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Abstract

Lung cancer is considered as the common cancerous neoplasms across the globe. In 2018, the World
Health Organization (WHO) statistics approximated 2.09 million lung cancer cases with 1.76 million
deaths globally. Early identification is an important aspect of providing the greatest chance of healing the
patients. The objective of this manuscript was to explore how Deep Learning (DL) performs when the
method is evaluated on datasets that are not from LUNA 16 for detection of pulmonary nodule and
categorization of computed tomography scans. This report covered only peer-reviewed, original research
papers using DL technology, and only findings were included from testing on datasets other than LUNA-
16 and LIDC-IDRI. Deep learning utilizes Computed-Tomography (CT) to automatically improve the
precision of an initial diagnosis of lung cancer. Consequently, this manuscript presents a short yet
important review of DL methods to solve the extraordinary challenges of detecting lung cancer. In
addition, this paper also traces the various causes, types, and treatment procedures of lung cancer. The
fundamental principles of deep learning and CT have been described. A review of the various lung cancer
detection methods via deep learning has been presented. Finally, discussions have been provided for
further improvisation of the deep learning method. 9 studies investigated pulmonary nodule detection
performance, 10 studies investigated the classification of pulmonary nodule performance, and 16 studies
documented of pulmonary nodule for both classification and detection. Some of prominent DL methods
which have been successful in detection and categorization of lung cancer nodules are Computer Aided
Detection (CAD), Wavelet Recurrent Neural Network (WRNN), Optimal Deep Neural Network (ODNN),
Massive Artificial Neural Network (MTANN) and Convolutional Neural Network (CNN) Training. Among,
these DL methods, in most cases CNN achieved higher accurate results. The reports CNN achieved results
between 73%-96.73% for both classification and detection. The CNN achieved results between 76%-99.2%
for lung nodules classification and also achieved the results between 74.6%-97.78% for lung nodule
detection. In addition to this, it was found that other DL method i.e., MTANN achieved the accurate results
between 97%-100% for detection which came out to be superior related to other DL approaches.

1. Introduction

A tumor is classified as Non- Small Cell Lung Cancer and Small Cell Lung Cancer, according to the
viewpoint of pathology, treatment, and histological classification '. Lung cancer reports for two-thirds of

all cancers and is known as one of the most severe death-related diseases 2. Recently, according to
cancer figures from the National Institute of Health (NIH), 12.9 % of the overall diagnosis of cancer has

involved lung cancer in the USA 3. Several techniques have been reported previously to create images of
human body parts for treatment and diagnostic purposes. These include Positron Emission Tomography
(PET), CT, Mammography, Magnetic Resonance Imaging (MRI), X-ray, and Ultrasound 4. CT and X-ray are
the two most common forms of imaging utilized to identify lung nodules °. However, the traditional CT
examination entails radiologist evaluation, which is particularly laborious and often provides false-
positive test findings . Additionally, the CT procedure is not sufficient as certain parts of the chest X-ray
image of an infected lung might appear normal and ultimately lead to an inaccurate diagnosis /. And
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chest radiography is also the most common form of procedure for others to initially identify and
diagnose lung cancer; due to its non-invasiveness features, radiation dose and economic considerations,
it is even preferred to more sensitive and reliable procedures (e.g. MRl and CT). The primary phase in
Computer-Aided pulmonary nodule detection systems is a patient recognition process considered to
identify a basic demonstration of lung anatomy, so that characteristics such as the lung wall and large

routes are omitted, leaving only information that has a superior potential to be a nodule é.

In recent years, researchers are paying a higher amount of attention to an alternative approach of clinical-
image-processing to analyze lung cancer called Convolutional Neural Networks (CNN). By automating the
initial evaluation in medical scans, DL offers us the chance to improve the precision in early

detection 2, 19. For the detection of natural camera pictures, CNN has been used quite effectively and has
recently been applied in CT analysis and classification ''. Hence, as a research direction of deep learning,
CNN has become a common tool in the field of classification of images 2. The application of CNN helps
us to take into account the architectural pattern and improve the unprocessed images acquired from
multiple sources '3. Furthermore, the aid of CNN is effective in retrieving essential data. DL has newly
developed as an extra intelligent and correct knowledge for image category and has been applied to
classify therapeutic pictures, including CTs. To the best of understanding, when diagnosing pulmonary
nodules, DL method has yet to be applied effectively in a regular medical workflow. A reason for this
could be that DL processes need to be trained on information comparable to final task awareness 4.

The aim of this manuscript was to consider how DL performs when the method is evaluated on datasets
that are not from LUNA 16 for pulmonary nodule detection and classification of CT scans. In addition, the
analysis aimed to investigate whether when the process is evaluated on a dataset that is dissimilar from
the training dataset, the efficiency of DL is reduced. A brief description type of lung cancer is, and its
types are given in the Section 2. Section 3 offers details about the fundamental work of CT and the
datasets and also describes the works based on CNN architecture. Section 4 gives a detailed overview of
how deep learning method was used by other researchers for the detection and classification of CT
datasets pertaining to lung nodule. Section 5 discusses the outcome of the review based on the
utilization of deep learning techniques to detect and classify CT datasets and provides the reader with the
whole panorama of this area. It gives outstanding references to this subject, and furthermore, it describes
the latest state-of-the-art approaches to resolve issues of the nodules of lung cancer. Section 6 presents
the conclusion of this systematic review.

2. Background Study

Lung cancer develops in the lungs and can extent to lymph nodes or different areas in the body, for
example the brain. Cancer can spread to the lungs from other organs as well. There are metastases, too,
as cancer cells pass from one organ to another. A brief overview of lung cancer causes, and types are
explained in the following sub-sections.
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2.1 Causes of Lung Cancer

The potentials contributor to lung cancer by far is smoking, predominantly cigarettes '°. Smoke of
cigarette contains at least 73 known carcinogens, amongst other items. NNK,1,3-Benzo and polonium

pyrene [alpha] butadiene, polonium-210-radioactive isotopes '®. In year 2000, around 90% of lung cancer
deaths in men were due to smoking in the developing world (70% for females), smoke compensates for

85% of lung cancer cases '”. It is possible to describe a passive smoker as someone working or living

with a smoker. As per European, US and UK research 7. Radon gas is a colourless and odourless gas
formed due to radioactive radium dissolution, which is the uranium deterioration agent contained in the
Earth's crust. In USA, Radon is the 2nd record important reason of lung cancer that causing around 21,000
deaths per year, and radiation products of genetic ionize material that causes transmutations that often
become tumorous. 7. The toxicity of outdoor air has a minor impact on raising the possibility of lung
cancer. The extremely elevated risk is associated with minute particulates (PM2.5) and sulfate aerosols
that can be emitted in traffic exhaust fumes. A marginal increase in nitrogen dioxide of 10 parts per

billion surges the possibility of lung cancer by 14% 7.

2.2 Types of Lung Cancer

Generally, cancer or disease arises when cells begin to develop out of control in the body. There are two
basic types of Lung Cancer called Small-Cell-Lung-Cancer (SCLC) and Non-SCLC (NSCLC) 8. A complete
classification of the various sources of Lung Cancer is portrayed in Fig. 1. Globally, around 15% of the
lung cancers are SCLC while the remaining 85% are NSCLC °.

2.2.1 Small-Cell-Lung-Cancer (SCLC)

A type of high cancer that most frequently exists inside the lung is Small-Cell Carcinoma 2°. Most cases
of duodenum neuroendocrine Small-Cell-Carcinoma show rapid development of cancer and death is not
stopped except by radical surgery, with or without chemotherapy. We have also described a rare sub-type

of Small-Cell Lung Cancer 2'. Has been linked to heterozygosity failure at many different genetic loci,
including 3p, 13q, and 17p chromosomes 22. SCLC is of two types as follow:

e LS-SCLC (Limited Stage Small Cell Lung Cancer)

A form of Small Cell Lung Cancer (SCLC) is restricted to a region that is lesser enough to be included
within a radiation portal is Limited-Stage Small Cell Lung Carcinoma (LS-SCLC) 23.

« ES-SCLC (Extensive Stage Small Cell Lung Cancer)

Platinum-based combination chemotherapy is the standardized care in ES-SCLC, with radiotherapy
applied mainly to palliate symptoms such as dyspnea, liver or bone pain, or for the cure of brain

metastases that usually provide a rapid, if the transient response to whole-brain radiotherapy in SCLC?*
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2.2.2 Non-Small Cell-Lung-Cancer

When irregular cells easily replicate and do not avoid reproducing, cancer happens. In the body, the
disease can evolve everywhere. Treatment is based on the position thereof 2°. Typically, NSCLC spreads
slower than Small-Cell Lung Cancers 2%27. The key NSCLC forms are Squamous Cell Carcinoma,
Adenocarcinoma and Large Cell Carcinoma 28. These subtypes are classified as NSCLC since their care

and prognosis (outlook) are identical 2°. Surgical resection is useful in almost all peoples with stage |
(SCLC) to stage Il (NSCLC), while patients with more advanced diseases are candidates for treatment
without surgery. Orthodox clinical staging is most generally conducted for thorax and upper abdominal

CT scans 30. If a patient has signs like excessive coughing or chest inflammation, breathlessness,
hoarseness, chest pain, or blood coughing, lung cancer may be suspected. Fever, lack of appetite, and
excessive weight loss may be other signs 3. Figure 2 shows the example of NSLC. The right bottom lobe
in the Figure shows the cell carcinoma.

e Adenocarcinoma

This is the form of NSCLC that is most general. This is the most prevalent cause of lung cancer without
without-smoke. Much more commonly, it's found in Current-Smokers or Ex-Smokers The outer edges of

the lungs begin to expand. Typically, it progresses more slowly than other lung cancer type 32. It amounts
to 40 to 55 of the lung with cancer, and in many nations, it has become the most prevalent form. The
peripheral form of adenocarcinoma is more clinically normal. It is primarily split into 4 forms .

e Squamous-Cell-Carcinoma

This sort of NSCLC is more commonly seen in smokers or former smokers. These cancers appear to

originate near the main airways (the bronchi) in the middle portion of the lungs 32. In recent years, the
occurrence of this sort has been decreasing. Lung cancer accounts for 30-40%, with 2/3 being primary
and 1/3 being peripheral .

o th

This is the kind of NSCLC that is the least general. It continues to expand and spread to other organs
rapidly. This will make treatment more complicated 32.

2.3 Treatment Procedures of Lung Cancer

SCLC and NSCLC follow different treatment procedures 2°. The various methods of treating lung cancer
are described in Fig. 3.

Generally, lung cancer treatment seeks to eliminate the whole tumor at the boundary, leaving a small
volume of natural tissue (almost 2 cm, 0.8 inches). The generic term for surgery that reaches the chest is
thoracotomy, and as part of the thoracotomy, various named forms of surgical operations can be
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performed, such as wedge resection 32. Combination radiotherapy and chemotherapy treatment
significantly improves survival in patients with un-removable stage 3 lung cancer. Tumor Treatment
Fields can enhance chemotherapy treatment. Different molecular-targeted drugs have been developed in
recent years to treat advanced lung cancer 33. One such drug targeting the Epidermal Growth Factor
Receptor (EGFR) domain of tyrosine kinase is Gefitinib (Iressa; withdrawn from the U.S. market) 34,
expressed in several instances of NSCLC carcinoma. Immunotherapy is a part of therapy for cancer that
stimulates the cancer-fighting immune system 3°. Radiotherapy alone leads to 13—-39 percent of patients
lasting five years with respect to stage one or two NSLC 32. A brief overview of lung cancer detection
methods and tools are described in the following Sections 3 and also describes the databases, work
based on CNN architecture.

3. Lung Cancer Detection Tool And Method

Different tools are used that is CT, MRI, and PET for Lung Tumor Recognition using DL 36. CT-scans are
more widely used than MRI and are typically less expensive. A brief overview of CT and DL is labelled in
the following sub-sections.

3.1 Computed Tomography

Godfrey Newbold Hounsfield 3/ Nobel Prize winner in 1979 for Physiology and Medicine) developed the
1st X-ray CT method in 1972. Future applications in the detection of medical imaging became obvious
from the beginning. In 1971, a scan of a patient with a cystic frontal lobe disease at Atkinson Morley
Hospital in Wimbledon (United Kingdom) was submitted into clinical practice by CT. After this, the
medical profession immediately accepted CT and was frequently referred to as the most influential
invention of radiological diagnosis since the discovery of X-rays 3’. A Free-breathing scan is also used to
prepare radiotherapy for lung tumors 38. This procedure is replicated many times in the body until the
entire field of concern is filled. Then, through image processing techniques, multiple cross-sectional scans
are collected along the body. After their inception, CT scans have been used because of their efficacy in
helping the physician to diagnose numerous diseases 3°. A quantitative scale for defining radio-density
on CT scans is the Hounsfield scale, named after Sir Godfrey Hounsfield #°. A Hounsfield-Scale (HE) is
used for the pixel values in CT scans 3°. Table 1 displays standard radio densities for different areas of a
CT scan. Typically, the air is about one thousand Hounsfield, lung-tissue is generally about the five
hundred, water, blood, and other tissues are about zero Hounsfield, and one is generally about seven
hundred (700) Hounsfield (HU). Figure 4 shows sickness and normal patients' computed tomography
images #1. In Fig. 4 (a), (b) and (c) displays the normal patient lung images. But in Fig. 4 (d) and (e)
displays some carcinogenic part in circle and don't spread outside of the lung, this type of tumor is called
typical tumors. Cancer is any disease in which normal cells are damaged and as quickly as they are
spread by mitosis do not experience programmed cell death. Carcinogens can increase cancer risk and
cause uncontrolled, cancerous division, ultimately leading to tumor formation by directly altering cellular
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breakdown or spoiling DNA in cells that interferes with genetic procedures. Significant DNA spoil normally
results in programmed cell expiry, but the cell would not prevent it from becoming a cancer cell by itself if
the programmed cell death mechanism is disrupted.

3.1.1 Dataset Description

The Lung Imaging Consortium Imaging Array (LIDC-IDRI) dataset and the Computer Science Bowl 2017
training set are the primary CT lung scan datasets °. The archive comprises the whole of 1018 helical
thoracic CT scans obtained retrospectively from the image archiving and communications networks of
the seven participating Academic Institutions with sufficient local IRB clearance #2. A combined dataset
from eight public medical databases is 3DSeg. For either CT or MR scans 3, it protects multiple
organs/tissues of concern 4. The 2016 Lung Nodule Research database (abbreviated as LUNA) and the
Computer-Science-Bowl 2017 training package (abbreviated as CSB). The LUNA #°, the dataset contains
1186 nodule marks in 888 radiologist-annotated cases, whilst the Defense-Science-Board-Dataset only
provides binary labels showing whether the patient was treated with lung cancer in the year following the
scanning. In its preparation, validation, and test collection, the Defense Science Board (DSB) dataset
contains 1397, 198, 506 individuals. The 754 training set nodules and 78 validation set nodules are
manually counted 4. There are broad nodules with a mean diameter of about 13.68 mm in the DSB
dataset, and there are smaller nodules with a diameter of about 8.31 mm in the LIDC-IDRI dataset. If this
data is included in the DSB dataset to identify nodules, it is recommended that nodules lesser than 6 mm
be removed from the LIDC-IDRI annotations 3°. Used a subset of data from the LDCT-arm of the National
Lung Screening Trail (NLST) database. NLST study covered 3 years: a baseline scan (T0) followed by
two successive scans (T1 and T2) spaced nearly 1 year apart '. The subset preferred for the study was
split down into two thematic cohorts: cohort 1 (85 cancer pulmonary nodules and 176 positive control
nodules) and cohort 2 separately (85 lung cancer nodules and 152 positive control nodules) .

3.1.2 Pre-processing on DICOM Database

To standardize all input data, some researchers used threshold segmentation with Hounsfield Units and
CT image resampling.

Raw in out images involve noise, so pre-processing is the first stage in the identification process, which is
enhancing the accuracy of an image to be used further by eliminating unnecessary image detail, known
as image noise. If this problem is not adequately handled, many inaccuracies will occur in the
classification 4/. The need to conduct this pre-processing is due to the poor contrast between skin lesion
and stable skin surrounding, abnormal boundary and skin artifacts, which are skin lines, hairs and black
frames, in addition to inaccuracies #’. In Fig. 5, it is possible (Don’t use jargons) to illustrate four

processes and is explained as follows 3°.
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« Installing the files is the 15T task. One computed tomography scan/person is used in any folder in the
dataset. They are in the style of DI-COM 3°. As a common pattern of clinical images, they Describe-
Digital —Imaging-Communication in Medicine (DICOM). It includes the photographs and details of
the patient, the features of the computed tomography scan that produced the image, and the image
itself characteristics #8.

e Theraw dataset scans are not on the Hounsfield scale. As a result, it is essential to do a
transformation process. The value of the pixels around the thorax is 2000. The first step is to define
these values to zero, which at present is equal to air. Then, it is translated to the hours-field-scale,
multiplying and adding the intercept with the re-scale slope °.

e 3rd partis re-sampling. The pixel spacing of a computed tomography scanner may be different from
another one. It relies on an imaging scan. A typical way to deal with this issue is the resampling of
the complete information set to a certain isotropic resolution 3°. There are several attributes in a
DICOM data object, including objects such as name, ID, etc., and a special attribute that contains a
pixel image data object (i.e. technically, there is no" header "as such in the main object, being merely
a attributes list, including data of pixel) 4.

» After the lung nodule detection and nodule feature computation the next step is lung nodule
classification. This process use for nodule classification in the form of cancerous or non- cancerous
nodule. This is final stages. In this stage the Fully Connected layers (FC) are used for classification
task. There is also a completely linked layer as part of the convolutional network that takes the end
result of the convolution/pooling phase and reaches a decision on classification.

3.2 Deep Learning (DL)

The DL model ° class is the Convolution-Neural-Network (CNN) #°. An interesting approach to adaptive
image processing is the relationship between general neural-networks and adaptive filters classified by
Convolutional Neural Networks (CNNs). Two-Dimensional (2-D) CNN's produce one or additional layers of
2D filter, with potential non-linear activation and/or down-sampling functions 4°. As seen from Fig. 6,
Convolution, Pooling, and Fully-connected layer are the key components of the CNN. In the convolution
layer, the feature map is created by applying the dot product's numerical weight grid operation over the
entire content of each input data example, such as images, videos, and many others. °. First, the pooling-
layer includes a standard down-sampling operation that decreases the function maps' in-plane
dimensionality to add a transformation invariance of minor moves and deformations and minimize the
quantity of learnable parameters that follow °°. This involves further sub-processing steps in the
traditional approach of nodule identification, which explicitly represents greater mistake and analytical
time-period °. Since it is an End-to-End technique that does not rely much on segmentation, extraction of
features, and preprocessing the computational range and time-period is much lower °.

The workflow of the two-step groups (Traditional approach and CNN-based approach), lung nodule
identification is shown in Fig. 3 (@) and (b) respectively. The standard image-process system is used only
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for lung nodule identification, while CNN is used to train and evaluate the division of nodule in the case of
the CNN-based system °.

« Two-Dimension Convolutional Neural Network (2D-CNN)

A simple 2-D convolution operation was used in this method to define basic characteristics from the
whole-images. This CNN architecture is mainly used for its flexibility and reliability in computing. Many

images are two-dimensional in the form of a matrix and contain intensity values °'. The FP rate of the
lung nodule is effectively and reliably decreased by decreasing the bias of a single network, 2D-CNN
designs the correct single-view model 2.

 Three-Dimension Convolutional Neural Network (3D-CNN)

The simple convolution operation was implemented in 3-D (x, y, z) in the same period in the network. The
3-D convolution filters used are three-dimension and have been implemented for automated feature
extraction over the 3-D input data. In terms of computational efficiency, these networks are costly than 2-
D-based networks. 3-D-based conversion operations require more calculations and more memory since
the three-dimension evaluation is needed to store the features extraction in the computer cache. 51, 52. A
CNN architecture variant is defined in which a 3D image is input. On the kernels, they add an axis and
describe a 3D max pool. Using the previous method, multiple approaches to the classification task were
introduced 2°.

3.2.1 Convolutional Layer

As an operation on two functions, a convolution is defined. In image processing, one function comprises
of input values at the image location, such as pixel values, and a filter function is the second function (or
kernel) °3. The convolution process is described by the * symbol where:

e K= Kernel

e /() =Input

e O (t) = Output

e t=Integer values

e a, b, n,m=number of matrix
An output (or feature map) O (1) is well-defined below when input /(%) is convolved with a kernel K(a) .

* 01)=01*K) ®).(1)

If only integer values can be taken up by t, the discretized convolution is given by:

« 0t)=> I(a).K(t—a). (2
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A kernel K (a, b) and Input / (m, n) is defined as:
o O(t) =X, b).K(m-an-b).(3)

The kernel is flipped and the above is equivalent to by the commutative law:
o O(t) =X,y (m-a,n-b).K(ab). 4)

The cross-correlation function, which is the same as convolution, is implemented by Neural Networks
without flipping the kernel:

e O) =X, X, I(m+a,n+b).K(ab). (5

3.2.2 Rectified Linear Unit Function

A RELU sheet is an instigation function which sets minus input values to zero. This simplifies and speed
up measurements and preparation and helps to prevent the gradient dilemma that is fading. Tanh,
Sigmoid, Randomized RELUs, Leaky RELUs and Parametric RELUs are other activation functions. 3.

Where:
e X =Input to neurons

This simplifies and speeds up computations and planning and supports to avoid the gradient issue from
declining. It is described statistically as:

* f(x)=max (0,x) (6)

3.2.3 Pooling Layer

The pool layer among ReLU layers and the convolution is added to minimize the parameters number to
be measured, in addition to the image size (height and width but not depth). Max-pooling is generally
used; in additional pooling layers, average pooling and L2-normalization pooling are used. Max-pooling
proceeds the greatest input value in a filter and removes the other values; it effectively sums up the
highest activations in a field °3.

3.2.4 Fully Connected Layer

The output layer of a CNN is the Connected Layer, which means that in the Completely Connected Layer,
every neuron in the previous layer is connected to every neuron. Dependent on the degree of characteristic
abstraction required, there may be 1 or more FC layers, with convolution, RELU, and pooling layers. This
layer takes as its input the result of the prior layer (RELU, Convolution or Pooling) and calculates a
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probability score for classification into the various classes obtainable °3. Figure 7 shows the process of
lung detection using CNN.

3.3 Works Based on CNN Architecture

|54

Setio et a a simple 2-D convolution operation was used in this approach to define local features from

the entire image. For its simplicity and computational effectiveness, this CNN architecture is also used.
Most of the pictures are 2D °*. This network can automatically learn multiple 2-D filters/functions from
the train dataset. Setio et al. °* presented the several Conv-Net 2-D streams (Table 2). Initially, for nodule
candidate detection, three candidate detector algorithms built specifically for solid, sub-solid and
significant nodules were combined. Then a set of 2-D patches of 64 * 64 pixels were collected from
differently oriented planes for each candidate. For feature extraction, many 2-D Conv-Nets were then
used. The authors have suggested that the late fusion approach offers greater recognition operation in
contrast to committee mixture and mixed fusion techniques. A committee mixture is a combined neural
network resulting from other neural networks. Various algorithms may be used to assimilate expert into a
single output such as decision. W. Shen et al. °° by developing a "multi-crop" pooling approach for
automatic lung nodule characterization, Shen et al. have developed a Multi-Crop Convolutional Neural
Network (MC-CNN) °°. They suggested a multi-crop-based approach for pooling operations. Three pooling
operations consist of the multi-crop pooling approach. Convolution features (R0), acquired either from the
pooled features or from the original input image, were the input to the first pooling process. The
concatenated nodule-centered feature f = [f, f1 f,] consists of three nodule-centered feature patches Ry,
R; R,. Specifically, Ry size be / */ * n, where / * | is the feature map dimension and nis the number of
feature maps:

f i = max - Pool - {R}i=(0,12)(7)

Where R17, R2is a middle region with a scaleof (// 2)* (I/ 2) * nand (// 4) * (// 4) * n. The "max-pool"
superscript indicates the frequency of the max-pooling process used on Ri. R7 was the central region of
RO, and R2 was the middle region of R7. After that, RO has max pooled double and R7 has max pooled
once to create f0 and f7, the pooled feature maps, respectively. The final multi-crop characteristics were
figured by concatenating f0, f7, and f2. The study used Rectified Linear Units (ReLU) as a Stochastic
Gradient Descent (SGD) learning algorithm activation function that minimizes cross-entropy learning. Q.
Dou et al. °® suggested the 3-DCNN-based architecture (Table 2) for detection. Investigators develop the
3-D CNNs to use hierarchical architecture to encrypt spatial details and representative features. An area of
size 20* 20* 6 was used for the first CNN model, size 30 * 30 * 10 for the second architecture, and 40* 40
* 26 for the third architecture. Finally, for nodule detection, the 3 CNNs have been combined and serve as
a feature extractor. The suggested architecture was validated and achieved result in the form of
sensitivity 94.4% for nodule detection by contributing in the LUNA16 (LUNG Nodule Analysis 2016)
competition. In Table 2 shows the CNN-based DL approach in lung CT images.
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Five lung nodule forms, viz., juxtapleural, well-circumscribed, pleural tail, GGO and juxtavascular using

CNN, have been classified by Yuan et al. ®’. Researchers used a multi-scale, multi-view CNN, with the
Visual Geometry Group (VGG) network. Next, the descriptor of the SIFT function was computed and
encoded in the Fisher Vector type (FV). To measure the Fisher geometrical characteristics, the Gaussian
mixture model was used. Finally, using Multiple Kernel Learning, all handcrafted features were combined

with CNN extracted features (MKL). An overall precision of 93.1% was achieved by Yuan et al.%”. While

Paul et al.>® suggested the latest CNN architecture for characterization of lung nodule. Scholars used a
pre-trained VGG network trained with the Image-net dataset. For this reason, three networks, viz., VGG-s,
VGG-m and VGG-f were used. The s, m, and f stand for slow, medium, and fast here and refer to time for

training. Researchers have registered an accuracy using pre-trained CNN of 76.79%°8. Ciompi et al.>®
suggested a 2-D CNN architecture for nodule detection called "Over-Feat". 6 convolutional layers were
used in the architecture, with filter sizes ranging from 7 *7 to 3 * 3. Finally, a two-stage classifier has been

used by researchers for perifissural nodule detection °°.

Table 2

— CNN Based DL method in lung CT images

Author

R. Paul,
et al. %8

F.

Ciompi
et al. °°
Yang F,
etal. %

J.Yuan
et al. 5/

Q. Dou

et al. %6

Setio et
al. %4

Purpose

Nodule
classification

Nodule's
detection

Nodule
classification

Nodule
classification

Nodule
detection
nodule

Nodule
detection
nodule

Method

VGG-network with CNN Network
Merge

Named as “OverFeat” 2-D
convolution-based architecture

MC-CNN (Multi-crop
convolutional neural network)

CNN-based,VGG network

With fusion technology, three 3-
D CNN added

Multiple streams of 2-D Conv-
Nets

Result

ROC=0.87, Accuracy =76.79%

Area under curve (AUC) = 0.868

Sensitivity = 77%, Specificity = 93%,
Accuracy =87.14%, AUC =0.93

Accuracy =93.1% (LIDC dataset) and
93.9% (ELCAP dataset)

Sensitivity = 92.2%, Sensitivity =
94.4%

Sensitivity = 85.4% with 1 FP/scan
and 90.1% with 4 FPs/scan

Deep Learning's benefits or advantages are as follows: features are deduced dynamically and optimally
tuned for the desired result. Extracting functionality in advance is not appropriate. This eliminates
methods of machine learning that are time-intensive. Robustness in the outcomes is taught automatically

against normal variants 3°. For several different applications and kinds of data, the same neural network-
based approach can be applied. Graphics Processing Units (GPUs) can be used to perform large parallel
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computations and are ideal for vast amounts of data. Also, since the data volume is high, it provides
enhanced performance results. To adapt to emerging problems in the future, the architecture for deep
learning is scalable 3°.

The drawbacks of Deep Learning in terms of better performance than other method is that it needs very
large volumes of data. Due to complicated data structures, it is incredibly costly to practice. In
comparison, deep learning calls for pricey GPUs and hundreds of processors. It boosts prices for
consumers 3. In choosing the right deep learning methods, there is no standard theory to help you as it
involves knowledge of topology, method of training, and other parameters. Based on mere learning, it is
not simple to understand performance and requires classifiers to do so. Convolution algorithms based on

the neural network execute those functions 3°.

3.3.1 Image-Processing

Medical image processing has seen intense development and has become an interdisciplinary area of
study that has drawn expertise from many parts of engineering and science. Diagnostic therapy with
computed tomography has proven to play an important role in the clinical routine 6°. Many problems
emerge, complemented by a surge of emerging high-technology growth and the use of several imaging
modalities; for example, how to store and interpret a big-amount of images so that high-quality
knowledge can be collected for disease detection and treatment 0. The gain of greater visibility reduced
noise, and distortion of the machine tomography image is the main advantage. In this regard, one can
conveniently determine the mean and variance ®'. The calculated value is very similar to the original
value. Image denoising algorithms may be the most commonly used in image processing ®'. The purpose
of image improvement is to enhance the generalizability or representation of images for examination
purpose or to provide 'measured' data for other optical image processing at the level of image
preprocessing. However, both images have undergone multiple pre-processing steps 2.

3.4 Measurement Parameter

The exact categorization of the positive class is True Positive (TP), e.g., if an image shows cancer cells
and the model effectively segments the cancer component and the cancer presence is classified by the
result. The correct categorization of the negative class is True Negative (TN), as there is no cancer in the
picture, and the model declares that cancer is not present after categorization. The incorrect positive
prediction is False Positive (FP), e.g., the image of cancer cells, but the model classifies that the image
does not have cancer. The wrong estimate of the negatives is False Negative (FN). Three measurement
parameters describe in following subsection.

3.4.1 Accuracy

The accuracy of first test is calculated by equating the findings of a medical test (positive or negative)
with the patient's current disorder or disease (presence or absence) 3. Sensitivity (SENS) and Specificity
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(SPES) are the two fundamental metrics for quantifying the diagnostic accuracy of a procedure 63.

3.4.2 Sensitivity and Specificity

Based on how many individuals (not the whole population) have the disorder, susceptibility is determined.
Using the equation: sensitivity = number of TP / (number of TP + number of FN), it can be measured.
Based on how many persons do not have the disorder, precision is determined. The equation can be used

to quantify it: precision = number of TN (number of TN + number of FP) 4.

» Sensitivity = TP/(TP +FN) (8)
» Specificity = TN/(FP+TN) (9)
e Accuracy =TP+TN/(TP+TN+FP+FN) (10)

4. Review Of Deep Learning Measurement Methods

This Section explains the findings of the various datasets for the lung nodules detection (Section 4.2), the
classification of lung nodules (Section 4.3) and the classification and lung nodules detection in Section
4.4. In reports using dissimilar test and training datasets, the performance of the DL technology was
analogous to analyses using some types of test and training dataset. Figure 9 illustrates the study as a
flowchart for PRISMA.

4.1 Literature Search Results

In this study, there were a total of 30 studies included. 16 studies have described outcomes for both
detection and classification operation. The efficacy of the various nodule classification processes is
shown in Table 3 when arranged according to unique types of output measurements.

10 studies analyzed nodule classification efficiency (Table 4) and 9 studies investigated the use of DL in
Table 5, i.e. nodule or non-nodule, for nodule detection. The studies listed four distinct DL algorithms:
Massive Training Artificial Neural Network (MTANN), Convolution Neural Network (CNN), Wavelet
Recurrent Neural Network (WRNN), Computer Assisted Detection/Diagnosis (CAD) and Optimal Deep
Neural Network (ODNN). Both MTANN and CNN are machine-learning end-to-end processes, meaning that
inputs are full pixelated images and are processed and trained using backpropagation without
established components of precise feature detection. Compared to, for example, CNN, the benefits of
stacked auto-encoders involve less training instances, since stacked auto-encoders are capable to
produce latest pictures from image characteristic vector features °°. The MTANN filter was trained with
real nodules in CT images to enhance real nodule configurations. The sensitivity and precision of the CAD
scheme has been greatly enhanced by the use of the MTANN method. DeepLNANno has a different 3-tier
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working mechanism and also develops the precision of the labels compared to some other annotation
systems.

In order to systematically search articles and literature for review-based investigation, the Preferred
Reporting an Items for Systematic Reviews and Meta-Analyses (PRISMA) instrument or framework uses a
range of methods. In addition, in any sort of research that systematically assesses the quality of selected
papers and either includes them for the study or excludes them for the study, PRISMA is often focused on
formulated inclusion and exclusion criteria. In Fig. 8 shows the PRISMA flowchart. 2778 studies imported
for screening. In the 2778 studies 996 studies duplicates removed then 1782 studies were screened. In
the 1782 studies 1567 studies irrelevant, then 1567 studies were removed from 1782 studies. 215 studies
full text assessed for eligibility and 180 studies are excluded with reasons then finally 35 studies were
included.

4.2 Lung Nodule Detection

Xu et al. ®3, F. Liao et al.#%, S.Kar et al.%¢ and M. Liu et al.®” proposed the CNN based algorithms for
nodule detection. X. Xu et al.®° tested their CNN based method 3D-CNN on case the DeepLNdataset, while
F. Liao et al.® tested their method on Data Science Bowl 2017 competition #6. The 3rd study by A.
Masood et al®® tested their Fully CNN (F-CNN) based on method from the LIDC-IDRI, Lung CT-Diagnosis,
Lung Nodule Analysis (LUNA) 2016 datasets and achieved the result 77.6% and 84.58%. All the results
reached between 76.6-97.59%. Only N. Tajbakhsh et al.%° published a sensitivity result which was 100%
using MTANN method.

S. Chen et al.”% and R. Jones et al’" proposed the D-CNN and MTANN respectively. S. Chen et al.”? S.
Cheng et al.”? suggests a web-based annotation approach for lung nodules named DeepLNAnno.
DeepLNANNo has a special three-tier working mechanism and tones of features such as semi-automatic
annotation, which not only makes it much easier for doctors to annotate, but also develops the precision
of the labels compared to some other annotation systems and achieved the result in the form of accuracy
87.5%. R. Jones et al’! presented the MTANN method. The sensitivity and precision of the CAD scheme
has been greatly enhanced by the use of the MTANN method. With a database of 69 lung cancers, nodule
candidate detection by the MTANN filter achieved 97% sensitivity with 6.7 false positives per section /7.
Classification MTANNs were applied for further reduction of FPs. The MTANN classification removed 60%
of FPs with a loss of 1 TP; thus, it achieved a 96% sensitivity with 2.7 FPs per segment. Overall, with the
CAD system based on the MTANN filter and classification MTANNS, an 84% sensitivity with 0.5 FPs per
segment was achieved /1. S.Kar et al.?% and Setio et al.>* both examined their algorithm on the same
types of databases (LIDC) and achieved the sensitivity 85.4%-90.1% and 97.59% respectively.

4.3 Lung Nodule Classification

For the classification of lung nodule total 10 studies were included. All studies reported of sensitivity and
specificity, which ranged between 76.5%-99.9% and 80.1%-98.7% respectively. Five of these studies, C. J.
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Lin etal. 72, M. Usman et al. 73, Y.Wang et al. /4, R.Pual et al.”>, S. A. El-Regaily et al.”® and G. Jakimovski

et al.”” has CNN architecture based on DL, while only Lakshmanp et al.”® used Optimal Deep Neural
Network (ODNN).

S. Wang et al.”? indicated the 3D-CNN on CT data obtained from the Fudan University Shanghai Cancer
Center of 1,545 patients with pre-invasive and invasive lung cancer, the sensitivity, specificity and AUC
automatic classification system were 88.5 percent, 80.1 percent and 89.2 percent, respectively. Y.Wang et
al.”* tested and trained the CT scan from the LIDC/LUNA databases. A total of 888 CT scans of LUNA
were tested and final score was 0.69% and then further tested Intelligent Imaging Layout System (IILS) on
LIDC/IDRI database with 1018 CT scans, while Zhang et al.8% used an algorithm that was both tested and
trained on the Lung Nodule Research database (LUNA 16) and achieved the sensitivity of 96.0% and
specificity 88.0% for their accurate performing. S. A. El-Regaily et al.”® used the CNN based algorithm
using CAD system and achived the sensitivity of 85.25% and specificity of 90.2%.

4.4 Lung Cancer Nodule for Both (Classification and
Detection)

For both detection and classification total 16 studies were included. Two of the studies &',* reported
accuracy value of 80% and 77% respectively on same dataset (LUNA16) for both detection and
classification of lung nodule, while Harsono et al.8? used the Ratine U-Net 3D. the result obtained by
training I3DR-Net model on 1009 LIDC dataset for both detection and classification.

The Wavelet Recurrent Neural Network (WRNN) was introduced by Nurtiyasari et al.82 where the Wavelet
model was used for the lung diagnosis method and the Recurrent Neural Network for the classification
phase. The outcome sensitivity, precision and accuracy of the lung nodule classification using WRNN
were 93.75%, 66.6% and 84% for training and 88.2%, 75% and 84% for testing results. N. Tajbakhsh et
al.84 collected information of the false positive (FP) when 100% result in form of sensitivity was achieved
with Massive-Training-Artificial Neural Network (MTANN), which result in 22.7 FP in %.

Gu et al.2% used 3D deep CNN with multi-scale prediction to detect lung nodule after lung segmentation
from chest CT scans for detection efficiency assessment, with a systematic procedure used. At one and
four false positives/scan, the sensitivity of the proposed method with the primary alternative reached
87.94% and 92.93%, respectively. Paul et al." tested on dataset from The National Lung Screening Trail
(NLST) and achieved the result AUC of 96.0% and accuracy 89.45%.

Eun et al.2® introduced a new FP reduction framework for pulmonary nodule detection, the whole of
single-view 2D CNNs with completely automatic without nodule categorization, and achieved the result of
92.2% metric score. Cao et al.8” tested on the LUNA16 dataset for nodule detection using Multi-Branch
Ensemble Learning architecture based on the 3D CNN (MBEL-3DCNN). On the detection they reached a
sensitivity 72.9%. Winkels et al.28 tested and trained on NLST or LIDC datasets for both detection and
classification of lung nodule and also defined the Free-Response Operating Characteristic (FRCO) curve.
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Table 3

Recent literature for classification and detection

Author

(D. Nurtiyasari et al.)
83

(N. Tajbakhsh et al.)®
(Guetal)) 8

(Paul etal.) 1"

(Coundray et al.) °
(Eun et al.) 86

(Xi etal.) °0
(Winkels et al.) 88
(Kim et al.) °'

(Li et al.) %2

(Zuo etal.) 23
(Caoetal) ®’
(Wang et al.) %4
(Sharma et al.) 4

(T. Ahmed et al.) &1

(Harsono et al.)®?

Year

2017

2017

2018

2018

2018

2018

2019

2019

2019

2019

2019

2019

2019

2019

2020

2020

Method
Wavelet-RNN

MTANN
3D-DCNN

Transfer, Ensemble
CNN

Inception v3
Ensemble 2D-CNN
2D-CNN

3D-roto- CNN's
MGI-CNN'’s

R-CNN

Multi Resolution-CNN
MBEL-3DCNN
Classifier based CNN
3D-CNN

3D-CNN

3D-Conv Net

Result

93.75% = Sensitivity, 66.67% =
Specificity

100% = Sensitivity
87.94%=Sensitivity

Accuracy =84%,76.49%

Accuracy =73%, 85%
92.2%=Metrics score
86.42%=Sensitivity
(FROC) curve
Average CPM =98.8%
85.2%=Sensitivity
Accuracy =96.73%
Sensitivity =72.9%
Sensitivity = 96.8%
Accuracy =77%
Accuracy = 80%

MAP = 49%, 22.86% with AUC 81%
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Table 4

Classification performance result in Sensitivity and Specificity

Researcher
S.Wang et al.’®

G. Jakimovski et al. 7’
YWang etal. 74
Zhang et a/.8°

Polat et al. °°
Lakshmanp et al. /8
M. Usman et al. ’3

S. A. El-Regaily et al.”®

C.J.Linetal. ’?

R.Pual et al.’®

Method
3D-CNN

CDNN
Res-Net
3D-CNN
3D-CNN
ODNN

U-Net

CNN based CAD

CNN

CNN

Year

2018

2018

2019

2019

2019

2019

2020

2020

2020

2020

Sensitivity
88.5%
99.9%
76.5%
96.00%
88.5%
96.2%
89.02%
85.25%
99.2%

90.2%

Specificity
80.1%

98.7%
89%
88.00%
94.2%
94.2%
N/A
90.2%
N/A

N/A

Author

R. Jones et al. ’’
Setio et al>*

N. Tajbakhsh et al. ®°
A. Masood et a/ %8

S. Chen et al. ’®

F. Liao et al*®

M. Liu et al. ®7

X. Xu et al. ©°

Table 5

Detection performance result in Sensitivity and Specificity
Method Year  Sensitivity Specificity
MTANN 2014 97.00% N/A
2D-CNN 2016 85.4%-90.19% N/A
MTANN 2017 100% N/A
F-CNN 2018 74.6% 86.5%
D-CNN 2019  94%97% N/A
3D-CNN 2019 85.6% N/A
3D-CNN 2020 85.6% N/A
3D-CNN 2020 96.65% N/A
CNN 2020 97.59% 97.78%

S.Kar et al.%®

5. Discussion
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A total of 30 analyses that tested DL methods on various datasets were discussed in this proposed work.
Several other studies on broad, publicly accessible databases such as LUNA 16, DSB 16, and LIDC have
trained and tested DL models, and a systematic review of the different studies tested on these databases
has been written. The algorithm with CNN reached accuracy between 73-96% (Table 3) on detection and
classification. There was no observed difference in detection accuracy compared to a prior analysis using
deep learning processes on CT scans from a different database. Sensitivity and Specificity for detection
discovered in this study were between 77.6%-100% (Table 5) and for classification 76.5%-99.2% (Table 4),
respectively. This manuscript also explains the various architecture of CNN. The aim of this study is the
applications of DL algorithms for lung Nodule Cancer, performance measurements are given for various
tests. In this study, numerous DL algorithms are discussed for the classification and detection of lung
nodule. Several major corporations have invested in general image recognition of day by day artifacts in
studying deep learning and several manufacturers have pushed towards automated recognition in
clinical radiology. It would be prudent to contain DL into medical practice with the growing prevalence of
Al emerging in health care and the rising capacity for radiologists. All previous studies reported
classification of sensitivity, only the result of sensitivity of 2017-2019 was included in their work. The
sensitivity ranges from 76.5% - 96.2% for work trained and tested on different datasets, but in our
proposed work we have included the sensitivity result of 2020 also. Classification sensitivity ranges from
85% — 99.2% for 2020. The same case-in sensitivity result for the detection of lung nodule 2017-2019
was included. Sensitivity of detection ranges from 74.6—-100% for research tested and educated on
various datasets. In this proposed work also included the result of 2020 for sensitivity detection, which
ranged from 85.6% - 97.59%. In the proposed work also included the accuracy results ranged from 73% -
96.73% from 2017 to 2020 (Table 3). Cao et al.8” tested on LUNA 16 datasets, had a noticeably low
sensitivity result (72.9%). Li et al. 92, tested on the same dataset (LUNA 16), had a noticeable good
sensitivity result (85.2%). An equivalent mission was completed by Coudray et al. 89, however, to classify
sub-types of lung cancer and to predict common genetic changes, histopathological images were used.
Knowing genetic transformations helps to forecast the period of survival and to direct chemotherapy
collection. The task was completed by U. Pastorino et al.96 however, the identification of nodules whose
size is less than 6 mm is still a difficult task. Using voxel-wise detection is the alternative, but more
computing power is needed. In CT, the lung nodule is classified as an oval or round shape of a tissue with
a diameter of less than 30 mm. Pulmonary nodules typically have a diameter of more than 4 mm and
pulmonary nodules are known as micro-nodules. Blood vessels are frequently misled as nodules that are
non-nodules due to the identical presence, resulting in increased false-positive Lung nodules during
diagnosis.

The record latest papers were chosen for the research published in Science Direct, IEEE Xplore, and
Scopus Indexed journals. It is noted that maximum research performed for the identification of lung
tumor have been used in LUNA 16, DSB 16, LIDC datasets and only a few have been used in those
datasets. Although some techniques achieve a major development in the outcome of accurate sensitivity
or minimum FPR it is found that several problems remain to be solved by measuring the new procedures
used to find cancer of the lung nodule. For the detection of lung cancer as primarily as possible, therefore,
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the effective method is still relevant, for which this article in the review report would be useful for
researcher.

6. Conclusion

The analysis of depth learning approaches used in computed tomography scans to distribute with cancer
lungs is provided in the proposed review. In the medical community, it is notable that this mission is very
relevant because this disorder contributes to many deaths every year. The leading approach to this task is
deep learning. Another important consideration for the outcome of the early warning program is
competitive mortality threats, particularly where peril is determined by smoking-position, as smoking
triggers copious other lung cancer fatal-iliness. Regardless of whether the DL methods were trained and
evaluated on the similar kind or on dissimilar types of datasets, a pattern of equivalent implementation
levels was observed. In the future, convolution neural network will become a powerful implement to
support radiologists in their diagnostic work, offering additional correct and time- effective identification
and diagnosis of pulmonary nodules; yet extra analyses and improvement are demanded. In this
proposed work CNN achieves the accurate results for both classification and detection task and also
noted that CNN has more popular recently with the majority of the newer publications using DL method.
The proposed research presents useful elements for determining the influence of co-morbidity on the
average life expectancy of traditional populations at higher - peril. Most of the studies performed to
detect lung cancer have used LIDC, LUNA, DSB, COPD-GENE datasets and only a few have used their
datasets. For nodule classification based on the growth rate, various algorithms could be proposed,
which will eventually assist in early cancer identification and diagnosis.
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NSCLC in the right bottom lobe squamous cell carcinoma
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Figure 3

Type of treatment
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Figure 4

CT image of lung diagnosis (d), (e) and
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Figure 5

Pre-processing on DICOM database
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Figure 7

Structure of CNN using CT scan
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Flowchart of the literature and research collection of Preferred Reporting and Objects for Systematic
Reviews and Meta-Analyses (PRISMA).
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