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Data mining plays a vital role in converting the medical data like text, image, and graphs into meaningful
new data, which helps to take the better decision. In this chapter, an overview of the current research is
discussed using the data mining techniques for the finding, analysis, and prediction of various diseases.
The focus of this study is to identify the well-performing data mining algorithms used on medical and
clinical databases. Multiple algorithms have been identified: text-based mining, association rule-based
mining, pattern-based mining, keyword-based mining, machine learning, neural network support vector
machine, apriori algorithm, k-means clustering, and natural language. Analyses of the algorithm show
that there is no single algorithm or model more suitable for diagnosing or predicting diseases. In some
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High glucose level disrupts the structure of the retinal layer in the eyes and causes diabetic retinopathy
which is characterized with new pathologic blood vessels in the eyes. Although diabetic retinopathy is
not clear at the beginning of the disease, it is the most common problem in people who have diabetes
and causes blindness or cloudy vision if it is not diagnosed at the beginning of the disease. For early
diagnosis of diabetic retinopathy, regular fundus controls and examination of the edema in the vessels of
the retina are made periodically by ophthalmologists. With in the scope of this study, it is made possible to
provide the early diagnosis and the level of diabetic retinopathy by using deep learning, image processing
methods, and convolutional neural networks of the retina. In order to provide ease and rapid of diagnosis
of the diabetic retinopathy in daily life, the diagnosis protocol has been turned into a mobile application.
With the mobile application, both the diagnosis and more regular results of the diabetic retinopathy can
be obtained easily and practically.
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Skin cancer, which is one of the most common types of cancer in the world, is a malignant growth seen
on the skin due to various reasons. There was an increase in the number of the cases of skin cancer nearly
200% between 2004-2009. Since the ozone layer is depleting, harmful rays reflected from the sun cannot
be filtered. In this case, the likelihood of skin cancer will increase over the years and pose more risks
for human beings. Early diagnosis is very significant as in all types of cancers. In this study, a mobile
application is developed in order to detect whether the skin spots photographed by using the machine
learning technique for early diagnosis have a suspicion of skin cancer. Thus, an auxiliary decision support
system is developed that can be used both by the clinicians and individuals. For cases that are predicted
to have a risk higher than a certain rate by the machine learning algorithm, early diagnosis could be
initiated for the patients by consulting a physician when the case is considered to have a higher risk by
machine learning algorithm.
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mHealth or mobile healthcare has become an increasingly important issue in several disciplines such as
health communication, public health, and health promotion. This enables the users to use portable devices
such as smartphones, smart bands, or tablets for health monitoring. The users have the ability to utilize
software applications to interact with mobile devices and store relevant data for further classification
and diagnosis. The apps then process the gathered data using the given algorithms and provide the user
with personalized diagnosis, and further recommendations for treatment and even suggestive measures
to improve general health and fitness. Another benefit of mobile technology is that the data and health
statistics of a single patient can be compared with large data sets to facilitate treatment and proper
guidance. Doctors, nurses, and other health professionals use mobile devices to access patient information,
databases, and resources. Help in today’s world is just a click away.
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Early detection of breast cancer is a worldwide need as many hospitals have appeared in commitment of
research pathway. As per WHO (World Health Organisation), early detection of breast cancer boosts the
choice of making corrective judgement on medication plan. This corrective choice helps women to save
themselves from expensive and unwanted medical test and treatment. Physical observation and medical
history play an important role in diagnosing this disease; however, for detailed understanding, some
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reliable and accurate methods are still required. This chapter reviews existing computational methods
and need of novel algorithms that can help in accurately diagnosing this disease. Correct diagnosis and
yield results devising treatment strategy. For correct diagnosis micro-array gene expression data is widely
used, this chapter highlights various computational studies done on breast cancer microarray data. This
review highlights the benefit of computational model being an impressive tool for discovery of cancer
along with devising its therapies.
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Cancer has been known as a devastating disease that takes thousands of lives every year. And since this is
a heterogenous disease, standard treatments, like chemotherapy, radiation, and chemo-radio therapy, are
effective in specific patient population subset only. Genetic differences play a very crucial role in defining
cancer susceptibility and also in determining the drug’s efficacy by affecting regulation, expression, and
activity of drug metabolizing enzymes, drug transporters, and drug receptors. This genetic variability
of the disease lends itself to the emerging field of precision or personalized medicine. There are some
specific ways of acquiring data for precision or personalized medicine approach like genome wide
association scan (GWAS). This is basically identification and scanning of biomarkers throughout the
complete DNA/genome of several individuals to study any type of genetic variations which are linked
with any form of cancer.
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Globally, prostate cancer is a major healthcare problem. It is among the most frequently diagnosed
malignancies and is the primary cancer in males in North America and the Caribbean, Europe, and some
parts of Africa. Mobile health interventions afford prostate cancer patients in following prostate specific
antigen results including trends, getting a better understanding of the severity of their disease and evaluate
carefully the benefits and risks of the available treatment options. This review will examine the use of
mobile health applications in prostate cancer research particularly in (1) clinical decision of selecting
best treatment option or active surveillance, (2) monitoring disease- and treatment-related symptoms, (3)
oncological and supportive care, (4) treatment decisions, and (5) health literacy and promotion of physical
exercise. The benefits of telemedicine are discussed. Challenges will be examined and recommendations
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given for the development and efficient use of mobile health applications by prostate cancer patients
and healthcare providers.
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The purpose of this chapter is to examine the incautious usage of social media and its impact on emotional
intelligence and health. After a brief introduction to the emotional intelligence and the conceptualisation
and evaluation of this construct, this chapter discusses a variety of studies that shed light on the social
media, emotional intelligence and health relationships. The idea of emotional intelligence (EI) is of
unmatched enthusiasm for both the literature and inside scholarly world. This chapter discusses emotional
intelligence and focuses on the evolution of EI by examining the different models. This chapter lists
some applications of emotional intelligence in our daily life. The chapter also discusses how the abilities
correlate with emotional intelligence and helps individuals cope with unsettling emotions effectively and
encourage pleasurable emotions to facilitate personal development and well-being.

Chapter 9
Epileptic Seizure Detection Using Machine Learning Techniques ..........ccoccoeceevieniininiiniienieniene. 187
Can Eyupoglu, Air Force Academy, National Defence University, Turkey

Epilepsy is a brain disorder that can be defined as a short-time and temporary occurrence of symptoms
because of abnormal extreme or synchronous neuronal activity of the brain. Almost one percent of the
world’s populationis struggling with epilepsy illness. The detection of epileptic seizures is mainly realized
with reading the electroencephalogram (EEG) recordings by medical doctors due to the unpredictable
and complex nature of the disease. This process takes much time and depends on the expert’s experience.
For this reason, automatic seizure detection using EEG recordings is necessary and of great importance
for the comfort of medical doctors and patients. While detecting epileptic seizure automatically, machine
learning techniques are used in the field of computer science. This chapter deals with the methods,
approaches, models, and techniques which are utilized to detect epileptic seizures.

Chapter 10

Public Health Surveillance System: Infectious DiSEases ........c.cevcvverveercieeeeiieriie e evee e 201
Manish Kumar Dwivedi, Indira Gandhi National Tribal University, India
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To guard people against some grave infectious disease, the surveillance system is a key performance
measure of global public health threats and vulnerability. The diseases surveillance system helps in public
health monitor, control, and prevent infectious diseases. Infectious diseases remain major causes of death.
It’s important to monitor and surveillance worldwide for developing a framework for risk assessment and
health regulation. Surveillance systems help us in understanding the factors driving infectious disease
and developing new technological aptitudes with modeling, pathogen determination, characterization,
diagnostics, and communications. This chapter discussed surveillance system working, progress toward
global public healthy society considering perspectives for the future and improvement of infectious
disease surveillance without limited and fragmented capabilities, and making even global coverage.
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Nanoparticles (NPs) are tiny particles having dimensions ranging from 1 nm to 100 nm. Nanoparticles
are field of profound scientific interest, on account of diverse conceivable applications in various fields
such as electronic, optical, agriculture, biomedical, etc. Many of the interesting properties of nanoparticles
are intimately linked on shape and size of nanomaterials. In nanoparticles, percentage of surface atoms
are high; nanoparticles show properties dependent on shape which are utilized in catalysis, optics, data
storage, etc. Further, the physical properties of nanoparticles such as melting point, density, optical
properties, electrical conductivity, chemical stability, etc. make them suitable candidates to be utilized
in several fields. Many of the nanoparticles have been widely studied and many applications explored
for example gold and silver nanoparticles, while research is being carried out to investigate the probable
applications in several other fields. This review provides the readers a summary of the applications of
various nanoparticles.

Chapter 12

Internet of Things (I0T) in HEAlthCArE .........c.ceeoiiiiiiiiiieciie et 237
Shashwat Pathak, Amity School of Engineering and Technology, Amity University, India
Shreyans Pathak, Jaypee Institute of Information Technology, India

The recent decade has seen considerable changes in the way the technology interacts with human lives
and almost all the aspects of life be it personal or professional has been touched by technology. Many
smart devices have also started playing a vital role in many fields and domains and the internet of things
(IoT) has been the harbinger of the advent of 10T devices. IoT devices have proven to be monumental in
imparting ‘smartness’ in the otherwise static machines. The ability of the devices to interact and transfer
the data to the internet and ultimately to the end-user has revolutionized the technological world and has
brought many seemingly disparate fields in the technological purview. Out of the many fields where IoT
has started gaining momentum, one of the most important ones is the healthcare sector. Many wearable
smart devices have been developed over time capable to transmit real-time data to hospitals and doctors. It
is essential for tracking the progress of the critically ill patients and has opened the horizon for attending
patients remotely using these smart devices.

printed on 2/10/2023 6:49 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Chapter 13
IoT on Healthcare Using Clinical Decision SUpport SYStem.........cccuveerieerieeeiieenieeeieeeeieeeeeevee s 259
Manju Priya Sundaramurthy, Karpagam Academy of Higher Education, India

Most of the developing countries face major problems in providing quality healthcare. It is very essential
to move the health stream to a higher level with more effective. Though medical care is improving, due
to the enormous amount of data, making the decisions is more complex. The technology already links
patients, providers, and customers in many ways that are converting the patient experience and delivery
of care. This chapter reveals the importance of healthcare by using CDSS along with IoT. By combining
connected devices with CDSS will help the clinicians to take decisions immediately for any disease. It
provides an efficient, effective quality measurement and enhancement because of its ability to get the
data of any patient at any time anywhere.
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Preface

AN OVERVIEW OF THE SUBJECT MATTER

Health surveillance and health intelligence are crucial components of progressive health systems. Health
surveillance fits to the premeditated progression of collecting statistics of connotation from health systems,
populaces, channels, and numerous additional resources, specially the data which is epidemiological.
Health surveillance is staged in a methodical way, agreeing to a perfectly specified strategy linked with
an obvious necessity to gather the required data. This surveillance relies on automated systems for data
gathering by entities and entail substantial disbursement of resources. There are countless old-style
data-points poised by health surveillance, some of which are, disease meeting a investigative instance
definition (in number of cases), folks who have customary certain intercessions (in numbers), health
resources being utilized (the sorts and their numbers), encompassing their diminution, sentinel or perilous
clinical actions (their occurrence), clinical hitches, deaths related to a particular disease (their numbers
and details) and topographical dispersal and spell progression of collected data.

Health intelligence implies understanding, investigation, dispensation, and cohort of valuable prod-
ucts that assist civic health experts, clinicians, responders, decision creators, policy creators etc. Their
primary intent is to make health surveillance data prudent and utilizing it to attain advanced objectives.
It is developed through an organized process that encompasses recurrent review of vital information or
specific bits of info. The cohort of health intelligence is typically managed by a tinier cluster of related
connoisseurs even if assemblage of health surveillance data entails the joint work of various individuals.
This helps in determining superiority, veracity, and inevitability of the information required for health
surveillance.

Administering health surveillance data is a specialized task carried out across wide-ranging organi-
zations. Health intelligence activities in a military organization may, for example, be dedicated on the
appraisal of the risks to deploy personnel to a remote or tropical location. But, in a key corporation this
may build and use health intelligence products to aid in preparation and erecting a major risk facility such
as a power station, chemical plant, or mine. Health intelligence activities in a state health department
may be concentrated on gauging the advent of epidemic diseases, rare diseases, and the day to day opera-
tion of a health system. Health intelligence specialists, reliant on the protagonists they are undertaking,
develop specific proficiency in specialized areas as delineated above and work meticulously with deci-
sion and policy makers to unceasingly restructure and enhance the health surveillance and intelligence
structure to improve operation.

printed on 2/10/2023 6:49 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Preface

A DESCRIPTION OF WHERE THIS TOPIC FITS IN THE WORLD TODAY

Health surveillance provides and illuminates data to expedite the deterrence and influence of diseases.
This is a means to assess the health condition and comportment of the people. As surveillance can
immediately quantify the activities of population, it could be an aid for evaluating the necessity for
interventions and for precisely measuring the effects of intercessions. The purpose is to galvanize deci-
sion makers to lead and cope more successfully by providing timely, valuable evidence. This offers the
scientific and factual database crucial to apprised decision making and appropriate public health action.
To prevent the spread of epidemics of acute infectious diseases, such as COVID19 there is a need to
intercede promptly to stop the spread of disease. Thus, a surveillance system offers swift untimely alert-
ing information from clinics and laboratories.

A DESCRIPTION OF THE TARGET AUDIENCE

Primary Audience: Undergraduate, Post graduate students; Ph.D and Research Scholars as well as
Faculty of various Universities.

Secondary Audience: Any one part of scientific community or General Readers who want to explore
this Topic.

Review of Data Mining Techniques Used in Health Care

Data mining play a very vital role to convert the medical data like text, image, and graphs in to meaning-
ful new data which helps to take the better decision. In this paper an overview of the current research
being discussed out using the data mining techniques for the finding, analysis and prediction of various
diseases. The focus of this study is to identify the well-performing data mining algorithms used on
medical and clinical databases. There are multiple algorithms have been identified: Text based min-
ing, Association rule based mining, Pattern based mining, Keyword based mining, Machine learning,
Neural network Support vector machine, Apriori algorithm, k-means clustering and Natural language.
Analyses of the algorithm show that there is no single algorithm or model which are more suitable for
diagnose or predict the diseases. In some scenarios some algorithms work very well but not in another
data set. There are lots many example in clinical or medical research where the combination of different
algorithms gives good results.

Detection of Diabetic Retinopathy With Mobile
Application Using Deep Learning

High glucose level disrupts the structure of the retinal layer in the eyes and causes diabetic retinopathy
which is characterized with new pathologic blood vessels in the eyes. Although diabetic retinopathy is
not clear at the beginning of the disease, it is the most common problem in people who have diabetes. It
causes blindness or cloudy vision if it is not diagnosed at the beginning of the disease. For early diag-
nosis of diabetic retinopathy, regular fundus controls and examination of the edema in the vessels of the
retina are made periodically by ophthalmologists. Within the scope of this study, it is made possible to
provide the early diagnosis and the level of diabetic retinopathy by using deep learning, image processing

XVi
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methods, and convolutional neural networks of the retina. In order to provide ease and rapid of diagnosis
of diabetic retinopathy in daily life, the diagnosis protocol has been turned into a mobile application.
With the mobile application, both the diagnosis and more regular results of the diabetic retinopathy can
be obtained easily and practically.

Android-Based Skin Cancer Recognition System
Using Convolutional Neural Network

Skin Cancer which is one of the most common types of cancer in the world is a malignant growth seen
on the skin due to various reasons. There was an increase in the number of the cases of skin cancer
nearly 200% between 2004-2009. Since the ozone layer is depleting, harmful rays reflected from the
sun cannot be filtered. In this case, the likelihood of skin cancer will increase over the years and pose
more risks for human beings. Early diagnosis is very significant as in all types of cancers in skin cancer.
In this study, a mobile application is developed in order to detect whether the skin spots photographed
by using the machine learning technique for early diagnosis have a suspicion of skin cancer. Thus, an
auxiliary decision support system is developed that can be used both by the clinicians and individuals.
For cases that are predicted to have a risk higher than a certain rate by the machine learning algorithm,
Early diagnosis could be initiated for the patients by consulting a physician when the case is considered
to have a higher risk by machine learning algorithm.

mHealth: A Resolution in Improving Global Health

mHealth or Mobile health care has become an increasingly important issue in several disciplines such
as health communication, public health, and health promotion. This enables the users to use portable
devices such as smartphones, smart bands or tablets for health monitoring purpose. The users have the
ability to utilize software applications to interact with mobile devices and store relevant data for further
classification and diagnosis. The apps then process the gathered data using the given algorithms and
provide the user with personalized diagnosis, and further recommendations for treatment and even sug-
gestive measures to improve general health and fitness. Another benefit of mobile technology is that the
data and health statistics of a single patient can be compared with large data sets to facilitate treatment
and proper guidance. Doctors, nurses, and other health professionals use mobile devices to access patient
information, databases, and resources. Help in today’s world is just a click away.

Computational Studies in Breast Cancer

Early detection of breast cancer is a world-wide need as many hospitals have appeared in commitment
of research pathway. As per who (world health organisation), early detection of breast cancer boosts the
choice of making corrective judgement on medication plan. This corrective choice helps women to save
themselves from expensive and unwanted medical test and treatment. Physical observation and medi-
cal history play an important role in diagnosing this disease; however, for detailed understanding some
reliable and accurate methods are still required. This paper reviews existing computational methods and
need of novel algorithms that can help in accurately diagnosing this disease. Correct diagnosis and yield
results devising treatment strategy. For correct diagnosis micro-array gene expression data is widely
used, this paper highlights various computational studies done on breast cancer microarray data. This
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review highlights the benefit of computational model being an impressive tool for discovery of cancer
along with devising its therapies.

The Role of Genetic Data Analysis for Precision Therapy in
Cancer: Personalized Medicine Concept in Cancer Treatment

Cancer has been known as a devastating disease which takes thousands of lives every year. And since
this is a heterogenous disease, therefore standard treatments, like chemotherapy, radiation & chemo-radio
therapy are effective in specific patient population subset only. Genetic differences play a very crucial
role in defining cancer susceptibility and also in determining the drug’s efficacy by affecting regulation,
expression & activity of drug metabolizing enzymes, drug transporters & drug receptors. This genetic
variability of the disease lends itself to the emerging field of precision or personalized medicine. There
are some specific ways of acquiring data for precision or personalized medicine approach like genome
wide association scan (GWAS). This is basically identification and scanning of biomarkers throughout
the complete DNA/genome of several individuals to study any type of genetic variations which are linked
with any form of cancer.

The Role of eHealth Interventions in Improving Clinical Outcomes
and Overall Health for Prostate Cancer Patients: A Review

Globally, prostate cancer is a major health care problem. It is among the most frequently diagnosed
malignancies and is the primary cancer in males in North America and the Caribbean, Europe and some
parts of Africa. Mobile health interventions afford prostate cancer patients in following prostate specific
antigen results including trends, getting a better understanding of the severity of their disease and evalu-
ate carefully the benefits and risks of the available treatment options. This review will examine the use
of mobile health applications in prostate cancer research particularly in (i) clinical decision of selecting
best treatment option or active surveillance, (ii) monitoring disease- and treatment-related symptoms,
(iii) oncological and supportive care, (iv) treatment decisions, and (v) health literacy and promotion of
physical exercise. The benefits of telemedicine are discussed. Challenges will be examined and recom-
mendations given for the development and efficient use of mobile health applications by prostate cancer
patients and healthcare providers.

Incautious Usage of Social Media: Impact on
Emotional Intelligence and Health Concerns

The purpose of this chapter is to examine the Incautious Usage of Social Media and its Impact on
Emotional Intelligence and Health. After a brief introduction to the emotional intelligence and the con-
ceptualisation and evaluation of this construct, this chapter discusses a variety of studies that shed light
on the social media, emotional intelligence and health relationships. The idea of Emotional Intelligence
(ED) is of unmatched enthusiasm for both the literature and inside scholarly world. This chapter discusses
“Emotional Intelligence” and focuses on the evolution of EI by examining the different models. This
chapter lists some applications of emotional intelligence in our daily life. The chapter also discusses
how the abilities correlate with emotional intelligence and helps individuals cope with unsettling emo-
tions effectively and encourage pleasurable emotions to facilitate personal development and well-being.

xviii
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Epileptic Seizure Detection Using Machine Learning Techniques

Epilepsy is a brain disorder which can be defined as a short-time and temporary occurrence of symp-
toms because of abnormal extreme or synchronous neuronal activity of the brain. Almost one percent of
the world’s population is struggling with epilepsy illness. The detection of epileptic seizures is mainly
realized with reading the electroencephalogram (EEG) recordings by medical doctors due to the unpre-
dictable and complex nature of the disease. This process takes much time and depends on the expert’s
experience. For this reason, automatic seizure detection using EEG recordings is necessary and of great
importance for the comfort of medical doctors and patients. While detecting epileptic seizure automati-
cally, machine learning techniques are used in the field of computer science. This chapter deals with the
methods, approaches, models and techniques which are utilized to detect epileptic seizures.

Public Health Surveillance System-Infectious Diseases: Surveillance System

To guard people against some grave infectious disease, the surveillance system is a key performance
measure of global public health threats and vulnerability. The diseases surveillance system helps in public
health monitor, control, and prevent infectious diseases. Infectious diseases remain major causes of death
all-inclusive, novel rapid increase emerging infections in the rate of diseases or geographic range it’s
important to monitor and surveillance worldwide for developing a framework for risk assessment and
health regulation. Surveillance system helps us in understanding the factors driving infectious disease
and developing new technological aptitudes with modeling, pathogen determination, characterization,
diagnostics, and communications. This chapter discussed surveillance system working, progress toward
global public healthy society considering perspectives for the future and improvement of infectious
disease surveillance without limited and fragmented capabilities, and making even global coverage.

Applications of Nanoparticles in Various Fields

Nanoparticles (NPs) are tiny particles having dimensions ranging from 1 nm to 100 nm. Nanoparticles
are field of profound scientific interest, on account of diverse conceivable applications in various fields
such as electronic, optical, agriculture, biomedical etc. Many of the interesting properties of nanopar-
ticles are intimately linked on shape and size of nanomaterials. In nanoparticles percentage of surface
atoms are high, nanoparticles show properties dependent on shape which are utilized in catalysis, optics,
data storage etc. Further, the physical properties of nanoparticles such as melting point, density, optical
properties, electrical conductivity, chemical stability etc. make them suitable candidates to be utilized
in several fields. Many of the nanoparticles have been widely studied and many applications explored
for example gold and silver nanoparticles, while research is being carried out to investigate the probable
applications in several other fields. This review provides the readers a summary of the applications of
various nanoparticles.

Internet of Things (loT) in Healthcare
The recent decade has seen considerable changes in the way the technology interacts with human lives
and almost all the aspects of life be it personal or professional has been touched by technology. Many

Smart devices have also started playing a vital role in many fields and domains and the Internet of Things
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(IoT) has been the harbinger of the advent of IoT devices. IoT devices have proven to be monumental in
imparting ‘smartness’ in the otherwise static machines. The ability of the devices to interact and transfer
the data to the internet and ultimately to the end-user has revolutionized the technological world and has
brought many seemingly disparate fields in the technological purview. Out of the many fields where 16T
has started gaining momentum, one of the most important ones is the Healthcare sector. Many wearable
smart devices has been developed over time capable to transmit real-time data to hospitals and doctors. It
is essential for tracking the progress of the critically ill patients and has opened the horizon for attending
patients remotely using these smart devices.

loT in Healthcare Using Clinical Decision Support System

Most of the developing countries face major problems in providing quality healthcare. It is very essential
to move the health stream to a higher level with more effective. Though medical care is improving, due
to the enormous amount of data, making the decisions is more complex. The technology already links
patients, providers, and customers in many ways that are converting the patient experience and delivery
of care. This chapter reveals the importance of healthcare by using CDSS along with IoT. By combining
connected devices with CDSS will help the clinicians to take decisions immediately for any disease. It
provides an efficient, effective quality measurement, and enhancement because of its ability to get the
data of any patient at any time anywhere.

CONCLUSION

In modern health system, health surveillance and health intelligence may play an important role to it.
There are many informal sources useful for gathering data related to health system. So, there is a need
and challenge of interpreting and analyzing these data so that useful findings can be utilized, directly
and indirectly related to them.

Objective of this Book is to identify data-points, collected by health surveillance activities to meet
diagnostic definition of cases. Time series analysis of geographic distribution of data as well as predic-
tion of number of survival and non-survival cases from some particular diseases. The book has included
chapters on and related to health intelligence which may help readers to know how health surveillance
data can be made useful and meaning full value can be added to it. Health intelligence uses health surveil-
lance data to make it valuable and easy to extract information. The number of cases of disease meeting
a diagnostic case definition. Health intelligence prediction about clinical complications can be used for
prediction of reoccurrences of deaths from a particular disease or so. The book will prove very useful
reading for those who are working in area of Health Intelligence.

This book can also be useful for those who needs reference about various contribution done by many
experts. The contents of the book is really challenging and lot of research going on which will help
readers to increase their knowledge about the Topic. This will help the scholars, students and industry
people to really get an idea of what are the various application and scientific work going on in this area of
driving how Al is deriving Health sector and helping health practitioners to predict disease intensity and
which in turn gives grip of the latest technology and give a wide plot which keeps the readers engaged.

XX
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ABSTRACT

Data mining plays a vital role in converting the medical data like text, image, and graphs into meaningful
new data, which helps to take the better decision. In this chapter, an overview of the current research is
discussed using the data mining techniques for the finding, analysis, and prediction of various diseases.
The focus of this study is to identify the well-performing data mining algorithms used on medical and
clinical databases. Multiple algorithms have been identified: text-based mining, association rule-based
mining, pattern-based mining, keyword-based mining, machine learning, neural network support vec-
tor machine, apriori algorithm, k-means clustering, and natural language. Analyses of the algorithm
show that there is no single algorithm or model more suitable for diagnosing or predicting diseases. In
some scenarios, some algorithms work very well but not in another data set. There are many examples
in clinical or medical research where the combination of different algorithms gives good results.

BACKGROUND

Over the past years, people are more inclined towards the research on data that is being used in health care
field. Researchers are rapidly using the medical data for evaluating the health care provided to patients
and are also evaluating the healthcare feedback from patients and health divisions. The quality of this
kind of evaluation is totally dependent on the quality of data they are using and also the completeness
of data gathered from such units.
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During recent years, the healthcare professionals like hospitals, Clinics; medical practioners uses tech-
nologies for maintaining the records of patients as well as the treatments provided. Such records can be in
the form of hospital information systems (HIS’s), electronic health records (EHR’s), electronic medical
records (EMR’s), clinical decision support systems (CDSS’s), laboratory information systems (LIS’s).

Currently, medical health care givers uses Electronic medical records for recording the condition of
patient’s health, like data related to the diagnosis of disease, prescriptions given, results of treatments,
and procedures performed. This electronic based medical record system has become a valuable source
for analysis performed at large-scale by health professionals. However, these records are diverse in na-
ture, and there is a sense of incompleteness, redundancy, and privacy of the data records being stored
in EMR’s, due to these features it becomes tough to perform analysis of data directly. Hence, it requires
to pre-processed data sources for improving the quality of data and also the analysis part. As the data
stored is vast and vigorous so it needs to be processed differently with different technologies.

Here the data stored in EMR systems can be categorized in three different categories as given below:

1.  Structured data
2.  Semi-structured data
3. Un-structured data.

Here, the structured form of data contains data information of patients like birth date and related
information, medicinal drugs given, any sort of allergies if exist, vital information of patient like height
and weight, blood group, blood pressure etc, all these information gets stored in the form of fixed mode
data bases.

Whereas the Semi-structured data is consists of the patient’s information to be stored in the form
of flow chart format, like that of RDF (resource description files), comprises of value, name and time-
stamp. And the Un-structured data contains the narrative form of data, like notes of clinical records,
records of surgical data, summaries related to discharge of any patient from hospitals or medical unit,
reports like radiology and pathology. Unstructured data stores very essential medical information but
there is a drawback of common structural frameworks, and also chances of errors do exist in such form
of data, like no proper use of grammar, errors in spelling, local dialects, and semantic ambiguities, all
these results in increase of complexity of processing and analysis of data.

As for structured data, preprocessing technologies such as data cleaning, integration of data, trans-
forming data, and reduction in data are required. And for semi-structured or unstructured data, which
contains health and medical related information and data, needs more complex and challenging process-
ing methods.

As per study in medical field, the data around medical and health division is either unstructured or
semi-structured. So it becomes very difficult to manage such data. So there arises a need for handling such
data to perform required functions. Hence data mining is one of the applications to perform operations
on medical data. The adoption of data mining technique in healthcare field brings medical information
technology into action and health practitioners believes in such technologies for improving the healthcare
services and hence therefore can further helps in systematic innovations. However the resources required
for managing such data in a mining process is a big challenge.

There are several benefits which are provided when data mining is used in healthcare related predic-
tion (Jain et.al 2019) such as adequate diagnosis to patients, detection of drug abuse, proper provision
for treatments to patients, prior detection of diseases, and rate of survivability patients from disease etc.
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There are various data mining methodologies that have been used and applied on health care data by
various researchers like, classification, association, clustering etc. All these techniques or methodolo-
gies proved to be having a very important role in the healthcare sector for supporting process of deci-
sion making, in providing proper diagnosis, in selecting treatments and also predicting the diseases etc.
(Tomari et.al 2015).

In paper, the author have reviewed data mining techniques that can be used in healthcare for improving
the performance and efficiency thus by reducing the patient’s request processing time, optimized stor-
age requirements for storing the patients data thereby providing a real time data extraction and retrieval
mechanism for such application.

INTRODUCTION

In early 1970’s, cost of storing the data was very high. But with the advancements in the field related
to data gathering tools and Web in the last 25 to 30 years, one has seen a very large amount of data or
information is being available in the form of electronic record format. And for storing such a huge amount
of data, the size of database repository is increasing at a rapid rate. Such type of database repository
contains very useful and valuable data. All this data may be very useful in process of taking decisions
in any area. This all is possible just by data mining or by having process of Knowledge Discovery in
Databases (KDD).

A healthcare industry requires data mining for discovering the knowledge and also finding patterns
for making the decisions to make healthcare effective.

Data mining as per its definition, is nothing but the process of extraction of valuable or useful data
or information from a voluminous and large source of data which was not known previously (Varghese
and Tintu,2015).

In such large source of data, there lies a hidden number of relationships among such data, like re-
lationship between patient information and data and total number of days spent in hospital during the
stay (Daliri, 2017).

Data mining requires the functionality of finding useful yet meaningful patterns, details, information
from the large source of data.

Data mining technique is used in healthcare sector for the sake of classifying the diseases a patient
is suffering from and also by assisting the health providers in giving the required treatments and thus
managing the diseases. It also assists in prediction of duration of stay of a patient in the hospital, the
diagnosis process, and accurate management information systems. All these data mining techniques and
technologies helps in reducing the total expenditure made by patient for disease diagnosis and its cure
and also for evaluating the symptoms that are responsible for diseases (Daliri, 2017). So the mining ap-
plications are having a pivotal role in healthcare. It is thereby necessary to perform collection, storing the
healthcare data, preparing it and also mining this data for making it clean and right. Clinical practices of
healthcare professionals and the standardization of distributing data all across the medical organizations
for helping healthcare related data mining (Tomari et.al 2015). Thus mining greatly improves the data
analysis process in health care sector. The enhancements in technologies and complexities in voluminous
data make implementation of these mining strategies a bit difficult. Mining techniques had been used so
far are, Neural Networks, decision trees, Support Vector machine, Naive Bayes, Association rule genera-
tion, text based mining, pattern based data mining, keyword based mining, Natural language processing,
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and genetic algorithm. All these techniques help the academicians in writing and publishing research
papers. The process of data mining can be automated partially or fully, for analyzing uncertain volume
of data such as data clusters, outlier detection and data dependencies. The patient’s records are extracted
and stored, merged into a database on the basis of dataset selected which is used for the analysis purposes
in diagnosis for obtaining more precise prediction results for making further decisions.

DATA MINING PROCES

The data related to healthcare industry is voluminous and vast, so there arise a need for transforming such
data into meaningful information for making decisions. Mining such data provides a way in analyzing
the complexity of data for generating further information. This mining process includes, collecting data,
preparing data, then preprocessing the data and finally transforming the data in to desired result. This
process of mining helps in discovering knowledge (Garg and Sharma, 2020) comprises of 7 stages that
starts from selection to discovery of knowledge.

Figure 1. Data mining application
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This figure elaborates the five stages that are used in discovering knowledge from large source of data
[Tomari et.al, 2015, Sharma et.al, 2014, and Han, Pei and Kamber, 2011). Starting with the row data,
data is selected then preprocessing, transformation, mining, interpretation takes place for extracting the
knowledge captured as an outcome of all these above stages as shown in figure 1 are explained below:

Selection

The selection of data took place on the basis of some criteria. Like, all the people who are diagnosed
with diabetes and thus we can find out the subsets of data with this criteria.
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Preprocessing

In this stage, the removal of extra data took place which is not required as per the criteria given in previ-
ous stage. Like, when pregnancy test is conducted on patient then sex of patient is not required to note
down. This is also referred to as data cleansing stage.

Transformation

In this step, data required for the research purpose is transformed, like data related to a specific demo-
graphical area is useful in research related to market in context of healthcare.

Data Mining
This is used for fetching out the meaningful patterns from data.
Interpretation and Evaluation

In this stage, the patterns discovered from mining step are interpreted into knowledge. This knowledge
is then used for making required decisions.

MINING TECHNIQUES OF DATA IN HEALTH CARE INDUSTRY:

The mining techniques are applied in the large complex voluminous data for discovering knowledge. The
different data mining techniques used in healthcare are given below in figure 2 and also used analysis
related to various diseases. The brief description of all these techniques is also explained in the further
section.

Text Based Mining Technique

Text mining technique also known as mining text data is used get the knowledge that is hidden in health-
care industry’s unstructured form data. Through text mining unstructured data can be transformed in to
valuable structured data. It handles heterogeneous data formats like text docs, emails, multimedia text,
misspelled words, abbreviations, and multilingual posts. (Sun et.al, 2018)

Through text mining, new different topics can be easily detected in the same sentence. Its process starts
with taxonomy creation, which helps in extraction of information and metadata association. Through text
mining, further detailed information about the text itself can be achieved and can also helps in revealing
patterns across thousands of documents in the data set.

The figure 3 given below explains the process of text mining briefly.

There are 4 stages in text mining process:

1.  Information retrieval
2. Information extraction
3. Knowledge discovery
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4.  Knowledge application.

Figure 2. Mining techniques of data used in healthcare

Figure 3. Process of text mining
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Information retrieval phase is used for collecting desired text or data. Information extraction is used
for extracting predefined data or text. The information extraction can be done by named-entity recogni-
tion (NER) and relation extraction (RE).

Knowledge discovery is used for the extraction of brand new knowledge from the text. And finally
this Knowledge is applied as the unknown facts inferred from texts to practice.

distance
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Association Rule Based Mining

Mining based on association rules is used for finding out the patterns which are frequent also helps in
finding associations, and correlations present amongst the item sets or objects in information repositories.
Rule based mining is very popular in discovering frequent and interesting relations existing amongst
the data in a given database. Different measures of interestingness (Kulkarni et.al, 2017) are used for
discovering frequent item sets among data by generating strong rules.

For example, discovering the symptoms of particular { Corona}, if the symptoms for this disease in
healthcare are as {Fever, Dry cough, Tiredness} then a person is having Corona disease.

This sort of knowledge is useful for making better decisions and also giving proper treatments by
healthcare professionals or medical experts to patients.

These mining rules works with two major important properties: Support and Confidence, here Sup-
port property indicates the frequency of appearance of any item set in database.

And Confidence is an indication that the association rule is true, and how often it is found to be true..

This value of Confidence for any association rule, with respect to a set of transactions, is the propor-
tion of the transactions that contains having Confidence can be further defined as:

The correlation between Support and Confidence is given as:

Confidence (AB) = Probability of (BIA)

= Support_ count (AUB)/Support_ count (A) Support_ count (AUB)

: giving the number of transaction containing the item sets A U B,
Support_ count (A): number of transactions containing the item set A. (M.Inbava LLi, 2015)

Association rule based mining process works in two steps:

1. First, find all the frequent item sets, by keeping a count of total number of frequencies of occur-
rence of the item-sets in the database as a predetermined min. support count;

2. Secondly, generate strong association rules from these frequent item sets by satisfying the min.
Support and min. Confidence value.

Pattern Based Mining

Pattern based mining methods use templates, inference rules, and algorithms. Through pattern mining,
frequent patterns can be mined or extracted from large databases (Metsker et.al, 2017). A frequent pat-
tern is defined as a pattern (or item set) satisfying criteria of min. Support threshold. A frequent pattern
can be in the form of a simple frequent pattern, a closed pattern, or a max-pattern. Here pattern that exist
frequently are called frequent patterns. And closed pattern means that there is no super patterns exist
among data. And max pattern means that there is no frequent super pattern present in data.

Through pattern mining, association rules can also be generated for extracting the meaningful data
or information as per requirement from database. These patterns can be in the form of multilevel or
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multidimensional. Pattern mining helps in finding sequential, time series, structural, spatial, temporal,
multimedia, image, text, and network patterns from large databases.

Keyword Based Mining

This is referred as mining the data on the basis of keywords present in the given database. It is the pro-
cess of finding for a list of keywords or phrases that are relevant for a specific task. This process uses
tools related to mining keywords. These tools are basically search words from the given databases and
retrieving one or more results. These results are the further databases containing the searched words or
keywords, and required to be read each and every document for determining the relevancy of the same.
(Park et.al, 2014)

Example

The frequently found keywords in some sentence related to medical field of describing patient with
‘pain’, as the word ‘pain’; in the given diagram, the total number of occurrence of the keyword is writ-
ten in parenthesis.

Figure 4. Keyword mining result related to keyword: ‘pain’

Neck (11) <——Back (11)

Muscle (11) ¢——n I_ ain J Fatigue (14)

Joint (6)—__ shoulder (10) <

Depression (5) Stiffness (6)
spasms (5) aching (5)

Machine Learning

Machine learning is the field which ideally refers to as the way machines does learning from the expe-
riences acquired. The term “machine learning” is very much same as that of “artificial intelligence”,
provided that the learning phase is the main characteristic of an entity called intelligent elaborated in
the broadest sense of the word. (Kavakiotis et.al, 2017)

The main purpose of machine learning methodology is constructing a system or a machine like com-
puter system that can adapt and learn from its experiences. (Wilson et.al, MIT Press, 1999) An author
named Mr. Mitchel, have given a more detailed and formal definition of machine learning as(Mitchell,
1997): A computer program is said to learn from experience E with respect to some class of tasks T and
performance measure P, if its performance at tasks in T, as measured by P, improves with experience E.

Tasks of Machine Learning

The tasks of Machine learning tasks are broadly classified into three categories (Stuart and Norvig, 1995).

8
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1. Supervised machine learning: in this, the system infers rules from given training data,
2. Un-Supervised machine learning: means the learning system infers the structure of unlabeled data,
3. Re-Inforcement machine learning: means the system interacts directly with a dynamic environment.

Neural Network

Neural networks are basically represents the modeling of human brain.(Esteban et.al, 2017) A human
brain consists of neurons, also called the building blocks of brain. There are billions of neurons in a
human brain, where each neuron having a connection point ranges between 1,000 and 100,000. In the
human brain, information is stored in a distributed manner and human can does extraction of more than
one piece of this information from memory in parallel whenever required.

In multi-layer artificial feed forward neural networks, neurons called units are placed just like as
that in human brain.(Suman Rout et.al, 2020) Here each neuron/unit is connected to other neuron/unit
with certain coefficients. During training or learning phase, the information is distributed on to these
connection points so that the network performs learning.

Neural network consists of three layers:

1. Input layer
2. Intermediate layer/ Hidden layer
3. Output layer

Figure 5. Artificial Neural Network

Feed-Forward network

e
Inputs » Output
-_— Output Layer
Input Layer

Hidden Layer

&
-

Back-Propagation
The training data set passed at the input layer. In the network, on the intermediate layer, each con-
nection is assigned a weight. These weights are values which are learned from the events.
Support Vector Machines
A support vector machine (SVM) is also a machine learning algorithm which is used for classification

and regression analysis. SVM follows the approach of supervised learning.(Kavakiotis et.al, 2017) This
technique works by dividing data in to two categories. The outcome produced by SVM is in the form
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of graph with sorted data which are separated by margins between the two. SVM can be used in text
categorization, image classification, handwriting recognition etc.

Figure 6. Support vector machine

Apriori Algorithm

Apriori algorithm works by finding out most frequent item sets from large collection of data. The frequent
item sets are discovered with the help of candidate generation (Kulkarni et.al, 2017). The algorithm is
called Apriori just because the new item sets are generated on each stage by using prior knowledge. It
follows the approach also called level-wise search where ‘k’ number of frequent item sets are used to
find ‘k+1" number of item sets.(Freeda and Florence, 2017)And for improving the efficiency of search,
Apriori property is used for reducing the search space.

Apriori Property states that “All non-empty subsets of frequent item set must also be frequent”.

The key concept of Apriori algorithm is its support measure factor.

Apriori algorithm follows bottom up approach, where frequent subsets are extended one item at a time.

K-Means Clustering

K-Means clustering technique is the most popular clustering algorithms in terms of its usage, its sim-
plicity, ease of implementation along with its efficiency when considered the feature of complexity of
algorithm. (Aggarwal and Aggarwal, 2012)

The grouping of k-means is based on proximity to each other according to the Euclidean distance.
This algorithm works by partitioning ‘n’ number of objects from ‘k’ number of clusters. Here ‘k’ is an
input parameter and partitioned a set of ‘n’ objects from ‘k’ cluster. The average value of the object is
taken as the resemblance to the parameter to form the cluster. Cluster mean is being formed by select-
ing ‘k’ number of objects randomly. By comparing the similarities with other objects, the other objects
are assigned clusters. For each data vector, the algorithm works by calculating the distance between the
data vector and each centroid using the equation (Shah and Singh, 2012). The procedural steps of the
K-means algorithm are shown through flow chart as given below:

10
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Figure 7. Flow chart of working of k-means algorithm
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Natural Language Processing

Natural Language Processing (NLP) is used for enabling computers for understanding and processing
human languages (Meystre et.al, 2008). As language is regarded as the way of communication by which
one can speak, read and write. There arises a question that, can humans communicate with computers in
their natural language? It becomes a challenge for developing NLP based applications because computers
required structured data, and human speech is unstructured and ambiguous.

NLP research emphasizes on building computational models that can understand natural language.
“Natural language” is language that is used to describe any language used by human beings, to dif-
ferentiate it from programming languages and other data representation languages used by computers
(Meystre et.al, 2008).

Technically, the main task of NLP is to make programmed computers for analyzing and processing
huge amount of natural language data (Jindal and Sharma, 2018).

Phases in NLP: There are six phases in Natural language processing which are listed as below.

Phonetics
It deals with how the words get pronounced.
Morphological Analysis

In this phase individual words are analyzed and tokens such as punctuations are separated.

11
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Syntactic Analysis

In this phase, linear sequencing of words is done to form structures showing relationship within words.
Semantic Analysis

In this phase, the structure that got created in earlier phase is assigned with meanings.

Discourse Integration

In this phase, dependencies among sentences are identified, which may lead to influencing the meaning
of sentences.

Pragmatic Analysis

In this, the structure of sentence from above said phase is reinterpreted just to find out what it actually
meant.

COMPARISON OF DIFFERENT DATA MINING TECHNIQUES

Below table gives the comparison based study of various data mining techniques along with their ad-
vantages and limitations.

LITERATURE REVIEW

For Literature review, approx.28 research articles related to mining of data or information in health care
sector have been reviewed. The data given below explains the study of all these articles along with their
description, journal info, author info, year of publication, datasets used, along with techniques used.

Text Based Mining Technique in Healthcare

Text mining can be used in healthcare industry, as the data in this industry is very much unstructured
(Kavakiotis et.al, 2017). With the help of text mining implicit knowledge can be acquired that is hidden
in the unstructured text. Information can be discovered from biomedical texts, such as identifying the
reactions of any drug on patients, or in making prior decision about the symptoms drawn from patients.

Some of the research papers have been reviewed illustrating the use of text based mining in health-
care industry.

12
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Figure 8. Natural language processing
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The researcher T. Katrien, et.al have come up with their article published in the year 2020, re-
lated to mining in healthcare data, had worked on text mining for extracting the information from
healthcare data. The author uses the questionnaire for collecting the required information so that
the data set can be generated for making decisions for betterment of health of patients. A total of
1661 patients analyzed from 2018 to 2019 to make questionnaire. The author uses the target domain
as data related to smoking status in cardiovascular population. (Katrien et.al, 2020)

Another researcher Raja U,et.al have published an article based on text based mining in healthcare
data in the year 2008, have elaborated the concept of text mining used in healthcare through the
study. The author focuses on predictive modeling approach generated by text mining on Electronic
clinical records. These models uses patients data or records and thus on its basis the errors in medi-
cal field are identified that results in deaths and significantly reducing these errors.(Raja U. et.al,
2008)

The researcher Frances B. Maguire et.al have come up with an idea of mining the data on the basis
of text, where data considered was related to cancer registries, duly published in the year 2019, had
also worked on text mining in healthcare by using the data set comprises of lung cancer data. The
author uses flowchart for explanation. Author uses the technique of SAS along with text mining
to find accurate and efficient lung cancer treatment text fields. (Maguire et.al, 2019)

13
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Table 1. Comparison of different data mining techniques

S. No. Techniques Advantages Limitations
- Its predicting capability can benefit in finding - Large number of large databases makes it
.. best results. slower to performance.
1. Text Based Mining . p
- Easy to implement. - Requires large storage space.
- Used widely in industries. - Hard to handle with synonyms.
9 Association Rule - Can relate many topics on the basis of - Large number of rule discovered.
’ Based Mining associativity between them - Non-interesting rules are also discovered.
- Used to generate compact and effective . - . .
g P - Recognition of patterns is itself a tedious job.
Pattern Based structures based on frequent patterns. .
3. .. S . - Consumes time and space as new patterns
Mining - Similarity search can be achieved.
. . needs to be stored.
- Provides high accuracy of results.
- Generates good precision and recall factors,
4 Keyword Based and a large number of terms that are highly - Faces problem with words having multiple
’ Mining relevant yet non-obvious to the given input meaning.
keyword.
. . . . L - Requires massive store of training data
5. Machine Learning - Effective in generating predictive models 4 . S J
- Complexity level is high
- Ability to work with incomplete data.
- Used for predictive modeling.
- Can be used for regression analysis and - Consumes vast amount of memory, time and
attern recognition. cost.
6. Neural Network P e .
- Fault tolerance - Hard to determine network structure.
- Self-learning results are drawn from - Draws effective results but costly.
experience within networks, deriving conclusions
from a complex set of information.
- Works well when margin of separation - not suitable for large data sets.
between classes is clear. - Performance starts degrading when data set is
7 Support Vector - More effective in high dimensional spaces. noisy.
' Machines - Effective in cases where number of - In cases where number of features for each data
dimensions is greater than the number of samples. | point exceeds the number of training data sample,
- Memory efficient the SVM performance starts lowering down.
L . - High execution time
. . - Used for finding frequent item sets and .
8. Apriori Algorithm L gireq - All subsets of frequent item sets has to be
association rules.
frequent too.
- Faster computation .
. putation - Does not work well if the clusters are of
9. K-Means Clustering - Works well with similar clusters means same . . . .
. . different sizes and different densities.
size and density.
- Accuracy of result increases if relevant - Does not have user interface.
10 Natural Language amount of information is provided. - can built for a single and specific task only
’ Processing - Provides answers to questions in natural - it is unable to adapt to new domains and
language. problems because of limited functions.

4. Author Wencheng Sun et.al published their article based on mining the text in medical health re-
cords, in the year 2018, had worked on data processing and text mining on Electronic health records.
Author uses text mining through named entity recognition(NER) and relation extraction(RE) ap-
proach, along with machine learning technique considering the fact that the data in medical fields
is unstructured. (Kavakiotis et.al, 2017)

5. Theresearcher Revathi M. Nair et.al presented their survey paper on medical text mining, published
in the year 2014, on text mining in healthcare explaining various text mining techniques that can
be used in health care industry.(Revathi M. Nair and L. Sindh, 2019)
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The table 2 given below will briefly explains the literature review of different research articles by
different authors along with their working mode, advantages, datasets referred, and also the limitations
of using the technique in healthcare system data.

Table 2. Brief literature review of text based mining technique in healthcare

Method Related Work Working Mode Data Set Advantages Limitation
- Researcher T. - Restricted to
Katrien, et.al - Use of Questionnaire. limited number of
- Raja U,et.al - Use of Predictive - smoking status - Easy to atients record
Text - Frances B. modelling approach in cardiovascular . Y p . '
. L . . implement on - Quality of
Based Maguire et.al - Combining technique of | population L L
. . . limited data of evaluation is dependent
Mining - Wencheng Sun SAS with text mining - Cancer . .
et.al - Use of NER & RE registries patients. on quality as Weu as
- Revathi M. Nair approach completeness of input
etal data.

Association Rule Based Mining in Healthcare

Lot of work has been done in this area of rule based mining in healthcare informatics. The Key amongst
the uses is in matching patient’s diagnosis with symptoms which correlates a lot with the use of knowl-
edge based systems. Though, it is tough for inducing reliable rules in diagnostics from set of infinite
number of permutations and combinations of symptoms because the resulting hypotheses can also have
unsatisfactory prediction accuracy (Kulkarni et.al,2017). However, many researchers have come up with
further enhancements and ideas in association rule generations for improving the prediction levels up
to 90% along with (Park et.al, 2014) supervised learning methods.

Some of the research papers have been reviewed illustrating the use of association rule based mining
in healthcare industry.(Kangethe et.al, 2014)

1. The researcher Chun An Chou, et. all(Chun An Chou et.al, 2020) with paper explaining rule based
mining in health related data duly published in the year 2020, had worked on association rule based
mining for extracting the information from healthcare data by discovering rules between patients
data and diagnosis information etc.. This paper helps in identifying unplanned transfer to ICU from
emergency department due to unexpected clinical deterioration is formulated as supervised learning
problem. The target domain used was that of data set of unplanned ICU transferred patients record.
This data set was collected between years 2007 and 2010. The author used rule based analytical
methods for finding significant associations between risk factors with optimization and data min-
ing. The author opted for this so as to improve critical care quality and also preventing mortality.
4 sub groups of patient were considered for making data set like:

a. Infection,

b. Cardiovascular/respiratory disease,
c.  Gastro-intestinal,

d. Neurological disease
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2. Another researcher Nikunj Domadia,et.al come up with their paper published in the year 2019, had
worked on heart disease related data set of patients for generating association rules. The authors
chose vertically partitioned data from healthcare data set.(Domadia et.al, 2019)

3. Researcher Akbar Telikani, et.al presented a survey paper on association rule mining duly published
in year 2020 by describing the association rule mining in health care. The author reviewed the rules
according to meta heuristic approach.(Telikani et.al, 2020)

4.  The researcher Ashwini Rajendra Kulkarni, et. all have all published an article in the year 2017,
based on association rule mining in healthcare. had worked on association rule mining along with
apriori algorithm for finding frequent patterns, correlations, associations, casual structures among
the sets of items or objects in transaction database, relational database. The data set used was based
on Viral infective diseases.(Kulkarni et.al,2017)

5. Another researcher Stephen M. Kang’ethe, et.al with paper based on Extraction diagnosis patterns
in electronic medical records using association rule mining published in the year 2014, had worked
on Extraction of diagnosis patterns in electronic medical records using association rule mining
with apriori algorithm. The target data set domain was Hypertension, depression, lipoids, diabeties
mellitus data etc.(Kangethe et.al, 2014)

6.  Theresearcher D.Sheilla Freeda, et.al have published an article on analysis of disease with the help
of rule based mining in the year of 2017, The author also presented rule based mining methods
of ARM along with SETM, AIS, Apriori algorithms. The data used for mining was comprise of
diabetes data of patients used as target data domain. The claims SETM approach as the best method
among other 3approach through study.(Freeda and Florence, 2017)

7. Another researcher M.Harahap, et.al published their article in the year 2017,mainly focusing on
association rule based mining on disease population so that the medical needs for a patient can
be recommended. The researcher used 10 dominant disease data set from patients prescriptions.
These prescriptions then used for identifying the relationship between diseases and medicines and
hence helps medical health professionals in curing disease and treating the patients. Disease and
related medicines were used for recommendation of appropriate medicine. Prediction of disease is
done through medicinal drugs given to patients. The author used rule mining approach along with
k-means clustering and apriori algorithm.(Harahap et.al, 2017)

8.  The author Lakshmi K.s.,et.al, also published their article in the year 2017, uses multicriteria for
decision making by using association rule based mining.. This is the reviewed paper based study.
The author considers the Correlation b/w diseases, diseases and symptoms, diseases and medicines.
New methods for extraction of association rule from medical health records using NLP techniques
were discussed. (Lakshmi K.s., G.Vadivu et.al, 2017)

9.  The researcher Wasif Altaf, et.al come up with their survey paper on applications of rule based
mining in medical health related data duly published in the year 2017 explaining how association
rule mining is used in healthcare industry. (Altaf et.al, 2017)

The table given below will briefly explains the literature review of different research articles by dif-
ferent authors along with their working mode, advantages, datasets referred, and also the limitations of
using the technique in healthcare system data.
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Table 3. Brief literature review of association rule based mining in healthcare

- Lakshmi K.s.,et.
al
- Wasif Altaf, et.al

- Prediction of disease
through medicinal drugs.

Method Related Work Working Mode Data Set Advantages Limitation
- Researcher Chun
An Chou, et.al - Use significant
- Nikunj associations between risk Helos in
Domadia,et.al factors with optimization - Unplanned associatfn man - Large number of
- Akbar Telikani, and data mining. ICU transfer topics e Y rules generated.
et.al - Use of vertically patients record pICs. L - Non-interesting
.. . - Better prediction
- Ashwini partitioned data. - Related to of diseases rules are also
Association | Rajendra Kulkarni, - Identify relationships Heart disease ) . generated.
- Amalgamation .
Rule Based | et.al amongst a large set of - Related to . - Different
. . . g N . of different ..
Mining - Stephen M. variables in a given dataset. | Viral infective . medicine names
s . . algorithms for .
Kang’ethe, et.al - Use of Meta heuristic disease Lo .. under same chemical
. finding association
- D.Sheilla Freeda, | approach - Data related to structure.
. . . rules. .
et.al - Use of Apriori diabetes mellitus Training is - Low algorithm
- M.Harahap, et.al | algorithm data e performance

faster.

Pattern Based Mining in Healthcare

Pattern based mining can be used in healthcare industry for predicting the interesting patterns from time
series data or patients detailed data from electronic health records. Some of the researchers are working in
this area. Some research work done by various researchers have been reviewed and presented in this paper.

1. The researcher Jungsik Park, et.al with paper focusing mainly on fibromyalgia pain for identifying
clinical distinctions duly published in the year 2014, had worked on fibromyalgia, a term in body
pain. The author targeted the data set for doing research by collecting 399 memoires from FM data/
group website. The techniques used for fetching the required data was mainly pattern mining with
keyword based text mining.(Park et.al 2014)

2. Another researcher O. Metsker, published their paper on pattern based mining in the year 2017, had
worked on cardiology dataset for determining patterns based upon text mining done in healthcare.
Data of patients treated from 2009 to 2016 in the cardiology ward in Almazov National Medical
Research Centre was considered as target data set for performing research. (Metsker et.al, 2017)

The table given below will briefly explains the literature review of different research articles by dif-
ferent authors along with their working mode, advantages, datasets referred, and also the limitations of
using the technique in healthcare system data.
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Table 4. Brief literature review of pattern based mining in healthcare

Method Related Work Working Mode Data Set Advantages Limitation
- Easy to implement.

- Researcher - Use of keyword . Data retlatec.l o - Use of pattern mining - Extracted patterns

Pattern . e fibromyalgia pain .
Jungsik Park, based text mining. . . with keyword based text are unstructured.
Based - in patient . . . .
. et.al - Use of website for mining helps in extracting - Required to

Mining . . - Data related to . . .

- O. Metsker collecting information. . meaningful information structure the results.

cardiology .
from large set of input data.

Machine Learning in Healthcare

Machine learning in health care used for classification of patients with certain diseases and analyzing
the data from large data store containing health related data or can say electronic health records from
various healthcare departments.

Some research work has been done in this area and some of which is explained below through lit-

erature review.
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The researcher named Hamed Majidi with his fellow researchers produced an article in the field
of healthcare about predicting the likelihood of survival of patients suffering from cancer through
machine learning technique. The author had worked on patients data related to cancer and patients
suffering from chronic diseases as the target data set and builds the predicting models through
machine learning method. The author had considered the data related to disease like: breast cancer,
female genital cancers and prostate, and urinal cancer. The article was published in the year 2015
in the journal of Elsevier journal. (Majidi Zolbanin et.al, 2015)

The Researcher M. Maniruzzaman, et.al has come up with their research article based on machine
learning. The author presented the article in the year 2017. The author used data set from health
care data targeting diabetes related data of patients. The author had worked on classification of
patients with diabetes from rest of the patients records with the help of machine learning technique.
Data is analysed using cross validation approach. Total 768 patients records were taken of which
268 patients were having diabetes and 500 were controlled. (Maniruzzaman et.al, 2017)

Another author [.Kavakiotis, et.al come up with their research article on machine learning duly
published in the year 2017. The author had worked on prediction and diagnosis of diabetes on
patients. The target dataset used was of diabetic records of patients from healthcare related data.
The technique of SVM along with learning algorithms and machine learning was used. (Kavakiotis
et.al, 2017)

Another researcher Santiago Estaben and et.al have come up with their research article for develop-
ing and validating various different algorithms for classifying patient data from electronic health
records data repository. The author uses the target data set consisting of data of patients suffering
from diabetes from health records. The author have drawn 2 sample from year 2015 (n=800) and
2005 (n=1663) for derivation and validation where the inclusion criteria used was age= >=40 &
<80 years of patient. The article was published in the year 2017. The machine learning technique
along with neural network approach was used for fetching the required data and generating learning
experiences. (Esteban et.al,2017)
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The table given below will briefly explains the literature review of different research articles by dif-
ferent authors along with their working mode, advantages, datasets referred, and also the limitations of

using the technique in healthcare system data.

Table 5. Brief literature review of machine learning in healthcare

Method Related Work Working Mode Data Set Advantages Limitation
- Based on biological
human brain system. - More accurate .
- - - Hard to implement.
- Researcher - Use of predictive predictive models are .
. . . . - Hard to interpret.
Hamed Majidi et.al | approach with supervised built . -
. - High processing
- M. learning approach - Data related - Can helps time if neural network is
Machine | Maniruzzaman et.al - Use of SVM for to cancer in identifying laree
Learning - [.Kavakiotis, prediction of diseases - Datarelated | relationships amongst ge- .
. - Quality of
et.al - Uses neural network to diabetes dependent as well as S
. . . . evaluation is dependent on
- Santiago approach for developing independent variables. .
o - rules feed into the model
Estaben et.al and validating algorithm - More accurate .
P for prediction.
for classification of results
patient’s record

Some more literature review is done in the field of data mining in healthcare related data. Some
reviews are listed below:

The researchers Fatemeh et.al have published their survey based paper on discovering the knowl-
edge from healthcare related data in 2019 year. The author focuses on knowledge data discovery
in data mining in healthcare. The author surveyed research papers from past 10 years. The author
concluded his survey by giving suggestions on making the strategy work on more data sets, and
considering more database.(Soleimani Roozbahani et.al, 2019)

The Researcher Carlo et.al also has surveyed various papers from past years in the area of health-
care. The authors have discussed various researches and issues in the field of healthcare and also
elaborated how Al can be used to enhance E-health. This survey paper was published in the year
2019.(Combi et.al, 2019)

The other author Estela S.Estape et.al have also done the survey based study on using data mining
in healthcare for enhancing the care provided to patients and also thereby reducing the cost of it.
This survey based paper has got published in the current year 2020.(Estape et.al, 2020)

Another author Subhash Chandra Pandey has published his review based paper on how one can
improve the care provided to patients in terms of health. The author focuses on the impact data
mining has on healthcare for enhancing the medical care and also reducing the cost of medical
care. Also have discussed various techniques of data mining used in healthcare along with their
pros and cons respectively. The author have concluded that, as the healthcare data is unstructured
so collaborating more than one data mining techniques together for providing better results rather
than using single technique. This review based paper was published in year 2016.(Subhash Chandra
Pandey, 2016)

The researcher S. M. Meystre et. all have done their literature based review on finding patterns and
then fetching out these patterns from medical based unstructured data. The author categorizes the
medical text in to two categories: biomedical text and clinical text. The author uses NLP (Natural

19

printed on 2/10/2023 6:49 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Review of Data Mining Techniques Used in Healthcare

Language Processing) technique for mining the information for further future predictions. This
article has got published in the year 2008. (Freeda and Florence, 2017)

6. There was another review based study published in 2014 year by authors Mathew Herland et.al
based on big data in healthcare informatics. The author proposes various levels of studying data
in healthcare like molecural, tissues, patients and population based levels. Each level has certain
level of questions for extracting the information so that care provided to patients can be enhanced.
(Herlandet.al, 2014)

7.  Another survey based paper was published by Wencheng Sun et.al in the year 2017, majerly focus-
ing on the various different data mining techniques that can be used in health care data analysis
along with their key features. (Wencheng Sun et.al, 2017)

8. Another review based paper by authors Ogundele 1.O et.al published in the year 2018, comprises
the review based study on techniques, tools, processes, and related works of data mining in the
field of healthcare data analysis. The author concludes the article by explaining health analytics
stages, data (source and transformation), and specific areas of application in data mining. This
knowledge will then helps in reducing the cost spent and making accurate decisions from avail-
ability of voluminous and complex heath care data. (Ogundele 1.O. et.al, 2018)

The data stated above briefly explains the literature review of different research articles by different
authors along with their paper titles, author details, year of publication, journal details, data set referred,
techniques used, a brief description of work done, along with limitations of using the technique in
healthcare system data.

As data mining plays a vital role in health care analytics. In healthcare, the services provided to
patients in order to cure the diseases they are suffering from, these medical practitioners can provide
more effective and efficient services to patients only if the data extracted from medical data sources is
knowledgeable and as per the requirements. This data extraction can be done in the form of patterns for
making the right decision for solving the problem. All this is done to perform health analytics.

HEALTH ANALYTICS

The data extraction part from data mining in healthcare sector plays an important part in providing
proper and sufficient care to patients.(A.Perer, 2012) These decisions can be made effective with the use
of tools like, tools using statistics, tools based on computer, tools based on mathematical computation,
tools using information technology etc. these tools helps medical practitioners, healthcare providers in
making policies regarding better health care, also having improved working environments.

The health care related data are first collected from various health resources like hospitals, clinics,
laboratories. After this, the collected data is then preprocessed. After this stage, the preprocessed data
is then transformed. All this is done to perform health analytics.

There are four different ways in which health analytics can be performed and are mentioned below:

1.  Descriptive analysis
2. Discovery analysis
3. Predictive analysis
4.  Prescriptive analysis
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Descriptive Analysis

In this analysis, the data is represented in the graphical form so that the medical practitioners or the
health professionals can interpret the data easily for making the corrective diagnostic decisions. With
this method, the patient details like, symptoms, diseases diagnosed, number of patients treated with
diseases, procedure of diagnosis followed by doctors etc all these data details can be given for improving
the conditions and health of patients. In short, descriptive analysis helps in giving the summarize details
of the past (historical) data so that valid and valuable information can be further generated. Descriptive
analysis can be done by individual (A.Perer, 2012) faculty of medical field since it is easy to use and
the simplest method.

Discovery Analysis

In this method, the knowledge has been discovered through data mining process in healthcare sector in
order to conduct new experiments in the medical field. For example, one can discover altogether new
drugs for curing a disease from previously known drugs. Discovery analysis (A.Perer, 2012) also helps
in discovering new treatment methods for curing the diseases also helps in discovering new finding
about the disease and medications can be used for prevention of disease from past known discoveries.

Predictive Analysis

Predictive analysis mainly emphasizes on the information to be used. It gives the insight of what can
happen in the near future. Thus it collects all the information and data from the past histories and then
generates patterns from the datasets information extracted from history for predicting the future. As the
healthcare related data is voluminous and very vast, so this feature makes predictive analysis techniques
to be used in data mining. Several questions can be answered through this technique like: what are the
medicinal drugs that can be used for treating the patients? What are the adverse effects of the disease
on others? What are the signs and symptoms? How patients are reacting to a particular medicinal drug?
Predicting (A.Perer, 2012) all these results of patients and then allocating resources properly. Predic-
tive analysis also helps in identifying future probabilities and trends for predicting future occurrences.

Prescriptive Analysis

This analysis is applied when we have multiple options for solving a health related problem for giving
the best prescriptive analysis. Several questions can be answered through this like: keeping in mind,
how does someone respond to the potential future events, It helps in the field of healthcare in providing
treatments and giving prescriptions (A.Perer, 2012) of medicinal drugs. Doctors can compare several
medicinal drugs by comparing their positive effects and side effects before prescribing. Thus in this way,
prescriptive analysis can be used in providing most accurate results from a problem.
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DATA MINING APPLICATIONS

There are various areas in the field of healthcare where data mining can be used for better outcomes.
Data mining plays a vital role in giving treatments to patients suffering from diseases, diagnosis of dis-
ease related decisions, preventive care, giving away prescriptions thus providing better care to patients
by optimizing results. Since the health care related data is vast and unstructured and has information
like patients record, personal information of patients, treatments provided, drugs prescribed, over all
diagnosis status of patients and also the cost of diagnosis. All these data or information are needed for
analyzing purposes and for extracting meaningful data and knowledge from healthcare related data.
Data mining applications in healthcare are listed below.

Treatment effectiveness
Healthcare management
Fraud & abuse

Hospital Infection Control
Smarter Treatment Techniques

FUTURE RESEARCH OPPORTUNITIES

Here is the list of different research gaps found out during the literature review of various different
research articles illustrating the implementation issues from previous work. The list given below also
gives suggestions for future research opportunities.

e  Research can be done to find out best correlations between condition of patient and reactions of
drugs on them. This could help health professionals in giving treatments that may not be evident
due to clinical research alone.

. As 90% of health data is unstructured, so research can be done to extract relevant information from
unstructured data is itself is a challenge. So no single data mining techniques can give good results
alone. And needs to do collaboration of more than one technique for better outcome also taking
care of privacy of patient’s data.

e  There is a problem of process and method for organizing and classifying large amount of text. So
research can be done on large amount of data.

e  Can associate diseases together through support and confidence factor for finding out more spe-
cific causal relationship present within them for predicting more accurate diseases and then cure
it with right medicine.

e  More information about the co-morbid diseases can be further added to datasets for improving the
effectiveness of prediction based models, and hence will result in lowering down the treatment
costs.

e  As different pharmaceutical companies uses different labels or names on medicines with same
chemical composition. So research can be done in generating rules based on composition of medi-
cines rather than names would considerably improve the prediction accuracy of system.
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e  As the quality of evaluation is dependent on quality as well as completeness of input data, and
through algorithm for retrieving information for healthcare, the effect of time and clinical practice
on the outcome and implicating misclassification needs to be taken into consideration.

e  Data mining with machine learning in healthcare sector on big enriched datasets can be applied
for prediction and diagnosis of diseases and can be used for identifying patterns for best results.

e  Asmedical dictionary has medical terms in vast number hence needs standardization, as praction-
ers uses different terms for diagnosis, issue of privacy of patient’s personal data in EMR.

e  Research can be done in health informatics by focusing on data from all levels to find correlations
and connections between them by giving doctors more ways of diagnosis, treatments and helping
their patients.

e Implementation of neural network approach can be done for accurate results.

CONCLUSION

As this is the review based paper, here in this paper previous work done in the field of data analysis
in healthcare through data mining is reviewed. In this research article, the background, definition, and
processes of data mining, techniques used in healthcare are discussed, benefits and drawback of those
techniques is also mentioned. Also how these techniques were being used in prediction and providing
better health care solutions to patients, and health practitioners as well. The descriptive, predictive,
prescriptive and discovery health analytics were introduced. Sources and transformation of health data
were discussed. Related works of previous research were reviewed in the literature review section, and
specific application areas of data mining in healthcare were also mentioned. Along with it, the future
research opportunities were discussed briefly in the end.
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ABSTRACT

High glucose level disrupts the structure of the retinal layer in the eyes and causes diabetic retinopathy
which is characterized with new pathologic blood vessels in the eyes. Although diabetic retinopathy is
not clear at the beginning of the disease, it is the most common problem in people who have diabetes
and causes blindness or cloudy vision if it is not diagnosed at the beginning of the disease. For early
diagnosis of diabetic retinopathy, regular fundus controls and examination of the edema in the vessels
of the retina are made periodically by ophthalmologists. With in the scope of this study, it is made pos-
sible to provide the early diagnosis and the level of diabetic retinopathy by using deep learning, image
processing methods, and convolutional neural networks of the retina. In order to provide ease and rapid
of diagnosis of the diabetic retinopathy in daily life, the diagnosis protocol has been turned into a mobile
application. With the mobile application, both the diagnosis and more regular results of the diabetic
retinopathy can be obtained easily and practically.
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INTRODUCTION

Technology made our life easier by facilitating our work in most areas by bringing new innovations every
day. Although it has been suggested that the advancement of every technological development brings
along various damages, technology makes daily life easier for people and finalizes problems that cannot
be solved or even partially solved by certain and existing methods. These advantages have increased the
place and importance of technology for humanity and have brought a new dimension to the functioning
of our age and human life.

Recently, in addition to the development of computer and communication technologies, the technol-
ogy area called artificial intelligence is also receiving a lot of attention. Artificial intelligence is known
as offering or exploring science field by using algorithmic solutions to problems based on the behavior
of humans and living beings (Russell, 2016).

Increasing technological developments with acceleration have made it inevitable to be included in
our life and seen and used math-based systems such as artificial intelligence, image processing, machine
learning, and deep learning. Undoubtedly, the medical world comes first among them (Foster, 2014).
Artificial intelligence and its fields provide the opportunity to obtain an early diagnosis and give faster
results for the treatment of disease (Karaboga, 2011). Studies on this area are increasing and developing
day by day.

The fact that artificial intelligence in especially human health is used for the diagnosis of disease
and produces good results and also gives good signs for the research of diabetic retinopathy and causes
the studies on this subject to become widespread. Therefore, bringing to the literature new studies is
very important.

There are almost 415 million diabetic patients in the world. It was reported that approximately 285
million of them have diabetic retinopathy, and the 40 to 45 million diabetic patients who have diabetic
retinopathy are seriously threatening to see (Christian Nordqvist, 2017). Diabetic retinopathy is one of
the leading causes of blindness in the world (Christian Nordqvist, 2017). Therefore, ophthalmologists
suggested that diabetic patients need a more frequent eye test. With the early diagnosis of diabetic reti-
nopathys; it is possible to prevent blindness as a result of diabetes and to improve the patient’s vision.
According to studies, it is predicted that patients with diabetic retinopathy will reach 370 million by
2030. Although these numbers are very serious and undeniable, to parallel the studies conducted with
the development of technology aim to raise the awareness of the potentially risky patients, as well as the
patients who have been diagnosed, and to reduce the number of patients.

Symptoms of diabetic retinopathy may be evident by the patient only at an advanced stage, but an
ophthalmologist can detect the symptoms before reaching this stage. It is very important that diabetic
patients have eye test at least twice in a year. In this way, the chances of early diagnosis and treatment
of the diabetic retinopathy increase. Most commonly used methods detecting the diabetic retinopathy
are expanded eye examination, fluorescein angiography (FA), and optical coherence tomography (OCT)
(Clairhurts Eye Care, 2019).
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Figure 1. Ophthalmoscope
(Clairhurts Eye Care, 2019)

Technological systems such as artificial intelligence, image processing, deep learning, and machine
learning are predicted to provide great assistance to medical professionals and students, the elderly, and
people who are unfavorable in rural areas during the diagnosis and diagnosis stages of the disease. In
this context, the methods used in the project and prepared the project benefited in a way that we can
describe with a great degree in the stage of the project. In this study, the dataset was cleaned with the
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image processing method and made ready to use dataset. Data were prepared for the use of CNN tech-
nology during the deep learning phase.

Figure 2. Optical coherence tomography (OCT)
(Eye Care, 2019)

Figure 3. Image of healthy retina photo
(IEEE DataPort, 2019)
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Figure 4. Image of retinal disease
(IEEE DataPort, 2019)

Convolutional Neural Networks (CNN) is preferred for use in this project because it has a high suc-
cess rate in image processing-based subjects. Training and prediction processes of the artificial neural
network have been completed and included in the mobile application (Hubel, 1968). In mobile application
development, both Android and iOS operating systems showed high performance in the application. Dart
programming language is preferred by using Flutter SDK. The mobile application was tested on both
tablets and smartphones. In this artificial intelligence and mobile application-based study, it is aimed to
contribute to an early and easier diagnosis of diabetic retinopathy.

Figure 5. Image of retinal disease
(IEEE DataPort, 2019)

31

EBSCChost - printed on 2/10/2023 6:49 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



Detection of Diabetic Retinopathy With Mobile Application Using Deep Learning

Figure 6. Light NPDR
(IEEE DataPort, 2019)

BACKGROUND

In this section, it is mentioned that studies in the literature related to diabetic retinopathy about the
removal of retinal vessels. Literature reflected these studies in the two separate classes. The retinal vas-
cular removal methods are classified into two groups; rule and supervised based. The algorithm in rule
based methods, which is used to extract and successfully model the vessel using methods such as vessel
tracking, mathematical form, adaptive thresholding, can distinguish bifurcation points and intersection
points of the vessels. In supervised based methods, the retina vessels, called pixel processing or pixel
classification, are also removed with the help of a classifier. Most of the current studies have been done
mostly with supervised based methods. In this project, supervised based methods were used.

Figure 7. ModerateNPDR
(IEEE DataPort, 2019)
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Figure 8. Severe NPDR
(IEEE DataPort, 2019)

Figure 9. PDR
(IEEE DataPort, 2019)

RULE BASED OR MODEL BASED METHODS

In rule based vascular monitoring method, retinal vascular structure is obtained by following the vascular
center lines. This process carried out from a starting point. The starting point can be selected manually
or automatically. In published the first study used rule based method it was mentioned that extracted the
vascular points manually used the features of veins such as the vein width of the veins, the beginning
and endpoints of the veins, the direction and neighborhoods of the veins with the help of a matching
filter (Chaudhuri S, 1989). Adaptive tracking algorithm consisting of recursive three stages to extract
the retina network structure was preferred as an idea (Liu I, 1993). Following this study, it is determined
only bifurcation point and intersection point of vein by removing the manual data entry with the width,
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orientation and neighborhood information of the veins (Zhou, 1994). The algorithm of fuzzy clustering
is presented to determine areas with veins or without veins (Tolias Y. A., 1998). Then, studies have been
put forward to extract automatically determining the vascular points instead of manually determining
the vascular points. In this study, the determination of the starting point is taken as reference according
to the points where the contrast and saturation values are the least in the divided grid method of the
images. Neighboring veins, which were encountered throughout the reference point, were determined
according to their number and angle (Liu, 1993).

After these studies to extract the retina network structure, a math-based method has been proposed.
After contrast operation, top-line transformation, a numerical method, was used and the retinal network
structure was mapped (Walter T, 2001). By the beginning of 2001, a four-step method was developed
to obtain the retinal network structure. This method consists of four steps consisting of remove noise,
vessel pattern extraction, cross curvature evaluation, linear filtering stages, respectively (Gang L., 2002).
Another method for the retina network structure extraction was the vessel images model through the
Gauss function in 2002. Numerical based vessel structures are modeled with the help of Gauss functions.
After modeling, vessel measurements were made using Gauss’s filter (Jiang X., 2003). For the first time,
retinal vascular network was obtained using the local thresholding method (Mendonca A.M, 2011).

Following this, vascular intersections were determined. Genetic algorithm approach was proposed in
the studies carried out to optimize the sensitivity of a matched-filtering (Al-Rawi M., 2007). The hybrid
method idea was created by using the matched-filtering and ant colony algorithms together to extract
the retina network structure and this idea was the first in this sense as a way of approach (Cinsdikici
M.G., 2009).

SUPERVISED BASED METHODS

Supervised Based Methods, categorized as second class, are based on pixel classification or pixel pro-
cessing methods. Pixels are examined in two different classes as vein and not vein. It is tried to train the
classifiers with the help of data or values on the images selected manually or automatically. The first
supervised based approach in the literature is the use of the proposed backpropagation multilayer arti-
ficial neural network for determining the retinal vascular network. The image obtained from histogram
synchronization, smoothing, and edge detection operations is divided into a square of 20x20 and the
input vector of the artificial neural network is created. Then, it was classified and categorized as either
a vein or not a vein as a central output value (Gardner G.G., 1996).

In another study, a multilayer perceptron neural network was created to determine the retinal vascular
network. After recording the first principal component to classify each pixel on the retina image, the
artificial neural network was fed with an input vector of 10x10 (Sinthanayothin C., 1999). As a result of
image processing, optic disc region was determined by using saturation values in the data and vascular
extractions from fundus images were performed using artificial neural networks (Sinthanayothin, 1999).
Then, Hipwell developed an automated technique rather than a manual technique for the diagnosis of
diabetic retinopathy in digital red-free fundus images as a result of training 102 fundus images (Hipwell,
2000). A classifier idea, using the closest neighbor algorithm to extract the retinal vascular network, has
been proposed. In this approach, 31 component feature vectors are used (Niemeijer M., 2004).

The vessel structure was detected by using color fundus images via support vector machines (Zhang
X, 2005). Thanks to regression processes, damaged vessels were evaluated (Lupascu, 2008). Classifica-
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tion of the attributes was made by using feed-forward neural networks, and the vessel structures were
determined. In this study, the classification process was made based on the analysis of 124 retinal images
(Yun., 2008). Thanks to the global thresholding method, the optical disc region has been identified, and
classification algorithms have been tested using image processing and histogram techniques (Lu, 2010).

Since supervised based methods are based on image processing and fundus images, studies have
progressed in this direction. Then, it was detected microaneurysms with the help of mathematical mor-
phology and ‘Naive Bayes’ classifier (Sopharak, 2013). As a result of Mookiah studies, it was prepared
an automatic screening system for non-proliferative diabetic retinopathy (NPDR) and DR detection
(Mookiah, 2013). The idea of a system for detecting damaged vessels in the images has been proposed.
This system was created by using different algorithms such as k-means algorithm and support vector
machine (Naqvi, 2015). In the retina images processed in 2015, multi-layer sensor neural networks were
used for the detection of the disease. In the analysis of the studies, statistic methods such as standard
deviation, mean, and entropy were used (Bhatkar,2015).

PROPOSED APPROACH

In 2018, Chetoui suggested detecting diabetic retinopathy by using tissue features. Thanks to this idea,
in this study, local energy-based and local triple patterned shape histograms were used. Classification
of the project has been completed by using support vector machines (Chetoui, 2018).

In this section, detailed information about the content of the methods, which is used in this project
and mobile application, is given. In this project, the valuable studies and their methods that took place
in the literature were analyzed, and we focused the idea about this question “How can we make this
project better?”.

As it is mentioned in the introduction section, Convolutional Neural Networks was used during the
deep learning phase in this project. Among the most important reasons for using the Convolutional
Neural Networks are its “up to date”, used in artificial intelligence studies in medicine, and its success
rate in model training and prediction. Convolutional Neural Network algorithms are applied in many
different areas such as natural language processing (NLP), biomedical, especially in the field of image
and sound processing. This project has been the preference of the best results, especially in the field of
image processing.

The project was started with the pre-processing phase and then a mobile application was developed
synchronously. While the deep learning part of the project is being carried out, front-end user interface
development has been made in the mobile application and the draft has been prepared. In pre-processing,
image processing has been done for five thousand datasets that we have. The steps are as follows just
like Figure 10:

e  All images are cropped and resized using the resize script and pre-processing script.

e  Images without retinopathy were projected using the rotation script; Images with retinopathy were
reflected and rotated 90, 120, 180 and 270 degrees.

e  After rotating and reflecting with and without retinopathy, the class imbalance has been resolved
and detected several thousand images have retinopathy.

e In total, there are 5000 images processed by the neural network.
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e  All images were converted to NumPy Arrays using the conversion script. NumPy Arrays com-
bined images and tags in an array and send the images to CNN.

e  The model was created by using the TensorFlow and Keras libraries. For CNN, encoding was
done by using anaconda as IDE and Jupyter Notepad within anaconda.

e  The pictures are tagged and parsed the pictures used to train them in two different sequences ac-
cording to the labeling.

e  The pictures were then brought to a fixed size (255*255) by grayscale method.
The images are then passed through CNN and are called learning.
The trained model can be saved and then tested with pictures.

Figure 10. Steps of the proposed approach
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As aresult, 2 double values were obtained. We understood that the image is tested with these values,
is closer to which cluster. For example [0.8966925 0.10330744] according to this result, 89% of the
images belong to the first cluster. The success rate is higher than 0.7.

EyeNet uses three convolutional layers, each with a depth of 32. EyeNet is easy to use as it does
not require an internet connection. Additionally on the model the local device can classify. No internet
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connection is required for the application to work. When deep learning is completed with the Convo-
lutional Neural Networks, the integrated operation of the developed mobile application was provided.
The flowcharts are as follows just like Figure 11.

Figure 11. Flowchart of the mobile application
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Next, information is given to have an idea about Flutter SDK and Dart language before moving on
to exchange information about the mobile application. While flutter allows you to easily create a user
interface, quickly add attributes, and fix bugs, it is also a cross framework that is on the agenda with its
work on mobile devices with IOS and Android operating systems (Flutter, 2018).

Flutter SDK offers native application development environment, widgets include all critical platform
differences such as scrolling, navigation, icons, and fonts to provide native performance on both iOS
and Android (Flutter, 2018). Worldwide organizations have been developing applications with Flutter.
Being open-source can be assumed as one of the most important advantages for us. Because Flutter is a
flexible SDK, it can be used in Windows, Linux, or Mac environments. No experience needed in mobile
application field to develop mobile applications with Flutter. The mobile application and application
prototypes can be developed by learning Flutter, which uses the darts programming language, with little
or no coding knowledge. Applications that reflect brand identity can be designed with Flutter, based on
2D mobile applications development on Android and iOS platform. It is also possible to develop mobile
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applications that require camera, location data, internet, storage and other 3rd Party SDKs using Flutter,
just like on Native platforms (Maraci, 2017). While mention of the dart language above, of course, 1
think it is useful to explain it a little bit.

The Dart programming language published by Google in 2011 is used to develop mobile applications
using the Flutter SDK. It has been standardized by Ecma. Its an open-source language is one of the best
features that will work for us. Dart language is similar to the code sequence of the C programming lan-
guage which is class-based and object-based. It can be translated into the JavaScript language or native
language on the system it is running on. Interfaces support abstracts, generic type, and optional types
(Medium, 2018). It should be remembered that mobile applications and web servers, web applications,
and IoT improvements can be made together by using mobile and Flutter SDK. Detailed information
about the mobile application will be found in the next subtitle.

ABOUT MOBILE APPLICATION

Nowadays, although people are more conscious compared to the past and medicine is developing rap-
idly, chronic diseases and epidemics are rapidly spreading in this century. In fact, “Covid-19”, which is
a global problem and has been declared a pandemic, can be shown as the most recent example of this.
There are approximately 415 million diabetic patients all over the world (Christian Nordqvist, 2017).

Although this number is the highest in the last 100 years and expected to be close to 629 million in
the next 25 years (Medicine, 2019). The fact that the numbers are so high and create a great risk through-
out the world played a role in the diagnosis process and the treatment methods for these diseases. Of
course, the importance of computer technologies, machine learning systems, and artificial intelligence
is an undeniable fact. Recently, many diseases can be diagnosed with machine learning techniques using
artificial intelligence, and in this manner, the treatment process of diseases is accelerated, for example,
cancer, etc. Therefore, considerable progress has been observed in computer-aided solutions in medi-
cal applications. However, an important point is that any disease cannot be diagnosed and treated with
simple medical findings and different imaging and analysis are even required, for the diagnosis processes.

The main aim of this study is to solve the problem of medical diagnosis via artificial intelligence and
make it a mobile application that has not been used in previous studies. In this mobile application, it is
provided to diagnose the disease both by pulling the processed data from the image processing thanks
to the image processing and by using the simultaneous eye photo with the help of the internal camera
of the mobile device and 20 Dioptric Lens integrated with the apparatus to the mobile device. In this
study, an image processing (IP) and deep learning focused system has been designed for the diagnosis
of diabetic retinopathy (DR) disease. The system in question produces a classification oriented solution
that capable of dealing with the data that requires a lot of analysis and that requires precision and that is
a kind of machine learning sub-field that includes convolutional neural networks in deep learning. Thus,
supervised based methods have been used in this study. In order to increase the diagnostic performance
of the convolutional neural networks technique, two different IP (Image Processing) techniques were
included in the pre-processing process, and even intelligent optimization was used in order to achieve
the success of these techniques at the optimum level.
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Table la. Dataset tag created by Javathunderman

Tag Number Tag Number

0 Patient

1 Healthy

(Arjun, 2017)

Table 1b. Dataset tags of IDrid

Tag Number Other
0 No Disease
1 Mild NPDR
2 Moderate NDPR
3 Serious NDPR
4 NDPR

(IEEE DataPort, 2019)

When the literature was considered and the MESSIDOR dataset in the literature was taken into ac-
count for the diagnosis of disease studies within the scope of this study, a total of 1200 retina images
were performed. One of the data sets planned to be used in our study is a small data set created by GitHub
user “javathunderman” from DR definition data set in Kaggle (Arjun, 2017). The data set consists of
2079 various retina images, which are taken at high resolution. In this study, 90% of these images were
planned for model training, and the rest of them is planned to be used for testing and it was made as
planned. The disease rating in the images was made in two ways.

The first of these is “healthy” with a label value of 0, and the second is “patient” with a label value
of 1. These values are obtained from data set tag created by the user with the Github username “Javat-
hunderman” like Table 1a.

Figure 12a. Interest over time
(Google, 2019)

Interest over time
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Another data set is the IDRid database which has been planned to be used as in Table 1b. This data
set was taken by retina specialists at an eye clinic in Nanded, Maharashta, using the Kowq VX-10 digital
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fundus camera. There are 516 retina photos in total with 4288x2848 pixels. This data set is classified
into 5 categories by experts. These categories are “No Disease, mild NPDR, moderate NPDR, severe
NPDR, and PDR” values separated by 0O, 1, 2, 3, 4 labels, respectively just like Figure 3, Figure 4, Figure
5, Figure 6, Figure 7, Figure 8 and Figure 9.

Figure 12b. Interest by region
(Google, 2019)

Interest by region

1 Australia 100
2 New Zeland 83
3 Colombia 80 I
4 Gana 80
5 Canada 75

In the 21st century, we research almost everything that stuck in our minds thanks to mobile devices
along with us and the internet which can give us instant information. Unfortunately, although all the
information we obtain from the internet is not correct, it can give wrong information and cause people to
be panic. According to the Global Web Index [Figures 12a,b,c] data, people, between the ages of 16-64
around the world, using smartphone and social media approximately takes 2 hours and 54 minutes per
person in a day! In countries such as the Philippines and Nigeria, this rate rises to 4 hours. The United
States ranks 8th in this order with 1 hour 57 minutes. In the most searched categories in over the world
in the Google search engine related to “health” [Figure: 12a] increased by 1400%.

When comparing people according to apply to health institutions and to research their complaints
on Google, it is clearly seen that internet searches are preferred. The information related to “Diabetic
Retinopathy” supports these results. Puerto Rico, Malaysia, Nepal, Ghana, and the UK are ranked top
about doing research Diabetic Retinopathy on Google.

Figure 12c. Countries
(Google, 2019)

1 Puerto Rico 100 NN
2 Malaysia 79 N
3 Nepal 78 I
4 Ghana 75
5 United Kingdom 72
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Figure 13. Information Schema About Mobile Application
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Diabetic Retinopathy can cause blindness, this risk makes it very important. In this context, the proj-
ect “Mobile Application Development for Diagnosis of Diabetic Retinopathy” has been inevitable. In
addition to facilitating daily life while making this application; It is aimed to reach and help the doctors,
medical students, patients and the suspicious masses.

In this project, an artificial intelligence-supported mobile application was developed for iOS and
Android mobile devices by using Flutter SDK, an up-to-date and useful mobile application development
environment, to speed up the diagnosis of diabetic retinopathy disease and to bring the computer science
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and medicine a little closer. In this mobile application, which is compatible with every mobile device,
the degree of the disease is automatically determined in seconds by taking fundus photographs through
the 20D lens integrated into the camera using the patient’s data.

The usage scenario of the mobile application detail is given in Figure 14. If we examine this scenario
in detail;

Screening results are given in 2 groups as “Result: 0 Healthy”, “Result: 1 Diabetic Retinopathy”.
With the principle of “universal colour seriousness experience”; green in case of normal level (Figure
13.), red in case of more serious (Figure 13.) were used.

If a healthy eye is tested with a mobile application, as seen in the scenario; the interface gives us the
“Healthy” result. This green color indicates that the eye is healthy and there is no problem according
to user experience.

The red alert tone gives the user a hazard warning that serious visual impairments and symptoms that
may lead to blindness may develop in the future. The user receiving this warning should seek help from
a specialist by not neglecting the symptoms of the disease as soon as possible. This information should
be remembered because this situation can cause vision loss. For this reason, in the in-app notifications,
the warning “it is recommended to get support from a health institution” is stated.

USAGE OF MOBILE APPLICATION

Figure 14. Diagnosis of diabetic retinopathy

Holding Apparatus

@ A Mobil Device

The interface designed specifically for all users of all ages to operate easily is as shown in Figure 13.
Simplicity is preferred in UI design in order to facilitate usage and provide practicality in the interface
that minimal perspective kept the foreground. The usage scenario of the mobile application with 20D
lens, detailed is given in Figure 14.
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SOLUTIONS AND RECOMMENDATIONS

Mobile application was run in this section. The content of the application is provided. The pages of the
mobile application are displayed in the content. The results are given in a separate section.

Figure 15a. Splash screen

drscanner

loading...

When first opening the application, the splash screen (figure 15a) is shown. When most mobile
application opens, there will be a screen that shows the logo and the name of the application for a few
seconds before going away. This screen is called the splash screen. This screen can be thought like a
losing screen. After splash screen, welcome page of the application will open.
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Figure 15b. Welcome To diabetic retinopathy

Welcome to
Diabetic Retinopathy Scanner

\

Welcome to diabetic retinopathy scanner page as shown in Figure 15b, is designed to welcome the
user to the application. Clicking the skip button will lead the user to the main page.

In the home page of the mobile application in Figure 15¢, a little summary of how to use the appli-
cation and information about diabetic retinopathy is given. In the main page as well as the other pages
menu section, navigation of other pages can be made.

As soon as clicking the “Select Photo” button in Figure 15d, the desired photo from the retina im-
ages, which is taken via the 20D lens or previously saved in the gallery, is selected and uploaded to the
application. Selected retina photos will be displayed in the Downloads section.

As shown in Figure 15e, the photo taken from the gallery is shown and the result of the model is
written accordingly. If the retina is healthy it writes healthy otherwise it diabetic retinopathy is written
to the page.

In the camera page in Figure 15f, with the help of a 20d lens, the retina image is taken and uploaded
to the application and processed through tflite model. With the result that the model gives, according
page will open up.
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Figure 15¢c. Home page
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diabetes, it causes various J
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in retina become damaged and
starts to leak or swollen. This
results in blurry vision or even
blindness.
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The about us page, as shown in Figure 15g, contains information about the developers of the applica-
tion. These pieces of information are name, surname, university, and email addresses.

In this section, the success rate of the trained model and outputs of the application are given. By
using the tflite file that is converted from trained Keras model in the application, the patient’s diabetic
retinopathy status can be determined with 0.78 success rate. The screenshots obtained from the mobile
application named “Diabetic Retinopathy Scanner” that is developed under the “Development of a mobile
application for detection of diabetic retinopathy” project are shown in Figure 16a, Figure 16b, Figure

16¢, Figure 16d and Figure 16e, respectively.
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Figure 15d. Select photo
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FUTURE RESEARCH DIRECTIONS

In the future of this project, it’s planned to increase the data size and improve the model score. It is also
planned that with better labeling and classifying, to see not only if the patient has diabetic retinopathy
but also with a grade of retinopathy the patient has.
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Figure 15e. Scan from gallery

Result: 1 Healthy

Select Photo

\

CONCLUSION

According to the data that was released in 2015 by the International Diabetes Federation, one out of
every eleven has diabetes. Also half of the patients do not know that they have diabetes. For this reason,
people do not realize that they have diabetic retinopathy. There are comprehensive studies being made
today for analyzing medical images. In this chapter, diabetic retinopathy (DR) was tried to be detected by
using colored retina images. With the help of deep learning this problem was solved using two methods:
preprocessing and classification. In general, variables and methods used in this work are going to ease
the work done for the detection of DR in diabetes research and treatment centers.
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Figure 15f. Scan from gallery
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Figure 15g. About us
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Figure 16a. Result: 0 DR!
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Figure 16b. Result: 1 Healthty
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Figure 16c. Result: 0 DR!
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Figure 16d. Result: 1 Healthty
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Figure 16e. Result: 0 DR!
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KEY TERMS AND DEFINITIONS

Convolutional Neural Network: It is a class of deep neural networks, most commonly applied to
analyzing visual imagery.

Deep Learning: It is a machine learning method using multiple layers of nonlinear processing units
to extract features from data.

Diabetic Retinopathy: It is a diabetes complication that affects eyes. It’s caused by damage to the
blood vessels of the light-sensitive tissue at the back of the eye.

Image Processing: Itis a method to perform some operations on an image, in order to get an enhanced
image or to extract some useful information from it.
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Machine Learning: Machine learning is an application of artificial intelligence that provides systems
the ability to automatically learn and improve from experience without being explicitly programmed.

Mobile Application: A mobile application, most commonly referred to as an app, is a type of ap-
plication software designed to run on a mobile device, such as a smartphone or tablet computer.

Retinal Fundus: The interior lining of the eyeball, including the retina, optic disc, and the macula.
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ABSTRACT

Skin cancer, which is one of the most common types of cancer in the world, is a malignant growth seen
on the skin due to various reasons. There was an increase in the number of the cases of skin cancer
nearly 200% between 2004-2009. Since the ozone layer is depleting, harmful rays reflected from the
sun cannot be filtered. In this case, the likelihood of skin cancer will increase over the years and pose
more risks for human beings. Early diagnosis is very significant as in all types of cancers. In this study,
a mobile application is developed in order to detect whether the skin spots photographed by using the
machine learning technique for early diagnosis have a suspicion of skin cancer. Thus, an auxiliary
decision support system is developed that can be used both by the clinicians and individuals. For cases
that are predicted to have a risk higher than a certain rate by the machine learning algorithm, early
diagnosis could be initiated for the patients by consulting a physician when the case is considered to
have a higher risk by machine learning algorithm.

DOI: 10.4018/978-1-7998-6527-8.ch003

Copyright © 2021, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

EBSCChost - printed on 2/10/2023 6:49 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use


https://orcid.org/0000-0001-6739-7653
https://orcid.org/0000-0002-0831-7825

EBSCChost -

Android-Based Skin Cancer Recognition System Using Convolutional Neural Network

INTRODUCTION

The cancer is defined as the emergence of malignant tumors when the division of cells or tissues are
seen aberrantly and multiply. The uncontrolled growth of cancer cells in the body of an individual is the
main reason of cancer including distinct illnesses (Lancaster Cancer Center, 2020). Despite the wide
variety of cancer types, these distinct diseases are seen as the result of abnormal cell growth. When a
treatment is not provided for the disease, it can cause severe health problems and loss of lives. One of
these types is skin cancer (Medical News Today, 2020). Skin cancer is usually divided into two groups.
These are non-melanoma and melanoma types (Armstrong and Kricker, 1995). According to the report of
the World Health Organization (WHO), a range between 2 and 3 mil. people experience non-melanoma
type skin cancer every year, while more than 100000 people have melanoma type skin cancer (WHO
Report-1, 2020). Although melanoma is not seen very commonly, the disease is the deadliest of skin
cancer types (Kasap et al., 2015).

According to another report of the WHO, it has been predicted more than 9 mil. individuals died
from cancer in 2018 (WHO Report-2, 2020). Skin cancer is commonly encountered as a cancer causing
death. According to the data obtained from the report, the most common cancers are given in Figure 1.
When Figure 1 is examined, skin cancer cases are seen very much over the world. As with any cancer
case, skin cancer is likely to cause death. Considering this situation, skin cancer is one of the serious
problems that need to be addressed.

Figure 1. Globally highly seen cancer types
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Skin cancer occurs when an error (mutation) is seen in the cells’ DNA in the skin. Such mutations
are the reason of growing uncontrollably and create a huge amount of cancerous cells (Narayanan et al.,
2010). Much of the DNA damage in skin cells comes from ultraviolet (UV-ultraviolet light) radiation
found in sunlight and the lights used in solariums. Besides, some factors will increase the risk of skin
cancer (Saladi and Persaud, 2005). These include light skin color, sunburn history, excessive sun expo-
sure, sunny or high-altitude climates, skin moles, precancerous skin lesions, family skin cancer history,
personal skin cancer history, weakened immune system, and radiation exposure.
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Motivation and Contribution

Dermatologists make the diagnosis of skin cancer mainly by visual evaluation of pathological skin.
However, since this is a subjective assessment, it is mostly based on the experience of the dermatologist.
With the advances in technology, computer-aided systems have started to be used in the determination
of skin cancer as in many diseases. Especially with the development of image processing technologies,
the detection of skin cancer can be performed more easily and accurately compared to painful and costly
methods such as biopsy. In the literature, for the detection of skin cancer many methods based on image
processing and application of computer algorithms have been preferred. However, mobile application-
based diagnostic systems are limited and mobile applications are needed. In this study, a skin cancer
detection system working on a mobile application system based on deep learning was developed. In this
way, the skin cancer detection system, which can work directly on Android devices, is developed and
contributed to the literature. When compared to other studies in the literature, the main contribution of
this study can be summarized as follows:

e  The most important advantage of the proposed diagnostic system is that can work on tablets and
phones with Android operating system. The fact that the Android operating system is the most
used mobile operation in the world will enable many patients or doctors to access the system.

e  As patients and doctors are active on the developed system, early diagnosis will be provided.
Thus, patients who are likely to have skin cancer detected by the system will be encouraged to
apply to the nearest health institution. Thereby, the number of people who die from a dangerous
disease, skin cancer, will be reduced.

e  Skin cancer diagnosis system specific to the proposed Android operating system is enriched with
CNN, one of the deep learning techniques. Since there is CNN in the infrastructure of the system,
there is no direct feature extraction step based on image processing techniques. Because the fea-
ture extraction phase is automatically done by CNN.

e  This study sheds light on how readers can design such a system and how to construct its
infrastructure.

Organization

The chapters of the book are given as: literature review has been performed via background section in
the second chapter. In section 3, a convolutional neural network from deep learning techniques will be
explained. The infrastructure of the mobile application-based skin cancer diagnosis system developed
in section 4 will be discussed. In section 5, the results obtained in the study will be given. Finally, in-
formation about the conclusions and future works will be given for the researchers who want to work
in this field in section 6 and 7.

BACKGROUND

There are many ways to treat skin cancer (Mogensen and Jemec, 2007). Generally, two steps are followed
by doctors to diagnose skin cancer. These are physical examination and biopsy steps. In the first step,
the color, shape and shape changes in the skin are examined by the expert by hand and eye. Then the
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biopsy step is started. In this step, a piece is taken from where it is possible to have cancer. This piece is
examined by a pathologist under a microscope and then diagnosed. If the disease is diagnosed, the treat-
ment process is started. In the treatment of skin cancer, it can change depending on many factors such
as the location of tumor, patient’s age, progression degree, margins and dimensions, and the stage of the
disease (Martinez and Otley, 2001). Generally, surgical intervention, regional treatments, radiotherapy
and chemotherapy methods are applied to cure cancer cells (Neville et al., 2007).

Cancer disease covers a challenging process from diagnosis to recovery. In each of these challenging
processes, there are doctors specialized in various fields and assistant health professionals. Besides, much
medical equipment is used. Recently, due to the advancements in information technologies as computer
software and hardware, many studies based on the computer have been developed to help physicians
diagnose cancer (Kourou et al., 2015; Hu et al., 2018). Some of these studies are as follows:

Brain tumor recognition (Manogaran et al., 2018)
Breast cancer recognition (Azar and El-Said, 2014)
Skin cancer recognition (Nahata and Singh, 2020)
Lymph cancer recognition (Varol and Iseri, 2019)
Thyroid cancer recognition (Anand and Koundal, 2020)
Prostate cancer recognition (Puech et al., 2007)

Lung cancer recognition (Polat and Giines, 2008)
Colorectal cancer recognition (Ito et al., 2019)

Bladder cancer recognition (Liao et al., 2011)
Pancreatic cancer recognition (Zhang et al., 2010)

Most of these studies are used retrieving data, computer algorithms, and image processing. Data min-
ing could be stated as a branch in the field of artificial intelligence. Data mining can also be explained
as the method for accessing and mining information among large-scale data (Han et al., 2011). In other
words, it is the realization of the relations with computer programs that provide predictions from big data
stacks. Automatic computer learning is the system modeling making estimations via mathematical and
statistical operations over data (Alpaydin, 2020). There are many algorithms in machine learning. The
structures and ways of working of these algorithms are different from each other. With these algorithms
estimation, clustering and classification processes are performed. Image processing is the technique of
obtaining useful information on digital images (Gonzales and Woods, 2002). There are many studies
on skin cancer with the use of these three techniques together or separately (Hameed et al., 2016; Okur
and Turkan, 2018). These studies are summarized as follows:

For the skin cancer diagnosis clinically, some techniques are found in the literature. These include
ABCD rule (Stolz 1994), 7-point checklist (Argenziano et al., 1998) and Menzies method (Menzies et
al., 1996). The most widely implemented method among these methods is the ABCD rule. In the ABCD
method, A corresponds to the asymmetry, B to the border, C to the color, and D to the diameter. With the
creation of this information, some conclusions can be made about the bulk by obtaining the ABCD score.
Each of the ABCD values can be given as an input to machine learning algorithms as a feature. There are
many studies in the literature using this approach (Kasmi and Mokrani, 2016; Ozkan and Koklu, 2017)

Segmentation could be noted as a technique used for the disease (Oliveira et al., 2016). Ilkin et al.
(2018) finds the area of melanoma via dermatological images using the Mean Shift algorithm, which
is also among the clustering methods. In the study, firstly, RGB color channel values are obtained from
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tested images. After the color channel values are obtained, the image is flattened. After this step, the
core bandwidth is obtained, which determines the size of the window to be moved over the image to
access the data points in the image matrix. After the window size is determined, the Mean Shift algo-
rithm is run on the image to segment the melanoma areas. Researchers are tested using a data set of
70 different dermatological melanoma images. A comparison is made between the performance of the
system and the improved Canny edge detector algorithm. According to the results of the, it is observed
that the segmentation performed with the Mean Shift algorithm yielded more successful results than the
segmentation carried out via improved Canny edge detector algorithm.

Ilkin et al. (2020) uses the K-means clustering algorithm in terms of segmenting melanoma lesions
on skin images. The results obtained by choosing 2 different center values in the K-means algorithm are
compared with Mean Shift and Canny edge detection algorithms. The center values used are 2 and 4.
To measure the success of the developed system, 70 macroscopic melanoma skin cancer images taken
from the MED-NODE system are used. According to the findings of the study, it is noted that the lesion
segmentation process on macroscopic melanoma skin images observed more successful results when
the K-means clustering algorithm has been used for the basic segmenting algorithm in lesion segmenta-
tion procedures. The most successful result is obtained when the center value is 4. In addition to these
studies, some of the popular clustering algorithms and statistical technique are also used in skin cancer
segmentation. For example (Datar et al., 2008) use self-organization mapping, (Abbas et al., 2013) use
Otsu’s thresholding, and (Silveira et al., 2009) use expectation-maximization.

In recent years, deep learning models have been preferred instead of classical machine learning and
image processing techniques. The high success regarding machine learning models by neural networks in
image classification (Krizhevsky et al., 2012) encourages researchers to use deep learning in computer-
aided diagnostic systems (Litjens et al., 2017). Deep learning studies are also implemented on skin
cancer (Do et al., 2018; Zhang et al., 2019; Barata and Marques, 2019). Large data sets are needed for
deep learning models to be successful. Also, the deep learning network has an overfitting problem. To
cope with these problems, as much data as possible should be used in a balanced way. However, it is not
always possible to have balanced and big data. For the solution of this problem, Ayan and Unver (2018)
recommend the data augmentation technique for skin lesions by making use of the deep learning technique.

Sahin and Alpaslan (2020) propose a SegNet architecture-based system for the segmentation of
lesions on the skin. Besides, researchers are examining the effects of preprocessing steps on skin seg-
mentation performance, such as data magnification, color consistency, and hair removal on skin lesions.
DullRazor (Lee et al., 1997) method is used for hair removal. Shades of the gray algorithm are used for
Color Constancy. ISBI2016 dataset is used in the study. The dataset contains a total of 900 images. In
the study, 0.907 performance is obtained according to the Accuracy metric without the preprocessing
step. With the usage of the preprocessing step, the performance is improved to 0.935.

Akyel and Arici (2020) propose a new approach to hair removal and lesion segmentation based on
UNET and image processing algorithms. Masks obtained by deep learning are optimized with image
processing algorithms and it is aimed to predict lesion masks more accurately. ISIC 2018 data set is used
in the study. 80% of the data is devoted to training and 20% to be a test set. When the results are examined,
it is observed that success is 92% in lesion hair cleaning, and success is 94% in lesion segmentation.

Unver and Ayan (2019) propose a hybrid model for lesion segmentation. In the study, the model
based on a deep convolutional neural network called You Only Look Once (YOLO) is combined with
the GrabCut algorithm. For the level of performance of the hybrid model, two important datasets have
been benefitted. These are PH2 and ISBI 2017 datasets. 94% performance is obtained from the PH2
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dataset according to the accuracy metric. Besides, the success is achieved by 96.4% in ISBI 2017 data
set. Apart from the accuracy metric, performance is compared with specificity, Dice coefficient and
Jaccard index metrics. To illustrate, 90% sensitivity was obtained for the recommended hybrid model
in the ISBI 2017 dataset. The proposed model gives more successful results compared to other deep
learning models. It gives close results compared to the models available in the literature.

Y1ldiz (2019) aims to diagnose a computer-aided melanoma. In the study, more than one deep learning
model and classical machine learning algorithms are used. Deep learning models are AlexNet, GoogLeNet,
ResNet and VGGNet models. Besides these methods, traditional artificial intelligence methods such as
machine learning, nearest neighbor algorithm and support vector machine (SVM) are also tried. The
name of the deep learning model proposed in the study is C4Net. 3920 dermoscopy images are used
from the ISIC dataset. When the results of the study are examined, it is emphasized that the C4Net deep
neural network model, which has a 96.94% accuracy, has higher classification performance than other
methods. The most successful of the classical machine learning algorithms is the support vector machine.
This result is 93.72% according to the accuracy metric.

Tan et al. (2019) suggest a hybrid lesion segmentation architecture. Particle swarm optimization, one
of the heuristic algorithms, is combined with the deep learning model. Convolutional neural networks
(CNN) from deep learning techniques are applied. Researchers add some search algorithms to the particle
swarm algorithm. In this way, derivatives of the algorithm are created. Some added search algorithms
are simulated annealing, levy flight, helix behavior, and differential evolution. Besides these methods,
fuzzy C-Means clustering algorithm, one of the clustering techniques, is used. Particle swarm optimiza-
tion and its variants are preferred for the optimization of the CNN parameters and the centroids of the
Fuzzy C-Means clustering algorithm. In the study, 3 different data sets are used. These are PH2, ISIC
2017, and Dermofit Image Library. It is emphasized that the proposed methods give better results in all
3 datasets than the existing methods in the literature.

Albahar (2019) has suggested a novel classification model classifying skin lesions as either malign
or benignant lesions in accordance with a new regularization method. CNN, one of the deep learning
methods, is used as the classification technique. According to the comparison of the technique recom-
mended with the previous relevant research in the literature, it could be noted that the best result has
been obtained so far.

CONVOLUTIONAL NEURAL NETWORK

Information about convolutional neural network will be given in this section. Deep learning enables
computational models consisting of more than one processing layers to obtain the representations of
data with multi-level abstraction. These techniques are used in many other areas such as speech recogni-
tion (Noda et al., 2015), object recognition (Cao et al., 2015), drug discovery (Chen et al., 2018), and
processing of genomic data (Zou et al., 2019). The complicated structures in big datasets are discovered
by deep learning. These datasets use the back propagation algorithm for the indication of changed in-
ternal parameters by a machine. Such parameters are preferred to obtain data on the representation of
each layer. Convolutional neural network is also included in the category of deep learning. Significant
achievements in image, video, speech and sound processing are achieved with CNN (Khan et al., 2019).

A convolutional neural network consists of Both input and output layers are found in a CNN. There
are also a multi-hidden ones. In these layers, convolutional neural network processes the image. These
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layers are convolutional layer, activation layer, pooling layer in other words down sampling, flattening
layer, and fully connected layer. Figure 2 shows a representative CNN network.

Figure 2. An example of CNN architecture
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The convolutional layer is used to determine properties. It is used in an activation layer system to
promote nonlinear features. In order to decrease the number of weights and to check suitability, the pool-
ing layer is preferred. The flattening layer prepares the data for the classical artificial neural network.
The completely attached layer is the classic artificial neural network using classification. CNN uses the
classic artificial neural network to solve the classification problem while using other layers to identify
and use features.

According to classical machine learning algorithms, there is usually a feature extraction step on the
raw data. There is no general method in the feature extraction phase. There is a different feature extraction
in image processing, and different feature extraction in natural language processing. Feature extraction
with hierarchical transformations is performed in conventional neural networks or other deep learning
algorithms. With convolutional layers, features are extracted and produced. This layer is a simple filter-
ing process that is used for many processes in image processing.

The activation layer usually comes after the convolutional layers. In this layer, one of the activation
functions is preferred. Nonlinear functions such as sigmoid and tahn are used in classical artificial neural
networks. However, in CNN studies, Rectifier (ReLu) function is generally preferred. The representation
of ReLu is given in Equation 1.

ReLu(Z) = max(0, Z) (D

Pooling is performed after using convolutional and activation layer. Reducing the number of features
is the main role of the layer. Thus, incompatibility in the network will be checked. Various pooling op-
erations are available. The most prominent one could be stated as max pooling. Average pooling as well
as L2-norm pooling working with the same mentality are available.

Preparing the data for the input of the recent and the most significant layer is the responsibly of
the flattening layer, completely attached one. Artificial neural networks receive input data from a one-
dimensional array. Therefore, it needs that the matrices received from the convolutional and pooling
layers have been converted into a one-dimensional array. Otherwise, the input cannot be given to the
completely attached layer and the classification process cannot be performed. After the data is converted
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to a single dimension, it is given to a completely attached layer. Finally, the classification process has
been carried out.

ARCHITECTURE OF THE DEVELOPED APPLICATION

In this section, the techniques used during the development of the application will be mentioned. 2140
images are used to train the CNN network. The images used are taken from the ISIC dataset. Half of
these pictures are malignant skin cancer samples, while the remaining half are non-cancer pictures. The
architecture of the recommended skin cancer detector has been given in Figure 3.

Within the scope of the project, the most commonly used tools and methods are used for skin cancer
detection. The Python programming language is preferred to create the image classification model. This
is because it offers easy and flexible software development and a large number of libraries. The applica-
tion uses the Tensorflow library (Abadi et al., 2016). Tensorflow is an open-source library created by
Google for end-to-end machine learning. Besides, OpenCV library (Bradski and Kaehler, 2008) is used
during the pre-processing of the images.

When Figure 3 is examined, firstly the pictures are separated according to their labels. Then, the
photos are converted to gray level through the cv2IMREAD GRAYSCALE function in the OpenCV
library. When the pictures are colorful, the pictures have 3 different layers. In this case, the computation
cost will increase. However, if grayscale images are used, each cell of the images can be expressed as
a number between 0 and 255. In this case, fewer computation costs will occur. For this reason, in many
model image classification studies, instead of using colored images, grayscale images are used. At the
last stage of the pre-processing step, the pictures are converted to 128x128 dimensions. In this way, a
more efficient CNN model will be created. After the grayscale and scaling process, the stage of training
of the CNN is started. The duration of the training phase varies according to the data set used.

For pictures to be passed through a convolutional layer the reshaping step is implemented. After this
step, pictures are given to the input layer. There are 3 convolutional layers in total in the designed model.
The properties of the convolutional layers used in the model are Conv2D(), filter = 32, Conv2D(), filter
= 64 and Conv2D(), filter = 128, respectively. Convolutional layers are used with the ReLu activation
feature. Max pooling has been performed after each convolutional layers. The max-pooling operation
used is MaxPool2D().

Dropout layer is added to avoid overfitting of the model. In creating this, Dropout() function is used.
Flatten layer is added to give input to fully connected layer. The Flatten() function is used to create the
flatten layer. The final step is the preparation of the resulting model. For this, fully connected layer must
be used. Two completely attached layers are used. The first one is created by Dense(1024) function, while
the second one is created by Dense(2) function. In the first completely attached layer, various operations
are done about what the result of the model will be. The second completely attached layer is the output
of the model. Since it is a two-class problem, there are two outputs. After all these steps are applied in
order, a model that distinguishes between malignant cancer and benign cancer images is created. For
the classification process to be performed on the mobile device, the model obtained must be kept on a
remote server. Therefore, the model obtained is saved in hS (.hdf) format and kept on a remote server.
After this stage, the model is ready to classify the given pictures and can be used as desired.
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Figure 3. Architecture of the developed application
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In the project, the Firebase (Firebase, 2020) solution offered by Google is used for the server solu-
tion. Firebase offers solutions such as real-time database, notification, and ML Kit. It is a service that
is used in many different areas today. The model saved in the hS format is uploaded to the server using
the Custom Model feature listed under the ML Kit package offered by Firebase. This system works as
follows: The model created according to Tensor Flow Lite standards is uploaded to Firebase. This model
is downloaded from the related applications and the picture to be tested is examined on this model. At the
last stage, the test result is calculated. In order to use this feature, the model created must have a .tflite
extension. The TFLiteConverter tool in the Tensorflow library is used for this conversion process.
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Figure 4a. Registration screen

0t . 78113:26

Sign Up

You can login by filling out the form below. Please
fill in all information

Name & Surname
Email
Password

Do you already have an account? You can login by
clicking here.

The mobile application developed within the scope of the project is developed in the Android Studio
environment using the Java programming language to operate on smartphones with the Android operat-
ing system. Firebase framework is used during mobile application development. These are the Firestore
offered by Firebase as the database, Cloud Messaging Service to send notifications, Firebase Functions
to catch database changes, and ML Kit to accommodate the classification model. Upon completion of
these steps, the mobile application is available for use.

SOLUTIONS AND RECOMMENDATIONS

In this section, the outputs obtained by running the application will be given and interpreted. When the
application is run for the first time, the login screen is displayed. The reason is that certain user data are
collected and the permanence of the data is ensured. In addition notifications are sent to the users. Users
who have never registered before can register for the system. In addition, registered users can log in to
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the system via e-mail and the password they have specified. The recording screen has been presented in
Figure 4a and the login screen is presented in Figure 4b.

Figure 4b. Login screen

Login
You can login by filling out the form below. Please
enter your e-mail and password.
Email

Password

Don't have an account? You can create an account
by clicking here.

Login

If the user has not created a record yet, an information message is displayed stating that a record
has not been created before. By clicking the button on the bottom right of the page, users can upload to
system the lesions on their bodies by taking photos. This situation is given in Figure 5.
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Figure 5. Home screen

(—:] Home Page Q

N

You have not created a record yet. You can
create a record immediately by clicking the
button in the bottom right.

After clicking the button given in Figure 5 and opening the camera application, the picture is directed
to the next page, the cropping page, for the user to crop. Following the changes made on this page, the
picture is prepared for testing and passed through the model existing on the server. The result of the
model is reported to the user and a record of this lesion is created on the user’s homepage. The relevant
page is given in Figure 6.

70

printed on 2/10/2023 6:49 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



Android-Based Skin Cancer Recognition System Using Convolutional Neural Network

Figure 6. Operating the camera and cropping screen
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There are four hazard levels defined in the system. These are green, yellow, orange and red, respec-
tively. These colors are determined according to the probability values given by the CNN model. The
green level has been determined as risk free. In other words, it is a non-cancer lesion. The danger levels
of lesions with this level are less than 0.25. The yellow level is not as strong as green, but it is determined
as risk-free. The hazard levels of this level of lesions estimated by the model are less than 0.5. The next
level, the orange level, was identified as risky. The hazard levels of the lesions with this level are higher
than 0.5 by the model. The last level, red, is determined to be quite dangerous. The hazard levels of this
level of lesions detected by the model are higher than 0.75. In Figure 7(a) and Figure 7(b), the evaluation
of the lesions loaded by users and the results of this evaluation are shown.

The risk levels of the lesions and whether they are risky or not can be seen from the list on the
homepage. There is an explanation of the color risk level of the circle around the lesion pictures in the
list elements on the home page, and the explanation in whether the related lesion is risky or not. If the
record was examined by a doctor, the information that the related record was examined by the doctor
is shown on the list. On the screen that opens after clicking on the list element, the user can see the full
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picture of the lesion, the detailed description, and the comment made by the doctor, if any. The list and
detail page have been presented in Figure 7a and Figure 7b.

Figure 7a. Patient 1’s results

(—:] Home Page Q

Patient 1

O Patient 1

Patient 1

Patient 1

Patient 1

When Figure 7a is examined, Patient 1 loads 5 lesions into the system. According to the model
evaluation, 2 of the loaded lesions are marked red, 2 are yellow and 1 is green. When Figure 7b is ex-
amined, Patient 2 loads 5 lesions into the system. According to the model evaluation, all lesions loaded
are marked in red. Some lesions in Figure 7a and Figure 7b write “examined” in the green form on the
right side. This is an important part of the developed application. This information indicates that related
lesions are examined by a doctor registered in the system. While the system is being designed, a doctor’s
control is added in order to pass the predictions made through a secondary control. This feature is mostly
designed for countries and regions where access to health services is limited. The biggest problem in
such places is the insufficient number of doctors. It is aimed to bring an urgent patient with the doctor
through this system.
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Figure 7b. Patient 2’s results

[ @ Skin Cancer * Your lesion has been reviewe... * Now vV 1

Lesion Reviewed q
Your lesion has been reviewed by doctor, ..

Patient 2

 investigated

Patient 2

Patient 2

The entry of doctors into the system is like normal users. Doctors are marked as doctors in the system
by a flag variable in the database. Doctors have the authority to access an extra page that normal users
cannot see. If they are marked as a doctor, users can access this page via the search button in the upper
right. This page is a list screen listing the lesions entered into the system. This list can be filtered by the
doctor based on their level and whether they have been examined. When this list is clicked on, the doctor
can see the control result made by the system and can send the examinations about the lesion to the user
by using the input elements at the end of the page. Related pages are given in Figure 8a and Figure 8b.
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Figure 8a. doctor lesion list screen
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Patient Test Results v

D Do not show investigated ones

Patient 1 Patient 2

und extremely Found extremely risky

(™ 9nis investigated

Patient 6 Patient 6

(V) 23 Mar

® 26 Mar investigated

It is possible to send notifications to all users in the system via the administration panel. In addition,
2 automatic notification sending status has been added to the system. The first is to notify doctors when
ared level lesion falls on the system. Another is to send a notification to the lesion owner when a doctor
examines a lesion. When a new lesion assessed in red is loaded on the system, the notification appears
as shown in Figure 9.

When the screen of the patient is examined, a lesion not evaluated by the doctor is seen as in Figure
10a. However, if the patient’s lesion has been examined, it appears as in Figure 10b. With the application,
patients are given detailed information both by the doctor and by the deep learning model. In this way,
the patient will access information about the lesion. The main purpose of the study is to raise awareness
for people who may be skin cancer. Besides, early diagnosis will be provided by obtaining information
about lesions with the application.

Six different images that are not used in the training phase are given to the CNN model to evaluate
the overall success of the system. While four of these six photos are non-disease images, the rest are
images with skin cancer. The images in Figure 11 are the non-diseased images given to the model.
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Figure 8b. Doctor lesion detail screen

Test Result

(® 23 Mar

The sample of the lesion you sent as a result of the
test was classified as not risky with a rate of 56 .
Color category was determined as yellow .

This category is considered as harmless, although
not as strong as the green category.

These tests represent an assumption obtained by
comparing many lesion samples and these tests are
not 100% accurate. You need to speak to a specialist
to get a clear result.

We wish you healthy days ...

Submit Review

Please select one of the options
O Risky

O Unknown

O Risk-free

Please enter the things you want to add here

Let the images given in Figure 11 be given the names Naevus-1, Naevus-2, Naevus-3 and Naevus-4
respectively. The estimation results of the CNN model for each image are as given in Table 1.

According to Table 1, the image named Naevus-1 is estimated as harmless, that is, non-diseased
cancer type with a probability of 96%. A similar situation is achieved in other non-diseased images.
Achievements from other image samples are 99%, 99% and 98%, respectively. Considering Table 1, when
the performance of the system is evaluated, the system can reach high performance rates. The diseased
images given to the CNN model are given in Figure 12.

Let the images given in Figure 12 be given the names Malign-1 and Malign -2 respectively. The
estimation results of the CNN model for each image are as given in Table 2.

According to Table 2, the image named Malign-1 is estimated as skin cancer with 99% probability.
A similar situation is obtained from the image named Malign-2. The probability of the image named
Malign-2 to be a diseased image is 97% according to CNN model. Considering Table 2, when the per-
formance of the system is evaluated, the system can reach high performance rates. In general, when the
results are examined, the skin cancer detection rate of the system is at a remarkable level.
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Figure 9. Loading of the lesion evaluated as red
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FUTURE RESEARCH DIRECTIONS

With the development and cheapness of computer hardware, the computation is getting easier. One of the
best examples of this is machine learning algorithms using neural networks. These types of algorithms
are operating with the data of previous years. But they were not popular due to the lack of computer
hardware to run these networks. With the developments in the field of hardware in recent years, deep
learning algorithms can be operated easily. Therefore, deep learning networks have been replacing classical
machine learning algorithms in recent years. The biggest deficiency of deep learning algorithms is that it
requires a lot of data during the training phase. For this reason, sufficient data sets are needed to conduct
effective studies on deep learning. After obtaining a sufficient data set, classification performance can
be increased with deep learning models. The convolutional neural network (CNN) was preferred in the
research. There are many deep learning algorithms. Studies on skin cancer diagnosis can be done using
other deep learning models. Also, hybrid structures can be created by combining these models. In this
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way, the classification performance can be increased. A significant challenge of skin cancer detection
systems operating through artificial intelligence is lesion cleansing. This issue is one of the open problems.
Many researchers continue to work on this. To solve this problem, efficient segmentation algorithms
are needed. Classification performance will undoubtedly increase if a remarkable preprocessing step is
made before machine learning or deep learning techniques. Detector systems for skin cancer operating
on server-client architecture is recommended in the present paper. Deep learning steps are carried out
on the server-side. On the mobile application side, the image to be tested is pre-processed and sent to
the server-side. Considering the limited memory and processor capacity of the mobile device, it is quite
difficult to operate the deep learning network on the mobile device. For these reasons, the server-client
architecture is inevitable. The transfer learning model, one of the popular methods in recent years, can
be used instead of the server-client architecture. If such a model is added directly on the mobile device,
the picture will be tested directly on the mobile device.

Figure 10a. Lesion detail for patient without investigation

104K/ R il B#E113:47

Test Result
© 21 ap

The sample of the lesion you sent as a result of the
test was classified as risky with a rate of 100 .
Color category was determined as red .

This category is considered to be quite risky. We
recommend that you get expert support at the
earliest opportunity.

These tests represent an assumption obtained by
comparing many lesion samples and these tests are
not 100% accurate. You need to speak to a specialist
to get a clear result.

We wish you healthy days ...
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Figure 10b. Lesion detail for patient with investigation

184B/s 0O R .l B 13:57

Test Result

O 13:54

The sample of the lesion you sent as a result of the
test was classified as risky with a rate of 99 .
Color category was determined as red .

This category is considered to be quite risky. We
recommend that you get expert support at the
earliest opportunity.

These tests represent an assumption obtained by
comparing many lesion samples and these tests are
not 100% accurate. You need to speak to a specialist
to get a clear result.

We wish you healthy days ...

Doctor Review

Result of Review : Risky

The lesion looks risky, | suggest you to visit a doctor
as soon as possible.

Figure 11. Naevus images given to the CNN model

——

Table 1. Prediction results of naevus images given to the CNN model

Image Name Prediction Results
Naevus-1 0.96
Naevus-2 0.99
Naevus-3 0.99
Naevus-4 0.98
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Figure 12. Malign images given to the CNN model

Table 2. Prediction results of malign images given to the CNN model

Image Name Prediction Results

Malign-1 0.99

Malign-2 0.97

CONCLUSION

Skin cancer is malignant growth seen as the result of abnormal spread of the skin cells for many reasons.
Skin cancer, like all other types of cancer, is a disease in which early diagnosis is extremely critical. In
the detection of the disease, experts diagnose with 2-step verification. These stages are both difficult to
apply and painful for patients. The first of these stages is the visual examination of the lesion. At this
stage, experts examine in the lesion according to a rule called ABCD rule. At this stage, if the case is
considered to be risky, the biopsy stage, which is the second stage, is passed. As a result of this stage, a
definitive determination is made. When the first stage is examined, the visual examination of the experts
can be carried out with some algorithms. In this study, it has been shown that the first stage can work
on computers thanks to the increase in the processing power of computers and the good predictions of
machine learning and deep learning algorithms. In this study, an image classification model was cre-
ated by using deep learning and sufficient data sets. This model is operated in a server environment.
It is estimated whether the pictures sent to the server over the mobile application are at risk of cancer.
With this application, patients upload their photos to the system and see the results. At the same time,
the doctors in the system give information about the patient’s result. Early diagnosis of the disease is
very important. For this reason, before the patients go to the doctor, the patients undergo the control of
the doctor by uploading the photos of the wounds on their skin. In this way, time will be saved for the
patients and early diagnosis will be made. Patients in critical situations will be admitted to the hospital
in a short time. In future studies, it is aimed to use the system by large masses with the support of mobile
applications. In addition, it will be emphasized to elevate the correctness of the estimations with data
obtained from the users over time.
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KEY TERMS AND DEFINITIONS

Deep Learning: It is an advanced version of artificial neural networks from machine learning tech-
niques.

Expert System: It is computer software used to solve problems in an information field. The logic of
these software; when information is stored in databases and then problems are encountered, it is tried
to reach results with inferences made on these databases.

Image Processing: It is a method that can identify with different techniques to obtain useful infor-
mation based on digitized images according to the relevant need.

Lesion: It is the general name given to any abnormal tissue in the organism that is often destroyed
by disease or trauma.

Machine Learning: It is the modeling of systems that make predictions by using mathematical and
statistical processes on data.

Melanoma: It is a skin cancer that begins in cells called melanocytes, which give the skin its color.

Segmentation: It is usually the first stage of image analysis. Image segmentation can be described
as dividing an image into meaningful regions in which different features are held.
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ABSTRACT

mHealth or mobile healthcare has become an increasingly important issue in several disciplines such
as health communication, public health, and health promotion. This enables the users to use portable
devices such as smartphones, smart bands, or tablets for health monitoring. The users have the ability
to utilize software applications to interact with mobile devices and store relevant data for further clas-
sification and diagnosis. The apps then process the gathered data using the given algorithms and provide
the user with personalized diagnosis, and further recommendations for treatment and even suggestive
measures to improve general health and fitness. Another benefit of mobile technology is that the data
and health statistics of a single patient can be compared with large data sets to facilitate treatment and
proper guidance. Doctors, nurses, and other health professionals use mobile devices to access patient
information, databases, and resources. Help in today’s world is just a click away.
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INTRODUCTION

mHealthis the use of mobile and wireless technologies to promote the accomplishment of health objectives.
The growing use of cell phones is one reason why this trend is making rapid progress. The chapter offers
an introduction to this new area and an outline of best practices for the creation of mHealth solutions.

mHealth is short for mobile health, medical practice and health care on mobile devices, phones, PDAs
and computers. Being an industry, the field of mHealth has faced an unprecedented growth in recent years,
due to growing adoption in developed countries and increasingly available mobile devices. Many people
are familiar with eHealth, the healthcare industry that uses smartphones, phones, satellite networks and
displays. mHealth Technology conducts related functions, such as tracking vital signs, delivering reports
to physicians and facilitating remote assessment, tablets, smart phones and other handheld devices.

mHealth focuses on collecting information quickly to identify diseases, monitor diseases and provide
timely information to the public in developing countries. Mobile health (mHealth) is especially relevant
in remote regions where doctors and nurses may not be accessible to provide services. Healthcare work-
ers employed in these remote areas rely on mHealth for timely updates on the handling of diseases and
can also acquire implementable health information to be passed on to those in their vicinity. This mobile
health system also speeds up training and education on health conditions for medical students and interns
operating in remote communities.

BACKGROUND

mHealth (mobile health) is the general term used in medical care for the use of cell phones and other
wireless technology. mHealth’s most popular use is the use of mobile apps to inform patients about
preventive health care services. Nevertheless, mHealth is also used for disease control, care assistance,
tracking epidemic outbreaks and management of chronic conditions. mHealth started to came into bigger
picture with the use of the most basic mobile technology, that is through the SMS alerts — which certainly
has demonstrated ability to affect behaviours in a way that is superior to radio and TV campaigns. Then
came the smartphones and smart devices, that completely upgraded the whole scenario. As a result of
these technical developments, at the point of need the potential for increased access to information and
two-way communication became more accessible. Advances in mobile software and hardware combined
with expanded availability of connected devices have contributed to rapid growth in the demand for
health apps. Latest reports indicate that more than 259,000 mHealth applications are available today in
app stores and account for about 3.2 billion downloads per year (Singh & Landman, 2017). The clinical
evidence supporting the use of applications independently of other treatments is still very small, and this
has contributed to scepticism among huge healthcare organizations about the part applications could
fulfil in healthcare. The mHealth industry is seeing a significant increase in wearable devices due to the
growing demand of the consumers to keep track of their personal health. Originally developed to keep
consumer usability in mind, these apps, equipped with the latest technologies, are now in the constant
update and growth process to introduce newer industry developments The best result amongst the wear-
ables is undoubtedly, the smartwatches. These smartwatches are attached to the app, mostly on mobile
phones, which is installed in smart devices. One of the major factors that drive wearable device demand
is the proliferation of mHealth technology by healthcare professionals, hospitals, insurers, software
development companies, and so on. In essence, healthcare apps now are becoming a substantial part of
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the integrated health IT functions. Nonetheless, apps tend to displace older innovations in many areas,
such as replacing specialized messaging systems for people with autism, and replacing wearable bands
with mobile recognition built in smartphone lock screens (Singh & Landman, 2017). Obstacles like
privacy issues and lack of incorporation into the electronic medical record have restricted the influence
of apps, but mHealth has tremendous potential to reshape the delivery of healthcare in the future. Ethical
consideration from the early development stages of such systems should be involved in maximizing the
potential of mHealth to the fullest and applying it in an ethically sound way (Singh & Landman, 2017).

HISTORY

mHealth originally began in the area of biomedical engineering and it then started focusing at wireless and
sensor technologies and how these technologies could be integrated to track people’s health at a distance.
And then, what we saw in the very early days were stuff like remote cardiac monitors that developed to
continue looking at things like glucose control/diabetes monitoring and other types of sensor technolo-
gies. At the same time, particularly in developing countries, this newly discovered access to mobile
communications infrastructure(s) and simple handsets allowed people in parts of the world who never
really had access to fixed-line telephones to have access to a communication and information source.

So many of the early, mHealth initiatives actually came out of research in developed countries out
of requirement because they didn’t historically had access to very basic communication or information
resources or networks in remote areas, so now people are able to access emergency medical transportation
services, they are now likely to reach their health care providers with concerns, and healthcare providers
have been able to organize their practice even more efficiently by leveraging mobile technology.

And a lot of that work started mostly in the early 2000, what we saw then over time was a more
systemic trend in the mHealth room to start creating mobile health apps for cell phones, and then what
we ended up with was stuff like Frontline SMS, which was essentially an SMS based service, a very
broad based service that can be used for something that is routinely applicable to health or some of the
early work of the UNICEF Innovations Team, from which came Rapid SMS, which offered a platform
for interacting and SMS-based structured communications and data collection and messaging. So, some
of these early projects were utilized to provide training mechanisms for health professionals to handle
their customer base more efficiently and how to use them for issues like supply chain management,
and one of UNICEF’s early implementations was the procurement monitoring of Plumpy’Nut, which
is basically a dietary supplement for children suffering from extreme malnutrition, and since then top-
ics such as Frontline SMS or Rapid SMS have been used to tackle a wide variety of health problems,
including early newborn detection for HIV, to promote the prevention of mother-to-child transmission,
to birth registration, to provide rapid diagnostic support services for community health staff as well as
standardized clinical monitoring (Mechael, 2012).

NEED FOR MHEALTH

The need for mHealth in the world has never been higher than in the recent years. The rapid improve-
ments in the technological sector and the drastic relationship that has been formed between the fields of
medical endeavours and bio-technology synchronisation has fuelled the desire in hearts of the patients
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and even people with just genuine concern for their health now want to make sure that the ability of
self-diagnosis and fact checked customised knowledge is in their hands all the time.

As per the company of Accenture, patients are now more comfortable with a blend of realistic and
digital approach. A move in the patients’ perspectives and the preparation to utilize mHealth devices to
deal with their wellbeing has been shown in a research. Around 66% of patients are willing to integrate
mHealth and creativity into their recovery strategy. Accommodation is the main catalyst and impetus
behind such acceptance of virtual medical services (Anonymous, 2017).

Figure 1. Views on the use of mHealth
Source: Healthcare Intelligence Network
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The dawn of virtual medical care culminated in the formation of mHealth as the platform for improv-
ing patient involvement. Patient involvement is accomplished as health care providers and patients join
together to collaborate for better clinical treatment and outcomes. New initiatives in mHealth improve
patient involvement and contentment levels by balancing the needs of patients with the skills of doctors
and helping them find a middle ground for an optimal overall solution, increasing access to treatment
and facilities, and further offering customised assistance and support through these networks (Anony-
mous, 2017).

STATISTICS

e Around 93% of the physicians believe that the mobile health apps can help in improving a patient’s
health outcome.

e  Around 60% of physicians believe that half of their patients would like a mobile app that reminds
them about their appointments.

e  Nearly 67% physicians believe that the commitment to medication is a major health issue in which
a mHealth app further linked to EHR could make a long lasting positive impact.

e  Research shows that more online patient involvement at providers like Palo Alto Medical
Foundation result in a 90% satisfaction rate among both patients and physicians.

e 97% of American healthcare providers still offer no branded patient engagement mobile apps to
their patients. (Boston Technology Corporation, n.d.).

Patient care and engagement have improved drastically since the inception of the apps that constitute

mhealth, along with eliminating the incidence of curable diseases. The content and connectivity provided
to patients via the mHealth apps is guided, meaningful and offers assistance at various levels of care.
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This preparation and customization outcomes in greater patient involvement, improved health satisfac-
tion and lower readmission rates.

DEVICES AND SOFTWARE

The introduction of mobile devices has changed the healthcare narrative to a very large extent. Mobile
devices are now considered an integral part in health care settings, prompting fast development in the
improvement of medical programming (applications) for these stages. Various applications are presently
accessible to help Health Care Personnel (HCP) with a huge number of significant assignments, for ex-
ample, data and time the executives; health record support and the access; interchanges and counselling;
reference and data gathering; persistent administration and observing; clinical dynamic; and medical
instruction and preparing (Ventola, 2014).

The number of benefits and advancements that HCPs could garner using this technology is unparal-
leled, maybe most essentially broader accessibility of such devices, which has been appeared to help
better clinical dynamic and improved patient outcomes. However, some HCPs stay hesitant to receive
their use (Ventola, 2014). Despite the advantages they offer, better benchmarks and approval works
on with respect to mobile medical applications should be set up to guarantee the best possible use and
combination of these undeniably refined apparatuses into medical practice. These measures will raise
the boundary for section into the medical application advertise, expanding the quality and wellbeing of
the applications as of now accessible for use by HCPs (Misra, 2013).

Healthcare experts utilize medical devices and applications for various reasons, the greater part of
which can be assembled under five general classifications: organization, health record support and access,
interchanges and counselling, reference and data social occasion, and healthcare training. The numerous
utilizations for mobile devices and sorts of medical applications that fall under these classifications are
talked about in the accompanying segment (Ventola, 2014).

Mobile Devices and Applications

The inception of mobile digital devices has extraordinarily affected various aspects of life, including
medication. Health care experts can now maximize the use of mobile phones or laptop PCs with the
features they used to require a cell phone, pager or a computer to operate. Tablets and smartphones
integrate communication and networking into a single unit that could be kept in hand or just be put in
a handbag, making it simple to reach and be used for caring purposes (Mosa et al., 2012). Expanding
to audio and video, new mobile gadget models deliver better evolved highlights, like web-looking,
frameworks locating worldwide (GPS), excellent cameras, and sound recorders. Mobile phones have
essentially turned into handheld PCs with these highlights, such as amazing processors and working
systems, massive recollections, and high-res displays (Ventola, 2014).
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Figure 2. Generation of Mobile Phones

Source: Sumnerone, 2018

Medication is one of the many areas that were significantly affected by mobile app accessibility. It is
evident in various HCP reports that show a high rate of ownership of these apparatuses used by health
care workers in several medical practices and training. Mobile phones and tablets have succeeded work-
flow architectures as the main tools for processing work done by health care professionals.

One core motive driving the far-reaching appropriation of mobile devices by medical professionals has
always been the need for preferable transparency and also dataset formation for the utility of medical care.
Optimally, HCPs expect exposure to a wide variety of assets in a clinical environment, which include:

1. Correspondence Capacities: Video conferencing, voice calls, emails and other content (Mosa et

al., 2012).

2.  Educational Assets: Course readings, rules, medical writing, medicate references (Mosa et al.,
2012).

3. Clinical Programming Applications: Ailment conclusion helps, medical mini-computers (Mosa
et al., 2012).

Prior to the coming of age of mobile devices, these used to be the assets which were mostly given by
desktop computers, which doesn’t satisfy the concern for portability in health care technology. When
attempting to resolve that concern, some health care institutions set up concise, remote mobile data sta-
tions, for instance, Computers on Wheels (COWs) or Workstations on Wheels (WOWs) (Mosa et al.,
2012). Through the use of mobile apps, doctors are increasingly entering a pool of freely accessible data
through their smartphones and tablets.

Large part, the accelerated adoption of mobile devices in medical field has been motivated by the
availability and functionality of medicinal software applications or “apps.” (Aungst, 2013). Apps are
pieces of software designed to work on a computer or mobile device to achieve a specific goal. Speedier
processors, better memory, compact batteries and highly powerful open-source software executing
complex functions have paved the way for the production of a flood of technical and personal clinical
mobile device software (Ozdalga et al., 2012).
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Figure 3. Importance of Healthcare Apps
Source: Redbytes, 2017
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The opportunity to access medical applications on phones and tablets has made Health services avail-
able for an abundance of mobile health assets. For certain medical applications, intentions for virtual
endorsement, examination and care, executive practice, encoding and paying, and CME or e-learning
are available. There is a wide variety of apps that help to identify medical practice and various treatment
inquiries, such as clinical reference guides, medical numbers crunchers, medical rules and also other
support options, books for courses and searching channels. new smartphone apps are also there that can
simulate procedures, or perform basic medical tests, like auditory or visual tests. Most smartphone apps
are not intended to replace apps in the office, but instead are intended to enhance them in addition to have
an advantage that can improve performance for treatment purposes. The utilization of medical applica-
tions has gotten visit and across the board; 70% of medical school HCPs and understudies announced
utilizing in any event one medical application consistently, with half utilizing favoured application every
day (Wallace et al., 2012).

The essential criteria for decision of application is the cost; clients are most likely to download a free
of cost application however, will supplant or update it later, if fundamental, with the one that requires
instalment (Murfin, 2013). Some of the costless applications are completely useful, while others are non-
functional or somewhat practical except if a membership is purchased. Several popular medical journals
and medical reading material can be downloaded as mobile applications after the expense of membership
has been incurred (Murfin, 2013).Albeit some medical applications may at first could be exorbitant,
they can eventually be savvy if refreshes are included. For model, medical course book applications
are regularly refreshed every year, disposing of the need to purchase fresher releases (Murfin, 2013).

One of several HCPs most often use of mobile devices is storage and time planning (Wallace, 2012).
Mainstream data processing systems, e.g. Evernote and Remarkableness, allow clients to write notes or
to direct them, capture music, store images, and organize content into classifications through an open
online archive. Digital library peruse apps, e.g. GoodReader and iAnnotate, allow clients to view, high-
light, add, and explain messages in PDF papers (Aungst, 2013).

An extra leniency offered by data storage systems is how these can be more used in blending (Yoo,
2013). For context, GoodReader may be connected with cloud storage, enabling PDF documents to be
moved from the server to the peruse program. Like some other data management software, Evernote
can also be used in relation to cloud management and per use (Yoo, 2013).
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Figure 4. List of apps that are commonly used by healthcare professionals

Information Management

Evernote Note-taking and organization
Notability Note-taking and organization
iAnnotate PDF viewer

GoodReader PDF viewer

Box Cloud storage and file sharing
Dropbox Cloud storage and file sharing
Google Drive Cloud storage and file sharing
Communication and Consulting

Doximity Social networking site for MDs
Reference and Information Gathering

Epocrates Drug and medical reference
Dynamed Drug and medical reference
Skyscape/Omnio Drug and medical reference
Micromedex Drug reference

Dynamed Medical reference

UpToDate Medical reference

Medscape Medical reference

Johns Hopkins Antibiotic Guide Medical reference

Sanford Guide to Antimicrobial Therapy Medical reference

Medpage Today Medical news

Patient Management and Monitoring

Diagnosaurus Differential diagnosis

Pocket Lab Values Laboratory reference

Lab Pro Values Laboratory reference
Archimedes Medical calculator

MedCalc Medical calculator
Mediquations Medical calculator

Calculate Medical calculator

It allows a PDF retrieved from the web to be accessed with a peruse, at that point areas of the archive
can be reordered into the data management application. Applications are often accessible to facilitate
the compilation and retrieval of information, for instance, by entering data into the EHR or EMR of a
patient (Mosa et al., 2012). Emergency medical data systems also integrate excerpts that allow EHR
and PACS executives to retrieve sufferers information (medical history, health, strategies, test results,
x-beams, outputs) securely either internally or externally (Mosa et al., 2012). Often times HCPs utilize
mobile applications for time management. This does not call for an uncommon application; local ap-
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plications that come introduced on mobile gadgets are regularly adequate to sort out and track arrange-
ments, gatherings, call plans, and other clinical obligations. Mobile applications, for example, ZocDoc,
it permits patient to see data about and accordingly make meetings with taking an interest specialist,
are additionally accessible for the devices like iPhone, Android, and Blackberry (Ozdalga et a;., 2012).

Various applications are additionally accessible for distant review of medical imaging checks. Mobile
MIM is a costless application especially for apple devices like iPhone and iPad, affirmed by the Food
and Drug Organization, that permits distant review of X-rays and imaging scans when clients can’t get
to the hospital. This product works with a paid membership or pay-per-use plan utilizing MIMCloud,
a HIPA A-agreeable server that permits clients to store and offer medical scans (Ozdalga et a;., 2012).
Photos are exportable from the cloud and analysed with the MIM Viewer paid application in any setting,
in the case of conversations with colleagues or patients. There are even some medical news applications
available for instance — “Outbreaks Near Me” apps are available on various platforms such as IOS or
Android and provides real time updates regarding the diseases near a user using geo-fencing software.
Multiple resources are consulted and checked to gather this information such as online news, eye- wit-
nesses (Mosa et al., 2012).

Smartwatches

A Smartwatch is a famous gadget that is normally worn by competitors and health devotees. As most
watches do, it can assist you with telling the time and date. Beside that regular element, a smartwatch
comes stacked with applications that offer a great deal of extra features. Some of these highlights are
accepting and understanding messages, noting calls, tuning in to music, messing around, and a climate
estimate. In the event that you realize where to look, you can modify a smartwatch’s usefulness as per
your inclinations (Ghanchi, 2019).

Smartwatches are extraordinary devices that can help individuals with their health and wellness
objectives. For example, sprinters regularly wear smartwatches that likewise have GPS or Worldwide
positioning Framework. GPS enables them in deciding their correct area and makes a magnificent guide
in making a day by day course for running. Not just that, however certain applications additionally give
their clients better recommendations or alterations that they can add to their exercises and activities.
For instance, there are applications in smartwatches that can propose how much calories you have to
consume to accomplish your ideal weight (King & Sarrafzadeh, 2017).

Smartwatches are impeccable friends with regards to keeping up your health. Since innovation is
consistently improving, you’ll be certain that smartwatches will have further developed capacities that
help screen our health and wellness. Here are some more reasons and conceivable future applications
with respect to why a smartwatch can be gainful for your health (Ghanchi, 2019).
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Figure 5. Digital watches used for monitoring health
Source: Tectales,2019

Helps Monitor Heart Rate

Smartwatches are extremely helpful to its client, particularly on following their resting heart rate or
RHR. Most of these smartwatches have an incorporated pulse locator or monitoring sensors that helps
asses the pulse. Devices, for example, smartwatches are valuable when you realize how much exertion
you’re applying when you work out. It can you a notice that you have to accomplish more activities, or
it can alert you in case you're applying a lot of exertion. Having a smartwatch that can frequently and
accurately screen your pulse is an incredible method to abstain from harming yourself (Ghanchi, 2019).

Managing Diabetes

Numerous conditions, including diabetes, depend on the customary and exact taking of prescribed medi-
cines and this is another territory where smartwatches can help. studies have just been done into how a
smartwatch can be utilized as a prescription journal: it tells the time, it interfaces with the web, and it’s
anything but difficult to work. While studies completed so far have been effective, they depend on a ton
of manual client input. Wearables are going to need to include blood glucose sensors before this would
all be able to be made self-dependent, yet the potential is certainly there and the information would then
be able to be cross-referenced with details like every day movement (Ghanchi, 2019).

Speech Therapy

Presently as the technology has enabled us to place a call from our wristwatches in any event — numer-
ous smartwatches are being kitted out with mouthpieces. Those amplifiers can be utilized to determine
the status of speech therapy, offering criticism to clients regardless of whether they’re rehearsing their
speech all alone. One zone where specialists figure this may be valuable is in the treatment of Parkin-
son’s illness. The beginning of the condition can prompt issues with the voice and discourse issue, and
smartwatches could make it simpler for patients to remain focused on treatment practices when they’re
away from the facility.
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Seizure Detection

The accelerometers incorporated with smartwatches can possibly be conveyed to identify seizures and
tremors, especially with conditions like epilepsy. On account of epilepsy, seizures are activated by
exceptional electrical movement in the mind, and the most serious and delayed sorts can keep the cere-
brum from oxygen. When epilepsy seizures occur, brisk and viable treatment is a fundamental piece of
ensuring the dangers of long term harm to the body are limited. In the event that smartwatches can be
utilized to alarm friends, family and healthcare workers about seizures when they occur, can help many
people (Ghanchi, 2019).

Figure 6. An example of seizure detection
Source: Gadgetmatch, 2019

Emergency SOS

Bob Burdett called
emergency services
from this approximate
location after Apple
Watch detected a hard
fall. You're receiving this
message because Bob
has listed you as an
emergency contact.

@

IMPLEMENTATION OF Al IN MHEALTH

Artificial intelligence (Al) in mobile health is the utilization of intricate algorithms and software to
copy human insight in the examination of medical information. In particular, artificial intelligence is
the capacity of computer algorithms to draw conclusions about the human health without direct human
input (Datta et al, 2019)

What makes artificial intelligence different from other traditional or well-known technologies in medi-
cal field is its ability to acquire the data, processing the data and then provide a very much characterized
yield to the user. Al makes this possible by using machine learning (ML) algorithms. ML algorithms are
able to perceive designs from the behaviour and produce its own sense. Al algorithms carry on uniquely
in contrast to human behaviour in two different ways:

1. Algorithms are literal: in the event that you set an objective, the algorithm can’t change itself and
just comprehend what it has been told explicitly.

2. Algorithms are secret elements: algorithms can foresee very exact, however not the reason or the
why (Datta., 2019).

Basically, artificial intelligence gadgets are sorted into two: the first is machine learning (ML), as
discussed above, which carries out large examinations on the structured data, for instance, hereditary
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data, imaging data and electrophysiological data (EP). For healthcare applications, ML forms attempt
to accumulate patient’s uniqueness or comprehend the chance of the sickness impacts. The second is
the natural language processing (NLP), which can acquire the data from free or unstructured data, for
example, clinical perceptions or wellbeing diaries to improve structured data. The natural language
processing forms objects at spinning data towards the machine-reasonable structured records and would
then be able to be considered by machine learning strategies. The figure below explains the layout of
clinical data making, during natural language processing data improvement and machine learning data
examination, to clinical judgment making. In the figure, the layout begins and finishes with clinical
exercises. As prevailing as artificial intelligence (Al) systems, they can be enlivened by clinical/human
services inconveniences and furthermore be pragmatic to assist the clinical presentation towards the
end (Jiang et al., 2017).

Figure 7. Diagram representing the flow of Al and ML
Source: Intechopen, 2019
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Al in Wearables: Al and machine learning are two essential tools for gathering insights or bits
of knowledge. Without an Al engine, the data from a wearable would come up short on any incentive
to the vendor just as the client. That is the motivation behind why, wearable application designers are
progressively including Al Engine inside wearable health applications and innovative wearable health
solutions. Moreover, Al even assisted that data mining is additionally basic to the achievement of an
astute healthcare stage that ties numerous smartphones, Iol' gadgets, websites and wearables together
to accumulate data and return captivating health insights of a person (Shaikh, n.d.).

Wearables for Preventive Health

Google is looking to inject nanobots into the arteries. Don’t be afraid yet. If they can find a way to take
them out, the next breakthrough in medical technology may be Google X. When implanted through
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capsules, at the molecular and cellular stage, nanoparticles proactively detect and diagnose disorders,
tumours, imminent heart attacks or strokes based on changes in the person’s biochemistry.

To receive reading from nanoparticles (nanoparticles are basically IoT devices) the patient will then
use a wearable like a wristwatch clamped on his wrist. The wearable then feeds the data to the platform’s
Al engine and uses its machine learning capabilities to detect irregularities in the wearer’s body, if any.
Once identified, the wearable indicates a possible disorder such as blocked arteries at a very early stage
that may lead to heart attack or cancerous tumour (Shaikh, n.d.).

Wearables for Medical Consultation

The patient can report to their treating physician or an Al doctor on detection of an abnormality. An Al
doctor is typically a discrete neural network with a deep learning algorithm, which can detect diseases
better than an human doctor can. Deep learning algorithm ensures the application uses a self-learning
framework to allow minimum errors and optimal detections. Although the machine learning algorithms
share the same data as the application, they are simpler in design, providing comprehensive results
(Shaikh, n.d.).

Wearables for Medication Management

Al-based doctor can prescribe medication for you. The neural network that allows Al doctors to diagnose

under the surface connects to the platform to capture the medical data needed and administer medicine

to the patient. The prescription is then sent to the patients’ wearable who may refer to the drug or even

order it using the integrated contactless payment system embedded in the wearable with the NFC chip.
Only a smart fitness device will alert you that it’s time to take a drug! (Shaikh, n.d.).

Tracking Pulse and Blood Pressure for Stress Monitoring

Wearables and software’s for health monitoring help monitor all the things including sleeping habits,
heartbeat and a number of other biomarkers. If a patient performs a fitness regime to strengthen his / her
health then these devices come very handy. In that case these apps can easily show their enhancement.
In addition, patients can make the most of these devices by requesting them for daily walking reminders,
heart rate stats, blood pressure, blood glucose, and to monitor their weight. Similarly, the patient’s live
blood pressure and pulse monitoring alerts them when to take breaks (Shaikh, n.d.).
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Figure 8. A smartwatch connected to a smartphone
Source: TheHill, 2020

Minute-to-Minute Monitoring of Chronic Disease Conditions

Integrating health and wellness devices with wearable technology may be useful for patients with chronic
illnesses. This will help track the patients’ medical problems from minute to minute which is almost
unimaginable for nurses and physicians. They can show the patient’s changes immediately, giving them
enough time to respond. A diabetic patient, for example, is indeed vulnerable to the possibility of major
changes in their blood sugar levels. Those fluctuations/changes can be tracked using wearable technology,
which helps to tailor the insulin treatment with high precision. It optimizes the regulation of diabetes and
avoids the dangerous high blood sugar levels. Another critical use is for patients suffering from palpita-
tions. These conditions are so sporadic and short-lived that even advanced instruments for tracking the
heart fail to identify them. However, Such tiny and unusual irregularities can be identified with the aid
of wearables put on the patients’ wrist and linked to a smartphone (Shaikh, n.d.).

DIFFERENCE BETWEEN MHEALTH AND TELEHEALTH

Formally established, telehealth (also widely known as telemedicine) is the use of medical information
shared via electronic communications from one location to another, to enhance the clinical health status
of a patient. Telemedicine includes a wide range of services and applications that makes the use of two-
way videos, e-mails, smart phones, wireless tools and also other forms of telecommunication technology.

Telehealth-related products and services are also part of Healthcare organization’s broader invest-
ment in either I'T industry or medical care delivery. And even in the reimbursement fee structure, there is
generally no difference between on-site services and those offered by telemedicine, and often no separate
coding needed for remote service billing.

Telehealth also incorporates patient interactions through video conferencing, still picture processing,
e-health comprising patient applications, online monitoring of vital signs, continuing medical education,
consumer-focused wireless software and nursing call centres.
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The definition when it comes to describing mHealth is not quite as straightforward as that. MHealth,
as we know is used as an abbreviation for mobile health, referring to the practice of medicine and public
health assisted by mobile devices. The term is most widely used in the context of electronic devices,
such as smartphones, tablets, computers, and wearable devices. Only since July 2016, the Apple iTunes
store already had more than 13,000 healthcare-related features and many more on mobile platforms such
as Amazon and Google Play. The most rising mHealth applications are fitness trackers. Other mHealth
devices can include heart rate monitors, drug monitors, asthma and diabetes monitoring.

Although there are some ties between Telehealth and mHealth, many physicians still believe that data
derived from fitness trackers and other mHealth technology is not reliable enough to be used in diagnostic
or patient monitoring. When technology integration and interoperability become more popular, there is
likely to be a greater correlation between telehealth and mHealth (Anonymous, 2016).

NEGATIVE EFFECTS OF PHONES AND ELECTRONICS

Mobile telephones produce radio frequencies, Form of non-ionizing electromagnetic radiation which tis-
sues near the telephone will absorb. The radio frequency measurement emitted by a cell phone customer
is exposed and depends on various elements such as the telecommunications invention, the distinction
between the operator and the consumer, the degree and form of mobile phone used and the distance
between the user and the network towers (World Health Organisation[ WHO], 2014).

As of today, no relation has been established between continuous mobile usage and brain tumour
risk, the expanding utilization of mobile devices and the absence of information for mobile telephone
use after some time periods longer than 15 years warrant further research of mobile telephone use and
brain disease risk. Specifically, with the ongoing prevalence of mobile telephone use among more
young personnel, possibly longer lifetime of presentation, WHO has worked on further research on this
gathering and is right now surveying the health effect of RF fields on totally examined endpoints. An
association study in Denmark related data charging with brain tumour incidence information from the
Danish Metastasis Library from more than 358,000 mobile phone supporters. The investigations found no
correlation between the use of cell phones and the glioma, meningioma, or acoustic neuroma incidence,
even for individuals who had been influencers of Smartphone for a minimum of 12 years (Naeem, 2014).
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Figure 9. Negative rays from mobile
Source: eHealthNetwork, 2018

The American Cancer Society (ACS) suggests that now the IARC agreement indicates that there
might be a disease-related danger, but the data is not adequately competent to be considered definitive
and further work is required. People who are generally concerned about radio frequency exposure may
restrict their appearance, including using an ear gadget and limiting the use of mobile phones, chiefly
amongst young generation (Naeem, 2014).

Individuals who spend ton of days wearing a Smartwatch often feel like they are insomniac. This
particular reaction is likewise basic to cell phone users. It acts as a rule happens in view of the absence
of fixation once an individual is utilized to innovation. The productivity likewise continues declining
with time. Continuous usage of Smartwatches can also lead to the inception of nausea. A good deal of
research work has indicated that EMF radiation prompts comparative outcomes as on account of radia-
tion. On the off chance that an individual faces headache for a large portion of their day, at that point an
explanation could be a smartwatch he/she is continuously using. Wearing this watch throughout the day
can be a tremendous purpose behind the cerebral pain problem in an individual (Azad, 2019).

Numerous smartwatch clients have now begun encountering the “apparition gadget impact.” A cir-
cumstance where one gets so joined to their gadget that it starts to control their senses and mental status.
many people let these watches become a part of their day to day life, they would urgently check their
watch for the time or warnings, yet for a wide scope of data. Their new tech-companion would turn out
to be such a natural piece of their life that in any event, when not wearing one, they would feel the urge
to check their exposed wrist (Anonymous, 2016).

USE OF MHEALTH IN PANDEMIC

In the current scenario, the whole globe is fighting against the Novel Coronavirus, also known as CO-
VID-19. This is the state of pandemic and many countries have announced a lockdown for the safety
of the citizens. So in this pandemic, mHealth is proving to be the technology that is helping the people
with their health issues by not compromising the lockdown situation.

mHealth is Being Majorly Used as a Help in the Chronic Diseases: Chronic diseases and condi-
tions with a high risk on quality of life and life expectancy, such as diabetes, heart disorders, asthma, etc.,
often need continuous care rather than a one-time treatment. These disorders require constant assess-
ment, monitoring and a variety of lifestyle interruptions to keep the condition under control. Hence in
these days, mHealth apps are playing a pivotal role in the treatment and management of these disorders.
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For instance,

e  Treating Hypertension: Aside from keeping track of your blood pressure progress calculated
on a continuous basis, the mHealth app will include a range of helpful tips, food plans, workout
regimens and alternative medicines to keep your hypertension under control.

e  Treating Asthma: Asthma is another chronic disorder that causes millions of people around the
world to suffer. By using a mobile microphone as a spirometer, the mHealth app can assess the
condition and provide valuable medications, or it can help the patient get in contact with a re-
nowned specialist in the field.

e Diabetes Management: Diabetes is a chronic health condition that is not curable but can only
be controlled with a combination of interventions including diet, exercise schedule, yoga, other
healthy activities and necessary drugs/medication. Now, some medical IOT devices with their
linked mobile apps allow people to monitor blood glucose levels and other metrics. The mHealth
app based on these measures can recommend a treatment plan or can even help the patients con-
tact specialists (Rathod, n.d.).

Long Distance Counselling: mHealth helps clinicians to remotely motivate and direct their patients
when in-person physical contact is not possible as in the time of pandemic. Normally, during the recov-
ery process of any chronic condition, the patient may become depressed and begin to expect the worst.
During such a situation, it is the duty of the doctor to comfort the patient and to ensure that the care
given will quickly cure the disease. Using mHealth, a physician can virtually communicate to a patient
at any time and can ask whether there is any discrepancy. In the event of a sudden outbreak, like the one
we are currently facing, the doctor can immediately warn patients to take evasive action. On the other
hand, if the patient discovers that his health is deteriorating quickly and that he needs immediate help,
the doctor is just a few clicks away

Hence in the current state, mHealth has opened up a whole new path for patients and caregivers to
communicate directly with each other using remote, hand-held devices, no matter how far they are. This
technology engulfs all physical barriers and enables both of them to get the best out of the healthcare
ecosystem respecting the lockdown situation (Tate, n.d.).

HOW MHEALTH WILL IMPACT LIVES IN THE YEARS TO COME

The technological advancements that we achieve in the next decade or two will charter the course for the
medical services will be applied for this century. The rapid improvements in technology and synchroni-
sation abilities have presented many new opportunities to improve and increase the existing healthcare
model reach so that more and more people can be helped (The Medical Futurist, 2019).

As we previously discussed, in crisis like the corona virus pandemic the phenomenon of mHealth will
play a major role as the number of people being affected by the virus outnumber the medical capacity
of the doctors by a very large margin and this is where Al and automated health diagnosis can reduce
the pressure on healthcare professionals up to a very large extent. One such example is the application
“Aarogya Setu” which uses automation and user information to predict the risk of a person contacting
the virus
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Figure 10. Depiction of mHealth by an App

Source: Fonearena, 2020
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Computerized reasoning can possibly overhaul healthcare totally. Computer based intelligence cal-
culations can draw clinical records, structure treatment designs or make medicates path quicker than any
present on-screen character on the healthcare palette including any clinical expert.

Even the government is supporting the measures improving healthcare results in the nation by utilizing
new and inventive ways like mHealth arrangements. Various mHealth activities have been begun by the
administration. It is additionally working together with driving healthcare organizations and establish-
ments to create answers for improving the healthcare environment in India.

The advancements are huge and the scope for expansion even bigger but the one thing that should be
the first priority during this journey is quality precision. If we are counting on machines and algorithms
to replace or substitute humans in any scenario we need to make sure that the decisions and diagnostics
that are performed are on par if not better than what a human can do, as one small mistake can be fatal
and endanger more lives than we can possibly comprehend.

The way to achieve the above stated quality is to carefully select the professionals who will lead the
way for automation and develop mHealth solutions as the margin for error in this field is very low and
no matter how good the technology gets the top spot in any chain shall be occupied by a human mind
(The Medical Futurist, 2019).

CONCLUSION

In conclusion we can say that even though we have made uncountable advancements in the field of
mhealth, what we have discovered is just the tip of the iceberg and there might be numerous ways in
which mhealth could develop and chances are most of them ways are currently not even thought of.

The current mhealth scenario is dependent majorly on the smartphone acceptance and development
which means we are using already existing technology to advance the cause of mhealth. In recent times
although health checking sensors have been added to various smartphones to this day it is still widely
considered a gimmicky addition with no purpose other than to boast about it.
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The margin of error and lack of human connection still makes the mhealth sector far from a viable
replacement for doctors and healthcare systems but as we can see in the covid-19 pandemic the healthcare
systems can actually benefit and rely upon these technological advancements for various provisions like
online consultation and virtual testing appointments.

Even though mhealth is currently unable to replace the existing system it is still very helpful in
keeping the system upright and stable. The question still remains, will the advancements in the field of
mhealth be able to solve the big problem of automation dependency, the answer is not known to any of
us right now but currently it is helping solve various small problems for a large number of people and
that is what the development of technology has been all about, To help humanity achieve a better life.
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ABSTRACT

Early detection of breast cancer is a worldwide need as many hospitals have appeared in commitment of
research pathway. As per WHO (World Health Organisation), early detection of breast cancer boosts the
choice of making corrective judgement on medication plan. This corrective choice helps women to save
themselves from expensive and unwanted medical test and treatment. Physical observation and medical
history play an important role in diagnosing this disease; however, for detailed understanding, some
reliable and accurate methods are still required. This chapter reviews existing computational methods
and need of novel algorithms that can help in accurately diagnosing this disease. Correct diagnosis
and yield results devising treatment strategy. For correct diagnosis micro-array gene expression data
is widely used, this chapter highlights various computational studies done on breast cancer microarray
data. This review highlights the benefit of computational model being an impressive tool for discovery
of cancer along with devising its therapies.

INTRODUCTION

Cancer research is a most important research area in medical field. Among various category of cancer,
breast cancer is a cancer of heterogeneous form which take place in different types of cell in women. The
second popular leading form of cancer is breast cancer in females. Major cause of women’s death is its

distant metastasis (Weigelt et al., 2005). Breast cancer is assumed to be the leading reason for death in
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women as cancerous cells are found in women in form of breast tissue. There are almost twenty parti-
tion in breast known as lobes, these lobes are further divided into minute division called lobules. Basi-
cally, cancer starts in lobes named lobular carcinoma in women. There exists a slim tube for connection
between lobule and lobe called duct (National Cancer Institute). As per clinical research, it is vital to
diagnosed breast cancer as early as desirable, so that corrective action regarding prediction of risk (low
or high) can help in choosing the appropriate therapy. Patients identified as low risk may be prevented
from chemotherapy which is very costly and mainly required in high risk of breast cancer, which results
in long term side effects (National institute of Health Consensus Development Panel, 2001). In order
to reduce uneasy costs related with therapies, corrective classification of two receptor and prognosis
group is required to raise the survival of patients suffering from breast cancer. This can only be done by
managing tools that helps precisely in distinguishing the receptor and prognosis group in making right
decision timely with treatment already available. Hence, demand is to find out gene expression markers
relating with breast cancer supporting in classifying the two-prognosis category of breast cancer.

Breast cancer categorized as malignant shows a different behavior which make it a non-simple from
various kind of diseases as cancerous cells can get distributed through breast part to remaining parts of
the human body such as lymph, bone etc. (Ries et al., 2006). As many forms of breast cancer exist which
respond different to various healing treatment or remedy. It is highly required that correct identification
and forecasting of breast cancer in reducing the mortality rate of cancer in women. At an initial stage in
women, to recognize breast cancer, mammograms benefit the doctor to give proper mediation to cancer
patients. Out of many breast cancer cases, some are like women suffering from cancer that lead to poor
rate of survival mostly in last stage and it develop into distantly metastasized. To safeguard women
public health, breast cancer research has become the necessity. Micro-array gene expression data has
persistently facilitated us to investigate and forecast the medical treatment action of this cancer to certain
limit with the support of clinical parameters.

The overview of the chapter is like section 2, defines the clinical parameter in breast cancer followed
by various subtypes of breast cancer, different molecular forms of breast cancer and issues related to
micro-array gene expression data. Section 3 outlines the data pre-processing of micro-array, feature se-
lection techniques. Section 4 explains the existing approaches with micro-array data. Section 5 defines
the experimental results. Section 6 defines pros and cons of swallow learning, followed by Section 7
defines the evaluation of classifier performance. Section 8 conclude the chapter.

BACKGROUND
Clinical Parameters in Breast Cancer

Various pathological factors have important contribution in handling breast cancer patients at various
stages. Some of these factors are tumor size, tumor grade, PR (progesterone receptor), HER (human
epidermal growth factor receptor), ER (estrogen receptor), and lymph nodes (Golub et al., 1999; Cian-
frocca et al., 2004). There also exists a relationship among risk of metastasis and amount of axillary
lymph nodes (Donegan, 1997). Breast cancer originates from particular cells where these cells have
their intrinsic clinical properties. Measurement regarding tumor size is another necessary and important
prognostic factor as probability of the formation of metastasis occurs with change in tumor size. Various
clinical parameters in breast cancer are mentioned in Table 1.
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Breast Cancer Subtypes

It is stated in various literature that status of receptor is considered for prognosis of breast cancer (Carter
et al., 1989; Deroo and Korach, 2006; Gadkar-Sable et al., 2005; Li and O’Malley, 2003; Quenel et al.,
1995; Zhou and Hung, 2003; Dalton et al., 1994; Robbins et al., 1995). However, including receptor
status, tumor grade is considered to be best in describing the category subtype of breast cancer and its
prognosis. Molecular subtypes of breast cancer have dissimilar responses or/and prognosis towards the
variety of therapies. Determination of breast cancer is done through measuring level of PR, HER2 and ER.

1.  Estrogen Receptor (ER): It is a made up of protein molecule and it act on breast cancer tissues.
It gets triggered by the hormone; hence it will unite to DNA (deoxyribonucleic acid) and regulate
the functioning of miscellaneous genes. ER is known as ER negative (ER-), when the ER is under-
exerted and if overexerted, known as ER positive (ER+) breast cancer subtypes. In 70% cases of
breast cancer, ERs are overexerted. Estrogen receptor is one of the oldest, but very significant
biomarker. In every diagnosed case of breast cancer, measuring the level of ER is compulsory. ER
provide prognostic and therapy predictive details, but its better critical objective is as prognostic
biomarker for endocrine analysis (Carter et al., 1989).

2. Progesterone Receptor (PR): It is a steroid forming a vital class of proteins present in various
physiological activity namely, differentiation of cell. Mostly in reproductive tissue, PR has played a
fundamental role in pregnancy and ovulation. About 65% cases of ER_positive fall under PR_posi-
tive breast cancers, and about 5% cases are monitor as ER_negative and PR_positive breast cancer
(Carter et al., 1989; Deroo and Korach, 2006; Gadkar-Sable et al, 2005).

3.  Human Epidermal Growth Factor Receptor 2: Defines as protein relating to group of trans-
membrane receptors namely first HER1, second HER2, third HER3, and fourth HER4, however
handle cell proliferation & cell growth. Around thirty percent cases have over expression of the
HER?2 as HER2 positive gene of breast cancer (Li and O’Malley, 2003; Quenel et al., 1995).

4. Tumor Grade: Assigning grade to breast cancer sample is dependent on microscopic likeness of
cells as compared to normal breast tissue [3-4]. Assigning grade to tumor is based on 3 microscopic
features first is nuclear pleomorphism gland, second is gland formation and third is count of split-
ting cells. Hence, the particular factors grant a value/score ranging number 1-3 (1 as closest and 3
as the far close to normal breast). The resulting scores are further combined together, if total score
is 3-5, called grade_1, if total score is 6 or 7, called grade_2 and if total is 8-9, called as grade 3.
But there exist two limitation with grade used for estimating prediction in patients. First, absence of
reproducibility in grading among pathologist. Second, massive superiority of tumors is categorized
as grade 2 (Zhou and Hung, 2003; Dalton et al., 1994; Robbins et al., 1995).

DIFFERENT MOLECULAR FORMS OF BREAST CANCER

1. Luminal A: These are described as PR positive and/or ER positive and low tumor grade. Such
cancer indicates best prognosis with low recurrences rate and high survival rates (Mackay et al.,
2011).
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2. Luminal B: These are described as PR positive or/and ER positive and high tumor grade; it is
categorized as luminal B type of breast cancer. They have poor prognosis and lesser survival rates
when compared with luminal A (Mackay et al., 2011).

3. HER2+: Described as PR negative, ER negative, HER?2 positive and low tumor grade. Mostly
diagnosed among young patients of breast cancer in comparison to other molecular subtypes. It is
delicate to periodic redundancy and metastasis.

4. Basal-Like: It has PR_negative, ER_negative and HER2_negative. Generally known as TNBC
(triple negative breast cancer). Mostly initiate in women at youthful(younger) age. Basal like tumors
are dynamic and it shows poor prognosis when seen with luminal A and B types (Sofi et al., 2012).

5. Normal Breast-Like: Less common type of breast cancer. These tumors are found small in size
and gives good prognosis. Normal breast-like is most common among postmenopausal women
when compared with premenopausal women (Suvarchala and Nageswararao, 2011).

As per different behavior of all cancer subtypes, it is pretty necessary to rightly distinguish them. Genes
can play a very vital role. Out of millions of genes present in micro-array data, all genes are not strongly
associated in classifying the data as cancerous, non-cancerous or cancer subtype. Main task is to iden-
tify out the important genes using gene selection process needed to analyze and eliminate duplicates
attributes from the datasets that don’t contribute to the model of correctness. For high quality of under-
standing improving the work by performance and reducing the computation requirement of data can be
done through selection of genes. Some of the methods are constantly dealing with micro-array datasets
(Metzger et al., 2011; Copper, 2001; Alizadeh et al., 2000). Various feature selection algorithms exist
nowadays in literature lying in category filter, embedded and wrappers (Alon et al., 1999). Filter method
works as not involving any data mining method and by working on parameters like distance, correlation,
consistency and dependency. Wrapper methods works as it looks for feature subgroup mainly dependent
on classifier and arranging on rank basis using correctness (Lamba et al., 2018).
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Table 1. Various clinical parameters help in investigating and forecasting of breast cancer

Parameters Definition Category

Age Defines the age of cancer patient -

Grade Defines the grade of cancer Grade 1,2,3

Size Defines the size of tumor in centimeter -

ER Define Estrogen Receptor status ER_postive=1, ER_negative = 0

PR Defines Progesterone Receptor status PR_postive=1, PR_negative=0

HER Defines Human Epidermal growth factor status HER_positive=1, HER_negative=0

Lymph Node Defines Lymph node assessment Lymph_postive=1, Lymph_negative=0

Subtype Defines Molecular category of breast cancer LuminalA, LuminalB, Normal, Her2 and Basal
Chemo therapy as CT, Hormone therapy as HT,

Treatment Defines treatment given or available Radiation therapy as RT and none as no therapy
needed

DMEFS Defines as distant metastasis free survival Metastasis_no=0, Metastasis_yes=1

DFS Defines as recurrence free survival No_recurrence=0, recurrence=1

RFS Defines as free survival Disease_no=0, disease_yes=1

OS Defines as survival overall Surviving_no=0, Surviving_yes=1

ISSUES WITH MICROARRAY EXPRESSION DATA

While dealing with the breast cancer data obtained from microarray-based technology, mainly three
kind of problems arises namely noise level, dimensionality problem and interrelationship/interaction
measurement.
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Noise Level: The data present in microarray form is mostly found noisy (Chudin et al., 2001;
Haibe-Kains, 2009) which mostly required numerous steps transforming raw biological data to
gene expression data. This noisiness affects the quality of data adversely.

Dimensionality Problem: Due to production of enormous number of data with support of mi-
croarray technology supports in aligning multiple genes parallelly. This results in problem like
pattern identification when sample size is too small as compare with the features (Viswanathan et
al., 2008). Small sample size with numerous features reduce the performance of various classifier
of cancer.

Interrelationship (Correlation) Measurement: As per the study of microarray-based technology,
gene expression is never evaluated alone, they are related sometime directly or not directly to other
genes. This interrelation i.e. correlation can be seen with biological pathways containing few to
distinct hundred genes answerable for greater interaction of gene expression (Haibe-Kains, 2009;
Viswanathan et al., 2008). The pathway is found for the analysis with the support of database which
is embellished pathways of signature of genes algorithm.
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MICROARRAY DATA PREPROCESSING

To deal with various issues associated with microarray data, pre-processing need to be done in order to
eliminate bias if exist and to promote the quality of data at the time of computation. During pre-process-
ing, main steps include dimensionality reduction, normalization and quality controls. Dimensionality
reduction is done with two methods namely feature selection and transformation. Both the methods are
never performed altogether, subject to the analysis type, any one is used or both may be used but only
one followed by other (Haibe-Kains, 2009). Normalization seeks kind of variation to grant differences
in technical term among chips, to promote differences among samples. Lots of methods dealing with
normalization are proposed targeting gene expression related techniques. Quality controls helps in prior
preparation to increase and enhance the quality of data like if chip seems outside the correction limit,
then it is neglected (Haibe-Kains, 2009).

In feature transformation, the genes are converted into feature space of lesser dimension without
any change in the clinical parameters. Feature selection helps in searching the relevant genes from the
available genes present in data giving every possible knowledge needed for its classification (Golub et
al., 1999; Devijver and Kittler, 1982). Certain benefits of feature selection are as follows:

It minimizes the complexity and helps in interpreting the model easily. Efficient and scale down the
training time of the algorithm. Enhances the accuracy while selecting the correct subset. Minimized
the overfitting. Need fewer evaluation and less memory storage. Lot of problems arises while selecting
the best subset dealing with correlation between features (Akay, 2009). Variety of methods have been
developed for diagnosis of breast cancer in literature (Banaie et al., 2018; Sun et al., 2006; Zheng et al.,
2014; Alickovic and Subasi, 2017). Feature selection is mostly categorized into three categories namely
filter, embedded and wrapper.

1. Filter Method: The strategy work with null data-mining algorithm, it is more like a pre-processing
step and is done using statistical test. Mainly factors associated with this approach are information,
distance, dependency and consistency. This approach is free from learning algorithm and used for
many practical applications due to its uniformity and simplicity. Features having high variance
contain more useful knowledge and information then low variance features. Categorized as mul-
tivariate and univariate. This approach is robust contrary to overfitting, fastest and scalable. But
is abort to pick useful features, prevent dependencies and ignore correlation. Examples are t-test,
fisher, correlation, random etc.

Figure 1. Filter method
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2. Wrapper Method: This method finds features based on the classifier and arrange features based
on rank using correctness. This method when compared with filter is comparatively computation-
ally expensive. Make use of cross-validation and tried to find best possible set of features based
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on performance. Wrapper approach is categorized into randomized and deterministic. It helps in
searching most useful features. Defines as simple than embedded and try every possible way to
interact with classifier but fails to overcome overfitting (Kohavi and John, 1997; Xiong et al., 2001;
Guyon et al., 2002). Examples are best first, greedy, ranker etc.

Figure 2. Wrapper method
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3.  Embedded Method: This method consists characteristics of filter and wrapper including distinct
rating in variety of searches at every stage. It is done using statistical tests and succeed to overcome
overfitting (Hastie et al., 2009).

Figure 3. Embedded method
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Once the data pre-processing is done, analysis of unsupervised or supervised (Lu and Han, 2003) is
carry forward to see the effective change in classification performance and forecast result for breast cancer.
Supervised analysis tries to search for relation between input data and output data using algorithm like
support vector machine, naive bayes etc. Unsupervised analysis tries to study the data structure without
using any extraneous knowledge like clustering based on same kind of genes. Examples is clustering,
k-means, cast etc.

The major goal for classification of cancer in order to correctly predict and forecast the medication
of treatment (Gruvberger et al., 2001). Physicians tries to find a way for better understanding of various
gene interaction that help them in cancer development because knowledge and information available
for cancer is not updated too deeply. As it is not sufficient to judge classification of cancer based on its
accuracy, but can lead to information based on statistical results performed using different classifier.

Cancer classifiers are categorized in three categories followed as: first category is based on structure
of data without considering its correlation among the data like naive bayesian (Ahr et al., 2001). Sec-
ond category is based on interaction among data ignoring the structure of data like cast (cluster-based
technique) (Ben-Dor et al., 2000; Zhang et al., 2001). Last category is based on correlation of data with
the structure of data like decision tree recursive (Hong and Cho, 2006).
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EXISTING APPROACHES DEALING WITH MICROARRAY DATA

An extensive effort has been done by multiple researchers in case of cancer to correctly predict, forecast
and prognose the medication treatment. From years, selecting the most relevant genes selection process
is carried forward in breast cancer to improve the goodness of classification. This has been improved by
microarray technology but the size of the sample creates a huddle to interpret correctness classification
straight forward (Boser et al., 1992). Various supervised and unsupervised approaches are discussed in
Table 2.

Distinguishing of cancer classes as supervised learning where the output is analyzed from the training
data i.e. known data, that helps in predicting the output of test dataset mainly unknown dataset. Cancer
based applications such as prognosis, diagnosis and treatment output are a prediction job. There is vital
difference among classification of cancer and other methodologies is that huge amount of information
investigated at the process of classification. But, data available for cancer is not too advanced that helps
researches to aim in depth knowledge of gene interaction and allow biologist to develop information related
to cancer. Classification of cancer is not based on accuracy but also on biological data and information
obtained from the statistics results, facts and various conclusion from the classifiers. Cancer classifiers is
divided into three main category 1) related with classifiers like taken into consideration structure of data
not correlation among data. The aim of this classifier is to consider data as the set of distribution while
avoiding the real meaning of data and evaluate the classification depending on distribution of dataset.
Example network classifier, Naive Bayes (Gruvberger et al., 2001; Baba and Nakamura, 2002). 2) related
to classifiers that take correlation into account avoiding the structure of data. This correlation is taken
between the gene value irrespective of data structure. Example SVM, cluster-based technique (Simon,
2003; O’Neill, 1991). 3) last category is based with both correlation and structure of data classifiers tries
to develop the relationship among gene which helps biologist a better and deep understanding of correla-
tion of genes and structure of data. Many issues arise with micro-array gene expression data that fail to
give good accuracy while performing classification, like decision tree recursive (Hong and Cho, 2006).

A lot of work has been done in breast cancer to correctly predict, prognose and diagnose the cancer.
Previous studies have used micro-array gene in order to find and search the important genes used for
classification of breast cancer. Technology depending on micro-array gene expression data is defined as a
tool helps in prognosis, diagnosis and prediction of breast cancer by creating numerous of profiles which
make it difficult to interpret micro-array data directly. Multiple unsupervised and supervised approaches
are applied on the breast cancer data for prediction, diagnosing and prognosing. They are as follows:

CAST Algorithm

This algorithm is a cluster-based approach that organize the samples into cluster along with increasing
the number of related gene data. It uses hierarchical clustering and proposed by Den-Dor (Zhang et al.,
2001). Sample data is divided into two groups, one contains majority of samples not suffering from
cancer and other as majority of cancer. Main idea is based on similarity and discard the samples/data
that are no longer similar with the cluster it is present. It is based on parameter known as threshold helps
in controlling the cluster division.

Example: cast algorithm is applied on breast cancer samples containing thousands of gene data hav-
ing benign and malignant classes. After pre-processing, making clusters using Pearson correlation helps
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to grouped samples into clusters, used to distinguish benign and malignant types of cancer. Cluster are
formed based on the similarity to form the hierarchical tree (Ben-Dor et al., 2000).

BOOSTING

Boosting algorithm is defined as assembled classifiers from collection of various class predicators (Khan
et al., 2001). Ben-Dor et al (2000, april) used the algorithm for cancer classification but proves to be a
weak classifier. It uses a powerless learning technique to develop classifiers d1, d2, d3,, ..., di and use
weighted choice. Class can be classified as with test data g:

Class (g) = sign (Eiwidi <g)) (1)

Here, wi is defined as weight given to the classifiers.

Example: Boosting algorithm is applied on breast cancer data by Hasan (2012). The dataset consists
of 286 samples categorize as 106 samples as distant metastasis and 180 samples as free patient to dis-
tinguish from metastatic and relapse free patients. The initial data of 22000 genes is reduced to 45 genes
as features to identify subtypes of breast cancer.

NEURAL NETWORK

Itis a kind of algorithm categorized in artificial intelligence (AI) (White, 1989), having multiple applica-
tion in vast variety of problem (Shlens, 2014). Khan (2001) used neural network for classification in steps
like principal component analysis, gene choice and neural network. Rule based on principal component
is reducing the dimensionality just to avoid the overfitting. Followed by neural network can be devel-
oped. Helps in making a prediction while dealing classes with micro-array data in reduction, the result
produced are biased and failed to achieve good performance. Resulting in removing class label from the
dimensionality reduction method, and after this reduction artificial neural network can be established.

This algorithm consists of input nodes with respect to associated principal components and output
nodes based on class labels. The author rearranges the input data and split the data into three parts
known as 3 ANN, out of three, two were used for training purpose and third one was used for testing.
The rearranging was done 1250 times and with each rearranging was done to estimate 3 ANN (Baba
and Nakamura, 2002).

Example: On 58 samples, 47 were used for training and 11 for testing consisting of ER+ and ER-.
Original size of dataset was 6,728 but after pre-processing the dataset was reduced to 3,389 (Gruvberger
et al., 2001).

REGRESSION BASED ALGORITHM

This algorithm is purely based on statistics, helps in finding the relationship among variables. It includes
multiple methods consisting of modelling and summarizing variables, identifying dependent and inde-
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pendent variables. Regression aid in understanding the dependency of dependent variable on independent
variable. Regression on a large scale is used for foretelling just to know which independent variables
are associated to dependent one. Linear, polynomial, logistic etc. Are methods based on regression rule
(Yusuff et al., 2012).

Example: out of 176 patients, 130 were used for training and 46 were for testing purpose. In (Meyer
and Wien, 2015), logistic regression was performed using variable having skin threatening, mass and
calcination. While training, performance was 91.7% accurate and in case of testing it was 67.4% accurate.
It showed patient with mass disclosure on mammogram screening, chances of having breast cancer is
five times greater, while patient of calcification have 18 times higher chances and patient having skin
thickening has very great chances of having breast cancer.

SVM

Vapnik developed support vector machine (SVM) widely used in many data mining application (Simon,
2003; Golub et al., 2003). Majorly used for forecasting and prognosis of cancer. It works by drawing a
hyperplane along with maximal margin bounded by the classes. The point lies on the border line called
support vector. The area between the margin is defined as the optimum dividing hyperplane (O’Neill,
1991).

Example: The tumor dataset of 314 samples, having 14 dissimilar cancer classes and consisting
16063 gene values. 218 tumors were left after pre-processing process and SVM was applied for binary
classification.

DECISION TREE

In classification problem, this algorithm was used on a larger scale known as classification tree. This
consist of internal node — defining condition for dividing attribute and leaf nodes — designate as class label.

A cancer classification technique was introduced by Zhang (2001) with the help of gene expression
dataset having n sample, individual sample consisting of vector of micro-array gene expression. Clas-
sification of the samples was done using recursive partitioning constructing a classifying rule. The tree
is established using two-phase method. One phase — if the particular chosen predictor is selected as cut-
off value, after that data is divided into smaller/lesser samples. The judgement of choosing predicator
and corresponding relative cut-off value are used to clarify the class separation like separating out the
normal tissue against cancer tissue of breast, the purity of the sample is determined by function known
as entropy defined below:

Rlog(R)+(1— R)log(1- R) 2)

Where r is defined as normal probability of sample, the function can have maximum value withr =0
or 1, such that the samples should be of same type, is minimum with r = 0.5, means two samples are
fairly dispersed. This entropy function helps in constructing the tree and discover the top suited gene
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to divide and feasible dividing condition for selecting genes. Second phase is used to trim just to avoid
the overfitting.

Example: 62 samples having 22 normal and 40 samples of cancer, consisting of 2000 genes. Zhang,
applied recursive partitioning, by checking each 2000 expression genes with their desirable threshold,
selecting the best subset of level of gene expression. The algorithm show error according to small size
of data, but it will increase as per the increase in size of data as it is dependable on size of input data.

Table 2. Description of various available approaches

prediction using superiority (Khan
et al., 2001).

Shows good results than decision
tree classifiers (Breiman, 1996).

Methods Definition Advantages Disadvantages
Develop.eq 1n.1995. W1§ely used Used for binary classification problem
for classification of various cancer .
. .. . . but can change multi-class problems to
SVM while training the machine using Handle large numerous features. . , .
L binary class but doesn’t result in better
data containing cancer class erformance (Simon, 2003)
details (Guyon et al., 2002). p : :
Defined as a type of accumulated It performs pfoportlonate T1r.ne?-consummg w1t‘h repetition of
classifier develop various class performance in case of training samples to find the accuracy.
Boosting classification with other methods This algorithm has no superiority while

comparing with other machine learning
algorithm (Hasan, 2012).

Decision tree
as DT

Known as classification trees
works like containing nodes as
internal shows separating attribute
and leaf node as specific class
label.

Doesn’t dependent on any input
parameters.

Tree construction is fast.

Give good results and performance
on increasing the data size.

Sample size for individual class is too
low, gives error-prone results (Hong and
Cho, 2006).

Artificial Neural
Network

In this classification is done

in three steps. First principal
component analysis -to minimize
dimensionality in case of
supervised, gene selection and
network prediction (Baba and
Nakamura, 2002; Ahmed, 2005).

Shows improved result while
comparing with regression
methods (Dreiseitl and Ohno-
Machado, 2002).

Needed many parameters to increase
performance.

Defines as black box method, difficult
to find working of model in the hidden
layers.

Time consuming and result in overfitting
(Khan et al., 2001; Schwarzer et al.,
2000; Ahr et al., 2001).

Cast- Clustering
based technique

Defines as it adjusts the samples
into a cluster with same kind of
genes.

Classifies depending on
resemblance of gene resulting in
little reclining to noise.

Non-scalable with training data.
Require more computational time,
expensive and inappropriate (Zhang et
al., 2001).

Regression

Defines as statistical method
finding interrelation among
variables- can be dependent or
independent.

Provide acceptably fair result by
using small data set.

Linear regression is easily
understandable for forecasting and
optimization.

Mostly sensitive to the outliers.

Find relationship among dependent

and independent variables in linear
regression, but required extremes in case
of dependent one variable (Yusuff et al.,
2012; Meyer and Wien, 2015).

We have summarized our literature survey study in Table 3, where we have depicted the techniques
used in breast cancer analysis in past twenty years.
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Table 3.

Summarized details of Literature Survey

Year and
Author Method and Material Used Contribution
Name

1999_ Col.lelned two pOWErfL.ll gene expression Profllmg technologies m;ludl{)g DNA arrays w1th. Identified genes presented in the breast cancer differentially,

Mariana serial(sequential) scrutiny of gene expression (SAGE) and help to identify route of p . 5 N . .

X Cc along with primary tumors with regard to under expressed genes

Nacht in breast cancer.

200.1 Used Artificial Neural networks, to classify tumor according to ER status. 100 finest ER genes are 1dcr}llflcd, L -

Sofia " . . o Result shows that ER_negative and ER_positive tumors demonstrate distinct gene

ANN performance based on top finest genes and including ER within. .
Gruvberger expression phenotypes.
2002 N assification ang unsup ervlsefi clustering. Developed 70 genes set, that initially consists of 25000 genes among 117 samples of
, | Supervised classification is used to find the gene signature.
LauraJ. van't . - - . breast cancer.
Unsupervised cluster analysis to separate ER_negative and ER_positive samples using o .
Veer . N . N Identified good and bad prognosis cases.
agglomerative hierarchical clustering.
2003 Identified 485 gene set from 7650 that predict 99 patient’s survival.
Christos Hierarchical clustering used to divide the tumors in two subcategories based on ER status Concluded that Estrogen Receptor is strongly related to gene expression instead of tumor
L. The status is then associated with basal and luminal characteristics. grade.
Sotiriou - . - .
Suggested how gene Profiling help in devising new therapeutic.
776 gene signatures having 16 genes chosen as ERnegative and 60 genes as ER_positive
. L . L . subgroup.
gains ymp P i Y ’ Showed specificity as 48% and sensitivity as 93%, independently using testing dataset of
171 lymph node patients.
Discovered 264 genes expression markers co-related with tumor grade using 347 main
347 tumors of primary breast were investigated on Affymetrix micro-array. breast cancer samples.

2006 Usage of class prediction algorithm to find out 264 powerful grade related markers. Among 264 genes, six classify grade_3 and grade_1 tumor correctly and distinguish

Anna V. Analysis of statistics is used to separate the G2b and G2a subtype, from G1 & G3 subtypes. tumor grade_2 into category like G2b and G2a.

Tvshina Used multivariate analysis to find genetic grade like a free prognostic indicator than tumor size Grade signature showing predictive capacity may be extent to all tumors apart from

and lymph node. histologic grade.
Integrating the genetic grade analysis with risk factor in order to have better prognosis.
Discovered grade_3 and grade_1 had recognizable gene expression and grade_2 breast

2006 Developed a set of 128 genes for 189 primary breast cancer patients. canccx.' has hAc!m.'ogcnous cxprcss.lon pl;()ﬁl(;& . L.

N N . . . . . . After investigating gene expression with histologic grade, it is analyzed that relapse

Christos Kaplan Meier analysis was used to investigate the relation among gene expression grade index L . . . . .

L . . o (weaken) survival is very highly correlated with gene-expression more in comparison to

Sotiriou and relapse (deteriorate) the survival of patients. . N
histologic grade.

Study helped devising new stratification method for identifying high grade patient.

2009 Analysis of gene expression was observed on 60 breast cancer samples. DFveloped gene expr?svsu)‘n r:auo:based signature of gene with the help of training data set

Ewan K.A t-test screening and variance-based gene filtering (each evaluated on gene comparing non- of 60 ER positive breast cancer samples.

. ’ < Three gene were discovered for recurrence cases IL17BR, HOXB13 and A1240933 for

Millar TECUrrence Versus recurrences).
non-recurrence cases.

2011 Define the objective and reproducibility for molecular subtyping using two-way average-linkage N.O cla.ssl.ﬁcauon system produces p§rfecl agreement (.kappa>:,81) among observers.

. . . . . Five distinct genes list generated mainly associated with molecular subtype of breast

Alan Mackay | (ranked) hierarchical clustering method. Used free-marginal kappa statistics. X =
cancer identified.

2012 Extracted gene signature using interactome—transcriptome integration (ITI) algorithm. Pmdl.m.(:d FR status-specific signatures, validating on individual datasets yielding higher

! e . L X A classification accuracy.

Maxime ITI distinguish subnetwork of ER negative and ER positive to classify low or high-risk groups o . L . .

. X The classifier obtained seems less sensitive than previous studies

Garcia of distant metastases. . o . L . .

It shows higher specificity helps in decision making to avoid unnecessary treatment.
The approach support gene selection resulting tiny subset of genes with more than 95%

2013 Introduce a method called gene selection positioned on hierarchical and tree-based model. accuracy overall.

Iman To choose minimal number of genes using computational experiments. Results show impressive accuracy using 18 genes.

Rezaeian Used Chi2 feature selection and Support Vector Machine. The approach can be extended for more refined stratification of patients using small
subset of genes.

Novel method integrated prognosis risk estimation (IPRE) is proposed for gene selection. High accuracy achieved in terms of classifying good and bad prognosis.

2014 . . X N . e L -

‘Ashish Saini Used virtual chromosome score to find the 79 genes to form prognostic gene signature. Recommended algorithm shows the possibility to help physician at the beginning stage of

) IPRE algorithm, used to identify progression of breast cancer. breast cancer in treatment decision.

Classify breast cancer based on ER subtype to take right treatment that can enhance the lower Achieved good classmca} fon periormfmce based on gene Interaction netwt?rk.
mortality rate. 471 genes formed gene signature, having 326 ER_positive genes and 145 for ER_

2014 . . . negative genes.

Ashish Saini Author. proposed a novel method galled RRHGE alg.orlth.m using hub»lopology, . Observation show that gene signature based on subnetwork are higher reproducible over
Gene signatures extracted from micro-array data to identify ER negative and ER positive S S . )
subtype datasets. Shows good classification performance compared to non-subnetwork-based
subtype. gene signatures.

2016 Multidisciplinary team (MDT) helps in decision making for the treatment of adjuvant breast

cancer. This approach carries the future possibility to give direct decision support and promote
Frank P.Y. . . - . . . . . . . .
Lin Standardized medical decision along with machine learning procedures that are designed to transfer of expertise and boost care quality of patient and cancer conclusion.
! forecast MDT about BC treatment.
Breast cancer prediction and therapies are supported with deep knowledge of receptor status and
2017 hormonal status. Breast Cancer deficient ER, PR and HER2 receptors that are very difficult to examine
Author identified identification of receptors like ER status, HER2 status and PR status using and treat.
Emmanuel S. . . - L . P - N . . .
Adabor machine learning methods achieving low false- positive rate and high sensitivity. The application of author’s method allows concurrent inspection of breast cancer patients
New method-median supplement to distinguish HER2 and hormonal receptor BC patient’s status | with saving time and cost.
using gene profiling.
DL have shown higher accuracy over other machine learning methods.
Deep Learning extracted features are treated as a new novel biomarker like uracil.

2017 Deep Learning (DL) have reached much importance in genomics and image analysis domains. Using 271 breast cancer tissues, having 204 tissues as ER positive and 67 as ER negative.

Fadhl M. Author aimed to assess the attainment of feed-forward network, on identifying and classifying Deep Learning method results highest prediction accuracy of 0.93.

Alakwaa breast cancer metabolomics data into ER+/ER-. The biological judgement of deep learning’s hidden layer acknowledges eight important
associated path of breast cancer that are not acquire in comparison from other machine
learning algorithms.

Selecting set of miRNAs wn.h the help of integration of classification and clustering using o establish the biological significance of miRNA’s in breast cancer, biological

2019 wrapper-based feature selection. Lo S "

David G. P. Fuzzy and rough set were used to und d the overlying ity and ct bleness implication analysis is conducted.

Lo - ? The selected miRNAs are authenticated through biological tests and results are
van Ijendoorn | characteristics of data. statistically important
Random forest and particle swarm optimization in order to find the set of miRNAs. ¥ imp! .
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Machine learning as part of Al (artificial intelligence), include implementation of algorithm by
learning and understanding from the datasets to perform work irrespective of specific instruction. This
learning process include analytical acknowledgement of patterns, helps in analyzing the data more cor-
rectly to produce exact and correct results. For details study of machine learning technique can refer
Nisreen et al., 2017.

EXPERIMENTAL RESULTS

GSM25055 is a microarray-based gene expression dataset collected from NCBI. Various feature selec-
tion technique is applied in MATLAB 2019b on this dataset namely, Minimum redundancy Maximum
relevance (MRMR), Relief F, FitcLinear and feature selection using neighbour component analysis (FS-
RNCA). After applying the feature selection, the results given the ranking of the genes so selecting the
TOP 50 genes in each case and applying the classification algorithm Naive Bayes and Kernel Logistic
Regression applied in WEKA 3.9.4. The results achieved in terms of precision are as follows in Table 4.

Table 4. Precision results of four feature selections methods on GSM25055

Machine Learning Algorithm FITCLINEAR MRMR REFIEF F FSRNCA
Kernel Logistic Regression 0.949 0.829 0.832 0.939
Naive Bayes 0.936 0.829 0.809 0.965

On selecting a smaller number of genes i.e. 50, FitcLinear and FSRNCA are giving high precision.
On discussing various kind of machine learning algorithms, they are classified as shallow learning
methods.

PROS AND CONS
Advantages of Shallow Learning Methods

1. Identification of pattern and trends that can’t be easily visible to human beings.

2. Due to self-learning ability of machine learning method helps them to make self-analysis for pre-
diction and make improve on its own.

3. Constant advancement — while gaining experience with time improves correctness.

4.  Supervise and handle multi-variety and multi-dimensional data.

5. Machine learning have wide application mostly used as healthcare provider.

Disadvantages of Shallow Learning Methods

1.  Data acquisition — massive data of unbiased and good quality is required to train the model.
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2. Resources and time — a lot of time is required to develop and learn to attain a definite amount of
accuracy and significance.

3. Results analysis — choice of choosing the correct algorithm to correctly describe the results.

4.  High error sensitivity — machine learning is independent and autonomous but is deeply sensitive
to errors.

Machine learning is too powerful when it is used precisely at right place, it gives an encouraging path in
medical field for the correct and accurate detection of cancer. But as in case of Deep Learning require
less count of input in order to achieve more processing power and data, help in gaining accurate prog-
nosis and diagnosis of breast cancer (Rauschert et al., 2020). Looking to the great impact shown by the
Deep Learning, modelling of variety of data will become simpler and useful for diagnosis in medical
field (Anu and Anuja, 2020; Arti et al., 2020).

One model of machine learning that include artificial neural network, Deep Learning (DL) have
the ability to allow large dataset to deal with and operate to find the good accuracy while handling
performance on diagnosis, prognosis and prediction of breast cancer. DL easily learn complex pattern
consisting the dataset for performing classification and making future prediction.

As deep learning needs large amount of data for training purpose, pre-training plays an utmost role
to identify the issues arise while training a classifier when whole datasets is not available. Hinton (Rus-
sakovsky et al., 2015), perform classification as layer wise pre-training hence, assigning the weight of
DBN (deep belief network) along with hidden layers. As a result, it was concluded that pre-training
enhances the accuracy. Image net (Oquab er al., 2014) used technique to first train the deep learning
model on dataset and then using that model for other work. Apart from training the dataset, weight as-
signed for identifying original and primitive features like corners, edges and textures that can be used
for various work to save model training time and increase the performance of respective model (Shen et
al., 2019). Author introduced an algorithm called deep learning for detection of breast cancer correctly
making usage of end-to-end training technique on screening mammograms. Lesion definition used for
training process and following stages uses image labels, removing dependency on exceptionally possible
lesion definition. The performance produce was excellent using convolutional network for distinguishing
screening mammograms. Due to deficiency of ROI (region of interest) this end-to-end, technique can be
utilized to problems related to medical imaging. Ragab et al. (2019) presented a computer aided detec-
tion in two parts a) considering the region of interest (ROI) b) method that make use of region depend
and threshold. For feature extraction, technique called convolutional neural network (CNN). SVM was
used at the last layer to improve the accuracy.

EVALUATION OF CLASSIFIER PERFORMANCE
Methods used for estimating the efficiency of classifier by dividing the labelled data into subsets as:

1.  Hold Out: Data is partitioned into two parts, one as training, second as testing. With the help and
support of training datasets, a classification model is generated which then estimate the performance
of model based on testing datasets, mainly the testing dataset is 20-30% of the original datasets. The
division of datasets may vary as increasing the percentage of testing dataset can make the model
more prone to error due to less training dataset. But lesser amount of data for testing lead to bias
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towards the training dataset. It is classified as simplest form of cross-validation. This method is use-
ful either if size of the datasets is too large or in order to quickly implement validation. Therefore,
shortage of training data can lead to overfitting or underfitting for the model used (Kourou et al.,
2015).

2. Cross Validation: Each sample is passes for the same count of times for training and once for
testing within datasets. As a result, it covers the complete original data by both training and testing
successfully. In this case resulted accuracy are measured as mean of all different validation cycles.
This method helps in removing the bias created by holdout method, using k fold subsets of the
datasets. Fold is particular and unique part of data. This method is important as it uses complete
dataset for training and testing. Useful in case of small and definite dataset (Kourou et al., 2015).

3. Random Sampling: It is similar to holdout but in order to better find out the estimation accuracy,
holdout method repeats several times during training and testing samples randomly (Hinton et al.,
2006).

4.  Bootstrap: It is a resampling method; samples are separated with replacement into training and
testing sets, that is samples are placed again into the complete dataset after they have been selected
for training (Hinton et al., 2006).

5. Leave— One — Out Cross Validation: Defined as leave-p-out, it tests the given model by each
desirable possibility of p test datapoint. This method finds remarkable estimation of error and easily
become extensive for large datasets. The number of iterations is calculated using n,, with n as

total number of points. This grant a model to evaluate as the same number of steps as there are data
points. This perform well with small dataset (Kourou et al., 2015).

CONCLUSION

In the review, efforts are made for detailed explanation and comparison of breast cancer based on variety
of machine learning. All of the above studies have tried to answer various questions related to breast
cancer including i) are the genes considerably correlated with breast cancer ii) if they are associated
then, are they correlated with cancerous breast cancer? iii) are the genes reproducible on chosen training
set will also work on across different datasets. iv) are genes powerful and robust enough to give similar
distribution outcomes for distinct datasets. V) are the identified genes showing the cancer associated
pathways for cancer. The performances of methods have individual limitations dependency on training set
and controlled biological relevance. The survey also presented objection in utilizing the already available
usable data in the best desirable manner, so that it can help in effectively diagnose and prognose breast
cancer. To overcome these issues, we have explored deep learning model for breast cancer classification.
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ABSTRACT

Cancer has been known as a devastating disease that takes thousands of lives every year. And since this
is a heterogenous disease, standard treatments, like chemotherapy, radiation, and chemo-radio therapy,
are effective in specific patient population subset only. Genetic differences play a very crucial role in
defining cancer susceptibility and also in determining the drug’s efficacy by affecting regulation, expres-
sion, and activity of drug metabolizing enzymes, drug transporters, and drug receptors. This genetic
variability of the disease lends itself to the emerging field of precision or personalized medicine. There
are some specific ways of acquiring data for precision or personalized medicine approach like genome
wide association scan (GWAS). This is basically identification and scanning of biomarkers throughout
the complete DNA/genome of several individuals to study any type of genetic variations which are linked
with any form of cancer.
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INTRODUCTION

The term ‘oncology’ has been derived from two words onco and logy where “onco” defines excessive mass
and “logy” is study. Oncology deals with cancer treatment and understanding the genetic predisposition
leading to DNA variation and then to the disease ultimately. People probably think of cancer treatment
as a modern practice but that is not a true fact as it has it root in ancient Greek. Among manuscript the
initial description of this disease and its treatment is mentioned in the book of Edwin Smith Papyrus, back
in 3000 BC and described it as “incurable” but with the time it changes. In fact, cancer survival among
several years has been increased because of less exposure to life style related habits (like consumption
of tobacco/smoking and alcohol) and advancements in the screening methods and treatment regimens
(Blackadar, 2019; Jarrell et al., 2020).

The introduction of immunotherapy has driven the cancer care field towards individualization of
therapeutic guidelines which ultimately led to basics of personalized medicine approach or precision
medicine approach, which is often called precision and personalized medicine (PPM), which is actually
customization of therapeutic protocol as per the patient (Kruger et al., 2019; Jarrell et al., 2020). Over the
past few decades, it has become apparent that the physiology of cancer is different in different patients
and that could be the probably be a reason for difference in the treatment outcome in these patients even
after following the same treatment regimen. Therefore, the conventional cancer therapy regimens have
been unsuccessful, costly and causes unwanted side effects for patients. A more effective model is based
on PPM in order to adjust the conventional and more traditional approach. This viewpoint promotes
the creation of personalized therapies for each particular cancer subtype, which utilizes calculation and
information related to genetic predisposition and genetic variation data of patients for better and more
reliable methods of treatment (Jarrell et al., 2020).

Different forms of cancer have been treated through conventional and more traditional methods for
several decades which includes chemotherapy, radiation and surgery. This approach of common treat-
ment protocol for all patients in most of the cases led to deterioration and hazardous damage of healthy,
non-malignant tissues and organs as well. The personalized approach or precision medicine approach
based on individualization of treatment regimen as per tissues, genetic variations and individual events/
factors significant to specific cancer physiology. It helps in determining the appropriate treatment method
as per specific malignancy and guides for the novel & targeted treatment protocol which either do not
led to any hazards to the healthy tissues/organs or it shall be the minimum harm. Thus, this approach of
treatment is more appropriate and safer as compared to others. Moreover, improvements and advance-
ments in the identification of pathways and biomarkers related to cancer, precise and more effective
approaches of patient data analysis (Big data); and more accurate high-throughput screening methods
will surely lay down a strong base for precision and personalized medicine approach (Jarrell et al., 2020;
Fan et al., 2020).

EPIDEMIOLOGY OF CANCER
Genetic Factors

It is a well-known fact that almost all the cancer-causing agents leads to variations in the genetic content.
Furthermore, it has been studies by several researchers across the world that variations in the somatic
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cell’s genetic expressions due to mutations finally leads to transformations leading to malignancies.
Moreover, for almost all cancer types there exists dominant inheritance which are truly penetrant and
called the genetic susceptibility/predisposition. These contributes to approximately 2%-5% of total fatal
cancer forms (Bahrami et al., 2018).

Genetic Predisposition/Susceptibility

Several research studies have shown that there are possibilities of any individual not born with a disease
but there is a likelihood to acquire it during the life span, this phenomenon is called genetic predisposition
or susceptibility. It is not necessary that genetic susceptibility to some specific disease due to any muta-
tion (single gene or multiple genes or combination of alleles) shall lead to some kind of abnormalities.
It’s been noticed several diseases like cancer, patients inherit genes which has some kind of alteration
due to factors such as lifestyle related habits or exposure to different classes of xenobiotics (Allen et al.,
2014; Alzu’bi et al., 2019).

Due to genetic predisposition & involvement of several other environmental & related life style fac-
tors the genes which suppress tumour formation loses their function and thus give rise to carcinomas or
different forms of cancer. It is always suggested to have a knowledge and information about one’s genetic
predisposition to different disorders/diseases and how is it associated with lifestyle & environmental
factors because this will finally explain the increased or decreased incidences for acquiring any potential
diseases and its relation to habits like smoking or drinking (Lerman et al., 2015).

Therefore, the basic aim of genetic predisposition is to explain the likelihood of developing certain
diseases based on a person’s genetic makeup during the course of life span of an individual depending upon
the environmental factors & lifestyle related habits one is exposed to. Furthermore, it provides resources
for extended information from the World Health Organization and other sources. This phenomenon of
genetic susceptibility/ genetic predisposition is basically an outcome of specific genetic variations which
could be inherited from the parents. These variations may lead to development of certain disorders or
diseases; however, these do not directly cause any specific disease or disorder. There had been certain
classical examples within the same family where person with a genetic variation predisposition didn’t
develop a disease while others did (Allen et al., 2014; Alzu’bi et al., 2019).

Present research scenario focuses on identification of genetic variations which are common in the
general population, however these may have lesser impact on diseases or risk of causing any disorder.
Individually these variations just have a slight effect on a person’s chances of developing any diseases
but when combined these significantly increases the risk to develop any disease in an individual. Varia-
tions in several genes (which individually are less effective), may therefore explains the susceptibility to
the common diseases like different forms of cancer, cardiovascular, vascular disease and mental illness
(Allen et al., 2014; Alzu’bi et al., 2019).

In all the cases of genetic predisposition, a number of factors are involved along with an identified
genetic variation in defining the risk of disease or likelihood to develop a disease during the course of life.
These are often called as modifiers explained as the genetic factors along with lifestyle related habits and
environmental factors. There is another category of diseases as well which is called as the multifactorial,
these actually are outcome of several factors and their combinations. Though it is not possible to alter
an individual’s genetic content, however, certain lifestyle related habits and environmentally induced
modifications may sometimes lead to increased or decreased incidences as per the individual’s genetic
predisposition (Lerman et al., 2015).
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Environmental Factors

The occurrence of numerous kinds of malignancy shifts extraordinarily between topographical regions.
Several variations have been identified through movement from one zone to another having differenti-
ating frequency, variations in occurrence after some pace, & variety inside populaces as indicated by
financial status. Along these lines natural components seem to have a noteworthy job in the aetiology
of most sorts of malignant growth (Lewandowska et al., 2019).

Infections

16% of the overall frequency of disease is because of contamination. The ratio of percentage for created
vs creating nations is 9% vs 21%. The same for Human papillomavirus (HPV) in cervical cancer is 82%
vs 91% representing the ratio in created vs creating nations. The strongest evidences are available for
HPV type 16 for incidences of liver malignancy 18.81% unending disease with hepatitis B or hepatitis
C (Jiang et al., 2018).

Life Style Habits

Alcohol Consumption: The undesired and uncontrolled uptake of alcohol has always been known as
an enhancer of several diseases and disorders including some forms of cancer and liver cirrhosis (liver
disease) and may add to certain malignant growths of the bosom and enormous gut (Stornetta et al.,
2018; Fan et al., 2018).

Smoking: Consumption of tobacco in form of chewing or smoking has been found as an inducer of
several forms of cancer of lung, larynx, oral depression and pharynx, throat, pancreas, kidney, and blad-
der. Use of tobacco leads to 15% (1.1 million new cases for each year) of all disease cases worldwide
(25% of cases worldwide in men, 4% in ladies) (Khani ret al., 2018).

Key Discoveries leading to Precision Medicine

The most significant and addressed discoveries which have supported countable progress in the sphere of
individualized/personalized or precision medicine approach are single nucleotide polymorphism (SNP)
genotyping and biochips/microarray. Some specific variations are as follows (Fig 1):

e  Polymorphism: Specific stretch on DNA/genome which differs in nucleotides sequence from one
individual to another

o  Single Nucleotide Polymorphism (SNP): This defines variation in the single base in the DNA in
comparison to normal base sequence at that very position

e  Copy Number Variant (CNV): This explains variation in the repeats of DNA sequence at some
particular location from one individual to another

e Indel: This defines presence of a DNA sequence due to insertion or absence of a DNA sequence
due to deletion at a location, which varies from one individual to another
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Figure 1. Some specific types of variations
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SNPs are basically variations which leads to 90% of all reported variations or polymorphisms. These
are actually variations addressed in one/single nucleotide in the sequence of DNA, however, have specific
in the specific population. The process leading to exploration of these variations in any population is
very critical and specific because these variation or SNPs have genetic susceptibility to certain diseases
and treatment outcome to pharmaceuticals in every individual in any specific population. These have
also been helpful in separating patients in multitude of research studies and several clinical trials (Yates
et al., 2018; Steinke & Holinski, 2019).

Another revolution in the field of PPM was the discovery & introduction of the microarray biochip
by providing the ability to store and rapid analysis of entire genome of every patient. This procedure
has provided clinicians and researchers across the globe to carry out patients’ efficient genotyping of
SNPs, and ultimately providing quick introduction and expansion of therapeutics which is protein-based
diagnostics (Yates et al., 2018).

XS

Precision or Personalized Medicine Approach (PPM)

Precision care is an evolving method for treating various diseases, it is based on facts that there exists
variation in genes in each individual and the expressional outcome of these variations h is affected
by environment and lifestyle factors. By having a better understanding of the genetic structure of an
individual, including knowledge embedded in their DNA, health-care workers are able to offer a more
tailor-made and accurate way to diagnose and treat diseases such as cancer. The aim is that one day,
medical imaging will customize cancer treatment to the biological mutations in the cancer cells of each
individual. Although treating any diagnosis of cancer using precise treatment is a long way to go in the
future, today’s precision medicine can be helpful (Aronson et al., 2015; Collins et al., 2015; FDA, 2019;
Fan et al., 2020).
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Personalized approach is basically customization of treatment to ensure better patient care, with the
correct result and the highest margin for safety. By encouraging each patient to seek timely diagnosis,
risk assessments and appropriate care, it holds promise to improve health care by also reducing costs.

Precision approach explains refers to adjustments and alterations in the altering the therapeutic care
according to each patient’s specific characteristics. This doesn’t define the introduction and innovation of
new drugs or clinical set ups as per individual patient, This does not mean that the development of drugs
or medical devices that are specific to a patient, however this facilitates the classification or division of
the patients into sub groups of subpopulations with difference in their vulnerability to a particular disease.
Furthermore, it considers the differences in the physiology or biology or prognosis of those diseases that
they may develop, or the cascade of reactions to a specific treatment. So that different interventions on
prevention or therapeutic regimen shall then base on obtaining maximum treatment benefits or outcome
with less expenses and almost no side effects. Yet the word ‘personalized medicine’ is often used to
express the sense that this word is often misunderstood as suggesting that it is possible to devise specific
treatments for each person (Aronson et al., 2015; Collins et al., 2015; FDA, 2019; Fan et al., 2020).

On the other hand, the usage of the word “precision medicine” will expand to the collection and us-
age of medications and even include the production of customized medical items for individuals — for
example, “a patient-specific tissue or organ and customize medications for various people.” Thus, in fact,
the concept has very much similarity with personalized medicine that it is sometimes used synonymously.

Personalized or precision medicine (PPM) is basically the implementation and utilization of data
generated through screening and diagnostic methods for significant management of an individual patient’s
predisposition towards a disease. Furthermore, PPM enables hazard assessment/ disease risk evaluation,
examination, analysis & interpretation of the symptoms, precautions and execution of treatment regimen
specifically designed for individual patient, thus improves the quality of life and public health (Aronson
et al., 2015; Collins et al., 2015; FDA, 2019; Fan et al., 2020).

The field of PPM is influenced by pharmacogenetics and pharmacogenomics. Pharmacogenetics
explains the effect of particular variation in respective genes which decides how an individual will re-
spond to any discrete drug. Therefore, it is analyzing single drug or multi drugs response in context to
specific gene, or group of genes (Juengst et al., 2018).

On the other hand, Pharmacogenomics explains the effect of collective genes which ultimately effects
drug response. Furthermore, this helps in identification of genes through genome wide analysis which
effects response to a particular drug so that new drug targets and key determinants shall be discovered
which will improve the treatment outcome and will decrease the chances of adverse drug reactions
(Juengst et al., 2018).

There are number of factors which contribute to these differences in treatment outcomes in context
to genetic variation and effect on drug response, these include biological, physical, bio-physical, chemi-
cal, bio-chemical, environmental and life style related factors (Aronson et al., 2015; Collins et al., 2015;
FDA, 2019).

Aim of Precision Medicine
The aim of cancer precision medicine is to customize the treatment to match the unique genetic con-
stituents and the genetic variations in cancer cells. Precision cancer medicine can include examining the

genetic makeup of the cells, or the makeup of the cancer cells if you have cancer (Aronson et al., 2015;
Collins et al., 2015; FDA, 2019; Fan et al., 2020). Tests may include:
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1.  Testing of the Drug-Genes: The genes, including those used to treat cancer, will affect the way
patient’s body handles medications. The oncologist uses genetic test information to decide which
medicines and dosages are best suited to specific patient.

2. Cancer Advanced: When your cancer persists through treatment, your doctor can recommend you
for testing of your cancer cells for their genetic makeup. This method, called tumour sequencing,
is used to search for cancer changes or mutations, so your doctor can pick the right treatment for
your tumour form.

3. Family History: Genetic testing is given to those with a clear family history of the disease for
hereditary in certain mutations which may enhance the chances of certain forms of cancer as in
case of breast cancer BRCA gene. As compared to the general population, all the individuals who
are carrier of this specific gene variation are at increased risk of developing breast cancer. And the
same theory is being implemented to the treatment outcome related to specific drugs used for con-
trolling breast cancer (Parp inhibitor). Depending on the family genetics related to different forms
of cancer several other new genetic testing methods are available, which gives accurate chances of
developing some cancer in future.

Not only breast cancer but many other cancers like lung cancer, colorectal cancer, neuroblastoma and
many other malignant tumours are also benefiting from precision medicine treatment.

Artificial Intelligence in Precision Medicine Approach: Technological
Advancements Leading to Precision Medicine Approach

Artificial Intelligence provides a fundamental change towards the PM approach. Machine learning
techniques are being used for the genomic sequencing and for analysing and interpreting results from
the vast quantities of data of patients and medical institutions that are recorded at all the times. Artificial
intelligence methods are used in cardiovascular precision medicine to understand the genetic patterns
inherited in the existing diseases to improvise them. The patient may need to get a biopsy to find out
which genetic variations are present for that specific form of cancer. A biopsy is a test that involves the
doctor extracting a cancer sample. This sample will be sent to a special laboratory, where a machine
called a DNA sequencer is searching for genetic changes that can cause the cancer to increase. The dif-
ferent methods of studying genetic variations in different cancers includes molecular or tumour profil-
ing, genomic testing and DNA sequencing. The specific methods or the process involves the following:

1.  Microarray Analysis: In today’s era of clinical and translational research, the need of the hour is to
analyze huge datasets for functional genomics to derive information from biological experimenta-
tion set ups. An example of this is microarray technology which involves studying the expressions
of several thousand genes simultaneously in specific conditions. This technology provides enor-
mous quantity of data generated through sequencing thousand genes. Microarray gene expression
profiles can be used to relate to external information to get knowledge about the biological events
and different related processes which can be further utilized to make new discoveries (Brambilla
etal., 2019).

2. Next Generation Sequencing (NGS): It is the process to explore, determine and study the nucleo-
tides sequence present on DNA segment. It is high-throughput sequencing process which enables
rapid sequencing of DNA & RNA at very low cost as compared to Sanger sequencing. The process
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has given new horizons to genomics and molecular biology studies. This includes Illumina (Solexa)
sequencing (emission of fluorescent signal by DNA based), Roche 454 sequencing (based on pyro-
sequencing) and Ion Torrent: Proton / PGM sequencing (based on measuring direct release of H+)
(Morash et al., 2018). Lin and co-workers (2020) suggested that the next generation sequencing
strategy should be considered in precision medicine by applying it in triple-negative breast cancer
patients receiving platinum and PARP inhibitors treatment.

Precision Medicine/Personalized Medicine Approach in Cancer Treatment

The disruptive approach which consider both variations in an individual and population specific charac-
teristics to provide personalized or individualized care is called Precision medicine (PM). It is a disrup-
tive approach which helps in widening the molecular & biological expertise and helps in exploring the
great genetic diversity of patients (Malone et al., 2020; Lin et al., 2020).

This approach is based on individualization or customization of treatment regimen and other health-
care according to an individual on the basis of data procured from molecular and the genetic analysis at
individual level. And it also utilizes the data and information obtained from the rest of the population
(Stockley et al., 2016; Krebs & Milani, 2019; Hockings et al., 2020). Hence, personalized or precision
medicine depends on molecular & genetic analysis and population statistics to form the platform for
tailored and individualized healthcare. The most important aim of precision medicine is to provide per-
sonalized & accurate interventions to patients by utilizing the understanding of biology, to be précised
molecular and genetic analysis. The strategies utilized for precision medicine includes crucial decision-
making steps and processes which are based on biomarker-driven approaches comprises of genes, differ-
ent gene products (like transcripts. Proteins etc.) and metabolites. Based on the diversity in biomarkers
at both molecular and genetic level, omics technologies provide an increased high-throughput and thus
presents outstanding opportunities to represent the full view of biological systems and mechanisms in
a very unbiased & hypothesis free mode. However, holistic approach shall be applied to different steps
& levels of biological information so that a deep understanding of diseases, mechanisms and processes
should be acquired (Mantere et al., 2019; Lin et al., 2020).

The dynamic understanding of interactions of gene and environment (on individual & population
levels) leads to forecast of any normal or pathological conditions in the patients. Thus, this new concept
of system medicine is very specific and targeted and depends on global & integrative approaches neces-
sary for better outcome-based orientation for patient care (Wynn et al., 2018). Furthermore, a biological
system can only be fully understood by considering the space & time parameters. Figure 2 gives an
overview of the multi-scale perspective of precision medicine approach over conventional approach.

Different forms of cancer lead to death in the major population of India and other countries across
the world. The reason behind this is the heterogeneity of the disease. The malignant tumours may have
versatile genetic and molecular which will lead to difference in the expression of proteins in different
patients with same cancer form. The field of personalized or precision medicine evolved due to this
inherent variability. With the implementation of personalized/precision medicine approach, it is possible
to characterize tumours on the molecular basis (Krzyszczyk et al., 2018). This approach may result in
immense patient benefits in different forms of cancer (Grinnell, 2020).
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Figure 2. An overview of the multi-scale perspective of precision medicine approach over conventional
approach.
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The knowledge of all the complicated elaborated cascade of formation and development of cancer &
furtherance has been upgraded with the interventions of novel and innovative laboratory-based techniques
which include different procedures, processes and mechanisms like DNA sequencing, gene expres-
sion profiling, proteomics, DNA methylation etc. Certain projects like International Cancer Genome
Consortium & Cancer Genome Atlas have characterized genetic variations in tumours and have also
disclosed molecular pathways & functional key mutations involved in carcinogenesis & cell proliferation.
These mechanisms & processes have significant impact on the different steps during clinical diagnosis,
medical prognosis & therapeutic regimen of cancer patients and thus have supported the customiza-
tion of anti-tumour therapy in routine oncological practices. Such inventions and innovations actually
have significant suggestions for persons with increased risk to develop certain malignant tumours by
identification and categorization of patients receiving benefit from intensive screening and follow-ups.
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For instance, women with mutation in tumour suppressor genes BRCA1 or BRCA?2 are susceptible to
develop ovarian, breast and other forms of cancer and are therefore, prospects for specialized screening
programmes (Richards et al., 2015; Mukherjee et al., 2019).

Furthermore, the advancements in molecular techniques, was followed by developments and innova-
tions in the diagnosis related imaging & histopathology which provided more accurate and appropri-
ate characterization of tumours and have given specialized ways of tracking treatment response. For
instance, the development and introduction of FISH (fluorescence in situ hybridisation technique) for
the purpose of clinical examination of routine testing of breast tumours for ERBB2 (HER2/neu) gene
amplification in patients. Several factors like identification of common genetic variations in tumours,
introduction of high-throughput molecular diagnostics and cost-effective etc., are leading the way to
the personalized or individualized treatment in many diseases like different forms of cancer (Richards
et al., 2015; Mukherjee et al., 2019).

Benefits of Precision Medicine

1. Improve Diagnosis and Treatment: Precision cancer medicine allows cancer diagnosis and other
illnesses more precise and assesses the unique genetic structure of their tumours to pick the most
appropriate and safe therapies for them.

2. Benefits to other Cancers Also: Itis used in treatment of other cancers like lung cancer, leukaemia,
sarcoma, colorectal cancer, neuroblastoma and many other malignant tumours.

3. Improved Predictability of which Therapies Will Work Best for Specific Patients: Use of
precision medicine approach allows doctors to apply best therapies to their cancer patients with
best approach.

4. Improve Disease Detection: Precision medicine improves the ability of researchers to detect the
disease easily.

5.  Customize Disease Prevention Strategies: It helps to customize the strategies available for disease
prevention.

6. The Efficiency of Care: Precision medicine makes decisions based on particular factors which
affect their health. Today decision-making on treatments is on the patients’ shoulders, because only
doctors know no better how a single person and their condition would be affected by one form of
treatment. Health facilities should prepare for personalized care methodologies for each of their
patients with specificity, thereby increasing the chances of cure.

7. Limit Cost: Targeted treatment based on genetic mapping, with more knowledgeable treatment
decisions, will reduce the cost of care and has a greater chance of being successful. The cost is
significantly lower with a focus on preventive care rather than disease treatment.

8.  Population Health: Studying genetic variations in a population as a whole and as parts may help
identify causes and improve treatment for specific diseases. Genetic analysis of parts of a popula-
tion can predict disease probability and early detection.

Limitations of Precision Medicine
1. Legal Problems: A lot of genomic data must be obtained from a large number of people from

the population representing each and every segmentation in order to achieve epitome efficacy. It
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is legally uncertain who controls the data when and where such a huge data is obtained. The gov-
ernment does not own the data; FDA has blocked individuals from corporate access to their own
genetic records. The problem here is that it’s the responsibility of whoever owns the data and it
may be costly.

2. The Relevance of Information: Data from one million volunteers will be gathered for genomic
research, according to President Obama ‘s proposal. It is highly likely that certain parts of the
population that ‘drop out’ or insufficient samples of some disorder, or even over-representation of
some other form of disorder.

3. Infrastructure Requirements: Precision medicine has the potential to have a significant effect
on healthcare, but it needs substantial investment in infrastructure and time for implementation.
Fundamental improvements to the system and process of data collection, storage, and sharing have
to be made to incorporate precision medicine. The federal budget earmarked for precision medicine
production does not cover the cost and it is uncertain who will have to invest the balance of the
money.

4.  Healthcare Cost: Ideally, effective treatment can avoid repetitive attempts, readmission, and help
take preventive measures against illness, preventing the haemorrhage of health care funds. But in
order to achieve this point, it needs significant investment in infrastructure for information process-
ing, storage and sharing as well as security infrastructure to protect the data and other associated
expenses may prove a burden.

Precision medicine essentially uses modern technology and methods to figure out and classify the causes
for treating health and illness, and to avoid disease and promote wellness. It holds high expectations but
the drawbacks weigh it down.

The promise it holds is too big for these drawbacks to hold it back for a long time, healthcare pro-
viders, government and IT professionals are working together to develop a solution to overcome these
short-term drawbacks.

Side Effects of Precision Medicine

Scientists have expected précised cancer therapies to be less harmful than conventional chemotherapy
medications, since cancer cells are more target-dependent than normal cells. Yet targeted cancer treat-
ments may have thoughtful side effects. Side effects hinge on on the medication a patient takes for the
precision medicine therapy. Some common side effects of it are:

Skin problems as well as rashes and strong itching

Sensitive reactions like dizziness, tightness in chest, trouble in breathing and inflammation in the
lips or tongue

Raised up levels of liver enzymes

Fatigue

Constipation and diarrhea

Poor blood clotting and wound healing

High blood pressure

Low blood cell counts

Gastrointestinal perforation
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Some side effects of such targeted therapies were related to improved patient outcomes. For example,
patients who develop acneiform rash (acne-like skin eruptions) while being treated with the erlotinib or
gefitinib signal transduction inhibitors, both of which target the receptor of the epidermal growth factor,
appeared to react to these drugs better than patients who do not develop the rash. Similarly, patients who
experience elevated blood pressure when receiving the angiogenesis inhibitor have typically had better
outcomes. The few targeted treatments approved for use in children, including immunosuppression and
reduced sperm output, may have different side effects in children than adults.

Genome Wide Association Scan (GWAS)

Genome-wide association scan/study involves expeditious scanning of biomarkers across the whole
genome or the DNA of several individuals to explore genetic variations and their association with a
specific disease. After identification of novel variations and their association with specific disease, the
researchers then utilize this data to develop crucial approach to identify, determine, treat or prevent the
disorder/disease. These methods and studies based on the methods are actually useful in exploring gene
variations which leads to common but complex diseases such as different forms of cancer, asthma, heart
disease, diabetes & mental illnesses. After completion of major projects like Human Genome Project in
2003 & International HapMap Project in 2005, the scientists, researchers and clinicians now have dif-
ferent research tools with which the contribution of gene variations to common diseases can be studied.
These tools include computerized databases with references from human genome sequence, a quick
map of human genetic variation and a set of new and advanced technologies approaches which shall
rapidly and more accurately do the analysis of genetic variations across the whole genome samples and
thus can contribute to the onset of disease or a disorder (Massard et al., 2017, Forman & Sotelo, 2019).

The furious pace of technological advances, such as DNA sequencing and genotyping technologies,
has begun to enhance our understanding of human diversity in pharmacologic traits. Meanwhile, meth-
odological advances, such as the genome-wide association scan/study (GWAS) approach, have facilitated
the discovery of genetic variation with considerable clinical relevance. The sine qua non of (an essential
condition or requirement) the rapidly developing field of pharmacogenomics is the translation of genomic
information from these convergent developments into individualized patient care. Exciting promises of
the new science abound, including the possibilities of optimized drug therapy, adverse-effect risk predic-
tion, and improved drug discovery and development (Nattestad et al., 2018; DeLeonardis el al., 2019).

Benefit of GWAS

e  The impact of GWAS on healthcare and practice of medicine is potentially substantial. The data
generated through genome-wide association scan studies will lay down the platform and ground-
work for the personalized medicine approach and therefore introduction of more customized strat-
egies will take place.

e  After improvisation in the efficiency and cost of GWAS and incorporation of other innovative
technologies, the medical practitioners & health care professionals will definitely be able to utilize
these for providing patients with customized and individualized information regarding the facts
related to their risk of acquiring certain diseases during their life span.

e  The information generated through GWAS will enable the medical practitioners & health care
professionals to follow and implement prevention programs like tailored unique genetic makeup
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of an individual. Furthermore, in the best-case scenario if there shall be no illness occurred in the
individual then the information generated through these protocols shall be utilized for the selec-
tion of the treatment methods which will be more effective and least adverse reaction causing in
the patient’s group. In such methods, there are two groups one consists of individuals with the dis-
ease and the other group which is health and do not have the disease. The sample is obtained from
both the groups to study the genetic variations (Richards et al., 2015; Mukherjee et al., 2019).

GWAS Protocol/ Procedure

e  The protocol is based on identification of participants, making groups of participants one consists
of people with the disease and another group consist of individuals without the disease. Then
DNA sample is obtained from sample collected from each individual in both the groups (sampling
methods include either drawing a blood sample or by rubbing a cotton swab along the inside of
the mouth to harvest cells).

e  The whole genome or DNA is first isolated and purified from blood sample or the other cells, and
then tiny chips and after which scanning takes place on an automated laboratory machine.

e  The automated machine rapidly examines the genome from each sample for the targeted strategi-
cal biomarkers of genetic variation know as single nucleotide polymorphisms (SNPs).

e  If the results of the scanning show significant frequency of certain genetic variation in the sample
of an individual with some disease as compared to others without any disease, then such variations
are known to be “associated” or “linked” with that disease. These associated or linked genetic
variations are very crucial pointers to the disease-causing problem which resides in the specific
region of human genome. Important thing is, these linked variations may sometime not lead to the
disease, however, these may just be “tagging along” with the actual causal variants.

e  Because of above mentioned reasons, the scientists, the medical practitioners & health care pro-
fessionals have to follow different methods like DNA sequencing in the specific region of the
genome, to study the actual genetic variation involved in the disease.

GWAS Data Access

The National Centre for Biotechnology Information (NCBI), a part of NIH’s National Library of Medicine,
has developed databases for scientists/researchers, the medical practitioners & health care professionals.
All the records of data generated from GWAS on a number of diseases, disorders and all such conditions
have already been presented on NCBI Web site, called the Database of Genotype and Phenotype (dbGaP).

CONCLUSION

Genetic diversity explored through SNPs, CNVs o