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Addressees of this document 

This document is addressed to the BD2Decide Consortium and describes the data management 

layer of the BD2Decide environment. More specifically, it builds upon the user needs and presents 

the data requirements with respect to the collection, analysis, management and visualisation of the 

BD2Decide information.  

The deliverable elaborates on the architecture of the data warehouse, which integrates the envisaged 

data repositories for hosting information about the health record of the patients, as this is 

progressively built during the diagnosis, the treatment and the follow-up phases of an HNC 

situation, along with prognostic prediction model data and statistical population data, which is 

required to assess different HNC practices, such as to predict the effect of a treatment in the survival 

rate of a patient. 

The result of this deliverable is an initial implementation of the data acquisition infrastructure, in 

order to enable the collection of the patientsô health records for retrospective studies, and the 

realisation of the data warehouse environment, on which the BD2Decide clinical decision support 

system will be implemented. 
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Abbreviations and definitions  

Abbreviation  Definition 

CDSS Clinical Decision Support System 

CIS Clinical Information System 

e-CRF Electronic Clinical Record Format 

EHR Electronic Health Record 

HIS Hospital Information System 

HNC Head and Neck Cancer 

ID Identification Number 

IdM Identity Management 

LIS Laboratory Information Systems 

PACS Picture Archiving and Communication Systems 

PDS Patients Documentation System 

QoL Quality of Life 

RDBMSes Relational Database Management Systems 

XDS Cross-Enterprise Document Sharing 
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Executive Summary 

The BD2Decide aims to develop a Clinical Decision Support System (CDSS) that integrates big 

data and prognostic models analysis techniques to improve the decision making process in the 

treatment of Head and Neck cancer. This deliverable is part of the WP5 work on visualisation and 

emphasises on the architecture of the data warehouse environment in the project. 

More specifically, this document is the first deliverable of WP5 and describes the services for the 

acquisition and management of the data information involved in the provision of personalised 

decision making in BD2Decide. The deliverable builds on the specification of the user needs and 

relevant use cases in D2.1 and describes the datasets involved across the implementation of the 

workflow processes from the diagnosis of a head and neck incident, through the decision on the 

personalised treatment method to the assessment of the follow-up period. The involved datasets are 

presented in four categories, depending on the layer of the BD2Decide platform environment that 

the specific data is produced. As such, we define: i) collection datasets, which are collected from 

the information systems of the clinical centres about the electronic health records of the patients or 

from Internet sources, which provide population-based data, ii) analysis datasets, which are 

produced within the BD2Decide environment, as a result of the processing algorithms built (or 

deployed) within the project scope, iii) visualisation datasets, which complement the previous 

categories in order to enhance the visualisation capabilities of the BD2Decide environment, and iv) 

access control datasets, which refer to the identity management processes of the BD2decide 

platform environment. 

Furthermore, the deliverable presents the BD2Decide data warehouse service architecture, which 

aggregates the required data repositories for hosting the type of data identified in the above 

mentioned categories. Thus, this architecture implements the data requirements, considering the 

technical use cases that were introduced in D2.1. The architecture defines three main parts. The first 

one refers to the acquisition of data and the respective services from the side of the clinical centres. 

The second part of the architecture presents the BD2Decide storage layer, while the third part 

extends to meet the data hosting requirements in the envisaged BD2Decide big data infrastructure. 

For each part of the architecture and for each data category, we, also, define the expected 

functionalities, which result in the implementation of work flow activities for the collection, 

analysis, management and visualisation of the BD2Decide datasets. 

Finally, the document provides an initial design of the structure of the repositories comprising the 

BD2Decide data warehouse, giving emphasis on the electronic health record for retrospective and 

prospective studies, the patientsô documentation system and the BD2Decide Knowledge Base. For 

each repository, a description of the expected role in the BD2Decide environment is provided, along 

with details on the technologies to be used for the implementation of the databases and the 

respective management services. 
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1 ABOUT THIS DOCUMENT 

1.1 Introduction and scope  

This deliverable presents the results of Task 5.1 of the BD2Decide work plan for the specification 

of the patientôs data warehouse. The document focuses on the requirements for the collection of 

multiscale and multivariable data for the patients of the clinical centres from different information 

sources and the analysis of this data to support the implementation of the personalised decision 

support system for head and neck cancer incidents. To this end, the document aims to deliver the 

baseline prototype work for the collection of the health related patientsô information in an 

anonymised/encoded way and set the grounds for the specifications of the required data 

repositories, which harvest these health records and implement the expected BD2Decide processes. 

1.2 Structure of the deliverab le 

In order to implement the set objectives, this document is structured as follows: 

¶ Section 2 makes an overview of the data requirements in the BD2Decide project by analysing 

the findings of the Deliverable D2.1. It, then, presents the categories of the required datasets in 

the project and the sources from which is data is retrieved.  

¶ Section 3 describes the architecture of the BD2Decide data warehouse. It presents the logical 

structure of the data environment and provides a realisation of the expected functionalities to be 

implemented in the project in order to execute the use cases, reported in D2.1.  

¶ Section 4 elaborates on the details of the repositories defined in the previous section the 

BD2Decide data warehouse architecture, by providing an initial scheme of the repositories and 

the candidate technologies and tools, through which these repositories will be developed in the 

project. 

¶ Finally, Section 5 concludes on the expected role of this document in the project work plan. 
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2 DATA REQUIREMENTS 

2.1 Review of data needs in BD2Decide 

BD2Decide provides a solution to introduce new knowledge and improve the decision making 

process in the treatment of Head and Neck Cancer (HNC) incidents, through supporting new tools 

and evidence. The steps that realise the approach developed in the project have been designed in the 

specification of the user needs and relevant use cases in the BD2Decide deliverable D2.1 [1]. As it 

can be seen there, the workflow is evolved around three main workflow phases, namely diagnosis, 

treatment and follow-up. Each workflow phase may be further divided to steps (see Figure 1), like 

the diagnosis phase, which involves the decision making process, such as the criteria to support 

decision making and the resulting treatment decision, and the engagement of patients in the 

treatment process. 

 

Figure 1: The workflow for the HNC process in the BD2Decide project. 

In each phase and step, a set of data is involved, which facilitate the accomplishment of the machine 

functionalities envisaged in the BD2Decide platform. The involvement of data may be triggered 

either in a manual (user driven) or an automatic (machine driven) mode. 

In the diagnosis phase, when a head and neck tumor is suspected, a set of clinical, radiological and 

genetic data should be collected and recorded. This data is necessary to provide the baseline 

information for compiling the electronic health record (EHR) of the patient and subsequently 

tracking their status along the treatment workflow process, shown in Figure 1. 

As the health professionals run the steps in the diagnosis phase, they have to combine the clinical, 

radiological and genetic data with population data, which refer to the epidemiologic analysis of the 
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population in the specific region or geographical area, the behaviour analysis or the population, the 

use of medication, etc. Such population data requires a process within BD2Decide, which will 

enable collecting this data from existing Internet sources and associating it with the patientsô data. 

The combination of all this kind of information results in the prognostic prediction indicators for 

each patient, based on the involved prognostic models. Thus, the information collected from 

Internet sources, extracted from the examination of a patient and calculated through the BD2Decide 

components comprises the decision making criteria, which will be the evidence to support the 

discussions within the tumor board and among the professionals and the patients on the most 

suitable treatment. 

Moving across the steps of the diagnosis phase, the treatment decision process requires the retrieval 

of already defined datasets in the previous processes, like the patientôs data and the potential 

treatment scenarios, to constantly monitor the patientôs recovery curve. In this case, the BD2Decide 

platform requires a process to invoke the results of the previous steps and calculate the effect of the 

treatment process on the specific patient (through, for example, quality of life - QoL assessment) 

and the population (s)he represents. 

As part of the diagnosis phase and in order for the patient to be prepared for making decisions on 

the treatment to be finally adopted, with the full support of their health physicians, BD2Decide 

introduces an intermediate patient personalised co-decision aid step, in which a single patient can be 

guided through information concerning the specific tumor suspected on them, the different 

treatment options and the advantages and disadvantages of each treatment option. This step requires 

a multimedia dataset that visually explains the expected treatment results and side effects to the 

patient. Since this process aims to allow patients in participating in co-decision process for the 

treatment option, this step may, also, require that the patientôs preferences are recorded for future 

reference. 

In the treatment phase, the main data process involved in the BD2Decide platform is the need for 

updating the values of the data collected or calculated in the previous phase. In that case, the steps 

involved in this phase introduce the need for synchronising datasets with their latest values (at the 

data collection point, i.e. the hospital information system) and updating datasets by executing the 

algorithmic processes (i.e. prognostic prediction analysis) being implemented in BD2Decide. 

Finally, in the follow-up phase, BD2Decide aims to optimise the individual follow up schedule per 

patient and maintain a history of the quality of life assessment. Such data requires the 

implementation of the follow-up processes from BD2Decide, which allow the value calculation of 

such data (e.g. expected next visit time frame, overall QoL assessment by the end of the treatment 

iteration, etc.). 

2.2 Analysis of data involved  

Based on the requirements for the involvement of specific datasets in the execution of the 

BD2Decide workflow, as it was presented in the previous Section 2.1, this section analyses these 

datasets and provides a description of how they are involved in BD2Decide use cases. For the 

presentation of this data, we introduce four categories, which differentiate from one another, 

according to the layer of the BD2Decide platform environment that the specific data is produced. 
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The BD2Decide platform environment is defined as the set of system and platform components, 

which are developed in the course of the BD2Decide project, controlled by the BD2Decide 

Consortium partners and may reside in or outside the premises of the clinical centres. 

These categories are the following: 

Á Collection data: in this category, we include all the datasets which are produced outside the 

BD2decide platform environment, like the Hospital Information System (HIS), Laboratory 

Information Systems (LIS), and Picture Archiving and Communication Systems (PACS) of the 

participating clinical centres. These datasets need to be collected inside the BD2Decide platform 

environment, subject to certain data protection and privacy restrictions. 

Á Analysis data: in this category, we classify all the datasets, which result from the execution of 

the algorithms built in the BD2Decide project (or adopted in it) and deployed in BD2Decide 

platform environment. The analysis data originate from the processing of the collection data for 

the certain purposes defined in the BD2Decide project. 

Á Visualisation data: in this category, the datasets required in the visualisation tasks of the 

BD2Decide platform environment are included. Such data has not been produced in the analysis 

phase, but they are necessary for visualisation purposes. 

Á Access control data: in this category, we include the datasets, which are required to uniquely 

identify a persona along the BD2Decide platform environment, including the set of rules that 

define the personaôs privileges on accessing the data of the other categories. 

The rest of this section is devoted to the presentation of the datasets involved in these categories. 

The analysis of the datasets in performed in the following chapters 3 and 4. 

2.2.1 Collection data 

The collection data category integrates all the datasets, which are produced outside the BD2Decide 

environment and are gathered within it to facilitate the implementation of specific use cases for the 

target stakeholders. Such datasets may be collected from the information systems that already exist 

out there in the clinical and research field or the Internet itself. Therefore, in this section, we present 

the type of the collection data involved in the BD2Decide environment. 

The primary information in this category is the data involved in the patientsô clinical studies for the 

retrospective and prospective cases. This data is the electronic health record of a patient and takes 

the form of an electronic Clinical Record Format (e-CRF), which is widely used in the clinical 

studies to describe the set of information that needs to be collected from the patients, in order to 

analyse their clinical status and investigate more on their prospective disease evolution. The fields 

comprising the patient health record may vary depending on the exact case that we investigate. For 

the BD2Decide purposes, a first approach for this record has been described in Deliverable D2.1 [1] 

and integrates the following set of data types: 

¶ The eligibility criteria for the selection of a patient in a study, such as the HNC stage. 

¶ The clinical and demographic data of the patient. For the demographic data, the health record 

shall track information, like the gender, the age, the time of diagnosis, the ethnicity, etc. For the 

clinical data, the record gathers the HB level, the PLT level, the value of lymphocytes, etc. 
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¶ The risk factor data, such as smoking and alcohol habits and the overall hygiene view of the 

patient. 

¶ The Clinical T- and N-Characteristics, which describe the morphology of the tumor and the 

nodes. 

¶ The available multimedia (i.e. images) visualising the problem, such as CT, MRI and DWI-MRI 

scans. 

¶ The dataset describing the pathology status of the patient. 

¶ The dataset describing information about chemotherapy and radiotherapy. 

¶ The information of potential surgery treatment followed. 

¶ The description of potential tissue samples available, which will be subject to genomic analysis. 

¶ The follow-up dataset, describing the procedures in the follow-up period. 

¶ The toxicity dataset, which describes the impact of radiotherapy or chemotherapy on the 

patientsô clinical status. 

Along with this data, the health record is composed of the quality of life questionnaires, which have 

to be collected along the execution of the retrospective and prospective studies. The structure of 

these questionnaires is standardised in the bibliography and will be collected from sources outside 

of the BD2Decide project (and subject to the needs of the clinical partners). 

In the collection data category, we also include the population datasets, which are collected from 

the Web. Such statistical datasets include information about epidemiology data, lifestyle behaviour, 

such as nutrition habits, alcoholic consumption, smoking habits, statistical data on the health status 

of the population, and data regarding the use of medication per location.  

2.2.2 Analysis data 

In the analysis data category, we emphasise on the datasets, which are produced in the course of the 

BD2Decide project, either through thorough investigation of best practices and recommendations or 

as a result of the application of the BD2Decide technical components on the collection data to exact 

assessment, based in the research conducted within the project. Therefore, in this section, we 

present the type of the analysis data generated within the BD2Decide environment. 

The patientsô electronic health record introduced in the previous section 2.2.1 is further completed 

through the analysis data. More specifically, the e-CRF includes the following analysis data: 

¶ The imaging analysis datasets, which are produced from the BD2Decide tools, responsible for 

the image anatomic features extraction process and from the radiomic feature extraction process 

applied on the CT, MRI, and DWI-MRI scans. These datasets include both the feature values 

and the imaging segmentation binary files. 

¶ The genomic analysis datasets, which are produced from the BD2Decide tools, responsible for 

the genomic feature extraction process applied on the tissue samples. 

Apart from the above, the following datasets are considered to be part of the analysis data category: 
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¶ The models developed in the BD2Decide project, which are used in the prognostic prediction 

use cases. 

¶ The prospective data, which are part of the prospective clinical studies and are calculated after 

the application of the prognostic prediction models on a patientôs health record. 

¶ The BD2Decide Knowledge Base. This is the project ontology that describes the semantic 

relationships between the actors of the BD2Decide environment with the functions expected 

from the use of the respective components to implement the envisaged use cases. 

¶ The metadata description of the patientsô health record, according to the BD2Decide ontology. 

2.2.3 Visualisation data 

Another category of the data involved in the BD2Decide environment refers to the visualisation 

tasks, which allow the professionals in the HNC health care field and the patients to assess the 

analysis performed within the BD2Decide environment. Therefore, in this section, we present the 

type of the visualisation data, which integrate the collection and analysis data in order to present 

meaningful information to the end users of the BD2Decide environment. 

As part of the visualisation data, we envision the structural information required to support intuitive 

visualisation schemes. In this category, we include the models that represent the patientôs 3D digital 

avatar, consisting of 3D models from head and neck, which emphasise on the anatomy morphology 

and the visualisation of the levels for lymph-nodes and tumors.  

It must be noted that the visualisation data category integrates the datasets of the other two 

categories in the sense that, subject to the technical requirements of the use cases from Deliverable 

D2.1 [1], an analysis dataset may require additional data representation structures on the 

presentation layer. 

2.2.4 Access control data  

This is another BD2Decide data category, which is not directly implied from the use case analysis 

in D2.1 [1], but it is a result of the technical requirements. Those requirements have been compiled 

to translate the business level functions reflected in the use cases into technical requirements for the 

development of the expected components and the BD2Decide platform. Furthermore, this data 

category is introduced, as a result of a legal analysis of the expected BD2Decide use cases. As such, 

the processing of patientsô data and the use of big data infrastructures introduces the need for 

identity management, authentication and authorisation mechanisms, which are implemented 

through the exploitation of the following user profile data: 

¶ The credentials for the authentication of end users in the BD2Decide platform. 

¶ The list of roles and the corresponding access rights. 

¶ The pseudonymization and anonymization model. 
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2.3 Data Sources 

The BD2Decide platform manages a collection of multiscale and multivariable patientsô data from 

different sources, including personal data from the participating hospital information, data manually 

inserted from clinical specialists, histology data, image data from PACS and from the BD2Decide 

diagnostic image processing tools, and data from research prognostic models. 

Specifically, data inputs come from (see Figure 2): 

1. Data from clinical centres, consisting of: 

a. Retrospective studies 

b. Prospective studies 

2. Population data, used for the ñKnowledge Baseò. These data include: 

a. Environmental data 

b. Medication data 

c. Lifestyle Behavioral data 

d. Epidemiological data 

e. Health Data 

 

Figure 2: BD2Decide platform data sources 

This set of data is subsequently used as inputs by an integrated CDSS that links together 

population-specific epidemiology, behavioral and environmental data, patient-specific multiscale 

data from genomics, pathology, clinical and imaging data (including radiomics). Moreover, data is 

used for a set of multiscale prognostic models, the Big Data Infrastructure and the graphical 
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visualization tools of the BD2Decide CDSS. 

2.3.1 Clinical cent res inputs  

Five clinical centres retrieve prospective and retrospective patients inputs and provide the 

information to the BD2Decide cloud infrastructure. The inputs data coming from clinical centres 

refer to Hospital Information System (HIS), Laboratory Information Systems (LIS), and Picture 

Archiving and Communication Systems (PACS). The collection of data in the clinical centres is 

based on widely adopted clinical standards such as HL7, ISO/CEN 13606 and openEHR, adopting 

the IHE Cross-Enterprise Document Sharing (XDS) Integration Profile, in order to facilitate data 

collection. 

A cloud exportation procedure that anonymizes and de-identifies the dataset according to the data 

policy of each clinical centre is executed. Internet Repositories refer to external database entities, 

which supply information on epidemiology and behavioural population. 

The data collection in the clinical centre is used for two sets of clinical studies, namely retrospective 

and prospective, as following: 

Ç Sources (existing systems providing data) 

Å HIS/LIS 

Á Patientsô retrospective study data 

Á Patientsô prospective study data manual input 

Á Patientsô admin data (i.e. frequency of visits, timing, correlation to lab data) 

Å PACS 

Á Imaging data for retrospective study data 

After the anonymization process, the clinical inputs are stored in an electronic Clinical Report Form 

(e-CRF). The e-CRF is the tool used by the physicians to collect the patientsô clinical data from 

each participating clinical site. This tool allows clinicians for a faster and more efficient control of 

the patient data, while ensuring high security of the data and an easy and friendly usage. 

The e-CRF is organized in 13 main Items, each one representing a database block responsible for a 

certain set of patient data, as shown in Table 1. 

Table 1: Records to be stored for each patient in BD2Decide 

One set of data per patient Multiple sets of data per patient 

Clinical data (first visit, pre treatment): Items 

1,2 and 3 in e-CRF 
Imaging data (CT and/or MRI data): Item 5 of 

e-CRF. We may have only one image (CT or 

MRI) or both 

Tumor data: Item 4 of e-CRF 
Radiomics data: multiple radiomics readings 

for the same image (Items 5b and 5a). 

Radiomics is linked to an image in Item 5 of e-

CRF 
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One set of data per patient Multiple sets of data per patient 

Lymph nodes data: Item 4, N characteristics in 

e-CRF 

Follow-up: Item 11 of e-CRF 

Surgery data: Item 9 of e-CRF Chemotherapy data: multiple sets if many 

chemotherapy treatments are applied to the 

tumor: Item 7 of e-CRF 

Tissue sample: Item 10 of e-CRF Radiotherapy data: multiple sets if many 

radiotherapy treatments are applied to the 

tumor: Item 8 of e-CRF 

Pathology on tumor: Item 6 of e-CRF Toxicity (one set of data for each treatment): 

Item 12 of e-CRF 

 QoL questionnaires: Item 13 of e-CRF 

2.3.2 Population data  

Population-based cancer registry can provide data for the patients (date of birth, country of 

residence and gender), tumor characteristics (histology and topography), vital status, etc. Some 

cancer registries have information also on the hospital of diagnosis, on the main treatment and the 

hospital of treatment and on the extend of the disease. 

The population-based registries host the following type of data: 

¶ Data on Environmental indicators: these inputs include the identification of Open Data sources 

containing environmental data, since genetic changes that are responsible for H&N cancer may 

be linked to the environmental exposures that damage DNA, such as air pollution in a specific 

region. 

¶ Scientific data on medical knowledge: these inputs refer to research and scientific publications 

and international guidelines. 

¶ Lifestyle Behaviour data: this information is retrieved through QoL questionnaires, in order to 

estimate the quality of life of the patients and compare it during the post-treatment and follow-

up phases for population-based statistical purposes. 

¶ Epidemiology data: this information refers to tumor registries data at the level of populations or 

even at the level of the single individual, gathered from epidemiology datasets at the EU level, 

such as IARC [2]. 

¶ Health data: this information refers to residentsô demographic health variables, clinical 

variables (i.e. information on all treatments and procedures administered), administrative 

variables (i.e. type of admission, day hospital), which is aggregated on a per region or country 

level to provide information for population-based statistical purposes. 

The information on the population data will be gathered from national public databases in Italy, the 

Netherlands and Germany [3][4]. 
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3 THE ARCHITECTURE OF THE DATA WAREHOUSE 

3.1 Logical Architecture  

In the previous section 2, we focused on the data requirements in the BD2Decide project and the 

sources for gathering or producing the respective information. Based on this analysis, in this section 

we present the data warehouse service architecture, which emphasizes on the depiction of the 

required data repositories for hosting the type of data identified in the categories of section 2. This 

architecture is driven by the requirements defined in D2.1 [1] and the corresponding technical use 

cases described there. 

Figure 3 shows the logical architecture of the data warehouse services for the BD2Decide 

environment, which depicts the repositories with the datasets involved in this environment. In this 

architecture, we define three main parts, each of which plays a different role in the overall data 

warehouse architecture. The first part is the clinical information systems, which refers to the data 

collection category of Section 2.2.1. The second part is the BD2Decide Storage Environment and 

integrates data from the analysis and visualization phase (see Sections 2.2.2 and 2.2.3) and the 

access control data of Section 2.2.4. These categories are also reflected in the third part of the 

logical architecture of the data warehouse services, which refers to the BD2Decide big data 

infrastructure. 

The Clinical Information Systems (CIS) part of the architecture involves the information systems 

already being in operational mode in the clinical centres participating in the BD2Decide project. 

Such systems integrate the following sub-systems: 

Á The Hospital Information System (HIS), which manage the patientsô presence at the hospital, 

along with information regarding the purpose of visit and the assigned professionals to handle 

the patients. 

Á The Lab Information System (LIS), which host the results from the clinical monitoring of the 

patient on a laboratory level, including the management of tissue samples from the patients and 

their genomic analysis. 

Á The Picture Archiving and Communication System (PACS), which manages the storage, 

processing and distribution of medical images. 

Due to the implications of the national and European legislations about data security and privacy in 

the healthcare domain, and the internal security policies applied in the participating clinical centres, 

the project does not have direct access to the CIS. As depicted in Figure 3, a replication of the CIS 

in each centre is developed, which is an extract of the operational repositories in the CIS and hosts 

only the information that is absolutely required by the BD2Decide project to conduct the planned 

research and innovation activities.  

Further to it, it must be highlighted that the replication of the CIS performs anonymization of the 

data shared with the BD2Decide environment, which resides outside the network of the clinical 

centres. This is necessary for the project to demonstrate compliance with the national and European 

laws and minimize the privacy risks from the exposure of the patientsô medical information outside 

the network of the clinical centres. 



 HORIZON 2020  H2020-PHC30-2015-689715 - BD2Decide Dissemination Level: PU 

D5.1 Multilayer data acquisition 1 15 July 2016 

and management services  PROPRIETARY OF BD2Decide CONSORTIUM Version 1 

 

Figure 3: The logical architecture of the BD2Decide data warehouse. 
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We, also, emphasise here on the fact that the replication of the CIS files the patientsô consent form, 

through which the patients participating in the clinical studies give their written consent to the 

relevant clinical organisations to exploit their medical information for the research purposes of the 

project. As mentioned above, no personal data is fused outside the CIS of the clinical partners, thus 

the signed consent forms must only be filled in the replication of the respective CIS and not within 

the BD2Decide environment. 

On the BD2Decide Storage Environment side, the project defines a set of data repositories, which 

facilitate the analysis and visualisation tasks of the BD2Decide environment. These repositories are 

described below: 

Á The Local CRF repository; this is a repository of the retrospective studies data, which are first 

collected in the replication of the CIS and are pushed to these repositories in an anonymized 

way for further processing within the BD2Decide project. 

Á The Patients Documentation System (PDS); this is a central repository in the BD2Decide 

environment, which integrates all the patientsô data required for the implementation of the 

project use cases. In that respect, the PDS interfaces with the local CRFs to retrieve data from 

retrospective studies, while it maintains the respective data from the prospective studies, after 

the analysis invoked within the BD2Decide environment. 

Á The Identity Management (IdM) repository; this is the data base for handling identity 

management. It maintains the identification details for the professionals experiencing with the 

BD2Decide environment. During the course of the project, we will further investigate whether 

this database is extended for patients as well. 

Á The Statistical Models repository; this database hosts the structure of the prognostic models, 

which are defined in the course of the project and are invoked in the prospective studies to 

project the patientsô clinical status, according to the patientôs personalised data and the 

population medical information. 

Á The Digital Patient Models (DPM) repository; this repository maintains the models required in 

the project to provide advanced visualisations of the patientsô medical information in the form 

of a digital avatar. Through the contents of this repository, the relevant User Interface 

components will retrieve information about the appropriate composition of the avatar to 

visualize the clinical status of a certain patient. 

Á The Media repository; this is a multimedia database hosting the media items used in the 

development of the co-decision aid tool for the various disease cases and per the workflow 

envisioned in each clinical centre. 

Á The BD2Decide Knowledge Base; this is the ontology of the project that describes the structure 

of the conceptual entities involved in the research of the project and the relationship among 

them. The Knowledge Base may strongly depend to the PDS to describe the results analysis of 

the patientsô data, after the application of the Knowledge Base on the structure of the clinical 

studies. 
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Moving to the BD2Decide Big Data infrastructure, this part of the logical architecture hosts 

information that requires big data processing and/or storage. The relevant repositories are: 

Á The imaging and genomic features database; this connects to the replication of the CIS of the 

clinical centres and maintains references to the patientsô imaging data from scanning radiology 

devices and tissue sample data, as well as the resulting imaging radiomic and genomic features. 

Both the imaging radiomic and genomic features are also part of the electronic CRFs, which are 

maintained in the Local CRF repository, but, for the project purposes, we also maintain this 

database as a separate storage area for these features. 

Á The population repositories; this is a set of repositories, which integrate population data, such as 

environmental, epidemiology, health data, and information about statistical mediation and life 

style behaviour. 

The data repositories that were described above constitute the basis of the BD2Decide data 

warehouse architecture and they are accessed, according to the data acquisition and management 

service functionalities, which are introduced in the next section 3.2. 

3.2 Data acquisition and management service functionalities  

This section describes the functionalities expected from the data acquisition and management 

services, which process the repositories depicted in the logical architecture of the BD2Decide data 

warehouse, in Figure 3. These functionalities comprise a sub set of the expected user level 

functionalities of the BD2Decide CDSS and they result in the implementation of work flow 

activities for the collection, analysis, management and visualisation of the BD2Decide datasets. 

For the purposes of this document, the presentation of the data level functionalities is grouped into: 

i) functionalities of the data acquisition services: these functionalities, ii) functionalities of the data 

processing and management services, iii) functionalities of the data visualisation services. 

These functionalities are presented in the following sections in the form of abstract workflow 

processes. The latter comprise an introduction to the use case flows that the BD2Decide tools will 

implement in the respective platform prototype. As such, these workflow diagrams aim to reflect 

the high level data flow within the BD2Decide environment and provide a first approach to the 

architecture specifications in D2.3, which is due M12 (December 2016). 

3.2.1 Data Acquisition Service Functionalities  

The data acquisition service functionalities refer to the collection of data from external sources. 

These functionalities mainly refer to the data collection category. 

The most important functionality in the data acquisition services is the selection of the patients and 

their corresponding data to be involved in the retrospective and prospective studies. The patient 

selection process and the relevant workflow to collect the appropriate data of the patientôs record 

are presented in Figure 4. As depicted there, the clinical centres define the criteria for the selection 

of patients to participate in the BD2Decide clinical studies. Following this selection process (which 

is out of scope of this deliverable), the respective patientôs digital record must be extracted from the 

CIS of the centre and be stored in the replication system, which is dedicated to the BD2Decide 

project. For all the patients participating in the studies, we collect the appropriate information 
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present in the CRF from the CIS, including the images from CT or MRI scans and the sample 

reference numbers (with potentially a reference to the storage area of the sample). 

The result of this workflow is the extraction of the patientôs record from the CIS to be ported into 

the replication of the CIS (residing inside the network of the clinical centre). Before the record is 

ready for publication to the BD2Decide environment, the assigned data owners of the records 

(which are appointed from the clinical partners) perform anonymization on the record (through 

generating an encoded identification number - ID for the patient), so that any analysis occurred in 

the BD2Decide environment beyond this point cannot refer directly to the patient (as a physical 

entity) that this record belongs to. To this end, as part of the information stored in the replication of 

the CIS is the patientôs signed consent form, through which the patient agrees on the use of their 

data for the research purposes of the project, and a map table associating the patient encoded ID 

with the identification number of the consent form. 

As part of the data acquistion services, the BD2Decide project exploits open data from the Internet 

about population statistics, which refer to average data on the environmental conditions affecting 

head and neck diseases, epidemiology data per country and population group, genarl overview data 

of the health status per country or ethinicity, statistical data on the average use of medication on a 

per country basis and the life style customs and behaviour for general indicators affecting the 

survival rate per country, like smoking and alcohol consumption. The workflow which is engaged 

in the process is shown in Figure 5. 
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Figure 4: Selecting patients for clinical studies. 
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Figure 5: Collecting population data. 
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(i) (ii)  

Figure 6: Extraction of features from: i) radiomic analysis, and ii) genomic analysis. 
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Figure 7: Developing the patientôs record into the PDS. 
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Figure 8: Realising the data flow of the co-decision approach. 
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patient. This personalised co-decision approach integrates the prognostic statistical models, publicly 

available population data and the selected patientôs record. 

In the functionalities of the data visualisation services, we, also, include the visualisation of the 

digital patient view process. This is a workflow that implements the data interaction flow for the 

presentation of the patientôs clinical status in various forms. As shown in Figure 9, the visualisation 

of the patient record may involve various steps. 

 

Figure 9: Visualising the virtual patient. 
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The visualisation data involved in this service functionality include almost all the data repositories 

defined in the BD2Decide environment. The tasks in this process result in the presentation of the 

patientôs record, either as a whole (view the digital patient avatar) or parts of it (selected fields from 

the record and/or the avatar model segments). Furthermore, through invoking the prognostic 

prediction analysis, the workflow of Figure 9 results in the professionals being able to assess the 

impact of the followed treatment method on the patientôs Quality of Life indicators, in order to 

decide on the follow-up strategy. 

 

Figure 10: Realising the researcher cases in the BD2Decide environment. 
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anonymised patientôs data for research purposes and, to this end, they need for a unified query 

formulation approach to be able to extract similar data from various sources. This data 

normalisation process is supported by the BD2Decide ontology (knowledge base), which allows 

clustering data and presenting them in a way that fits to the query request. 
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4 DESCRIPTION OF DATA REPOSITORIES 

This section elaborates on the design and specification aspects of the BD2Decide data warehouse 

architecture that was presented in Section 3.1. It advances the introduction of the data requirements 

and the respective sources in Section 2 and analyses the structure of the databases envisioned in the 

BD2Decide environment, along with the candidate technologies and /or tools, which support the 

development of these data structures. 

4.1 Local Electronic Clinical Record Format Document  

The local electronic Clinical Record Format (e-CRF) document is a database locally deployed for 

each clinical centre to enable clinicians collect the patientsô health record required for the 

retrospective and prospective studies. Thus, this database integrates the information collected from 

each CIS of the participating clinical partners. 

4.1.1 The structure of the local e -CRF 

Although the CRF protocol is widely used in the clinical research, each clinical centre may follow a 

different approach to define the required fields constituting this document. In the BD2Decide 

project, we have already defined a common CRF scheme, which has been introduced in the annex 

of Deliverable D2.1 [1]. As shown there, and as it has been reported in Section 2.3, the e-CRF 

database for the BD2Decide project should maintain the categories of records shown in Table 1. 

Since the details of the CRF have been presented in [1], we only present here the structure of the 

local e-CRF database, highlighting the logical connections between the tables. More specifically, 

recalling from Deliverable D2.1 [1], the CRF structure is split into 13 items. The starting point for 

the development of the CRF is the definition of a study. In BD2Decide, we define two study 

categories, namely retrospective and prospective. Each category follows the same structure for the 

CRF and distinguishes from the other on the time that the study is created and tools, services or 

human resources being responsible for the completion of the various fields in each study. 

As shown in Figure 11, a study is recruited by many patients, which are selected to participate in the 

study, following a set of criteria. Only if the patient signs a consent form, he/she can participate in 

the study by providing their health record. Once this consent form is available, the demographic and 

clinical data of the patient is collected, while further HNC related data is produced to fill in the CRF 

for a specific patient.  

The complete view of the local e-CRF database is depicted in Figure 11. 
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Figure 11: The structure of the local e-CRF database. 

4.1.2 Tools and technologies for developing the e -CRF 

The development of the e-CRF follows best practices from the cliniciansô domain. As such, for the 

development of the local e-CRF we have considered OpenClinica
2
. OpenClinica is the worldôs most 

                                                 
2
 https://www.openclinica.com/ 
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widely-used, open-source software for clinical research. First released in 2005, OpenClinica is 

designed to meet the diverse needs of modern research environments. It is built as a lightweight, 

extensible, and modular application
3
. 

OpenClinica provides the capture, clear and manage of the electronic clinical data and helps 

clinicians to organise and analyse their research. More specifically, OpenClinica supports the 

collection of electronic data through the e-CRF format and increase the clinical research quality and 

efficiency. Moreover, clinicians can manage their studies in real-time and in high scalability. 

Clinicians can create studies and import unlimited number of patients either manually or massively 

using the e-CRF format. Nevertheless, one can manage their records and be aware of any 

modification might happen to their records and they can automate visit schedules by creating 

events. 

The administrator of OpenClinica can create different studies for every clinical centre and grant 

different permission to the involved clinicians (e.g. Data Manager, Data Entry person etc.). 

Clinicians can use and improve any clinical phase of their study (e.g. Phase I, Phase II, Academic 

etc.). 

One of the greatest advantages of OpenClinca is that it offers monitoring functionalities to the 

clinicians in a dashboard like form. In the respective monitoring views, they can monitor the 

fulfilment percentage of their studies, actions such as patientsô enrolments, events etc. With 

OpenClinica, clinicians can extract patient electronic outcomes, such as analytic reports. Finally, 

OpenClinica provides easy integration with external systems. 

As aforementioned, OpenClinica is an open-source software that can support the dynamic import of 

e-CRF structures and build customisation with respect to the BD2Decide needs. During the 

installation, OpenClinica creates its own database either in Oracle or PostgreSQL (version 8.4). 

BD2Decide uses OpenClinica with PostgreSQL, which creates a database with 110 tables (see 

Annex7.1).  

OpenClinica supports dynamic import of e-CRF data structures using the OpenClinica template. In 

BD2Decide, we have customised this template to meet the requirements of the CRF presented in 

Deliverable D2.1, so that the five clinical centres participating in the project be able to manage their 

patientsô health records joining up the project in the execution of the pilots. The OpenClinica 

template is in Microsoft Excel format and, inside the OpenClinica tool, it is translated to a set of 

objects, such as text in string, date class, integers, etc. 

Table 2 shows the mapping between the section items of the CRF, as it was presented in D2.1, and 

section label format of the e-CRF in OpenClinica, while a snapshot from the customised e-CRF 

excel format for the BD2Decide CRF structure is presented in Table 3. 

 

 

 

                                                 
3
 https://docs.openclinica.com/3.1/openclinica-user-guide/overview-openclinica 
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Table 2: Convert CRF items from D2.1 to the e-CRF scheme of OpenClinica. 

Section_label Section_label 

Patient selection Patient selection 

Demographic & Clinical 

data 
Demographic & Clinical data 

Risk factors Risk factors 

cTN cTN 

Imaging Imaging 

Radiomics data CT scans Radiomics data CT scans 

Radiomics data from MRI Radiomics data from MRI 

Pathology data Pathology data 

Chemotherapy Chemotherapy 

Radiotherapy Radiotherapy 

Surgery Surgery 

Tissue Sample Tissue Sample 

Genomic data Genomic data 

Genes relevant for prognosis Genes relevant for prognosis 

Follow up Follow up 

Toxicity Toxicity 

QoL QoL 

Table 3: An example for the OpenClinica e-CRF customised for the BD2Decide project. 

item_name section_label item_name section_label item_name section_label 

consent 
Patient 

selection 
single-select consent_label 1,2,3 INT 

DoICF 
Patient 

selection 
text 

  
DATE 

elC 
Patient 

selection 
radio 

eligibility_crite

ria 
1,2 INT 

noElC 
Patient 

selection 
text 

  
ST 

PatientID 
Demographic 

& Clinical data 
text 

  
ST 
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item_name section_label item_name section_label item_name section_label 

hospital 
Demographic 

& Clinical data 
single-select hosp_label 

1,2,3,4,5,6,7,8,

9 
INT 

uId 
Demographic 

& Clinical data 
text 

  
ST 

lpID  
Demographic 

& Clinical data 
text 

  
ST 

DoB 
Demographic 

& Clinical data 
text 

  
DATE 

DoD 
Demographic 

& Clinical data 
text 

  
DATE 

diag_age 
Demographic 

& Clinical data 
calculation diag_age_label 

func:(DoD-

DoB) 
INT 

sex 
Demographic 

& Clinical data 
radio gender_label 1,2 INT 

ethnicity 
Demographic 

& Clinical data 
single-select ethinicity_label 1,2,3,4,5 INT 

ethNote 
Demographic 

& Clinical data 
text 

  
ST 

asa 
Demographic 

& Clinical data 
single-select asa_label 1,2,3,4,5,6 INT 

comor_score 
Demographic 

& Clinical data 
single-select 

asa_score_labe

l 
0,1,2,3,9 INT 

hb_level 
Demographic 

& Clinical data 
text 

  
REAL 

plt_level 
Demographic 

& Clinical data 
text 

  
REAL 

lymph 
Demographic 

& Clinical data 
text 

  
REAL 

hpv_status 
Demographic 

& Clinical data 
single-select 

hpv_status_lab

el 
1,2,3 INT 
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(b) The details of the e-CRF 










































































