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ABSTRACT

Computer-aided  diagnosis, prognosis and
therapy systems have been of great interest for a
number of vyears. The availability of big
volumes of data and of powerful computational
resources have allowed artificial intelligence
approaches to emerge in melanoma related
studies. However, for such approaches to have
good predictive performances data availability is
of crucial importance. Melanoma related
imaging, biological and clinical data can be
found partially and scattered in various
repositories. Thus, in this work, we assemble in
a web accessible database, named ebioMelDB,
the widest collection of clinical and dermoscopy
images accompanied with patient clinical data
and the widest collection of RNA-Seq gene
expression data accompanied with patient
clinical data. The database organization allows
users to select the data that are appropriate for
their application of interest (diagnosis,
prognosis and therapy).
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INTRODUCTION

Cutaneous melanoma is a rare skin
cancer, but is associated with high mortality
rates [1]. Thus, the research community has
shown interest in building automated
frameworks to support its diagnosis,
prognosis and therapy, starting from 1985
when the ABCD rule [2] was devised by
Kopf et al. to guide clinicians in the
detection of melanoma. More sophisticated
computer aided diagnosis (CAD) systems

using dermoscopy or clinical images started
subsequently to emerge [3]. However, apart
from examining the lesions, biological,
demographic and lifestyle variability of the
patients has to be taken into account [4]
when it comes to a multi-factorial disease,
like melanoma.

For computer systems to succeed in
aiding disease diagnosis, prognosis and
treatment, data availability is a necessity.
Imaging, clinical and biological data
streams have to be collected, harmonized,
integrated and analyzed before being
employed in CAD systems. Additionally,
the artificial intelligence algorithms used in
CAD systems depend on data availability
[5], since they learn from the data in order
to be able to perform predictions.

In this context, ebioMelDB [6] was
generated as a melanoma-specific database
of clinical, biological and imaging data. In
the present work, we describe an update of
ebioMelDB with 2500 additional image
entries and 468 additional biological data
entries. In its current version, all publicly
available clinical images, dermoscopy
images and RNA-Seq gene expression data,
integrated with clinical data have been
gathered in one repository, which can be
accessed through
http://www.med.upatras.gr/ebioMelDB.
Manual data curation and organization in
categories allows for the selection of the
most appropriate data subset for the user’s
application of interest (diagnosis, prognosis
and therapy).
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IMAGE DATA COLLECTION

We consolidated publicly available
for academic and research purposes
dermoscopy and clinical images. The
majority of the dermoscopic data is part of
the International Skin Imaging
Collaboration (ISIC) Archive, a collection
of dermoscopy images which was released
during the challenges hosted from ISIC
organization from 2016 to 2020. It consists
of dermoscopy images along with patients’
clinical data. In more detail, 1ISIC2016 [7]
Task 3, ISIC2017 [8] Task 3 and I1SIC2018
[9] Task 3 training data were excluded,
since they are part of 1SIC2019 [8,10,11]
training data, which, along with the ISIC
2020 Challenge [12] training data are
included in ebioMelDB. Another source of
dermoscopy images is the PH? database
[13]. The 7-pt dataset [14], which is a
collection of dermoscopy and clinical
images complemented with patient clinical
data is also incorporated in ebioMelDB.
Another source of clinical images is MED-
NODE [15]. This latest wversion of
ebioMelDB  includes 220 additional
dermoscopy images, retrieved from the

ISIC2018 Validation set of images and 2298
clinical images from the recently published
PAD-UFES-20 [16] dataset which contains
clinical images accompanied with clinical
information.

With this update, the total count of
images incorporated in ebioMelDB raises
from 63480 to 65980. The number of
images retrieved from each distinct database
and the number of images hosted in
ebioMelDB are presented in Table 1.
Among them 62528 are dermoscopy and
3470 are clinical images. After careful
examination of the images in each source
dataset, duplicate images were observed and
removed from ebioMelDB. The numbers
after duplicates removal are also presented
in Table 1. Dermoscopy images originate
from 1SIC2018, 1SIC2019, ISIC2020, PH?
and 7-pt. Clinical images originate from 7-
ptt, MED-NODE and PAD-UFES-20.
Clinical data accompany and are available
for some of the images. In more detail, the
patient’s sex is available for 61114 images,
the patient’s age for 59849 images and the
lesion’s anatomical site for 59186 images.

Table 1: Number of images hosted in different databases.

Databases 7-pt | isic2018 | isic2019 | isic2020 | mednode | ph2 | padufes | ebioMelDB
Number of images 2022 | 202 27962 33126 170 200 | 2298 65980
Number of images — without duplicates | 2013 | 193 25331 32701 170 200 | 2298 62906

Table 2: The distribution of dermoscopy images in 5 benign
and malignant categories. The 1SIC2020 contains a portion of
data that is classified as unknown; thus, it is not included in
the 5-class classification.

isic18 | isic19 | isic20 | ph2 | 7pt | ebioMelDB

MEL | 21 4522 581 40 252 | 5986

NV 132 12875 | 5191 | 80 572 | 19737
NMC | 15 3951 0 0 42 | 4709
NNV | 26 3116 222 0 145 | 3833
SUS | 8 867 1 80 0 1114

Table 3: The distribution of clinical images in 5 benign and
malignant categories.

padufes mednode 7pt ebioMelDB
MEL 52 70 249 371
NV 244 100 575 919
NMC 1037 0 42 1079
NNV 235 0 136 371
SUS 730 0 0 730
The different source databases

provide the diagnosis of the images in
different levels of generalization and with
different naming conventions. To address

the diversity of the datasets in terms of
diagnosis, we integrated them into five
categories: NV (Nevus), MEL (Melanoma),
NNV (Non-Nevus benign), NMC (Non-
Melanocytic Carcinoma) and SUS (Benign-
Suspicious). The benign categories are NV,
NNV and SUS. The nevus category NV
includes images that have been diagnosed as
simple, common, blue, clark, combined,
con-genital, dermal, recurrent, reed or spitz
nevus. The benign non-nevus category NNV
includes images that have been diagnosed as
dermatofibroma, lentigo, melanosis,
miscellaneous, seborrheic keratosis,
vascular lesion, benign keratosis, cafe-au-
lait macule, lentigo NOS and lichenoid
keratosis. The benign, but suspicious for
malignancy category SUS includes images
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that have been diagnosed as actinic
keratosis, atypical melanocytic proliferation
and atypical nevus. The malignant
melanoma  category = MEL includes
melanoma and melanoma metastases
images. Finally, the category of non-
melanocytic carcinomas includes images
with basal cell carcinoma and squamous cell

carcinoma. In Table 2 and Table 3 we
present the images distribution for each
image type (dermoscopy and clinical) in the
aforementioned five broader categories.

The mapping between these classes
and the initial provided labels in each
distinct source database is displayed in
Table 4.

Table 4: Grouping of the images diagnosis haming conventions as presented in each source database into 5 broader categories:
Nevus (NV), Benign Non-Nevus (NNV), Benign but Suspicious for malignancy (SUS), Melanoma (MEL) and Non-Melanocytic

Carcinomas (NMC).

ebioMelDB | isic18 isic19 isic20 pt ph2 mednode | padufes
Benign NV NV NV nevus nevus clark, combined | Common naevus NEV
nevus, blue  nevus, | Nevus
congenital nevus, dermal
nevus, recurrent nevus,
reed or spitz nevus
NNV BKL BKL seborrheic dermatofibroma, — — SEK
DF DF keratosis, lichenoid | melanosis, lentigo,
VASC | VASC | keratosis, lentigo | seborrheic keratosis,
NOS, solar lentigo, | vascular lesion,
cafe-au-lait macule | miscellaneous
SuUS AKIEC | AK atypical — Atypical ACK
melanocytic Nevus
proliferation
Malignant | MEL MEL MEL melanoma melanoma, melanoma | Melanoma | melanoma | MEL
metastasis
NMC BCC BCC, — basal cell carcinoma — — BCC,
SCC SCC

BIOLOGICAL DATA COLLECTION

Biological data in ebioMelDB are
RNA-Seq gene expression data related to
melanoma focusing only on the human
organism. With this update of ebioMelDB,
the total number of biological samples raises
from 4490 to 4958.

For the biological data collection, we
searched the public databases NCBI Gene
Expression Omnibus (GEO) database [17]
and The Cancer Genome Atlas (TCGA)
[18]. The GEO
(http://www.ncbi.nlm.nih.gov/geo/)
repository hosts high-throughput microarray
and next-generation sequencing functional
genomic data sets submitted by the research
community. GEO data include raw data,
processed data and metadata and are
organized in series (GSE) of datasets, which
are groups of samples. The R package
GEOmetadb [19] was used to download the
data and their related metadata. In specific,
the keyword “melanoma” was searched
against the following GEO fields: GSE
titles, summaries and overall designs. From
the resulting data series, we kept only those

with  Expression  profiling by high
throughput sequencing as experiment type
and Homo sapiens as organism. This
resulted in 291 series, which were
subsequently manually curated to keep only
series that actually included melanoma
datasets, ending up with 178 series that
consist of 4490 samples. TCGA is a
repository containing genomic,
transcriptomic, epigenetic, proteomics and
clinical information of 33 types of cancer,
among which melanoma with its TCGA-
SKCM project [20]. The TCGA-SKCM
project includes 468 samples of RNA-Seq
gene expression data.

In order to better assist researchers
find the most appropriate data subset for
their application of interest the data was
organized in a number of potentially
overlapping categories. For diagnosis
related studies, healthy control or data from
other non-melanoma diseases are required.
So, the first category is the presence or not
of healthy control, non-melanoma samples
and the second is whether samples of
another disease are present in the data
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series. The third category clinical
information indicates whether
accompanying clinical information, such as
age, sex, disease state, vital status, etc. is
available for the data series samples. Such
data can be used for both diagnostic and
prognostic purposes. The fourth category is
treatment and indicates that some samples
of the data series were treated with a
specific drug or other kind of treatment.
Researchers interested in treatment studies
can find appropriate data in the treatment
category or in the variation category. This
fifth category variation indicates various
types of perturbations in the samples, such
as the overexpression or knockdown of a
gene (which could be used as drug targets or
help us better understand the disease
mechanism), or resistance to a therapy.
Finally, a group of four categories is related
to the biological origin of the samples and
includes patients’ specimens, cell lines,
xenograft models and other cells. For each
category assigned to a data series, there is
also a text field with a brief description of
why the category is assigned. The numbers
of data series and sample in each of the
aforementioned overlapping categories is
presented in Table 5.

Table 5: Numbers of biological data series and samples in
ebioMelDB categories.

Category Number of data | Number of
series samples
control 28 726
other disease 14 546
clinical 17 991
information
treatment 75 2370
variation 91 2112
patients 32 1434
cell lines 124 3163
xenograft models 13 265
other cells 29 727
Total 179 4958

DATABASE ORGANIZATION
EbioMelDB is an online database
that can be accessed through
http://www.med.upatras.gr/ebioMelDB
hosting image and biological data for
melanoma, accompanied with patient
clinical information. One page hosts the
images and another one the biological data.
Each biological series or image can be

viewed in more detail in a dedicated view
page. For each image, the user can view the
actual image, the initial diagnosis, the image
category in the 5 proposed broader
categories, the image type (dermoscopy or
clinical) and accompanying clinical data,
like patient’s sex, age and lesion’s
anatomical site among others. For each
biological data series, the user can view its
title, its ftp download link, its publication,
submission and last update dates, its
summary and overall design, contributors
and contact person, the name of the
sequencer the samples were generated with
and the total number of samples in the
series. The user can also view whether the
series belongs or not to the aforementioned
9 application-specific or biological origin-
specific categories.

The images and the biological data
are organized in datatables which are
searchable and sortable for better browsing.
Additionally, in order to allow users access
in a more targeted way the data of their
interest, filtering based on user defined
criteria is available. Filtering can be
performed both on the data categories and
characteristics. For example, a user
interested in series of biological data series
with a) patients’ specimen, that also have b)
clinical info, c) control samples and d) the
samples count of each series is 20 or more,
can apply the relevant filters and retrieve
only 4 out of the 179 data series hosted in
ebioMelDB.

For the implementation of the online
database, the Django Web Framework
together with python3.8, html5, JavaScript
and SQLite were used. EbioMelDB is
running on a Linux server.

CONCLUSION

Computer-aided diagnosis,
prognosis and therapy systems for
melanoma have been of great interest for a
number of years, but only recently with the
availability of big volumes of data and of
powerful computational resources, artificial
intelligence approaches were enabled to
emerge in melanoma related studies.
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However, for artificial intelligence
approaches to have good predictive
performances, data availability is of crucial
importance. Melanoma related data that
could be used for diagnostic, prognostic and
therapy  purposes include  imaging,
biological and clinical data. Currently,
public such data can be found partially and
scattered in various repositories.

Thus, in this work, we assembled in
a web accessible database, named
ebioMelDB, the widest collection of clinical
and dermoscopy images accompanied with
patient clinical data and the widest
collection of RNA-Seq gene expression data
accompanied with patient clinical data.
EbioMelDB hosts 65980 clinical and
dermoscopy images organized in 3 benign
and 2 malignant categories. It also hosts
4958 human RNA-Seq gene expression
melanoma  samples.  The  database
organization allows users to select the
subset of data that is most appropriate for
their application of interest (diagnosis,
prognosis and therapy).
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