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Abstract. The escalating incidence of colorectal cancer (CRC), paired with the
progressively decreasing age threshold and the low screening adherence by citi-
zens, underscores the urgent need for innovative approaches to screening and
early detection. In this light, the DIOPTRA EU project presents a pioneering in-
itiative aimed at harnessing advanced data collection, integration, and analytics
methodologies to unlock critical insights into CRC. This paper provides a com-
prehensive overview of the DIOPTRA platform's conceptual architecture and its
potential implications for addressing CRC research challenges. Leveraging data
integration, artificial intelligence, and state-of-the-art biomarker analysis,
DIOPTRA offers a promising solution for enhancing early detection and thus
improving patient outcomes. The integration of the DIOPTRA Back-end, facili-
tating data ingestion, curation, and storage, with the Front-end's user-friendly in-
terfaces and a dedicated anonymization tool, offers the required link between
clinical practice and innovative research in CRC screening programs. By foster-
ing interdisciplinary partnerships and embracing continuous innovation,
DIOPTRA has the potential to revolutionize CRC screening practices, reduce
mortality rates, and shape the future of healthcare delivery. In this regard, this
paper stresses the importance of ongoing efforts to advance cancer screening
technologies, highlighting the role of integrated platforms like DIOPTRA in im-
proving public health outcomes through multidisciplinary research within clini-
cal settings.
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1 Introduction

Excellence in cancer prevention and early detection demands continuous innovation,
particularly in addressing the formidable challenge posed by colorectal cancer (CRC).
With its significant global burden, CRC stands as the third most common tumor in men
and the second in women, accounting for a substantial portion of cancer-related mor-
bidity and mortality worldwide [1, 2]. The escalating incidence of CRC, projected to
reach alarming levels by 2040, underscores the urgency for proactive strategies. Current
statistics reveal a distressing reality, with 1.9 million new cases diagnosed in 2020
alone, contributing to an estimated 0.9 million deaths globally [2]. Moreover, CRC's
insidious nature is exemplified by its propensity for metastasis, with a substantial pro-
portion of cases presenting with metastatic disease at the time of diagnosis or experi-
encing metastatic relapse during the disease course [3].

Amidst the formidable challenge posed by CRC, the current arsenal of treatment
modalities spans a spectrum of interventions encompassing surgical excision, chemo-
therapy, targeted therapies, and immunomodulatory agents [2]. However, the corner-
stone of CRC control lies in preventive strategies, particularly population-based screen-
ing initiatives. Endoscopic (e.g. colonoscopy) and non-invasive (e.g. fecal immuno-
chemical test - FIT) screening modalities have demonstrated efficacy in detecting early-
stage disease, leading to a substantial reduction in mortality rates [4, 5].

Despite the strides made in CRC prevention and management, significant challenges
persist, hindering the realization of optimal outcomes. Factors such as a) modern life-
style favoring CRC incidence [6], b) suboptimal screening participation (mainly at-
tributed to limited accessibility to screening services [7] and the taxing nature of exist-
ing screening modalities [8]), and c) low sensitivity of current methods for pre-malig-
nancies [9], contribute to the ongoing burden of CRC-related morbidity and mortality.
Furthermore, disparities in risk factor assessment [10] and the underutilization of
emerging technologies, such as liquid biopsy [11], foreground the need for comprehen-
sive, integrated approaches to CRC screening in an era where the rising incidence of
early-onset CRC is rendering the current age thresholds outdated [12].

In response, the DIOPTRA project (Early Dynamic Screening for Colorectal Cancer
via Novel Protein Biomarkers Reflecting Biological Initiation Mechanisms) emerges
as a pioneering initiative aimed at harnessing advanced data collection, integration, and
analytics to unlock critical insights into CRC. By leveraging multidisciplinary expertise
in clinical practice, proteomics, and informatics, DIOPTRA seeks to revolutionize our
comprehension of CRC and enhance early detection as well as prevention. Within this
scope, effective data collection methodologies are pivotal in comprehending complex
diseases such as CRC, as they establish the foundation for subsequent analyses, facili-
tating the identification of key risk factors, elucidation of disease mechanisms, and de-
velopment of preventive strategies. This paper contributes to this pursuit by providing
an overview of the data collection methodology employed within DIOPTRA, paired
with an integrated architecture that enables homogenized data analysis. It delineates the
systematic approach to data structuring, anonymization, upload and assessment pro-
cesses, as well as software development and integration.



2 DIOPTRA Vision and Innovation

DIOPTRA embodies a visionary approach to revolutionizing colorectal cancer screen-
ing and prevention in everyday medical practice, driven by a commitment to accessi-
bility, innovation, and tangible healthcare impact. It envisions to serve as a front-line
clinical decision support tool, leveraging both risk factors and novel protein biomarkers
to identify high-risk cases requiring colonoscopy assessment. This approach fosters tar-
geted allocation of resources, eliminating additional burden due to unnecessary inva-
sive procedures and overcoming barriers of traditional screening methods [9]. Overall,
the project vision encompasses the following key elements:

Minimally-Invasive Liquid Biopsy. Against the backdrop of taxing procedures hin-
dering adherence to scheduled screening, DIOPTRA envisions a straightforward blood
test for stratification leveraging novel protein biomarkers. By seamlessly integrating
CRC screening into existing minimally invasive procedures such as standard blood-
work, the evaluated population can be significantly broadened, thereby increasing par-
ticipation rates and bypassing age screening thresholds.

Risk-Factor-Based Assessment. DIOPTRA integrates a holistic risk factor model,
harnessing cutting-edge analytics towards efficient risk assessment. This will, by ex-
tension, enable the provision of personalized behavioral recommendations aiming to
mitigate pre-malignant stages and reduce progression risk.

Biologically Relevant Evidence and Explainability. DIOPTRA recognizes the im-
portance of medical explainability and transparency, particularly in the context of de-
cision support. Hence, our approach emphasizes the incorporation of biologically rele-
vant evidence alongside Al insights, ensuring the reliability and interpretability of di-
agnostic recommendations. In this spirit, to validate DIOPTRA markers as key regula-
tory nodes in CRC development, protein networks will be constructed, aiming to eluci-
date the underlying molecular mechanisms of CRC pathogenesis.

Innovation lies at the heart of DIOPTRA's mission to redefine clinical standards in
CRC prevention and early detection, making screening faster, more precise, personal-
ized, accessible, and affordable for a broader population. This approach not only en-
hances screening accessibility, but also prioritizes safety by minimizing contact be-
tween individuals and healthcare professionals, particularly crucial in times of pan-
demic outbreaks like the COVID-19 crisis. Moreover, DIOPTRA's cost-effective pro-
tocol ensures long-term sustainability, contrasting with resource-intensive methods as-
sociated with high PPPY costs (per patient per year) [8]. Inspired by successful prece-
dents such as the FDA-approved Epi proColon® test [11] which relies on a single val-
idated biomarker, DIOPTRA sets a benchmark for innovation in CRC risk assessment,
promising earlier detection and prevention strategies.



Beyond simply improving screening methods, DIOPTRA's innovation extends to
reshaping research and knowledge on cancer. By undertaking comparative validation
of biomarkers using paired blood & tissue samples from different population groups
[13] (healthy, non-advanced adenomas, advanced adenomas, CRC patients),
DIOPTRA bridges a crucial gap in the field, enabling reliable assessment of protein
sensitivity for CRC screening. Moreover, the combined implementation of Next Gen-
eration Sequencing (NGS) and Al techniques facilitates a deeper understanding of CRC
mechanisms, enabling us to elucidate the regulatory contributions of markers in protein
network pathways. This holistic approach bears the potential not only to enhance diag-
nostic accuracy, but also to provide valuable insights into the underlying development
of CRC, irrespective of screening sensitivity. Through validated Al systems and the
expansion of risk factor evaluation to encompass lifestyle and regional aspects,
DIOPTRA aims to set a new standard for CRC screening, promising a paradigm shift
in cancer early detection and prevention strategies.

3 Data Management and Analysis in DIOPTRA

Data anonymization and management are paramount within the DIOPTRA project to
safeguard the privacy, integrity, and seamless homogenization of sensitive clinical data.
Employing a dedicated anonymization tool, DIOPTRA utilizes the k-anonymity
method with the Mondrian algorithm [14] to obscure individual identities within da-
tasets while preserving data utility. This advanced anonymization approach ensures
compliance with stringent privacy regulations and ethical considerations governing the
study, while also reinforcing the clinicians’ trust to the study process and subsequent
data analysis.

The structured data upload process, guided by a project-specific data ontology, ro-
bust algorithms and stringent validation checks, guarantees the accuracy, completeness,
and adherence to project criteria of uploaded datasets. Specifically, the DIOPTRA data
template is used to create structured datafiles within the clinical sites, which are then
fed to the anonymization tool before being uploaded to the DIOPTRA Back-end using
the Front-end functionalities (Fig. 1). In this regard, the DIOPTRA Back-end compo-
nent also plays a pivotal role in ensuring data integrity and consistency through com-
prehensive curation processes before data storage, rendering the data fit for analysis
and interpretation. Overall, the DIOPTRA Software provides modules for data inges-
tion, error detection, transformation, curation, and cataloguing operations, offering cli-
nicians user-friendly interfaces for uploading electronic health records’ (EHR) data and
reviewing ingested data from clinical sites. Through these meticulous data management
practices, the DIOPTRA project establishes a secure, efficient, and standardized frame-
work for handling clinical data, fostering compatibility and interoperability across dif-
ferent clinical sites, thereby facilitating meaningful insights and analyses in the quest
for improved CRC screening methodologies.
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Fig. 1. DIOPTRA Infrastructure & User Interaction

Within the project architecture facilitated by the DIOPTRA Software, Artificial Intel-
ligence (Al) stands as a pivotal component, revolutionizing CRC screening methodol-
ogies. Leveraging Al techniques to reinforce blood biomarker analysis and risk assess-
ment within clinical decision support, DIOPTRA enhances detection accuracy and risk
prediction in CRC screening. Particularly, state-of-the-art Al will be applied on the
protein features derived via bioinformatics analysis, as well as on the risk factor data —
both independently and in combination — to a) identify the biomarker subset with opti-
mal diagnostic capacity, b) develop an Al-assisted non-invasive risk assessment model,
and c) propose a holistic screening tool incorporating both risk factor data and blood-
derived results. In this process, the use of Explainable Artificial Intelligence (XAIl)
through Knowledge-Graph-based (KG) modelling [15] will foster trust and acceptance
among stakeholders.

4 Architectural Design of the DIOPTRA Platform

4.1 DIOPTRA’s Conceptual Architecture

DIOPTRA's methodology is structured into distinct phases (as illustrated in Fig. 2),
each building upon the outputs of the preceding phase to advance towards its ultimate
goal. Phase 1 initiates with the preliminary data collection, encompassing paired tissue
and liquid biopsy samples along with aggregated demographic, behavioral, environ-
mental, medical, and family history information based on the DIOPTRA data model.
This data is standardized and organized into a homogenized dataset, serving as the
foundation for subsequent phases.
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Fig. 2. DIOPTRA Methodological Architecture ones are justified.

In Phase 2, the focus shifts to investigating risk factors and conducting an initial
analysis of paired samples for early biomarker discovery. This phase aims to establish
a holistic set of CRC risk factors and identify potential biomarker candidates for further
evaluation. Phase 3 transitions into prospective data collection, expanding the dataset
with additional risk factor information and biological samples collected from citizens
visiting DIOPTRA’s clinical sites for screening services, based on a jointly approved
clinical protocol. Phase 4 focuses on Al-based analysis, utilizing risk factors and pro-
tein features to develop comprehensive stratification models. Additionally, knowledge
gleaned from this analysis informs the development of the DIOPTRA mobile app, en-
abling personalized behavioral recommendations. In Phase 5, the full DIOPTRA solu-
tion undergoes clinical validation, real-settings’ feedback, and refinement within the
prospective study. This stage seeks to validate the efficacy of the DIOPTRA solution
in real-world healthcare settings and identify implementation needs for scaling up its
adoption. Finally, cost-effectiveness analysis against the current screening practices
will be conducted to provide quantified evidence for potential policy changes in CRC
screening guidelines. By following this systematic approach, DIOPTRA aims to deliver
a comprehensive and effective solution for CRC screening and early detection, ulti-
mately contributing to improved patient outcomes and healthcare policies.



4.2  Integration & Testing of DIOPTRA Platform

The integration and testing phase of the DIOPTRA platform are pivotal stages in en-
suring its efficacy, reliability, and adherence to the project objectives. This phase in-
volves a systematic approach to seamlessly amalgamate diverse components, validate
system performance, and refine functionalities to meet project requirements. During
this phase, the DIOPTRA Back-end, responsible for data ingestion, retrieval, curation,
and storage, is meticulously integrated with other platform modules. Similarly, the
DIOPTRA Front-end, featuring the clinical site interface operating in compatibility
with the data template and the anonymization tool, is seamlessly incorporated with the
Back-end to facilitate smooth data upload and management processes.

Moreover, integral to the integration process is the establishment of API gateways,
granting seamless communication between the different platform components. These
gateways undergo rigorous testing to ensure their reliability, consistency, and interop-
erability, enabling smooth data exchange and interaction among system modules. Test-
ing procedures encompass various stages, including unit testing, integration testing, and
user acceptance testing (UAT). Unit testing verifies the functionality of individual com-
ponents in isolation, while integration testing assesses their interoperability and func-
tionality as a cohesive system. UAT involves stakeholders and clinical users evaluating
the platform's usability, performance, and alignment with user requirements, providing
valuable feedback for improvement.

Furthermore, quality assurance measures are paramount throughout the integration
and testing phase. Data integrity checks are conducted to ensure the accuracy and con-
sistency of stored and processed data, while robust security measures are implemented
and tested to safeguard sensitive data and ensure compliance with privacy regulations.
Performance testing evaluates metrics such as response time, throughput, and scalabil-
ity to assess the platform's ability to handle varying loads effectively.

The integration and testing process follows an agile development approach, allowing
for flexibility and adaptability to evolving project requirements and stakeholder needs.
Feedback from testing phases, including user feedback and performance metrics, is
carefully analyzed and incorporated into iterative refinements of the DIOPTRA plat-
form, ensuring continuous improvement and optimization.

Overall, the integration and testing of the DIOPTRA platform are crucial steps in its
development lifecycle, ensuring its reliability, functionality, and usability in advancing
cancer screening and early detection efforts. Through rigorous testing and iterative re-
finement, the platform is poised to make a significant impact in the fight against colo-
rectal cancer and beyond.

5 Discussion

The development and implementation of the DIOPTRA platform represent a significant
asset in the research field of cancer screening and early detection, particularly in the
context of colorectal cancer (CRC). Through the integration of advanced data manage-
ment and analytics, DIOPTRA offers a comprehensive solution aimed at addressing
key challenges in CRC prevention and diagnosis.



One of the primary strengths of the DIOPTRA platform lies in its ability to leverage
diverse data sources and integrate them into a unified, standardized format. By collect-
ing and curating data on tissue/liquid biopsy samples, demographic, behavioral, envi-
ronmental, and medical history information, DIOPTRA generates a homogenized da-
taset that serves as a valuable resource for risk factor investigation and biomarker anal-
ysis. This holistic approach to data integration enables researchers and clinicians to gain
deeper insights into the complex interplay of factors related to CRC risk and incidence.

The incorporation of Al into the DIOPTRA platform further enhances its capabilities
in CRC screening and risk assessment. Al-powered algorithms analyze blood bi-
omarkers, assess extended risk factor pools, and provide clinical decision support, aid-
ing in the early detection of CRC and the identification of high-risk individuals. By
leveraging machine learning techniques, DIOPTRA can achieve higher accuracy and
efficiency in detecting abnormal tissue changes, thereby improving patient outcomes
and reducing mortality rates via early detection.

Moreover, the user-friendly interfaces provided by the DIOPTRA Front-end stream-
line the data upload and management process, ensuring seamless interaction between
clinical users and the platform for accessing and analyzing clinical data, supported by
the anonymization tool that ensures privacy preservation in the uploaded datasets.
These features enhance the accessibility and usability of the platform, establishing an
interoperable research link between clinicians and technical experts and empowering
the former to make informed decisions and optimize patient care through standardized
data collection and monitoring.

However, despite its numerous strengths, the DIOPTRA platform also faces several
challenges and limitations. One such challenge is the need for continuous validation
and refinement of Al algorithms to ensure their accuracy and reliability in real-world
clinical settings. Additionally, ensuring compliance with privacy regulations and data
security standards remains a priority, given the sensitive nature of patient health infor-
mation. Furthermore, while the DIOPTRA platform shows significant benefits in the
coordinated implementation of multi-center clinical studies, its implementation focuses
on the participating clinical sites and the project-specific data ontology for CRC re-
search. A potential broader impact through generalization requires further adjustments,
scalability steps and evaluation within long-term prospective studies to assess the plat-
form's effectiveness for structured and cost-effective data collection, curation and inte-
gration towards subsequent analysis by researchers.

Ultimately, the DIOPTRA platform represents a comprehensive solution for the co-
ordination of a research-oriented clinical study integrating diverse data sources, Al, and
user-friendly interfaces. By leveraging these technologies, DIOPTRA has the potential
to improve patient outcomes and reduce CRC mortality rates through early detection,
advancing the field of cancer prevention.

6 Conclusion

In conclusion, this paper has provided an overview of the DIOPTRA platform'’s archi-
tectural design and its potential implications for addressing colorectal cancer (CRC)



research challenges within interdisciplinary clinical studies, by leveraging innovative
technologies such as artificial intelligence, data integration, and user-friendly inter-
faces. Through the integration of the DIOPTRA Back-end, which facilitates data inges-
tion, curation, and storage, with the Front-end's user-friendly interfaces and the use of
a dedicated anonymization tool, the platform offers the required link between clinical
practice and innovative research in CRC screening programs. Moving forward, it is
imperative to continue the integration and testing efforts of the DIOPTRA platform to
ensure its effectiveness and scalability in real-world clinical settings.

This paper underscores the importance of ongoing efforts to advance cancer screen-
ing technologies and highlights the role of integrated platforms like DIOPTRA in shap-
ing the future of healthcare delivery. By fostering interdisciplinary partnerships and
embracing continuous innovation, DIOPTRA has the potential to revolutionize CRC
screening practices, reduce mortality rates, and ultimately improve public health out-
comes.
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