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 Project abstract 

Radiotherapy (RT) is an established modality for cancer treatment and broadly used for 

every second cancer patient. In the vast majority of treatments, high-energy X-rays are 

used. Still, photon radiotherapy (XRT) is irremediably limited by the physics of X-rays, 

depositing a lot of dose upstream and downstream of the target volume. In contrast, 

protons focus most of the dose in a well-determined area in the target. Compared to XRT, 

for the same dose in the target, proton therapy (PT) deposits about 50% less dose in the 

patient. This is particularly interesting for pediatric patients, where it is of utmost 

importance to minimize the irradiation of healthy tissues to lower the risk of radiation-

induced secondary cancers. 

In certain aspects, PT still lacks behind XRT, compromising its dosimetric superiority. This 

concerns essential hardware and software components, for example on-board imaging with 

quantitative image information of sufficient precision tailored to the requirements of PT 

and the possibility of adapting the treatment according to the anatomy of the day. While in 

XRT it has become standard to irradiate while continuously rotating the beam around the 

patient (arc therapy), in PT usually only a few fixed beam directions are used. 

Fortunately, technologies are rapidly evolving in PT. Proton arc therapy (PAT) and online 

adaptive PT will become reality with commercial solutions in the next couple of years. They 

will allow even better restriction of the dose to the target. However, the introduction of 

these technologies leads to the emergence of new challenges: the combination of adaptive 

PT and PAT is not obvious, due to the considerable complexity of proton arc treatment 

planning. In addition, the dispersion of low doses over larger volumes of tissue and the more 

intensive use of X-ray imaging is a challenge. The reduction of imaging dose is of particular 

interest for pediatric patients. 

Our objective is to enable a major technological and clinical leap for PT, with the association 

of arc delivery, online treatment adaptation, and novel imaging modalities (photon-

counting CT), without eluding practical and implementation considerations. With a strong 

focus on the expected toxicity, with a thorough optimization of all irradiation sources, we 

will very likely and relevantly improve treatment outcome for pediatric cases, both short 

and long term. 
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1 INTRODUCTION 

This Data Management Plan (DMP) outlines the strategy for handling, sharing, and preserving 

the data generated and reused in the EMPATHY project. The main outputs of the project 

include clinical datasets (such as CT images), software tools (for proton arc therapy and clinical 

decision support), and statistical models for evaluating radiation toxicity, all with a focus on 

improving paediatric proton therapy. 

The DMP ensures that all data-related activities align with the FAIR principles, enabling reuse 

by the wider radiation oncology community, including clinical and industrial stakeholders. 

Data will be made publicly available via open-access repositories (e.g. CORA.RDR, GitHub), 

with appropriate licensing and metadata standards, while sensitive patient data will remain 

securely stored in institutional EHRs with strict access control. 

Resources for data management—including secure storage, preservation, and repository 

publication—are allocated at the institutional level, with each Principal Investigator (PI) 

responsible for managing their respective datasets. Preservation of published data is ensured 

for a minimum of 10 years, with compliance to GDPR and ethical standards being maintained 

throughout the project lifecycle. 

2 DATA SUMMARY 

The data collected and generated in the EMPATHY project serves the overarching goal of 

guiding the radiation oncology community on the optimal use of two emerging 

technologies—proton arc therapy (PAT) and photon-counting computed tomography 

(PCCT)—with a particular focus on pediatric patients. To support this objective, the project 

integrates both newly generated data and the re-use of existing datasets, including patient 

medical records, CT images, and previously developed proton therapy algorithms. Data types 

include observational data (e.g. CT scans from patients and phantoms), derived data (e.g. 

toxicity models), and software tools (e.g. clinical decision-support scripts), provided in 

standard formats such as DICOM, TXT, and Python (.py). These datasets originate from 

institutional electronic health records, CT imaging systems, and open-source code 

repositories. The total expected data volume is approximately 3 TB. EMPATHY will also 
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generate several reports and standard protocols that will be made public through either 

open-access publication in peer-reviewed scientific journals or publication in institutional 

repositories. These data will be valuable to a wide range of stakeholders, including clinicians, 

researchers, and industry partners involved in radiation therapy, by enabling the 

development and validation of advanced planning tools, improving treatment 

personalization, and supporting evidence-based clinical decision-making. 

Description Category Origin Source Formats Size Utility 

Patient 

medical 

records 

Observational Re-used Institutional 

Electronic 

Health Records 

(EHR) 

HL7, TXT, 

PDF, 

DICOM, 

DICOM-RT 

1 TB Project 

deliverable 

Toxicity 

models 

Derived Generated Statistical 

modelling 

TXT 1 MB Radiation 

oncology 

community 

Clinical 

decision-

support tool 

Software Generated Script PY 1 MB Radiation 

oncology 

community, 

including industry 

Proton arc 

therapy 

algorithms 

Software Re-used 

and 

generated 

Scripts in 

external 

repositories 

(GitHub) 

TXT, PY 1 MB Project 

deliverable and 

radiation 

oncology 

community, 

including industry 

Prospective 

phantom CT 

scans 

Experimental Generated Institutional CT 

scanners 

DICOM, 

Raw data 

1 TB Project 

deliverable 

Prospective 

patient CT 

scans 

Observational Re-used Institutional CT 

scanners 

DICOM, 

Raw data 

1 TB  

Reports and 

Standard 

Protocols 

Derived Generated Research 

results 

PDF 100 MB Project 

deliverable and 

radiation 

oncology 

community, 

including industry 
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3 FAIR DATA 

3.1 Making data findable, including provisions for metadata 

Persistent identifiers 

Patient data is assigned a persistent and unique identifier within institutional electronic 

health records (EHRs). 

All published datasets, code, and reports will be assigned a globally unique and persistent 

digital object identifier (DOI) through an open-access repository. We will use institutional 

repositories (CORA.RDR for FCRB-IDIBAPS, HCB, VHIO and HSJD; KU Leuven RDR for KU 

Leuven; and RODARE for HZDR and TUD) for datasets and reports, and GitHub—with 

CORA.RDR DOI linkage—for code. 

Metadata standards 

Metadata will be created following community-recognized standards: DICOM metadata 

conventions (for imaging and radiotherapy data); CodeMeta or schema.org (for code). 

For datasets published in CORA.RDR, we will be use the Data Documentation Initiative (DDI) 

metadata standard, which is mapped to Dublin Core, ensuring compatibility the European 

OpenAIRE repository. 

Search keywords will be included in the metadata. They will be selected from controlled 

vocabularies, suitable to the specific data type (e.g. MeSH vocabulary) 

File naming convention 

Files, datasets, and metadata records will use consistent, descriptive, and human-readable 

naming conventions, including versioning information (e.g., 

Project_WPx_ContentDescription_vYYYYMMDD.ext). Naming conventions will be 

documented in a README.txt file. 

3.2 Making data accessible 

Toxicity models, clinical decision-support (CDS) software, proton arc therapy (PAT) 

optimization algorithms will be made openly available, through open-access repositories: 

CORA.RDR (for datasets and reports) and GitHub (for code). We will make use of standard 

https://dataverse.csuc.cat/
https://rdr.kuleuven.be/
https://rodare.hzdr.de/
https://www.nlm.nih.gov/mesh/meshhome.html
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formats for code (e.g. python) and images (DICOM), so that data can be accessed using free 

open-source software, such as Visual Studio Code (for code) or 3D Slicer (for DICOM files). 

Sensitive data (e.g. patient data) will be stored in institutional EHRs, where access is 

controlled and logged. Access to sensitive data will be granted only to those researchers 

explicitly authorized by the institutional Ethics Committee (EC). 

During the lifespan of the project, critical or internal data (e.g. primary research data) will be 

stored in IDIBAPS Sharepoint (Microsoft 365), where only researchers within the consortium 

will have access. 

3.3 Making data interoperable 

We will use open and standard formats for images (DICOM), radiotherapy treatments 

(DICOM-RT) and code (TXT, PYTHON). 

Institutional EHRs adhere to standard healthcare vocabularies (e.g. SNOMED-CT) and 

codification systems (e.g. ICD, LOINC), so raw data already complies with international 

standards. For derived data, we will follow the same standards, as well as the Radiation 

Oncology Ontology. 

3.4 Increase data re-use (through clarifying licenses) 

Permission to re-use open access data will be granted through a CC BY copyright license. 

Public data may be subject to embargo for up to 1 year after the end of the project to 

protect that data which may be critical for doctoral thesis. 

Data and metadata will be created following community-recognized standards: DICOM data 

and metadata conventions (for imaging and treatment data); CodeMeta or schema.org (for 

code). Furthermore, data will be documented with ReadMe.txt files. 

Data will be preserved as per institutional protocol. That is, forever (for patient data) and at 

least 10 years (for generated non-patient data). 

 

https://bioportal.bioontology.org/ontologies/ROO?p=classes&conceptid=root
https://bioportal.bioontology.org/ontologies/ROO?p=classes&conceptid=root
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4 STORAGE AND SAFETY 

Patient Data 

Both re-used and newly generated patient data will be securely stored within institutional 

EHRs, which comply with national and EU regulations, including the General Data Protection 

Regulation (GDPR). Access to institutional EHRs is strictly controlled through role-based 

permissions and multi-factor authentication, ensuring that only authorized healthcare 

professionals and research staff can access identifiable patient information. The systems use 

encryption at rest and in transit, and all access is logged and monitored. EHR infrastructures 

are managed by the institution IT departments and hosted on secure servers located within 

the European Economic Area (EEA), ensuring compliance with data sovereignty and privacy 

requirements. Institution IT departments are responsible for the management and 

preservation of the data stored in their institutional EHRs.  

Identifiable patient data will not be exported neither shared directly. Instead, 

pseudonymised datasets will be used for analysis and stored separately from identifying 

information, in accordance with data protection and ethical approvals. 

Generated Data 

Research data generated during the project will be stored using OneDrive for Business, a 

secure cloud-based storage solution provided through Microsoft 365. OneDrive offers at 

least 1 TB of storage per user, with automated versioning, file recovery, and integration with 

other Microsoft 365 tools such as SharePoint and Teams to facilitate collaboration. Data is 

encrypted both in transit and at rest, with access controlled via multi-factor authentication 

and role-based permissions through Azure Active Directory. The service is fully compliant 

with GDPR, ISO/IEC 27001, amongst other relevant standards, and data is hosted within the 

European Economic Area (EEA) to meet EU data residency requirements. 

Each Principal Investigator (PI) will be responsible for the management and preservation (for 

at least 10 years) of the data within their institution, as well as for the costs of data 

preservation (if any). Data published in CORA.RDR will be preserved within the repository for 

at least 10 years after the publication date. 
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5 ETHICS 

This research project involves different retrospective observational studies using pre-existing 

data collected as part of routine clinical care. No prospective data collection or intervention 

involving patients will occur. These studies will rely exclusively on data extracted from 

institutional Electronic Health Records (EHRs) and/or existing research databases 

(retrospective evaluation). 

All data used in the project will be handled in full compliance with the General Data 

Protection Regulation (GDPR) and applicable national laws governing the use of personal and 

health-related data in research. Prior to inclusion in the research dataset, all patient records 

will be pseudonymised, ensuring that direct identifiers (e.g., names, contact details, patient 

numbers) are removed or replaced with study-specific codes. The key linking codes to 

identifiable data will be securely stored and managed by the institution. 

Importantly, the research dataset will exclude all special category sensitive data not relevant 

to the study objectives, such as information on ethnic or racial origin, sexual orientation, 

religious or philosophical beliefs, and political opinions. These data are not required for the 

analysis and will therefore not be extracted or processed in the context of this study, in 

accordance with the principle of data minimization under GDPR. 

As there are non-interventional, retrospective studies using pseudonymised data, no direct 

patient contact will take place, and no additional burden will be placed on participants. The 

ethical use of the data has been (or will be) reviewed and approved by the relevant 

institutional ethics committee and/or data protection officer, as required by institutional and 

national guidelines. 

Only authorized project personnel will have access to the research data, and data access will 

be limited to the minimum necessary for the purposes of the study. The project will ensure 

that data use complies with the principles of necessity, proportionality, and purpose 

limitation. Where applicable, data sharing and processing agreements will be established 

among consortium partners to clearly define roles, responsibilities, and safeguards. 
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The research team will continuously monitor compliance with ethical and legal requirements 

throughout the duration of the project, and any changes to data use or scope will be subject 

to re-evaluation by the appropriate ethics bodies. 


