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Abstract 
 
The VERIFIED project, within the PIANOFORTE partnership, is committed to improving patient 
outcomes in adaptive radiotherapy through the development of real-time, patient-specific 
dosimetry techniques. This cutting-edge approach focuses on the use of volumetric-modulated arc 
therapy (VMAT) for non-small cell lung cancer and bladder tumors, and for hypofractionated 
Gamma Knife radiosurgery for brain tumours. By incorporating real-time data acquisition, dynamic 
phantom simulation, and deep learning models, the project seeks to optimize individualized 
treatment regimens. This Data Management Plan (DMP) outlines the data strategy adopted by the 
VERIFIED project. The goal is to ensure all data generated is managed in line with the FAIR principles: 
ensuring it is findable, accessible, interoperable, and reusable. Additionally, the DMP addresses key 
aspects such as data security, ethical considerations, and long-term sustainability, ensuring that 
research outcomes will be accessible to the broader scientific and medical communities while 
safeguarding sensitive data. 
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1. Aim of the Document 
 

1.1 Introduction 
 
As the VERIFIED project involves a multidisciplinary team from different research institutes and clinical 
settings across Europe, it is crucial to have a comprehensive approach to data management. This DMP 
serves as a framework to ensure that the collection, storage, sharing, and preservation of data are 
carried out according to best practices in scientific research and healthcare. Given the sensitive nature 
of the data, particularly in relation to patient data, health and radiation exposure, this document 
ensures compliance with national and international regulations, such as the General Data Protection 
Regulation (GDPR), while promoting open science and data reusability. Data in the VERIFIED project 
include patient plans, imaging data, dosimetric readings, and machine learning models, all of which 
contribute to developing adaptive treatment solutions. The collaborative nature of the project 
necessitates efficient data-sharing practices among project partners to ensure timely progress and 
minimize duplication of efforts. 
 

1.2 Objectives 
 
The VERIFIED project seeks to overcome several challenges in adaptive radiotherapy, including the 
integration of patient-specific data into real-time treatment protocols and the application of advanced 
deep learning methods. To meet these challenges, this DMP aims to: 
- Enable seamless data collection and sharing across multiple institutions while ensuring data security. 
- Ensure that all generated data adheres to FAIR principles, making it easily discoverable and accessible 
to future researchers, while protecting sensitive patient information. 
- Provide a detailed methodology for processing, analysing, and reusing the data generated by the 
project, enabling further research in radiation oncology and dosimetry. 
- Outline procedures for long-term storage and accessibility of data, with the goal of maintaining its 
utility beyond the duration of the project. 
 

2. Management Board  
 
The Management Board (MB) supports the coordinator in running VERIFIED. The MB is the decision-
making body of the project. It oversees the deliverables of the individual work packages, their timely 
submission and monitors the overall progress made in the work packages. Regular general meetings 
of the MB are scheduled at six-month intervals at the beginning of the project, with possible adaptation 
as the project progresses. The MB consists of the leaders of the six work packages of the project. 
 

Management Board Responsible(s) Partner 

WP1 Gabriel Fonseca UM 

WP2 Luana de Freitas Nascimento SCK CEN 

WP3 Steve Vanlanduit UA-InViLab 

WP4 Luana de Freitas Nascimento SCK CEN 

WP5 Hrvoje Hrvoje UZSM 

WP6 – project coordination Luana de Freitas Nascimento SCK CEN 
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3. Data Summary 
 

3.1 The Purpose of Data Generation/Collection 
 

The VERIFIED project aims to enhance adaptive radiotherapy by generating real-time dosimetry data, 
patient imaging, and treatment protocols. This data is used to monitor radiation doses, predict 
outcomes, and adjust treatments accordingly. It enables real-time monitoring and improved decision-
making for personalized treatment plans. In addition to optimizing treatment protocols for lung, 
bladder and brain cancer, the project seeks to establish a comprehensive data repository that can serve 
as a foundation for future research in adaptive radiotherapy. 
 

3.2 Relation of VERIFIED Project to the Objectives of the PIANOFORTE Partnership 
 
The PIANOFORTE partnership focuses on improving radiation safety and individualized treatments. 
VERIFIED aligns with these objectives by contributing to enhanced radiation dose management and 
optimization of radiotherapy outcomes. 
 

3.3 Types and Formats of Data Generated/Collected 
 
The types of data generated and collected include: 
 
- Imaging Data (DICOM format): These data are derived from a variety of imaging modalities such as 
MRI, CT, and CBCT scans, capturing detailed anatomical structures and changes in tumor volume during 
treatment. 
- Dosimetry Data (HDF5 format): Real-time measurements of radiation dose delivered to the patient 
during treatment. These data are critical for verifying the accuracy of radiation delivery and ensuring 
patient safety. 
- Deep Learning Models: Predictive models used to anticipate changes in tumor size or shape during 
treatment. These models are developed using Python-based frameworks (TensorFlow, PyTorch). It also 
includes model input parameters (e.g. csv, xml) 
- Clinical Reports: Text-based documentation, including patient case summaries, treatment protocols, 
and outcome reports, saved in standard document formats such as .docx and .pdf. 
- Simulation Data: 3D models of dynamic phantoms, which simulate the movement of organs during 
treatment, stored in formats like .blend and .unity. 
 

3.4 Re-use of Existing Data 
 
The project reuses existing anonymized patient treatment plans, imaging datasets and integrates 
existing dosimetry algorithms. Additionally, previously developed phantoms are adapted for new 
simulations. 
 

3.5 Origin of Data 
 

Data is sourced from: 
- Real-time dosimetry systems developed in collaboration with project partners. 
- Imaging data from anonymized patient datasets. 
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- Deep learning algorithms and predictive models developed specifically for the project. 
- Experimental data from tests on anthropomorphic phantoms. 
 

3.6 Expected Size of Data 
 

The estimated size of the data generated is substantial, primarily due to the inclusion of high-resolution 
imaging and deep learning datasets: 
 
- Imaging Data: Approx. 10-20 TB for MRI, CT, and CBCT scans. 
- Dosimetry Data: Approx. 5 TB of HDF5 files. 
- Machine Learning Models: 500 GB-1 TB depending on model complexity. 
- Phantom Data: Approx. 1 TB for 3D models and simulation files. 
 

3.7 Data Utility: To Whom It Will Be Useful 
 
This data will be invaluable to: 
- Medical physicists and oncologists for treatment optimization. 
- Researchers in radiation oncology and dosimetry. 
- Developers of deep learning models for real-time medical applications. 
- Hospital administrators focusing on improving radiotherapy protocols. 
 

4. FAIR Data 
 

4.1 Making Data Findable, Including Provisions for Metadata 
 
Data will be assigned persistent digital object identifiers (DOIs) to ensure long-term discoverability. 
Metadata for all datasets will be based on international standards such as DICOM for imaging data and 
HDF5 for dosimetry. Additionally, the use of ontologies such as RadOnc and FMA (Foundational Model 
of Anatomy) will standardize descriptions of anatomical and treatment variables, making the data 
more easily searchable across repositories. 
 

4.2 Making Data Openly Accessible 
 
Data that can be openly shared will be deposited in publicly accessible repositories, such as Zenodo, 
following anonymization and ethical approval. Research publications will be made open access, and 
accompanying datasets (e.g., models) will be available in relevant repositories. 
 

4.3 Making Data Interoperable 
 
Interoperability is crucial for ensuring that data collected by various institutions within the VERIFIED 
project can be used by external researchers and integrated into other research frameworks. To 
facilitate this, we will adopt widely accepted data formats and standards, such as: 
- DICOM for imaging data, which allows integration with other medical imaging platforms and 
software. 
- HDF5 for hierarchical data storage, supporting large datasets across multiple platforms. 
- JSON/XML for metadata exchange, ensuring compatibility with various data systems. 
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4.4 Making Data Re-useable 
 

To facilitate reusability: 
- Data will be accompanied by thorough documentation, including details of collection, processing, and 
ethical considerations. 
- Licensing will allow for re-use under standard scientific sharing agreements (e.g., Creative Commons 
licenses where applicable). 
 

5. Allocation of Resources 
 

5.1 Estimating the Costs for Making Data FAIR 
 
VERIFIED will use the STOREDB repository for publishing research data, at no cost for service or data 
storage. The costs for data curation, validation and deposition are included in the costs of the tasks. 
Individual investigators within the projects have personal responsibility for the curation of their shared 
data. Responsibilities for data management have been identified in the subsection 2.  
 

5.2 Identifying Responsibilities for Data Management 
 
The project coordinator, Dr. Luana de Freitas Nascimento, oversees the data management plan. Data 
management officers in each institution will ensure compliance with FAIR principles and handle 
storage and access. 
 

6. Data Security and Recovery 
 

Data security measures will include encryption protocols to protect sensitive patient information. 
Access to the database will be restricted to authorized personnel, who will be required to authenticate 
via multi-factor authentication. Regular security audits will be conducted to ensure the database is not 
vulnerable to cyberattacks or unauthorized access. Furthermore, regular data backups will be stored 
at geographically distributed locations to minimize the risk of data loss due to hardware failures or 
natural disasters. In the case of a system failure, a comprehensive recovery plan will be in place, with 
automatic failovers to backup servers ensuring that data can be restored within 24 hours. 
 

7. Ethical and Legal Issues 
 

All patient data used in the project will be fully anonymized before being shared among project 

partners or external researchers. The VERIFIED project will strictly adhere to the GDPR, ensuring that 

patient privacy is protected at all stages of data collection and analysis. Anonymized datasets will be 

reviewed by a dedicated data protection officer to ensure compliance with ethical standards. 

Furthermore, all project partners will obtain necessary approvals from their respective institutional 

review boards (IRBs) before any data is collected. Any data shared for public access will undergo an 

additional layer of anonymization to remove any pot 


