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Abstract

Renal cancer is one of the ten most common cancers in the population that affects 65,000 new patients a year. Nowadays, to
predict pathologies or classify tumors, deep learning (DL) methods are effective in addition to extracting high-performance
features and dealing with segmentation tasks. This review has focused on the different studies related to the application of
DL techniques for the detection or segmentation of renal tumors in patients. From the bibliographic search carried out, a
total of 33 records were identified in Scopus, PubMed and Web of Science. The results derived from the systematic review
give a detailed description of the research objectives, the types of images used for analysis, the data sets used, whether the
database used is public or private, and the number of patients involved in the studies. The first paper where DL is applied
compared to other types of tumors was in 2019 which is relatively recent. Public collection and sharing of data sets are
of utmost importance to increase research in this field as many studies use private databases. We can conclude that future
research will identify many benefits, such as unnecessary incisions for patients and more accurate diagnoses. As research in
this field grows, the amount of open data is expected to increase.

1 Introduction other diseases due to their asymptomatic nature. Although

malignant forms of AML (aka epithelioid angiomyolipoma
Renal cancer is one of the ten most common cancers in (EAML)) exist, the most common malignant tumor in the
the population [1]. Angiomyolipoma (AML) or Small  kidney is Renal Cell Carcinoma (RCC). It affects 65,000
Renal Masses (SRMs) are mostly benign and usually = new patients a year [2]. There are 3 major RCC subtypes,
detected during a health examination or evaluation of
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including clear cell (ccRCC), chromophobe (chRCC) and
papillary (pRCC) [3-5].

Nearly 20% of patients who undergo surgery to remove
the mass are reported to be benign, which is an invasive
solution to this problem [2]. That is because AML with
minimal fat is difficult to differentiate from RCC and there
is no validated imaging- or biomarker-based screening
for diagnosis. Several criteria can be used to help predict
malignancy, such as tumor size, necrosis, round shapes and
atypical mitotic figures [6]. These features were carefully
selected to make sure the proper sensitivity and specificity
of the prediction.

Nowadays, the imaging techniques used in this field,
are mainly Computed Tomography (CT) and Magnetic
Resonance Imaging (MRI). MRI is less feasible, over-
priced, and tedious compared to CT. Although, both have
limited sensitivity and specificity to achieve the proper
diagnosis [2]. Another thing to take into consideration is
the time-consuming expert knowledge of radiologists that
are needed in both approaches. Further analysis cannot
be based on standard imaging technology exclusively, as
comprehensive laboratory analyses, as well as endocrino-
logical investigations, are required. Therefore, if the image
studies combined with Artificial Intelligence (AI) will help
in the more precise of these lesions, this would be a huge
success.

For these reasons and with the widespread use of imag-
ing procedures, it is mandatory to improve accuracy to
differentiate AML from RCCs by combining standard pro-
cedures with Al algorithms to avoid unnecessary resec-
tions. The AI converts images into metadata for further
exploitation, helping the clinician to make decisions. To
go even further, an innovative technique that links imaging
with the spatial distribution of molecules along a tissue
section, which is Matrix-assisted laser desorption/ioniza-
tion (MALDI) mass spectrometry imaging (MSI), allows
to classify metabolic profiles and find biomarkers [7].

Currently, Deep Learning (DL) methods have tremen-
dous performance in medical fields. The advent of graph
processing units and large training datasets have proven
the capabilities of Convolutional Neural Networks (CNNs)
to extract high-throughput features, deal with segmenta-
tion tasks, also to building models (V-Net, U-Net, ANU-
Net, ImageNet, ResNet...) to predict pathology or classify
the tumor [8]. Unfortunately, medical data is not always
adequate or easily available, for that reason Transfer
Learning (TL) using a data-augmentation strategy is used
to tackle them [9].

To summarise, the purpose of this study is to better
understand the predictive models based on DL in renal
tumors to be used in other types. Specifically, one of them
is the diagnosis of adrenal tumors that have been covered
until now by only a few studies.
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2 Methods

To perform the systematic review of the literature on renal
tumor detection with deep learning in images, the instruc-
tions of Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 have been followed.
The following sections describe the specific methodology
followed.

2.1 Eligibility Criteria

This review has focused on the different studies related to
the application of deep learning techniques for the detec-
tion or segmentation of renal tumors in patients based on
image analysis.

The search for related articles was not restricted by
sample size, gender, age, study location, type of renal
cancer, type of image analyzed, or applied deep learning
algorithms.

The inclusion criteria applied to the studies that have
been selected are (1) to be related to the classification or
segmentation of renal tumor images; (2) to apply deep
learning techniques on those images.

The studies included in this review, in addition to meet-
ing the two features mentioned, had to meet a series of
eligibility requirements regarding the characteristics of
the report: (1) in terms of language, the report had to be
published in English; (2) As for the type, it had to be a
scientific article, it could not be a review.

2.2 Information Sources

We conducted electronic searches for eligible studies
within the Scopus, PubMed, and Web of Science reference
databases. The search was carried out in September 2022.

2.3 Search Strategy

Search keywords were selected according to the review
framework. As primary concepts for the search, “renal
tumor”, “deep learning” and “image” were selected. In
addition to them, synonyms of the term “renal tumor”
were also considered, namely “renal carcinoma”, as they
are often used interchangeably in this area of research.
The exclusion criteria applied to the search were by lan-
guage (English). Below are the resulting queries that are
ultimately run on Scopus, PubMed and Web of Science as
they are the world’s two main databases for bibliographic
references and periodical citations.
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Scopus TITLE-ABS-KEY (“deep learning” AND
“image” AND (“renal tumor” OR “renal carcinoma”) )
AND ( LIMIT-TO ( LANGUAGE, "English” ) )

Web of Science (TS=(“deep learning” AND “image”
AND (“renal tumor” OR “renal carcinoma”)) AND
LA==(“ENGLISH”))

PubMed (Deep learning[Title/Abstract]) AND
(image[Title/Abstract]) AND (renal tumor[Title/
Abstract] OR renal carcinoma[Title/Abstract]) AND
(English|{Language])

2.4 Selection Process

Once the records were obtained from the databases and the
manual search, they were imported into the Mendeley web
library to browse through the records and reports. Duplicate
records were manually identified by the authors by compar-
ing the title and authors of the article. These reviewers fur-
ther analyzed each article retrieved by the search, assessed
its eligibility, and finally selected the set of studies that
have been included in the review after reaching a majority
consensus.

2.5 Data Collection Process

Reviewers participated in the scrutiny and assessment of the
included studies. A Google spreadsheet was used to collect
data from included studies. The document obtained con-
sists of a state-of-the-art matrix where each row represents
a study and the columns indicate the data elements to be
analyzed.

2.6 Dataltems

The columns defined in the collaborative spreadsheet cor-
responded to the outcomes for which data were sought. The
specific columns defined were: title, authors, type of article,
research objectives, name of the data set used, whether the
data set is open access or not, number of patients, and num-
ber of images analyzed.

3 Results

In this section, we present the results derived from the sys-
tematic review of the application of deep learning in medi-
cal images with patients diagnosed with renal carcinoma.
The rest of the section provides a detailed description of the
research objectives, the types of images used for the analy-
sis, the data sets used, whether the database employed is
public or private, and the number of patients used in the
studies.

3.1 Study Selection

From the bibliographic search carried out, a total of 33
records (manuscripts) were identified. The Scopus search
obtained a total of 21 records, PubMed 5 while for Web of
Science only 7. After reviewing all the selected articles, 10
duplicates were deleted. Taking into account the remain-
ing 23 records, these were reviewed according to the title
and abstract which resulted in 5 records that were excluded
based on the selection criteria. Four of these five records
were removed for being systematic reviews and one of them
was eliminated for not being able to obtain the full version
of the article before the final selection. The workflow with
the detailed process is shown in Fig. 1.

3.2 Research Goal

The goals for conducting renal tumor research with the
application of deep learning techniques differ between stud-
ies (Fig. 2). 50% (9/18) of the studies aim at the segmenta-
tion of renal tumors images [1, 10—17] while around 50%
(9/18) aim at the classification of benign or malignant renal
tumors [2, 3,9, 18-23].

3.3 Image Types

In the 18 selected articles, the most commonly used imag-
ing modality in studies for the segmentation/classification
of renal tumors with the application of deep learning tech-
niques (Fig. 3) are computed tomography images with a
percentage of 72.22% (13/18) [1, 9-15, 17, 18, 20-22]. The
second most used images in the studies are magnetic reso-
nance imaging with a total of 22.22% (4/18) [2, 3, 16, 19].
The least used image was the macroscopic cross-section with
only one article (1/18), representing 6% [23].

3.4 Data Origin

In the 18 articles selected, there are 5 different origins of the
image databases used in the studies (Fig. 4). The most com-
mon data source is from hospitals or departments with a total
of 61.11% (11/18) [1, 3, 10, 11, 14, 15, 18-20, 22, 23]. The
public databases used are The 2019 renal and renal Tumor
Segmentation Challenge (KiTS19) with a total of 16.67%
(3/18) [12, 16, 17], followed by ImageNet with a total of
11.11% (2/18) [2, 9]. Only one study each used The 2021
renal and renal Tumor Segmentation Challenge (KiTS21)
[13] and The Cancer Imaging Archive (TCIA) (1/18) [21].

3.5 Open Access Database

The articles selected, all use a database to perform
the analysis and apply deep learning techniques. We
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Records removed before screening:

Duplicate records removed (n = 10)

Reports excluded:

c
:.% Records identified from:
© Scopus (n =21) -
= Web of Science (n =7) v
5 Pubmed (n=5)
S
)
\4
o
£
S Reports assessed for eligibility
o (n=23)
7]
n
—
\4
®
<] Reports of included studies
§ (n=18)

> Be systematic review (n = 4)
Not having access to the article (n = 1)

Fig. 1 Flow of information through the different phases of a systematic review (PRISMA methodology)

PURPOSE OF THE ARTICLE

® Renal tumor segmentation

m Classification of benign or malignant renal cyst

Fig.2 Research goal

differentiate two types of databases: open-access data-
bases and private databases (Fig. 5). The private data-
bases included the databases obtained from hospitals or
local departments. Taking into account the above, the
studies analyzed use more private databases than open

@ Springer

IMAGE USED IN THE STUDY

®m Magnetic resonance m Computed tomography

m Macroscopic cross-section

Fig.3 Images used in the study

access, with a total of 61.11% (11/18), [1, 3, 10, 11, 14,
15, 18-20, 22, 23] compared to 38.89% (7/18) [2, 9, 12,
13,16, 17, 21].



Deep Learning Approaches Applied to Image Classification of Renal Tumors: A Systematic Review

DATABASE ORIGIN
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0

KiTS19

ImageNet

Hospital/ KiTS21 TCIA

Department

Fig.4 Database origin

OPEN ACCESS DATABASE

mNo mYes

Fig.5 Open access database

3.6 Number of Patients

Taking into account everything, the number of patients in
each study has been divided by ranges (Fig. 6). Despite hav-
ing four articles where they mention the number of images
used but not the number of patients, 22.22% (4/18), most
of the studies use a sample between 151 and 300 patients,
33.33% of the studies (6/18). To be more exact, 16.67%
(3/18) [11, 17, 19] use a sample between 201 and 300
patients and another 16.67% (3/18) [1, 3, 9] use a subsam-
ple of the population between 151 and 200 patients. 16.67%
(3/18) of the studies [14, 22, 23] analized greater than 300
patients. Finally, 11.11% (2/18) used a sample between 101
and 150 patients [15, 20] and 11.11% (2/18) used a sample
between 0 and 50 patients [10, 18]. In the end, only 6%
(1/18) use a sample between 51 and 100 patients [16].

NUMBER OF PATIENTS IN THE STUDY

3
0

51-100 101-150 151-200 201-300  >300

-

Unknown

Fig.6 Number of patients

3.7 Summary results

Table 1 summarises the parameters described in the preced-
ing sections.

4 Discussion

The use of deep learning techniques applied to research
problems is on the rise as it improves the performance of
systems in various areas. It is true that in the field of renal
tumors, the application of deep learning on images has only
started very recently. It should be highlighted that the first
paper applying deep learning techniques to renal tumors was
in 2019. This date is very recent compared to other types of
tumors. The first paper published for tumor detection with
deep learning on images was for the detection of invasive
ductal carcinoma [24].

Therefore, the objective of this work focuses on the bib-
liographic review process of the articles that have applied
deep learning to the study of renal tumors using images.
Thus, a total of 18 studies that used different deep learning
techniques in the investigation of renal tumors were identi-
fied and reviewed.

Considering our results, there are only two objectives in
the selected papers: renal tumor segmentation and classi-
fication of benign or malignant renal cyst, without having
a significant difference in the number of articles that have
each objective.

The image most analysed by the studies is computed
tomography (hereinafter, CT). The reason for this may be
the availability in all hospitals of CT scan used to supple-
ment conventional X-ray imaging and ultrasonography. This
machine allows obtaining detailed internal images of the
body of the patients with metallic implants or pacemakers
in contrast to MRI which is contraindicated.

@ Springer
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Table 1 Summary of criteria used to classify the studies

Criteria for classifying studies

Research goal Image types

Data origin

Open access database Number of patients (in

ranges)

50% (9/18) Segmentation of 72.22% (13/18) Computed
renal tumors images tomography
50% (9/18) Classification of 22.22% (4/18) Magnetic
benign or malignant renal ~ resonance
tumors
6% (1/18) Macroscopic
cross-section

6% (1/18) KiTS21

6% (1/18) TCIA

61.11% (11/18) Hospi-
tals or departments

16.67% (3/18) KiTS19

11.11% (2/18) ImageNet

61.11% (11/18) Private 11.11% (2/18) 0-50 Patients

databases
38.89% (7/18) Public 5.56% (1/18) 51-100
databases patients

11.11% (2/18) 101-150
patients

16.67% (3/18) 151-200
patients

16.67% (3/18) 201-300
patients

16.67% (3/18) > 300
patients

22.22% (4/18) unknown

The vast majority of studies use private hospital or
departmental databases (61%). This may be due to the fact
that usually when such data are obtained, they are protected
by the ethics committee, which does not allow these data to
be published openly. Studies that create their own databases
tend to use smaller numbers of patients. Sometimes it is not
easy to have the opportunity and the permission of the eth-
ics committee to work with a large number of patients. The
most widely used databases of renal tumors are KiTS2019,
ImageNet, KiTS21 and TCIA. As mentioned above, more
than half of the databases are private. Also, there are lim-
ited number of datasets with the proper labels to train an
effective model. The increase of public databases and open
data in general will benefit future research, although this is
progressing slowly.

As for the number of patients analysed in each study,
there are certain studies (in this case 5) that do not men-
tion in their papers the number of patients utilized, but sim-
ply mention the number of images analysed. These papers
have therefore been set as Unknown. In the other papers,
the most common is to analyse a sample between 151 and
300 patients.

4.1 Limitations

We did a preliminary check by performing an unrestricted
search by title, abstract, and keywords, but the articles we
found were not relevant and did not meet our search cri-
teria. A broad search strategy was followed where articles
on kidney tumors were sought, but this search was also
restricted to studies where deep learning was applied to
images. Although this search is very specific, it is possible
that some interesting studies have been left out of the search.

@ Springer

5 Conclusions

In this work, we have carried out a systematic review of
the literature on renal tumor detection with deep learning
in images. It is well known that the application of artificial
intelligence, specifically deep learning, in the field of health
is increasing by leaps and bounds. However, as our review
shows, the application in renal tumors is limited and insuffi-
ciently validated. The number of papers analysed is not very
large (18 in total) because the first paper where deep learning
techniques are applied to renal tumors was in 2019. This fact
rather than a limitation is a challenge and an opportunity for
much more research in the area, not only in this field of renal
tumors but also in others.

As has been observed, a large number of studies use pri-
vate databases, created by the hospitals themselves or depart-
ments based on their own patients. Collecting and publicly
sharing datasets that are related to renal tumors is considered
of utmost importance in order to increase research in the
field. There are currently very few public image-based data
sets of renal tumors. During the research, these databases
should be somehow made available for researchers and for
computing experts, which means that they fulfill the ethical
and legal issues related to data sharing. This topic needs to
be addressed with documents to protect knowledge. We face
serious problems with these issues and in the future, it may
be more problematic. At the end of the investigations of the
group, will be mandatory to publish the database or reposi-
tories in an open access format to reach reproducibility and
accessibility of the data to the scientific community.

We will use dedicated repositories for sharing, we will
sign ethical documents to protect our data. In addition, in the
group’s upcoming research, it will be mandatory to publish
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Original
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Fig.7 Scheme of the workflow that is going to be used

the database or repositories in an open access format to
achieve reproducibility and accessibility of the data to the
scientific community.

As future lines, it is proposed to carry out a deep learn-
ing method, specifically convolutional neural networks, to
predict the pathology or classify the adrenal tumor. Unlike
the literature, Data Augmentation would be carried out to
increase the number of data since it is difficult to find a large
number of quality medical images [25]. As regards, TL will
be used to train an effective models, reducing time and cost
The next step, we would like analyse the synergism between
multiomics and morphometry based on the following ref-
erences [26, 27] (Fig. 7). Furthermore, a server dedicated
exclusively to artificial intelligence, recently acquired by
Health and Biomedical Research Institute of Alicante,! will
be a perfect infrastructure for the application of deep learn-
ing in this area.

We can conclude that future deep learning research in the
above areas will identify many benefits. As deep learning
tools become more accessible to many people, it is expected
that the field will continue to grow and new applications for
renal tumor detection and classification will emerge, as well
as the publication of new open repositories.

! 512 GB RAM, 5 NVIDIA A30 GPUs of 24 GB each, 2 AMD
Milan 7413 24-cores processors at 2.65 Ghz, 15 TB SSD disk in total
with Linux-based operating system.
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