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Addressees of this document 

This document is addressed to the BD2Decide Consortium and provides an initial version of the 

user interface sketches for the BD2Decide components. More specifically, it summarises on the 

user centric approach for the development of the BD2Decide environment and emphasises on the 

usability design issues. It, then, presents the user needs for the three main components, namely the 

Clinical Decision Support System, the Interactive Patientsô co-Decision Aid tool and the Visual 

Analytics Tool. The deliverable bases the analysis on the user requirements in Deliverable D2.1 and 

describes the user functionalities, along the steps defined for each target stakeholder in the head and 

neck cancer processes. 

The main result of this deliverable is an initial design of the user interface sketches for these 

components, which aim to provide the clinical partners with a perception of how the BD2Decide 

environment will facilitate their needs for managing a head and neck cancer patient for efficient 

personalised decisions. 

This document will be delivered to the European Commission. 
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Abbreviations and definitions  

CDSS Clinical Decision Support System 

DPEE Digital Patient Exploration Environment 

e-CRF Electronic Clinical Record Format 

EHR Electronic Health Record 

HN Head and Neck 

HNC Head and Neck Cancer 

IPDA Interactive Patient Decision Aid 

IPDAS 

Collaboration 

International Patient Decision Aid Standards Collaboration 

PDS Patient Documentation System 

QoL Quality of Life 

TBCE Tumor Board Collaboration Environment 

UCD User Centric Design 

UI User Interface(s) 



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

 

D2.2 User interaction sketches  11 16 September 2016 

 PROPRIETARY OF BD2Decide CONSORTIUM Version 1 

 

Abstract  

In modern software development, usability is a key parameter for the acceptance of the software 

solution by the target end users. Thus, the adoption of a human (or user) centric design approach is 

considered a key success factor for the commercialisation of the software. In that respect, 

BD2Decide is widely supporting the engagement of the end users in the development process, not 

in an isolated way, but in a fully interactive approach. Thus, in the BD2Decide project, which 

integrates a multidisciplinary group of clinical researchers, health professionals and diverse 

technical teams, we emphasise on the interactive development of the BD2Decide components, by 

employing a user centric design approach across all the phases of the BD2Decide implementation 

plan to make these components being usable for the target end users. 

Within the BD2Decide implementation process, usability is highlighted in the user centric design 

process and a three phases approach is followed to address usability, along the implementation plan 

of the BD2Decide software environment. These phases include the analysis of usability aspects, the 

design of the usability as part of the overall BD2Decide specifications and the usability evaluation 

of the BD2Decide environment, as it has been implemented in software implementation phases of 

the various individual BD2Decide components and the integrated view.  

To this end, this deliverable is part of the usability design phase and elaborates on the visual 

representation of the BD2Decicde concepts and the expected wireframes that should eventually 

constitute the user interface components of the BD2Decice environment. The wireframes sketch a 

provisional view on how the defined end users will interact with the BD2Decide environment in 

order to manage the patientsô data and clinical status, along a head and neck cancer workflow. The 

sketches of the user interaction design are grouped, according to the primary BD2Decide actor(s) 

that these interactions refer to, and are connected with the user needs and the respective 

requirements presented in Deliverable D2.1.  

More specifically, the document analyses the interactions of the target stakeholders, namely the 

patients, the professionals (clinicians), and the researchers, with the BD2Decide components. For 

the patients, the deliverable sketches the interactions that allow them to be made aware of the 

candidate treatment methods proposed by their physicians (and the tumor board), and the impact of 

these treatments in their life and survival conditions. For the clinicians, we provide an initial design 

of the tools that allow them collect and manage their patientsô data, in the context of assessing their 

clinical status, along the HNC treatment phases, assess the evolution of their patientsô disease case, 

through personalised prediction, and collaborate with other professionals, in the context of the 

organization of tumor boards. Finally, this document delivers a first approach for the design 

sketches targeting the interaction activities of the clinical researchers with the BD2Decide 

environment, in order to query into big data sources and combine results from clinical studies, 

research activities and statistical bodies on HNC disease cases. 
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1 ABOUT THIS DOCUMENT 

1.1 Introduction and scope  

This document is the second deliverable of WP 2 and stands upon the user requirements to sketch 

the design of the interactions expected between the BD2Decide actors and the ICT environment. 

The work, which is presented in this deliverable, strongly relates to the user centric design process 

that the project follows in order to develop the BD2Decide components, in order to ensure that 

development is aligned to the user needs and the released software receives the acceptance of the 

stakeholder groups. As such, this deliverable establishes relationships with the work performed in 

WP 5 about the usability evaluation. 

The user centric design process aims to achieve high degree of usability for the BD2Decide 

components. A principal requirement for this is to ensure the engagement of the BD2Decide end 

users in the implementation of the ICT environment early in advance in the project time plan. This 

must be done through a structured and systematic approach, which will enable us gather the all the 

information required for guiding the software development. The result of this process is the initial 

sketch of the user interaction design, as an effective approach for the initial conceptualisation of the 

functionalities expected from the BD2Decide software for each stakeholder group. 

1.2 Structure of the deliverable  

Following the objectives set for this deliverable, the document is structured as follows: 

¶ Section 2 sets the scenes for this deliverable by placing the design of the user interface sketches 

in the whole software development process. As such, it makes an introduction to the user centric 

approach and describes how the design of sketches for the expected interactions of the 

BD2Decide actors with the envisaged ICT environment could establish a communication 

channel between the clinical and the technical partners of the project to come up with a highly 

creditable (from the perspective of the target users) and usable implementation. 

¶ The following three Sections 3-5, approach the design of the user interfaces for the three main 

components targeting the three main stakeholder categories of the BD2Decide environment. 

Therefore, in Section 3 we provide the UI sketches for the Interactive Patientôs co-Decision Aid 

tool, which targets physicians and their patients, in Section 4 we refer to the core component of 

the environment, which is the Clinical Decision Support System for allowing professionals in 

the HNC field to assess the clinical status of their patients, and in Section 5 we elaborate on the 

interactions of the clinical researchers with the BD2Decide environment. 

¶ Finally, in Section 6 will provide concluding remarks for the work done in this deliverable and a 

roadmap on how the UI sketches will be exploited to guide the development of the BD2Decide 

components. 
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2 USER CENTRIC DESIGN 

2.1 Introduction to a user centric design process  

The development of a software system follows the software life cycle processes defined in the 

ISO/IEC 12207:2008 standard [1]. In this standard, software implementation is evolved into various 

processes, which refer to the software requirement analysis, the software architecture design, the 

software construction and integration, the software qualification testing and the software support 

and reuse processes. The support services include the software quality assurance and validation 

processes. Software validation is the confirmation that the software specifications conform to user 

needs and intended uses through examination and provision of objective evidence, and that the 

particular requirements implemented through software can be consistently fulfilled. Since software 

is usually part of a larger hardware system, the software validation typically includes evidence that 

all software requirements have been implemented correctly and completely. 

Along the processes of a software implementation project, the level of the stakeholdersô 

involvement in these processes defines whether a user centric design (UCD) approach is being 

adopted in the development of the software system. A UCD approach, which is, also, called human 

centric design, targets on the integration of a multidisciplinary group, which focuses on the 

interactive development of software solutions, with emphasis on making them being usable. As 

mentioned in ISO 9241-210:2010 [2], UCD is the approach to systems design and development that 

aims to make interactive systems more usable by focusing on the use of the system and applying 

human factors/ergonomics and usability knowledge and techniques. Thus, the scope of a UCD 

process is to achieve high degree of usability, which is introduced as an inherent measurable 

property for all interactive digital technologies and is defined in ISO 9241-11:1998 [3] as the extent 

to which a product can be used by specified users to achieve specified goals with effectiveness, 

efficiency and satisfaction in a specified context of use. In order to meet this objective, the UCD 

process requires that the software end users and the solution domain stakeholders must be engaged 

with the implementation activities early in advance, through a structured and systematic approach 

for gathering all the necessary information, which will guide the software designers in making an 

effective first approach of the software sketch [4].  

The UCD process is strongly dependable on user acceptance criteria, thus, it should approach 

usability from various perspectives and focus on aspects for the ease of use and the learning curve 

to adopt the solution in current business practices [5]. This can be measured by the envisaged users 

through empirical analysis of similar solutions and the actual testing of the software product, as it is 

progressively made available from a mock-up version, through functional prototyping and up to 

product testing. In this context, iterative design is a key function in the whole software development 

process for the continuous evaluation of usability aspects in the software solution. 

The usability evaluation aims to assess the extent to which an interactive software solution is easy 

and pleasant to use. A lot of methods exist to measure the degree that is achieved in the 

development of a software interactive solution. These methods provide the theoretical background 

to apply specific robust, objective and reliable metrics that allow a quantifiable approach to 
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usability. The most well-known usability evaluation models are: i) quality in use model, which is 

used to asses to the use of the software product (effectiveness, efficiency and satisfaction in a 

particular context of use), and ii) the product quality model, which is used to assess the product user 

interface and interaction. These quality models are commonly included as part of the software 

validation process in the ISO/IEC 12207:2008 standard [1]. However, in a UCD process, these 

models should be employed across all the processes of the software implementation.  

 

 Figure 1: The quality in use model of the ISO/IEC 25010:2011 standard. 

 

 Figure 2: The product quality model of the ISO/IEC 25010:2011 standard. 

The ISO/IEC 25010:2011 standard [6] is the most widespread reference model for software 

assurance and it includes eight software quality characteristics, across which the software solution 

can be assessed. This standard introduces the above mentioned quality models providing a 
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consistent terminology for specifying, measuring and evaluating system and software product 

quality. Thus, in ISO/IEC 25010:2011 standard: 

¶ The quality in use model is composed of five characteristics that relate to the outcome of the 

interaction with the system and characterises the impact that the product can have on the 

stakeholders. In this model, usability is in the forefront and is realised through the 

characteristics shown in Figure 1. 

¶ The product quality model is composed of eight characteristics that relate to static properties of 

software and dynamic properties of the computer system. In these model, the eight 

characteristics can be further divided into sub-characteristics, are shown in  Figure 2. 

The software quality model of the ISO/IEC 25010:2011 standard is adapted on a case by case basis, 

in order to define appropriate metrics and to be able to evaluate the software capabilities. These 

metrics need to reflect the characteristics that they represent. They also need to allow appropriate 

measurements to be obtained, either through quantitative methods (e.g. by software 

tests/simulations, usability tests) or qualitative methods (e.g. through user observations). 

Three types of classes of metrics are defined in this standard: 

¶ Internal metrics associated with static internal properties of a system such as number of function 

calls, number of rules. 

¶ External metrics associated with dynamic external properties. These are metrics that are 

observable when the user interacts with the system (i.e. the user performs a 

task/function/operation and observes the response in the sense of time required, results obtained 

etc.). 

¶ Quality-in-use metrics, which refer to metrics that evaluate the extent to which a system meets 

the needs of the user. 

Focusing on the usability requirements, various standardisation bodies have defined common 

formats to allow usability professionals, end users and software development teams to create 

usability requirements. Such kind of common formats are published by ISO in the ISO 25062:2006 

standard for Common Industry Format for Usability Test Reports [7] and NIST in the NISTIR 

7432: Common Industry Specification for Usability ï Requirements (CIRU-R) [8]. 

2.2 The BD2Decide User Centric Design process 

Taking into account the overview of a UCD process, in this section, we present the approach that 

BD2Decide follows, in order to develop the big data environment and the interfaces that are 

accessed by the envisaged stakeholders. The overall UCD process is presented in Figure 3. 

As shown in Figure 3, the three main steps for the end user involvement in the BD2Decide 

implementation processes, include the analysis of usability aspects, the design of the usability as 

part of the overall BD2Decide specifications and the usability evaluation of the BD2Decide 

environment, as it has been implemented in software implementation phases of the various 
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individual BD2Decide components and the integrated view. In Figure 3, we have highlighted the 

main tasks involved in the BD2Decide UCD process, while we have used a coloured scheme to 

place the respective activities in the contractual deliverables of the project. Thus, the analysis of the 

BD2Decide personas, their needs, the subsequent requirements for the definition of the BD2Decide 

functionalities and the context of use of these functions by the target end users has already been 

presented in Deliverable D2.1 [9]. 

 

Figure 3: The User Centric Design approach of the BD2Decide project. 

In this Deliverable, we touch the issues related to the design of the BD2Decide usability. Namely, 

we emphasise on the visual representation of the BD2Decicde concepts and the expected 

wireframes that should eventually constitute the user interface components of the BD2Decice 

platform. The wireframes sketch a provisional view on how the defined end users will interact with 

the BD2Decide environment in order to manage the patientsô data and clinical status, along the 

HNC workflow. Therefore, taking into account the list of end users, the scenarios that each user 

group is to accomplish through BD2Decice, the type of data to be collected, processed and 

visualised within the BD2Decide environment (as reported in Deliverable D5.1 [10]) and expected 

user requirements to be fulfilled by the BD2Decide environment, we evolve the design of the user 

interface sketches around the following principles: 

¶ Suitability: the sketches should reflect the suitability of the interfaces to enable the interaction of 

the specific target end user groups (i.e. physicians, clinicians, researchers, etc.) with the 

BD2Decide environment. 

¶ Familiarity: the sketches must learn from best practices in the look and feel of tools for 

oncologists and other health professionals in the clinical domain. 
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¶ Simplicity: the sketches should allow the end users to interact in an almost autonomous way, 

through self-explained interactive ways. 

¶ Flexibility: the sketches should enable end users take the control of the workflow execution, 

through comprehensive navigation. 

¶ Awareness: the sketches should reflect the capability of the BD2Decide platform to allow the 

end users realise the status of the workflow and the consistency of the information offered 

through the interface functionalities. 

¶ Efficiency: the sketches should provide clarity on which is the primary action of each sketch that 

should be accomplished by the end user. 

¶ Presentation: the sketches should be customised to the behaviour and philosophy of the end 

users, so that they are visually pleasant and attractive for use. 

¶ Accessibility: the sketches must consider that UI development will be based on international 

standards and will target for specific access channels (end user devices). 

2.3 Overview of the BD2Decide Environment  

The BD2Decide Environment consists of a platform that supports the clinicians in making decisions 

along the various processes followed to treat patients with Head and Neck cancer (HNC). The 

platform integrates functionalities for collecting the patientsô electronic health record from the 

clinical centres within the Patient Documentation System (PDS), organizing the professionalsô 

interaction to discuss on the clinical status of a patient through scheduled tumor boards, exploring 

the details of the patientôs health record and the results from the radiological imaging analysis and 

genomics extraction processes, applying big data processing prognostic prediction analysis models 

to follow the impact of the treatment on the patientôs health status and assessing their long term 

quality of life.  

The Clinical Decision Support System (CDSS) is accompanied by a tool, which aims to enhance the 

patientsô awareness on the disease effects and implications, as well as to enlighten their ability on 

making informed choices on which treatment must be followed upon the diagnosis of an HNC 

situation. The Interactive Patients co-Decision Aid (IPDA) tool interfaces with the prognostic 

prediction analysis to personalize the treatment choices that are presented to the patient prior to the 

final decision, which is made in collaboration with the assigned physician. 

Furthermore, the BD2Decide Environment integrates the view for the researchers, who access the 

data being collected and processed within the CDSS to allow researchers expand their capabilities 

for conducting their analysis on statistical and sample data sets. This view runs in parallel to the 

CDSS, through a Visual Analytics Tool, which enables advanced big data visualisations, according 

to the complex queries built by the researchers. 
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In each of these tools of the BD2Decide Environment, we define the relevant User Interface 

components, which are responsible for the interaction of the target end users with the BD2Decide 

platform. These users can be (as extracted from D2.1): 

¶ Health professionals taking the specialty of a surgeon, a medical oncologist or a radiation 

oncologist. These are the main users of the BD2Decide environment and, as being the 

clinicians, they are responsible for the diagnosis, treatment and follow-up processes of the 

patient. They, also, have full access to the patientsô health record data. To these specialties, we 

add the radiologists, who perform radiological image analysis and radiomics feature extraction, 

the pathologists, who are responsible for the pathology data management of the patientsô health 

record, and the biomolecular analysts, who perform genomic feature extraction. 

¶ Clinical researchers, who have access to HNC data stored in the CDSS for research purposes 

only and subject to the national and international laws and the data privacy policies of the 

associated clinical / research centre. 

¶ To some extent, the patients themselves, who are involved in the treatment decision making 

process by running the IPDA tool (jointly with their physicians) and assessing the expected 

impact from the adoption of a specific treatment method in their overall life and survival 

conditions. 

In order to summarise the involvement of the BD2Decide environment in this deliverable, we 

present the perspective of the BD2Decide logical architecture for the user interface (UI) 

components. This is depicted in Figure 4. 

 

Figure 4: The User Interface components of the BD2Decide environment. 



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

 

D2.2 User interaction sketches  19 16 September 2016 

 PROPRIETARY OF BD2Decide CONSORTIUM Version 1 

 

As shown in Figure 4, the BD2Decide environment offers the following tools to allow interactions 

with the envisaged end users: 

¶ For the clinicians: 

Á The CDSS, which hosts the main BD2Decide environment, including the prognostic 

prediction models. The UI of the CDSS acts as the UI container for the clinicians to: i) 

collaborate with each other in the context of the tumor board organization (through the 

Tumor Board Collaboration Environment ï TBCE) and ii) to visualize the patientsô data in 

the context of assessing their clinical status, along the HNC treatment phases (through the 

Digital Patient Exploration Environment (DPEE). 

Á The PDS, which allows the development of the patientôs electronic health record, based on 

the collection of the relevant data from the information systems of the clinical centres. 

Á The Imaging Analysis Tools, which is a set of tools for the processing of radiological 

images. Namely, three separate tools are offered through the BD2Decide environment, 

which maintain their own distinct user interfaces. These tools allow the clinicians segment 

the radiological images, which may be provided in various formats, and generate the 

relevant radiomics features. 

Á The IPDA tool, which is personalised for each patient, based on the treatment decision 

making process run by the clinicians. This tool, also, interfaces with the CDSS to invoke 

prognostic prediction for the selected treatment processes relevant to the disease case of the 

patient. 

¶ For the patients: 

Á The IPDA tool, which is used as an informative interface for the patients to be made aware 

of their HNC case, the treatment methods proposed by their physicians (and the tumor 

board), and the impact of these treatments in their life and survival conditions. 

¶ For the researchers: 

Á The Visual Analytics Tool, which assists them in managing the plethora of data made 

available in the Big Data infrastructure from clinical studies, research activities and 

statistical bodies on HNC disease cases.  

The remaining of this deliverable is dedicated to the analysis of the interaction components of the 

BD2Decide environment by presenting an initial sketching of the screens expected for each end 

user. The analysis includes the functionalities that these sketches depict, as well as the flow of the 

sketches that should be followed by the end users. 
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3 ).4%2!#4)6% 0!4)%.4ȭS CO-DECISION AID 

Interactive Patientôs co-Decision Aids (IPDAôs) are tools that help patients to become involved in 

Shared Decision Making by clarifying the treatment or medical decision that needs to be taken [11]. 

These tools provide information about the options and outcomes, and clarify personal values. To 

this end, IPDAôs should:  

¶ Help patients to decide the treatment option that fits better their preferences and circumstances; 

¶ Support clinicians during consultation by providing information about patientôs preferences. 

In the rest of this section, we describe the user requirements of HNC patients and specialists. Then 

we present a first IPDA prototype we have created considering these requirements, as well as the 

processes described in Deliverable D2.1 [9].  

 

3.1 User Needs 

The International Patient Decision Aid Standards Collaboration (IPDAS Collaboration)
2
 

recommends that IPDAs: ñshould be carefully developed, user-tested and open to scrutiny, with a 

well-documented and systematically applied developmentò [12]. Figure 5 shows the development 

process recommended by the IPDAS Collaboration. 

Following this recommendation, we identified patients and clinician user needs. We interviewed 

Dutch larynx cancer patients and their clinicians (Section 8.1 includes the interview schema used 

during the interviews, which is only available in Dutch). 

From larynx cancer patients (Stage T3 or T4; N=14), who were treated at MAASTRO or in the 

Dutch Cancer Institute (NKI) between 2012-2015, the following user needs regarding IPDAôs were 

identified: 

¶ Easy to use; 

¶ Reliable information and free of medical jargon; 

¶ Treatment information related to implications in daily life, overview of side effects as well as 

information regarding to patientôs own specific situation (doctor, hospital, physiological 

support); 

¶ Minimal textual information: Animations and videos to make treatment options clearer; 

preference of spoken information, rather than text. 

 

                                                 
2
 http://ipdas.ohri.ca/ 
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Figure 5: International Patient Decision Aid Standards Collaboration - Developing process.  

From HNC clinicians (N=8: Radiotherapists, Ear Nose and Throat (ENT) physicians and Head and 

Neck Surgeon), the following user needs regarding PDAôs were identified: 

¶ Easy to use for people with low literacy and basic computer skills; 

¶ Include mainly visual an interactive information; 
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¶ Provide a way to check if the patient understood the information about the treatment options and 

side effects, (self-tests); 

¶ Information regarding survival rate, differences between treatment, side effects of the treatment, 

and treatment experience aspects, particularly treatment and hospitalization, follow up 

consultations, as well as Quality of Life aspects, such as swallowing, voice quality and odor and 

how these aspects will impact in their social life. 

¶ Provide a way to understand how their lives after the treatments would be like, especially after 

surgery (an option could be using virtual reality); 

¶ Help the clinician to understand what are the most important aspects for the patient; 

¶ Guide the patient to understand her preferences, giving the possibility to score the most 

important aspects. This will minimise the error of choice and uncertainty. 

¶ Facilitate the understanding of probabilities and percentages; 

¶ Include psychosocial aspects, sexuality, marriage, and social life after treatments; 

¶ Information of the IPDA should be equal to the one provided by the clinician, to avoid 

confusion; 

¶ Include references to scientific literature. 

Other aspects mentioned by clinicians were: 

¶ In the literature the existing evidence of treatment is only available as average, and to provide 

advice to an individual patient was not always possible; 

¶ Psychosocial aspects are very important; 

¶ Considering to evaluate the cognition level of the patient before using IPDAs (as patients may 

have Korsakoff's syndrome or other mental illness). 

 

3.2 Sketches design 

As mentioned before, based on the userôs needs and the functionality described earlier, we created 

an initial prototype for larynx cancer patients T3/T4 (in Dutch).  In this section we describe first the 

main characteristics and functionalities of the IPDAs. Thereafter, we present how the interface 

looks. 

3.2.1 User functionalities and workflow  

We defined IPDA should be personalized, informative, provide guidance, interactive and user-

friendly, reproducible and cost-efficient. An overview of the main characteristics of IPDAs is 

presented in Table 1. 
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Table 1: The main characteristics of IPDAs. 

Characteristic Description 

Informative  For the patient, information should be: 

¶ Reliable, based on scientific evidence; 

¶ Based mainly on video and short animations, use of short phases; 

¶ Minimal use of text; 

¶ Preference for voice over; 

¶ Explain probabilities in a graphical way, not as percentages. 

For the patient and the clinician: 

¶ Printed report of the preferences of the patient, which includes patientôs 
answers, questions and notes (to be used during consultation). 

Personalized ¶ Personalize information about treatments; 

¶ Based on patientôs disease, the PDA present only the information that is 
relevant to each patient (e.g. T3 vs. T4 patients may get different treatment 

options). 

Provide 

guidance for 

value 

clarification 

Guide patients to identify their preferences. To this end, the approach of values 

prompting questions regarding QoL and treatment experience is used (value 

clarification, from the Eisenberg Center for the Agency for Healthcare Research 

and Quality USA [13]: 

Question: If you have to pee more often for a period of 2 months, this will 

affect your quality of life Choose an answer: 

(A) Hardly, it is unpleasant but I can handle  

(B) Some but I would be able to adjust  

(C) Greatly, I would not be able to adjust 

User friendly 

& interactive 
¶ Easy to use, clear and close navigation; 

¶ Provide a structured way to understand and compare treatment choices; 

¶ Using attractive, interactive, ñgame-likeò interface; 

¶ Patient can review the information as many times as she/he wants; 

¶ Available 24/7. Web-based tool, available for tablets. 

Reproducible 

& Cost 

efficient 

¶ Easy to adequate for other (HNC) diseases, and easy to translate into other 

languages; 

¶ Definition of a design framework that can be reused for different diseases 

and languages; 

¶ Animations created in a way that only by translating the voice over, the 

animation will be ready in other languages. 
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Based on the main characteristics presented above, the userôs needs, and the literature in this area as 

well [14][15][16], we have described the workflow of the IPDAs in Figure 6. 

 

 

Figure 6: Workf low IPDAs. 
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3.2.2 User Interfaces - Initial prototype example  

Following the workflow presented in Figure 6, in the rest of this section we describe the initial 

prototype and provide some examples. The tool was created in Storyline Articulate
3
, which is a 

software to create interactive content. 

1.  Introducing the patient to the tool 

Flow ID UC#01 

Title  Introduction  

Actor  Patients  

Description Introducing the patient to the concept of the tool and its purpose. 

Steps  

1 Introduce the purpose of the tool, give access to glossary (ñwoordenboekò) 

and help 

  

 

 

 

 

 

Example 

 

Menu is presented on the lift-side of the screen with the following options: 

Mijn introductie (ñMy introductionò); ñMijn Behandeloptiesò (ñMy 

treatments); ñVergelijkenò (Comparison); ñMijn Kenisò (ñMy knowledgeò 

(regarding the treatment options), ñMijn voorkeuren (My preferences); ñMijn 

resultatenò (My results); ñWoordenboekò (Glossary). 

Precondition  PR.0  

Description None 

PostCondition PO.0  

                                                 
3
 https://www.articulate.com/ 

https://www.articulate.com/
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Description The user will be able to follow a tutorial about the tool. 

Alternative 

flow 

Close the application 

 

2. Making the patient comfortable with the tool 

Flow ID UC#02 

Title  Tutorial  

Actor  Patients  

Description Tutorial to explain to the user how to navigate through the tool 

Steps  

1 Follow the tutorial. Tutorial animation explains the tool navigation. 

2 Or skip the tutorial.  

 

 

 

 

 

 

Example 

 

UC#02 Introduction to the tool (ñIntroducie van de toolò) 

Precondition  PR.0  

Description Introducing the patient to the concept of the tool and its purpose. 

PostCondition PO.0  

Description Patient profile. It allows to customize the information about treatment options 

presented to the patient. 

Alternative 

flow 

Close the application or go back to any of the previous pages.  
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3. Knowing the patient, get the profile of the patient 

Flow ID UC#03 

Title  Userôs profile 

Actor  Patients  

Description Patient profile. It allows to customize the information about treatment options 

presented to the patient. 

Steps  

1 Select age, type of tumor and institution  

2 Save userôs profile 

 

 

 

 

 

 

Example 

 

Patientôs profile (ñProfileò) 

Precondition  PR.0  

Description When the user opens the application, he or she must select her profile: age, 

type of tumor, and hospital 

PostCondition PO.0  

Description The user is able to access the information about treatments 

Alternative 

flow 

Close the application or change the userôs profile 
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4. Provide information about treatment options, side effects, risks and benefits 

Flow ID UC#04, UC#05A, UC#05B, UC#05C 

Title Treatment options (ñMijn behandelingoptiesò) 

Actor  Patients  

Description Treatment options. Explains the treatment options regarding:  Characteristics; 

Pros, side-effects; evidence of treatment (survival rate, tumor control) 

User must first see all information about a treatment, so the next treatment 

becomes active 

Steps  

1 Select ñWatchò in each one of the treatments (sequential navigation)  

2 

3 

 

 

 

 

 

 

Examples 

Watch the videos and animations on the topics 

Read more information by clicking the red buttons 

 

 

UC#05A Radiotherapy ï Introduction(Video) 
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Flow ID UC#04, UC#05A, UC#05B, UC#05C 

 

UC#05A Radiotherapy ï Preparation (Animation) 

 

UC#05A Radiotherapy ï The treatment (Animation) 
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Flow ID UC#04, UC#05A, UC#05B, UC#05C 

 

UC#05B Surgery: What is it about? (Animation) 

  

Preconditio

n  

PR.0  

Description User profile must be completed.  

To watch each treatment, the last treatment needs to be seen by the user.  

PostConditi

on 

PO.0  

Description The user is able to access the information about the second treatment 

Alternative 

flow 

Return to userôs profile, or select dictionary or return to an already seen 

treatment 
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5. Provide a way to directly compare the treatment options 

Flow ID UC#06 

Title  Treatment overview 

Actor  Patients  

Description Giving an overview of all the different treatments.  

Steps  

1 Watch a summary of the different treatments.  

2  

 

 

 

 

 

Example 

UC#06 Treatment Overview (ñVergelijkenò) 

Precondition  PR.0  

Description All treatments must be watched in order to compare them.  

PostCondition PO.0  

Description The user is able to access the information about treatments 

Alternative 

flow 

Either: Go back to Treatment Options; change userôs profile; Help; Glossary; 

close the application 
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6. Check patientôs understanding of treatments and side effects 

Flow ID UC#07 

Title  Knowledge Test 

Actor  Patients  

Description Testing the knowledge of patient via a questionnaire   

Steps  

1 Fill in the questionnaire 

2  

 

 

 

 

 

Example 

 

UC#07 Knowledge Test (ñMijn Kennisò) 

Precondition  PR.0  

Description The treatment overview (UC#06) must be seen by the user.  

PostCondition PO.0  

Description The user is able to access the treatment overview  

Alternative 

flow 

Either: Go back to Treatment Options; change userôs profile; treatment 

overview, Help; Glossary; close the application 
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7. Help patient to clarify values and preferences 

Flow ID UC#07 

Title  Preference Test 

Actor  Patients  

Description Checking the preferences of quality of life and treatment experience of the 

user using questions `prompting value questionsò 

Steps  

1 

 

 

2 

Select per question one option (ñé how this will affect your quality of life..ò 

Answers: (a) Hardly, It is unpleasant but I can handle; (b) some but I would be 

able to adjust; (c) Greatly, I would not be able to adjustò  

 

Get report over preferences 

  

 

 

 

 

 

Example 

 

UC#08 Preference question 

Precondition  PR.0  

Description The knowledge test must be finished in order to start the preference test  

PostCondition PO.0  

Description The user is able to access the information about treatments 

Alternative 

flow 

Either: Go back to Treatment Options; change userôs profile; comparison, 

knowledge test, Help; Glossary; close the application 
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8. Provide a summary report to be used during consultation  

Flow ID UC#09 

Title  Resultslide 

Actor  Patients  

Description Providing a summary report to be used during consultation   

Steps  

1 Print the report in the questionnaire 

  

 

 

 

 

 

Example 

 

UC#8 - Results 

Precondition  PR.0  

Description The knowledge and preference test must be finished in order to see the results 

page.   

PostConditio

n 

PO.0  

Description The user is able to access the information about treatments 

Alternative 

flow 

Either: Go back to Treatment Options; change userôs profile; comparison; 

knowledge test; preferences; Help; Glossary; close the application 
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3.3 Interfaces and functionalities validation  

In the context of this deliverable, a validation with Dutch patients and clinicians has been 

conducted, and an initial IPDAs prototype has been created (see previous section 3.2). Next step is 

to check comprehensibility and usability of the prototypical IPDA. To that end, we will use a 

revised version of the technology acceptance model formulated by Venkatesh et al. [17] and ask 

patients and clinicians. 

Thereafter, the information will be translated in the languages of the clinical centres of the 

consortium (e.g. English, Italian, Dutch, and German) and IPDAs for at least larynx and oral cavity 

cancer cases will be created and validated with patients and clinicians, (following the IPDAS 

criteria). Additional inclusion of highly interactive content will be evaluated (e.g. virtual reality to 

help patients to experience the radiotherapy facility). 

In parallel, the BD2Decide IPDAs will be enhanced with personalized information of survival, 

coming from the prediction models of the CDSS. A java script will be defined to connect the IPDA 

to the CDSS. 
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4 CLINICAL DSS TOOL SUITE 

In this section, we emphasise on the tool used by the health professionals to manage the treatment 

process of the HNC patients, based on the processes that we have already defined in Deliverable 

D2.1 [9]. We first make an overview of the user requirements to set the context of use of the CDSS 

tool by these stakeholders and we then proceed with an initial approach for design of the user 

interfaces, through sketches and wireframes. These sketches aim to provide a first look and feel of 

the CDSS UI with the expected functionalities being invoked by the health professionals, along the 

phases of an HNC treatment process. 

It must be noted that, since the CDSS is the main BD2Decide component, the interactions with the 

imaging analysis tools, from Fraunhofer, MAASTRO and POLIMI, and the PDS will be presented 

in this section, as well. 

4.1 User Needs 

The CDSS tool is used by the health professionals to manage the HNC processes. As presented in 

D2.1 [9] and was further elaborated in D5.1 [10], these processes are split into three main phases 

(namely diagnosis, treatment and follow-up), each of which is further divided into process steps. 

For each process step, one or more user interactions are involved, which reflect the necessary 

interactions of the health professionals with the BD2Decide environment. For most of these 

interactions, the CDSS UI is the main front end component, which these stakeholders need to access 

in order to benefit from the BD2Decide offered functionalities. 

In the diagnosis phase, when a Head and Neck (HN) tumor is suspected by the physician, the 

relevant clinical personnel are collecting information about the patientôs first visit, which 

information is used for the creation of the electronic health record (EHR). This information is 

locally collected and managed in the clinical information system, but it is also inserted into the 

BD2Decide environment. The information included in the EHR is progressively collected from the 

clinical personnel and the physician, while, depending on the data that needs to be collected, a 

number of health professional specialists are, also, involved. To this end, the PDS, which is the tool 

for the collection of the patientsô data in the EHR, should allow the health professionals and the 

clinical personnel to perform the following user actions, once an HN tumor is suspected: 

¶ The clinical personnel must be able to insert demographic data and record the patientsô 

behaviour affecting the risk factors into the EHR maintained in the PDS. 

¶ The clinical personnel must be able to record the clinical data into the EHR maintained in the 

PDS. 

¶ The radiologists must be able to perform analysis of radiology images, including automatic 

segmentation and characterisation of the images. 

¶ The clinical personnel must be able to record the radiomics data, produced from the imaging 

analysis performed by the radiologists, into the EHR maintained in the PDS. 
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¶ The radiologists must be able to manage the radiomics data and the segmented images produced 

from the imaging analysis process. 

¶ The clinical personnel must be able to insert the genetic data from the biopsy/sample analysis 

into the EHR maintained in the PDS. 

¶ The health professionals must be able to manage the genomic data produced from the 

biopsy/sample analysis. 

Through CDSS, the health professionals require to support the process for managing the criteria for 

making decisions on the treatment that should be followed by a patient diagnosed with HNC. To 

this end, the CDSS must be used by the health professionals in order to perform the following: 

¶ Associate the collected patientsô clinical, radiological and genetic data with epidemiology and 

other population-based data to monitor the health status of an HNC patient with respect to the 

statistical population. 

¶ Request for prognostic prediction analysis, which allows the different specialties to assess the 

impact of treatment decisions in the survival probability of the patient.  

¶ Enable the physicians and the health professionals to select the prognostic model(s) to run. 

¶ Offer comparison between the results produced from the selection of alternative models. 

¶ Al low visualisation of the prognosis results both in a graphical and a textual way. 

¶ Be able to monitor the impact of changing critical factors in the treatment on the prognosis 

results. 

Following the physicianôs assessment on the status of their patients, a virtual tumor board can be 

organised, in which the assigned physician will analyse the disease case of the patient and the 

participating health professionals from various specialists will be able to explore the patientsô data 

being exported by the PDS and provide their own assessment on the clinical status of the patient 

and the expected recovery period. Through the tumor board, the health professionals may examine 

the disease progress from their own angle and build consensus on which are the appropriate 

treatment options that should be proposed to the patient. This has to be implemented by the Tumor 

Board Collaboration Environment component of the CDSS, which must cover the following user 

needs: 

¶ Allow multiple health professionals to join up remotely in virtual tumor boards, which can run 

either in a synchronous or an asynchronous mode.  

¶ Allow the professionals exchange their views in an audio-visual way, while exploring the 

patientsô data, as they have been collected and analysed. 

¶ Allow the professionals to monitor the patientôs recovery curve under different treatment 

scenarios. 

¶ Give the option for inviting health professionals in a tumor board. 
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¶ Allow the tumor board chair to manage the virtual tumor board in a virtual space. 

¶ Enable recording the meeting for future reference. 

¶ Give the possibility for producing a consensus report on the treatment options to be proposed, 

along with the foreseen impact on the patient quality of life, as the result of a running tumor 

board. 

During the treatment phase, the CDSS must allow the physicians to record the selected treatment 

option and update the patientsô data in the PDS, according to the clinical status during this phase. 

Thus, clinical, pathological and potentially radiological data, also, collected at this phase, which 

have to be inserted into the PDS and the BD2Decid environment to facilitate personalised 

assessment of the treatment criteria to be examined by the physician and the other health 

professionals. In that respect, the CDSS must implement the following needs of the health 

professionals: 

¶ Allow the collection of patientsô clinical, radiological and (if needed) genetic data and associate 

them with epidemiology and other population-based data to monitor the health status of an HNC 

patient with respect to the statistical population. 

¶ Allow the surgeon to insert into the PDS the treatment data, recording the surgery procedures.  

¶ Reassess the prognosis on the survival probability through prognosis, which is performed using 

the patientsô data collected at the treatment phase. 

¶ Be able to analyse the impact of the treatment procedure on the patientôs clinical status. 

As the last phase in the HNC process is the follow-up phase. In this phase, the health professionals 

must be able to personalise the follow up schedule of their patient, based on the foreseen individual 

outcome. Subsequently, the CDSS should be able to: 

Explore patientsô data in a user friendly way, through the use of comprehensible images and 

graphics. The data exploration view should combine an overview of the main follow-up to present 

(such as the patientôs demographic data, risk factor data and tumor characteristics. 

¶ Visualise patientôs risk assessment in the form of graphs. 

¶ Compare the risk assessment of a patient with respect to the risk stratification for a group of 

patients with similar tumor disease cases. This should be accessible through interactive graphs, 

in which the health professionals can select the datasets to visualise for part or the whole group 

population. 

¶ Suggest the patients an editable version of the follow-up schedule. 

¶ Propose the health professionals to customise the follow-up schedule of a patient, if any 

additional data is made available for this patient, which affects the prognosis. 

¶ Reassess the prognosis on the survival probability through running the respective prediction 

models, which is performed using the patientsô data collected at the follow-up phase. 
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Across the three phases of the HNC treatment process, the CDSS should allow the health 

professionals to access the quality of life assessment score for their patients. This assessment is 

collected from the responses that the patients are requested to give in online questionnaires. As 

presented in D5.1 [10], for the BD2Decide project, we have selected the following quality of life 

assessment questionnaires (the implementation of which has been introduced in this deliverable):  

¶ The EQ-5D-5L questionnaire developed by the EuroQol Group
4
 for the measurement of health 

outcome; 

¶ The QLQ-C30 from EORTC
5
, which is a questionnaire developed to assess the quality of life of 

cancer patients; 

¶ The QLQ - H&N35 from EORTC, which is a questionnaire developed to assess the symptoms 

or problems arisen from a treatment followed by cancer patients. 

Through CDSS, the health professionals, and especially the physicians should be able to check the 

assessment score for their patients in the various phases of the treatment process. Typically, the 

patient is requested to fill in these questionnaires as follows: i) at least one time during the 

diagnosis, so that the physician has a baseline assessment of the patientôs quality of life, ii) in 

frequent intervals during the treatment phase (and depending on the selected treatment option), so 

that the physician can monitor the impact of the treatment evolution in the quality of the patientôs 

life, and iii) following the scheduled visits of the patient during the follow-up phase. Irrespective of 

the time that the questionnaires are filled in, the physicians must have access to the available quality 

of life data at all times. 

4.2 Sketches design 

As mentioned in Section 2.3 and shown in Figure 4, this section focuses on the user interfaces for 

the PDS, the CDSS, including the TBCE and the DPEE, and the imaging analysis tools.  

Based on the user needs in section 0, we introduce in this section the general flows for the 

implementation of the expected functionalities for the CDSS, considering also the role of other 

components, such as the PDS and the imaging analysis tools. In that respect, Figure 7 presents the 

workflow for the diagnosis phase. As shown there, the main steps of the process include: i) 

accessing the PDS to collect patientôs data and get a baseline quality of life assessment, ii) 

accessing the imaging analysis and radiomics tools to extract segmented volumes of the radiological 

images and their radiomics features, iii) accessing the DPEE of the CDSS to explore patientôs data 

in the digital exploration environment, iv) accessing the CDSS to perform prognosis prediction 

analysis for the patient, and v) accessing the TBCE of the CDSS to organise virtual tumor boards. 

In the same sense, Figure 8 presents the workflow for the treatment phase. As shown there, the main 

steps include: i) accessing the PDS to collect patientôs data on the followed treatments and get the 

                                                 
4
 http://www.euroqol.org/eq-5d-products.html 

5
 http://groups.eortc.be/qol/ 
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quality of life assessment at scheduled time periods of the post-treatment phase, ii) accessing the 

DPEE of the CDSS to explore patientôs data in the digital exploration environment, and iii) 

accessing the CDSS to perform prognosis prediction analysis for the patient. 
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Figure 7: The general workflow for the CDSS, the PDS and the imaging analysis tools in the diagnosis phase. 
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Figure 8: The general workflow for the CDSS and the PDS in the treatment phase. 
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explore patientôs data in the digital exploration environment, and iv) accessing the CDSS to perform 

prognosis prediction analysis for the patient. 

 

Figure 9: The general workflow for the CDSS and the PDS in the follow-up phase. 
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The above described flows are analysed to define user functionalities in the following section. 

4.2.1 User functionalities  

The functionalities defined for the CDSS tool target to allow the health professionals execute the 

HNC processes. As such, in this section, we define these functionalities, which have been initially 

identified in the description of the use cases and BD2Decide user needs in Deliverable D2.1. 

Diagnosis Phase 

At the diagnosis phase, once a patient first visits a hospital to tackle a disease case, the electronic 

health record (EHR) of the patient is created and recorded in the clinical information system. The 

respective functionalities that refer to the involvement of the BD2Decide environment in the case 

that a patient first visits the hospital are presented in Figure 10. 

The patient is assigned to a physician, who is responsible for managing and signing the EHR. The 

latter is filled in by the clinical personnel, which record demographic and clinical data of the 

patient, as well as they report on the lifestyle behaviour of the patient, which affects the risks factors 

for the (re-)occurrence of an HNC case. As shown in Figure 10, these functionalities are 

implemented by the PDS component, the data of which is integrated with the CDSS for viewing 

purposes. This means that, PDS maintains a user interface for inserting data comprising the EHR, 

while the CDSS UI is used to manage and explore this data. Furthermore, in order to support the 

physician in a pre-assessment of the tumor localisation, the CDSS UI offers a sketching function, in 

which the physician marks the tumor location in the four disease cases that are examined in the 

BD2Decide project, namely, oral cavity, oropharynx, hypopharynx, and larynx. 

 

Figure 10: Collecting patientôs data at the diagnosis phase - first visit.  
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Figure 11: Collecting patientôs data at the diagnosis phase - patientôs examination from health professionals. 

Once an HNC case is suspected, the BD2Decide environment should allow the health professionals 

in collecting the patientsô data that is necessary in EHR for the assessment of the situation. As 

shown in Figure 11, the EHR is completed as follows: 

¶ The surgeon enters the characteristics for the tumor and the lymph nodes and proceeds in a first 

classification of the tumor case. 

¶ The pathologist examines the pathological data of the patient and inserts them into the EHR. 

¶ If required, a genomic analysis of the tumor is performed and the bimolecular researcher 

assesses the genomic features extracted to complete the EHR. 

¶ If a radiological analysis is required, the radiologist invokes the BD2Decide tools to analyse the 

radiological images and extract the radiomics features. This is further analysed later. 

¶ The patient is asked to fill in three questionnaires, which provide the physician and the other 

health professionals a baseline assessment of the patientôs quality of life at the time of diagnosis. 
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Figure 12: Perform radiological analysis, examination and staging. 

As said above, radiological assessment of imaging datasets may be requested by the clinician. In 

this case, the radiologist can provide structured information by means of the imaging analysis tool 

implemented in the BD2Decide environment. As shown in Figure 12, the radiologist can retrieve 

images form the picture archiving and communication system (PACS) or from other media supports 

(e.g. CD, DVD, USB drive, cloud, etc.) and upload imaging datasets for the purpose of tumor and 

lymph node standardized assessment. For privacy issues, these images, prior to be uploaded, are 

processed and anonymised to prevent the image reproduction and the association with a specific 

person, which allows to circulate the imaging data within the BD2Decide environment and outside 

the information systems of the clinical centres.  

 

Figure 13: Perform radiomin feature extraction. 
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Standardized image assessment includes segmentation of tumor and lymph nodes, as well as 

description of clinically relevant oncologic parameters. Image segmentation is performed semi-

automatically and can be edited to obtain volumes for quantitative analysis. Screenshot of tumor 

and lymph nodes can be uploaded for multidisciplinary discussion in the tumor board.  

Figure 13 presents the process for the radiomics feature extraction. In this process, the radiologist 

exploits the segmented images (of various types, like CT and MRI images) and the corresponding 

image features extracted earlier to generate the radiomics features of the radiological data, which 

are inserted into the EHR through the PDS UI (as shown in Figure 11). The radiologists have the 

ability to configure the parameters of the radiomics extraction process. 

During the examination of the patientôs status, the physician (and the other health professionals as 

well) can have access to the overview of the patientôs data collected in their EHR. The CDSS UI 

offers the health professionals the respective functionalities, which are summarised in Figure 14. As 

shown there, the physician has two options to browse through the patientôs data, either in a 

traditional way (i.e. tabular form) or by initiating the DPEE component of the CDSS (see Figure 4), 

which loads the virtual patientôs view mode. This new way of visualisation provides flexibility of 

the collected data in the PDS connect to the tumor localisation, so that the health professionals can 

have a better (and visually pleasant) exploration form of the patientôs clinical status and their data. 

 

Figure 14: Visualise patientôs data. 

Of particular importance is the fact that through CDSS the physicians have the chance to invoke the 

prognostic prediction analysis tool and apply specific prognostic models on the patientôs data to 
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predict on the survival probability rate for the patient, when following certain treatment options. 

Prediction is based on simulations, which are transparent to the health professionals, who can only 

view the factors affecting the results of the models. Through CDSS, the professionals may select to 

compare various models and predict the impact of the selected treatment options. Moreover, this 

prognostic analysis process allows the physicians to compare their patientsô disease case with other 

similar cases and, thus, cluster their patients to risk groups.  

The above functionalities for patientôs data visualisation and prognostic prediction analysis are 

exploited to the assess the criteria for making decisions on which is the appropriate treatment (or 

treatments) that should be proposed to the patient. The final decision is the result of a professionalsô 

tumor board, who are joined up together (either physically or virtually) to assess the patientôs status 

and decide on the suitable treatments. The tumor board can be organised with the support of the 

CDSS UI and especially the TBCE component (see Figure 4), which offers the functionalities 

shown in Figure 15.  

 

Figure 15: Organise the Tumor Board. 

Following the decision of the tumor board, the physician interacts with the patient to explain the 

available treatment options and their impact of the patientôs survival probability and the expected 

risks in the quality of the patientôs life. The functions that are implemented in the BD2Decide 

environment for the treatment decision process, with the involvement of the patient, are presented in 

Section 3.  
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Treatment Phase 

In the treatment phase, the main actions performed in the CDSS refer to the update of the patientsô 

EHR with the data about the followed treatment options, which may include a surgery, one or more 

chemotherapy treatments and/or one or more radiotherapy treatments. Apart from inserting further 

data to the EHR for the treatment phase, this phase includes the post-treatment period, which 

includes the process steps for visualising the patientôs data, updating the prognosis for the evolution 

of the patientôs HNC case, based on the new data available, and assessing the QoL, on frequent time 

intervals, which depend on the followed treatment. Moreover, for each treatment (except for 

surgery), a set of toxicity data is involved, which should be managed by the physician and the other 

health professionals and be inserted as part of the PDS component. 

All these functionalities are made available to the physicians and the health professionals through 

the CDSS and PDS UI, as shown in Figure 16 and Figure 17. 

 

Figure 16: Collecting the patientsô data for the the treatment and the post-treatment phases. 
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Figure 17: Visualise patientôs data after treatment. 

Follow-up Phase 

Finally, in the follow-up phase of the HNC treatment process, the physician accesses the 

BD2Decide environment to monitor the clinical status of the patient after a specific treatment or 

treatments have been applied. In this phase, the CDSS automatically configures the follow-up 

schedule for the patientôs visits to the hospital. This plan is personalised to the patientôs data and 

prognosis, but the physician can always edit it if necessary. 

As shown in Figure 18, the follow-up process involves a step for making predictions on the 

reoccurrence factor, in which the physician may assess how the follow-up period is evolved for the 

specific patient and, according to similar cases, apply changes in the follow-up schedule. During the 

scheduled visits, the patient should respond to the questions of the quality of life questionnaire, 

which are used by the physician, along with other patientôs data to assess the progress of this phase. 

Finally, the CDSS UI allows the physician to quickly view a report summary of the patientôs status 

and print detailed reports on the way that the HNC patient has been treated, since the diagnosis 

phase. 
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Figure 18: The functionalities of the CDSS and the PDS components in the follow-up phase. 

4.2.2 User Interfaces  

Following the functionalities presented in the previous section, in this section, we provide sketches 

of the expected user interfaces for the CDSS (along with the PDS and the imaging analysis tools), 

which aim to implement these functionalities. 

As presented in Section 4.2.1, the physicians have two different components to manage the EHR 

with the patientsô data. The first one is the PDS, which is used to maintain the patientsô data, as this 

is collected from the hospitals and the clinical centres. During the collection phase, the clinical 

personnel and the health professionals use the PDS UI to submit the patientôs data into the 

BD2Decide environment. Once this data is collected and registered into the storage layer of the 

PDS component, the BD2Decide environment provides the CDSS tool to allow the health 

professionals to manage the visualisation of the patientsô data, making prognosis on the HNC case 

and collaborating between each other in the tumor board. Along with these tools, in Section 4.2.1, 

we also presented the functions for the analysis of radiology images, through the respecting imaging 

analysis and radiomics extraction tools. 

An initial version of the PDS UI for the collection of patientsô data has been implemented using the 

OpenClinica software
6
. This open source software has already been introduced in the project in 

Deliverable D5.1 [10]. Through this tool, the clinical personnel and the health professionals insert 

                                                 
6
 https://www.openclinica.com/ 
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the patientsô data into the PDS in the form of an electronic Clinical Record Format (e-CRF). As 

shown in Figure 19, the PDS view for the data collection offers the ability to select the category of 

patientsô data that the user wants to insert into the PDS component, like demographic, clinical data, 

risk factor data, tumor characteristics, etc. The categories follow the template for the e-CRF, which 

has been described in Deliverable D2.1.  

 

Figure 19: The PDS UI for the collection of patientsô data, through the OpenClinica tool. 

Through the view of Figure 19, the health professionals and the clinical personnel can access the 

functionalities of Section 4.2.1, which have been assigned to the PDS (light blue areas in the 

respective figures, from Figure 10 up to Figure 18).  

More specifically, at the diagnosis phase, the clinical personnel can (see Figure 10): 

¶ Create the EHR of the patient under examination and register this patient with the first visit 

data; 

¶ Enter the patientôs demographic and clinical data; 
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¶ Enter the risk factor data, based on the patientôs lifestyle behaviour. 

The physician and the health professionals can manage the collection of the patientsô data that refer 

to their role in the treatment process, as follows: 

¶ The physician can manage the whole dataset for the patientôs EHR and sign the final e-CRF (as 

per Figure 10 and Figure 11. 

¶ The surgeon can submit data with respect to the characteristics of the tumor and the lymph 

nodes (see Figure 11). The surgeon can also provide an initial classification of the tumor.  

¶ The pathologist can insert the pathological and genomic data (see Figure 11). 

¶ The radiologist can provide links to the segmented volumes of the radiological images and their 

image and radiomics features extracted from the imaging analysis tools, as it will be presented 

later (see Figure 11). 

The same view implements the PDS functionalities shown in Figure 16. In this case, the physician 

and the other health professionals access this PDS UI view to complete the e-CRF-based EHR with 

data from the treatment and the post-treatment phase. Such data include information about the 

treatment type and details, like surgery, chemotherapy and/or radiotherapy. For the last two cases, 

this PDS UI view will allow the corresponding health professionals to submit toxicity data (about 

the followed treatment) to the BD2Decide environment. 

The imaging analysis step is implemented through the respective tools provided by the Fraunhofer, 

MAASTRO and POLIMI partners in WP3. These tools implement the functionalities shown in 

Figure 12 and Figure 13. A prototype version of these tools is already available, so in this section 

we present the screenshots from the tools rather than UI sketches. 

 

Figure 20: The Fraunhofer image analysis tool ï selecting patients. 
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More specifically, when a radiological analysis is requested, the radiologist opens the Fraunhofer 

image analysis tool in order to select the patient for whom an analysis is required (see Figure 20). 

The tool loads the available CT and MRI images for the specific patient, as per Figure 21, and, then, 

the radiologist can select of them to analyse or to load more images, through the dialog box shown 

in Figure 22. 

 

Figure 21: The Fraunhofer image analysis tool - initial view of patientô radiology images. 
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Figure 22: The Fraunhofer image analysis tool ï the dialogue box for selecting images for segmentation. 

The images that the radiologist can select may refer to a tumor or lymph node. The respective image 

segmentation to volumes is done through the editor shown in Figure 23 for the tumor case or Figure 

24 for the lymph node case. 
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Figure 23: The Fraunhofer image analysis tool ï segmenting an image on tumor. 

 

Figure 24: The Fraunhofer image analysis tool ï segmenting an image on lymph-node. 

The segmentation process extracts some image features, which accompany the image itself when 

they are saved into the Fraunhofer image analysis tool.  
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Finally, the radiologist may select a set of segmented image volumes for each patient (see Figure 

25) that will be used by the BD2Decide environment as supporting evidence in the tumor board 

discussions. 

 

Figure 25: The Fraunhofer image analysis tool ï selecting segmented volumes. 

As shown in Figure 12, the segmented image volumes and their features are forwarded to the 

radiomics feature extraction tools. More specifically, depending on whether the radiologist wants to 

process a CT or an MRI image, he/she can open the MAASTRO Oncoradiomics tool or the 

POLIMI tool. 

In case of a CT image analysis, the MAASTRO Oncoradiomics tool is loaded and the respective 

view for the management of the radiomics feature extraction process (see Figure 13) is presented in 

Figure 26. The user can select the appropriate segmentation, according to the decided nomenclature 

(for example, we can use GTV to describe Gross Tumor Volume and further refer to GTVp for the 

primary tumor, or GTVnode_L or GTVnode_R for the lymphnode metastases in the left and right 

neck, respectively), in an automatic way for multiple patients. Afterwards, researchers can select the 
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most appropriate feature extraction style as presented in Figure 27. A report is finally generated 

with detailed feature extraction process, therefore data can be exported as spreadsheet for statistical 

analysis (CVS, Excel File) as shown in Figure 28. 

 

Figure 26: MAASTRO Oncoradiomic tool ï home page. 

 

Figure 27: MAASTRO Oncoradiomic tool ï CT radiomics extraction selectable options. 
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Figure 28: MAASTRO Oncoradiomic tool ï CT radiomics results summary. 

In case of an MRI image analysis, the radiologist opens the POLIMI tool, which allows loading the 

image data from the local directory of the radiologistôs computer (see Figure 29). Then, the 

radiologist can select the different parameters for the MRI image to view as shown in Figure 30, 

while, in Figure 31, we present the interaction of the radiologist with the tool to request for the 

extraction of the radiomics features for the selected image type. 
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Figure 29: POLIMI tool ï loading data. 

 

Figure 30: POLIMI tool ï selecting an image to analyse. 
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Figure 31: POLIMI tool ï calculating the radiomics features. 

Moving to the core sketches of the CDSS UI tool, this tool is mainly used to explore the patientsô 

data and manage the processes for the HNC treatment. The physician opens a Web browser and is 

authenticated to the CDSS tool. The home page is loaded, as shown in Figure 32. In this screen, the 

general look and feel of the CDSS UI consists of a side navigation pane, the central main screen and 

a management pane on the top. This philosophy is followed in other screens as well. It is noted that 

the remaining sketches for the CDSS UI in this section have been designed using the Mockflow 

tool
7
. 

                                                 
7
 https://www.mockflow.com/ 
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Figure 32: The home page of the CDSS UI. 

As shown in Figure 32, the physician (and, subsequently, any health professional) can view the list 

of patients that have been assigned to them or those patients for whom the specific user is 

participating in their tumor board session. This specific screen implements the functionality 

presented in Figure 14 about exploring the list of patients. 

By clicking the ñview EHRò button, the physician is navigated to the patientôs screen of Figure 33. 

This page consists of the following views: 

¶ The left hand side navigation bar, which allows the health professionals to switch between 

different data views. 

¶ The top status bar, which presents the progress of a patientôs treatment process (i.e. whether the 

patient has entered the treatment phase, etc.). 

¶ The main central view, which presents the patientsô data for the selected category from the left 

hand side navigation bar. This view is split between the various phases of the treatment process 

(diagnosis, treatment, post-treatment, and follow-up), while it groups the data in the categories 

of the e-CRF (demographic, risk factors, etc.). 

¶ The right hand side bar, which allows the health professionals to open external tools. 

The specific screen of Figure 33 implements the functionalities presented in Figure 14 about 

viewing the patientsô data. 
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Figure 33: The general view for the management of a patient in the CDSS UI. 

During the diagnosis phase, the physician may want to sketch the tumor location in the specific area 

of the HNC case (see Figure 10), which can then be correlated to radiological images. This is done 

through the sketch of Figure 34. As shown in this screen, the physician invokes the tumor 

localisation sketch function from the left hand side bar (when being in the diagnosis phase of the 

main central window) and may do the following: 

¶ Select the tumor region from a drop down list (for oral cavity, oropharynx, hypopharynx, and 

larynx); 

¶ Select an image for this region; 

¶ Select the drawing options; 

¶ Mark the tumor location and save the sketch. 
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Figure 34: Sketching tumor localisation through the CDSS UI.  

An important view of the CDSS is the DPEE UI, which presents a visual model of the virtual avatar 

representing the patient. This is the function named as ñaccess virtual patient viewò in Figure 14. 

This function should invoke a single page in the CDSS tool, which is the DPEE view and is 

sketched like the view in Figure 35. As shown in this screen, the physician invokes the visual model 

function from the left hand side bar (this function is common irrespective of whether the health 

professional is accessing the diagnosis or any other phase). Through the visual model view, the 

physician and the other health professionals can manage the patientsô data through a 3D avatar 

model, which can be rotated in 360
o
. The user can zoom in a specific region of the HN 3D model 

and select to view patientôs data in a box like window on the right of the model. 

It must be noted that this screen is an initial approach to the DPEE tool and, through the upcoming 

steps in the UCD process of the project, we expect that this view will be improved. 
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Figure 35: The UI of the Digital Patient Exploration Environment. 

As part of the patientsô data visualisation process, the physician can request for a prognostic 

analysis. This is reflected in all phases of the HNC treatment process, as presented in Figure 14, 

Figure 17 and Figure 18. The prognostic analysis can be invoked from the left hand side bar, as seen 

in Figure 36. The view which is loaded enables the physician to switch between the prognosis 

window, the function for comparing the prognosis through the application of different prediction 

models, the function for comparing the prognosis of the selected patient with patients with similar 

cases in the BD2Decide environment, the view for the risk stratification of the patient to cluster this 

patient into groups with other similar cases, and the simulation window, which simulates the current 

study of the patient with similar cases for the reoccurrence factor, using population-based data.  

Figure 36 focuses on the prognostic analysis view. As shown there, the physician can select the 

prediction model to run and get the prognosis for the survival probability of the patient in various 

visualisations, according to the model. By clicking on the visualisations, the physician can zoom 

into the details of the graphs. On the right side of the window, the CDSS UI loads the prediction 

box, in which the physician can select the time window of the prediction and receive assistance on 

which factors affect the prognosis for specific prediction cases, like the reoccurrence probability, 

the survival probability, etc. 
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Figure 36: Invoking the prognostic prediction analysis module of the CDSS.  

The individual prognosis can also be performed for various prediction models. In this case, the 

physician selects to compare the prognostic prediction cases for two or more prediction models. 

This is presented in Figure 37. The comparison case is mainly involved in the functionalities of the 

diagnosis phase in Figure 14. 

During the diagnosis and the follow-up phases in Figure 14 and Figure 18, respectively, the 

physician can make a comparison of the patientôs clinical case with other similar cases. This is 

shown in Figure 38. The comparison views follow the ones presented for the individual prognosis. 

In a later stage of the project development, we will examine the possibility with the clinical partners 

(as evaluators of these sketches) to be able to select specific population criteria (demographic and 

other criteria) to make comparisons. 
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Figure 37: Comparing prognosis through different prediction models in the CDSS UI. 
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Figure 38: Comparing similar HNC cases in the CDSS UI. 

In Figure 39, we present the sketch for the CDSS UI that allows the physician to perform risk 

stratification of the patients. The clustering approach aggregates the prediction factors for groups of 

the population and presents them to the physician to visually assess the patientôs case, compared to 

the rest of the population.  

It is noted that in all screens of the prognostic analysis view (from Figure 36 to Figure 39), the 

physician has an overview panel, which summarises the patientôs demographic data, the tumor 

characteristics and the staging. 
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Figure 39: Clustering patients and their cases, based on risks. 
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Figure 40: Organising a tumor board through the TBCE module of the CDSS UI. 

In order to decide on the most appropriate treatment option for the selected patient, the physician 

can ask for a tumor board with the involvement of other health professionals. As explained in 

Figure 15, the different specialties can collaborate through the TBCE view of the CDSS UI. The 

main functionalities of the tumor board refer to the scheduling of a board from the assigned 

chairman (as presented in Figure 40) and the execution of a tumor board (as shwon in Figure 41). In 

the first case, the TBCE allows scheduling the logistics of the board, setting the agenda by selecting 

the patients to examine and inviting the respective professionals. 
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Figure 41: Running a tumor board through the TBCE module of the CDSS UI. 

In the latter case of running the board, the invited professionals can use the TBCE to access the 

planned functionalities, including the exchange of views, which are recorded in the chat panel (on 

the bottom left side of Figure 41), or the exploration of the patientôs data, as shown on the right 

panel of Figure 41). 

At the treatment phase, the functionalities shown in Figure 17 share common views with the 

diagnosis phase. For example the exploration of the list of patients is the already presented in Figure 

32. What is different in this phase is the fact that the physician can browse through the treatment 

and post-treatment data (surgery, radiotherapy, chemotherapy and toxicity data). As in the case of 

the diagnosis phase, the data visualisation can be done either through the tabular view or the visual 

model function. The first one follows the concept for the presentation of the diagnosis data in 

Figure 33. An example for the surgery data is presented in Figure 42. Thus, in this phase, we 

maintain the general look and feel of the CDSS UI, in which the visual model is accessible via the 

left hand side bar (as shown in Figure 43 
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Figure 42: Browsing the treatment and post-treatment data in the CDSS UI. 
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Figure 43: Accessing the virtual patient view of the DPEE in the treatment phase. 

Moving to the follow-up phase, Figure 18 introduced two additional functionalities compared to the 

ones already sketched in this section. These refer to an overview report page and the management 

of the follow-up schedule.  

Although the follow-up schedule could be a classical calendar view, we here focus on the summary 

report view, which is presented in Figure 44. As shown there, the physician can quickly browse to 

specific information about the follow-up status of the patient and request to print a detailed report. 

In this figure, we also see that the physician may access the QoL assessment view. As mentioned in 

section 4.2.1, this is a horizontal process taking place across all the phases. This functionality 

requires two steps to be accomplished: 

¶ The patient accesses the online versions of the questionnaires and responds to the questions 

listed there. This has been identified as expected functionality for the PDS in Figure 11 for the 

diagnosis phase, in Figure 16 for the treatment and post-treatment phase and in Figure 18 for the 

follow-up phase. 

¶ The health professional assesses the quality of life of the patient, according to the scoring being 

calculated for the questionnaires. This is reflected in Figure 14, Figure 17 and Figure 18 

respectively for each phase. In addition to it, in Figure 17 and Figure 18, the physician may also 
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compare the QoL score in the various phases, based on the baseline score calculated in the 

diagnosis phase. 

 

Figure 44: Overview of the patientsô schedule summary at the follow-up phase. 

As it was described in D5.1 and summarised in section 0, the patient accesses three questionnaires, 

the EQ-5D-5L questionnaire developed by the EuroQol Group, the QLQ-C30 questionnaire from 

EORTC and the QLQ - H&N35 questionnaire from EORTC, as well. The response process is 

supported by the PDS UI, which has been implemented as an initial prototype for the questionnaires 

case through the Limesurvey
8
 open-source software, and in line with the guidelines provided by the 

questionnaire providers. The respective views have been designed for both a tablet and a computer 

device. 

                                                 
8
 https://www.limesurvey.org/ 
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Figure 45: Example of the interface for responding to the EQ-5D-5L questionnaire (reference from footnote 4). 

The sketch of the QoL scoring page for the selected patient in the various phases is presented in 

Figure 46. As shown there, the physician may select for which QoL questionnaire is interested 

(whether they want to browse the baseline score, which was collected in the diagnosis phase, or any 

other score calculated during the (post-) treatment or follow-up phase). By clicking on the ñview 

patientsô resultsò option, the physician can directly access the data, which the patient filled in 

(through for example the view of Figure 45) and through which the score has been calculated. 

As shown in Figure 46, the physician may want to monitor the evolution of the QoL in time for the 

specific patient. This is presented in Figure 47. This screen presents the scoring the three 

questionnaires used in the project  
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Figure 46: Assessing the quality of life score in CDSS UI. 
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Figure 47: Monitoring the evolution of the QoL scoring in CDSS UI. 

4.3 Interfaces and functionalities validation  

In this section, we present the validation planning for the functionalities and the user interfaces 

presented in the previous section 4.2. To do so, we consider the BD2Decide UCD design approach 

that was introduced in Figure 3. 

The functionalities for the CDSS tool and other BD2Decide components have been identified from 

the analysis of Deliverable D2.1 and the user needs. The approach that was followed in this 

deliverable included a definition of user scenarios and use cases for the various roles and 

stakeholders expected to use the BD2Decide tools. These scenarios have been identified by the 

clinical partners of the project, and, as such, we assume that they exhibit a high level of validity, as 

they reflect real problems for the HNC processes. 

In the compilation of the user functionalities in Section 4.2.1, we provided a first assessment on 

how the user scenarios and the use cases in D2.1 can be mapped to system level functionalities. 

This mapping process has been initiated by the technical partners of the project and it has been 

presented to the clinical partners, as the most relevant ones to validate that the translation of stories 

to functions is correctly depicted in the functionalities defined in that section. However, we do see 

the need for a second round of the functionalities validation due to the fact that the design sketches 




























































