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Abstract

Lung cancer has a mortality rate that is significantly greater than other forms of cancer, making it
the second biggest cause of death worldwide after cardiovascular disease. Detecting lung cancer
in its earliest stages has been the focus of a significant amount of research and development over
the past few years, leading to the development of several unique computer-aided diagnostic tools
that use deep learning. On the other hand, deep learning models are readily susceptible to
overfitting, and this issue invariably results in decreased performance. In this study, we proposed
a CNN-based approach for the classification of lung cancer and attained 95.62% accuracy. When
applied to classifying lung cancer, the solution achieves the most outstanding performance possible
throughout the entire dataset. The overfitting issue that arises during lung cancer classification
tasks may be solved with the help of the proposed framework, which also outperforms existing
methods that are considered to be state-of-the-art.
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1. Introduction

Lung cancer is the most lethal form of the disease, as evidenced by the fact that it has the most
excellent fatality rate. Many lives can be saved with early detection. Following prostate cancer in
males and breast cancer in females as the most frequent type of cancer, lung cancer ranks second.
Lung cancer can develop from pulmonary glands, which are tiny, spherical lesions seen inside the
lungs [1]. Because of its small size and placement in the glands, lung cancer in its initial stages is
often undetectable on CT scans; symptoms only arise later in the condition. Computed tomography
(CT) can be used to detect lung nodules, which presents a difficulty for doctors. Both in the course
of ordinary clinical care and the context of diagnosis, a growing percentage of these pulmonary
nodules are being discovered due to technological advancements in CT scanners [2]. About half
of smokers will develop a lung nodule at some point. Both computed tomography and magnetic
resonance imaging are standard diagnostic tools used in modern medicine for early discovery,
which increases the likelihood of a patient surviving their condition [3].

Several recent research has suggested utilizing Al, and in particular Deep Learning, to describe
pulmonary nodules to reduce the number of scans required to determine whether or not they are
benign or cancerous. The accuracy of these techniques is relatively moderate at the moment, with

979-8-3503-3538-5/23/$31.00 ©2023 IEEE 401 ICUFN 2023



the majority of these investigations encompassing more prominent nodules with diameters of up
to 30 millimeters [4]. Because lung cancer nodules are typically more extensive than benign ones,
big nodule sizes lead to skewed data sets. As a result, whether such Deep Learning approaches
discover nodule characteristics that are unique to lung cancer or whether they primarily only
stratify nodules based on size is still open for debate. According to the statistics, how lung cancer
is discovered in its earlier stages is the primary factor responsible for disease and death brought on
by the condition. The purpose of this study is to determine whether or not the Epidermal Growth
Factor Receptor is mutagenic [5].

Radiologists widely use screening to assess the quality of CT images across various specialties.
While automated algorithmic solutions have the potential to be helpful, the interaction between
such tools and medical professionals presents its own set of difficulties. Low-dose CT scans are a
solution that has been presented. It has been reported that a significant number of lives can be
preserved if lung cancer is detected at an early stage [6]. Radiologists are faced with a duty that is
not only difficult but also time-consuming and repetitive: the early detection of lung cancer
nodules. They suggested using a method known as a "Multi-Scene Deep Learning Framework
(MSDLF)" in conjunction with the "vesselness filter" to raise the level of accuracy while also
lowering the number of false positives. The primary objective of this study is to identify significant
nodes with diameters of more than 3 millimeters [7]. The Experience and understanding
Assessment of Premature Prediction Network, or KAMP-Net, was proposed to determine the
likelihood of mortality in lung cancer patients. Data augmentation is the method that is employed
in this approach to training Convolutional Neural Networks (CNN) [8].

They hypothesized that adding more data would improve CNN's capabilities, and this was one of
their working hypotheses. The medical data are used to train a classifier called a Support Vector
Machine (SVM), and then the findings from the CNN and the SVM are combined to generate a
probability of death [9]. All of the clinical evaluations were obtained through manual acquisition.
Multi-Channel Image Coding, Network Development and Implementation, Incorporation of Deep
Learning, and Clinical Knowledge are the steps that are involved in this method. This strategy uses
the data collected during the National Lung Screening Trial (NLST)[10].

As a result, the application of the deep learning method to categorizing cancer classes is
investigated in this work. It was hypothesized that deep learning may help in the detection of
cancer and that it could acquire better outcomes than conventional methods of machine learning,
given that the use of deep learning had previously been shown to be superior to all Al systems
[11]. The convolutional neural network, also known as a CNN, was the deep learning technology
that demonstrated the most consistency. As a result, a CNN was developed to differentiate cancer
classes. The numerous methods of pooling utilized by CNN were examined, tested, and contrasted.
This study, in contrast to previous work, investigates a method known as deep learning with ten
convolutional layers by using max and average pooling size, which is the primary distinction
between the two. The CNN can automatically extract task-related features, which are referred to
as cancer features in this study. It does not require the actions of users. Additionally, CNN is
renowned for its high level of accuracy, which is comparable to or even superior to human
specialists.

402



2. Material and Methods

We introduced the CNN-based three models in the proposed study, which have ten layers. It is an
optimal model which finalized after different experiences with data samples. In the proposed
models, we add the two types of pooling layers and change the activation function. Here we used
two types of lung cancer such as adenocarcinoma (AC) and lung squamous cell carcinoma (LSCC)
[12]. The first is the standard type of cancer in the USA, and the second is primarily located in the
center of the lungs on the central airway. Here we used histopathological images. The total number
of images for classes is 10000. Initially, we resize the data samples according to the model
requirements and then provide the data samples to the Model to get the more critical features from

the input samples.

2.1CNN Model

The traditional approaches to computer vision can be broken down into three distinct stages. The
first stage is extraction, the second stage is reducing features, and the third stage is categorizing.
Despite this, researchers typically merge these phases into a single convolutional neural network
(CNN). That eliminates the requirement for CNN to configure the function manually. On the other
hand, the weights that fit the initial layers were used for feature extraction, and their values were
acquired through iterative learning. Additionally, CNN can achieve a higher performance level
than its contemporaries, such as feedforward neural networks [13]. In our proposed models, we
used the seven convolutional layers and three fully connected layers with different activation
functions. For these activation functions, we used such as Sigmoid, ReL.U and likely ReL.U. Figure.
One shows the proposed model flow chart.

Lung squamous
cell carcinoma

Max-pooling
v

I »/ Adenocarcinoma

Conv3+Activation
Conv4+Activation
Conv6+Activation
Conv7+Activation

224*224

Conv5+Activation

Conv1+Activation
Conv2+Activation
¢ Max-pooling
i Max-pooling

Figure 1. Proposed CNN-based Model for the classification of lung cancer.

3. Results and Discussion

In the proposed study, we used 10000 images. We used the Keras library with 64 GB RAM during
the experimental process. In this work, we proposed three models with different activation
functions. We also saw the overall behavior of the Model during training. For classification
purposes, we split the data, such as 80% for training and 20% for testing.
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Table 1. The proposed CNN-based model results for classifying AC vs. LSCC with different
activation functions.

Classes Activation Function Accuracy Sensitivity Specificity
AC vs. LSCC ReLU 93.05 91.56 94.55
AC vs. LSCC LReLU 95.62 93.38 96.87
AC vs. LSCC Sigmoid 90.36 89.37 91.36

In Table 1. We can see the proposed models produce promising results in terms of accuracy.
LReLU activation function-based Model obtained 95.62% accuracy, 93.38% sensitivity and
96.87% specificity, respectively. In Table 2. We can see the comparative analysis with other CNN-
based approaches, but our technique produced promising results in terms of accuracy.

Table 2. Proposed model comparison with other techniques.

Approaches Accuracy
Bukhari et al. [14] 93.91%
Hlavcheva et al. [15] 94.61%
Proposed Model 95.62%

Conclusion

In recent years, lung cancer has emerged as one of the diseases with the highest incidence rate.
According to the study that has been done in this area, each year, there are more than 200,000
cases discovered in the United States. When cell division and growth in the lung are not adequately
regulated, the result is the production of cancerous tumors. In this study, we proposed the CNN
based for the classification of lung cancer. Primarily CNN based Model have an issue related to
overfitting which directly impacts the model performance in terms of accuracy. In this work, we
overcame the overfitting issue and produced the best accuracy results for the classification of lung
cancer and attained 95.62%.
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