Clinical and Translational Radiation Oncology 59 (2026) 101201

Contents lists available at ScienceDirect

ctRO /

Clinical and Translatiogl
Radiation Oncology 4

Clinical and Translational Radiation Oncology

o %

ELSEVIER

journal homepage: www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
Practice Guidelines ' :.)
. . . . . . . . . Check for
Strengthening incident learning in radiotherapy practice: insights from the MARLIN study mitzcaics

ARTICLE INFO ABSTRACT

Keywords:

Incident learning system
Patient safety

Safety culture

Ionising radiation
Health risk

Radiation exposure

Background and purpose: Incident Learning Systems (ILSs) are central to patient safety in radiotherapy, enabling
learning from adverse events and near misses. Despite EU regulatory requirements, substantial variability per-
sists across Europe in the implementation and effectiveness of ILSs in radiotherapy. This paper presents
radiotherapy-specific recommendations derived from the MARLIN study to support harmonised, risk-informed
implementation of ILSs.

Methods: The 24-month MARLIN study, conducted under the SAMIRA Action Plan, employed a structured
literature review, an online European survey of clinical facilities, competent authorities and professional soci-
eties, expert interviews, and a multi-stakeholder consensus workshop. Survey data from 172 respondents in 28
countries were analysed to identify current practices, barriers and enabling factors for ILS implementation in
radiotherapy.

Results: Although all responding countries reported transposition of the Directive, substantial variability was
observed in criteria for reporting significant radiotherapy events, feedback mechanisms and use of international
databases. Fear of punitive actions, limited resources, lack of training in incident analysis, and insufficient
dissemination of lessons learned were identified as key barriers. External-beam radiotherapy showed more
mature ILS implementation than brachytherapy. Findings from the MARLIN study informed recommendations on
category-based event classification, radiotherapy-specific taxonomies, multidisciplinary incident-learning com-
mittees, and collaboration between clinical facilities, competent authorities and professional societies.
Conclusion: The MARLIN recommendations provide a practical framework to strengthen ILS implementation in
radiotherapy, promote a just culture, enhance learning from incidents and support regulatory compliance, ul-
timately improving patient safety and quality of care across Europe, while the broader RP-208 report extends

these principles to all medical fields using ionising radiation, supporting cross-disciplinary harmonisation.

Introduction

The use of ionising radiation in medicine has expanded significantly
across Europe [1]. Radiotherapy is a major application, with approxi-
mately 50% of cancer patients receiving it during their treatment
pathway [2]. Advances in treatment planning, imaging and delivery
have improved precision in dose delivery.

Radiotherapy is generally considered safe, with low residual risk.
Increasing attention to patient safety has led to the adoption of struc-
tured risk-reduction strategies, including Incident Learning Systems
(ILSs), which support reporting, analysis and learning from incidents
and near misses [3-8]. These systems enable departments to detect
vulnerabilities in clinical workflows and implement targeted corrective
and preventive actions.

The MARLIN (Medical Applications of Radiation — Learning from
Incidents and Near Misses) project, conducted under the European
Commission’s SAMIRA [9] Action Plan and involving ESTRO alongside
regulatory authorities and professional societies, was established to
support harmonised implementation of Article 63 of Directive 2013/59/
Euratom (Basic Safety Standards Directive, BSSD) [10]. The BSSD
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requires Member States to ensure that all reasonable measures are taken
to minimise the probability and magnitude of accidental or unintended
exposures of patients undergoing medical exposure. Article 63(c) of the
Directive also stipulates that undertakings implement an appropriate
system for the record-keeping and analysis of events involving or
potentially involving accidental or unintended medical exposures,
commensurate with the radiological risk posed by the practice. Although
the Directive outlines the necessary requirements, it offers limited
guidance on implementation, resulting in varied approaches to the
deployment and use of ILSs across Member States. RP-208 [11] serves as
a valuable resource to enhance patient safety across all contexts. It
provides a framework for establishing consistent objectives throughout
Europe, while still accommodating differing realities on the ground.
For ESTRO and the wider radiotherapy community, ensuring that
regulatory requirements translate into effective, learning-oriented
safety systems is of direct relevance to clinical practice. This paper
presents radiotherapy-specific recommendations derived from the
MARLIN study and provides a framework for radiotherapy departments,
professional societies and regulators to standardise the use of ILSs.
While RP-208 provides comprehensive recommendations for
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reporting and learning from patient-related incidents across medical
applications of ionising radiation, the paper complements it by focusing
specifically on the radiotherapy context. Drawing on data generated
within the MARLIN project, it examines how these recommendations are
implemented in practice, identifies influencing factors, and highlights
radiotherapy-specific aspects and variability across European countries.
This approach supports the ongoing development and optimisation of
ILSs in radiotherapy.

Methods

The 24-month MARLIN study aimed to develop comprehensive
guidelines on the implementation of ILSs across all clinical domains,
including radiotherapy. The consortium included representatives from
ESTRO, EFOMP, and EIBIR. It was built upon the work conducted under
the Strategic Agenda for Medical Ionising Radiation Applications
(SAMIRA) Action Plan and related initiatives [9].

The study addressed radiotherapy-specific objectives, including an
assessment of current ILS use across Europe, definitions of significant
events, organisational structures for incident management, and the role
of professional societies.

A mixed-methods approach was used, combining a literature review,
a European survey, and stakeholder interviews.

A structured literature review was conducted to inform the study
design, ensure coverage of existing evidence on ILSs and support survey
and interview development. Details of the methodology are provided in
the Supplementary Appendix.

An online European survey was developed to assess implementation
of Directive 2013/59/Euratom. Separate questionnaires for clinical fa-
cilities (CFs), competent authorities (CAs) and professional societies
(PSs) covered reporting criteria, investigation practices, feedback
mechanisms, training, and barriers. Survey questions are provided in the
Supplementary Appendix.

The survey was distributed through European professional and reg-
ulatory networks (including ESTRO, EFOMP and HERCA), with Euro-
pean societies disseminating it via national member organisations and
quality and safety committees to ensure broad geographic coverage.
Among professional society respondents, representation included radi-
ation oncologists, medical physicists, radiation therapists, and other
stakeholders (e.g. quality assurance professionals), although the distri-
bution varied across countries. CFs were identified through these na-
tional professional societies, which disseminated the survey to selected
hospitals and relevant quality and safety groups, complemented by
direct contact from project experts to include centres reflecting both
good practices and implementation challenges.

Responses were screened for completeness and duplicates prior to
analysis. 172 responses were included in the final analysis: 55 from CFs
(19 countries), 23 from CAs (23 countries), and 94 from PSs (28 coun-
tries). Data were analysed using descriptive statistics, with results re-
ported in aggregated form to ensure confidentiality.

Semi-structured interviews were conducted with selected represen-
tatives from clinical facilities and competent authorities to explore
implementation challenges and good practices. Interviews were ana-
lysed thematically. Interview guides are available in the Supplementary
Appendix. The qualitative data obtained were used to support inter-
pretation of survey results rather than for statistical inference.

Findings from all components were used to support the development
of MARLIN guidelines [11] through iterative stakeholder consultation
and a final consensus workshop involving regulators, professional so-
cieties, healthcare professionals and other stakeholders. The guidelines
were subsequently endorsed by ESTRO, EFOMP, EFRS, EANM, and ESR.

Results

All responding European countries (n = 23 out of 27 countries) have
transposed the BSSD and identified a national or regional authority
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responsible for managing reported significant events involving ionising
radiation, highlighting a clear framework for handling such events.

However, substantial heterogeneity was observed in the operation-
alisation of Article 63. Although 16 of 23 CAs had issued specific criteria
for defining significant events in External Beam Radiotherapy (EBRT)
and brachytherapy, variation remained in thresholds and scope between
countries, potentially affecting reporting rates. France reported the
highest number of significant events for EBRT (621) and brachytherapy
(51) during 2018-2022, whereas 11 of 23 countries had zero notifica-
tions for EBRT and 16 of 23 countries for brachytherapy. Clinical con-
sequences (actual or potential) were the most commonly used reporting
criterion. Other criteria included dose deviation, number of patients
affected, wrong patient or site, and additional factors (Table 1). Differ-
ences were also observed in definitions, dose thresholds (5-25% of
prescribed or planned dose), and dissemination mechanisms. The pre-
scribed dose reflects the clinical intent defined by the radiation oncol-
ogist, whereas the planned dose represents its implementation in the
treatment planning system. In clinical practice, deviations from the
prescribed dose may arise either from deliberate planning trade-offs or
from unintended factors. In particular, discrepancies between pre-
scribed and planned dose may reflect prescription-related issues (e.g.
incorrect specification or communication of the prescription) or plan-
ning and delivery variations. Introducing this distinction is important
for interpreting dose deviations and identifying whether events are
attributable to prescription errors, planning limitations, or delivery
inaccuracies. Eleven countries reported complementary dose-related
criteria, such as deviations in single fractions, systematic errors, or
exceeding dose constraints. Additional criteria included wrong patient
or tissue (10 countries), unintended fetal exposure (5), and equipment
malfunctions (4).

Among professional society respondents, 15 of 32 reported initia-
tives to promote safety through ILSs. While CAs indicated a role in
dissemination, 26 of 32 PSs considered that information on significant
events should be shared more systematically.

Facilitators and barriers to ILS implementation at local and national
levels, identified through the survey and complemented by insights from
stakeholder interviews, are summarised in Table 2. At institutional level,
25 of 55 CFs from 14 countries provided quantitative data over five
years, with reported events ranging from 0 to 253 in EBRT and from 0 to

Table 1

Criteria (apart from clinical consequences) used in some European countries for
the notification of significant events in RT to the CA. Many countries have
several of these criteria.

Criteria Countries

Dose deviation: Whole treatment

25% of the planned dose

20% of the prescribed dose

10% of the prescribed dose

10% of the prescribed dose and at least 4 Gy in the target volume
10% of the planned dose and the deviation is greater than 4 Gy
5% of the prescribed dose

Dose deviation: Other criteria

Any fraction: 20% of the prescribed dose

Any fraction: 50% of the prescribed dose

Systematic deviation exceeds 5% of the total dose
Stereotactic: 10% of the prescribed dose

Absolute dose deviation (3-4 Gy)

+10% of the dose restrictions for organs at risk

Potential dose deviation

Number of patients affected

Wrong patient/Wrong tissue/Volume deviations

Any event deemed significant by the operator
Malfunction of equipment leading to patient overexposure
Multiple non-notifiable incidents of a similar nature
Uncorrected fractionation

Deviation in total treatment time>1 week from planned
Re-irradiation without a medical assessment

Unintended exposure to the embryo or fetus

-
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5 in brachytherapy. Although 90% of departments reported feedback
mechanisms, reporting frequency and review processes varied, and 10%
indicated events were not regularly reviewed. Multidisciplinary partic-
ipation in incident review extends beyond a limited group of experts.
Survey results indicate that the most frequently involved professionals
are medical physicists (65%), radiation oncologists (50%), and radiation
protection experts (50%). Other professional groups are also involved,
although with lower reported participation, including risk and quality
managers (39%), radiographers/radiation therapists (35%), department
managers (26%), nurses (18%), as well as biomedical engineers and
other staff where relevant. Eleven CFs reported reluctance to report
events due to fear of disciplinary or economic consequences.

While 62% of radiotherapy respondents reported staff training in
event reporting, only 26% provided training in event-analysis method-
ologies such as root cause analysis.

Most respondents (90%) reported having systems to provide feed-
back to departments, although frequency ranged from monthly to
annual. Use of international ILSs [12,13] was limited, with only four
facilities reporting participation. Similarly, dissemination of lessons
learned beyond the institution was rare. Lack of dedicated time, limited
training, and the need for harmonised taxonomies were identified as the
key challenges (Table 2).

The literature review identified more publications on ILSs in EBRT
than in other applications of ionising radiation, indicating more mature
implementation in this field.

RP-208 [11] provides a framework for the organisation of ILSs,
reporting criteria, dissemination processes, and stakeholder collabora-
tion. It proposes a unified approach to under- and over-dosage, using
dose deviation as a key reporting parameter. Figs. 1-3 summarise the
classification of significant events based on clinical consequences and
dosimetric triggers.

Significant events can be classified into three categories, with clinical
consequences being the primary criterion. These consequences range
from critical (Category 1) to minor (Category 3). As this is a clinical
criterion, the categorisation of a significant event based on its clinical
consequences must be determined by the radiation oncologist (RO).
However, clinical consequences may take time to manifest, and it can
sometimes be challenging to distinguish between normal post-procedure
effects, interactions with other conditions, and failures resulting from
treatment. Therefore, dosimetric triggers based on dose or volume de-
viations are also proposed for investigation. Event severity may be
escalated when multiple patients are affected. Exposure of a pregnant

Table 2
Main facilitators and barriers in implementing an incident learning system.

Local Level National Level

Supports  Having a quality department Having specific provisions
supporting safety, reporting, events  protecting reporters
analysis and lessons dissemination,
and having the expertise of medical
physics experts to also support
Having specific ‘no blame, no Online and easily accessible
shame’ policy supporting learning reporting systems
culture
Staff education in reporting Education and training in

reporting and safety culture
Easy to use electronic reporting
system
Barriers Fear of sanctions/litigations/ Fear of sanctions/litigations/

repercussions if declaring
significant events

Lack of safety culture and
education in reporting

Lack of time and ‘easy to use’
reporting systems

repercussions if declaring
significant events
Lack of funding incentives

Lack of communication/
feedback

Lack of education training in
safety culture and reporting
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Clinical consequences (CTCAE v5.0)
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Fig. 1. Classification of radiotherapy events by clinical consequence according
to CTCAE v5.0, adapted from RP-208. Category 1 corresponds to severe con-
sequences (CTCAE Grade 3-5), Category 2 to moderate consequences (Grade 2),
Category 3 to mild consequences (Grade 1), and Category 4 to events without
clinical consequences. Categories 1-2 are considered significant events, Cate-
gory 3 events (orange) may be designated significant at the discretion of the
competent authority, whereas Category 4 events are considered non-significant.
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Fig. 2. Dosimetric triggers for investigation in radiotherapy, adapted from RP-
208, based on dose deviation (A) or geometric miss and the number of affected
patients. Category 1 includes deviations A > 25% or complete target miss;
Category 2, A >1 0% or >2.5x margins; Category 3, A> 5% or >1x margins;
and Category 4, A<5% or <1x margins. Events affecting two or more patients
are escalated in severity category. Categories 1 and 2 are considered significant
events. Category 3 (orange) may be considered significant at the discretion of
the competent authorities, while Category 4 events are generally considered
non-significant.

patient during a justified and optimised procedure is not considered a
reportable radiation event. However, restrictive reporting thresholds are
recommended for events that result in unjustified exposure to the em-
bryo or fetus. RP-208 [11] provides guidance to support national au-
thorities in defining significant events.

Discussion
This study indicates that, despite formal transposition of Article 63 of

the BSSD across European Member States, its implementation in radio-
therapy remains highly variable. Differences in the definition of
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Investigation dosimetric triggers

Unintended dose to the fetus
Category

—_—————
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event

Fig. 3. Dosimetric criteria for unintended fetal exposure in radiotherapy, as
proposed in RP-208. Category 1 corresponds to doses >100 mSv; Category 2,
>30 m Sv; Category 3, 1-30 mSv; and Category 4, <1 mSv. Categories 1 and 2
are considered significant events. Category 3 (orange) may be considered sig-
nificant at the discretion of the competent authorities, while Category 4 events
are generally considered non-significant.

significant events, particularly regarding dose deviation thresholds and
reporting criteria, suggest that regulatory requirements are interpreted
and operationalised in diverse ways. This variability is evident in the
wide range of dose thresholds and the use of additional clinical and
technical criteria, reflecting differing national approaches to risk
perception and patient safety priorities.

Such heterogeneity has important implications for the comparability
of reported events, the consistency of regulatory oversight, and the
effectiveness of incident learning across countries. In line with the
HERCA position paper [14], these findings support the need for clearer
and more harmonised definitions of significant events. Previous analyses
have identified gaps between regulatory frameworks and their practical
implementation, particularly in relation to risk analysis and incident
management processes [15], indicating that legislative alignment alone
is insufficient without consistent translation into clinical practice. The
MARLIN project, conducted under the SAMIRA [9] Action Plan with
participation from ESTRO and other European bodies, was designed to
address this gap.

RP-208 [11] supports harmonisation through a category-based
classification of significant events. Categories 1 and 2 correspond to
events with critical or potentially serious impact and are recommended
for mandatory reporting under Article 63(e). Category 3 events, while
less severe, are considered best practice for inclusion to maximise
learning. Category 4 events, although generally minor, may still provide
valuable insights, particularly when analysed in aggregate or when
recurring patterns are identified.

This categorisation would facilitate prioritisation, improve commu-
nication, and provide clearer insight into event severity and impact. It
would also support balanced transparency by showing that high-severity
events (Categories 1-2) are expected to remain relatively rare in
radiotherapy.

ILSs are well developed in radiotherapy and represent some of the
most mature safety learning mechanisms. Their implementation has
contributed to a strong culture of learning from incidents and near
misses. A well-established safety culture is widely recognised as a
cornerstone of safe patient care, and ILSs are an important mechanism to
promote it in oncology [16]. Their use has been associated with re-
ductions in incident severity over time [17]. Particular attention is
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needed for brachytherapy and advanced, high-precision modalities such
as SABR, SRS and adaptive radiotherapy, where workflow complexity
and hypofractionation amplify the impact of single-event deviations.
Ensuring that ILS frameworks evolve alongside technological innovation
is essential to maintaining patient safety [18].

A taxonomy that reflects the characteristics of EBRT and brachy-
therapy should be integrated into generic hospital ILSs. This need
emerged from survey and interview findings, which showed variability
in how incidents are categorised and analysed across CFs, and aligns
with RP-208 recommendations. The absence of such a taxonomy in
many systems may explain why some centres implement parallel,
departmental ILSs. Regardless of the system used, radiotherapy-related
incidents should be reviewed by a multidisciplinary local committee,
including RTTs, MPEs, ROs, and risk or quality-management experts.

A multidisciplinary approach at the professional society level is
feasible and demonstrated by structures such as the ESTRO Radiation
Oncology Safety and Quality Committee (ROSQC). Close collaboration
between national PSs and CAs can support the development of
radiotherapy-specific methodologies and common classification systems
[5,19] to reflect mandatory and voluntary reporting needs.

The definition of a significant event in radiotherapy cannot rely
solely on dose-based thresholds. Clinical relevance depends on multiple
contextual factors, including anatomical site, treatment intent, and
patient-specific radiobiological sensitivity [5]. While dose deviation
provides a practical basis for reporting, its interpretation varies
depending on whether it refers to prescribed, planned or delivered dose.
This complexity is amplified in hypofractionated treatments, where
small deviations may have greater biological impact. The choice of
dosimetric parameter (e.g. point dose, mean dose, or biologically
effective dose) may also influence classification and comparability,
supporting the need for context-aware approaches, as proposed in RP-
208.

Although CAs reported involvement in dissemination, both PSs and
CFs highlighted inconsistencies in communication practices. This em-
phasises the need for more coordinated and structured dissemination
pathways, where PSs can play a key role.

Implementation of these recommendations may vary depending on
resources and national context. Larger centres may sustain compre-
hensive local ILSs with detailed analysis and multidisciplinary review,
whereas smaller centres may rely more on national or international
systems (e.g. SAFRON or ROSEIS). At national level, CAs define signif-
icant event reporting requirements and ensure harmonisation, while CFs
are responsible for local implementation. PSs play a complementary role
in promoting safety culture, training and dissemination.

International ILSs such as SAFRON [12,20] and ROSEIS [13] provide
platforms for global collaboration and improved safety in radiotherapy.
To enable effective data sharing, national and local systems should align
their structure and taxonomy with these platforms.

Differences in reported event numbers between countries (e.g.
higher rates in France) likely reflect variations in reporting culture, re-
sources and thresholds rather than intrinsic safety. Reporting frequency
is therefore not a direct proxy for safety performance but may indicate
maturity of safety culture and openness.

Cultural barriers remain important. Fear of consequences and
limited safety culture were identified as key barriers to effective
reporting and learning. This highlights the need to strengthen just cul-
ture principles, alongside training in incident analysis and imple-
mentation of corrective actions. Together with harmonised criteria and
improved coordination between CAs, CFs and PSs, these measures are
essential to improve the effectiveness of ILSs.

Finally, the adoption of a written, non-punitive policy (ensuring no
action against reporters except in cases of reckless or intentional harm)
is essential to reinforce trust and encourage open reporting within the
radiotherapy community, and sustain a continuous, virtuous cycle of
learning, feedback, and improvement.
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Conclusions

Radiotherapy has been at the forefront of ILS implementation in
medical ionising radiation applications. The MARLIN guidelines high-
light the importance of ILSs, the existence of regulatory frameworks at
European and national levels, the role of PSs in disseminating lessons
learned, and the involvement of radiotherapy facilities in event report-
ing and analysis. This study revealed considerable variability in how
Article 63 of the BSSD is implemented in practice. Differences in defi-
nitions of significant events, reporting thresholds, feedback mechanisms
and dissemination processes limit the full safety potential of existing
systems.

The MARLIN study, developed under the SAMIRA Action Plan with
involvement of ESTRO and European stakeholders, provides a coherent
framework to align regulatory requirements with clinical practice. By
promoting category-based classification, risk-proportionate reporting
thresholds, multidisciplinary review, improved dissemination, and just
culture principles, MARLIN supports implementation beyond regulatory
compliance and toward meaningful learning.

CRediT authorship contribution statement

C. Prieto: Writing — original draft, Methodology, Conceptualization.
C. Kelly: Writing — original draft, Methodology, Conceptualization. G.
Brusadin: Writing - review & editing, Validation, Methodology,
Investigation, Conceptualization. M. Kearney: Writing — review &
editing, Methodology, Conceptualization. N. Pourel: Writing — review &
editing, Methodology, Conceptualization. A. Rogers: Writing — review
& editing, Methodology, Investigation. A. Geao: Writing — review &
editing. D. Akata: Writing — review & editing, Conceptualization. J.
Andersson: Writing — review & editing, Validation, Methodology,
Investigation. G. Paulo: Writing — review & editing, Validation, Inves-
tigation. S.G. Nekolla: Writing — review & editing. E. Mille: Writing —
review & editing. O. Pellerin: Writing — review & editing. O. Israel:
Writing — review & editing. B. Hallinan: Writing — review & editing. N.
Peld: Project administration. M. Hierath: Project administration.

Funding

This project has received funding from the European Commission
under Service Contract No. ENER/2022/NUCL/SI2.880751

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors would like to acknowledge the valuable comments and
improvements provided by the advisory board of the MARLIN project.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ctro.2026.101201.

References

[1] European Commission. Directorate-General for Energy. Radiation Protection N°
180. Medical radiation exposure of the European population. Publications Office;
2015.

[2] Borras JM, Lievens Y, Dunscombe P, Coffey M, Malicki J, Corral J, et al. The
optimal utilization proportion of external beam radiotherapy in European coun-
tries: An ESTRO-HERO analysis. Radiother Oncol 2015;116:38-44. https://doi.
org/10.1016/j.radonc.2015.04.018.

Clinical and Translational Radiation Oncology 59 (2026) 101201

[3] WHO. Radiotherapy risk profile. 2008.

[4] Sherman H, Castro G, Fletcher M, Hatlie M, Hibbert P, Jakob R, et al. Towards an
international classification for patient safety: the conceptual framework. Int J Qual
Health Care 2009;21:2-8.

[5] European Union. Radiation Protection N° 181: General guidelines on risk man-
agement in external beam radiotherapy. Luxembourg: Publications Office of the
European Union; 2015.

[6] Pawlicki T, Coffey M, Milosevic M. Incident learning systems for radiation
oncology: development and value at the local, National and International Level.
Clin Oncol 2017;29:562-7. https://doi.org/10.1016/J.CLON.2017.07.009.

[7]1 Leirés-Rodrigueza R, Arceb ME, Miguez-Alvarez C. Comparaison des systemes de
déclaration d’incidents en radiothérapie en France et a I’étranger. Cancer Radio-
thérapie 2023;27. https://doi.org/10.1016/j.canrad.2022.09.002.

[8] Ford EC, Evans SB. Incident learning in radiation oncology: a review. Med Phys
2018;45:e100-19. https://doi.org/10.1002/mp.12800.

[9] European Commission. Strategic Agenda for Medical Ionising Radiation Applica-
tions (SAMIRA) 2021.

[10] European Commission. Council Directive 2013/59/EURATOM of 5 December 2013
laying down basic safety standards for protection against the dangers arising from
exposure to ionising radiation. 2014.

[11] European Commission. Directorate-General for Energy. RP 208: Recommendations
for reporting and learning from patient-related incidents and near misses in
radiotherapy, interventional cardiology, nuclear medicine and interventional and
diagnostic radiology — Final report of the MARLIN study. Publications Office of the
European Union; 2026. https://doi.org/10.2833/7103627.

[12] IAEA. SAFety in Radiation ONcology (SAFRON) 2023. https://rpop.iaea.org/
RPOP/RPoP/Modules/login/safron-register.htm (accessed February 5, 2026).

[13] Radiation Oncology Safety Education and Information System n.d. https://roseis.
estro.org/.

[14] HERCA. HERCA Position Paper Accidental and Unintended Medical Exposures.
2017.

[15] Pardo Masferrer J, Prieto Martin C, Ferrer-Albiach CJ. Safety in radiation oncology:
transposition of directive 2013/59/EURATOM in the Spanish Radiation Oncology
Departments—recommendations for its adequate and effective application. Clin
Transl Oncol 2020;22. https://doi.org/10.1007/s12094-020-02359-x.

[16] Le D, Lim CH, Fazelzad R, Morley L, Bissonnette J-P, Powis M, et al. Interventions
to promote safety culture in cancer care: A Systematic Review. J Patient Saf 2024;
20.

[17] Smith S, Wallis A, King O, Moretti D, Vial P, Shafiq J, et al. Quality management in
radiation therapy: a 15 year review of incident reporting in two integrated cancer
centres. Tech Innov Patient Support Radiat Oncol 2020;14:15-20. https://doi.org/
10.1016/j.tipsr0.2020.02.001.

[18] Talcott W, Covington E, Bazan J, Wright JL. The future of safety and quality in
radiation oncology. Semin Radiat Oncol 2024;34:433-40. https://doi.org/
10.1016/j.semradonc.2024.07.008.

[19] Malicki J, Bly R, Bulot M, Godet JL, Jahnen A, Krengli M, et al. Patient safety in
external beam radiotherapy, results of the ACCIRAD project: recommendations for
radiotherapy institutions and national authorities on assessing risks and analysing
adverse error-events and near misses. Radiother Oncol 2018;127:164-70. https://
doi.org/10.1016/j.radonc.2018.04.006.

[20] Zarei M, Gershan V, Holmberg O. Safety in radiation oncology (SAFRON): learning
about incident causes and safety barriers in external beam radiotherapy. Phys Med
2023;111. https://doi.org/10.1016/j.ejmp.2023.102618.

C. Prieto®” @, C. Kelly®, G. Brusadin? @, M. Kearney“’f , N. Pourel?,

A. Rogers™ @, A. Geao"' ©, D. Akata™, J. Andersson” &, G. Paulo®?,

S.G. Nekolla?®, E. Mille" 2, O. Pellerin® 2, O. Israel’, B. Hallinan",
N. Peld’, M. Hierath"

& Departamento de Radiologia, Rehabilitacion y Fisioterapia, Facultad de

Medicina, Universidad Complutense de Madrid, Spain

b Servicio de Radiofisica y Proteccion Radiolégica, Hospital Universitario de

La Princesa, Spain

¢ St James’s Centre, St Luke’s Radiation Oncology Network, Dublin, Ireland

4 Quality and Risk Management Department, Institute Gustave Roussy,

Cancer Campus Grand Paris, France

¢ Applied Radiation Therapy Trinity, Discipline of Radiation Therapy,

Trinity College Dublin, Ireland

an'nity St James’s Cancer Institute, St. James’s Hospital, Dublin, Ireland

& Radiation Oncology Department, Institut Sainte-Catherine, Avignon,

France

" Radiation Physics, Nottingham University Hospitals NHS Trust, UK

t School of Medicine, University of Nottingham, UK

J Nuclear Medicine Department, Hospital CUF Descobertas, UK

X Higher School of Health of the Portuguese Red Cross, Portugal

! Higher School of Health Technology, Polytechnic Institute, Lisbon, Portugal

™ Department of Radiology, Hacettepe University School of Medicine,

Ankara, Turkey


https://doi.org/10.1016/j.ctro.2026.101201
https://doi.org/10.1016/j.ctro.2026.101201
https://doi.org/10.1016/j.radonc.2015.04.018
https://doi.org/10.1016/j.radonc.2015.04.018
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0020
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0020
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0020
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0025
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0025
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0025
https://doi.org/10.1016/J.CLON.2017.07.009
https://doi.org/10.1016/j.canrad.2022.09.002
https://doi.org/10.1002/mp.12800
https://doi.org/10.1007/s12094-020-02359-x
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0080
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0080
http://refhub.elsevier.com/S2405-6308(26)00096-0/h0080
https://doi.org/10.1016/j.tipsro.2020.02.001
https://doi.org/10.1016/j.tipsro.2020.02.001
https://doi.org/10.1016/j.semradonc.2024.07.008
https://doi.org/10.1016/j.semradonc.2024.07.008
https://doi.org/10.1016/j.radonc.2018.04.006
https://doi.org/10.1016/j.radonc.2018.04.006
https://doi.org/10.1016/j.ejmp.2023.102618
https://orcid.org/0000-0002-0535-6562
https://orcid.org/0000-0002-0535-6562
https://orcid.org/0000-0002-0000-4138
https://orcid.org/0000-0002-0000-4138
https://orcid.org/0000-0001-8038-3651
https://orcid.org/0000-0001-8038-3651
https://orcid.org/0000-0003-4734-9528
https://orcid.org/0000-0003-4734-9528
https://orcid.org/0000-0003-0587-771X
https://orcid.org/0000-0003-0587-771X
https://orcid.org/0000-0002-0209-0463
https://orcid.org/0000-0002-0209-0463
https://orcid.org/0000-0002-8817-1482
https://orcid.org/0000-0002-8817-1482
https://orcid.org/0000-0002-1454-2922
https://orcid.org/0000-0002-1454-2922
https://orcid.org/0000-0003-2493-6607
https://orcid.org/0000-0003-2493-6607
https://orcid.org/0000-0001-9136-0105
https://orcid.org/0000-0001-9136-0105

Practice Guidelines

™ Department of Diagnostics and Intervention, Radiation Physics, Umed
University, Sweden

® H&TRC- Centro de Investigacao em Satide e Tecnologia, ESTeSC, Portugal
P Escola Superior de Tecnologia da Satide de Coimbra, Instituto Politécnico
de Coimbra, Portugal

4 TUM Klinikum rechts der Isar, Nuklearmedizinische Klinik und Poliklinik,
Munich, Germany

" Bundesamt fiir Strahlenschutz, Federal Office for Radiation Protection,
Germany

® Service de Radiologie Interventionnelle, Université de Paris, France

! Rappaport School of Medicine, the Technion, Haifa, Israel

Clinical and Translational Radiation Oncology 59 (2026) 101201

Y Imaging and Interventional Radiology Directorate, Beaumont Hospital,
RCSI Hospital Group, Ireland
YV European Institute for Biomedical Imaging Research, Vienna, Austria

* Corresponding author at: Departamento de Radiologia, Rehabilitacion
y Fisioterapia, Facultad de Medicina, Universidad Complutense de
Madrid, Spain.

E-mail addresses: carlprie@ucm.es, cprietom@salud.madrid.org (C.
Prieto).


mailto:carlprie@ucm.es
mailto:cprietom@salud.madrid.org

	Strengthening incident learning in radiotherapy practice: insights from the MARLIN study
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


