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Abstract
Computer Aided Detection (CAD) and diagnostic technologies 
and their application have emerged in the last decade. CAD 
applications have concentrated on identification of the region 
of interest, for example nodules in the lung in the images, and 
analysis of the characteristics of objects. CAD technologies take 
advantages of computer systems as well as image processing 
and analysis techniques to overcome perceptual and interpre-
tive errors caused by radiologists in the process of image ob-
servation and interpretation. This fact is inevitable in the context 
of medical practice since experience of image readers may vary 
and each observer (such as a radiologist) has a unique visual 
search on an image. Furthermore, there are always inter and 
intra observer variability for interpretation of an image. To over-
come these difficulties, different CAD systems are developed 
for medical image analysis. This paper presents a systematic 
review on different CAD systems for lung cancer classification 
using computed tomography images.
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1. Introduction
The cancer begins in the cell which is the basic 

unit of human body. Human body maintains the bal-
ances of cell growth and so they divide to produce 

new cells when it is necessary. The uncontrolled cell 
growth within the lung fields or the bronchial airways 
is called lung cancer [1]. Figure 1 shows the healthy 
and cancerous lung. Lung cancer is divided into two 
major types based on the appearance of lung cancer 
cells. They are Non-small Cell Lung Cancer (NCLC) 
and Small Cell Lung Cancer (SCLC). The fast growing 
common type of lung cancer is NCLC. More than 80% 
of cases are created by NCLC. It starts from the inside 
layer of the body’s cavities and surfaces It is a circular 
term for several types of lung cancer in similar way. It 
includes large cell carcinoma, squamous cell carcino-
ma and adenocarcinoma.
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Figure 1 Healthy and cancerous lung

SCLC grows up to 15% – 20% of lung cancers. 
SCLC occurs only for heavy smokers and it is less 
common in NCLC. SCLC extends faster than NCLC. 
In some cases, lung tumors contain both NCLC and 
SCLC cells. Figure 2 shows the types of lung cancer 
which includes NCLC and SCLC.

 

Figure 2 Types of lung cancer 

2. Lung Cancer Statistics
Globally, the most common cancers are Lung, 

breast, colorectal, prostate and stomach. The age stan-
dardized incidence and mortality rate in both sexes 
are 89.4% and 61.4%. In India, the number of new 
cases and deaths due to various cancers are 11,57,294 
and 7,84,821 respectively. It is observed that the esti-
mated new cases are more in female (5,87,249) than 
male (5,70,045). The risk of developing cancer in India 
is approximately 9.8% in males and 9.4% in females 
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before the age of 75 years whereas the risk of dying 
from various cancers is 7.3% in males and 6.3% in fe-
males. In India, Lung cancer is second leading cancer 
in males and the first one is lip and oral cavity in males 
and breast cancer in females [2-3]. Figure 3 shows the 
cancer incidence and mortality in 2018.

3. Reviews on Lung Image Classification 
Systems

In order to identify lung cancer nodule, machine 
learning algorithms were evaluated and contrasted. In 
order to identify anomalies, a number of different ma-
chine learning strategies, including Principal Compo-
nent Analysis, K-Nearest Neighbors, Support Vector 
Machines, Naive Bayes, Decision Trees, and Artificial 
Neural Networks are used. All of the approaches are 
compared both after they had been preprocessed and 
before they had been [4].

Technologies based on deep learning are becoming 
prevalent in every industry, from voice and image rec-
ognition to computational biology and systems biology. 
However, the application of convolutional neural net-
works to ‘omics’ data presents several challenges, such 
as the processing of complicated network architectures 
and its integration with transcriptome data. Both of 
these challenges are difficult to overcome. A classifica-

tion method is presented for lung cancer that utilizes 
spectral clustering information processing in conjunc-
tion with convolutional neural networks (CNNs) [5].

In statistical analysis, a set of data is provided and 
analyzed with specifications. It deals with the collec-
tion, analysis, presentation, and organization of the 
data as part of the process of utilizing statistical analy-
sis to acquire the data. It is able to uncover underlying 
patterns, correlations, and trends between data sam-
ples with the assistance of statistical analysis. R is an 
environment for data analysis and visuals that is used 
inside the R system for statistical computation [6].

The newly developed environment for deep learn-
ing has been used in post-pharmacogenomic predic-
tions on the predisposition to develop lung cancer. 
Pathological images of lung cancer patients have been 
analyzed using the well-established and pre-trained 
model VGG19, which has been utilized to extract in-
formation unique to PTEN, EGFR, ERBB2, BRAF, and 
CDKN2A. The results of the analysis indicate that the 
model is adequate for the prediction of these muta-
tions that are unique to Indian people [7].

In this article, many strategies for building an auto-
mated diagnosis system based on the goal of diagnos-
ing lung cancer are discussed. According to the most 
recent body of research, the most important factors to 

Figure 3 Cancer incidence and mortality data
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take into consideration are 3D convolution and recur-
rent neural networks. In conclusion, the performance 
of these networks is evaluated in terms of their overall 
accuracy on the lung cancer detection challenge [8].

Within the scope of this study, an automated meth-
od for detecting lung cancer in CT scan images is pre-
sented. The approach that is presented for the iden-
tification of lung cancer utilizes image preprocessing 
techniques such as median filtering, which is then 
followed by the segmentation of the lung area of in-
terest via the use of mathematical morphological pro-
cedures. Using a support vector machine, geometric 
characteristics are generated from the extracted area 
of interest, and then utilized to categorize CT scan im-
ages as normal or abnormal [9].

X-rays are not needed since they are replaced with 
computed tomography (CT) images, which are more 
effective. When looking at lung cancer identification 
using CT scan images, MATLAB is a program that is 
often used by researchers. The procedure begins with 
an image preprocessing step, then moves on to an im-
age segmentation step, then moves on to a method for 
feature extraction and classification. This current study 
provides a strategy to successfully identify malignant 
cells from images obtained from lung CT scans [10].

Our primary emphasis was placed on the breath 
test as a means of diagnosing lung cancer. In the pre-
vious years, lung cancer had consistently ranked first 
among the top 10 main causes of death. When lung 
cancer patients were diagnosed, the majority of them 
had already passed the point when they had a chance 
of being cured. However, the diagnosis of lung cancer 
was a multi-step process for the medical professionals. 
As a result, the breath detection system was developed 
with the intention of assisting medical professionals in 
more rapidly screening for fast screening lung cancer. 
In the analysis, KNN and SVM are used, together with 
leave-one-out cross validation [11].

The Artificial Neural Network as well as the Fuzzy 
Min-Max Neural network is an effective approach for 
prediction in the field of cancer detection. FMNN has 
a number of benefits, including non-linear separabil-
ity, the capacity to make both easy and difficult deci-
sions, shorter training times, and online adaptability. 
The author recommends using FMMN with pruning 
as a method for detecting lung cancer and classifying 
problematic lung tumours. The FMNN includes a 
mechanism called pruning, which was developed to 
reduce the complexity of neural networks [12].

For the purpose of diagnostic categorization of 
lung CT scans, a multi-scale 3D CNN has been created 
and investigated for use in this pilot project. The first 
findings imply that a diagnostic classification model 
capable of producing more accurate results may be 
developed by combining medical images that are kept 
publically and privately rather than relying on each 
data source separately [13].

In order to achieve a higher level of precision 
during the identification step, pattern matching and 
confirmation are carried out using fuzzy logic, sup-
port vector machines, and statistical classifiers respec-
tively. Matching the characteristics (texture, shape, 
and density) of the discovered nodules to the charac-
teristics (texture, shape, and density) of normal cells in 
nodules with a known state of illness is what the clas-
sification step entails (confirmed by sample extraction 
techniques). The identification of nodules is the pri-
mary focus of attention because of the significant part 
it plays in the process of cancer diagnosis. Nodules 
that have been retrieved are then classed using neu-
ral network classifiers to discriminate between normal 
and abnormal lung cancer [14].

First, CT images are acquired from a group of pa-
tients and extract the background information from 
those images (for example, the general structure, con-
ductivity distributions of human respiratory, and so 
on). After that, a brand new ERT imaging approach 
is suggested by using the previously gathered data in 
conjunction with the already established Tikhonov 
regularization method [15].

The current work provides a way to successfully 
discover and detect malignant cells from 2D and 3D 
CT scan images by lowering the detection mistake 
generated by the naked eye of doctors. The approach 
may be found in the present work. Techniques such as 
image enhancement and Sobel edge segmentation are 
used in the process of diagnosing cancer in its early 
stages [16].

A fan/cone beam of x-rays was used to excite the 
lung phantom that was produced from CT scans. The 
XRF/Scatter photons were collected by linear array 
detectors that were combined with parallel-hole colli-
mators. Under the existing circumstances, it was pos-
sible to identify 1 weight percent GNP areas that were 
placed at a depth of between 4-5 centimeters within 
the phantom successfully. However, it became diffi-
cult to detect 1 weight percent GNP regions that were 
present at greater depths. Nevertheless, the results of 
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this research have opened the door for the potential of 
using XFCT methods for the diagnosis of human lung 
cancer in combination with GNPs [17].

In this article, a unique approach to the representa-
tion of genes is described. In this technique, the layer 
images that correspond to each letter in the gene se-
quence are used. In order to construct an algorithm 
for the prediction of lung cancer, the last four layers 
are combined with a two-dimensional version of the 
principle component analysis known as 2DPCA. In 
addition to this, the algorithm has a high degree of 
accuracy when it comes to determining the replace-
ment type in somatic mutations caused by lung cancer. 
By using 2DPCA, which enables a high-dimensional 
space to be represented in a low-dimensional one, the 
high dimensionality of prediction as well as the com-
puting complexity of the process is both significantly 
decreased [18].

This study aims to develop a new quantitative im-
age feature analysis scheme and investigate its role in 
predicting cancer recurrence risk of Stage I non-small-
cell lung cancer (NSCLC) patients after surgery, in 
conjunction with two genomic biomarkers known as 
protein expression of the excision repair cross-com-
plementing 1 (ERCC1) genes and a regulatory subunit 
of ribonucleotide reductase (RRM1) [19].

Image quality and accuracy are at the forefront of 
our investigation for the most part. Recently, the ap-
proach known as local energy-based shape histogram, 
or LESH, feature extraction, was developed with the 
intention of diagnosing lung cancer. Our previous re-
search is expanded upon by using LESH and sensitiv-
ity analysis (SA) to the diagnosis of lung cancer. For 
the sake of research trials, the JSRT and clinical dataset 
was used. This procedure will result in a more univer-
sal process that can be used to any sort of dataset, and 
this method has the potential to provide better out-
comes than the one that was used before [20].

It is investigated whether it is possible to use ma-
chine learning to enhance low-dose PET images so 
that they are on par with standard-dose, high-quality 
images. This will allow for improved lesion detection 
using low-dose PET scans. In order to map parameters 
from low-quality images to high-quality images, an al-
gorithm called image quality transfer (IQT), which is 
a machine learning algorithm that uses patch-regres-
sion is used [21].

In this paper, experiments are carried out with 
uniform parameter settings on two databases that are 

open to the public. The results of these experiments 
show that even in the challenging situation where lung 
images are directly utilized as input images without any 
preprocessing, LDNNET is still the more advanced al-
gorithm than other recent algorithms respectively. In 
addition, a number of studies including comparisons 
were carried out in order to provide further evidence 
that the suggested method is superior in terms of ac-
curacy and robustness. This was accomplished via ver-
ification and debate [22].

4. Conclusion
CT imaging is the primary technique for the diag-

nosis of lung cancer. Medical diagnosis using CAD has 
been paid a great attention over the years. It can au-
tomatically diagnose the diseases which may enhance 
the clinical decisions of doctors and also save a great 
deal of time. In this paper, the literature review of var-
ious methods in nodule detection based on CT images 
is described. The diagnostic interpretation of medical 
images is a complex task requiring accurate detection 
and characterization of potential abnormalities. It is 
very crucial for effective treatment and patient mon-
itoring. The whole process depends on the ability of 
radiologists to integrate the image perception and rea-
soning. The analytical skills, memory and intuition of 
radiologist differ by each other. The existing CAD sys-
tems discussed in this paper may overcome the per-
ceptual and interpretive errors.
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