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Committee 3 addresses protection of persons and unborn children when radiation is used in 
medical diagnosis, therapy, and biomedical research, as well as protection in veterinary 
medicine.

2

C3 Radiological Protection in Medicine

Chair : 
Kimberly Applegate (USA)

Co chair: 
Colin Martin (UK)
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C3 Radiological Protection in Medicine

https://www.icrp.org/icrp_group.asp?id=9
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TG 116 : Radiological Protection Aspects of Imaging in 
Radiotherapy

Chair: Colin Martin (UK)
Vice chair: William Small (USA)

2023_Poster_TG-116.pdf (icrp.org)

Current draft report sections

The report should be ready 
for public consultation S1 2025

https://www.icrp.org/admin/2023_Poster_TG-116.pdf


Radiation therapy : some figures

⚫ The estimated total annual number of radiation 
therapy treatment courses is 6.2 million (Global 
estimate of number of radiation therapy treatment 
courses per annum derived from assessed data 
(2009–2018)) – UNSCEAR report

⚫ 5.8 million external beam treatment courses + 0.4 
million brachytherapy treatment courses

⚫ by 2025 the number of patients diagnosed with cancer 
in Europe annually will reach over 4.5 millions, around 
50% of whom will need treatment that includes 
radiation therapy* 
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*Lievens et al, 2019, Radiation Oncology. Optimal Health for All, Together. ESTRO vision, 2030



Significant technological developments for the preparation 
and the delivery of the treatment
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… have resulted in the 
use of more advanced 
imaging in radiotherapy.
 
Radiation oncology is 
generally safe, with a low 
rate of adverse events *.

Some “errors” can 
happen while using 
imaging  **

*Arnold et al, Incident review in radiation oncology (2022)
** Smith et al. / Quality management in radiation therapy: A 15 year review of 

incident reporting in two integrated cancer centres (2020) 

AI



Definitions

Among the various recommendations for risk management and 
reporting systems, there is little uniformity in the terminology 
used (EC, 2015). 

In this presentation, «errors» = events that can lead to 
unintended and accidental medical exposures (IAEA and 
Euratom BSS 2013) + near misses (incidents which did not reach 
the patient) (WHO, 2009). 
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The study of near misses is powerful in identifying work process 
problems that can lead to an incident (ASTRO, 2019). Focusing on 
major events with catastrophic consequences and very low probability 
of occurrence may result in overlooking other types of error that can 
occur with a higher probability and have lower, but still significant, 
consequences (ICRP, 2009)



Learning systems worldwide: examples
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https://www.french-nuclear-safety.fr/Media/Files/
00-Publications/13-Incident-learning-systems-at-
the-international-level

8

-> See next speaker



Most examples are extracted from the Radiation Oncology Incident Learning System® 
(RO-ILS, ASTRO) quarterly reports or from ROSEIS of ESTRO, reports from the French 
and Belgian periodic newsletters for experience feedback issued by the two nuclear 
safety authorities (ASN and FANC), ARPANSA reports and SAFRON.

⚫ RO-ILS Education - American Society for Radiation Oncology (ASTRO) - American Society for 
Radiation Oncology (ASTRO)

⚫ Radiation Oncology Safety Education Information System (estro.org)
⚫ Publications (french-nuclear-safety.fr)
⚫ Notification d’incidents (radiothérapie) | AFCN - Agence fédérale de Contrôle nucléaire (fgov.be)
⚫ https://www.arpansa.gov.au/regulation-and-licensing/safety-security-transport/australian-radiation-incide

nts-register/annual-summary-reports
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Sources of case reports

https://www.astro.org/practice-support/quality-and-safety/ro-ils/ro-ils-education
https://www.astro.org/practice-support/quality-and-safety/ro-ils/ro-ils-education
https://roseis.estro.org/
https://www.french-nuclear-safety.fr/asn-informs/publications
https://afcn.fgov.be/fr/professionnels/professions-medicales/radiotherapie/notification-dincidents-radiotherapie
https://www.arpansa.gov.au/regulation-and-licensing/safety-security-transport/australian-radiation-incidents-register/annual-summary-reports
https://www.arpansa.gov.au/regulation-and-licensing/safety-security-transport/australian-radiation-incidents-register/annual-summary-reports


Errors resulting from imaging

… can occur during :

1. the treatment plan preparation

2. the treatment delivery
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⚫ Incorrect target volume delineation 

⚫ Wrong set of images 

⚫ Errors from processing of image data 

⚫ Differences in patient positioning between imaging and treatment 
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Errors resulting from imaging: 1.plan preparation



Incorrect delineation of the target can result when there is doubt 
about the location of a lesion to be treated:
⚫ when there is uncertainty about the side of the body (laterality) 
or 
⚫ when multiple lesions are present, such as an additional 

benign target or a target that has been treated previously. 

These types of situations can be exacerbated if:
⚫  the quality of the images being used is poor 
or 
⚫ multiple image sets are incorrectly registered with respect to 

each other 
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Plan preparation: incorrect target volume 
delineation 

Images used with permission from Loyola 
University Medical Center, Maywood, U.S.A. 
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Plan preparation: incorrect target volume 
delineation 

Case report  : Delineation of the wrong side

https://afcn.fgov.be/fr/system/files/2023-rex-1_0.pdf
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Plan preparation: incorrect target volume 
delineation 

Publications (french-nuclear-safety.fr)

 Delineation of the wrong side : steps for progress

https://www.french-nuclear-safety.fr/asn-informs/publications


15

Plan preparation: incorrect target volume 
delineation 

Case report : Re-Irradiation – Wrong Lesion Retreated
(RO.ILS, 2024)

https://www.astro.org/ASTRO/media/ASTRO/Patient%20Care%20and%20Research/PDFs/ROILS_TR_Dosi.pdf



Errors can result from the use of:

- Images from the wrong patient

- Images from previous treatment
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Plan preparation: Wrong set of images

For patients receiving successive 
treatments, several cases have 
been reported of patient plans being 
developed on old CT simulation data 
sets (for the same patients) 

Planning scans could be given names that clearly identify the date of the scan 
and the site being treated. It would also be useful to have planning systems 
warn that a new plan is being created on an old scan and ask for confirmation

https://www.astro.org/ASTRO/media/ASTRO/Patient%20Care%20and%20Research/P
DFs/ROILS-Q1_2015_-Report.pdf

Case report (RO.ILS, 2015) 



Errors can result from :

- Improper image registration, for 
instance due to the use of 
deformable registration algorithms, 
and automatic registration

- Incorrect calibration curve to 
establish the relationship between 
CT numbers and tissue density 
used for dose calculation
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Plan preparation: Errors from processing of 
image data 

A 4D stereotactic radiotherapy treatment technique was 
set up for which CT images were acquired with a voltage 
of 100 kV, whereas a value of 120 kV had been used to 
establish the calibration curve recorded in the TPS.
Dosimetric consequence was <1% on the delivered doses.

Case report (ASN, 2019) 

https://www.asn.fr/espace-professionnels/retour-d-experience/fiches-retour-d-experience-radiotherapie/n-
6-coherence-entre-haute-tension-du-scanner-de-preparation-et-courbe-d-etalonnage-du-tps



Errors can result from :

- differences in patient 
orientation for imaging with 
different modalities and at 
different stages of preparation 
and treatment 

- issue in motion management
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Plan preparation: Differences in patient 
positioning between imaging and treatment 

Case report (SAFRON, courtesy J. Vassileva)

Patient had CT scan in the prone position, but the 
parameters as if they were supine.

What safety barrier identified the incident? Image-based 
position verification.  

Near miss
Was any part of the treatment delivered incorrectly?  NO



Review of the litterature :

▪ Incorrect vertebral body localisation 
▪ Differences in motion management techniques 
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Errors resulting from imaging: 2. during treatment

*Crouch K, et al. 2024. Learning in radiation oncology: 12-month 
experience with a new incident learning system. J Med Radiat Sci. 

In a recent paper, Crouch et al* (Australia) identified « verification 
imaging » as the 2nd source (about 20%) of incident reports in 
their ILS (Learning In Radiation ONcology (LIRON))
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During treatment: Incorrect vertebral body 
localisation 

Case report  1  (ASN, France, 2018)  “one of the main causes of significant events in radiotherapy”

https://www.french-nuclear-safety.fr/Media/Files/00-
Publications/Patient-safety-12.-Patient-repositioning

-imaging-vertebra-identification-error
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During treatment: Incorrect vertebral body 
localisation 

Case report 2  (ARPANSA, Australia, 2020)

https://www.arpansa.gov.au/sites/default/files/
arir_-_annual_summary_report_2020.pdf

“Misalignment or targeting the wrong site can occur for a variety of 
reasons. 
Mismatching using the spine was a factor in more than half (7) of these 
types of incidents.”
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During treatment: Incorrect vertebral body 
localisation 

Case report  3 (FANC, Belgium, 2024)

https://afcn.fgov.be/fr/system/files/2024-09-09-REX-7.pdf
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During treatment: Incorrect vertebral body 
localisation 

Case report  4  (RO.ILS, USA, 2024)

https://www.astro.org/ASTRO/media/AST
RO/Patient%20Care%20and%20Researc

h/PDFs/ROILS_TR_Dosi.pdf

Radiation therapists face several challenges when aligning 
patients using the T-spine. Unlike other treatment sites on the 
body, the T-spine lacks distinct external landmarks that can be 
easily visualized and aligned to. This makes it more 
challenging to position patients correctly. Incorrect vertebral 
body alignment issues were shared in previous RO-ILS 
education as single events (2015 Report Case 1) and as a 
featured theme (2018 Report). 
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During treatment: motion management

Case report

A CBCT was carried out with the patient holding their breath (BH) at one fraction, but the 
2nd fraction was performed while the patient was able to breathe freely

https://afcn.fgov.be/fr/system/files/2022-rex-2.pdf



Errors resulting from imaging can occur :

- during the treatment plan preparation: incorrect target volume delineation, 
differences in patient positioning during the preparatory scan and the treatment, 
use of the wrong sets of CT images, use of  improper DRR, incorrect CT 
calibration curve, confusion between old and new targets, …

And

- during the treatment delivery: incorrect vertebral body localization, wrong 
matching protocol, incorrect alignment of the CBCT images, motion 
management…
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Safety gaps still present within the patient 
alignment process

Luximon et al, 2024, performed a retrospective analysis of 17610 
registrations between planning scans and pretreatment CBCT scans (2414 
patients) throught an AI based image review algorithm 

They highlighted the reliability and safety of IGRT, with an absolute gross 
patient misalignment error rate of 0.04% per delivered fraction.

They stressed that the incidents that occured expose safety gaps still 
present within the patient alignment process

26

Luximon DC, et al, 2024. Results of an Artificial Intelligence-Based Image 
Review System to Detect Patient Misalignment Errors in a Multi-institutional 
Database of Cone Beam Computed Tomography-Guided Radiation Therapy. 
IJROB



Key messages (1/2)

⚫ Incidents and errors are an important opportunity to learn and improve processes. This also 
applies to imaging in radiotherapy. 

⚫ All necessary measures should be taken so that a treatment cannot proceed until the 
patient’s complete medical file is available to confirm the consistency of information 
from different documents. This is particularly important for bilateral organs and when 
several lesions are visible on images. 

⚫ The patient should be positioned in a similar orientation (prone/supine or feet first/head 
first) for the preparatory scans, the planning and the treatment, whenever possible in order 
to reduce the risk of tumour localisation errors. 

⚫ Procedures should be developed for importing images into the TPS to lower the risk of 
using the wrong set of CT images. These may include setting up planning systems to 
recognise CT image information relating to patient IDs and use of names for planning scans 
that include the date and site to be treated. 
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⚫ The same unique identifying fields (e.g. name, age, unique ID) should be used across all 
systems that acquire, store and handle patient image information, if at all possible. 

⚫ A systematic approach should be adopted to reduce the risk of incorrect vertebral body 
localisation by matching at multiple anatomic points. This can be facilitated by increasing 
the length of the FOV. Maximum tolerances should be set on the shifts allowed between 
set-up and treatment. 

⚫ A complete reliance on automatic contouring and identification of fiducials should be avoided 
at present by including human confirmation checks to reduce the risk of incorrect target 
identification. This is particularly important in the context of re-treatment. 

⚫ Multi-disciplinary team meetings and peer review of procedures and check lists are 
effective measures for reducing errors. 
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Key messages (2/2)



Keep an eye on :  
https://www.icrp.org/consultations.asp
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Want to know more about the next ICRP 
publication on imaging in radiotherapy ?
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Thank you !

aurelie.isambert@irsn.fr

mailto:aurelie.isambert@irsn.fr

