these 
structures for every patient at an appropriate stage in their treatment�

 • The reviewer must be familiar with the contouring protocol, and the auto-
contouring system must be applicable to the clinical intent, indication and 
anatomical site being treated�

 • The reviewer should use a structured approach for checking contours, and areas 
of critical dosimetric importance should be prioritised�

 • More time should be allocated to review auto-contoured outputs in situations for 
which the software is known to underperform�

 • Auto-contours should be subjected to usual peer review processes�

 • Clinicians should be aware of the risks of automation bias and maintain a critical 
approach to evaluating auto-contours�

Every automatically generated contour should be carefully reviewed, corrected if necessary 
and approved by clinical staff, with the clinical oncologist taking ultimate responsibility�14 This 
should ideally take place before the treatment is planned� OAR contouring should undergo the 
same robust checking process as target volume delineation, with appropriate QA processes, 
particularly for OARs that are more difficult to define� A structured, systematic approach is 
required to perform these checks and, therefore, dedicated time should be allocated for 
review�26 Review of all accepted auto-contoured targets and OARs at peer review meetings is 
encouraged�27

Contouring protocols
Inconsistency in contouring guidance may increase manual contour variability� Consistency 
and accuracy in structure nomenclature and contouring guidance not only minimises variation 
but also improves departmental workflow and safety, with positive impact on clinician peer 
review�27 There should be standardised contouring and naming protocols for each anatomical 
site and indication to avoid inter-reviewer variability�

OARs should be contoured and labelled according to the Global Quality Assurance of 
Radiation Therapy Clinical Trials Harmonization Group (GHG) consensus guidelines as 
recommended in the RCR peer review guidelines�27 If a target structure (eg breast, prostate, 
lymph node region) is auto-contoured, it should be carefully checked according to the 
relevant contouring protocol�

It is important that all nuances within a contouring protocol are well understood and followed 
in both the training of the AI software and checking of its output� Factors to consider in the 
commissioning, scope of use and daily evaluation of auto-contours are summarised in Table 4�
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Treatment intent and technique
Understanding clinical intent and treatment technique is crucial to evaluating clinical 
acceptability of the auto-contours� There may be different approaches for radical versus 
palliative treatment� Manual editing of an auto-contour should only be required if this will 
impact the treatment plan�

Where dose gradients are very steep and planning is pushed to OAR tolerance, delineation 
needs to be very precise� If a contouring error does not align with a steep dose gradient, 
it is less likely to be clinically significant� Reviewers can then focus efforts on the regions 
where they do coincide, and therefore are more likely to detect potential failure cases, 
where failure represents suboptimal patient treatment rather than contour deviation� With 
stereotactic radiotherapy, millimetre accuracy is required due to the high doses per fraction 
delivered over very few fractions� Small deviations in contours can significantly impact on 
treatment planning with stereotactic ablative radiotherapy (SABR) and brachytherapy as 
the dose-volume constraints include very small absolute OAR volumes� The use of daily 
online image-guided radiotherapy enables reduction of the CTV–PTV margins, and therefore 
the traditionally large margins can no longer be relied upon to protect against contouring 
deviations�

Table 4� Factors to consider in the commissioning, scope of use and daily evaluation of 
auto-contours

Consideration Example

Patient cohort
Is it the same?

 • Size: is the system trained with patients from a 
different country or demographic?

 • Age: adult versus paediatric
 • Gender
 • Definitive treatment versus postoperative treatment
 • Implanted devices

Patient preparation
Is it the same?

 • Bladder and rectal status
 • Use of intravenous and/or oral contrast

Positioning and immobilisation
Is it the same?

 • Head first versus feet first
 • Prone versus supine position
 • Use of abdominal compression

Imaging modality
Has the same modality been used for 
training the system?
Imaging acquisition protocols, scanning 
parameters and image quality can affect AI 
tool performance

 • T2-weighted magnetic resonance imaging (MRI) 
is used for spinal SABR whereas computed 
tomography (CT) is used for spinal cord contours 
in conventional radiotherapy (RT) oesophageal 
protocols (eg SCOPE-2 trial)�28

 • Cross-modality should not be used� For example, 
when using an MRI-only workflow for prostate 
cancer treatment, both target and OARs should be 
trained and contours checked on MRI data sets and 
not applied from those trained on CT data sets�29
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Windowing
Inappropriate windowing can result in large 
variations from the intended structure, 
both in size and inclusion/exclusion of 
anatomical features
Ideally use preset window levels

 • Lungs should be checked using lung windowing 
so that exclusion of target, hilar structures and 
bronchus are adequate�

 • Bowel loops should be defined using abdominal 
windowing to ensure the full extent of the bowel 
wall is included and gas contained within the organ 
is not mistaken for abdominal fat�

Clinical indication
OAR definitions (and associated 
nomenclature) may differ across clinical 
indications
Standardised nomenclature is being 
introduced across the UK

 • Currently heart alone is contoured for oesophageal 
or lymphoma conventional RT whereas heart and 
pulmonary artery is required for lung SABR�

 • Spinal cord contoured on T2-weighted planning MRI 
is used for spine SABR, whereas all non-vertebral 
SABR indications currently use spinal canal 
contoured to bony limits�

Anatomical definition for dose-volume 
constraints
Dose-volume constraints will have been 
derived from specific anatomical definitions 
of an organ

 • For cervical cancer, abdominal cavity was used 
in the INTERLACE trial for the external beam RT, 
whereas bowel loops were used in the EMBRACE II 
study�30,31

 • In addition, pelvic brachytherapy and SABR 
indications both use bowel loops�32

Clinical intent
Can determine acceptability

 • Radical versus palliative treatment�

Treatment technique
Will intensity-modulated radiation therapy 
(IMRT) or volumetric modulated arc therapy 
(VMAT), SABR or brachytherapy be used?
Is online adaptive radiotherapy to be used?

 • Dose and OAR tolerances may be specific to 
technique�

 • Use of absolute versus percentage volume of OAR 
for dose tolerances may impact on the dosimetric 
impact of an error�

Checking process
Auto-contouring systems often produce structures that have smooth edges in all directions 
and look an appropriate shape� This can make some errors difficult to detect and can 
introduce anchoring bias, where the reviewer is inappropriately influenced by the contour 
that is already present� When reviewing auto-contours, clinicians need to be mindful that 
auto-contouring errors are different to manual errors� The auto-contouring system may also 
fail on individual cases in ways that have not been detected in commissioning� The day-to-day 
checking process should detect these errors, but close attention and a systematic approach 
are required� The clinician should also be mindful of the time taken to edit a structure 
compared with the time taken to contour from scratch, if a contour needs significant 
alterations�
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Clinicians should check each auto-contoured structure in turn, prioritising those with 
the greatest dosimetric importance, which are the target volumes and the OARs in close 
proximity to the PTV� Each structure should be checked in each plane (axial, sagittal and 
coronal) on each slice using a systematic approach� This is important to verify completeness 
and consistency of delineation in all dimensions�33 The review should be performed on 
the appropriate imaging modality and window setting for the OAR and clinical indication� 
Generation and use of checklists, possibly by anatomical site, may help to reduce the risk of 
automation bias during the review process and to document that human review has occurred� 
Applying the Likert scale used for qualitative assessment in commissioning may also provide 
a standardised, structured approached to determining if the auto-contoured structures need 
editing or redrawing from scratch� When reviewing a set of contours all factors affecting 
the definition of those structures, as described in the previous section, should be carefully 
considered and applied to the review� In addition, any additional volumes required, such as 
PRVs, should be created or modifications made to the contours, such as editing OARs that 
overlap with the target�

Generalised common errors for each structure may be detected at commissioning and these 
should be specially looked for in each day-to-day review� Image co-registration inaccuracies 
and artifacts affecting image quality may impact contouring accuracy and precision; clinical 
oncologists should be aware of these potential sources of error and review the final contours 
on the primary data set�28 Under-contouring of the OAR may lead to inferior OAR sparing 
with potential for increased or unanticipated toxicity, and over-contouring could result in 
unnecessary dose compromises to the target� In view of the growing use of sequential 
and multimodality anti-cancer therapies, inaccuracies in OAR contouring, and hence plan 
optimisation, risk inappropriate dose delivery to an OAR, with greater potential for ‘dose-
dumping’ in normal tissues and subsequent unanticipated toxicity during a patient’s treatment 
pathway�28,34

Departments should consider additional checking processes to ensure that appropriate 
review of auto-contours has taken place� This may include renaming of the auto-contours, 
independent contour review and generation of volume metrics comparing the auto-contour 
with the structure approved for clinical use�

Automation bias
Automation bias is an important source of error in auto-contouring for radiotherapy� This is 
a phenomenon whereby reviewers eventually favour output from the automated system, 
despite having evidence or knowledge that would suggest the automated system is wrong�11 

Contouring errors can be one of the biggest sources of systematic error in radiotherapy so it 
is imperative all auto-contours are checked appropriately�21 Clinicians need to be aware of the 
risks of automation bias when reviewing auto-contours�35 Suggestions to reduce the risk of 
automation bias include educating users about AI reasoning processes, emphasising human 
accountability, presenting AI output uncertainties and providing training on the reliability 
of specific situations�19 Auto-contouring systems make different errors to humans and it is 
important that clinician-reviewers are aware of this� The use of checklists and standardised 
processes has also been shown to reduce the risk of automation bias and increase safety�36
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Common errors
The errors in AI-generated structures are often very different to those arising from manual 
contouring� There are various situations in which auto-contouring is known to underperform 
and these should be assessed more diligently, with more time allocated for the review� 
Some examples are listed in Table 5� When an auto-contouring error is identified this should 
be recorded to ascertain if this is a persistent variation and possibly highlight it within the 
radiotherapy pathway� This may also be fed back to manufacturers�

Table 5� Common types of auto-contouring errors

Type of error Examples

Contrast density  • Inclusion of distant organs with similar contrast density� These may be 
resolved with post-processing�

 • Omission of bowel gas and/or the bowel wall adjacent to bowel gas�
 • Inclusion of adjacent air-containing structures:

 • Trachea
 • Oesophagus

Structure length  • Over- and under-contouring of structures whereby only a subsection of 
the organ is contoured according to the protocol:
 • Spinal cord, oesophagus, femoral heads

 • Boundaries of adjacent structures should be in continuity and not 
overlap:
 • Brainstem and spinal cord
 • Stomach and duodenum

 • Boundaries of OAR may incorrectly overlap with tumour or target 
volume�

Distortion by tumour  • OAR in close proximity to a tumour may be displaced, deformed and/or 
invaded by the tumour:
 • Oesophagus next to a mediastinal tumour

Disturbance by artifact  • Auto-contouring system may not recognise metallic implants (eg hip 
replacements and dental work), which may result in atypical anatomy 
but also cause image artifacts that may impact system performance�

Atypical anatomy  • Auto-contouring system may not be familiar with abnormal anatomy:
 • Horseshoe kidney, previous bowel resection, previous hysterectomy, 

scoliosis
 • Abdominal compression may distort abdominal structures

 • Auto-contouring system may not recognise different treatment set-up 
positions or population cohorts (eg paediatric)�

Processing problems  • Missing slices
 • Holes in structures
 • Disconnected components in structures and irregular edges

Contour deviations on 
small volumes

 • Small deviations can have significant errors with small target volumes 
or OARs:
 • Cochlea, penile bulb, optic chiasm, optic nerve
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Post-implementation monitoring

 • Ongoing surveillance of the performance and clinical utility of the auto-
contouring technology after clinical implementation must be undertaken�

 • Performance can change with time due to changes in input imaging, changes in 
treatment indication that move further from the initial training data and changes 
in the patient population� When performance drift is identified, this should be fed 
back to the model manufacturer�

 • Careful consideration should be given to system changes that might cause a drift 
in overall performance� It is important that auto-contouring systems can be easily 
tracked over the entire life cycle of the product�

 • The clinical use of auto-contouring systems may lead to subtle changes in user 
perspective� The effects of anchoring bias and review fatigue may result in less 
identification of edge cases or poor system performance�

 • Regular formal post-implementation evaluation of models against a test library 
should be performed�

While the majority of assessment activity will occur when an auto-contouring system is 
initially commissioned for clinical use, it should be considered that there are likely to be 
changes in the input imaging data sets during the system life cycle� Changes in clinical criteria 
for treatment will result in changes in patient demographic and disease burden, both of which 
can impact on body habitus� Organ separation by fat is known to impact auto-contouring 
system performance� While a new CT simulator is likely to be evaluated for image quality 
at the time of commissioning, software upgrades that include changes in reconstruction 
algorithm may be introduced without consideration of the effect on auto-contouring systems�

Where an auto-contouring system makes use of a trainable model, it is generally understood 
that a retrained model should be labelled with a new version number and undergo a 
proportionate evaluation prior to clinical use, as would be performed for an updated 
radiotherapy treatment planning system� It should also be considered that the underlying 
models of auto-contouring systems are not fully deterministic in nature, such that a change 
in the underlying hardware, software library or available memory may result in different 
performance of the same model� The effect of such ‘drift’ may be difficult to detect on an 
individual patient basis, specifically due to the joint effects of anchoring bias and review 
fatigue� Review fatigue refers to the fact that a systematic error of an auto-contouring 
algorithm that becomes gradually more prevalent may not be escalated by a user as they 
become increasingly familiar with the auto-contouring system�
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Best practice to mitigate against these risks is to perform a scheduled re-evaluation of 
the auto-contouring system against a local library of test image data sets, for which the 
performance of the model has already been assessed, and to gradually add to the cases 
in the library over time� Evaluations should include quantitative geometric assessments, 
ideally automated, and may also include brief human-centric evaluation of contour quality� 
Performing formal regular assessments at least once a year and with any change in imaging 
system should identify if there is any drift in performance�

The system of ongoing QA outlined above should be apparent in the data stored at an 
individual patient level� The digital imaging and communications in medicine (DICOM) 
imaging standard offers a mechanism to encode information about software systems and 
versions that were used to generate secondary image data, such as contouring information� 
Most manufacturers will encode system and version information into the DICOM headers of 
output files� However, as DICOM data are moved between radiotherapy systems, the output 
of a software system may reconstruct a new DICOM image without preserving all previous 
information� This has the effect of breaking the ‘audit trail’ in the image data and making it 
harder to track the performance of specific versions of the auto-contouring system over time� 
The simplest method to mitigate against this risk is to ensure that the original DICOM image 
objects created by the auto-contouring system are stored in a post-treatment archive�

Other post-monitoring approaches may include structured feedback loops to allow clinicians 
and radiographers to report discrepancies in a standardised manner, and undertaking regular 
review meetings to identify areas for improved real-world usage�
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Impact on the multidisciplinary team

 • The radiotherapy planning workflow involves a multidisciplinary team with 
specific roles at each step of the pathway� Dedicated time to review and edit auto-
contours should be appropriately built into this pathway�

 • Job plans may need to be updated to account for changes in workflow�

 • Training the multidisciplinary team members to use and assess auto-contours 
should focus on both safety and efficiency� Team members undertaking QA 
should be trained to understand that auto-contouring errors may be qualitatively 
different to human errors�

 • Departments should be clear about who is taking overall responsibility for 
the checking and editing of auto-contours� Roles detailed in IR(ME)R 2017 are 
unchanged by the use of auto-contouring systems�

 • A fully manual pathway should always be available in case of software failure or 
clinical trial specification�

Consideration is needed of the impact on the wider radiotherapy planning pathway and 
changes in roles within the multidisciplinary team� Although clinical oncologists are ultimately 
responsible for the final treatment plan, many radiotherapy departments routinely delegate 
the contouring and QA of OARs to trained planning staff to free up clinician time�

It is important to ensure workflow efficiency gains in one place are not lost elsewhere� 
Examples of this could include an increase in replans due to contouring errors picked up at a 
physics check or subsequent peer review, or a tendency to unnecessarily edit auto-contours 
to make them appear more like human-derived contours, while having minimal impact on 
radiotherapy planning� The additional workload associated with commissioning and the 
ongoing QA should also be considered�

During the introduction of an auto-contouring pathway, departments will need to consider 
the wider team competence and responsibility for reviewing and correcting auto-contoured 
structures� Job plans may also need to be reviewed if the radiotherapy planning workflow is 
to change�37 It must be emphasised that auto-contouring is a tool that can support existing 
workflows, rather than replace jobs� It can support the introduction of more complex 
techniques and therefore may not necessarily reduce clinician contouring times� Protected 
review time is essential as detection of errors requires careful evaluation with a systematic 
approach for each case� In the future, auto-contouring may also permit an increase in online 
adaptive radiotherapy, which will require further changes to the team structure and workflow�
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Education and training

 • All healthcare professionals with responsibility for reviewing auto-contours must 
be able to perform and maintain their skills in manual delineation� They must 
understand the relevant anatomy and contouring protocol to safely check auto-
contours�

 • Reviewing auto-contours is a different skill to manual delineation and this 
requires additional training�

 • There should be a robust education and training structure to ensure awareness of:

 • The process of clinical implementation
 • The limitations of the available auto-contouring systems on local patient 

populations and protocols, with a framework for continued peer learning
 • Where to gather learning and information from the specialist implementation 

team�

 • The scope of auto-contouring is likely to evolve and further educational resources 
will be required for continuing professional development (CPD)�

All healthcare professionals approving auto-contours will require sufficient knowledge about 
auto-contouring, including how to perform day-to-day QA as highlighted in Section 5� They 
should also be aware of the limitations of auto-contouring and the risks of automation bias� 
These healthcare professionals will need education and training to be able to achieve this 
knowledge� The scope of auto-contouring is also likely to change, and these healthcare 
professionals should stay up to date as part of CPD�

Clinicians with an educational or leadership responsibility should be aware of the need 
to support the education of both existing healthcare professionals and those in training 
across the whole multidisciplinary team� Departments may wish to provide formal training 
in auto-contouring implementation or provide mechanisms for clinicians to undertake self-
study� Simulation-based training may be helpful to reflect the challenges in auto-contouring 
technology� All healthcare professionals using auto-contouring should know where to seek 
further information� Auto-contouring is likely to affect how training in radiotherapy is delivered 
and this should be considered when producing relevant curricula�

Reviewing and editing an auto-contour is a separate skill to performing manual segmentation� 
All healthcare professionals involved in radiotherapy delineation must be experienced in 
manual segmentation with a structured mandatory training programme� This is to allow 
safe continuation of the radiotherapy treatment pathway for non-standard and complex 
cases, or in the event of loss or failure of auto-contouring pathways� Maintaining these skills 
in a highly automated environment may require clinicians to intentionally perform manual 
primary segmentation on a subset of cases� Radiotherapy planning pathways must provide 
opportunities for trainees to undertake manual segmentation of clinical cases to develop the 
next generation of experienced clinicians�
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For review and editing of auto-contours, clinical users require an understanding of the 
limitations of local auto-contouring models� This includes differences in the model training 
population and volume definitions versus local population and protocols, regions of poor 
performance and systematic errors identified during local commissioning, typical failure 
cases and understanding the risks of automation bias� Clinical cases with poor auto-
contouring performance should be routinely discussed at peer review meetings to identify 
systematic errors and failure modes, especially on introduction of any new or updated 
models� Departments may consider having local training data sets of erroneous auto-
contouring cases for new clinical users to review�

Clinical users should ensure CPD in their contouring competencies and that peer review 
remains embedded in auto-contouring workflows as per standards laid out in the RCR 
guidance�27
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Research

 • The local team must check that clinical trial protocols permit the use of auto-
contours� When permitted, the system must be compliant with the latest version 
of the clinical trial protocol� If the system is not compliant, manual contouring 
should be performed�

 • Auto-contouring software developed for research purposes must be subjected to 
regulatory processes before being used clinically�

 • Auto-contour uncertainties may impact on study results, and researchers should 
incorporate these uncertainties in their analysis plan�

Centres must be aware of any differences between the contouring protocols used for the AI 
training data set and protocols that are being followed in clinical trials� In addition, clinical 
trials may explore different patient cohorts and indications than those used to commission 
the auto-contouring system� Auto-contours must always be edited to ensure agreement with 
clinical trial protocol definitions� Researchers should ensure the trial protocol is permissive of 
the use of AI-assisted contouring�

Clinical trials and other ongoing research may lead to changes in target volume or OAR 
definitions and can introduce new OARs or critical subvolumes that should be considered (eg 
cardiac substructures)�38 Data sets may not be available in these situations to train the model 
in the first instance, so special attention must be given to differences from the new standard 
of care� It may be necessary to revert to manual contouring until these changes have been 
implemented by the AI system manufacturers�

Auto-contouring may be used in treatment stratification strategies� Personalised medicine 
and decision-making are likely to become areas where auto-contouring may also contribute to 
faster uptake of research outcomes�

It is important to understand the wider impact of auto-contouring on other types of research� 
There is vast scope for use of auto-contouring in data mining and big data analyses for 
generation of ‘real-world’ evidence and application in the field of radiomics, which is expected 
to play a vital role in both tumour detection and diagnosis as well as prediction of treatment 
outcomes�39,40 Many image-based biomarker studies rely on defining structures in order to 
calculate the features of the biomarker� It is well established, for example, that variability 
in contouring is a major cause of uncertainty in radiomics analyses, but the theoretically 
improved consistency of auto-contouring may consequently lead to improved consistency 
in radiomics signature definition�41,42 Auto-contouring may also be employed for service 
evaluation or service improvement� Retrospective review of dose to various normal tissues, 
whether defined as at risk or not, can lead to improved planning techniques and correlation 
with toxicity�

In any research setting, it is important to note that poor contouring will result in poor results� 
It is therefore critical that contouring is accurate, precise and consistent�
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Additional considerations

 • The scope for auto-contouring systems will continue to evolve� Any new 
applications must be commissioned, validated and follow a rigorous ongoing QA 
process�

 • Auto-contouring is likely to impact on many aspects of radiotherapy treatment 
delivery in the future including, but not limited to, the radiotherapy workflow, 
education, job planning and research� Future workforce and job planning will 
need to take this into consideration�

 • Centres should consider having information available for patients on the use of 
artificial intelligence in their treatment pathway�

The scope for auto-contouring systems will continue to evolve to include tumour target 
volumes, more tumour types and different imaging modalities� Commercial systems do not 
offer gross tumour volume (GTV) contouring for target delineation at present, but this is an 
area of ongoing research in various anatomical sites using different imaging modalities�43,44,45 
This will require rigorous commissioning and checking if it becomes available clinically�

Auto-contouring tools have great potential to support online adaptive radiotherapy (oART)�46,47 
Currently many systems employ structure propagation and manual contouring�48,49,50 
The quality and speed of online imaging, depending on the treatment platform and 
imaging modality, will dictate the adoption of AI in this setting� It is important the same 
recommendations are followed for online planning as when using AI in the initial treatment 
planning process� It should be noted that the auto-contouring tool will need to be trained with 
on-set imaging data sets and not those used for initial planning� Time restrictions will apply 
in the oART setting and therefore careful attention to efficiency of the process is critical, with 
availability of appropriately trained staff being essential�

With increasing adoption of AI technologies in radiotherapy, departments should consider 
how to reassure patients on the use of AI in their treatment pathway� They should therefore 
have information available for patients, should they request it, which could include 
explanation of the workflows, implementation and checking processes with human 
supervision�51,52,53,54,55
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