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Editorial
Prof. Dimitris Fotiadis (Coordinator, UOI)

The CARDIOCARE project has completed the first year of its lifecycle at the end of June 2022. With this brief note, key 
results and achievements of the first year are presented.
In brief, a main part of our work has been devoted on the identification of the relevant Key Performance Indicators 
(KPIs) for assessing intrinsic capacity and Quality of Life (QoL) based on an ongoing Delpi study. The behavioral and 
psychological interventions to be developed and the intervention scenarios were analyzed. 
A second important area of work has focused on the development of the CARDIOCARE mobile application, including 
the ePsycHeart and eHealtHeart modules. The ePsycHeart has been developed to support the user-friendly collection 
of data and the monitoring of patients’ intrinsic capacity and QoL. The defined KPIs have been incorporated in the 
application including PROMs, PREMs and other questionnaires/tools in digital form as well as wearable sensor signals. 
The eHealtHeart has been developed for the intervention arm of the prospective study and aims to deliver and test 
the efficacy of patient-oriented behavioural and psychological interventions to improve patients’ resources, intrinsic 
capacity and QoL and mitigate cardiotoxic effects of cancer therapy. 
Another part of our work focused on the finalization of the experimental design for the omics study. The methodologies 
to be employed have been defined, namely the miRNA biomarkers study, the microbiome study and the targeted gene 
sequencing study. Moreover, the protocol for biological sampling of patients recruited into the prospective study and 
the instructions and required patient information relevant to the sampling, were defined and described. 
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Identification of relevant KPIs for assessing intrinsic 
capacity and QoL based on Delphi study

Chiara Casini (Researcher, IEO)

CARDIOCARE is developing a risk-stratification model based on new sets of quality KPIs to provide evidence-based best 
practices and care pathways for the improvement and management of symptoms of elderly Breast Cancer patients at risk 
for cardiotoxicity. 
As regards the possible impact of psycho-social factors on cancer treatment adverse events, such as cardiotoxicity little is 
known to date. In this regard, a Delphi consensus study has been carried out to collect reliable information from a group of 
experts, about the psycho-social aspects they consider to be most relevant in cancer treatment adverse events 1. Based on 
previous research on the impact of psycho-social factors on cardiovascular diseases 2–7, a list of 28 psycho-social variables 
has been identified. Then, a sample of 32 experts has been targeted, including researchers and professionals working in the 
fields of psycho-oncology, clinical psychology, health psychology, and psychiatry with cancer patients. The experts have been 
asked to rate their level of agreement in considering and assessing each of the 28 psycho-social constructs, in patients at risk 
of cancer treatment adverse events.
According to the conceptualizations of the NIH 8 and Trotti and colleagues 9 , adverse events as a result of cancer therapy 
can be considered as any unfavorable and unintended sign, symptom, or disease temporally associated with the use of a 
medical treatment or procedure that may or may not be considered related to the medical treatment or procedure.
The results showed that the expert panel group agreed on the importance of considering psycho-social aspects in cancer 
patients, such as patients’ anxiety and depression, their perception of being stressed, the level of burden of the caregiver 
and the overall perceived social support, cognitive impairment, fatigue, decreased quality of life, capability of self-control, 
self-management, and self-efficacy. Factors such as body image, emotion regulation, and resilience reached the second 
place of importance in the group. 10 out of the 28 psycho-social variables did not reach an agreement to be included or not, 
and therefore, were considered as the last place 
of recommendation. 
The analysis of the Delphi study shed light on the 
importance to take into account psycho-social 
factors in the assessment of cancer treatment 
adverse events, such as cardiotoxicity, which 
impacts negatively patients’ quality of life in the 
long term. Hence, the psychological variables 
that received high consensus, are those most 
often encountered in cancer patients by the 
experts of the panel group.  Assessing patients’ 
psycho-social vulnerabilities could ultimately be 
protective of their overall well-being.

An ongoing activity is the collection of the retrospective data. Data from 1.560 elderly Breast Cancer patients are collected 
from available records of 5 participating clinical centers part of the consortium (IEO, BOCOC, KSBC, NKUA, UOI). The 
design of the prospective study was finalized, for the perspective study with 750 patients, and the ethical approvals of the 
participating centers are obtained.
In order for the prospective study to be managed, the eCRF system for data collection and the first versions of the 
CARDIOCARE platform have been created. The CARDIOCARE platform integrates different open-source solutions and in-
house dashboard services, the risk stratification models, visualization tools and services.
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The CARDIOCARE application

Dr. Lefteris Koumakis (Researcher, FORTH)

The CARDIOCARE mobile application is designed to track and improve patients’ overall health and QoL following Breast Cancer 
treatment. All the patients participating in the clinical trial of CARDIOCARE will be supported by a mobile application. Patients from 
the intervention arm of the clinical trial will get an app that incorporates both ePshycHeart (control modules) and eHealtHeart 
(intervention modules), while patients from the control group will be supported only with the ePshycHeart.
The ePsycHeart will monitor patients’ QoL, caregiver burden, cost-effectiveness and intrinsic capacity including: (i) psychological 
and cognitive states, (ii) mobility and locomotion, (iii) sensory and, (iv) vitality status. Monitoring will be performed using 
wearables, electronic devices and validated questionnaires including patient reported outcomes- and experience measures 
(PROMs and PREMs). ePsycHeart aims to easily monitor and inform patients and physicians on the overall emotional, functional 
and physical wellbeing of the patients.
The eHealtHeart interventions target patients and caregivers aiming at improving patients’ intrinsic capacity including 
psychological interventions (e.g. emotional, dispositional states, Biofeedback self-regulation, best possible self, motivation to 
act), cognitive stimulation (e.g. cognitive restructuring plus serious games to improve memory and executive functions,), physical 
activity and performance exercises, vision and hearing assessments, dietary guidance, guidance to improve management of 
urinary incontinence (e.g. alerts, self-monitoring) and falls (e.g. remove home hazards, falls detection) together with education 
and support to caregivers. 
The CARDIOCARE mobile application and integrated interventions are in line with the 2019 American Heart Association Scientific 
Statement on Cardio-Oncology Rehabilitation, endorsed by the American Cancer Society, and in line with the WHO’s guidelines on 
Integrated Care for Older People (ICOPE) with evidence-based recommendations for healthcare professionals 
to prevent, slow or reverse declines in intrinsic capacity of older people 1.
We expect that the CARDIOCARE mobile application will simplify the process of monitoring and informing 
patients on the overall psychological and functional wellbeing and will provide the infrastructure 
and means to support patient-oriented approaches, self-management and social innovation. In 
this context, clinicians will be provided with new services allowing centrally coordinated and cost-
effective care by: (i) identifying patient care gaps, (ii) considering patient’s preferences, (iii) improving 
patient outreach and monitoring, (iv) saving time and improving efficiency of patient encounters, (v) 
supporting delivery of home-based care, (vi) strengthening patient confidence and advance patients’ 
health awareness and adherence to treatment.
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The design of the infrastructure of the 
CARDIOCARE platform

Joël Goossens &, Dr. Anca Bucur (Senior Scientist, Philips)

To support the different activities and goals of the CARDIOCARE project, a robust technical backbone for patient data 
collection needs to be in place. To facilitate this, an architecture of the eCRF infrastructure has been developed, which 
integrates the required functionalities while leveraging open-source solutions. The users of the eCRF are clinicians that 
will supply the system with filled-patient data which along with the mobile application data will be used for creating risk 
stratification and prediction models for cardiotoxicity and QoL. 
In more detail, the underlying infrastructure of the CARDIOCARE platform uses Kubernetes, a container orchestration 
engine that automates deployment, scaling and management of the underlying containers. The containers in this case 
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One application on the CARIOCARE platform is REDCap, a secure web application for building and managing surveys 
that the clinicians will use to enter the electronic case report form information. The gathered data is then used within a 
subsection of the virtual private cloud, the machine learning platform which is the part the modelers interact with. This 
platform includes FEAST, a feature store that facilitates pipelines for data transformations, data storage and data provision 
to machine learning training and validation. The creation of the machine learning models themselves is done through 
JupyterHub, which supplies the modelers with an environment and resources to create, train and validate their models. 
Outside of this central hub there is also a model registry for the created models, a model serving module that deploys the 
models and a model monitoring module that monitors the output of the deployed model. This output is stored in another 
database, which is then fed back into the JupyterHub instance to ensure all relevant information is present in the hub.
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Figure 1: CARDIOCARE platform infrastructure.

are a cluster of virtual machines with varying amounts of CPU, GPU and storage resources on which different applications 
the users interact with are running. The CARDIOCARE platform itself on the other hand exists as a virtual private cloud, a 
structure that allows for multiple environments to exist in an isolated manner that has an on-demand configurable pool of 
resources.

Clustering with the ESCAPE Project - Building diversity into clinical trial design

Rochelle Caruso (Project Officer, ERINN Innovation)

Clinical trials are often criticised for not reflecting real-world populations. In a typical clinical trial, participants volunteer 
with the understanding that they have a 50% chance of receiving an intervention, regardless of whether they ultimately 
fall into the control group. As such, clinical trials tend to attract certain types of patients; those who, more often than not, 
have high-trust relationships with physicians and the healthcare system. 
People from marginalised groups are less likely to participate in clinical trials. This means the research participants do not 
represent the diversity we would find in a typical hospital waiting room. This discrepancy introduces bias into the research 
and makes it more difficult to extrapolate to real-life situations. The H2020-funded project, ESCAPE, has a clinical trial 
designed by Dr Tim Friede and Dr Christoph Herrmann-Lingen, which utilises a comprehensive cohort study design with an 
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Risk stratification models based on imaging data

Dr. George Manikis (Researcher, FORTH), Dr. Grigorios Kalliatakis (Researcher, FORTH), Prof. Kostas Marias 
(Professor in Medical Image Processing, HMU & Head of the Computational Biomedicine Laboratory, FORTH)

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under 
grant agreement No 945377 (ESCAPE). This output reflects the views of the authors and the European Commission is 
not responsible for any use that may be made of the information contained therein

Digital diagnostics are an integral part of the radical transformation of healthcare acting as a catalyst for better and earlier 
diagnosis. Recently, the use of digital diagnostics with Artificial Intelligence (AI) in cancer is gaining momentum since it 
shows great promise towards accelerating personalized predictions 1. This is notably evident in Breast Cancer diagnostics 
where the synergy of medical images and AI aims to derive novel image biomarkers and develop risk stratification models 
for precision care.
To this direction, CARDIOCARE has an ambitious and multidisciplinary research plan strengthening AI diagnostics towards 
demonstrating new concepts of stratification in early diagnosis and management of cardiotoxicity of the elderly multimorbid 
patients with Breast Cancer therapy induced cardiac toxicity. Specifically, during the first year of the project, CARDIOCARE 
has focused on the design and development of a novel AI infrastructure comprising advanced image analysis techniques, 
machine and deep learning models, aiming to uncover new quantitative biomarkers from echocardiographic images 
capable of predicting cardiotoxicity and patient response. 
From the technical perspective, model development followed a pipeline process consisted of: (i) a deep neural network 
for the automated segmentation of critical regions from the 2D echocardiographic images, including the left ventricle 
endocardium, the epicardium contour, and the left atrium, (ii) a radiomics-based image analysis to enable digital decoding 
of the region of interest microenvironment into handcrafted quantitative features, including descriptors of shape, size, 
and textural patterns, (iii) a risk stratification model based on a machine learning analysis workflow to assist clinicians with 
personalized cardiotoxicity and response predictions. 
The deep neural network (Figure 2) utilized publicly-available and fully annotated 2D echocardiographic images 2 along with 
transfer learning techniques to learn how to segment the three investigated areas from the CARDIOCARE echocardiographic 
images. We deployed and examined two different networks for echocardiographic segmentation: (i) a U-Net 2, and (ii) 
the original U-Net due to the fact that several state-of-the-art cardiac image segmentation methods have utilized U-Net 
as their backbone networks, achieving promising segmentation accuracy for a number of cardiac segmentation tasks. 
Ongoing steps involve the transfer learning and fine tuning of the models, using data from the prospective study, towards 
delivering automated segmentations from the CARDIOCARE echocardiographic images,  extracting high-dimensional 
cardiac morphology and functional features from the radiomics-based analysis, and subsequently implementing a novel 
machine learning based risk-stratification model towards improving the management of the elderly multimorbid Breast 
Cancer patient at risk for cardiac toxicity. 

embedded randomised control trial (RCT) in the hope of overcoming such bias. 
The ESCAPE project aims to improve the physical and mental health of multimorbid elderly patients through the 
implementation of a blended-collaborative care approach. The RCT is embedded within a larger cohort study with patient 
recruitment occurring in two phases: once for the cohort study and then for the RCT, only those patients who volunteer for 
the cohort study are invited to partake in the RCT. 
Because the cohort study is non-interventional, patients can volunteer comfortably knowing they will simply be asked 
questions about regular care and quality of life. The ESCAPE team is hopeful that being consciously able to opt out of the 
intervention, means more patients, including those who are less comfortable with hospitals and healthcare procedures, 
will be willing to engage in the cohort study. Thus, providing a secondary and more robust control population for the 
intervention group to be compared against.
Whether it is elderly patients with Breast Cancer or those suffering from multiple chronic illnesses, researchers have a 
responsibility to ensure that diverse groups and populations are represented in research to build more equitable and 
inclusive healthcare solutions. 
ESCAPE’s clinical trial began in the spring 2022 and is recruiting patients in Germany, Denmark, Hungary, Lithuania and Italy. 
Follow ESCAPE on Twitter, ResearchGate or our newsletter to stay connected.
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Figure 2:  CARDIOCARE Automated 2D echocardiographic segmentation using deep neural networks.
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CARDIOCARE Events

Past Events 

Hellenic Society of Digital Medicine
Prof. Katerina Naka, UOI, presented the evolution of AI methods for CVD prevention and monitoring in the event of the 
Hellenic Society of Digital Medicine that took place 6-7 May, 2022 in Athens, Greece.

CARDIOCARE Clustering Activity
CARDIOCARE took the initiative to open a communication channel with other cluster EU-funded projects (AFFIRMO – GA 
899871, CAREPATH – GA 945169, EHRA-PATHS - GA 945260, ESCAPE – GA 945377, GERONTE – GA 945218) defining areas 
of common research and technological interest. 

Health IT Conference
Georgia Karanasiou, UOI, presented the CARDIOCARE project in the Health IT Conference that held 21-22 June, 2022 
online.

ESC Congress 2022
The ESC role in CARDIOCARE project was presented in the Expo Zone of ESC Congress held in 26-29 August 2022 in  
Barcelona, Spain. 

European Society for Medical Oncology 2022 (ESMO 2022)
Our abstract entitled “Incorporating psycho-social factors in cancer treatment adverse events studies” was accepted as a 
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CARDIOCARE People

Prof. Gabriella Pravettoni (IEO)

Gabriella Pravettoni is Director of the Psychoncology Divison at IEO, Milan. 
Full professor of General Psychology at UNIMI, Coordinator of the Doctorate 
in Medical Humanities at SEMM, Milan. Coordinator of Psychology training 
and development at LILT Nazionale. Prof. Prevattoni is member of several and  
renowned scientific societies at national and international level.
Her research activities are almost entirely conducted at the IEO, at both  
national and international level, with focus on cognitive processes,  
decision-making and error prevention, with particular attention to the medical field, medical 
humanities, health, and centrality of patient.

poster presentation at the ESMO Congress 2022 that took place in 9-13 September 2022, in Paris, France.

Special Session in IEEE BHI-BSN 2022
The Special Session “Artificial intelligence and Real World data for personalized support of patients with cardiovascular 
diseases” took place on Friday, September 30th, in the IEEE BHI-BSN 2022 conference in Ioannina, Greece.
The Special Session concerned AI tools and methods developed with existing and/or new data generated by individuals, 
health professionals and other service providers (including but not limited to data collected through IoT enabled devic-
es, wearables, mobile devices, data source networks or data lakes etc. collected outside the controlled environment of 
clinical trials). 
The Special Session was motivated and supported by the EU funded projects Retention Project (Grant Agreement: 
965343), CARDIOCARE, Timely (Grant Agreement: 101017424) and TAXINOMISIS Project (Grant Agreement: 755320).

42nd Panhellenic Congress of Cardiology
Prof. Katerina Naka, UOI, participated in the 42nd Panhellenic Congress of Cardiology that held 21-23 October 2022 in 
Athens, Greece with a presentation entitled “HFpEF Guidelines” in which the guidelines of Heart failure with preserved 
ejection fraction (HFpEF) and the investigation of cardiotoxicity within CARDIOCARE project was presented.

Event organized by Alma Zois
The CARDIOCARE UOI team attended the event organized by the Hellenic Association of Women with Breast Cancer, Alma 
Zois on Oct, 22 at Ioannina for informing and raising awareness on Breast Cancer.

Forthcoming Events

13th European Breast Cancer Conference
Our abstract entitled “A multimodal approach for the management of co-morbid cardiotoxicity in the elderly breast 
cancer patients” was accepted as a poster presentation in the European Breast Cancer Conference that will be held on 
November 16-18th, 2022 in Barcelona, Spain. 

Prof. Kostas Marias (FORTH)

Kostas Marias (PhD) is an Associate Professor in Medical Image Processing at the Dept. of Electrical & Computer 
Engineering at the Hellenic Mediterranean University in Greece and is the head and founder of the Computational 
Biomedicine Laboratory at FORTH-ICS. Prof. Marias served as Principal Researcher at the Institute of Computer Science of 
the Foundation for Research & Technology – Hellas (ICS-FORTH) since 2006. During 2000-2002, he worked as a medical 
image analysis Research Assistant at the University of Oxford and from 2003-2006 as Associated Researcher at FORTH-
ICS. He received his PhD in Medical Image Analysis and Medical Physics from UCL Royal Free & University College Medical 
School working jointly with the University Of Oxford, UK. He has coordinated ContraCancrum 
and TUMOR EC projects related to cancer modelling, and has actively participated in several 
other EC funded projects developing ICT technology. Prof. Marias is a dedicated professional 
member of IEEE for 18 years and has served with diverse organisational roles in many 
important IEEE conferences in the field of biomedical informatics and imaging such as EMBC 
BHI, BIBE and IST either as a member of the scientific committee, organising committee, 
in special sessions, program co-chair, etc. He is co-author of more than 200 papers in 
international journals, books and conference proceedings focusing on medical image 
processing and analysis, biomedical informatics, image-based modelling and Radiomics / 
deep learning medical imaging applications.
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