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Executive Summary

The first version of D4.3 includes information regarding the development of the WP4 tools
ONCO-RISTE, ONCO-CAWA, ONCO-CLIDE, ONCO-EVIDA and data fusion. D4.3 describes the
iterative Co-Designed System activities with the end users, the analysis and architecture, and the
performance in lab tests of the corresponding tools within the first year of the project.

This document offers a comprehensive description of the project's actions on addressing end
user requirements, and it explores the tools’ innovation aspects along with its functionalities and
designs. Specifically, the tools reported in D4.3 present a significant achievement during the first
year since a large set of end user and technical requirements has been fulfilled. Over the next
period, the final updates of the tools will be included in the second iteration of this deliverable
(D4.4), which is due at M2g. Moreover, the overall trustworthiness is examined along with the
risks and the ability to mitigate them. The last part involves the next actions that will be followed
for each tool.
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1 Introduction

This deliverable unveils a significant milestone in the project's evolution, presenting the initial
version that delves into the development progress of key tools, namely ONCO-RISTE, ONCO-
CAWA, ONCO-CLIDE, ONCO-EVIDA, and data fusion.

This documentation encapsulates the iterative Co-Designed System activities, involving end
users in the analysis and architecture phases, and rigorously assessing the tools' requirements
through two lab tests during the project's inaugural year. The project commenced with
workshops facilitating the early gathering and fulfilment of the end-users’ requirements in the
tool's development. Furthermore, in the two Live Integration Tests (LITs) conducted for this
deliverable, end-user feedback and inquiries after tool demonstrations played a pivotal role in
enhancing the tool's current quality and shaping the subsequent developmental steps. However,
it should be noted that the tools will not undergo clinical trial testing since samples of blood,
saliva etc. that are collected are not relevant for the use cases of these tools.

Within D4.3 the project's dedication to meet end user needs and the steps towards
implementation of the respective technical requirements is shown. Its subsections analyse each
ONCOSCREEN module by describing the innovation aspects, functionalities, and complex
design of the tools. The report delves into an examination of trustworthiness for each tool,
methodically scrutinizing associated risks and proposing strategies for mitigation.

In chapter 8 the performance in lab tests is examined and the improvements from one pilot to
the other is examined reporting major updates for each tool. Finally, in chapter g a forward-
looking perspective is also presented, outlining the subsequent actions to be followed for each
tool.

In essence, D4.3 is providing insights into the project's current roadmap, achievements, and
future steps.

Table 1 Description of Action: Task 4.3

ONCOSCREEN DoA  Deliverable addressing Brief description
requirements the requirements
WP4:  ONCOSCREEN Dg4.3: ONCOSCREEN ' This deliverable reports on the co-
Intelligent Platform & Integrated Intelligent design activities with the end-users on

Tools for Citizens, Platform for Citizens, the development and architecture of
the ONCO-RISTE, ONCO-CAWA,
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Clinicians &  Policy Clinicians & Policy Makers CDSSM, ONCO-EVIDA, and data
Makers (First version) fusion tools.

Table 2 Linkages between D4.3 and other ONCOSCREEN deliverables

Deliverable Description of the deliverable Link to D4.3
D41 Co-Designed System The collection of user and technical
Architecture (First Version) requirements are implemented in
D4.1 which are addressed in this
deliverable.
D21 Clinical Knowledge Database D2.1 provides a description of data
(First Version) that are needed for the various tools

of this deliverable to operate.

Ds5.6 ONCOSCREEN Laboratory tests  D5.6 closely relates to the current
and evaluation deliverable, since it contains the
results and the adjustments/updates

from the lab tests.

This deliverable is sectioned as follows: section 1 introduces the reader to the concept of the
document, while section 2 reports on the steps taken towards an llterative Co-Design approach
with the participation of Technical Partners and End Users and the respective activities that have
been adopted for each tool. Sections 3 to 7 elaborate on the architecture and provide an analysis
for each tool, addressing End User and Technical Requirements, presenting the respective
Innovation Aspects, the Functionalities and Design, Trustworthiness, while, lastly, reporting on
Risks and Mitigation Measures. Section 8 focuses on the tools’ performance in Lab Tests/Clinical
Trials, while Section g is dedicated to the next steps for each tool. The document is concluded
with a respective section, where an outlook of the work done is summarised.
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2 lterative Co-Design Activities with End Users

At the beginning of the project, workshops were held with the end-users so that their
requirements could be collected and satisfied from the beginning of the development of the tool.

On the other hand, within the two LITs carried out to date for this deliverable, the feedback from
the end-users as well as their questions after having shown the development, has been key to
improving the current quality of the tool, and defining the next steps to follow.

Bilateral meetings with individual end-users were held in case not all feedback could be
processed during the workshops and LITs.

A more analytical description in regards to the overall co-designed methodology that was
followed is described in D4.1 Co-Designed System Architecture.

End-user requirements were collected at the beginning of the project along with the technical
requirements. From that point, the development of the tool as well as the next steps have been
subject to compliance with these requirements.

Communication with clinical-oriented end-users has been established to understand and
improve how ONCO-RISTE would work for the LITs. Risk factor lists and classification of the
users in groups have been reviewed.

Following the 2" LIT, communication has been consistently upheld with various end-users with
the objective of comprehending and enhancing the outcomes that have been showed up to now.
Furthermore, rule base creation, obtained from expert insights, has been embarked upon.
Consequently, this will lead to the development of two distinct versions of the tool: one that is
semi-empirical and another that operates in an unsupervised way.

Each end user’s requirements for ONCO-CAWA have been collected in a series of workshops with
the clinical and the user organization partners. They have been tabulated in D4.1, while their
fulfilment is discussed in section 4.1.1. It is obvious from the information there that many of the
requirements have already been fulfilled to some degree. The resulting first version of ONCO-
CAWA has been demonstrated in both the first and second laboratory integration tests.

Beyond the demonstration, the current version of ONCO-CAWA is now accessible via both Apple
Store and Google Play. Currently a demo study is being implemented and users will be invited
into it from the clinical and the user organization partners, for them to have a hands-on
experience with the software and come back with suggestions.
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Finally, a workshop has been carried out regarding the data collection requirements of
ONCOSCREEN that ONCO-CAWA needs to cover, but these requirements are not finalized yet,
neither are they implemented in the app, apart from some generic ones on capturing physical
activities, sleep, heart and nutrition that need to be specialized and augmented.

The collection of end-user requirements for the Al-based Clinical Decision Support System
(cDSS) as part of the T4.5 initiative has been a thoughtful and measured process, focusing on
aligning the tool's development with the practical needs of clinicians and medical experts in
colorectal cancer (CRC) screening.

At the outset of the project, a foundational step involved the collection of end-user requirements
alongside the technical specifications. This initial phase was crucial in setting a baseline
understanding of what the medical professionals anticipated from the cDSS, ensuring that the
system's development was in line with real-world clinical needs and expectations.

Throughout the development of ONCO-CLIDE, the team has maintained open channels of
communication with various end-users. This has allowed for a steady flow of information, albeit
limited in scope, regarding how the system might best serve in clinical settings. The insights
gathered have been valuable in guiding the refinement of the system.

In this context, the development has proceeded with a focus on adaptability and responsiveness
to potential user needs. Recognizing the variability in feedback, the approach has been to build
a system that is flexible and capable of evolving as more user interactions and experiences are
gathered over time.

The team has also been proactive in considering various scenarios and potential user
preferences, leading to the development of different operational modes of ONCO-CLIDE. This
includes versions that cater to diverse clinical environments and requirements such as roles and
different versions for each clinical center, ensuring that the system remains versatile and
applicable across various CRC screening contexts.

Overall, the co-design activities have been characterized by a careful balance between user-
driven insights and proactive development strategies. The aim has been to create a cDSS that is
not only technologically advanced but also prepared to adapt and evolve as more user feedback
becomes available, ensuring long-term relevance and effectiveness in the clinical setting.

All end-user requirements and suggestions were tabulated and compiled (see 5.2.1) by the
ONCO-EVIDA technical partners.
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VITO hosted three meetings (30/11/23, 15/12/23 and 19/01/24) with end-user partners designated
to ONCO-EVIDA to clarify some of the URs, affirm or revise priorities, and leave room for
additional wishes and feedback.

All end-users also received time to provide feedback during the Q&A sessions of the two LIT
meetings. Moreover, a first version of the ONCO-EVIDA dashboard is available at

The end-users have the possibility to register and experiment with the
initial functionalities that the dashboard provides. In addition, a set of datasets has been also
included to demonstrate how the interaction with the graphs can be facilitated.

Data fusion has not received any specific end-user requirements yet. Currently data fusion is a
research oriented task that aims to discover underlying risk factors from open source data. Any
possible interesting results will be discussed with and evaluated from the end users. As the
project progresses, the data fusion may apply advanced ensemble techniques to combine
outputs of different tools and the respective user requirements may be adapted accordingly.

Regarding data lake that will be developed during the data fusion task, the development of which
has just started, thus it has not received yet user requirements.
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3 ONCO-RISTE Tool analysis and architecture

ONCO-RISTE is a semi-empirical stratification engine that aims to identify dependencies and
reveal correlations among heterogeneous features such as demographic, behavioural, clinical
and other variables, enabling the effective classification of individuals, both citizens and patients,
into their respective risk-level.

The tool employs fuzzy and machine learning techniques to handle uncertainty, impreciseness,
and vagueness in data interpretation. This approach allows for the finite interpretation of
empirical rules from clinical experts in a probabilistic manner. This was the main reason on why
fuzzy-based techniques were chosen.

ONCO-RISTE dynamically generates a 5 risk-level classification considering all factors, stressors,
diagnostic results, and expert rules.

Addressing End-user and Technical Requirements

3.1.1 Addressing End User Requirements

Successful software development hinges on a thorough understanding of the end user's needs,
preferences, and challenges. Through the end-user requirement process we identify, analyse,
and incorporate users’ requirements into the design and development phases. By prioritizing the
end-user's perspective ONCO-RISTE tool ensures a seamless and user-centric experience.

Table 3 ONCO-RISTE end-user requirements

ID Description Priority Fulfilment
RISTE_UR21 The tool should be able to classify the = High Partially fulfilled. At the
risk in a 5-level stratification. current  state of the
approach, 3-level

stratification is completed
due to the amount of
available data. A s5-level is
planned for the 2"
iteration.

RISTE_UR2 As user, | expect the tool to give me Medium Planed for the 2" Iteration.
the time distribution of the risk based
on my risk level (i.e., short vs long-
term).
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RISTE_UR3

RISTE_UR4

RISTE_UR5

RISTE_UR6

As an HCP user/patient, | expect to
know the importance of the factors in
the given risk level.

Tool should dynamically change the
output if the patient changes the
factors given.

Tool must show the rules to the
medical partners and give them the
option to change them.

Tool must communicate the high-
level information of risk levels with
demographic data.

High

High

High

High

Horizon Europe — 101097036

Expected to be in the next
version of the approach.

Already satisfied. When the
input of the user changes in
ONCO-CAWA, a
calculation is made, and the

new

risk level changes

accordingly if needed.

Expected to be in the next
version of the approach.

Planed for the 2nd Iteration.
with  Data
Fusion is prerequisite.

Connection

A total of six user requirements were collected, with the one related with the dynamic change of
the output having been already satisfied at this state of the project. Moreover, ONCO-RISTE in

the first year of the project managed to fulfil in total 2 of the requested requirements
(RISTE_URo1 and RISTE_URo4). More detailed information related with user requirements can

be found in Deliverable D4.1.

3.1.2 Addressing Technical Requirements

Table 4 ONCO-RISTE technical requirements

Description

Fulfilment

RISTE_TRa

RISTE_TR2

ONCO-RISTE will be integrated with
ONCO-CAWA

ONCO-RISTE will receive the semi-
empirical rules from Retrospective
CRC screening Data Collection &
Analysis

ONGD SCREEN

Fulfilled via Kafka SSL in LIT 2.
ONCO-RISTE patient’s
answers and then based on them

gathers

calculates the risk score which then
sends back to ONCO-CAWA.

Planed for the 2" [teration
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RISTE_TR3

RISTE_TR4

RISTE_TRs5

RISTE_TR6

RISTE_TR7

RISTE_TRS8

RISTE_TRg

RISTE_TR10

RISTE_TR11

RISTE_TRa2

ONCO-RISTE will be integrated with
data fusion service

ONCO-RISTE  will
classification process based on ML

implement a

algorithms

ONCO-RISTE output will be a risk-
based score for each individual

ONCO-RISTE will be integrated with
all the previous tools via the virtual
data lake and not directly

An aggregator service will be
implemented in order to collect all the
data and transform them to an

ONCO-RISTE input

The ONCO-RISTE output will be
saved to a dedicated database

Authentication and password

management will be implemented

ONCO-RISTE  will
ONCO-CLIDE

integrate with

All components will communicate via
a secure network

All components will communicate
with secure communication protocols

Horizon Europe — 101097036

Fulfilled via Kafka SSL in LIT 2. Risk
calculation score is sent to Data
Fusion.

Fulfilled. A fuzzy version of a
clustering method is used as current
approach.

Fulfilled. Json output with risk-based
score for each patient

Planed for the 2nd Iteration

Fulfilled. A python back-end service
was implemented that acts as a
middleware that stands in the middle
of the ml module and other tools

Planed for the 2nd Iteration

Planed for the 2nd Iteration

Fulfilled via Kafka SSL in LIT 2. Risk
calculation score is sent to ONCO-
CLIDE and is depicted in the Ul

Planed for the 2nd Iteration

Fulfilled. Use of Kafka SSL when for
exchanging messages which s
considered a secure communication
data

computer

protocol and

transmission

secures
over a
network

A total of twelve technical requirements were collected and linked with the user requirements.

Six of them have been classified as high priority, and 7 of them are already fulfilled (RISTE_TRa,
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RISTE_TR3, RISTE_TR4, RISTE_TRs, RISTE_TR7 , RISTE_TR10, RISTE_TR12). More information
about the technical requirements, their link with user requirements, priority, and other
comments can be found in-depth in Deliverable D4.1.

Software tool analysis refers to the process of evaluating and assessing ONCO-RISTE capabilities
and features. This analysis is crucial for making informed decisions about which technologies to
use in software development, testing or any other aspect of the software development life cycle.

Key aspects of ONCO-RISTE include:
Functionality

e Identifying dependencies and correlations among heterogeneous features.

e Effective classification of individuals into risk levels.

e Utilizes fuzzy and machine learning techniques to handle uncertainty and impreciseness.
e Allows for finite interpretation of empirical rules in a probabilistic manner.

e Dynamically generates a 5 risk-level classification considering various factors.

Ease of Use

e ONCO-RISTE tool coding language is Python, which is widely known and used in the data
science community.

e Employs Django rest framework for the ONCO-RISTE backend, providing a robust and
scalable architecture.

Performance

e Dynamic risk-level classification suggests adaptability to various scenarios.
e The combination of fuzzy logic and machine learning techniques may enhance the
accuracy of the final response.

Reliability and Stability
e Fuzzy logic and machine learning techniques contribute to robust risk-level calculations.

Overall, ONCO-RISTE analysis helped to make decisions about the selection and adoption of
tools in the software development process, aiming to enhance productivity, efficiency, and the
overall success of the task.

ONCO-RISTE provides a 3 risk-level classification (and soon will offer a 5-level classification)
using heterogeneous information from different sources such as the mobile app (ONCO-CAWA),
the Data Fusion tool, and other tools of the ONCOSCREEN ecosystem.
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In terms of innovative features, the tool extends beyond providing a single-value classification.
It assigns a probabilistic score to each category, thereby offering clinicians a more
comprehensive understanding of the individual's condition. For the first time, the planned
stratification will incorporate environmental and socio-economic data based on the proposed
methodology suggested from the end user experts in D2.1.

Moreover, this classification is not solely dependent on data derived from other tools. It also
incorporates the expert knowledge base of the clinicians. This knowledge base can be
dynamically adjusted to disregard certain factors in the final computation or to assign more (or
less) weight to specific factors. These adjustments do not necessitate subsequent model
training, distinguishing this approach from traditional Machine Learning algorithms.

A high level view of the system architecture is shown in Figure 1. ONCORISTE consists of two
components 1) the backend module and 2) the fuzzy component.

ONCO-RISTE backend component

RISTE Input fetched
from CAWA
questionnaire

= smoking slatus

o TRISNONENID type
 fsdiont LTI ONCO-CLIDE ~—» .
« classification of tumor
« gender
« biopsy site
§g Clinician
REST API k fk
ONCO-RISTE Module

“ J DATA FUSION
ONCO-RISTE ONCO-RISTE
fuzzy backend }

RISTE Output
sent to Kafka

= risk level group
this patients
belongs to

Figure 1 ONCOSCREEN System architecture.

The backend, implemented using the Django Rest Framework, serves as the middleware of
ONCO-RISTE, orchestrating functions in data management, processing, and communication.
The backend component gathers info from other tools, sourcing information from REST APlIs
provided by collaborative partners. It processes these incoming data, ensuring their integrity and
compatibility for subsequent analysis by the fuzzy component. Functioning as the
communication hub, the backend manages seamless interactions between the ONCO-RISTE
tools and the fuzzy component. It facilitates a flow of information, ensuring that data from the
tools are efficiently transmitted to the fuzzy algorithms for risk-level calculation. Upon receiving
the risk calculation from the fuzzy component, the backend undertakes the task of transforming
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the results into the agreed JSON format. Subsequently, it utilizes Kafka, a distributed event
streaming platform, to transmit the processed results back to other ONCOSCREEN tools. This
seamless integration through Kafka ensures efficient and real-time communication between
ONCO-RISTE and its partner systems. Emphasizing security, the Django Rest Framework
integrated into the backend ensures data protection during transmission and storage.
Compliance with industry standards and best practices is prioritized to safeqguard sensitive
healthcare information. Furthermore, designed with scalability in mind, the backend ensures
that the system remains responsive and efficient as the demand for ONCO-RISTE grows.

ONCO-RISTE fuzzy component

The fuzzy component of the tool is developed using Python. For the unsupervised version of the
tool, Fuzzy C-means algorithm has been applied. Data is procured from the ONCORISTE
backend module and undergoes a format verification prior to classification. Upon completion of
the calculation the final outcome, which could be either a score-only output or a probabilistic
output, is relayed back to the backend in JSON format. The backend module then assumes
responsibility for facilitating communication with the remaining tools.

3.1.3 Functionalities

ONCO-RISTE is integrated with the ONCO-CAWA mobile application to consider user input in
the risk calculation algorithms. This integration facilitates the extraction of valuable
questionnaire answers from ONCO-CAWA, empowering ONCO-RISTE's fuzzy algorithm with
pertinent input data for risk-level assessments.

Authorization Process

ONCO-RISTE initiates the integration by authorizing itself through a dedicated API, acquiring a
JWT (JSON Web Token) for secure communication. The use of JWT tokens ensures secure
authorization, safeguarding the integrity of data exchanged between ONCO-RISTE and ONCO-
CAWA.

Token Utilization

Leveraging the obtained JWT token, ONCO-RISTE makes a subsequent request to the ONCO-
CAWA API.

Questionnaire Data Retrieval

ONCO-RISTE gathers relevant questionnaire answers from ONCO-CAWA, extracting crucial
information pertaining to the user's health status.

Fuzzy Algorithm Input

These gathered questionnaire answers serve as vital input for ONCO-RISTE's fuzzy algorithm,
enhancing the precision and contextuality of the risk-level assessments.
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In the present methodology, the classification of individuals or patients into groups based on risk
levels is accomplished through the use of a fuzzy clustering algorithm. This algorithm considers
all pertinent information related to behavioural and clinical aspects gathered from the
questionnaires. The output can be either a score-only output, which provides a singular risk level,
or a probabilistic output, which offers the probability of the individual belonging to each of the
groups.

Communication of risk-based score to other tools using Kafka-SSL

ONCO-RISTE extends its integration capabilities by securely transmitting its output to other
tools, like ONCO-CLIDE or DATA-FUSION through Kafka SSL. This integration facilitates real-
time collaboration by enabling the immediate transmission of the risk-level calculation and it
establishes a reliable and encrypted communication channel. Kafka SSL ensures that all data
transmitted are encrypted, safeguarding the confidentiality and integrity of sensitive health-
related information. Furthermore, it ensures end-to-end encryption, significantly enhancing
data security during transmission and minimizing the risk of unauthorized access, adhering to
industry-standard security practices. Design

In Figure 1, along with the high level system architecture, an illustration of the architecture of

the ONCO-RISTE tool is also presented. This visual representation provides a comprehensive
overview of the system's structure, highlighting key components and their interactions.
Referencing this figure will enhance understanding and facilitate discussions regarding the tool's
design and functionality.

The specifics of ONCO-RISTE's design are intentionally omitted, acknowledging the intrinsic
character of ONCO-RISTE as a backend tool. For a more detailed exposition of its design
elements, please direct attention to Chapters 8.1 (ONCO-RISTE in the 1st LIT) and 8.6 (ONCO-
RISTE in the 2ND LIT). These sections contain additional materials and print screens that
comprehensively illustrate the tool's functionality.

3.1.4 ONCO-RISTE Data Flows

Please refer to deliverable D4.1 for a more detailed description of ONCO-RISTE data flow and
how the tool stands to the whole ONCOSCREEN architecture.

In adherence to the 'Security by Design' philosophy, Kafka implementation and deployment
completed by EXUS incorporates robust security measures, prominently featuring the
integration of SSL (Secure Sockets Layer) for enhanced data protection and privacy. SSL serves
as a cryptographic protocol, ensuring a secure communication channel between our Kafka
brokers and clients.
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Figure 2 The ONCO-RISTE data flow.

By implementing Kafka SSL, we fortify our data pipelines against unauthorized access and
eavesdropping, guaranteeing the confidentiality and integrity of the information exchanged
within the Kafka ecosystem. This strategic inclusion aligns with our proactive approach to embed
security measures at the core of our architecture, reinforcing our commitment to safeguarding
sensitive data throughout the entire data streaming process.

In chapter 3.3 of deliverable D4.1 you can find details about Kafka SSL implementation,
certificate management, and encryption protocols employed. This 'Security by Design' approach
ensures that the data infrastructure not only meets industry standards but also establishes a
resilient foundation for the secure and reliable exchange of information within ONCOSCREEN
project.

Dynamic Parametrisation of Fuzzy C-Means Algorithm

Inthe current approach a fuzzy clustering algorithm called Fuzzy C-Means is used. This algorithm
is a fuzzy version of the C-Means clustering method where an instance, instead of belonging only
to one cluster, could belong to one or more clusters with a membership degree. The higher the
membership degree, the more common the instance is with other instances inside the same
cluster. Advantages such as the flexibility among the results, having a membership degree to
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each center and not a crisp value, and the ambiguous nature of the data, Fuzzy C-means is
chosen as clustering mehod, surpassing other more known clustering methods such as K-means.

In the context of Fuzzy C-means, trustworthiness refers to the reliability of the clustering results,
and it is determined by the optimal values of algorithm parameters. The most important
parameter of the algorithm is the number of possible clusters. Although in the final approach,
the number of clusters or groups to be used will be five, corresponding each one-to-onerrisk level,
in the approach showed in the integration tests, in order not to set the number to a fixed value
from the beginning, the Silhouette score is calculated. This value gives how good (or bad) an
object has been classified, and can take values between -1 and 1, 1 being the best value possible.

During all periods of the project, it is important to show that you have been aware of potential
risks and that you have implemented mitigation measures to address them.

In this section, please align the risks with the ONCOSCREEN Risk Registry.
3.1.5 Risk 1- Lack of initial data

Table 5 ONCO-RISTE Risk 1.

Risk Title Lack of initial data Status Closed

Risk Category Technical Related Task 4.3

Risk Description

The risk pertains to the potential inability to develop a reliable tool due to insufficient
initial data. This could lead to inaccurate outputs, hindering the tool’s effectiveness and
usability.

Responsible EXUS Period Identified Q2|2023
Partner
Probability Impact
Medium Medium

Mitigation Plan (Indicative)

To address the initial data scarcity, we aim to identify open data registries associated with
CRC. This will facilitate the creation of a preliminary tool, providing a foundation for further
development.

Comments

D SCREEN
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Open data registry used: https://portal.gdc.cancer.gov/ . If further delays are observed the
creation of synthetic data in collaboration with end user is planned.
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4 ONCO-CAWA Tool analysis and architecture

ONCO-CAWA is the subjects’ companion app, to be used in ONCOSCREEN studies for
prospective data collection as well as analytics, feedback, and advice provision.

Addressing End-user and Technical Requirements

The end-user and technical requirements are detailed in D4.1. In the following sections we discuss
their fulfilment.
411 Addressing End User Requirements

The fulfilment of the end-user requirements is tabulated in Table s.

Table 5: Fulfilment of the end-user requirements.

ID Description Fulfilment ‘
CAWA_UR2  Asan ONCOSCREEN app user, | Support for Garmin and Fitbit activity
expect to have access to the devices | trackers, as well as any connected to
necessary for the needed Apple Health Kit has been
measurements. implemented. Same for scales and

other devices from iHealth.

CAWA_UR2  Asan ONCOSCREEN app user, | The application supports translations
expect the app translated to my to any language. Already translations
native language. for Bulgarian, Chinese Traditional,

Dutch, English, Estonian, French,
Greek, Italian and Spanish are
implemented.

CAWA_UR3  Asan ONCOSCREEN app user, | A mechanism of consents is already
expect to be able to consent to the implemented that can be extended
use of the app. with as many different items as

needed.

CAWA_UR4  Asan ONCOSCREEN app user, | A mechanism of consents is already
expect to consent to the processing  implemented that can be extended
of my data by ONCOSCREEN with as many different items as
partners. needed.

CAWA_UR5  Asan ONCOSCREEN app user, | A mechanism of consents is already
expect to read a privacy policy, implemented that can be extended

N
ON@ZD SCREEN "



D4.3 ONCOSCREEN Integrated Intelligent Platform for Citizens, Clinicians

& Policy Makers (First version)

CAWA_URG6

CAWA_UR7

CAWA_URS

CAWA_URg

CAWA_UR10

CAWA_UR12

CAWA_UR12

explaining to me why my data is
being collected, who it is going to be
shared with, how it is protected,
what are my rights in this regard,
before | give my consent.

As an ONCOSCREEN app user, |
need to be certain that my data is
securely protected from
unauthorized access, loss,
destruction, modification.

As an ONCOSCREEN app user, |
expect to read EULA/terms of use.

As an ONCOSCREEN app user, |
expect personalized
recommendations to be delivered to
me.

As an ONCOSCREEN app user, |
expect it available both for Android
and iOS.

As an ONCOSCREEN app user, |
expect it to have an intuitive Ul.

As an ONCOSCREEN app user, |
expect its Ul to adapt to the
expectations of my age group /
personality.

As an ONCOSCREEN app user, |
expect it to offer gamification
features.

D SCREEN
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with as many different items as
needed.

The app is a Class | medical device,
certified under the Medical Device
Directive.

A configurable mechanism of
consents has been implemented. It
can be extended with as many

different items as needed.

Mechanisms have been implemented
for notifications (short messages) and
dialogue (long interactive messages)
delivery.

CAWA can be downloaded from both
the Apple Store and Google Play.

CAWA is being implemented on top
of the Healthentia mobile app that
has been used by more than 1,500
users.

No such mechanism is currently in
place. Planned for the 2" iteration.

Currently users receive encouraging
messages when they reach goals or
answer questionnaires. This is to be
expanded into a proper gamification
mechanism.
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CAWA_UR13

CAWA_UR14

CAWA_UR15

CAWA_UR16

CAWA_UR17y

As an ONCOSCREEN app user, |
expect it to show data from wearable
activity trackers, either devices (e.g.,
Fitbit, Garmin, Polar) or services
(e.g., Apple Health Kit, Health
Connect).

As an ONCOSCREEN app user, |
expect it to be using questionnaires
for self-reporting PROM/PREM.

As an ONCOSCREEN app user, |
expect it to visualise data from
diagnostic devices.

As an ONCOSCREEN app user, |
expect it to show CRC prevalence
analysis from ONCO-EVIDA.

As an ONCOSCREEN app user, |
expect the app to present to me my
risk results from ONCO-RISTE.

4.1.2 Addressing Technical Requirements

Horizon Europe — 101097036

Activity tracking is supported from
Fitbit, Garmin and mobile phone’s
sensors. Also, any source integrated
with Apple Health Kit is supported.
Extensions are planned for more
sources.

A questionnaire delivery and answer
mechanism is already implemented.
Questionnaires can be entered and
updated using the Healthentia portal
web app.

A screening tool visualization widget
is being designed.

EVIDA analysis results will be shown
in the screening tool visualization
widget.

RISTE analysis results will be shown in
the
widget.

screening tool visualization

The fulfilment of the technical requirements is tabulated in Table 6.

Table 6: Fulfilment of the end user requirements.

ID Description

CAWA_TR1 CAWA will be written in React
Native, to support both iOS and
Android devices from a single code
base.

CAWA_TR2 The app will use minimum text. All
messages will be translated to the
necessary languages.

ON@ZD SCREEN

Fulfilment ’

CAWA is written in React Native and
already downloadable for Android
and iOS from the relevant app stores.

CAWA is implemented following the
guidelines for mobile applications
supporting translations. It is already
Chinese

offered in  Bulgarian,

Traditional, Dutch, English, Estonian,
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CAWA_TR3

CAWA_TR4

CAWA_TRs

CAWA_TR6

CAWA_TR7

CAWA_TRS8

CAWA_TRg

CAWA_TR10

CAWA_TRa1

CAWA will be integrated with devices
for automatic data entry via the
manufacturers' SDKs.

CAWA will be integrated with devices
for automatic data entry via the
manufacturers' APIs.

CAWA will be accepting manual
input for devices that do not offer
any radio communications.

CAWA will be offered with an
intuitive Ul comprising single-
purpose widgets.

Both the main screen and the
widgets of CAWA will have minimum
text, based mainly on icons.

Application branding based on
ONCOSCREEN.

CAWA Ul will adapt to age group
expectations.

Gamification features (goals &
rewards) will be promoting CAWA
usage.

CAWA will be contacting the users
with the recommendations

D SCREEN
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French, Greek, Italian and Spanish.

Any other language can be

supported.

The integration of CAWA with the
Apple Health Kit, iHealth and Fora via
their respective SDK integrations.

The communication between CAWA
& Fitbit via their
APlIs been

and Garmin
respective has

implemented.

Widgets have been implemented in
CAWA to accept manual input for
weight, blood pressure, blood glucose
and SPO2 measurements.

The CAWA home page is already
implemented as a collection of

widgets.

The CAWA
implemented featuring icon-heavy

homepage is

widgets, and the widgets themselves
have graphs and data entry controls.

A mechanism for branding studies is
being finalized. This will allow CAWA
to sport the banner, logo and color
theme of the ONCOSCREEN project

Currently not supported. Planned for
the 2" iteration.

Currently a  notification-based
mechanism has been implemented.
This is to be expanded into a proper

gamification mechanism.

Both notification

delivery mechanisms

and dialogue
have been
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CAWA_TR12

CAWA_TR13

CAWA_TR14

CAWA _TRas

CAWA_TR16

CAWA_TRay

CAWA_TRa8

generated by CLIDE. These should be
easy to understand, trying different
approaches for the same end-goal,
attempting to match users'
personality.

CAWA will be providing optimum
timing of messages to users, based
on their app usage history.

CAWA will be able to forward
questionnaires to users, preferably
validated ones.

CAWA will be offering proper
visualizations for the information
collected from the screening tests.

CAWA will be offering proper
visualizations for the information
collected from activity tracking.

CAWA should be able to get and
offer users the information
generated by RISTE in a
comprehensive way.

CAWA should be offering the users
the terms of use, EULA, privacy
policy & consents, recording their
acceptance.

CAWA should follow medical device
standards to ensure data security.

D SCREEN
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implemented. They can be used for
delivering information derived by
other ONCOSCREEN components.
The content of the information is the
responsibility of those components.

CAWA asks users to accept having
their use of it tracked. Only in that
case can models of interaction been
built and are consequently used to
optimize interaction time.

The mechanism to present rich-text
questionnaires to the users, with the
questions being answered using a
multitude of widgets has been
implemented. The questionnaires
used are the responsibility of the

study design side, not CAWA.

A new widget will be designed and
the
information from the screening tests.

implemented, offering

The physical activity and sleep
widgets are implemented, offering
visualizations of the data from

activity tracking sources.

The same widget for the screening

tests will accommodate the risk
assessment.
A configurable mechanism for

consents has been implemented. It
will be tailored to the specific needs of
ONCOSCREEN.

CAWA is built upon the Healthentia
mobile app. Healthentia is a CE-
device

marked medical class |,
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certified under MDD. This
certification covers all data security
concerns.

CAWA_TR1g9 CAWA is offering the collected An APl exposed by CAWA s
information to the data fusion via the implemented, offering all collected
Healthentia API. information to an authorized 3™ party

software via its endpoints.

To be a usable subject companion app that is capable of collecting information and displaying
advice, ONCO-CAWA has not been designed from scratch. Instead, it is based on Innovation
Sprint’s Healthentia. Healthentia is a certified software device, partially fulfilling both the data
collection and advice delivery needs of ONCOSCREEN.

Thus, the implementation followed the process outlined below:

e Matching of the technical requirements of ONCO-CAWA to the functionalities offered by
Healthentia and performing a gap analysis.

e Modifying Healthentia to fully support functionality that is now partially supported.

e Extending Healthentia to provide new functionality.

e Repeating the previous two steps while involving ONCOSCREEN end users to maximize
ONCO-CAWA acceptance probability.

Having followed this process thus far has led to a version of ONCO-CAWA presented via its
functionalities in section 4.4. While still not at a level to be used in the ONCOSCREEN pilots, it is
a mature app soon to be distributed to the partners for usage and feedback.

ONCO-CAWA is a subject companion app, addressing the dual need of collecting information
from the subject and informing them. Although there is quite a bit of software engineering
involved in its implementation, the real innovation lies in two aspects. Firstly, the decisions
reached by ONCOSCREEN on what data is needed by the different systems and is thus collected
by ONCO-CAWA. Secondly, on the advice it can deliver to its users via other ONCOSCREEN
components.

The modules, implementation, and functionalities of ONCO-CAWA have been outlined in D4.1.
In this section we will show how the functionalities have been addressed in the current version of
ONCO-CAWA.
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4.1.3 Functionalities

The different ONCO-CAWA functionalities are demonstrated by including actual screenshots
from the working version of the application.

41.3.1 Regqistration & login

There are two ways to register to Healthentia, and hence ONCO-CAWA. The simplest way is to
have a study investigator already pre-enrolled a subject, whereupon the subject proceeds
logging in using the credentials they are provided. The process is shown in Figure 3. The subject
taps on “Login” and find themselves in the credentials page.

Alternatively, the subject uses a registration code. Either the subject is already given a code from
the investigators inviting them to use ONCO-CAWA, or the subject requests one. The process is
shown in Figure 4. The subject taps on the "Request Code” link and lands on the request page
with a form to ask for one, making sure to indicate ONCOSCREEN. If they have a code or receive
one following the request process, they enter it and tap “Continue.” Then, they land on the
account creation page. Following account creation, the email verification process kicks in, as
shown in Figure 5. The subject lands on the email verification page, whereupon they need to
check their email client (and the spam folder) and click on the “Confirm email” link, to see in their
browser the successful verification page. They can then proceed with the login.

09:24 il 93% 8 0924 PG il 93% 8

Healthentia <

Healthentia

b\ E-mail Address

! ]
a
1IN
[
| |
Léj 3 Password R

HEALTHENTIA is a Class | Medical Device Software intended for
monitoring of non-vital parameters to support decision making and
virtual coaching of patients during clinical trials or under a medical

e “
Login

Don't have an account? Register now.

New to Healthentia

[ Create a new account J

Privacy Policy - Terms of Use
Privacy Policy - Terms of Use

cCad ™|

il O <& [11 @] <

Figure 3: Process for pre-enrolled subjects. Initial and login pages.
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<
< <
Healthentia Healthentia Healthentia

Request Create a new account
REGISTRATION CODE

Email

E-mail Address
Retype Email

Reason for entering Password &
Retype Password &

Please enter your
REGISTRATION CODE
*Password must be at least 8 characters,
containing at least a lowercase, an uppercase, a

number and a special character.

Registration Code
Continue
A registration code is required. Request Code
Privacy Policy - Terms of Use

Innovation Sprint Sprl v
Clos ChapelleaunChamps 40 Innovation Sprint Sprl v
Bte 1.3030,1200 Brussels, Belgum  26/05/2021 Clos Chapelleaun-hamps 10

6121.30.30, 1200 Srussels, Belgum  25/05/2021

11 @] < 11 @] < I @) <

Figure 4: Process employing registration codes. Registration code, code request and account creation pages.
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<
Healthentia

Please check your inbox. We have
sent you an email to verify your
account

Request new verification email

o ' '

tHealthentia

Welcome to Healthentia
w heck that It's yo

wgistration, you nead to confirm your Welcome

9
email at the link below

Ve emall s naw eonfirmed.

Il ® < D T / ‘ ce

Figure 5: Email verification process. Verification page in the app, verification email and successful verification page in the browser.
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- -
CONSENTS < STEP 1/3 < STEP 2/3

Healthentia allows you to report and monitor your

outcomes (e.g. symptoms), your activity (e.g steps) A %

and receive questionnaires related to your conditions Enter your welght and helght ~°
Aggregated data can be processed for conducting A
long-term research about the influence of activity in

health. Sponsors (e.g. Pharmaceutical companies) may

invite you to participate in research studies

| have read and agreed with the full text of the 0
) eigh

Privacy Policy * &

| have read and agreed with the Terms of Use *

Select your gender

| am 18 years old and above *

Further to the privacy terms that are presented in the Heigt 0 CM
above link, please provide your explicit consent, if
interested, to the following:

Self-reporting of health-related data * )

C Continue
Contacted by sponsors for clinical studies )
} Yo n
1 n e

| consent to tracking my App usage for
analytics and aggregated statistics

[l @] < I @] < [l @] <

Figure 6: First time login process. Consent, body metrics and gender pages.

Up to this point the mobile app is agnostic to ONCOSCREEN. After login, it knows its user is an
ONCO-CAWA user participating in some ONCOSCREEN study, hence the app is transformed
into the ONCO-CAWA one, following the branding of ONCOSCREEN. The branding currently
affects the primary and secondary colours, an ONCOSCREEN banner and the ONCOSCREEN
logo. In the next version, more branding will be applied as explained in the following paragraphs.

No matter the registration process followed, after the first login the subject follows through the
first login process shown in Figure 6. Initially they land in the consents page. The consents are
dynamically built, so the page will be branded with ONCOSCREEN specific information in the
next version. The subject needs to accept every item marked with an asterisk. A very important
optional consent is that of tracking the app usage. If it is not accepted, then ONCO-CAWA will
not be collecting data to build an app usage model for the subject, and offer personalized timing
of the notifications.

The following three pages of the first-time login process are about entering the subject’s weight
and height (body metrics page), gender (gender page) and date of birth (date of birth page). The
body metrics and date of birth pages will also be made dynamic in the future to allow for less
detailed information if the ONCOSCREEN study participants decide so. E.g., the weight and
height could be rounded, or more importantly the date of birth could be replaced by just year of
birth.
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)

WELCOME TO
HEALTHENTIA

g Hi there!! Y g The virtual coach can g]
Follow the tour and explore help if you have questions

our new features. about the app or send
you reminders related to
treatment and pending
questionnaires.

VIRTUAL COACH

Follow Your

-y @ Study - Care Plan
Can | help you with something else?

Track Activity A Healthentia J Activity Tracking Set up

Adite éj Activity Tracking Set up

Android
Messages Q Ask advice

Let's get to know each
other, so | can offer
you advice!

New Widgets
LA ]

Skip ®00 Next Skip 0®0 Next

Figure 7: Mini manual pages.
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go Edit your Profile and
add reports related to
your status from the +

button
=
Add Reports
‘fj“ DIARRHEA °

&3 Heaoacke °
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Finally, the subject goes through some screens of a mini manual as shown in Figure 7, that will

also be branded in the next version.

4.1.3.2 Home page

After login, the subject lands in the home page, shown in Figure 8. This is where ONCO-CAWA
diverges from the parent Healthentia application and its ONCOSCREEN features are
experienced. The page consists of different widgets, serving to either collect data from the

subject, inform them, or do both.
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Figure 8: Home page.

4.1.3.3 Connection of activity trackers

Afterfirstlogin, the subject should connect their activity tracker. To do so, they access the sidebar
via the top right drawer icon, see Figure g, first screenshot. There are currently four options.
Three of them are for the Fitbit, Garmin, and Polar activity trackers. The fourth option depends
on the OS of the phone. For Android there is Android Sync, which uses the phone’s sensors, while
foriOS there is Apple Health, which uses whatever source connected to it.

Selecting e.g. Garmin, the subject goes along Garmin’s process for connecting their Garmin
account to ONCO-CAWA, including entering their credentials, accepting what is to be shared
with ONCO-CAWA and agreeing to terms, as shown in the 2" to fourth screenshots of Figure g.
After the completion of the process, the subject can verify that Garmin is connected, see final
screenshot of Figure 9. Taping again will disconnect Garmin.
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Connect with Healthentia Demo?
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Connect account to enhance your experience
with Healthentia Demo. This may include
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metrics, calories burned and other health or
personal data.

Do you agree to share information from your
Garmin Connect account with Healthentia
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Figure 9: Activity tracker connection - Garmin.
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41.3.4 Profile

Next the subject can visit their profile page, by tapping on the user icon on top of the sidebar.
Initially the profile has just the mandatory information collected at the registration process, as
shown in Figure 10 (left). The subject can opt to enter any other data they want, resulting to more
complete info as shown in Figure 10 (right). Such non-mandatory info can be used to personalize
dialogues offered by ONCO-CAWA or allow ONCOSCREEN study investigators contact the
subject.

2 98% 0 09:05 &

MY PROFILE MY PROFILE

@ (2

Aristodemos Pnevmatikakis
ID 2YCF9

Personal Information

First Name

lit0l@gmail.com

Phone Numt

26/9/197

Male

anguage English

Body Measurements

Personal Information

Aristodemos

Pnevmatikakis

lit0l@gmail.com

Phone Numbe

26/9/197

Male

English

Body Measurements

Height 184 cm  Weight 80.5 kg Height 184 cm  Weight 80.5 kg

Figure 10: Profile page.

4.1.3.5 Data collection widgets

There are several data collection widgets on the home page, detailed below.

The physical activity widget primarily displays steps walked, but also floors climbed, calories
burned and minutes of moderate or intense activity. All this info comes from the activity tracker.
There are daily, weekly, and monthly views, as shown in Figure 11.
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Figure 11: Physical activity widget.
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Figure 12: Sleep widget.
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The sleep widget displays time spent sleeping, dividing it to the light, deep, REM and awake
phases. The division is only possible if the information source is an activity tracker. Manual input
of time to bed and time awaken is also possible. There are daily, weekly, and monthly views, as
shown in Figure 12.

The heart rate widget also shows information from the activity tracker. The daily, weekly, and
monthly views display the resting and the maximum heart rate of the selected period, as shown
in Figure 13.
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Figure 13: Heart rate widget.

The weight widget allows manual entry of weight, but also supports some Bluetooth enabled
scales. Weight entry is shown in Figure 14. The entered information can be viewed in the daily,
weekly, and monthly views.

The liquids widget allows manual entry of liquid consumption. Currently the primary category is
water, followed by alcohol, beverages, coffee, and tea, see Figure 15. The liquids of interest
might become selectable in a next version. The information is shown per day, and the subject
can select any date to add any missing logs of liquids consumption.
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Figure 14: Weight widget.
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Figure 15: Liquids widget.
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Figure 16: Nutrition widget.

ONGDSCREEN

Horizon Europe — 101097036

46



D4.3 ONCOSCREEN Integrated Intelligent Platform for Citizens, Clinicians Horizon Europe — 101097036
& Policy Makers (First version)

The nutrition widget allows manual entry of food consumption. The food categories presented
to the subject are configurable by the study investigator, so the categories shown in Figure 16
are just an example. The information is shown per day, and the subject can select any date to add
any missing logs of food consumption.

More widgets might be implemented as the needs of ONCOSCREEN are consolidated. One
widget already under design is the clinical widget, where the subject will be able to enter selected
results of the clinical tests. The selection will be carried out by the study investigator, but the
different screening and risk prediction tools of ONCOSCREEN will certainly be selected. The data
entry will be either manual, or automatic, ingesting data from ONCOSCREEN's Kafka topics. An
initial such ingestion mechanism, without any user interface, for risk prediction is shown in Figure

Figure 17: Ingesting Kafka messages for automatic data inclusion in ONCO-CAWA.

Questionnaires are pushed to the subjects following the schedule selected by the study
investigator. When new questionnaires are waiting for answer, the questionnaire widget appears
on the home page, see Figure 18.

Scrolling to any of the pending questionnaires and tapping on it opens the questionnaire for
answering. The process is shown in Figure 18. There are many different Ul controls to facilitate
answering, ranging from simple ones like option selection, numeric and text entry, to elaborate
ones like uploading images, or selecting parts in body maps.

Answered questionnaires can be viewed via the eDiary widget, where all the questionnaires of a
selected week are listed. Tapping on a list item displays the questions and provided answers, as
shown in Figure 1g9.
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Figure 18: Answering a questionnaire.
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Figure 19: Browsing answers in the eDiary widget.

The virtual coach is the ONCO-CAWA element for delivering advice from ONCOSCREEN to the
subject. The coach can be accessed via the widget in the home screen to embark in the pre-
defined dialogue on providing help with the app, or the user can select the dialog they have just
been notified for. Notification warnings appear as numeric bobbles in the bell icon of the home
screen. Tappin on the bell, the notification page opens, shown in Figure 20 (left). Selecting an
unread notification for a dialogue (designated by the coach face-like icon), the subject runs
through the dialogue, reading the messages and selecting one of the possible responses, as
shown in Figure 20 (centre and right).
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Figure 20: ONCO-CAWA notifications and running a dialogue via the virtual coach.

41.4 ONCO-CAWA Data Flows

ONCO-CAWA is a mobile app, backed by the backend of Innovation Sprint’s Healthentia. The
backend provides the APl to communicate both with the mobile app, but also with the rest of
ONCOSCREEN, to offer data. This is facilitated by a data ingestion service. Data is collected by
ONCO-CAWA employing different mechanisms:

The subject manually enters data in ONCO-CAWA.

Devices have their data ingested by ONCO-CAWA when integrated via an SDK.

Devices have their data ingested by Healthentia backend when integrated via an API.
ONCOSCREEN data (from screening tools and risk predictors) is ingested by Healthentia
backend from the Kafka topics via a Kafka ingestion service (1% option)

ONCOSCREEN data are centrally sent to Healthentia backend (2" option)

The API of Healthentia that facilitates all these data transfers is quite mature, but changes are
expected to support the ONCOSCREEN-specific data. It is currently organised in different
controllers (see part of its Swagger Ul in Figure 21) as follows:

ONGD SCREEN
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Aggregations: Get individual attributes for all in a study

Vitals: Similar, only for vital signs

Data provider: Get answers, scores, exercise sessions, and custom information fields
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Figure 21: APl endpoints offered by ONCO-CAWA for the provision of the collected information to ONCOSCREEN.

Risks and Mitigation Measures
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In the following subsections the risks related to the design, implementation, and usage on
ONCO-CAWA are detailed. The first pair are universal across ONCOSCREEN, while the second

pair are specific to ONCO-CAWA.
4.1.5 Risk 1- Lack of interaction between technical/clinician/end-users

Table 7: ONCO-CAWA Risk 1 - Lack of end-user engagement.

Risk Title Lack of interaction Status Open
between
technical/clinician/en
d-users

Risk Category  Stakeholder Related Task T13
Engagement

Risk Description

The technical and non-technical sides fail to interact to get well-defined requirements.

Responsible ICCS Period Identified Q1|2023
Partner

Probability Impact

Low High

Mitigation Plan (Indicative)

Early interaction since kick-off for requirements. Involvement of the end-users, as discusses

in section 2.2.
Comments
N/A

4.1.6 Risk 2 — Lack of end-user engagement

Table 8: ONCO-CAWA Risk 2 - Lack of end-user engagement.

Risk Title Lack of end-user Status Open
engagement

D SCREEN

52



D4.3 ONCOSCREEN Integrated Intelligent Platform for Citizens, Clinicians Horizon Europe — 101097036
& Policy Makers (First version)

Risk Category | Stakeholder Related Task T2.4
Engagement

Risk Description

End-users fail to properly specify the data collection needs, and/or do not give actionable
feedback on ONCO-CAWA.

Responsible SERVTECH Period Identified Q1|2023
Partner

Probability Impact

Low High
Mitigation Plan (Indicative)

Early involvement of the end-users, as discusses in section 2.2.

Comments
N/A
4.1.7 Risk 3 - Inefficient tools
Table 9: ONCO-CAWA Risk 3 - Inefficient tools.
Risk Title Inefficient tools Status Open
Risk Category | Technical Related Task T4t

Risk Description

Difficulties in delivering suitable and efficient tools (mobile app).

Responsible iSPRINT Period Identified Q2|2023
Partner

Probability Impact

Low High
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Mitigation Plan (Indicative)

Adherence to requirements. Close monitoring of scientific and technological progress
through the Technology Steering task. More tests before delivery to the end users will be
performed

Comments
N/A

4.1.8 Risk 4 — End-User engagement with the mobile app

Table 10: ONCO-CAWA Risk 4 - End User engagement with the mobile app.

Risk Title End User engagement Status Open
with the mobile app

Risk Category  Stakeholder Related Task T4t
Engagement

Risk Description

Low adherence to data collection protocol in trials.

Responsible iSPRINT Period Identified Q22023
Partner

Probability Impact

Low High
Mitigation Plan (Indicative)

End-user education: Demonstration of ONCO-CAWA to the end-users; hands-on training
sessions. Gamification features in the app to make it more appealing.

Comments

N/A
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5 Clinical Decision Support System Tool analysis and
architecture (ONCO-CLIDE)

The ONCOSCREEN Al-based Clinical Decision Support System (cDSS), named ONCOCLIDE, is
being developed in collaboration with medical partners as part of the T4.5 initiative, is specifically
tailored to advance the detection of colorectal cancer (CRC). This system is designed to support
clinicians and medical experts, primarily in CRC screening processes. It does so by employing
smart suggestions, utilizing the wealth of data from the ONCOSCREEN data lake and integrating
various innovative methods and modules from Work Package 3 (WP3). ONCO-CLIDE focuses on
enhancing the accuracy and efficiency of CRC detection through these intelligent
recommendations. Its main goal is to aid in more effective and informed clinical decision-making
during the screening phase, contributing to the early and precise identification of CRC.

5.1.1 Addressing End User Requirements

ONCO-CLIDE
CLIDE_UR1: Need to have precise diagnosis of presence or absence of malignancy
CLIDE_UR2: positive/negative predictive value (high sensitivity and specifity)
CLIDE_UR3: detect precancerous lesions and degree of dysplasia
CLIDE_UR4: distinguish the stage of malignacy as well the molecular subtype / mutational profile of the tumar,

Figure 22 ONCO-CLIDE End User Requirements.

5.1.2 Addressing Technical Requirements

ONCO-CLIDE PRIORITY
CLIDE_TR1 (F): Integration with the various diagnostic solutions proposed in this project via the virtual data lake High-Mandatory
CLIDE_TR2 (F): Integration/communication with the clinical center's systems to receive data from colonoscopies, CT scans, biopsies etc.
via the virtual data lake
CLIDE_TR3 (F): The system should be able to consider the individual’s risk level provided from ONCO-RISTE (T4.3) when fermulating
recommendations.

High-Mandatory

High-Mandatary

CLIDE_TR4 (F): The system must include a Virtual Tumor board that facilitates communication between doctors. This will be included

High-Mandato
in the web interface. g o

CLIDE_TRS (F): The system should be able to perform correlation-based classification of citizens/cases across various

High-Mandato
adenoma-carcinoma sequence levels (0, 1, 11, 111, V) based on the European CRC guidelines e v

CLIDE_TR6 (F): The system should generate a set of recommendations based on the diagnestic results, classification level (staging) and

High-Mandato
individual risk level. & v

CLIDE_TR7 (F): Interaction between doctors and ONCO-CLIDE needs to happen through a dedicated web interface High-Mandatory

CLIDE_TRB (F): There needs ta be an authentication system for the web platform with different roles. High-Mandatary

Figure 23 ONCO-CLIDE Technical Requirements.

You may find more details of the above user and technical requirements on the deliverable D4.1
chapter 6.12.

As the proposal also highlights there is a significant gap in current clinical Decision Support
Systems: the lack of tools specifically designed for CRC. This gap is addressed by our team'’s
innovative approach. Central to our innovation is the integration of new non-invasive diagnostic
methods that are also being tested during the course of the project. These methods will be
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incorporated into our system not only for display but also for making intelligent, data-driven
recommendations. Furthermore, the incorporation of ONCO-RISTE enhances the system's
capability. It allows for the generation of personalized suggestions, taking into account the user's
lifestyle choices and a range of other risk factors. This personalized approach marks a significant
advancement in the field of CRC detection.

5.1.3 Functionalities

ONCO-CLIDE can be thought of as being divided into three parts/modules. The first one is the
web interface that displays the data from the various project sources. The second one is the
suggestion models that will provide assistance during the diagnostic process and the
classification model that will output the stage of cancer. Finally, the third part is the virtual
tumour board where doctors will be able to communicate on a specific case.

The fiunctionalities below are still in a prototype stage and changes might be made during the
course of the project.

The web interface of ONCO-CLIDE is designed for ease of use, ensuring that all patient data and
analytics are readily accessible to clinicians. It features a user-friendly dashboard that aggregates
data from electronic health records, imaging systems, and other relevant sources, presenting a
comprehensive patient profile. Secure login mechanisms ensure patient confidentiality, while
intuitive navigation allows for quick access to various modules such as the suggestion engine and
virtual tumour board.

Central to ONCO-CLIDE's functionality are its suggestion and classification models. Leveraging
machine learning algorithms, these models analyse patient data to offer diagnostic suggestions
and predict cancer stages. The suggestion model acts as a second opinion, offering diagnostic
recommendations based on current guidelines and training data. The classification model
employs advanced analytics to accurately stage the cancer, considering factors like tumour size,
lymph node involvement, and metastasis, which are crucial for determining the appropriate
treatment protocol.

The Virtual Tumour Board is an integral component of ONCO-CLIDE, providing a straightforward
platform for medical professionals to discuss patient cases. It is a space where doctors can gather
online to exchange insights and opinions, ensuring a collaborative approach to cancer care. This
feature supports real-time sharing of patient data and expert recommendations, streamlining
the decision-making process for effective treatment planning. Its user-friendly interface is
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designed to be accessible, promoting regular use and enhancing collective expertise in patient
management.

5.1.4 Design

A high-level technical design of ONCO-CLIDE is depicted in Figure 5.1. It incorporates a central
backend developed with Django. Django is a high-level Python web framework that encourages
rapid development and clean, pragmatic design. It's known for its robustness and scalability,
making it a suitable choice for handling the complex data interactions required by ONCO-CLIDE.
This backend is responsible for managing interactions with the frontend elements of the system.
Given the distinct computational requirements of the machine learning models, during the
inference phase, a separate backend is designated for these tasks. This separation ensures that
the processing demands of the machine learning operations do not interfere with the overall
system performance.

On the frontend, ONCO-CLIDE is currently divided into two main sections. The first is the
diagnosticsinterface, whichiis linked to a Kafka data stream. This setup is chosen for its efficiency
in handling real-time data, which is essential for the diagnostic processes within the system. The
second section is the virtual tumour board, a platform for medical professionals to discuss patient
cases.

Both frontend components are built using JavaScript, with the React framework. React is
selected for its effectiveness in developing user interfaces that are both functional and
adaptable. This decision aligns with the requirement for a responsive and interactive user
experience in medical diagnostic settings. While the two frontend components are separate as
of now, there is consideration for their integration later in the project development.

Diagnostics Frontend

Virtual tumor board

5 backend e

Figure 24 ONCO-CLIDE General design.

During this phase of the project, our efforts have been concentrated on developing the
diagnostics frontend and the central backend. This stage has been crucial in laying the
foundational structure for the ONCO-CLIDE. Below, we have provided some preliminary visuals
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of the user interface. Please note that these are from an early stage of development and the

interface is still being actively worked on.

Welcome to

ONG SCREEN D

Clinical Decision Support System (cDSS) ﬁ

An Al-assisted DSS oriented to facilitate the work of medical
experts and clinicians during their day-to-day activities when
screening and treating citizens and patients for CRC.

\n

Figure 25 Welcome screen.

Welcome!

Please create an accoun!

Aleady have an account? 5gn i

Figure 26 Signup page.
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EDSCREEN cDss

We |CO| ne Status ) Start Date. Case Name

D e n P o I 1 ABCI2345 01-07-2023 Lorem Ipsurm

Welcome back te your workspace. [ D 2 KYZ67890 02-07-2023 Dolor est

Y,
(A i\
\ 1 PQRAS6TE 03-07-2023 Erhtom Ruoy

1 DEF98765 0a-07-2023 Mim Jin-Ko
2 GHISa321 05-07-2023 Fiare

Your Notifications

Figure 28 Main dashboard.

TP SCREEN cDss

+ AddCase & Profile

Q Search = Filters |

Status > Start Date Case Name
1 ABC12345 01-07-2023 Lorom Ipsum
2 XYZ57690 02-07-2023 Dolor est

1 PQRA5678 03-07-2023 Erhtom Ruoy
1 DEF98765 04-07-2023 Mim Jin-Ko

2 GHISA321 05-07-2023 Flare

Figure 27 Cases page.
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# Home @

EDSCREEN cDss

Horizon Europe — 101097036

Personal Info

&

Language settings

DEN POL
Maintainer

Email: 5
Institution: Of Health-Gi

Select language EN v

Figure 30 Patient page.

TDSCREEN cDSs

+ AddCase & Profile

LOREM IPSUM

@ ID: ABC12345

Start Date: 05/0

Early Diagnostics Colonoscopy Imaging Lab Tests Reports
Early Diagnostics Suggestions

o oc

Negative ® Positive
.
ONCO-CRISPR ONCO-CTC e
® Positive Negative . dolor sit amet. conse fipiscing
. . 1
Risk Score
. dolor sit amet dipiscing
ONCO-RISTE RISK FACTORS
Risk Lew 32206% bacca Smoking Stat. Current Smoker
R s t First Degree Relative
2662%

janof Ongin Not Reported

Figure 29 Profile screen.
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5.1.5 ONCO-CLIDE Data Flows

ONCO-CRISPR

Figure 31 ONCO-CLIDE Data Flows.

The analytical data flows of ONCOCLIDE are described thoroughly in D4.1 chapter 3.2.13.3 the
general data flow looks as in Figure 31

There has been some preliminary work on the selection of the predictive algorithms, though due
to the lack of data at this stage of the project no final decisions have been made on this part. In
selecting an algorithm for the Clinical Decision Support System, emphasis will be placed on
performance metrics such as accuracy, sensitivity, and specificity, ensuring effective colorectal
cancer identification. The algorithm will be rigorously evaluated for biases to ensure equitable
decision-making across different groups. Additionally, robustness and generalizability will be
key criteria, requiring the algorithm to perform reliably under various conditions and patient
populations. This comprehensive approach ensures the algorithm is not only technically
proficient but also clinically relevant.

5.1.6 Risk 1- Availability of early diagnostic data
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Table 6 ONCO-CLIDE Risk 1.

Risk Title Availability of early Status Open
diagnostic data

Risk Category Overall Related Task 4.5

Risk Description

The data from tools of WP3 will be available very late in the project affecting
development of Al tools

Responsible KONN Period Identified Q2|2023
Partner

Probability Impact

Medium High

Mitigation Plan (Indicative)

Continuous monitoring of the progress of data collection together with the project
coordination and possible use of only initially collected data as a placeholder until the total

amount is collected.
Comments
N/A

5.1.7 Risk 2 — Quality of early diagnostic data

Table 7 ONCO-CLIDE Risk 2.

Risk Title Quality of early Status Open
diagnostic data

Risk Category Overall Related Task 4.5

Risk Description

The data collected from the early diagnostic methods of WP3 might be of low quality

Responsible KONN Period Identified Q2|2023
Partner
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Probability Impact

Low Low

Mitigation Plan (Indicative)

Selection of specific algorithms that take into consideration any data quality limitations.

Comments
N/A

5.1.8 Risk 3 - Availability of traditional diagnostic data
Table 8 ONCO-CLIDE Risk 3.

Risk Title Availability of early Status Open
diagnostic data

Risk Category Overall Related Task 4.5

Risk Description

Some data need to be acquired from traditional diagnostic methods, and the clinical
partners might be unwilling or unable to provide them due to the sensitive nature of them.

Responsible KONN Period Identified Q1|2024
Partner

Probability Impact

High High
Mitigation Plan (Indicative)
There have been two approaches considered as a resolution to this. The first is to avoid any
complicated integration and have manual input fields on the cDSS platform. The second is
to run a different local server on each clinical center so no data leaves the hospital
Comments
N/A
5.1.9 Risk 4 - Participation of clinical partners
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Table 9 ONCO-CLIDE Risk 4.

Risk Title Availability of early Status Open
diagnostic data

Risk Category Overall Related Task 4.5

Risk Description

The intelligent suggestions that we are going to implement, are partially based on
empirical observations of the clinical staff, so their participation is crucial to achieve this.

Responsible KONN Period Identified Q1|2024
Partner

Probability Impact

Low High

Mitigation Plan (Indicative)

Constant communication from the project coordination and constant channels of
communication

Comments

N/A
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6 ONCO-EVIDA Tool analysis and architecture

According to the GA, ONCO-EVIDA is to be a “powerful instrument for regional and national
policymakers to enable them to combine and interpret results using user-friendly dashboards for
more efficient and evidence-based decisions".

Asan intelligent analytics dashboard, it will integrate data from diverse sources to generate user-
friendly visualizations and recommendations, with a focus on CRC risk factors and screening
participation factors.

Users can upload and access their data, generate charts and customize (and save) their own
dashboards while the tool generates concrete recommendations based on their queries.

A more comprehensive conceptual description can be found in D4.1 (section 3.2.14.1).

In total 20 ONCO-EVIDA end-user requirements are listed in detail in D4.1 (section 6.14.1) and 23
technical requirements for ONCO-EVIDA are listed in detail in D4.1 (section 6.14.2). In this
iteration ONCO-EVIDA proceed in the advancement of various technical (mainly) and end user
requirements as independent sub-systems focusing more on the user interface and in the chart
capability. Due to some initial delays in tool development (caused due to problems in hiring a
PhD researcher from VITO), most of the requirements are not fulfilled considering the
ONCOEVIDA system as a whole, requiring further validation and development. Delays will be
compensated over the next period with a tail heavy plan in regards to development and a closer
end user and technical partners collaboration. All final updated requirements will be addressed
in the second iteration of the deliverable.

Compared to existing tools that visualize cancer data (e.g. European Cancer Pulse, ECIR Data
Tool), ONCO-EVIDA will offer additional functionality in at least three respects: (1) the user’s
ability to customize and save the output of their queries for easy side-by-side comparisons, (2)
the generation of policy suggestions specific to the query and (3) CRC screening (coverage and/or
participation) can be treated as both an independent and a dependent variable.

This sub-section will focus on the basic dashboard functionalities mentioned during LIT2 that
focus on URs 1b-d, 4 and 11 and TRs 2-4, 6 and 13.

6.1.1 Functionalities
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Users can access their custom and pre-curated datasets (based on available data sources
accessible to them) within ONCO-EVIDA and organize relevant data for analysis. (UR1b, TR2)

ONCO-EVIDA allows users to generate various charts directly from their datasets to visualize
their data to gain insights and knowledge. (UR4, TR6)

Users can combine multiple charts representing at the same time a visualization of ‘risk factors
content’ and of ‘screening/health data content’ into customized ‘combined’ graphical views.
(UR4, TR6)

The tool will also provide options for users to customize the layout and design of their
dashboards. (UR4, TR6)

Users can save the dashboards they create (including the settings chosen) for future reference
and export them for further analysis or sharing with colleagues and stakeholders (reproducibility
and transparency). (UR4, TR6)

Queries generate suggestions based on the analysis of the association between the independent
and dependent variables of interest. (UR1c-d, TR3-4)

Creating a password-secured user account is necessary to access ONCO-EVIDA's features.
(UR11, TR13)

Some functionalities that are to be implemented in the future:

- Data integration from multiple sources

- Real-time data processing and display

- Dataintegration based on various metrics and dimensions
- Alerts and notifications based on predefined criteria

- Integration with machine learning algorithms

6.1.2 Design

This sub-section presents a curated selection of screenshots (Figure 33-Figure 39) that offer a
comprehensive overview of ONCO-EVIDA's current design and functionalities.
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Figure 32 Registration (a) and Login (b) Page of ONCO-EVIDA.
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Figure 34 ONCO-EVIDA's dataset page, where the user can see  Figure 35 Information for each dataset is given in a table
an overview of the available datasets. format.
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Figure 38 In this page the user can create a chart by selecting the desired chart type, the dataset, the
countries of interest and the information they want on the x- and y-axes.
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Figure 37 The chart page depicts the produced chart alongside a pivot table which contains the
relevant information. The user has the possibility to save the chart on an existing dashboard or
create a new dashboard and insert it there.
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Figure 36 In this page the user is given an overview of the dashboards that have been created. Each
dashboard consists of several charts. The user can either open/edit the dashboard or delete it. Upon
deletion the charts belonging to this dashboard are also deleted.
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k (] Dashboard “crc_incidents”

Welcome
chris

Figure 39 The individual’s dashboard page depicts all the charts belonging to this dashboard. The
user has the possibility to delete a chart from the dashboard or access and edit its pivot table.

The ONCO-EVIDA system architecture has been described in detail in D4.1 (section 3.2.14.3).
6.1.3 ONCO-EVIDA Data Flows

ONCO-EVIDA is primarily an output tool. It will receive most of its data from the Data Fusion
Tool but will also be able to analyse data that came directly from third-party sources. For more
information regarding the data flow to and from ONCO-EVIDA, please consult the overall system
architecture in D4.1.

Non-aggregated cancer data will only be accessible in a federated structure; it will not leave or
be copied from the data owners’ repositories. ONCO-EVIDA output cannot be downloaded
without authentication.

6.1.4 Risk 23 - Lack of partner engagement

Table 10 ONCO_EVIDA Risk 23.

Risk Title Lack of partner Status Open
engagement
Risk Category Stakeholder Related Task 4.1
Engagement

Risk Description

Lack of interaction between technical partners and end-users.
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Responsible ICCS (*) Period Identified Q12023
Partner
Probability Impact
Low Medium

Mitigation Plan (Indicative)

Composition of mixed working groups. Agile development methodology with frequent
iterations and incremental releases. Regular planning of feedback moments. Bilateral
outreach to (frequent) non-responders.

Comments

(*) Though ICCS is listed responsible partner in the Risk Registry, it falls to all ONCO-EVIDA
partners to interact with end-users to gauge progress towards the URs.

6.1.5 Risk 46 — High-resolution data not supported
Table 11 ONCO_EVIDA Risk 46.

Risk Title High-resolution data Status Open
not supported

Risk Category Technical Related Task 4.6

Risk Description

High-resolution maps are not supported by the platform. Low geospatial levels (town or
below) lead to cluttered visualization attempts due to a large number of units.

Responsible Catalink Period Identified Q1|2024
Partner VITO
Probability Impact
High Medium

Mitigation Plan (Indicative)

Increased emphasis on analysis results rather than visual representations for queries going
below municipal level. Recommendation engine limits itself to mentioning only “worst
performers”.
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Comments

N/A
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7 DATA FUSION Analysis and Architecture

The role of this tool is the multi-modal fusion of heterogeneous sources of data for mining and
discovering new knowledge and correlations for CRC early detection, risk analysis and
stratification of patients. The ONCOSCREEN's fused data lake is responsible for correlating
ONCOSCREEN Data with 3rd party information while maintaining privacy by ensuring citizen
anonymity.

As stated in section 2.5 the data fusion task has no end user requirements. Therefore, at this
stage of the project there are no co-design activities to be reported.

Data Fusion as a pure technical back-end tool that support the other tool doesn’t have user
requirements in its first iteration of the tool. Depending on the feedback rounds any end user
requirements that may be presented shall be included in the second iteration of the deliverable.
Nine Data Fusion technical requirements listed in detail in D4.1, although a particular number of
them has been advanced, there are particular until their finalisation dealing with the overall
‘'system as a whole’ response, having dependency with other tools’ output. All requirements will
be fulfilled in the second iteration of the deliverable.

At this stage of the project, only the analytic aspects of the data fusion component have been
studied. By merging datasets from various open sources, the relation between environmental,
lifestyle (nutrition, smoking, alcohol habits), comorbidities (obesity) and socioeconomic factors
and CRC incidences were studied on country-level data from Europe. A correlation analysis and
a linear regression analysis were performed using a time-lag and a moving average techniques,
to study the effect of the exposure to the risk factors.

Metrics like partial correlations, following the principles of population methods and
epidemiology, will be exploited to create a framework that will incorporate risk factors from open
sources.

The data fusion comprises of two different tools; the data lake tool and the data fusion tool.

7.1.1 Analysis of Functionalities
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The data lake serves as a centralized physical repository dealing with clinical data from patients,
video data from colonoscopies as well as image tissue data. All this types of data are gathered in
a centralized repository and are shared to the respective ONCOSCREEN tools in order to be
further analysed.

The role of the data fusion component is to reveal correlations between environmental, lifestyle
(nutrition, smoking, alcohol habits), comorbidities (obesity) and socioeconomic risk factors and
CRC incidences from open-source data on country level.

7.1.2 Design Analysis

Since the data fusion is at an early stage there are no specific design aspects to be reported in
this deliverable.

7.1.3 DATA FUSION Data Flows

As described in detail in D4.1 subsection 3.2.11.4, the data lake component is connected to the
ONCOAICO, ONCOAITI and ONCOBIOBA via REST APIs, while it is also connected via KAFKA
SSL with the rest of the ONCOSCREEN tools. The data fusion tool is connected via KAFKA SSL
with the rest of the ONCOSCREEN tools.

The data lake will be designed based on SNOMED CT and the FHIR protocols and also will use
SSL encryption, data anonymization and restricted access to data by certain tools to ensure
secure exchange of the data.

During all periods of the project, it is important to show that you have been aware of potential
risks and that you have implemented mitigation measures to address them.

In this section, please align the risks with the ONCOSCREEN Risk Registry.

7.1.4 Risk 1 - Unsuitable cancer models
Table 3 DATA FUSION Risk 1.

Risk Title Unsuitable cancer Status Open
models
Risk Category Technical Related Task 4.2

Risk Description
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Difficulties in delivering suitable cancer-related data models
Responsible CERTH Period Identified Q22023
Partner

Probability Impact

Medium Medium
Mitigation Plan (Indicative)

Conduct extensive literature study and extensive surveys with the ONCOSCREEN policy-
makers. Emphasise further the interdisciplinary dimension and consider additional
correlating factors to improve predictions. Collect more datasets and iterate based on
synthetic data.

Comments
N/A

Risk 2 — Issues with System Integration

Table 4DATA FUSION Risk 2.

Risk Title Issues with System Status Open
Integration
Risk Category  Technical Related Task 4.2

Risk Description

System level integration or interoperability difficulties due to unforeseen complexity

Responsible CERTH Period Identified = Q2|2023
Partner
Probability Impact
Medium High

Mitigation Plan (Indicative)
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Clear description of system architecture, data models and interfaces following a standard
modelling language. Modular software approach and well-defined interfaces between
components from the very beginning. Structured and systematic approach to integration
and verification activities, allowing sufficient time for tests. Close monitoring by the WP
leaders and the Technical Coordinator to ensure smooth integration and interoperability.

Comments

N/A
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8 Performance in Lab Tests/Clinical Trials

As of 1°t LIT, no integration with other tools has been implemented, and the laboratory test
focused solely on presenting the distinct functionalities of the ONCO-RISTE tool and the internal
integration of the ONCO-RISTE back end with the fuzzy module.

In the ONCO-RISTE backend architecture, the functionality of fuzzy modules Python wheel
library was utilized inside the backend to enhance the efficiency and capabilities of our system.
This library was crafted and optimized for risk calculation prediction and provides a collection of
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Figure 40 Result of Fuzzy C-means in LITz for 3-level risk. Principal Component technique was used to
visualize these clusters.

pre-built functions that integrate with our backend processes.

Furthermore, for the need of the LITs in our project, we implemented an Integration Registry
Excel as a centralized tracking system to monitor the connectivity between various tools. This
registry serves as a dynamic record, detailing the relationships and interconnections between
different components within our ecosystem. By documenting each tool's integration points, we
ensure transparency and maintain a comprehensive overview of the entire system. The
Integration Registry Excel not only aids in troubleshooting and debugging by swiftly identifying
dependencies but also facilitates effective communication among team members. This
proactive approach to monitoring tool connections enhances the project's overall efficiency and
allows partners to respond promptly to any changes or issues in the integrated environment.

ONCO-RISTE introduced two key endpoints, namely "Soft Prediction" and "Fuzzy Prediction",
offering distinct approaches for calculating risk scores based on user input. These endpoints
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serve as pivotal components of ONCO-RISTE's functionality, providing users with valuable
insights through straightforward and fuzzy assessments.

The "Soft Prediction" endpoint is designed to offer a straightforward risk assessment based on
user input. By utilizing established algorithms, this endpoint delivers a risk score that represents
a clear and direct evaluation of the provided information. In contrast, the "Fuzzy Prediction"
endpoint incorporates fuzzy logic as part of the algorithm to process user input. This approach
allows for a more context-aware assessment, considering the uncertainties and impreciseness
inherent in healthcare data. The output is a risk score that reflects a more comprehensive
understanding of the user's health status.

User Input Processing

ONEDSCREEN

Fuzzy Process

Fuzzy Process  opioNs

GET /api/vi/fuzzy_prediction

HTTP 485 Method Not allowed
Allow: POST, OFTIONS
Content-Type: applicatien/json
vary: Accept

“detail”: "Mmethed \"GET\" not allowed."

Media type: applicationfjson v

i
"patient_id": "06d42¢21-4¢97-4171-ac00-3979a51a59d9",
"tobacco_smoking_ status™ “Lifelong Non-smoker™
"relationship_type™ "Unknown”

Content:

"site_of_resection_or_biopsy™ "Liver”,
"gender”: "Male” =

Figure 41 User input interface.

The user provides input through a designated interface, supplying relevant information for risk
assessment. ONCO-RISTE processes this input according to the specific logic implemented in
each endpoint. Included in this deliverable are detailed print screens capturing the user interface
for input submission, the response interface displaying the risk scores, and console logs
illustrating the internal processes and calculations performed by ONCO-RISTE during the
prediction requests.
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POST /api/vl/soft_prediction

HTTP 288 OK
Allow: POST, OFT
content-Type: ap
vary: Accept

Figure 42: ONCO-RISTE 1st LIT output screen.

Figure 43: ONCO-RISTE console output during 1st LIT

The early version of ONCO-CAWA was presented in LT1, focusing on the subject registration
process and the ONCOSCREEN branding. The registration included the different consents,
notices, and disclaimers. Some widgets were also covered. Analytical screenshots were
presented in previous. For the avoidance of duplication please see the reference to ONCO-CAWA
tool previously in this document.

During our inaugural lab integration test, we highlighted two principal advancements in our
project's development. The initial segment of our presentation was dedicated to the unveiling of
the system's high-level architecture, with a particular focus on the logical flow of information
between components. This overview was critical in illustrating the theoretical underpinnings of
our system's design, showcasing how data is expected to traverse through the various layers and
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Figure 44 Logical flow chart of ONCO-CLIDE.

modules. By outlining the logical flow, we aimed to provide participants with a clear yet simple
picture of the system's operational blueprint. This foundational architecture is crucial not only
for understanding the interactions within the system but also for guiding the subsequent
development phases, ensuring that the project progresses on a well-defined and coherent path.

The second part of our presentation shifted towards a more tangible aspect of our project, with
a live demonstration of the initial design and implementation of the web interface. This hands-
on showcase allowed us to bring the theoretical aspects of our project to life, presenting how
users will interact with the system through a carefully crafted interface. The demonstration
highlighted the practical application of our high-level architectural principles in the design and
functionality of the web interface, emphasizing user experience and interaction. By bridging the
gap between the system's logical flow and its user interface, this live demo not only underscored
our commitment to a user-centric design approach but also provided an invaluable opportunity
for gathering direct feedback, setting the stage for ongoing refinement and improvement.

Images from the web interface can be seen in section 5.1.4.

For the first LIT meeting, the technical partners working on ONCO-EVIDA introduced the tool
and its main functionalities, placing emphasis on the visualization of data, the customizability of
resulting dashboards, and the future ability of ONCO-EVIDA to provide recommendations based
on the end-user's specific query. A short live demo of the front-end was given, after which we
reached out to end-users for feedback.
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The role of data fusion is to reveal interrelations between different risk factors and colorectal
cancer (CRC) metrics. These metrics can include CRC rate per population, deaths due to CRC or
Disability-adjusted life years (DALYs) which is a metric reflecting the complete picture of the
burden of the disease measuring the years of life lost due to ill-health, disability or early death.

comorbidifi

physical inactivity

Figure 45 Interrelations between risk factors and CRC incidences.

The study of risk factors affecting CRC metrics leads to multidimensional data, including
socioeconomic, environmental, lifestyle and behavioural features, which are strongly related to
each other. For example, information about the region where a patient lives is highly related to
environmental features, such as pollution metrics. These relations can be revealed by designing
a complex architecture network, as can be seen in the Figure Fusion_1. In the figure, the direct
and indirect correlations between the different risk factors, as well as the CRC incidences, can be
seen.

The central focus of our efforts during the 2nd Lab Test resided in ensuring the successful
integration of the various tools within the designated environment recognizing the critical
importance of a harmonious integration for the overall success of the project.

For the 2" LIT ONCO-RISTE fetched user input from ONCO-CAWA user questionnaires that
were answered real time.

Integration with ONCO-CAWA ensures the utilization of accurate and up-to-date questionnaire
answers, improving the overall quality of data processed by ONCO-RISTE. The integration
established a seamless communication channel between ONCO-RISTE and ONCO-CAWA,
allowing for the efficient exchange of essential health-related information. ONCO-RISTE in order
to fetch questionnaire answers used ONCO-CAWA Rest APIs.
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Subsequent to the successful integration efforts, our focus shifted towards the computation of
risk scores. This involved the selection of the most important factors according to previous
results and end-user’s information, the formatting of the data that is received by the algorithm
to be compliance with the aforementioned factors, and improvements in the automatic
calculation of the number of clusters.

Following the comprehensive calculation process, the obtained risk scores were systematically

transmitted through the Kafka messaging system. This strategic choice of utilizing Kafka
ensured a reliable and scalable means of disseminating the calculated risk scores to the intended
recipients, further solidifying the robustness and efficiency of the integrated system. In the 2
LIT the calculated risk score was send to ONCO-CAWA, ONCO-CLIDE, DATA FUSION tools
resulting to a complete integration test.

Figure 47: ONCO-RISTE automatically fetching user input data from ONCO-CAWA after authenticating itself.

GET v https://demo-api.healthentia.com/v3/data-provider/answers?studyld=73&lastProcessed|d=675956 Send v

Params Authorization & Headers (7. Body Pre-request Script ests Settings Cookies

Type Baarer Token - (D Heads up! These parameters hold sensitive data. To keep this data secure while working in a collaborative enviranment,we recommend using variables. Learn more about X

variables

Token eyJhbGciOiJIUzINilsinR5eClBIkpXVC 9. ey.

at is your gender</p>",
"RISTE_GEMDER",

i null

Figure 46: Test to fetch ONCO-CAWA user input data.
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v

Figure 48: ONCO-CAWA receiving ONCO-RISTE output.

Horizon Europe — 101097036

Figure 49: ONCO-CLIDE receiving ONCO-RISTE output.
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In LIT2 ONCO-CAWA was demonstrated to end-user partners, placing the focus on data
collection. Especially questionnaires were used, demonstrating the different Ul capabilities in
answering them.

The APl of ONCO-CAWA was used to ingest the answers to the questionnaires, and feed ONCO-
RISTE with the necessary attributes to perform risk assessment. The assessment was captured
by a first version of the Kafka ingestion service of ONCO-CAWA. The demonstration is already
described in section 8.6.

The second lab integration test (LIT) marked a significant milestone in our project development,
characterized by several key advancements. Primarily, our team successfully integrated user
roles and user management features into the web platform. This enhancement is crucial as it
enables distinct access levels and functionalities for different types of users, ensuring a tailored
and secure user experience.

In addition to this, we showcased a preliminary example of integration between the web
interface and two specialized tools: ONCO-RISTE and ONCO-VOC. This integration was
facilitated through the Kafka setup implemented by EXUS, demonstrating the potential for
seamless communication and data exchange between our web platform and these critical
diagnostic tools. This integration is particularly noteworthy as it represents a significant step
towards complete integration.

Furthermore, we have also undertaken various design changes in both the web interface and the
backend. These modifications are not just aesthetic but are aimed at enhancing user interaction
and the overall functionality of the system. By improving the user interface, we aim to make the
platform more intuitive and user-friendly, while backend changes are focused on increasing the
system's reliability, speed, and efficiency.

Overall, the second lab integration test was an opportunity to demonstrate the substantial
progress we have made in developing a more integrated, user-centric, and efficient web
platform.

ONCO-EVIDA's showcase during LIT 2 built upon the presentation for the previous LIT meeting
in order to better convey the progress made since. The presentation consisted of a quick recap
of ONCO-EVIDA's nature as a user-friendly tool for policymakers and four parts of new content,
one for each technical partner:

1) Introduction to and evolution of the back-end API (CERTH)
2) Live demo of the front-end interface (Catalink)
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3) Wireframe of the recommendation engine (VITO)
4) Processing of air quality data (ICCS)

End-users (and other partners) were then once again encouraged to give feedback.

Even though the complex network described in Figure Fusion_1 is promising in correlating CRC
metrics with socioeconomic and behavioural features, the lack of publicly available datasets that
include such information in patient level make it impossible to be trained without a proper data
collection plan. Therefore, the efforts regarding the data fusion tool were focused on the study
of publicly available data in a country level. Various databases, including the Global Burden of
Disease Study 2019 (GBD 2019) Data Resources (https://ghdx.healthdata.org/gbd-2019) and the
Our World in Data online repository (https://ourworldindata.org/), were studied in order to
retrieve country level data about socioeconomic, lifestyle, behavioural, health facilities related
and environmental risk factors for CRC. This study resulted in a large dataset including food and
alcohol consumption habits, smoking rates, share of obese people, antibiotic consumption and
CO2 and greenhouse gas emissions per European country from 2000 to 2020, and CRC metrics.
Correlation and regression analysis were performed between risk factors and CRC metrics
following two different approaches to study the exposure to each risk factor; namely a 1 and 2-
year time-lag analysis and a 10-year moving average analysis.

This dataset will be enriched adding more data about other risk factors like socioeconomic
features, such as education levels, human development index and gross national income, health
facilities related data, and other lifestyle factors. In addition, such data will be added for more
years and countries and age-standardized data will be taken into account for more accurate
results. Environmental data analysis will not be performed by the data fusion tool since ICCS is
responsible for analysing such data.
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9 Next Steps

Next steps of ONCO-RISTE tool will focus on refining the computation of risk levels, with an
expansion of the number of groups from the current tested ones to a total of five levels. The
formulation of a rule base, provided by clinicians and the list of risk factors and groups described
in D2.1, will further improve the quality of the classification. This will result in two distinct, yet
comparable, approaches: one unsupervised, devoid of any rules, and the other incorporating
semi-empirical rules and groups delineated by expert knowledge. The reliability of the tool will
be ensured by disclosing the rules that are activated to generate the final output.

ONCO-CAWA is already mature. The next step is to invite ONCOSCREEN partners to use it, to
gather feedback. In parallel, the data collection needs of ONCOSCREEN will be specified, and
the implementation of the necessary mechanisms will be performed. Then, the clinical info
widget will be designed and implemented. Finally, some gamification features will be designed
and implemented based on the request of end users.

Due to the scope of the task, there are multiple next steps for ONCO-CLIDE.

After preliminary data from the clinical trials are available and subsequent discussions with our
partners, the system's architecture will be finalized and suitable algorithms will be selected.

Furthermore, considering the role of our tool as a final data consumer, upon further development
of the project’s other tools, we will be able to complete our integration.

Finally, a key decision awaits post-consultation with our clinical partners: determining whether
to synchronize ONCO-CLIDE with existing health records systems or to opt for a standalone
input method via our web platform. This decision will be guided by factors such as data
sensitivity, ease of use for healthcare professionals, and overall system integrity.

VITO will create template sentences for recommendations that are filled in as the user specifies
their query. The strength of the final recommendation will depend on the strength of the
correlation of the specified variables and other aspects of reliability (e.g. multivariable analyses
are more reliable than univariable analyses).

VITO aims to procure Belgian CRC (screening) data to be used as a use case.
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In the context of data fusion task, CERTH will design a data lake to serve as a centralized physical
data repository for the ONCOSCREEN platform. The data lake will be responsible for handling
the clinical data received from the virtual data harmonization layer. The rest of the
ONCOSCREEN components will receive all necessary data from the data lake.

Regarding the data fusion tool, other methods for correlation analysis will also be studied and
also more data will be collected. Also, CERTH will study the possibility of data fusion to integrate
results from different ONCOSCREEN tools.
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Conclusion

In conclusion, this deliverable marks a significant juncture in the project's trajectory, offering a
comprehensive exploration of the initial development phase of the ONCO-RISTE, ONCO-CAWA,
ONCO-CLIDE, ONCO-EVIDA, and Data Fusion Tool. The document details the iterative Co-
Designed System activities, underscoring the integral involvement of end-users in the analysis
and architecture phases. The project's commitment to meeting end-user requirements is
evident, with workshops playing a crucial role in early requirement gathering and fulfilment.

The LITs conducted during the deliverable's development proved instrumental, with end-user
feedback contributing to the enhancement of tool quality and guiding subsequent
developmental steps.

Obviously, the presented tools differ at the level of maturity. In this iteration, ONCO-CAWA,
ONCORISTE and ONCO-CLIDE were at an adequate level of maturity fulfilling required data
according to their plan. Data fusion due to its dependency with other tool's output is quite
normally expected to have a significant advancement over the second iteration. ONCOEVIDA
had some delays in its initial development (due to a delay in hiring PhD student), that is however
back on track. A tail-heavy plan has been created for ONCOEVIDA to fulfil its requirements,
conducting necessary updates were appropriate in collaboration with the end users. It should be
noted that intelligent analytics dashboard for healthcare policy makers are not common
requiring additional discussions and collaboration needs among end user and technical partners.

In essence, D4.3 functions as the first stepping-stone that besides reporting on the progress and
achievements until now, it also provides a clear roadmap for future iterations of the user-
oriented tools that will be exploited in ONCOSCREEN.
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Annex A: Code for Data Flow Messages

ONCO-RISTE — ONCO-CAWA -DATA FUSION Integration exchange message

"patient_id": "06d42c21-4c97-4171-ac0-3979a51a59d9",
"riste_input": {
"tobacco_smoking_status": "Lifelong Non-smoker",
"relationship_type": "Unknown",
"tissue_or_organ_of_origin": "Not Reported",
"primary_diagnosis": "Tubular Adenoma",
"metastasis_at_diagnosis": "Unknown",
"classification_of_tumor": "Premalignant",
"site_of_resection_or_biopsy": "Liver",
"gender": "Male"
¥
"riste_output": {
"risk_level": {
"risk_level 0": 0.20525000686340086,
"risk_level_1": ©.5978878025165388,
"risk_level 2": 0.19686219062006027

}
ONCO-RISTE — ONCO-CLIDE Integration exchange message

{
"patient_id": "06d42c21-4c¢97-4171-ac@0-3979a51a59d9",
"riste_input": {
"Tobacco Smoking Status": "Lifelong Non-smoker",
"Relationship Type": "Unknown",
"Tissue or Organ of Origin": "Not Reported”,
"Primary Diagnosis": "Tubular Adenoma",
"Metastasis at Diagnosis?": "Unknown",
"Classification of Tumor": "Premalignant",
"Site of Resection or Biopsy": "Liver",
"Gender": "Male"
}s
"riste_output": {
"risk_level™: {
"Risk Level@": 0.20525000686340086,
"Risk Levell": 0.5978878025165388,
"Risk Level2": 0.19686219062006027

ONGD SCREEN

88



