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Abstract

The DOSELIA Data Management Plan (DMP) describes the strategies, measures and tools
for data sharing according to the FAIR (Findable, Accessible, Interoperable and Re-Usable)
principles in the frame of the project. The DMP includes the security, regulatory and ethical
aspects to ensure safe, transparent and efficient data storage, maintenance, sharing and
use. The DMP addresses the key issues of the data structure, standardised strategies for
data collection and archiving, as well as the use of secure and transparent platforms for
data sharing and utilization within the framework of the project.
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1. Aim of the document
1.1. Introduction

The project DOSELIA (full title: “Computing whole-body radiation dose distributions and
subsequent cancer risks from modern radiotherapy techniques in paediatric patients”) was
selected for funding through the PIANOFORTE second open call answering Topic 4:
“Implementation of new and optimized radiation therapy (RT) approaches for better targeting
to protect healthy tissues better against detrimental effects of incising radiation”. The project
is conducted by 11 partners:

- Gustave Roussy, GR, France (coordinator of the project)

- National Institute for Health and Medical Research, INSERM, France
- Nuclear Safety and Radiation Protection Authority, ASNR, France

- Commissariat a I'Energie Atomique et aux Energies Alternatives, CEA, France
- University of Caen Normandy, France

- Aarhus University, Denmark

- Aarhus University Hospital, Denmark

- Ludwig Maximilian University of Munich, LMU, Germany

- West German Proton Therapy Center, WPE, Germany

- University Hospital Essen, Germany

- National Radiation Protection Institute, SURO, Czech Republic

The project is structured into six Work Packages (WPs), each WP comprising several Tasks
(Appendix 1).

1.2. Objectives

The DOSELIA Data Management Plan (DMP) defines the strategies and tools for managing
data and other outputs generated during and after the end of the project. The DMP is a
descriptive document, which defines the main strategies and tools to ensure secure,
transparent, and efficient storage, maintenance, sharing, and use of data. It was constructed
in alignment with the project objectives and structure. It represents a living document, which
will be updated during the course of the project, if significant changes occur.

1.3. Purpose and scope of this deliverable

The purpose of this deliverable is to define a frame for optimal data management to allow
making project data findable, accessible, interoperable, and reusable (FAIR). Throughout the
document, data also refers to results generated as part of the project.

2. Data Summary

2.1. Purpose of the data collection/generation

While current approaches for RT treatment planning lack dose constraints specific to
paediatrics for many outcomes and largely under-estimate risks of late effects - including

subsequent primary cancers (SPC) -, our initiative is targeting paediatric patients with the goal
of reducing the considerable burden of SPC in this vulnerable population.
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To this end, the DOSELIA project aims to enhance the assessment of whole-body doses and
the risk of SPCs in paediatric patients undergoing external beam radiotherapy (EBRT). The
project will develop a new artificial intelligence (Al)-based software prototype capable of
providing rapid and accurate whole-body dose distributions. This software will include
modules for assessing doses from therapeutic irradiation (photons and protons) and imaging
processes (planning and positioning), as well as risk projection models for SPCs. The project’s
specific objectives are:

1. To develop models accurately predicting out-of-field doses in modern EBRT (photons
and protons): validated analytical and Monte-Carlo (MC) models, along with whole-
body representations of paediatric patient anatomy and individual treatment plans
from 3 European photon and proton centres (GR, AUH, WPE), will provide a large
dataset of whole-body dose distributions. This dataset will be used to train a fast and
flexible Al-based software prototype;

2. To develop Al-based dosimetry software to estimate whole-body doses from imaging
procedures used for planning and patient positioning in EBRT, enabling a fully
integrative assessment of all doses received by children during their treatment;

3. To develop risk projection models for SPC that account for the whole-body dose
distributions and are adapted to modern EBRT techniques, together with guidance for
radiation oncologists and physicists for integrating the outcomes into treatment
planning;

4. To develop a software prototype for quality control in EBRT: The software will
integrate the 1A models for whole-body dose assessment and risk projection models
developed in this project. It will be accurate, rapid, and flexible enough to support a
paradigm shift in RT prescriptions through comprehensive risk assessments;

5. To ensure clinical applicability: The software will be designed in collaboration with
doctors from the consortium’s clinical centres and stakeholders, facilitating its
dissemination.

2.2. Relation of DOSELIA to the PIANOFORTE objectives

DOSELIA fully aligns with the 2025 call Topic 4 “Implementation of new and optimized
radiation therapy approaches for better targeting to protect healthy tissues better against
detrimental effects of incising radiation”. DOSELIA addresses the need to optimise RT
approaches, including photon and proton therapy, to better protect healthy tissues from
ionising radiation in paediatric patients. By integrating advanced Al technologies and
comprehensive risk assessment models, DOSELIA will enhance the global delivery of RT,
minimising healthy tissue exposure while effectively maintaining cancer control. Additionally,
it will develop standard protocols and documentation for users and educate healthcare
professionals about the long-term risks of RT. Combining therapeutic doses with doses from
imaging procedures will enable an integrative approach, allowing the impact of image-guided
or adaptive procedures to be evaluated and optimised.

More specifically, DOSELIA will contribute to the following expected outcomes:
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e “Optimisation and evaluation of the [...] novel RT reqarding their potential protection for
healthy tissues, especially for high risk groups like paediatric patients”

The main output of the proposal is an innovative Al-based software prototype for fast and
accurate whole-body dose estimation in paediatric cancer patients undergoing advanced EBRT
techniques, including intensity-modulated, adaptive or not, photon and proton therapies. The
computed whole-body doses will be directly useful for treatment optimisation for minimising
risks to healthy tissues, including comparison of treatment strategies for the evaluation of
potential impact (e.g., comparison of different photon irradiation strategies, comparison of
proton vs. photon plans, impact of a given protocol for image-guided radiotherapy (IGRT) or
adaptive treatment). These doses should subsequently be incorporated into patients'
electronic medical records for lifelong monitoring of treatment side-effects and the evaluation
of impact of cumulative doses. The module for risk projection for SPC will be useful for
optimising treatment regarding both in-field and out-of-field exposures. We aim to advance
the software from Technology Readiness Level (TRL) 4 to 6 within the project’s lifetime.

e “Clinical studies proving the benefits in terms of radiation protection of patients and long
term outcome for a variety of clinical entities for hadron therapy”

The produced software will be a major contribution to clinical and epidemiological research
to evaluate the benefit of the above-mentioned procedures in terms of radiation protection.
To date, there is still very little evidence regarding the long-term effects, including SPC, of
intensity-modulated photon and proton therapies, particularly among paediatric patients, due
to the necessity to have adequate duration and methods of follow-up and estimates of
individual whole-body doses for large study populations (i.e., typically several thousand
individuals). Contrary to the extremely time- and resource-consuming methods which were
used for dose reconstruction in historical RT studies, studies involving contemporary patients
can benefit from both the availability of DICOM-RT data and the proposed strategy for fast
whole-body dose reconstruction to expedite research on long-term effects of EBRT. By the
end of DOSELIA, we aim to estimate individual whole-body doses for the majority of the 1,400
paediatric patients who have already been included in the HARMONIC-RT registry (Euratom
research and training programme 2014-2018 - grant agreement 847707 -
https://harmonicproject.eu/about/), and those who will be included in the future, thus
creating a database for research on the outcomes of proton (and photon) therapy in paediatric
patients that is unique in the world.

e “For adaptive RT it has to be investigated how it can be best implemented |[...] to achieve
best possible results in terms of radiation protection of patients.”

The developed whole-body dosimetry strategy and software (and the module for SPC risk
projection) incorporate estimations of doses from planning and repositioning images. It will
thus allow the evaluation of protocols of IGRT/adaptive EBRT in terms of in-field and OOF
doses to healthy tissues, and potential subsequent risks. We will thus create a tool able to
optimise the protocols for IGRT for various clinical situations in paediatric oncology. By the
end of DOSELIA, we will evaluate the IGRT protocols used in the 3 participating hospitals in
Denmark, France and Germany for IGRT therapy in terms of radiation protection.
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Types and formats of data generated/collected

The data and associated format collected or generated in the frame of DOSELIA include:

MRI and CT scans (DICOM format) performed at the radiotherapy planning stage. If
several treatment sequences have been performed or if the treatment has been
adapted, all the images corresponding to these changes are recovered

The associated RT treatment plans, including: RT Plan, RT Struct & RT Dose (DICOM
format)

An extended anatomy of the patient as produced in WP2 and WP3 (DICOM format)
Whole-body dose maps calculated using analytical models, Monte Carlo simulations or
Al tools (DICOM format)

Clinical data: patients’ sex, age, height, weight, and disease and treatment-related data
(.csv files or documents of similar format)

Radiological protocols (excel files, word documents, or documents of similar formats)
Experimental data that will be used to parameterize analytical or Monte Carlo models,
or to validate the final tools developed (in Excel files or similar formats)

Data extracted from literature reviews (excel files, word documents, or documents of
similar formats)

DOSELIA will also generate models, software and tools:

2.4.

PRIMO, a Monte Carlo-based software for photon radiotherapy, will be enhanced with
variance reduction techniques to enable efficient out-of-field dose evaluations within
reasonable computation times, while also expanding the range of supported linear
accelerators.

Clinical proton therapy beamlines (AUH and WPE) will be modelled using the Monte-
Carlo Geant4 code.

A database of analytical models for photon radiotherapy will be generated for the
linear accelerators listed in the Harmonic database, enabling accurate calculation of
out-of-field doses.

Al-based models for the assessment of whole-body doses generated by planning and
repositioning imaging in photon and proton radiotherapy (network architecture +
associated weights)

Al-based models for the assessment of whole-body doses generated by photon and
proton radiotherapy (network architecture + associated weights)

Risk projection models (R, Python, or similar format)

Risk communication material (pdf, or documents of similar format)

Existing data that is being re-used

DOSELIA extensively re-uses existing data. In particular, we use patient data acquired in the
frame of the EU-funded project “HARMONIC” (Health effects of cArdiac fluoRoscopy and
MOderN radlotherapy in paediatriCs) which was launched in June 2019 (Euratom research and
training programme 2014-2018-grant agreement 847707). More specifically, we use clinical
data, images, and RT DICOM technical data from patients collected and registered in the
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HARMONIC-Radiotherapy registry. We also use imaging protocols and reference dose
measurements collected within the HARMONIC project. The HARMONIC-Radiotherapy
database is registered at Clinicaltrials.gov (NCT 04746729). Since our objectives in DOSELIA
fully align with the research goals of HARMONIC-Radiotherapy, we are using the HARMONIC
structuring infrastructure and legal framework for data access, sharing and processing.

In addition, DOSELIA extensively uses results published in the literature (analytical models,
dose measurements and results from biological or epidemiological studies).

DOSELIA is also conducted on the basis of previous results of the partners. These previous
results are computational solutions for out-of-field dosimetry which were developed using
other data (which will not be used directly in DOSELIA). These ones are described here:

- Out-of-field dose computation based on a UNet architecture for photon
radiotherapy (10.1016/j.ijrobp.2024.03.007). Data from the French Childhood
Cancer Survivors Study cohort, including 3,800 five-year survivors irradiated for solid
cancer or lymphoma before the age of 21 years between 1942 and 2000 in 5 cancer
centers in France, were used by Gustave Roussy team (U1030) to train and validate a
deep-learning-based algorithm for out-of-field dose prediction. Data have received by
U1030 based on a collaboration contract signed with U1018 research team led by Dr
Florent De Vathaire in 2021. The dosimetry data (PAT files and dose files) of the FCCSS
cohort have been transferred from the server of the Radiation and Cancer team of
INSERM Unit 1018 to that of Unit 1030 in the form of a SAS® database. As both servers
are hosted by Gustave Roussy, within the same secured network, the transfer have
been done by a simple copy. In addition to the dosimetry data itself, the following data
have been transferred for each subject:

- Anonymization number

- Month and year of birth

- Month and year of diagnosis

- Diagnosis: ICCC (International Classification of childhood cancer) code
- Cancer side, if relevant

- Initial metastases status (yes/no)

2.5. Origin of the data

Data used in DOSELIA are extracted or derived from the following sources:

- Medical records and hospital databases (secondary use of patient data which
originate from clinical care, and are collected within HARMONIC-Radiotherapy);

- Experiments: dose measurements in water tank or anthropomorphic phantoms, which
are carried out within or outside DOSELIA;

- Industrials (reference dose measurements, and beam characteristics);

- Published literature (data extracted from articles reporting results of biological or
epidemiological studies, analytical models for out-of-field dosimetry, dose
measurements)
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2.6. Expected size of the data

It is envisaged that data source (RT technical data in DICOM format and clinical data) of 1,400
patients will be processed. Whole-body anatomy and dose maps will be generated for those
1,400 patients, including:

- Photons, analytical models : N=500

- Photons, Monte Carlo simulations : N=50

- Photons, Experimental measurements : N=12

- Protons, Monte Carlo simulations : N=500

- Photons and protons, IA-based predictions: N= 350
- Imaging protocols, N=10

- Imaging doses, IA-based predictions: N=500

2.7. Data utility

The data generated will be useful to researchers investigating the biological and health effects
of radiation exposures in young patients treated for cancer, or evaluating the late effects of
recent advances in external radiotherapy. Ultimately, this would improve the radiological
protection of patients and treatment optimisation in paediatric oncology, and be useful for
the medical community, health authorities and, possibly, industrials.

3. FAIR Data

DOSELIA fulfils the "FAIR" principles so that data are findable, accessible, interoperable, and
reusable to facilitate effective open science and sharing among researchers, stakeholders, and
policymakers.

Scientific articles are published in peer-reviewed journals with open access options, which
facilitate access to the raw data, either within the publications or with a link to a permanent
record, e.g. a Digital Object Identifier (DOI). Early open sharing of research outputs is done
through presentations at international conferences and preprints.

3.1. Making data findable, including provisions for metadata

To make data findable, DOSELIA provides well-structured data information. Data produced
and/or used in the project are identifiable and findable through metadata, using a standard
identification mechanism (e.g. persistent and unique identifiers such as DOI). The naming
conventions, search keywords and version numbering are clear and well-documented. The
type and standards of metadata created and the process of data generation are well
explained.

Documentation related to the developed Al algorithms will describe not only the input and
output data formats, but also all preprocessing steps (e.g., resampling, normalization), model
parameters (such as 3D U-Net variants, loss functions, optimizer settings), and implemented
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data augmentation techniques. A patient allocation file will record the exact assignment of
each patient ID to a dataset subset, ensuring complete traceability throughout model
development and evaluation. A standardized model card, following the Hugging Face template
for example, will be created for each trained model version. It will include information on the
intended use case, input/output formats, validation performance across various cohorts,
limitations, ethical considerations (e.g., patient safety, handling of outliers), and known biases.

3.1.1. Discoverability of data (metadata provision)

Data generated within DOSELIA are deposited by default in the STORE database which meets
FAIR criteria. The STORE hosted by the German Federal Office for Radiation Protection is a
central access portal to information from radiobiology research distributed across scientific
institutions.

Individuals depositing data are identified by Open Researcher and Contributor ID (ORCID).
Data referenced in publications and reports are linked via database accession identifiers or
DOI numbers minted by the repository into which they are placed. Documentation on the
source of the data, tools needed to read or use the data, its purpose and sources of legacy
data that may have been used in its analysis or combined with new data are available as a free
text narrative in the database which can be searched lexically.

3.1.2. Identifiability of data and standard identification mechanism

Data deposited in the public database attract a persistent DOl and database-specific identifier.

3.1.3. Naming conventions used

Technical Information Library Services naming convention-is used in the formal deposition of
records in the repository databank. This includes the number of the work packages and Tasks
from which they were generated and versioning using the 1ISO8601data format standard.

3.1.4. Approach towards search keywords

Data are annotated with standard ontologies and datatypes, such as Digital Imaging and
Communications in Medicine (DICOM), International Classification of Diseases for Oncology —
3" edition (ICD-0-3), International classification of Childhood Cancers Oncology — 3™ edition
(ICCC-3), the American Association of Physicists in Medicine’s task group for standardizing
nomenclatures in radiation oncology (TG-263).

3.1.5. Approach for clear versioning

Versions are specified in the naming conventions described above and attached as metadata.
For Al data, versioning and regular backup mechanisms for both the datasets and the models
are implemented. Code versioning is managed using GitHub to ensure traceability. Snapshots
of each training run are stored systematically to ensure full reproducibility. Backups are
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performed on secure, redundant storage systems with regular integrity checks, and access
control is enforced to maintain data security and compliance with regulatory standards.

3.1.6. Standards for metadata creation

Descriptive metadata standards are used to ensure consistency in describing and managing
data.

During the course of the project, new DICOM files will be generated to represent derived
data, including whole body anatomy representation and predicted whole dose distributions.
These will follow the DICOM RT standards. Generation will be handled via validated python
libraries (e.g., pydicom, SimplelTK, Plastimatch). Each generated DICOM will include
appropriate metadata linking it to the source patient, and/or corresponding whole-body
anatomy and model version used, with additional fields indicating the nature of the content
where applicable (analytical, Monte-Carlo or Al-generated). All new DICOMs will be
internally validated using standard DICOM viewers (e.g., 3D Slicer), and undergo QA checks
to ensure integrity of tag values. These files will be versioned, documented, and archived
with the same rigor as original clinical data.

3.2. Making data openly accessible

DOSELIA makes data and outputs generated in the frame of project publicly and freely
available as much as possible. However, due to conflicting intellectual property and privacy
issues, some data and outputs will not be deposited in the public domain.

3.2.1. Specifying which data will be made openly available

We will made results from dose measurements (generated within Tasks 2.4 and 4.1), as well
as some models developed within WP2 and WP3 (i.e., methods for patient whole-body
representation, and analytical models), and those from WP6 (i.e., results of literature reviews
and meta-analysis, and risk projection models) openly accessible. Most data and associated
publications are licensed under Creative Commons Attribution licenses.

The conditions for disseminating the generated Al-based models in WP5 will be defined later
on.

Some data, which are personal or sensitive health-related data, or owned by commercial
entities, will not be publicly shared.

3.2.2. Specifying how the data will be made available
Data generated within DOSELIA will be made publicly available through the following means:

- Full, open-access publications which include the raw data or models, either within the
publications or with a link to a permanent record, e.g. a DOI;

- Early open sharing of research data or models will be realised through presentations
at international conferences and pre-prints;
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- Websites and repositories.

Regarding data and models which cannot be publicly shared, including Al-based data, any
request for accessing those should be addressed to the principal investigator to ascertain the
legal and ethical conditions for data sharing.

3.2.3. Specifying what methods or software tools are needed to access the data

Wherever possible, data and models will be made available in commonly used formats (such
as DICOM, .csv or .txt) and readable by freely available software such as text readers, Excel,
Adobe Acrobat, R and Python. Whenever possible, the software and tools will be made
available to the public via the database, GitHub, dedicated websites or institutional platforms.

In certain circumstances, however, data or models will only be obtainable commercially on
licence from the machine manufacturers or owners.

3.2.4. Specifying where the data and associated metadata, documentation and
code are deposited

Data and models, which can be made publicly available, will be deposited in:

- the STORE database (https://www.storedb.org)

- the Nuclear Energy Agency’s Global Registry of low-dose research projects
(https://www.oecd-nea.org/Idr/)

- Github (https://github.com/)

- the PRIMO software’s website (https://www.primoproject.net/)

- Institutional websites (from where some models can be made accessible)

Some data will be stored in institutional databases to which the public does not have access
and in the cases where users wish to obtain data they will do so by application to the data
originator.

Personal data sharing is restricted due to GDPR, privacy legislation and ethical
considerations.

3.2.5. Restrictions for accessing data

Some restrictions for accessing the data and models are foreseen:

- Embargo until publication

- Reasonable embargo until intellectual property issues are determined and resolved as
specified in the PIANOFORTE guidelines and the individual contracts issues under the
Open Calls.

- Proprietary data (e.g. beam models) may be accessed by negotiation with the data
holders and owners and by the establishment of licensing agreements
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- Personal data will be restricted due to GDPR, privacy legislation and ethical
considerations. Data may be accessible by negotiation with the data holder and
relevant Institutional data access and ethics committees.

- Al datasets or models that are proprietary or developed under commercial contracts
may be subject to intellectual property restrictions.

3.3. Making data interoperable

3.3.1. Interoperability of the data

DOSELIA utilises data and metadata vocabularies, standards or methodologies which are
widely adopted, and follow community norms and are compliant with generally available
software. The adoption of Open Biological and Biomedical Ontology (OBO) for metadata
allows the identification of measurement types and units. Furthermore, DOSELIA aligns with
domain-specific ontologies such as the Operational Ontology for Radiation Oncology (OORO),
a professional society-based, multi-stakeholder consensus-driven standard
(https://www.redjournal.org/article/S0360-3016(23)04365-1/fulltext).

3.3.2. Use of standard vocabulary to allow inter-disciplinary interoperability

We use standard vocabulary from OBO and OORO ontologies. When new ontology classes are
used, equivalence mappings through database cross-references (DBxrefs) where available and
synonyms are included for each class. If not, we add to the DOSELIA DMP mapping to
commonly used ontologies.

3.4. Making data re-useable

To facilitate data re-use, detailed documentation will be provided, including readme files,
codebooks, methodology documentation, data cleaning and processing procedures, and
analyses documentation. This will ensure that the data is well-documented and can be easily
reused by other researchers.

The data identified as open will be made available freely and openly in the public domain,
licensed under standard re-use licenses, such as the Creative Commons Attribution
International Public License (CC BY), or under specific licensing conditions negotiated between
the data/model provider and data/model user.

3.4.1. Specify how the data will be licenced to permit the widest reuse possible

Most data will be released under the CC-BY licence with the remainder not publicly released
or released under specific licence conditions negotiated between the originator and user. As
far as possible, the software will be licensed under General Public License (GNU GPL) or under
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a permissive license such as the Massachusetts Institute of Technology (MIT) license, as
appropriate and agreed upon between developers.

3.4.2. Specify when the data will be made available for re-use

Some data may require an embargo period, for example until publication, or made available
to specific collaborators subject to individual agreements or the permission of Data Access
Committees, specifically for human health-related or personal data.

3.4.3. Specify whether the data produced and/or used in the project is useable
by external parties, in particular after the end of the project?

Data that are made open publicly are reusable by external parties. By default, the generated
data will be available for more than ten years and will remain available after the end of the
project.

3.4.4. Data quality assurance

Responsibility for data quality rests with the project’s coordinator, GR, in collaboration with
Inserm who manages the HARMONIC-Radiotherapy registry which is used for collecting and
sharing patient data. We appoint Killian SAMBOURG (Killian.SAMBOURG @gustaveroussy.fr) from
GR, and Angela JACKSON (angela.jackson@inserm.fr) from Inserm, as data managers. Killian
SAMBOURG will oversee the data flow specifically related to dose computation, while Angela
JACKSON will oversee the data flow specifically related to patient data, in compliance with the
regulation on personal data. The two data managers oversee and check files uploaded to chosen
platforms when they are archived for sharing. Before each periodic report, the data managers
review data shared during the reporting period as well as file availability and integrity.

4. Allocation of resources

4.1. Estimate the costs for making data FAIR and describe the potential
source to cover the cost

Costs related to data management within DOSELIA are limited and will be covered by the budget

of the project partner who is the data generator, as part of the overheads claimed by the
respective partner.

Costs related to the maintenance of the “HARMONIC-Radiotherapy” registry, which is the
infrastructure used for collecting and sharing patient data within DOSELIA, are covered by Inserm,
who is in charge of the management of this database.

Individual investigators within the projects have personal responsibility for the curation,
validation and deposition of their shared data.
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4.2. Identify responsibilities for data management in your project

The responsibility for data management rests with the Project Coordinators, Gustave Roussy
and Inserm, with oversight of PIANOFORTE. For the project, the main data managers are
SAMBOURG Killian (Killian.SAMBOURG @gustaveroussy.fr) and Angela  JACKSON
(angela.jackson@inserm.fr), who work in collaboration with data managers appointed by each
scientific partner.

4.3. Describe the costs and potential value of long-term preservation

We foresee high value for long-term preservation of the main outputs of DOSELIA. Computed
whole-body dose maps, tools and models will be useful for conducting studies in epidemiology
and radiobiology. In particular, the developed tools will enable computation of whole-body
doses for thousands of patients with minimal resources, for imaging and radiotherapy
applications. They will be also useful for refining and validating dose-volume risk models (for
many health outcomes), and evaluate the benefit of recent technical advances in RT, including
proton therapy, in terms of late effects.

In the clinical perspective, DOSELIA will enhance dosimetric decisions in RT, including the
choice of particles, treatment plans, and IGRT schemes, and have a direct impact on
minimising radiation exposure of healthy tissues and subsequent risks. The software's design
allows for the future integration of additional modules to support emerging RT technologies
such as carbon, or FLASH therapy once they become widely adopted.

While the tools for dose computation are generated, the costs for long-term preservation of
patient-related data will be mainly related to the maintenance of the infrastructure. Part, but
not all, of these costs can be covered by the institutions. Maintenance costs related to the
evolution of the libraries that the developed tools depend on may potentially require
additional funding.

Regarding data which are stored in public repositories such as STORE, long-term preservation
is expected to be without charge for the user.

5. Data security

For data and meta-data that will be stored in the STORE database or other similar international
repository databases, backup and recovery systems are implemented. Before transferring
data to public repositories, all data will be backed up on private storage solutions at
participating institutions. Each partner institution has its own policy for data management and
security. Local servers are used for regular data backups.

Personal data and sensitive health data are stored in compliance with the relevant national
regulations. Such data are not kept on unencrypted workstations, laptops or other media.
Data transfers are encrypted with Gnu Privacy Guard or similar system. Pseudo-anonymized
patient data are stored and shared among the DOSELIA partners through the HARMONIC-
Radiotherapy registry, which is governed in a way that ensures data privacy, security and
integrity. The registry is composed of two components having technical specificities:
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- Clinical database: Pseudo-anonymized clinical data are centralized in a database which
is supported by the freely-downloadable Research Electronic Data Capture (REDCap®)
web-based system and located at Inserm, Villejuif, France.

- Imaging database: The clinical database is connected (via an Application Programming
Interface) to a centralized imaging data repository (Oncoplace, Aquilab, Inc.) used to
upload, pseudo-anonymisation, storage and analysis of radiation treatment and
imaging files. The imaging data repository is located at Avenir Télématique - ATE,
Villeneuve d’Ascq, France, which is certified for health data host and ISO 27001. All
whole-body dose maps in DICOM format generated during the project will be uploaded
to the platform to ensure they benefit from the same level of security

Access to the registry is secured, and restricted to authorized persons according to their role
in the project. Data are protected by hardware and virtualized firewalls and encryption
systems. Regular backups and secured storage are used to ensure the data integrity. Access
to, and modifications of the data are tracked. Storage of personal data is authorized for a
period of 20 years, after which the data will be archived for 15 years.

6. Ethical and legal issues
In DOSELIA, personal data are governed in the frame of the legal framework of HARMONIC-
Radiotherapy, which is compliant with the E.U. General Data Protection Regulation (GDPR).

The legal basis of the processing of personal health data in the frame of the present study is
the performance of a task in the public interest, i.e. GDPR Article 6.1(e). In case of
retrospective inclusion (i.e. after RT initiation, with no participant’s involvement in the
research required), the study participants receive an individual information note containing
all the information required by the GDPR, and contact information to exercise the rights.
Pursuant to GDPR Article 14, exceptions may be made to the obligation to provide individual
information to the data subject, in particular in the event that the provision of such
information would prove impossible, would require disproportionate efforts or would
seriously jeopardise the achievement of the purposes of the processing. In particular, these
exceptions are justified by the fact that the research includes a large proportion of patients
who are not followed anymore at the treatment center, or had already died at the time of the
study initiation. In some cases, individual information is therefore simply impossible, and
inclusions restricted to the patients who are still followed — or can be reached — by the
treatment centre - would lead to serious selection biases. Collective information, however, is
provided to disseminate all the information provided for by the GDPR and contact information
to exercise the study participants’ rights, at the HARMONIC website and within the
participating centres.

In case of prospective inclusion (i.e. before RT initiation, with participant’s involvement in the
research required), the study participants, or the parents/proxy depending on the patient’s
age as per national regulations, are asked to provide their informed consent prior to study
inclusion. When the minor participants reach the age of consent, he/she has to provide a new
consent. The participation is voluntary and may be declined (without reasons being given), or
withdrawn at any time.
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In all cases, the research does not affect treatment and no individual benefits are expected.
HARMONIC- Radiotherapy has received approval from the national or local ethical committees
of all investigating centers, and the French data protection agency:

Central Denmark Region Committees on Health Research Ethics (n°1-10-72-229-20,
23-12-2020)

Comité de Protection des Personnes Grand-Ouest, France (n°1314 HPS2, 10-09-2020)
Ethik-Kommission, Medizinische Fakultdt der Universitat Duisburg-Essen, Germany
(n°21-10329-B0O, 23-11-2021)

Ethics Committee Research UZ/KU Leuven, Leuven, Belgium (n°S64706, 17-03-2022)
Commission Nationale de I'Informatique et des Libertés, France (n°921205 —2-06-2022
—and n°924115 9-07-2024)
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Appendix 1. DOSELIA Work plan
Work packages and Tasks Leading partners Timeline
WP1: Coordination, quality assurance, communication and dissemination GR/INSERM
Task 1.1 Coordination and project management GR M1-M48
Task 1.2 Communication and dissemination INSERM/UNICAEN M1-M48
Task 1.3 Exploitation of the results GR/INSERM M1-M48
Task 1.4 Data management and quality assurance INSERM M1-M48
Task 1.5 Education and training UNICAEN/WPE M1-M48
WP2 Training and test datasets for photon EBRT WPE/GR M1-M30
Task 2.1 Whole-body anthropomorphic phantoms GR M1-M6
Task 2.2 Training set using an empirical model GR M1-M30
Task 2.3 Test set: MC software for photon EBRT WPE M1-M30
Task 2.4 Experimental validations GR M1-M30
WP3 Calculation of whole-body absorbed dose distribution from PBT LMU/AUH M1-M30
Task 3.1 Generation of whole-body anthropomorphic phantoms for GR M1-M6
computation of OOF dose distributions
Task 3.2 Implementation and validation of WPE/AUH proton beam model LMU M1-M6
Task 3.3 Input/output data formatting LMU M1-M6
Task 3.4 Proton therapy OOF dose calculations LMU M6-M30
WP4 Calculation of absorbed dose distributions from kV Imaging CEA M1-M30
Task 4.1 Implementation of new kV imaging models for whole-body imaging CEA M1-M18
dose calculation
Task 4.2 Generation of training and test sets CEA M1-M30
WP5 Quality Control & Decision-Making Al Software for secure GR M18-M42
implementation of paediatric EBRT
Task 5.1 Constant review of relevant DL architectures - Design of an algorithm | GR M18-M42
database for benchmarking purpose
Task 5.2 Training of referenced algorithms for the prediction of whole-body GR M24-M42
dose maps generated by photon EBRT
Task 5.3 Training of referenced algorithms for the prediction of whole-body GR M24-M42
dose distributions - PBT
Task 5.4 Training of referenced algorithms for the prediction of whole-body GR M24-M42
dose maps - kV-based imaging procedures
Task 5.5 Production of whole-body dose maps for all suitable patients in the GR M36-M48
Harmonic database
Task 5.6 Integration of the Al tools in the software prototype GR/WPE M42-M48
WP6 Risk assessment and risk communication INSERM M1-M48
Task 6.1 Synthesis of biological effects UNICAEN M1-M30
Task 6.2 Modelling clinical effects INSERM M1-M30
Task 6.3 Combination of biological and epidemiological evidence into models | INSERM/UNICAEN M12-M48
for risk projection
Task 6.4 Risk communication AUH/INSERM M24-M48

EBRT: external beam radiotherapy; PBT: proton beam therapy,; OOF: out-of-field dose; MC: Monte Carlo
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