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ABSTRACT

This study deals with the systematic study of the mining of data and medical
image-based CAD to classify or predict Kidney Renal (KRCC) tumors. Kidney
tumors are of different types having different characteristics and have differ-
ent methodologies to classify or predict tumor and its stages. KRCC is the most
common type of cancer of the kidney, but there are others. Several factors may
increase the risk of a person developing KRCC disease like smoking, obesity,
High blood pressure, and many more. In almost all cases, only a single kidney
is affected, but in rare cases, both can be affected by KRCC. As cancer grows, it
may invade structures near the kidney, such as surrounding fatty tissue, veins,
renal gland, or the liver. It might also spread to other parts of the body, such
as the lungs or bones. It becomes essential to detect the KRCC tumor and clas-
sify it at the early stage to assist the pathologist in identifying the cause and
severity of the tumor and in monitoring treatment. The pathologist examines
the kidney diseases by using two different modes of data (Medical images and
clinical databases). In this study, we reviewed different CAD tools to classify or
predict KRCC tumor and its stages. For this study, two groups of methods that
are data mining and medical image processing methods are selected. These
methods allow the accurate quantification and classification of KRCC tumors
from the clinical tools. Computer-assisted medical image and clinical database
analysis show excellent potential for tumor diagnosis and monitoring.
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all new cases in India (Abraham et al.,, 2016). From
country to country, the KRCC case varies, but the
extreme western parts of the world affected are
more. Recent Surveillance, Epidemiology, and End
Results (SEER) data show that 1 in 5 adults with dif-

ISSN: 0975-7538

DOI: https://doi.org/10.26452 /ijrps.v11i1.1778

ferent ages is a Kidney Cancer survivor (Abraham
etal., 2016). To assist the pathologist in KRCC tumor

diagnosis, proper classification with stage identifi-
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cation is necessary. The patient’s condition depends
on cancer’s stage, which describes how far it has
spread in the patient’s body. The kidney cancer
(KRCC) stage can be classified based on the physi-

INTRODUCTION

cal exam, imaging tests, and clinical database. Pre-
dicting the right stage of KRCC helps doctors diag-
nose disease (Abraham et al., 2016). With medi-

Kidney Renal Cell Carcinoma (KRCC) is the most cal advances, Kidney Renal Cell Carcinoma (KRCC)
common kidney tumor, accounting for 2 to 3% of tumor can be detected at an early stage and can be
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diagnosed. Recent multidimensional data and clini-
cal images of kidney tumors patients provide oppor-
tunities for better investigation of the medical model
to assist radiographers, pathologist, and so on. The
demand for advanced CAD tools with image analy-
sis and clinical database analysis has opened enor-
mous opportunities for revealing new knowledge of
Kidney tumors. The TCGA (Bhalla et al, 2017) has
opened numerous opportunities for revealing new
insights on the genomic data basis of RCC tumor, it
is imperative to address the issue of integration with
the available multidimensional data to understand
cancer phenotypes (NCIA, 2014) better and thereby
providing an enhanced global view of the interaction
between various data and knowledge levels.
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Figure 1: Worldwide Kidney Tumor Status
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Figure 2: Kidney Anatomy
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Figure 3: Kidney RCC tumor analysis
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Recently many researches are going on to explore
the intelligent techniques of patient’s diagnosis
for classification and prediction in the biomed-
ical field (Choi et al, 2012). However, very
few researchers are going on multiple types like
genomic data, clinical database, and kidney organ

biological data. Many researchers have investigated
the classification of KRCC cancer using one modal-
ity, i.e,, either clinical database or imaging modali-
ties (Abraham et al,, 2016; Bhalla et al, 2017; Choi
et al, 2012). In this study, we are investigating
the learning models on two types of data: clini-
cal database and imaging technique to classify the
KRCC patient. This paper is organized as follows.
In section II, background works are discussed. Sec-
tion Il deals with the methodological categoriza-
tion of KRCC tumor-related research works. Sec-
tion IV addresses the challenges and future scope of
research in intelligent CAD of KRCC tumors.

Motivation For Research

Overall, 10% of the global population has kidney
functioning problems. According to the National
Institute of Diabetes and Digestive Kidney Diseases
(NIDDK) (Abraham et al, 2016), as shown in Fig-
ure 1 in India, 7% of peoples are suffering from
various kidney diseases. Figure 1 shows the differ-
ent percentage of kidney diseases suffering people
country-wise (Bhalla et al,, 2017).

Background

The kidney organs, as shown in Figure 2 (Bhalla
et al, 2017), are bean-formed human organs in the
stomach pit of the human body on two sides of the
spinal section. The Kidney Renal tubule regulates
the fluid in the human body. These Renal tubules
help in the excretion of waste, blood filtering, and for
the generation of urine. The kidney organ performs
filtration of 180-liter (Bhalla et al., 2017) liquid vol-
ume each day for a steady health condition. Kidney
failure refers to temporary or permanent damage to
the kidneys that hampers normal kidney function.

Recently many researches are going on to explore
the intelligent techniques of patient’s diagnosis
for classification and prediction in the biomed-
ical field (Choi et al, 2012). However, very
few researchers are going on multiple types like
genomic data, clinical database, and kidney organ
biological data. Many researchers have investigated
the classification of KRCC cancer using one modal-
ity, i.e., either clinical database or imaging modali-
ties (Abraham et al,, 2016; Bhalla et al, 2017; Choi
et al, 2012). In this study, we are investigating
the learning models on two types of data: clini-
cal database and imaging technique to classify the
KRCC patient. This paper is organized as follows.
In section II, background works are discussed. Sec-
tion III deals with the methodological categoriza-
tion of KRCC tumor-related research works. Sec-
tion IV addresses the challenges and future scope of
research in intelligent CAD of KRCC tumors.
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Table 1: Summaryof CT scan dataset for Kidney RCC Cancer

S.NO Image Statistics Dataset
1 Modalities CT, MR
2 Number of male Patients 346

3 Number of Female Patients 191

4 Vital Status (alive) 360

5 Vital Status (Dead) 177

6

Age

26 Yrs. To 90 Yrs

Table 2: CT — Summary of diagnostic accuracy

Study Intervention Sensitivity Specificity

(Choietal, 2012) Quadriphasic multidetector helical 94% 41%
CT

(Divgietal, 2013) Multiphasic contrast-enhanced CT  76% 47%

(Kimetal, 2016) Three-phase MDCT 82% 85%

- Dynamic Contrast-enhanced CT 88% 87%
(Gerstetal, 2011) Contrast-enhanced CT 81% 64%
(Shebel et al,, 2011) Quadriphasic multidetector CT 95% 90%
(Youngetal,, 2013) Quadriphasic multidetector CT 86% 43%

Yuan 2011 Contrast-enhanced CT 78% 50%

Some harmful factors for kidney failures are Hyper-
tension, Obesity, Smoking, Family History, and par-
ticular medications like Phenacitin (Abraham et al,
2016; Ray et al, 2016), workplace exposures, and
so on. There are two types of kidney failures —
acute and chronic. Acute Kidney (Bhalla et al,
2017) failure has an abrupt onset and is potentially
reversible. Chronic kidney (Bhalla et al., 2017) fail-
ure progresses slowly over at least three months
and can lead to permanent Kidney failure. Chronic
kidney diseases are kidney tumors, kidney stones,
and kidney infections. A kidney tumor is a disease
in which kidney cells become cancerous, forming a
tumor. Generally, the kidney tumor is categorized
into indolent (Choi et al, 2012), malignant (Choi
et al, 2012), or benign (Choi et al, 2012). Malig-
nant tumor (Choi et al., 2012) is harmful and can
develop and spread all over the human body parts.
Indolent tumor (Choi et al.,, 2012) is dangerous but
has a minimum probability of spreading all over the
body. Benign tumor (Choi et al., 2012) can increase
its size but cannot spread to other organs of the
human body. Based on the size of the tumors and
its type ]. R. Egner (Egner, 2010; Ng et al., 2008) cat-
egorized cancer stages into different levels. Most of
the radiologist follows cancer stages (Egner, 2010)
to classify kidney tumor size and its type.

In 2018 in the western world, the estimated new
cases are 65,340, and estimated deaths are 14970.
It is 3.8% of all recent cases of cancer. Figure 3

shows the kidney RCC tumor analysis for different
age group people. It also shows the age-wise per-
cent of deaths by Kidney tumor (Bhalla et al., 2017;
CC, 2004). According to NIH, in 2017, the RCC Can-
cer rate may increase in the 35-44 age groups of peo-
ple (NCIA, 2014). The large-scale cancer communi-
ties like International Cancer Genomic Consortium
(ICGC) and The Cancer Genomic Atlas (TCGA) are
doing systematic studies on genomic, clinical, and
relative multidimensional data on different cancer
data modalities (Varma, 2008). These communities
are making data available to researchers in KRCC
cancer (Bhalla et al,, 2017). TCGA provides multi-
ple types of data like a clinical database, and Table 1
gives a summary of imaging modalities related to
KRCC diagnosis. Similar to the TCGA American Joint
Committee and International Union against Cancer
(UICC) (Deng et al., 2017) have designed a staging
system to reflect the mode of spreads in KRCC. To
KRCC diagnosis. Similar to the TCGA American Joint
Committee and International Union against Cancer
(UICC) (Deng et al., 2017) have designed a staging
system to reflect the mode of spreads in KRCC.

In developing a prediction and classification mod-
els for KRCC, the stage of the cancer is the main fac-
tor in determining the expected outcome of a dis-
ease. The main tests for diagnosing kidney cancer
are urine, blood tests, imaging scans, and tissue sam-
pling (biopsy). From these medical tests, prediction
models use gene expression data of RNA seq (Dalgin
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et al., 2007) experiments from the TCGA project by
implementing different techniques. Besides classi-
fying KRCC stages, different medical imaging modal-
ities like CT, MRI & Ultrasound images are used with
CAD tools to assist the doctor. Many researchers
developed CAD tools by using machine learning
techniques to diagnose KRCC disease by using gene
expression data of RNA seq (Dalgin et al, 2007),
medical images, clinical database. In classifying and
predicting KRCC disease, all the CAD tools include
data pre-processing, feature selection, and many
more steps with different algorithms/techniques.

MATERIALS AND METHODS

Systematic and Meta-analysis have become essential
in Computer-Aided Diagnosis in medical informat-
ics. Computer-aided diagnosis is essential in kidney
tumor classification and stage prediction. The KRCC
tumor can be diagnosed by using different data like
kidney volume (Bhalla et al., 2017; Choi et al., 2012;
Dalginetal,2007; Dengetal.,2017), Glomerular Fil-
tration Rate (GFR) (Choi et al, 2012), Gene expres-
sion, RNA seq (Deng et al., 2017), etc.; In this review,
literature methods are grouped into image process-
ing and data mining based on the clinic tools used
for diagnosis.

Methods on CT scan image analysis

The use of a CT scan image is a capability of detec-
tion of tumor and its size, which may assist radiolo-
gists. Essential components in a CAD (Kim and Park,
2004) system that assist the radiologist is described
below.

Pre Processing

CT scan image pre-processing phase reduces the
noise to increase the accuracy of the CAD systems
next level components such as kidney tumor seg-
mentation and feature extraction. Variations in the
CT scan image are caused by many factors such
as radiologist experience, selection of seed point
to quantify the kidney tumor size, resizing of the
image, contrast enhancement of CT scan kidney
organ image is the significant challenge to provide
accurate assistance to the radiologist.

The pre-processing phase consists of noise filter-
ing, contrast enhancement, and without contrast
enhancement. Noise can reduce the accuracy of the
segmentation of kidney tumors. Common noises
in CT images are Salt and Pepper, Speckle noise
Gaussian noise (Gonzalez et al, 2009; Patil, 2012;
McAndrew, 2015; Bin-Habtoor and Al-Amri, 2016).
Noise can be removed from images using various
techniques like Mean filter (Gonzalez et al, 2009),
Median filter, Gaussian filter (Bin-Habtoor and Al-

Amri, 2016), and Weiner filter (Bin-Habtoor and Al-
Amri, 2016), etc. Many researchers recommended
a combination of filters as the best technique to
remove the noise from the CT scan image in the pre-
processing phase.

Segmentation

In this phase, the desired boundaries of kidney
organ or kidney tumor and objects are identified
in the CT image. There exist various segmentation
methods in the literature that have applied to diag-
nose kidney tumors.

The most commonly used segmentation techniques
are Thresholding, Clustering, and Watershed algo-
rithms, Neural Network, SVM, and CNN. W. Thong
et al. Presented techniques to detect kidney organ
by employing deep learning Convolutional Neural
Network technique (Thong et al, 2018). Fast and
accurate results are provided with few computing
resources. A summary of various techniques on
CT scan image to identify kidney organ and kid-
ney tumor by authors are illustrated in Table 2.
The accuracy of segmentation is calculated based on
simplicity and specificity by the authors, and kidney
organ segmentation accuracy reached by different
authors listed in Table 3.

Feature Extraction

The feature selection is the process of removing
irrelevant features. A feature selection criterion
is required, which can measure the relevance of
each feature with the output class/labels. Differ-
ent researchers extracted kidney features by using
Fuzzy techniques (Gomalavalli, 2017), texture anal-
ysis (Kim et al, 2005), and contrast enhancement
techniques (Linguraru et al, 2009; Moretto et al,
2014; Ruppert-Kohlmayr et al., 2004). (Bektas et al.,
2019) proposed a machine learning-based CT scan
texture analysis for the prediction of KRCC stages.
He proposed a cross-validation method for feature
selection along with optimization.

The feature selection was performed using the
Waikato Environment for Knowledge Analysis
(WEKA) toolkit. (Park, 2019) described a useful
imaging feature for differentiating renal angiomy-
olipoma (AML) (Song et al, 2016) subtypes from
renal cell carcinoma subtypes (Song et al., 2009).

Classification

To quantify KRCC tumor disease and its stages, as
discussed in the section, TCGA provides an online
data source for different medical image formatted
data sets. Researchers implemented their methods
to classify stages of KRCC tumor disease using dif-
ferent methods to assist the pathologist.

16 © International Journal of Research in Pharmaceutical Sciences
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Table 3: Studies assessing KRCC diagnosis with learning models on CT scan image modality

~ S.No Author (Year) " Tool Technique  Modality Image Pro-
cessing
1 - Comparison Quadriphasic CT RCC
multidetec-
tor
2 (Abraham et al, Review Multiphase CT KRCC
2016) CT
3 (Quaia etal, 2008) Comparative study Contrast CT KRCC
enhance-
ment
4 (Ignee etal., 2010) Comparative Study Contrast Ultrasound KRCC
enhance- and CT
ment
5 (Linguraru et al, MATLAB Contrast CT Cancer
2010) Enhance- Quantifica-
ment tion
6 (Lietal,2011) Comparative Study Kidney Ultrasound KRCC
tumor seg- andCT
mentation
7 (Shebel et al, 2011) Multi CT KRCC
detective
8 (Gerstetal, 2011) Evaluation Contrast Ultrasound KRCC
enhance-
ment
9 (Lietal,2011) Comparative Study Edge, Ultrasound Tumor Seg-
Region mentation
growing,
Texture
segmenta-
tion
10 (Linguraru et al, MATLAB Contrast- CT Renal
2011) Enhanced Cancer
Classifica-
tion
11 (Choietal, 2012) Simulation Quadriphasic CT RCC
multide-
tector
helical
12 - MATLAB Contrast Ultrasound Renal
Enhance- Lesions
ment Detection
13 (Young etal., 2013) Multidetector CT KRCC
contrast
enhance-
ment
14 (Karlo et al.,, 2013) Assessment Contrast CT KRCC
enhance-
ment
15 (Ghalib et al,2014)  Comparative Study K means CT Scan Tumor Seg-
mentation

Continued on next page
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Table 3 continued
~ S.No Author (Year) " Tool Technique  Modality Image Pro-
cessing
16 (Kim et al, 2016) Three- CT KRCC
phase
contrast
enhance-
ment
17 (Muglia and Prando, Comparative Study CT, MR Tumor
2015) Classifica-
tion
18 (Hodgdon et al, MATLAB SVM CT Fat - Poor
2015) RCC
19 (Mredhula, 2015) MATLAB Gabor CT Detection
Filtering &  C(Classi-
fication
T
20 (Skalski et al, 2016) MATLAB Decision CT Tumor
Tree Segmen-
tation and
Detection
21 (Lanetal, 2016) Contrast CT KRCC
enhance-
ment
22 (Ertekin et al., 2017) Contrast CT KRCC
enhance-
ment
23 (Thongetal, 2018) MATLAB Convolutional CT Kidney Seg-
networks mentation
24 (Shahetal, 2017) Comparative Study SVM CT Tumor Seg-
mentation
& Classifi-
cation
25 (Leeetal., 2017) MATLAB Contrast CT Detection
Enhance- & Segmen-
ment using tation  of
Texture Small Renal
Mass
26 (Shahetal, 2017) MATLAB Fuzzy C CT Tumor
Means Classifica-
tion
27 (Sunetal, 2018) MATLAB Deep CT, MR Tumor Seg-
Learn- mentation
ing (Bi-
ConvRNN)
28 (Yuetal, 2019) MATLAB Crossbar- CT Tumor Seg-
Net mentation
18 © International Journal of Research in Pharmaceutical Sciences
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Many researchers proposed methods based on
contrast-enhanced computed tomography image
modality to quantify the KRCC tumor stage.
Contrast-enhanced CT is the traditional gold
standard for diagnosing renal cell carcinoma, which
is used in many research articles. Table 2 gives a
summary of the paper studied, and Table 3 gives an
accuracy of the contrast-enhanced method on CT
scan images.

Data mining methods

There are many different methods of data min-
ing tasks. The most commonly used Data mining
techniques are sequence patterns, prediction, clus-
tering, and classification. There are two types of
techniques for those parameters and nonparamet-
ric techniques. Parameter model description by
using algebraic equations, there is no relationship
between the input and output of some of the param-
eters specified. Nonparametric methods are more
suitable for data mining applications. Nonparamet-
ric techniques include neural networks, decision
trees, and genetic algorithms (Mitchell, 1999).

In the medical informatics field, data mining tech-
niques play a vital role in classifying and pre-
dict abnormal situations. Progress in data mining
applications and its implications is manifested in
the areas of clinical database, image analysis, and
patient care in the monitoring system and automatic
identification of unknown classes. To classify or pre-
dict KRCC tumor disease from clinical, pathologi-
cal features, genomic alterations, DNA methylation
profile, many researchers have used RNAseq (Yoo
et al, 2012; Mitchell, 1999) and proteomic signa-
tures with different data mining techniques. As
reviewed in Table 4, data mining techniques are
applied to gene expression to classify or predict
stages of KRCC. Enormous research and develop-
ment of recent years mining techniques are used
on images to extract implicit knowledge of medical
image modalities. Dr. R. Anbu Selvi et al. focused on
comparing three different feature extraction meth-
ods using image mining techniques for abnormal
brain tumor patterns.

RESULTS AND DISCUSSION

In this study, various techniques employed in differ-
ent stages to diagnose kidney tumor using CT scan
images and clinical databases have been discussed.
There are several ways to prognosis KRCC tumor
and its stages (ACS, 2018) as described below

Image prognosis for a Kidney Tumor

In the CAD system to diagnose renal kidney tumor,
uses different imaging modalities in different stages.

The imaging modalities like Computed tomography
(CT), magnetic resonance imaging (MRI), and ultra-
sound are used for kidney tumor diagnosing, char-
acterizing, and staging the renal tumors. Table 5
provides a summary of medical imaging for renal
masses and its comparison to know why pathol-
ogists prefer CT scan image modality to diagnose
kidney tumors. In image prognosis preprocessing
is the basic step in digital image analysis, which is
performed after the image acquisition. The current
research shows that most of the researchers use a
combination of filter techniques to reduce the noise
and to enhance the image quality. Segmentation is
one of the primary stages to identify the tumor tis-
sues in the CT scan image. As per the literature
reported, the maximum accuracy of 88 % has been
achieved for 100 images using K-means and decision
support system techniques (Krempel et al., 2018).

Technique also resolved the issue of overlapping and
obstructed without any loss of kidney organ geomet-
rical features during segmentation.

To classify kidney tumors, the extraction of features
is the major and essential step in image prognosis.
As per the study, Han Sang Lee et al. used textu-
ral features (Lee et al,, 2017) technique in detecting
the kidney tumor. The textural features can further
help in the grading of the tumor cells, as presented
by (Lee et al, 2017).

In image prognosis, different aspects impact the
analysis of input images. The input image analysis
accuracy depends on many factors, which include
the environmental conditions, background, image
magnification size, contrast, and position of medi-
cal devices. Thus, to achieve accuracy and consistent
results, a standard repository with categorical infor-
mation is required for validation and evaluation.

The Lab tests prognosis for Kidney Tumor

Kidney tumors might be found because of imaging
tests or lab tests. Lab tests include predicting dif-
ferent kidney diseases. In the study, researchers
made the prediction of four types of kidney dis-
eases, namely Acute Disease, Chronic Kidney dis-
eases, nephritic syndrome, and Glomerulonephri-
tis’s (Yoo et al, 2012). In recent papers, authors
used machine learning techniques for prediction
and diagnosed chronic kidney diseases using the fol-
lowing biological, clinical lab database

Gene expression

Kidney tumors can be determined by using histo-
logical data types with different clinical behavior.
The human genes are categorized into 7230 DNA
microarrays containing 22648 unique cDNAs repre-
senting 17083 different UniGene clusters (Yu et al,

© International Journal of Research in Pharmaceutical Sciences 19
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Table 4: The summary of medical imaging for renal masses

Description Ultrasound CT MRI
Usage Medium High Medium
Resolutions Axial Spatial Contrast
Cost Medium Less High
Type of Energy Sound Waves X-Ray Magnetic Field
Time to Scan 20 Min 10 Sec 40 Min
Feature Extraction Fluid Tumors Size / Shape and Location of Blood Vessels
tumor
Table 5: Studies assessing Kidney tumor using data mining learning models
S.NO Author (Year) Method Data Set
1 (Dengetal, 2017) Similarity Network Fusionon 66 Tumor Patient
gene expression Data
2 (Liuetal, 2015) Microarray gene expression 59 genes associated
with RCC
3 (Tang et al., 2018) SVM gene expression 537 RCC Data
5 (Jagga and Gupta, 2014) Machine Learning algo- 475 RNA Seq dataset
rithms on RNAseq expres-
sion data
6 (Parketal, 2016) SVM 25 Clinical attribute
7 (Ramakrishnan and Bose, 2017) DNA methylation 219 tumor samples
8 (Sohetal, 2017) DNA methylation 6640 tumor samples
9 (Bhalla et al., 2017) Threshold-based model 533 genes
10 (Tangetal, 2018) Tumor origin detection 256 Testing sets
11 (Krempel et al., 2018) Tumor analysis Comparative study
2019). implicit knowledge on kidney tumor classification
Data Methylation and stage prediction.

DNA methylation (Ramakrishnan and Bose, 2017)
is an epigenetic mark that has suspected regulatory
roles in a broad range of biological processes and
diseases. The technology is now available for study-
ing DNA methylation genome-wide (Ramakrishnan
and Bose, 2017), at a high resolution, and in a large
number of samples.

In summary, medical image processing with data
mining techniques is a growing field of research, and
more and more applications are becoming part of
the clinical practice. (Wang et al, 2006) The medi-
cal field requires: (i) A standard publicly available
repository along with a patient’s clinical details are
required to test and validate the tumor classification
and stage prediction, which in turn helps in effective
diagnosis. (ii) An efficient with the less fault system
must be used to provide an opinion to the radiolo-
gist. This will help in better diagnosis by reducing
the false report and workload of the radiologist. (iii)
Integration of image prognosis and clinical database
prognosis with multi-dimensions also helps to give

CONCLUSIONS

In this study, authors have highlighted the recent
trends of essential components of image analysis,
and Data mining techniques for clinical database
analysis have been utilized to diagnose kidney
tumors. CT scan image helps how and at what stage
the cancer is being diagnosed. Recent trends for
kidney tumor detection and early-stage prediction
techniques have been analyzed, which shows the
requirement of the huge amount of data for training.

Many research publications in the health informat-
ics of Kidney tumor diagnosis have contributed to
the researchers. However, this review paper has
attempted to provide feedback to the radiologist
and scientific community. The authors have men-
tioned the best techniques in CT scan image anal-
ysis and clinical database analysis in the literature
to diagnose kidney tumors. Since the existing tech-
niques have been developed and tested on differ-
ent datasets with different dimensional data, but

20 © International Journal of Research in Pharmaceutical Sciences
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it is difficult to suggest which technique is outper-
formed. TCGA and SEER have been provided a sta-
ble repository on kidney tumors to identify the best
technique among the existing state of art techniques.

Although the efficient techniques exist in the liter-
ature, still there is a scope to explore the following
future work, which may help in the diagnosis of kid-
ney tumors. In the medical field, the lack of data is
two-fold and more acute: there is a lack of access
to publicly available data, and quality labeled data is
even scarcer. Data or class imbalance in the training
set is a significant issue in medical image analysis.
Aside from data-level strategies, algorithmic modi-
fication strategies, and cost-sensitive learning tech-
niques currently embedded knowledge discovery
in medical image archives about diseases’ progres-
sion and responses to treatments and precious expe-
rience of diagnosis are the current research chal-
lenges in the medical field. The traditional applica-
tions for KRCC are discussed in the above sections.
New areas of research include visual pattern mining,
image mining, computer vision in the medical field,
involving surgical robots.

In summary, the CT scan image analysis, Data min-
ing methods for KRCC tumor classification, and
predictions are reviewed. A reported result in
different areas of the KRCC tumor segmentation,
classification, and predictions using methods are
studied. In many reported results, a combination
of CT scan image and clinical database are used
in the treatment of unclear kidney renal tumors.
Despite the poor diagnostic accuracy of an unen-
hanced image, many renal tumor masses are dis-
covered incidentally on CT images by the radiolo-
gist. Lastly, there are unlimited research scopes
to improve Computer-Aided Diagnosis for kidney
tumors of health informatics.

ACKNOWLEDGEMENT

Dr. Subarna Chatterjee joined the Faculty of Engi-
neering & Technology at M S Ramaiah University
of Applied Sciences, Bangalore. Her research areas
are Computer Graphic, Soft Computing, Program-
ming with C, VLSI Design, Computer Architecture,
and Organisation. She got Inspire fellowship from
DST Govt. of India and selected for RF for SMSI, IIT
Kharagpur (Sponsored by Texas Instruments).

P Kiran Rao obtained the Degree of Master of Tech-
nology in CSE from JNTU Aanantapuramu. Presently
he is pursuing a Doctoral degree in faculty of engi-
neering from M S Ramaiah University of Applied
Sciences, Bangalore. Moreover, he is working as
an Assistant Professor in the CSE department for
G Pullaiah college of engineering & technology,

Kurnool. His research interests include cloud com-
puting, deep learning, and medical image process-
ing.

Financial support and sponsorship
NIL
Conlflicts of Interest

The authors declare that they have no conflicts of
interest in this work.

REFERENCES

Abraham, G., Cherian, T.,, Mahadevan, P, Avinash, T,
George, D., Manuel, E. 2016. A detailed study of
the survival of patients with renal cell carcinoma
in India. Indian Journal of Cancer, 53(4).

ACS 2018. American Cancer Society. Updated on: 20
March 2018.

Bektas, C. T, Kocak, B., Yardimci, A. H., Turkcanoglu,
M. H., Yucetas, U, Koca, S. B., Kilickesmez, O.
2019. Clear Cell Renal Cell Carcinoma: Machine
Learning-Based Quantitative Computed Tomogra-
phy Texture Analysis for Prediction of Fuhrman
Nuclear Grade. European Radiology, 29(3):1153-
1163.

Bhalla, S., Chaudhary, K., Kumar, R., Sehgal, M., Kaur,
H., Sharma, S. Raghava, G. P. S. 2017. Gene
expression-based biomarkers for discriminating
early and late stages of clear cell renal cancer. Sci-
entific Reports, 7(1).

Bin-Habtoor, A. S. Y., Al-Amri, S. S. 2016. Removal
speckle noise from a medical image using image
processing techniques. [International Journal of
Computer Science and Information Technologies,
7(1):375-377.

CC 2004. Clinical Center 2004-2018. National Insti-
tutes of Health. Updated on: October 3, 2018.

Choi, S. K., Jeon, S. H,, Chang, S. G. 2012. Char-
acterization of small renal masses less than 4
cm with quadriphasic multidetector helical com-
puted tomography: differentiation of benign and
malignant lesions.  Korean Journal of urology,
53(3):159-164.

Dalgin, G. S., Holloway, D. T, Liou, L. S., Delisi, C.
2007. Identification and Characterization of Renal

Cell Carcinoma Gene Markers. Cancer Informatics,
3.

Deng, S. P, Cao, S., Huang, D. S., Wang, Y. P. 2017.
Identifying Stages of Kidney Renal Cell Carcinoma
by Combining Gene Expression and DNA Methy-
lation Data. [EEE/ACM Transactions on Compu-
tational Biology and Bioinformatics, 14(5):1147-
1153.

© International Journal of Research in Pharmaceutical Sciences 21



Subarna Chatterjee and Kiran Rao P, Int. . Res. Pharm. Sci., 2020, 11(1), 13-24

Divgi, C. R, Uzzo, R. G., Gatsonis, C., Bartz, R., Treut-
ner, S., Yu, J. Q.,, Russo, P. 2013. Positron emis-
sion tomography/computed tomography identifi-
cation of clear cell renal cell carcinoma: results
from the REDECT trial. Journal of clinical oncology,
31(2):187-187.

Egner, ]. R. 2010. AJCC Cancer Staging Manual. JAMA,
304(15):1726-1726.

Ertekin, E., Amasyal, A. S., Erol, B., Acikgozoglu, S.,
Kucukdurmaz, F, Nayman, A., Erol, H. 2017. Role
of Contrast Enhancement and Corrected Attenua-
tion Values of Renal Tumors in Predicting Renal
Cell Carcinoma (RCC) Subtypes: Protocol for a
Triphasic Multi-Slice Computed Tomography (CT)
Procedure. Polish Journal of Radiology, 82:384-
391.

Gerst, S., Hann, L. E., Li, D., Gonen, M., Tickoo, S.,
Sohn, M. J., Russo, P. 2011. Evaluation of Renal
Masses With Contrast-Enhanced Ultrasound: Ini-
tial Experience. American Journal of Roentgenol-
ogy, 197(4):897-906.

Ghalib, M. R., Bhatnagar, S., Jayapoorani, S., Pande,
U. 2014. Artificial neural network-based detection
of renal tumors using CT scan image processing.
International Journal of Engineering and Technol-
ogy, 6(1):28-35.

Gomalavalli, R. 2017. Feature Extraction of kidney
Tumor implemented with Fuzzy Inference System.
International Journal for Research in Applied Sci-
ence and Engineering Technology, pages 224-235.

Gonzalez, R. C., Woods, R. E., Masters, B.R. 2009. Dig-
ital Image Processing. 14:29901-29901. Third
Edition.

Hodgdon, T, Mcinnes, M. D. F, Schieda, N., Flood,
T. A, Lamb, L., Thornhill, R. E. 2015. Can Quan-
titative CT Texture Analysis be Used to Differen-
tiate Fat-poor Renal Angiomyolipoma from Renal
Cell Carcinoma on Unenhanced CT Images? Radi-
ology, 276(3):787-796.

Ignee, A, Straub, B., Brix, D., Schuessler, G., Ott,
M., Dietrich, C. F. 2010. The value of contrast-
enhanced ultrasound (CEUS) in the characteri-
sation of patients with renal masses. Clinical
Hemorheology and Microcirculation, 46(4):275-
290.

Jagga, Z., Gupta, D. 2014. C(lassification models
for clear cell renal carcinoma stage progression,
based on tumor RNAseq expression trained super-
vised machine learning algorithms. BMC Proceed-
ings, 8(S6).

Karlo, C. A,, Paolo, P. L., Di, Hricak, H., Tickoo, S. K.,
Russo, P, Akin, 0. 2013. CT of Renal Cell Carci-
noma: Assessment of Collecting System Invasion.

American Journal of Roentgenology, 201(6):821-
827.

Kim, D. Y., Park, J. W. 2004. Computer-aided detec-
tion of kidney tumor on abdominal computed
tomography scans. Acta Radiologica, 45(7):791-
795.

Kim, S. H, Kim, C. S, Kim, M. ], Cho, ]. Y, Cho,
S. H. 2016. Differentiation of Clear Cell Renal
Cell Carcinoma From Other Subtypes and Fat-Poor
Angiomyolipoma by Use of Quantitative Enhance-
ment Measurement During Three-Phase MDCT.
American Journal of Roentgenology, 206(1):21-28.

Kim, T. Y, Choi, H.]., Cha, S.]., Choi, H. K. 2005. Study
on texture analysis of renal cell carcinoma nuclei
based on the Fuhrman grading system. Proceed-
ings of 7th International Workshop on Enterprise
Networking and Computing in Healthcare Industry,
2005. HEALTHCOM 2005, pages 384-387.

Krempel, R., Kulkarni, P, Yim, A., Lang, U., Haber-
mann, B, Frommolt, P. 2018. Integrative analy-
sis and machine learning on cancer genomics data
using the Cancer Systems Biology Database (Can-
cerSysDB). BMC Bioinformatics, 19(1):156-156.

Lan, D, Qu, H. C, Li, N,, Zhu, X. W,, Liy, Y. L,, Liu, C. L.
2016. The value of contrast-enhanced ultrasonog-
raphy and contrast-enhanced CT in the diagnosis
of malignant renal cystic lesions: a meta-analysis.
PloS one, 11(5):155857-155857.

Lee, H. S, Hong, H,, Kim, J. 2017. Detection and
segmentation of small renal masses in contrast-
enhanced CT images using texture and context fea-
ture classification. IEEE 14th International Sympo-
sium on Biomedical Imaging, pages 583-586.

Li, L., Ross, P, Kruusmaa, M., Zheng, X. 2011. A
comparative study of ultrasound image segmen-
tation algorithms for segmenting kidney tumors.
Proceedings of the 4th International Symposium on
Applied Sciences in Biomedical and Communication
Technologies - ISABEL ’, 11:1-5.

Linguraru, M. G., Wang, S., Shah, F, Gautam, R,, Line-
han, W. M., Summers, R. M. 2010. NIH Public
Access. pages 6679-6682.

Linguraru, M. G.,, Wang, S., Shah, E, Gautam, R., Peter-
son, J., Linehan, W. M., Summers, R. M. 2011. Auto-
mated noninvasive classification of renal cancer
on multiphase CT. Medical Physics, 38(10):5738-
5746.

Linguraru, M. G., Yao, J.,, Gautam, R., Peterson, ],
Li, Z., Linehan, W. M., Summers, R. M. 2009.
Renal tumor quantification and classification in
contrast-enhanced abdominal CT. Pattern Recog-
nition, 42(6):1149-1161.

Liu, X, Wang, ], Sun, G. 2015. Identification of

22 © International Journal of Research in Pharmaceutical Sciences



Subarna Chatterjee and Kiran Rao P, Int. . Res. Pharm. Sci., 2020, 11(1), 13-24

Key Genes and Pathways in Renal Cell Carcinoma
Through Expression Profiling Data. Kidney and
Blood Pressure Research, 40(3):288-297.

McAndrew, A. 2015.
duction to digital image processing.
9780367783334.

Mitchell, T. M. 1999. Machine Learning and Data
Mining Techniques. In communications of the ACM,
42.

Moretto, P, Jewett, M. A. S., Basiuk, J., Maskens, D.,
Canil, C. M. 2014. Kidney cancer survivorship sur-
vey of urologists and survivors: The gap in percep-
tions of care, but agreement on needs. Canadian
Urological Association Journal, 8:190-190.

Mredhula, L. 2015. Detection and Classification of
tumors in CT images. Indian Journal of Computer
Science and Engineering (IJCSE), 6(2).

Muglia, V. F, Prando, A. 2015. Renal cell car-
cinoma: histological classification and correla-
tion with imaging findings. Radiologia Brasileira,
48(3):166-174.

NCIA 2014. National Cancer Image Archive 2014-
2018. ISSN: 2474-4638.

Ng, C. S., Wood, C. G., Silverman, P. M., Tannir, N. M,,
Tamboli, P, Sandler, C. M. 2008. Renal Cell Carci-
noma: Diagnosis, Staging, and Surveillance. Amer-
ican Journal of Roentgenology, 191(4):1220-1232.

Park, B. K. 2019. Renal Angiomyolipoma Based
on New Classification: How to Differentiate It
From Renal Cell Carcinoma. American Journal of
Roentgenology, 212(3):582-588.

Park, K. H.,, Ryu, K. S., Ryu, K. H. 2016. Determin-
ing the minimum feature number of classification
on clear cell renal cell carcinoma clinical dataset.
2016 International Conference on Machine Learn-
ing and Cybernetics (ICMLC), 2:894-898.

Patil, S. 2012. Preprocessing To Be Considered
For MR and CT Images Containing Tumors. [0SR
Journal of Electrical and Electronics Engineering,
1(4):54-57.

Quaia, E., Bertolotto, M., Cioffi, V., Rossi, A., Baratella,
E., Pizzolato, R.,, Cova, M. A. 2008. Compari-
son of Contrast-Enhanced Sonography with Unen-
hanced Sonography and Contrast-Enhanced CT in
the Diagnosis of Malignancy in Complex Cystic
Renal Masses. American Journal of Roentgenology,
191(4):1239-1249.

Ramakrishnan, N., Bose, R. 2017. Analysis of healthy
and tumor DNA methylation distributions in
kidney-renal-clear-cell-carcinoma using Kullback-
Leibler and Jensen-Shannon distance measures.
IET Systems Biology, 11(3):99-104.

A computational intro-
ISBN:

Ray, R, Mahapatra, R., Khullar, S., Pal, D., Kundu, A.
2016. Clinical characteristics of renal cell carci-
noma: Five years review from a tertiary hospital
in Eastern India. Indian Journal of Cancer, 53(1).

Ruppert-Kohlmayr, A. ], Uggowitzer, M. Meiss-
nitzer, T, Ruppert, G. 2004. Differentiation of
Renal Clear Cell Carcinoma and Renal Papillary
Carcinoma Using Quantitative CT Enhancement
Parameters. American Journal of Roentgenology,
183(5):1387-1391.

Shah, B., Sawla, C., Bhanushali, S., Bhogale, P. 2017.
Kidney Tumor Segmentation and Classification on
Abdominal CT Scans. International Journal of Com-
puter Applications, 164(9):1-5.

Shebel, H. M., Elsayes, K. M., Sheir, K. Z., Atta, H. M.
A. E., El-Sherbiny, A. F, Ellis, ]. H., El-Diasty, T. A.
2011. Quantitative Enhancement Washout Anal-
ysis of Solid Cortical Renal Masses Using Multi-
detector Computed Tomography. Journal of Com-
puter Assisted Tomography, 35(3):337-342.

Skalski, A., Jakubowski, J., Drewniak, T. 2016. Kid-
ney tumor segmentation and detection on Com-
puted Tomography data. IEEE International Con-
ference on Imaging Systems and Techniques (IST),
pages 238-242.

Soh, K. P, Szczurek, E., Sakoparnig, T., Beerenwinkel,
N. 2017. Predicting cancer type from tumour DNA
signatures. Genome Medicine, 9(1).

Song, C, Min, G. E,, Song, K, Kim, J. K,, Hong, B,
Kim, C. S., Ahn, H. 2009. Differential Diagnosis
of Complex Cystic Renal Mass Using Multiphase
Computerized Tomography. Journal of Urology,
181(6):2446-2450.

Song, S, Park, B. K, Park, J. ]. 2016. New radi-
ologic classification of renal angiomyolipomas.
85(10):1835-1842.

Sun, J., Shi, Y, Gao, Y, Wang, L., Zhou, L., Yang, W,
Shen, D. 2018. Interactive medical image segmen-
tation via point-based interaction and sequential
patch learning. arXiv preprint. Updated on: 9 May
2018.

Tang, W,, Wan, S., Yang, Z., Teschendorff, A. E., Zou, Q.
2018. Tumor origin detection with tissue-specific
miRNA and DNA methylation markers. Bioinfor-
matics, 34(3):398-406.

Thong, W,, Kadoury, S., Piché, N., Pal, C.]. 2018. Con-
volutional networks for kidney segmentation in
contrast-enhanced CT scans. Computer Methods in
Biomechanics and Biomedical Engineering: Imag-
ing & Visualization, 6(3):277-282.

Varma, D. 2008. Free DICOM browsers. Indian Jour-
nal of Radiology and Imaging, 18(1):12-12.

© International Journal of Research in Pharmaceutical Sciences

23



Subarna Chatterjee and Kiran Rao P, Int. . Res. Pharm. Sci., 2020, 11(1), 13-24

Wang, S., Wang, ]., Chen, H., Zhang, B. 2006. SVM-
based tumor classification with gene expression
data. an international conference on advanced data
mining and applications, pages 864-870.

Yoo, 1., Alafaireet, P, Marinov, M., Pena-Hernandez,
K., Gopidi, R., Chang, ]J. F, Hua, L. 2012. Data
Mining in Healthcare and Biomedicine: A Sur-
vey of the Literature. Journal of Medical Systems,
36(4):2431-2448.

Young, J. R, Margolis, D., Sauk, S., Pantuck, A.]., Sayre,
], Raman, S. S. 2013. Clear Cell Renal Cell Carci-
noma: Discrimination from Other Renal Cell Car-
cinoma Subtypes and Oncocytoma at Multiphasic
Multidetector CT. Radiology, 267(2):444-453.

Yu, Q. Shi, Y, Sun, ], Gao, Y, Zhu, ], Dai, Y.
2019. Crossbar-Net: A Novel Convolutional Neu-
ral Network for Kidney Tumor Segmentation in CT

Images. IEEE Transactions on Image Processing,
28(8):4060-4074.

24 © International Journal of Research in Pharmaceutical Sciences



	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions

