
 

 

 

 

 

 

 

Grant Agreement no. 643529 

 

 

Empowering patients and strengthening  

self-management in cancer diseases 

 

Research and Innovation Action 

 

PHC-26-2014: Self management of health and disease:  

citizen engagement and mHealth 
 
 

D8.1  

Report on implemented data analysis and data mining 

services 
 

Contractual Due Date: 31 July 2017 

Actual Submission Date: 11 August 2017 

 

Lead partner for deliverable: FORTH 

 

 

Dissemination Level: Public 

 

Revision: v1.0 
  



iManageCancer                            D8.1 Report on implemented data analysis and data mining services 
Grant Agreement no. 643529 

 

 iManageCancer_D8.1.docx Page 2/22 

 

COVER AND CONTROL PAGE OF DOCUMENT 

Project Acronym: iManageCancer 

Project Full Name: Empowering patients and strengthening self-management in 

cancer diseases 

Project Duration 1 February 2015 - 31 July 2018 

Deliverable No.: D8.1 

Deliverable Name: Report on implemented data analysis and data mining 

services 

Nature (R, DEM)1 DEM 

Dissemination Level (PU, CO)2 PU 

Version: 1.0 

Actual Submission Date: 11 August 17 

Editor: 

Institution: 

E-Mail: 

Lefteris Koumakis 

FORTH 

koumakis@ics.forth.gr  

Contributors (Institution) FORTH, CI-eCancer, IEO, USAAR, BED 

Reviewers (Institution) Stephan Kiefer (FRAU), Eric Herve Ngantchjon (Philips) 

 
 

 

 

 

Copyright  
 

 

© Copyright 2017 iManageCancer Consortium 

 

The research leading to these results has received funding from the European Unionôs Horizon 

2020 research and innovation programme under grant agreement No 643529. 

  

The author(s) is (are) solely responsible for the content of this document, it does not represent 

the opinion of the European Commission and the Commission is not responsible for any use that 

might be made of the information it contains. 

 

 

  

                                                 
1 R = Document, report (excluding the periodic and final reports), DEM = Demonstrator, pilot, prototype, plan designs 
2 PU = Public, fully open, e.g. web, CO = Confidential, restricted under conditions set out in Model Grant Agreement 

mailto:koumakis@ics.forth.gr


iManageCancer                            D8.1 Report on implemented data analysis and data mining services 
Grant Agreement no. 643529 

 

 iManageCancer_D8.1.docx Page 3/22 

 

Document History 
 

 

Issue Date Version Changes Made / Reason for this Issue 

31/07/2017 V0.9 First version for internal review.  

11/08/2017 V1.0 First official version after review process. 

 

 

 



iManageCancer                            D8.1 Report on implemented data analysis and data mining services 
Grant Agreement no. 643529 

 

 iManageCancer_D8.1.docx Page 4/22 

Table of Contents 

1 Executive summary ................................................................................................. 5 

2 Introduction  ............................................................................................................. 6 
2.1 Reference architecture ................................................................................................ 6 
2.2 Supported scenarios ................................................................................................... 7 

2.2.1 For the doctor and the researcher ......................................................................... 7 
2.2.2 For the patient ...................................................................................................... 8 
2.2.3 For the administrator ............................................................................................ 8 

2.2.4 For the research project ........................................................................................ 9 
2.3 Data .......................................................................................................................... 10 

3 Query builder ......................................................................................................... 10 
4 Data analysis .......................................................................................................... 15 

4.1 Clustering ................................................................................................................. 15 

4.2 Feature selection ....................................................................................................... 15 

5 Aler ts ....................................................................................................................... 16 
6 Data anonymization ............................................................................................... 18 
7 Conclusions ............................................................................................................. 20 
8 References ............................................................................................................... 22 
 

  



iManageCancer                            D8.1 Report on implemented data analysis and data mining services 
Grant Agreement no. 643529 

 

 iManageCancer_D8.1.docx Page 5/22 

1 Executive summary 

The iManageCancer platform collects multidisciplinary data covering areas from the medical, the 

environmental and the lifestyle domains. The objective of the WP8: Smart analytical data services 

is to extract information from the diverse data of iManageCancer and transform it into an 

understandable structure for better knowledge and further use. To do so, an effective analytical 

framework has been designed and implemented based on real user requirements. At the first step 

we gathered information related to users requirements in order to understand the needs from such 

tools not only for the statisticians but also for the doctors and the researchers. For that reason the 

project conducted an in depth user requirements analysis along with a survey for the patients and 

a workshop where physicians, developers and patients discussed and concluded to the user needs 

and the smart analytical services scenario. 

 

The implemented framework (Smart Analytics Framework) does not aim to provide new data 

mining and data analysis algorithms but an end to end solution for not IT users to analyse and 

understand the data collected from the iManageCancer tools. It targets better knowledge 

understanding and to bring together valuable information in a visual form, supporting exploration. 

Information about the visualization techniques for the smart analytics can be found in the public 

deliverable/demonstrator D8.2 of iManageCancer. 
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2 Introduction 

The iManageCancer platform supports different types of data including lifestyle data and clinical 

data which will be continuously evaluated against the personal health record and history. 

Feedback towards individuals will be automatically generated at the point of need. For a 

successful data analysis framework, apart from the data mining algorithms, access to integrated 

data and knowledge of the underlying data and data structures is needed. 

The heterogeneity and scale of clinical, environmental and lifestyle data raises the demand for 

seamless data access along with the availability of powerful and reliable data analysis operations, 

tools and services. Obviously the amount of information available, the heterogeneity of the 

information and the wide range of biomedical ontologies dictate the identification of a solution 

able to handle all this information. iManageCancer implements interlinking of several ontologies 

into a global schema to integrate all internal and external data, called Smart Access Layer (see 

bottom of Figure 1). 

The data analysis and data mining tools aim to extract information from the diverse data of 

iManageCancer and transform it into an understandable structure for enhancing knowledge 

extraction. Smart data analytics provides mechanisms able to identify patterns or trends in data, 

screen pre-frailty states and provide different views of data for new management plans. Data 

mining consists of various methods and algorithms which have been applied to many research 

areas and the healthcare domain is not an exception. Nevertheless, the platform is modular enough 

to allow any other data mining algorithm to be directly embedded in the whole workflow. 

In order to take into account the opinion of the patients, an online survey was created and 

promoted to the cancer community via ecancer.org3 along with a host of other platforms to 

distribute this in English, Italian, German and Greek. People from all across Europe with 226 

surveys submitted their opinion. The report of the surveys can be found in the deliverable of 

iManageCancer D2.2 óScenarios and use cases including the ethical and legal aspectsô from the 

web site of the project4 and the questionnaire is provided as Appendix in the deliverable. Among 

others, the following conclusions related to the analytical services are driven from this survey: 

¶ More than 80% of responders want to have tools for analysing their health data. 

¶ Around 80% are willing to provide their health data for research with only 50% giving 

consent online. 

¶ Security for sharing is most important for all respondents. Interestingly the security is seen 

more important in sharing health data than in online banking 

Based on the results of the survey, an intensive review of existing scenarios and use cases the 

consortium concluded to five categories of scenarios including a scenario for data analysis.  

2.1 Reference architecture  

An outline of the reference architecture for the smart analytical services is shown in Figure 1 

where, the basic operational modules of the system are also shown. Smart analytical services try 

to go much further than traditional statistics by examining the raw data and then attempting to 

hypothesise relationships within the data. As shown in Figure 1, data analysis and data mining in 

iManageCancer is an iterative approach, which combines data from the semantic layer of 

iManageCancer, pre-processes the data, performs the analysis and provides the results for 

visualization based on the data distillation model [1]. The loop closes with the interaction of the 

                                                 
3 http://ecancer.org  
4 http://imanagecancer.eu/resource-centre  

http://ecancer.org/
http://imanagecancer.eu/resource-centre
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end user who can refine the results and continue with a drill-down analysis to extract knowledge 

from cohorts with specific criteria.   

 

Figure 1. Architecture of the analytical services over personal health infrastructure 

2.2 Supported scenarios 

2.2.1 For the doctor and the researcher 

End users of the smart analytical services are physicians, data miners, statisticians and data 

managers. The workflow for the main scenario of the data analysis and mining consists of the 

following steps:  

¶ Step 1 (Overview of the data): The end user logs-in to the system. An overview of the 

iManageCancer data for the whole population using various visualization techniques, such 

as charts and plots, is available. 

¶ Step 2 (Create and analyze cohorts): The user can select, using the interactive 

visualization techniques, specific features and set inclusion/exclusion criteria in order to 

create a new cohort, e.g. select only male patients and age > 60. Alternatively the user can 

select specific features, e.g. age and disease, and request from the system to propose new 

cohorts. The proposed cohorts can be extracted using clustering techniques along with 

feature selection algorithms for the identification of relationships in the data. Analysis 

results are presented to the end user using the same techniques as of step 1.  
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¶ Step 3 (Monitor specific patient): The user can select one or more patients and plot 

patientôs data in conjunction with average values of specific cohort(s) in order to highlight 

and identify deviations. 

¶ Step 4 (Alerts): Finally, the user can select and create a new alert for specific cohorts 

(from step 1 or 2) or specific patients (step 3). The user is able to select features and add 

an automatic alert/indication. The system will monitor the specific feature(s) for the 

selected cohorts and if significant differences appear the researcher is informed via email. 

As we can see from the high level architecture, the main components of the smarts analytical 

framework of the iManageCancer project are three: the query builder, the analysis and the 

visualization. In this deliverable we describe the query builder and the data analysis, while the 

data visualization has been described in the deliverable D8.2 ñReport on implemented 

visualization techniquesò. 

2.2.2 For the patient 

Apart from the main scenario described above, the work package 8 contributes and supports three 

more scenarios requested by the end users. The first one is a simple visualization/analysis of the 

patient data from the patient. Work package 8 created an application inside the iPHR which is 

able to visualize many features in one chart with the X axis being common and representing the 

date. Such a visualization provides the possibility to the patient to identify immediately 

correlations between the features e.g. when a flue appears in the timeline the body temperature 

rises while when a particular medication is provided the fever/high temperature disappears. Such 

an example is provided at Figure 2 where the date (X axis) is provided as months (numeric value) 

from the first event. 

 

Figure 2: Analytics visualization for the patient 

2.2.3 For the administrator 

Apart from the patient view, a simple statistics application for the administrator was requested. 

The administrator of the iManageCancer platform has access to the log files and the log events 

produced by the applications of the consortium. The mobile applications, the games and the web 

applications produce a significant amount of event data. Since the work package 8 deals with 

visualization of statistics in the Query builder, the same visualization component has been 

extended to support the administrator in the exploration of the audit and log data. A screenshot of 

the analytics visualization for the administrator is shown at Figure 3, while detailed information 

about the usage of the filters can be found in the section Query builder (Using filters with the 

graphical view of the query results). Such a visualization provides the option to the administrator 

to select one or more applications and identify the modules and the events produced.  
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Figure 3: Analytics visualization for the administrator 

2.2.4 For the research project 

In iManageCancer a research project can request access to specific data for anonymized analysis. 

A research project account has no access to raw data of the patients. iManageCancer platform 

allows to execute data analysis tools on the data of a specific cohort of patients who have given 

consent for the use of their data of a specific research. Everyone can register for a research project 

with the assumption that this account is created for one specific research project only. The research 

project account needs to be confirmed by the iMC administrator. The iMC Administrator will 

need to run the e-consent tool, before confirmation. Once confirmed the researcher (research 

project account) is allowed to use the data analysis tools on the anonymised health data of the 

requested cohort. The flow of operations for this scenario is as follows: 

1. A research project account requests specific data for anonymized analysis (e.g. a research 

project would like to have data for patients under 10 years old, male and for the specific 

analysis at least 100 patients are needed). 

2. The administrator has at his/her disposal a tool (Query builder as described in the next 

section) which can create complex queries in the iPHR databases and get back information 

such as number of patients for the specific query.  

3. If the requested data exist the administrator request access (eConsent) from the eligible 

patients. The e-consent tool send a request for consent to those patients that match the 

profile of the research question. The request contain the description of the planned research 

in laymanôs language. In the case that a patient has select not to participate at research 

projects the system will not provide access to that data nor request for eConsent. In the 

case that a patient gave general consent to donate his/her data for research, the 

(anonymized) data are available without further request. 

4. As soon as the administrator has sufficient approvals for research use from the eligible 

patients (eConsent), he/she passes the query to the anonymization tool (see section Data 

anonymization) and the anonymized data are passed to a Virtuoso database with the 

research id. 

5. The administrator informs the research project account (researcher) that can have access 

to anonymized data from his/her analytics platform. 
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6. The analytics platform of the research project account provides the full functionality of 

the Query builder (see section 3), the analytics (see section 4) and the visualization 

(described in Deliverable D8.2). 

2.3 Data 

A burden for the implementation of the smart analytical framework was the lack of data. During 

the timeframe of the implementation the iManageCancer pilots were in the process of preparation 

and no real data were available. For that reason we generated artificial but realistic data for testing 

and development of the framework and the algorithms. The artificially generated data contains 

the basic PHR characteristics that exist in real medical databases such as patientsô admission 

details, demographics, socioeconomic details, labs, medications, etc. The artificial data used 

provide information for 100 patients with basic demographic data (age, gender, race, and 

language) and 19000 records for Laboratory Results (CBC: HEMATOCRIT, CBC: RED BLOOD 

CELL COUNT, CBC: WHITE BLOOD CELL COUNT, METABOLIC: AST/SGOT, 

METABOLIC: CALCIUM and METABOLIC: CREATININE) at different time points linked 

with the 100 patients. 

The implementation of the framework is modular and easily extendable to other data sources 

making the linking to the iPHR data straightforward. More details about the iPHR can be found 

in the deliverable D3.4 ñExtended integrated prototype of iManageCancer platformò and the 

https://www.iphr.care5. An API for the data retrieval has been implemented using the standards 

for all the APIs in iManageCancer (e.g. security OAuth 2.0 tokens). The smart analytics 

framework of the iManageCancer is accessible only via the iPHR web portal 

https://www.iphr.care and available only to doctors and research project (upon request).  

3 Query builder 

The Smart Analytics Framework (SAF) is a web based application and integrates all the 

components defined by the architecture (Figure 1) into a user friendly interface. The SAF 

provides a collapsible menu to the left where the user can create a new query for the data or 

view/load existing queries from his/her profile as shown in Figure 4. By default the user views 

the query builder tab. Query builder is the place where the end user poses the research question 

and pull the data from the iManageCancer databases. Since the end users are non-IT experts we 

implemented a graphical interface intended to be simple but yet powerful enough for complex 

queries. The user actually draws an SQL query with his/her preconditions and selects the attributes 

that would like to retrieve data from. The implementation is based on graphs and the user has to 

create/draw a graph where each node is a feature with specific conditions (e.g. the user wants to 

view data for all the patients with age over 18) while the edges represent the logical condition 

between the features, e.g. age under 18 AND gender male, while another example could be age 

under 18 OR age over 67. The query builder provides the possibility to the user to create more 

complicated queries using groups e.g. (age under 18 OR age over 67) AND gender male.  

While the user draws the graph/query the query builder shows the preconditions (similar to the 

where clause of an sql query) as shown in Figure 4 at the top. Furthermore, a watermark on the 

query builder area (top left part) provides the query name (if it has been saved by the user) and 

the number of records/patients that the specific query will retrieve from the iManageCancer 

databases.  

                                                 
5 Link to the iPHR manual: https://www.iphr.care/apps/procedures/static/Tutorial.pdf  

https://www.iphr.care/
https://www.iphr.care/
https://www.iphr.care/apps/procedures/static/Tutorial.pdf
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Figure 4: The Query builder user interface.  

The user can select a feature of the data model to use by right clicking in the area of the query 

builder (as it is shown in Figure 4 to the right). Then the system shows a list of options for the 

preconditions to be used, e.g. for the attribute Age the user can select one of the conditions 

(=,>,<,>=,<=) and a value. More advanced options appear to attributes with more values like the 

Laboratory results attribute where the user can select the name of the laboratory results and/or the 

date and/or value. As soon as the user provides the preconditions and clicks the save button a node 

is generated in the query builder. The node appears as a circle and the text in it indicates the name 

of the attribute (left part of the text), the number of records/patients for the specific/single node 

precondition (middle part of the text) and the precondition in brackets (right part of the text) as it 

is shown at the bottom of Figure 4. Two or more nodes/attributes can be connected by clicking on 

the source node and dragging to the target node. The connection can be defined to be the logic 

AND or the logic OR by right clicking on the connection/edge. Figure 4 shows a query where the 

user requests all the data from patients with Age>60 and Gender=Female. The first precondition 

(Age>60) is satisfied by 48 patients in our dataset, the second precondition (Gender=Female) is 

satisfied by 52 patients, while the whole query (Age>60 AND Gender=Female) is satisfied by 21 

patients/records. The information about the number of records/patients satisfied by the attributes 

and the whole query is provided to the end user while he/she draws the preconditions. 

In the example shown in Figure 4, a simple query is presented. The SAF gives the option to the 

user to create more complex queries including groups and nested groups. Letôs assume that a 

researcher would like to create a query where the patients should be over 70 years old or Female 

and both of them to have the English mother language. In terms of sql, this would be formulated 

as (Age>70 OR Gender=Female) AND Language=English. The steps for creating such a query 

with the query builder are shown in Figure 5. Initially the user right clicks and selects the feature 

Age. The popup menu for the feature Age provides options to set the appropriate conditions for 

this field. The user can select the appropriate condition (>) and value (70) as shown in Figure 5A. 

Then she/he can create a group to nest sequentially the age condition and then the gender 

condition. To create a group, the user click on the node Age and sets a group number. For our 

example the user sets the number 1, shown in Figure 5 B. The nodes belonging to that group are 

grouped in the blue rectangle.  
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Figure 5: Step by step creation of a (complex) query with the Query Builder. 
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Then the user creates the precondition Gender=Female by right clicking in the blank area of the 

Query builder and selecting the attribute Gender. The user selects the precondition (=Female) and 

the new node is created as shown in Figure 5 C. Next, the node Gender should be placed in the 

group 1 - with the existing node Age. The user clicks on the node Gender and selects the group 

label (1) as it is shown in Figure 5 D. The two nodes are in the same blue rectangle and they can 

be connected. Multiple features can be grouped at any depth level. The next step is to create a link 

between the two features and set the (Age>70 OR Gender=Female). To create a (pre)connection 

between two features the user has to click on a feature and drag the mouse to the other feature as 

it is shown in Figure 5 E first part. Then the user can define or remove the connection between 

the two features by pressing a right mouse click on the edge/connection and select the appropriate 

connection. Next the user would like to connect with a logical OR (Figure 5 E). Two more steps 

are needed for the complex query to be completed. The first one is similar to step A and step C 

where a new feature is added, with its precondition Language=English as shown in Figure 5 F. 

The second one is to link the group with the new feature using the logical AND, similarly to step 

E, as it is shown in Figure 5 G. Now the query (Age>70 OR Gender=Female) AND 

Language=English has been created using the Query Builder. While the user graphically designs 

the query, the system informs him/her on the fly about the number of patients that fulfil  each 

independent precondition and the whole query.  As we can see from Figure 5 G the precondition 

Age>70 retrieves 29 patients, the Gender=Female retrieves 52 patients, the Language=English 

retrieves 64 patients, while the query (Age>70 OR Gender=Female) AND Language=English 

retrieves 42 patients. 

Another feature of the query builder provides the capability to the user to view more statistics of 

the generated query at any time and update/modify the query accordingly. The results of each 

query can be viewed in a graphical way enabling further exploration and enhancement. By 

pressing the button ñView Resultsò below the query area, charts appear that represent the query 

results. Each chart can be used as a filter and give instant feedback. The graphical view of the 

query results from our query (Age>70 OR Gender=Female) AND Language=English are shown 

in Figure 6. Features with numeric values such as Age are visualized as bars charts while the 

nominal features such as Gender are visualized as pies. The total number of patients is shown to 

the right of the viewer area. All the charts can be used as single filters or multiple filters (using 

the logical AND operation for more than one filter).   

 

Figure 6: Graphical view of query results. 




















