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Abstract—Researchers nowadays may take advantage of broad
collections of medical data to develop personalized medicine solu-
tions. Imaging bio-banks play a fundamental role, in this regard,
by serving as organized repositories of medical images associated
with imaging biomarkers. In this context, the NAVIGATOR
Project aims to advance colorectal, prostate, and gastric oncology
translational research by leveraging quantitative imaging and
multi-omics analyses. As Project’s core, an imaging bio-bank
is being designed and implemented in a web-accessible Virtual
Research Environment (VRE). The VRE serves to extract the
imaging biomarkers and further process them within prediction
algorithms. In our work, we present the realization of the data
models for the three cancer use-cases of the Project. First, we
carried out an extensive requirements analysis to fulfill the ne-
cessities of the clinical partners involved in the Project. Then, we
designed three separate data models utilizing entity-relationship
diagrams. We found diagrams’ modeling for colorectal and
prostate cancers to be more straightforward, while gastric cancer
required a higher level of complexity. Future developments of this
work would include designing a common data model following
the Observational Medical Outcomes Partnership Standards.
Indeed, a common data model would standardize the logical
infrastructure of data models and make the bio-bank easily
interoperable with other bio-banks.

Index Terms—Data models, entity-relationship diagram, imag-
ing bio-banks

I. INTRODUCTION

As the name implies, bio-banking refers to the practice
of gathering and storing extensive collections of biological
materials and their specific metadata for scientific research [1].
A bio-bank, or bio-repository, is indeed a valuable resource
enabling researchers to access multiple types of medical data,
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such as samples of bodily fluids or tissues. The goal is usually
to support research on personalized medicine on a multiomic
perspective. Actually, multiomic sciences, such as genomics,
proteomics, dosiomics, radiomics, radiogenomics, usually en-
tail the production and analyses of enormous amounts of
data [2], [3].

The availability of large volumes of high-quality data is es-
sential in today’s data-driven science. Following the evolution
of digital innovation in healthcare, it is clear that data man-
agement requires advances able to facilitate the development
of platforms for more effective usage of large volumes of data.
Bio-banks play a central role in this scenario [4].

Besides the more common collections of body fluids and
tissues, bio-banks are nowadays advancing to integrate also
collections of medical imaging data. Imaging bio-banks are
organized repositories of medical images, usually associated
with imaging biomarkers. Most of the existing imaging bio-
banks focus on cancer-related data and oncology imaging
biomarkers collections [5], [6]. Their goal is to exploit the
wealth of information hold in imaging data to discover novel
diagnostic and prognostic biomarkers, especially when con-
sidering cancer phenotypes.

The NAVIGATOR Project, funded by the Tuscany Region,
aims to establish the first regional imaging bio-bank, with
the goal of boosting precision medicine in oncology. To do
this, the Project plans to employ quantitative imaging and
multi-omics analyses towards a better understanding of cancer
biology, cancer care, and cancer risks. [7]. In this respect,
the Project relies on two main tools: an open imaging bio-
bank and an open-science-oriented Virtual Research Environ-
ment (VRE). The bio-bank is being designed to collect and
preserve quality and curated imaging data as well as the



TABLE I
HEALTHCARE PARTNERS IN NAVIGATOR PROJECT AND NEOPLASIA OF

INTEREST

Healthcare Partner Neoplasia
University of Pisa, Pisa, Italy Colorectal

Careggi University Hospital (AOUC), Florence, Italy Prostate
Azienda USL Toscana Centro (AUSL-TC), Florence, Italy

University Hospital of Siena (AOUS), Siena, Italy Gastric

related omics data, in a secure and privacy-preserving model.
Data include Computed Tomography (CT), and Magnetic
Resonance Imaging (MRI) data for three relevant tumor cases
(i.e., colorectal, prostate, and gastric cancer). Clinical data
from regional healthcare services, molecular and liquid biopsy
data are planned to be collected as well. The VRE serves as
a web-accessible digital laboratory to process the multi-omics
data for two primary purposes: (i) to extract gold-standard
and novel imaging biomarkers based on radiomics analyses;
and (ii) to create and test digital patient models based on
cancer phenotype and risk stratification. Big data analytics and
Artificial Intelligence are planned to be used in this respect.

The building block of the bio-bank design is the definition
of the data model, namely an abstract model that organizes
and standardizes the relationship between data elements and
real-world entities’ properties. Typically, the tool used to build
a data model is the entity-relationship diagram (ERD), which
is afterwards translated into a physical database.

In this paper, we present the first implementation of the data
models and the corresponding ERDs for the three cancer use-
cases of the NAVIGATOR Project. These models are serving
as a basis for designing the physical database and repository
connected with the VRE. The data models are also serving for
mapping the entities to the OMOP Common Data Model and
the Standardised Vocabularies related to it [8]. Though still a
preliminary step, we consider that the data models themselves
can be of interest for the research communities working in
formalising clinical and radiological data.

II. METHODS

A. Cancer use-cases

The NAVIGATOR Project involves four healthcare partners,
and includes three different cancer use-cases. Each health-
care partner is in charge of gathering clinical and laboratory
findings of the tumor and relating them to the radiological
images, which will be filed and processed for biomarkers
extraction. Table I shows the healthcare partners and the
particular neoplasia on which they focus.

B. Requirements Analysis

As a first step in the life-cycle of our model, we carried
out a requirements analysis with the clinical partners. Its
prime purpose was to define all the clinical variables, their
type, value range, and measurement units. In this process,
it was possible to identify those variables with frequently
missing values for retrospective cohorts of patients and, hence,

exclude them. Additionally, in the continuous confrontations,
the clinical experts described the clinical workflow patients
typically undergo for each cancer use-case.

We concluded this phase by drafting a detailed requirements
specification that synthesized all of the healthcare partners’
needs. From that, significant differences emerged both in the
patient protocol and the type of data collected for the three
use-cases. For this reason, we found it difficult to conceive
a transversely valid ERD. Indeed, that would have required
strong generalization assumptions and too abstract entities in
the diagram. Specifically, most of the entities in the ERD
would have been parents of three children entities, one for each
cancer use-case and with specific peculiarities. As a result, we
would have obtained a remarkably complex diagram, probably
undermining the efficiency of ERDs. Consequently, we built
three distinct data models for the cancer use-cases of the
Project, connected mainly based on patient’s identification.

C. Entity-Relationship Diagram

We chose to adopt the popular ERD approach to develop
these three data models. Indeed, ERDs are great tools that pro-
vide a clear database design visualization. An easy-to-interpret
representation is fundamental in contexts that require a precise
data structure. That also contributes to better communication
between technical and clinical experts.

In the design process of ERDs, we first identified the entities
with their attributes from the requirements specification. Then,
we defined the relationship between different entities and
added cardinalities to them, i.e., the amount of data that would
come from each entity. Based on that, we drew the ERDs
and asked the clinicians for a validation check. This process
was iterative, with continuous interactions between the two
counterparts, delivery of prototypes, and implementation of
changes. In the end, we reached the final form of ERD for all
the cancer use-cases.

III. RESULTS

In this section, we describe the main features characterizing
the three ERD diagrams. From here on, words in italics
will represent the names of entities in the diagrams. For
visualization clarity, we omitted from the diagram figures the
attributes of each entity. Each model is presented in a narrative
fashion to illustrate how the entities were identified based on
the clinical workflows and to not exceed the page limit.

A. Colorectal Cancer Data Model

The resulting model for colorectal cancer is reported in
Fig. 1. The diagram evolves from the Patient entity and
takes into account data regarding all the stages the patients
undergo during their diagnostic-therapeutic journey. First, data
regarding patient’s risk factors (e.g., familiarity, age ≥ 50,
previous neoplasms) are collected in the Anamnestic Data
entity. Then, patients are subjected to Rectal Explorations
and colonoscopy with Histological Specimen Data for the
initial diagnosis. Here, the clinical question is whether the
mesorectal fascia is invaded or not, or whether the peritoneum



itself is invaded (for high tumors) or whether the internal and
external sphincter itself is invaded (for low tumors). Then, a
local staging MRI is performed to determine how to treat the
tumors. In this regard, the entity MR Study collects all the
information regarding the date of exam, field strength, etc.
All the DICOM tags are included to report the examination
parameters. The MRI sequence of choice is T2-weighted, but
Diffusion Weighted Imaging (DWI) is also used to better look
at the lymph nodes. Since an MR study may comprise several
specific acquisitions, the Image Stack entity includes their
information. From the MR study, the radiologists extract a
series of measurements, which are collected in the Image-
based Measurements entity in the diagram. Those comprise
information about the primary tumor, but also the presence
of positive lymph nodes outside the mesorectal fascia and the
vein invasion. Furthermore, to understand distant metastases
for the complete staging, a chest-abdomen CT with a contrast
medium can be performed (TNM:M stadiation entity). In the
end, Therapy and Outcome Evaluation complete the diagram.

B. Prostate Cancer Data Model

When a patient presents symptoms related to prostate can-
cer, a rectal examination is performed. The resulting outcome
can be collected in the ERD (Fig. 2) under Symptoms & Exam-
inations. The haematic level of the Prostate-Specific Antigen
(PSA) is also typically measured since a high level of that
enzymatic protein in blood represents the first sign of prostate
cancer. The values obtained are stored in PSA Measurement.
If further examinations are needed, the patient undergoes an
MR Study. The Image-based Measurements entity collects
measurements resulting from the study, such as the prostate
dimensions, its volume, and the presence of lymphadenopa-
thy. Each study comprises different sequence modalities (T2-
weighted, DWI, and Dynamic Contrast Enhanced) stored in
the Image Stack entity. The diagram then allows for collecting
information for each Lesion identified from those images.
Suspicious lesions are then analyzed via histology, thus ob-
taining the corresponding Histological Data. Due to physical
and protocol limitations, clinicians may perform a biopsy of
a different Zone than the one suspected by imaging. The
patient may then undergo further investigations through Other
Imaging Exams, such as CT and PET, to check for metastasis
presence. Based on the previous analyses, a Treatment is
then assigned to the patient, which may include radiotherapy,
radical prostatectomy, or minimally invasive surgery.

C. Gastric Cancer Data Model

The gastric neoplasm is usually assessed in n the so-
called Staging phase, via imaging exam. After Staging, if a
radical intervention is performed, the next diagnostic moment
for the patient is called Follow-up, and recurrence/relapse is
monitored. In this case, the tumor evaluation is assessed on
the removed corpus (pathological evaluation). On the other
hand, if after Staging the patient undergoes chemotherapy
or a non-radical intervention (a residual disease is left), the

following diagnostic moment for the patient is called Re-
staging. These three phases were fundamental to develop
the ERD for gastric cancer (Fig. 3), and therefore we took
it into account in the Stadiation Phase entity. Our ERD
models the clinical practice according to which, depending
on the phase (Staging, Re-staging, Follow-up), the patient
undergoes specific examinations. Our diagram also mimics
the scenario where some examinations may be performed at
different phases. For instance, Surgery is accessible in Re-
staging/Follow-up, Neoadjuvant Therapy only concerns Re-
staging, while Endoscopy can be performed at all phases.
That is also true when a patient undergoes a CT Study: all
patients have a Staging CT, then, based on the evolution of
their phase, they can have possibly one to three Re-staging
CTs and possibly a Follow-up CT.

IV. DISCUSSION AND CONCLUSION

In this work, we have presented our early realization of the
data models for the three cancer use-cases of the NAVIGA-
TOR Project. First, we performed an extensive requirements
analysis to investigate the needs of the clinical partners. Based
on that, given the peculiarities of each use case, we decided to
implement three separate ERDs. As can be seen by comparing
Figs. 1-3, the data models for colorectal and prostate cancers
shared a similar structure. Instead, the design of the gastric
cancer model showed a higher level of complexity.

This is the preliminary step necessary to develop the
NAVIGATOR imaging bio-bank. The implementation of the
corresponding database is currently running and is taking into
account existing standardization initiatives, such as Molgenis
and OMOP-CDM. Indeed, a common data model would stan-
dardize the logical infrastructure of data models and make the
bio-bank easily interoperable with other bio-banks. Methods
to access and operate the data would be shared so that all
applications could use the same standardized procedures.
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Fig. 1. Entity-Relationships Diagram for the Colorectal Cancer Data Model.
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Fig. 2. Entity-Relationships Diagram for the Prostate Cancer Data Model.

1:NPatient
1:1

Anamnestic Data
1:1 1:1

0:3

0:1
0:1 0:N

Stadiation Phase1:1
Antropometric Data 1:N

1:1 Staging (S)
0:N

Re-staging (RS)
1:1

Follow-up (FU)

1:1 0:1

Neoadjuvant
Th.

Neoadjuvant
Chemoth.

1:1

1:1

pTNM

RS/FU SurgeryD2+ Lymph Dissect.
Histol. on Specimen

Liver Metastasectomy

Lymph by Station

1:1Markers & Laborat.

Videolaparoscopy

Ecoendoscopy

Endoscopy
Histol. on Biopsy

0:4

0:1

0:1

CT Study

1:1

1:1 Image Stack

FU Report
1:1

Relapse Site
0:1

0:N

0:N

S/RS Report 1:1 Conclusion
1:1 1:1

1:1

1:1

1:1

0:1

Metastasis

Short Axis of Major
Lymph by Pathol. Station

Infiltrated
Organs in cT4b

Lung MetsBone Mets

Other Mets

Peritoneal Carcinosis Lymph Mets Liver Mets

1:1

S/RS Anemia & Occlusion

0:1

0:1

1:N

1:N

1:1

1:1

1:1

1:1

1:1

0:1

1:1

1:11:1

1:1

0:11:1

1:1

1:1

1:1

1:1

0:1

1:N

Fig. 3. Entity-Relationships Diagram for the Gastric Cancer Data Model.


