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1. Introduction 

ancer is one of the most frightening and deadly diseases on Earth. It is one of 

the leading causes of untimely mortality in developed countries. The tale is not 

much different in developing countries. As per the Indian Council of Medical 

Research (ICMR), More than 1300 people in India die every day because of cancer. As 

per World Health Organisation (WHO) [1], deaths from cancer are likely to go beyond 

13.1 million in 2030 worldwide. Except for cancers of the blood, most of the other 

cancers form solid tumors in the human body irrespective of locations [2]. Tumors are 

results of uncontrolled and rapid cell division in living organisms.  Tumors are basically 

of two types: benign and malignant. Benign tumors are typically non-cancerous and 

malignant tumors are prone to grow cancer cells within it. The difference between them 

is subtle and a benign tumor may anytime turn into a malignant one. Cancerous tumors 

grow at a quick pace and may damage nearby and far-off organs besides affecting the 

originating organ [3]. Treatments include surgery, chemotherapy, and radiation. Proper 

treatment of such a tumor needs early and correct diagnosis. Early diagnosis increases the 

chances for cure and assures longer survival of the patient [4]. Normally patients 

experience painful biopsy during the manual tumor diagnosis process. Such manual 

identification of tumors is not fully error-free. Human error and bias may sometimes 

affect the prognosis. Moreover, cancerous tumors are often detected at an advanced stage 

and this limits the chances for getting ample tissue samples during surgical resection [5]. 

Thus, the correct prognosis of tumors also becomes uncertain, especially if it is very 

small in size in case of an early-stage tumor or a recurrent one.  Here, bio-medical 

imaging techniques may play a significant role when used with a Computer-Aided 

System (CAD) capable enough to classify tumor images. After extracting important 

attributes from a series of tumor images, a pattern recognition technique may be applied 

for correctly figuring out the type or stage of a tumor. This may give birth to a painless 

and bloodless auxiliary decision support system which will help radiologists and 

oncologists in determining the treatment plan more affirmatively. If the orthodox clinical 

method results in a doubtful diagnosis, medical personnel may seek the help of such an 

automated tumor classification system to confirm the prognosis. 

C
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In fine, it may be stated that to classify malignant tumors successfully, a typical machine 

learning model may incorporate a variety of cancer datasets or prepare a heterogeneous 

tumor dataset. The dataset should contain diversified imaging modalities. While 

experimenting, different leading machine learning techniques may be explored for 

developing a new efficient model. After comparing the outcome with the existing models, 

the new model may be finalized. The performance of the model may also be compared 

with the related contemporary studies. In this way, the study may become more reliable 

and also stand workable as far as its application in the real world is concerned. While 

automating the clinical diagnosis for malignant tumors in humans, most happening 

technologies like Deep Neural Networks (DNN) may play an important role in 

developing an improved scientific model. Upon developing such a scientific prototype, 

its commercial extensions can easily be implemented. 

1.1 Categorization of Tumors 

Although tumors are broadly categorized as benign and malignant, this is not sufficient to 

plan a proper treatment strategy. Tumors can also be graded as less aggressive to very 

aggressive, but such a classification may not be very informative. Different agencies have 

categorized tumors differently. For example, the World Health Organisation (WHO) has 

classified brain tumors into 120 types according to their location and cell type [6]. Such a 

huge classification may not be operationally feasible for feeding in the machine learning 

process. Fortunately, the American Joint Committee on Cancer (AJCC) has propounded a 

more technically feasible and uniform bifurcation on tumor types. The most popular 

categorization of the tumor is pathological Tumor-Node-Metastasis (TNM) staging and 

histopathological grading.  Staging shows how much a tumor has already spread in the 

body and grading depicts how fast it may spread in the future. For example, the basic 

TNM staging nomenclature for malignant tumors is as follows [7]: 

T: Size of the primary tumor and if cancer has spread in nearby tissues {Ti; i= 0 to 4}. 

May be further classified by using the lowercase letters a, b & m  

N: If cancer has spread into nearby lymphatic nodes {Ni; i= 0 to 3} 

M: If cancer has spread to other organs of the body {Mi; i= 0 to 1} 
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A more generalized version of TNM staging is also available, and this is typically known 

as the AJCC staging. On the other hand, a typical 4-tier histopathological grading system 

for malignant tumors is as follows [8]: 

G1: Well differentiated  

G2: Moderately distinguished 

G3: Poorly distinguished  

Other (Type I: Well to moderately distinguished and Type II: Moderately to poorly 

distinguished) 

Histopathological grading results from histology subtype cataloging, e.g., NSCLC has 

major subtypes like lung adenocarcinoma, large carcinoma, and squamous cell 

carcinoma. The most common primary brain tumors found in adults are Gliomas, 

Meningiomas, Schwannomas, Pituitary Tumors, and CNS Lymphoma [9]. 

The automation of the aforementioned staging and grading systems may lead to the 

development of an efficient machine learning model which may, in turn, be used as a 

malignant tumor classification system.  

1.2 Medical Imaging Techniques   
A few medical imaging techniques are structure-oriented, such as Computed 

Tomography (CT), or Magnetic Resonance Imaging (MRI), and a few are function-based 

like Positron Emission Tomography (PET) [10]. Both the structural and functional 

techniques have their pros and cons. Structural imaging techniques rely on the anatomical 

structure of a tumor, whereas functional imaging techniques depend on biochemical 

changes taking place in and around a tumor. Normally, structural techniques efficiently 

demarcate tumor location, size, and boundary. The problem arises when there is a leakage 

in the boundary wall of a tumor or when the tumor size is tiny, especially with 

recurrence. In the aforementioned cases, structural imaging techniques may not work 

efficiently as they do in normal situations. Functional imaging techniques may pick up a 

minute change in bio-metabolism and they can perform well even in such adverse 

situations [11]. However, there are problems with functional techniques, too. Hyper-

metabolism may sometimes be misjudged as a tumor by the functional imaging, but it can 

hardly deceive a structural one. Thus, it may be concluded that functional and structural 

imaging techniques are balancing each other. Therefore multimodal imaging techniques, 
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where both structural and functional techniques work in tandem, have gained immense 

Multimodal imaging techniques, such as PET/CT or MRI

benefits of both structural and functional techniques and neutralize

. Among the available multimodal imaging techniques, PET/CT is 

the most widely used one. So, PET/CT may be considered as 

alongside PET, MRI, and CT-scans, etc.  

Figure 1: Fusion of PET with CT & MRI [160] 
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Figure 2: A DICOM image depicting a Head & Neck Tumor image and the associated clinical information 

fetched during experiments carried out in the present research work 

In TCIA, clinical data including pathological stage or grade related information, 

treatment strategy adopted, recurrence, gender, survival status, etc. are also provided 

along with the image dataset (Figure 3). Clinical information is also reliable as they are 

being prepared by internationally acclaimed oncologists and scientists. 

 

Figure 3: Glimpse of Radiogenomics Clinical data from TCIA depicting the case based staging and grading 

information of NSCLC clinically endorsed by Dr. Sandy Napel and team (Stanford) [Source: 

https://www.cancerimagingarchive.net/] 
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Such clinical information may be very handy when appended as target labels in a tumor 

image dataset and used in a machine learning model to identify the stage or grade of a 

tumor. 

1.4 Machine Learning Techniques    
Artificial intelligence is nothing but the automation of various intellectual tasks ordinarily 

or extra-ordinarily performed by human beings, and machine learning is a typical subset 

of it [13]. Machine Learning is all about developing a model that transforms the data and 

the outcome is tested by a loss function. Subsequently, an algorithm may be used for 

adjusting the parameters of the model to reduce the loss. Machine learning has three 

pivotal categories: supervised learning, unsupervised learning, and reinforcement 

learning. In supervised learning, the target variable regarding an input dataset is known 

beforehand (e.g., regression, sequence learning, etc.), whereas the target variable is 

unknown with unsupervised learning (e.g., clustering, dimensionality reduction, etc.). In 

reinforcement learning, an intelligent agent capable of interacting with the external 

environment is developed (e.g., robotics, etc.). Deep Learning is probably the most 

happening derivative of machine learning in today’s context. To solve a difficult problem 

properly, one has to concentrate on the minute details of the same. After going through a 

lot of trial and error, one may come up with a better solution for the problem at hand. The 

same process goes on when someone uses machine learning to solve a problem. Here, 

human intelligence is mapped onto the machine. If the problem is complex and if a better 

solution is needed, a better technique should be used. Deep Learning is inevitably the 

digital replica of such a deep thought process. Deep Learning models have outperformed 

the traditional Artificial Neural Network (ANN) and other machine-learning techniques 

in computerized vision [14], [15]. A machine learning model par excellence can easily be 

developed by using Deep Neural Networks (DNN) as it uses deeper convolutional layers 

[16]. DNN also distributes the number of neurons along the spatial dimensions (Figure 

4). Thus DNN becomes more conducive for image processing than the conventional 

Artificial Neural Network (ANN) methods which may suffer from problems like a huge 

number of dot products, inflexibility in accommodating large numbers of hidden layers, 

etc.  
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Figure 4: (a) A regular 3

dimensions [Source: https://cs231n.github.io/convolutional

Structure of a typical DNN

moves across the pixels 

Linear Units (RELU) 

down-sampling operation and 

(Figure 5).  

Figure 5: Conventional structure of a DNN model [Source: https://in.mathworks.com/]

1.5 Objective  
The primary aim of the 

detecting malignant tumors more accurately than 

pivotal technique used 

techniques including the traditional Artificial Neural Network (ANN) cannot be left 

unturned. The research work

machine learning algorithms

objective gives birth to other auxiliary objectives such as 

formulation of segmentati

processing, training & testing of CAD models, and evaluation of results 

the problem at hand is to identify malignant tumors by using biomedical imaging 

techniques and by developing a useful machine learning model. The 

the research work are enumerated as:

a) To acquire tumor image data from
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: (a) A regular 3-layer Neural Network (b) A CNN where the neurons are arranged in three 

dimensions [Source: https://cs231n.github.io/convolutional-networks/]

tructure of a typical DNN: INPUT layer injects the pixel values, CONVOLUTION

moves across the pixels adjoining to input and decides regarding the 

Linear Units (RELU) acts as layer-wise activation function, POOLING

sampling operation and Fully Connected (FC) layer compute

: Conventional structure of a DNN model [Source: https://in.mathworks.com/]

of the research work is to develop a machine learning model capable of 

detecting malignant tumors more accurately than the existing ones

used in the research work. However, other leading machine learning 

techniques including the traditional Artificial Neural Network (ANN) cannot be left 

research work has hence looked for the improved varieties of the orthodox 

machine learning algorithms, including various deep learning methods. The primary 

objective gives birth to other auxiliary objectives such as acquiring 

segmentation strategy, feature extraction, database preparation, 

processing, training & testing of CAD models, and evaluation of results 

the problem at hand is to identify malignant tumors by using biomedical imaging 

veloping a useful machine learning model. The 

enumerated as: 

acquire tumor image data from a reliable repository and to preprocess them;

 

 (b) 

CNN where the neurons are arranged in three 

networks/] 

the pixel values, CONVOLUTION layer 

to input and decides regarding the output, Rectified 

wise activation function, POOLING layer performs a 

) layer computes the class scores 

: Conventional structure of a DNN model [Source: https://in.mathworks.com/] 

is to develop a machine learning model capable of 

existing ones. Deep learning is the 

. However, other leading machine learning 

techniques including the traditional Artificial Neural Network (ANN) cannot be left 

has hence looked for the improved varieties of the orthodox 

including various deep learning methods. The primary 

acquiring tumor image data, 

database preparation, data pre-

processing, training & testing of CAD models, and evaluation of results got. In a nutshell, 

the problem at hand is to identify malignant tumors by using biomedical imaging 

veloping a useful machine learning model. The overall objectives of 

reliable repository and to preprocess them; 
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b) To plan  an optimal image segmentation strategy by studying the existing 

methods; 

c) To extract features from the segmented images and to prepare a dataset; 

d) To pre-process the final dataset; 

e) To carry out experiments with different machine learning method; 

f) To develop a semi-automated deep learning model; 

g) To further develop a fully automated deep learning model; 

h) To test the results got and to compare the results; 

1.6 The Workflow 
It is a very challenging task to develop an effective automated system that may accurately 

classify malignant tumors. A holistic approach requires a series of distinct tasks to be 

performed carefully. The research work has been started with one particular type of 

tumor, and a model has been formulated for predicting various stages of such a tumor. 

Once the model gets established as a less costly yet effective way of predicting the 

concerned tumor-stage, it has been applied to classify other types of tumors. The 

workflow of the overall thesis is as follows (Figure 6): 

 

 
Figure 6: The workflow of the present study 

1.6.1 Image Data Acquisition  
The image dataset is retrieved from an open, authentic repository (TCIA) having 

accompanied by sound clinical information and endorsed by a team of eminent doctors 

and scientists. This has increased the reliability of the study and its outcome. After 

acquiring the dataset, several image processing operations have been applied to the 

dataset. This fine-tunes the image dataset and gets them ready for future steps. 

1.6.2 Image Segmentation 
The pre-processed image dataset has been used to fetch the specific Region of Interest 

(RoI). Thus, image segmentation operations have been carried out to extract the tumor 

part from the image. 
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1.6.3 Feature Extraction 
The segmented image has been used for feature extraction. Different tumors have 

different image patterns, and those patterns have been recorded as features or attributes in 

a data file.  

1.6.4 Database Preparation 
The clinical information retrieved from the repository has been clubbed with the data file 

and one target variable is set for classification. As different cancer has different 

histological categories, a standard way of classification has been used in the study. In this 

way, different tumors could be included in the study. The data file has a cross-platform 

compatible extension i.e. Comma Separated Value (CSV). Once the target variable is set, 

the data file is analyzed for finding out if any discrepancies are there. The dataset might 

have missing values or it might be unbalanced. Such discrepancies have been removed 

and important attributes are considered during classification.  

1.6.5 Classification 
The system has been bifurcated into a semi-automated and fully automated system. The 

present study explores both avenues, one after another. A semi-automated system 

undergoes many distinct steps to accomplish the classification task. Both the orthodox 

machine-learning methods and their improved varieties have been applied for classifying 

tumors. Deep learning has been the most widespread technology that has been used for 

biomedical image classification. A new model has been derived through experimentation 

and used in the study. In contrast, the fully automated approach does not need much prior 

processing. Images with proper tagging are fed directly into the model and training & test 

results are recorded. 

1.6.6 Evaluation 
The final mode of the system has been determined as per different candidates’ respective 

accuracy levels of prediction and performance concerning other evaluation metrics. 

Results obtained have been evaluated in the light of different statistical metrics, and the 

outcome is compared with other models used in the study. This depicts the efficacy of the 

newly formed model. A tradeoff is set between the delay characteristic of the semi-

automated method and the resource constraints of the fully automated method.  
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1.7 Outline of the thesis 
First, an appropriate medical imaging modality has been selected. There are many options 

available, but the selected modality has to have an edge over others so that the candidate 

tumor may get identified perfectly. Sometimes it becomes tough to separate tumors from 

body organs due to physical and bio-chemical deceptiveness. The model developed in the 

present study helps in overcoming such problems. A set of tumor images are fed into the 

deep learning model which, upon sufficient training, yields validated test results. The 

dataset prepared is also compatible across different platforms. In this way several tools 

and techniques could be applied on the dataset as and when required. The thesis has been 

divided into the following ten chapters:  

Chapter-1: Introduction. In this chapter, the importance of the present work has been 

discussed. It also contains brief descriptions regarding tumor categories, medical imaging 

techniques, medical imaging databases, and machine learning techniques. Here, the 

objective of the study and the workflow has been discussed. At last, the outline of the 

thesis has been depicted.  

Chapter-2: Deep Learning: An Overview. In this chapter, a detailed mathematical 

description regarding various ANN and DNN techniques used in the study has been 

introduced. This includes techniques like a Convolutional Neural Network (CNN), a two-

Dimensional Convolutional Neural Network (2-D CNN), and Recurrent Neural Network 

(RNN), etc.  

Chapter-3: Review of Literature. This chapter surveys the existing literature connected 

to the automated prognosis of malignant tumors. It includes eight types of cancers such as 

Lung Cancer, Breast Cancer, Bladder Cancer, Renal Cancer, Liver Cancer, Thyroid 

Cancer, Uterine Cancer, and Head & Neck Cancer. Studies done with each type of cancer 

during the last ten years have been reviewed and the research gap has been identified 

accordingly. 

Chapter-4: Image Acquisition. In this chapter, first, the imaging modalities have been 

selected as per their respective relevance and availability. From different databases, a 

series of DICOM images have been retrieved. Each database represents a particular genre 

of a tumor. Stored images are pre-processed to get them ready for feeding in the 

segmentation phase. The set of images thus collected is a diversified mix in terms of the 



 23  
 

originating organ of the tumor, tumor types, treatment strategy, scanner modality, 

treatment outcome, and demography of patients. An image database thus prepared is 

having a mixed genotype and phenotype i.e. varied hereditary structure and observed 

properties. 

Chapter-5: Image Segmentation. In this chapter, the existing literature has been 

surveyed to determine contemporary segmentation strategies. The study has also 

compared the performance of the existing image segmentation methods. Later on, an 

optimal image segmentation strategy has been planned. The segmented tumor regions are 

extracted from the concerned DICOM images as accurately as possible.  

Chapter-6: Feature Extraction. In this chapter, scalable features suitable for machine 

learning have been derived from a pool of segmented images. Traditional feature 

extraction techniques, and their hybrids, have been applied to extract features.  

Chapter-7: Database Preparation. In this chapter, extracted features are further pre-

processed and a final dataset is prepared by clubbing them with the clinical information 

fetched from the TCIA repository. Experiments are performed in a stratified manner 

where each stratum embeds a different target variable into the dataset. Such target 

variables are the identifiers helpful in staging and grading of tumors.  

Chapter-8: Development of a One-dimensional CNN. In this chapter, prolonged 

experiments have been carried out with the final dataset. Both standard machine learning 

algorithms and their improved varieties are triggered. The same procedure has been 

applied with varied deep learning methodologies. Experiments are conducted with 

different hyper-parameter options available with these algorithms. Thus, a semi-

automated system has been developed. It can diagnose malignant tumors with an 

improved level of accuracy. The semi-automated system is lightweight in terms of 

consuming resources. Such an approach is very useful where Graphical Processing Units 

(GPUs), cloud services, etc. are scarce or not easily affordable.  

Chapter-9: Development of a Two-dimensional CNN. In this chapter, a fully 

automated system has been developed. A fully automated system does not require image 

segmentation and needs only fewer pre-processing. A two-dimensional CNN along with 

bi-directional Long Short Term Memory (LSTM) has been used here. The model has 
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been further improved by introducing a new technique called a deep recurrent ensemble 

of branched residual neural networks. 

Chapter-10: Results & Discussion. In this chapter, the results obtained from the 

experiments performed are evaluated by various standard statistical measures as 

applicable. The evaluation results derived from different models are compared with each 

other. Such a comparison creates the opportunity to decide on a new deep learning model, 

which acts as a remedy to the problem at hand. This exhibits not only the relevance of the 

new model but will also show how the work may be carried out in the days to come. 

1.8 Conclusion 
The introductory chapter depicts both the concept behind the research work and ways 

how the concept has been materialized. It shows the need for carrying out such work. In 

this chapter, the categorization of tumors has been described and different medical 

imaging techniques have also been discussed. Various relevant imagery databases and 

machine learning techniques have also been narrated successively. These discussions 

show in how many ways tumors may be classified and which medical imaging techniques 

may be incorporated in the study. The narration also demonstrates different modalities of 

imaging databases and the utility of machine learning algorithms in classifying tumors. 

The objective of the study explains the need for carrying out the present research work. 

The workflow enumerates numerous tasks that are being performed during the lifetime of 

the study, from data collection to evaluation of outcome. The outline of the thesis has 

also been included to demarcate different chapters and their short descriptions. In short, 

the chapter introduces the basic driving forces behind the present research work. 

 

 

 
 

 


