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Abstract. Lung cancer continues to rank among the most common and fatal types of cancer 

worldwide, significantly affecting both patient quality of life and public health. Improving 

treatment results and survival rates requires early detection and precise diagnosis. In recent years, 

deep learning algorithms have shown promise in increasing the accuracy of lung cancer 

prediction. Large datasets are needed for deep learning (DL) in order to train the model. However, 

the sample size of the current dataset is small, which limits the model's generalizability. We 

conduct a comparative analysis for lung cancer forecasts in this research. The model was trained 

using DL algorithms such as recurrent neural networks (RNN), convolutional neural networks 

(CNN), and artificial neural networks (ANN), SVM (Support vector machine) and VGG-16.  
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1. Introduction 

Lung diseases represent a significant global health concern, contributing substantially 
to illness and mortality rates. Among these health challenges, cancer stands out as a 
critical issue, defined by the unregulated growth of cells in specific organs. The body 
may develop malignant tumors as a result of this uncontrolled cell division. The most 
common disease diagnosed globally, lung cancer continues to be the primary cause of 
cancer-related mortality for both men and women. According to the international 
agency for research on cancer (IARC) and American cancer society (ACS) Each year, 
approximately 20 million new cases are identified globally, and over 10 million 
individuals lose their lives to the disease. Common symptoms of lung cancer include 
fatigue, unintended weight loss, and hemoptysis (coughing up blood). Other risk 
factors, including smoking, alcohol use, poor diet, and air pollution, are also linked to 
lung cancer. Lung cancer can be classified as either small-cell lung cancer (SCLC) or 
non-small cell lung cancer (NSCLC) based on the histology of the cancer cells. Only 
5% of people develop SCLC, while NSCLC accounts for about 85% of all lung cancer 
cases. Lung cancer has a 5-year survival rate of less than 18%, which is lower than that 
of other cancer types such as breast cancer (90%), colorectal cancer (65%), and prostate  
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 than that of other cancer types such as breast cancer (90%), colorectal cancer (65%), 
and prostate cancer (99%). The medical, biological, and scientific communities need 
to pay more attention to lung cancer in order to discover new strategies to promote 
early identification, which aids in medical decision-making and enhances healthcare 
outcomes. The vast amount of computed tomography (CT) scan image data pertaining 
to the lungs may be useful for the identification of lung cancer. Machine learning and 
deep learning algorithms can use these images to improve early cancer diagnosis and 
prognosis and choose the most effective treatment plan. 
Low-dose computed tomography (LDCT) has emerged as a crucial technique for the 
early detection of lung cancer, especially in high-risk populations. Advances in deep 
learning techniques have enabled more effective analysis of LDCT images, improving 
the detection and prognosis of lung cancer. Small lung nodules that might be a sign of 
early-stage lung cancer can be found with LDCT scans. These scans can be analyzed 
by deep learning algorithms to find and categorize nodules according to their proper-
ties. By combining deep learning with LDCT image analysis and patient clinical data 
(e.g., age, smoking history, and family history), predictive models can be enhanced. A 
more thorough risk assessment is provided by this multi-modal approach. 
Traditional approaches frequently entail manual interpretation of imaging data, such 
as chest X-rays and CT scans, by radiologists. This method might be subjective and 
varies based on the radiologist's experience and ability. LDCT image analysis is au-
tomated by deep learning models, namely Convolutional Neural Networks (CNNs). 
By learning to recognize patterns and characteristics suggestive of lung cancer, these 
models can greatly improve the accuracy of diagnosis. To provide a more thorough 
evaluation of lung cancer risk, deep learning models can incorporate multiple data 
sources, such as imaging and clinical records. The prediction powers are improved by 
this multi-modal approach. Deep learning (DL) model require large amount and quali-
ty dataset for model training.  
The objective of this research paper is to make comprehensive analysis of lungs can-
cer disease prediction. We study machine learning and deep learning model for early 
prediction of lungs cancer. The challenges and limitations for prediction of lungs 
disease also discuss in this paper. 

2. Deep learning 

DL algorithms have simplified the interpretation of complex multi-dimensional data, 
including images, movies, and multi-dimensional anatomy scans. CNN and the recur-
rent neural network (RNN) are two well-known deep learning models that are com-
monly employed for image and sequence data classification. CNN designs frequently 
include convolutional layers, pooling processes, fully linked layers, and a classifica-
tion layer. 
Changing the weights of the layers that make up the network's architecture is the main 
focus of a CNN training procedure. This method is considered an NP-hard problem 
since it is susceptible to multiple local optima. Beyond these local optima, optimiza-
tion procedures are required. To increase training efficiency and performance, CNNs 
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delineation of the targeted region, and the cuckoo search algorithm was employed to 
ascertain the optimal parameters for the segmentation of cancerous nodules. The sa-
lient features of the lesion were extracted through the application of a local binary 
pattern technique. A CNN classifier was constructed to ascertain whether a lung le-
sion is malignant or benign by scrutinizing the extracted features. The proposed 
framework demonstrates an impressive precision rate of 96.97%. The results of the 
study suggest that the integration of particle swarm optimization and genetic algo-
rithms has led to improved accuracy and the subsequent synthesis of data [1]. The 
DNLC model, formulated by H. Elwahsh et al., employs deep neural learning metho-
dologies to forecast oncological conditions. It encompasses a four-step process for the 
classification of lung neoplasms. Initially, a Deep Network (DN) was utilized to meti-
culously identify the most advantageous set of features from the available datasets. 
During the subsequent phase, the authors engaged a deep neural network (DNN) to 
train utilizing genetic or clinical data repositories.  
The third stage involved assessing how well the DNLC model predicted neoplasia in 
its early stages. Five oncological datasets—colon, lung adenocarcinoma, squamous 
cell carcinoma, breast, and leukemia malignancies—that have been specially selected 
for classification purposes are included in DNLC. To predict the performance of the 
suggested model, experimental evaluations were conducted using the five oncological 
datasets. The training set, which makes up 80% of the dataset, and the testing set, 
which makes up 20%, are the two distinct subsets into which the dataset is divided. 
According to test results, the DNLC framework performs better than alternative ap-
proaches in every case, with an average accuracy of 93% [2]. 
Xinrong Lu et al. employed image processing, deep learning, and metaheuristic tech-
niques to develop the optimal strategy for the early diagnosis of lung cancer. The 
author of this research developed a novel convolutional neural network. To achieve 
the optimal layout and increase network accuracy, the marine predator algorithm was 
also applied. The technique was finally used on the RIDER dataset, and the results 
were compared to those of other pretrained deep networks, such as CNN ResNet-18, 
Google Net, Alex Net, and VGG-19. The suggested approach fared better than the 
other options, according to the final results. With an accuracy of 93.4%, sensitivity of 
98.4%, and specificity of 97.1%, the results demonstrated that the MPA-based strate-
gy is more efficient than other state-of-the-art approaches.[3]. 
To solve the challenge of determining the optimal weight and bias combination for 
lung cancer classification in CT images, T.I.A. Mohmmad et al. suggested a hybrid 
approach that combines CNN and metaheuristic algorithms. The author initially 
created the CNN structure and then identified the solution vector for the model. The 
ideal weight and bias combination for CNN model training was determined using the 
EOSA in order to effectively address the classification problem. Significant training 
of the EOSA-CNN hybrid model allowed the author to find the ideal setup, which 
produced remarkable results. We used the publicly available lung cancer dataset from 
IQ-OTH/NCCD [4].  
An autoencoder system is used in the method created by Bhoj Raj Pandit et al. to 
improve overall accuracy and forecast lung cancer. By adding a multispace image to a 
CNN's pooling layer and optimizing it with the Adam Algorithm, this is achieved. 
The CT scans were pre-processed using the convolution filter before the image was 
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downsampled using max pooling. Features were then extracted using the autoencoder 
model, which is based on a convolutional neural network.  
In order to reduce inaccuracy during the picture reconstruction process, a multi-space 
image reconstruction technique was also used. In the end, this results in improved 
lung nodule prediction accuracy. In order to classify the CT scans, the reconstructed 
images were ultimately used as input for the SoftMax classifier. The state-of-the-art 
and suggested techniques were put into practice with Python Tensor Flow. The accu-
racy of classifying lung cancer increased significantly as a result of this application, 
rising from 98.9% to 99.5%. Furthermore, the processing time became 12 seconds per 
second instead of 10 frames per second [5]. 
A.E. Sebastian and Disha Dua created a novel lung nodule detection algorithm that 
consists of four steps: segmentation, feature extraction, classification, and image pre-
processing. The initial step in this procedure, called pre-processing, was giving the 
original image a number of different treatments. After that, the previously processed 
images were segmented using the "Otsu Thresholding model". The next phase in-
volved extracting and classifying the LBP properties using an improved CNN. The 
activation function and number of convolutional layers of the CNN were adjusted 
using a developed technique called Improved Moth Flame Optimisation (IMFO). 
Ultimately, a study based on particular metrics confirmed the efficacy of the ap-
proach. The accuracy of the suggested study is significantly higher than that of exist-
ing methods. Specifically, its accuracy is 6.85%, 2.91%, 1.75%, 0.73%, 1.83%, and 
4.05% higher than that of the SVM, KNN, CNN, MFO, WTEEB, and GWO + FRVM 
techniques, respectively [7]. Sharmila Nageswaran and her colleagues conducted a 
study on the precise categorization and prediction of lung cancer using machine learn-
ing and image processing technology. First, a set of pictures is needed. The dataset for 
the experimental study included 83 CT scans from 70 different individuals. When 
preparing the photos, the geometric mean filter was applied. Consequently, the quality 
of the images was improved. The K-means technique was then used to separate the 
images into segments. The segmentation approach can be used to identify the specific 
region of the image [8].Y.H. Ali et al. created a rigorous fully CNN classifier. The 
ability to classify biological images was demonstrated by the broad-sense classifier 
MLCNN. The suggested study employs ML-CNN to identify and classify lung no-
dules in CT data. Two categories were used to train the proposed ML-CNN classifier: 
non-nodule (normal) and nodule (malignant, ill, or normal). The sensor data was ad-
justed before being sent to the ML-CNN with PSO for feature extraction and classifi-
cation. To lower noise and normalize intensity values, the lung images were pre-
processed using a Z-score normalization and a Bayesian cutoff based on a Taylor 
series.Following an analysis of the color, shape, and intensity of the lung picture, 
hyperparameters were adjusted using the PSO technique to enhance performance. The 
ML-CNN with PSO has the following F-measure values: 98.85%, 98.85%, 98.89%, 
98.45%, 98.62%, and 98.85%, respectively. In terms of accuracy and convergence, 
the hybrid approach performs better than the others [9].Supervised learning-trained 
feed-forward neural networks excel in finding patterns that forecast survival rates in 
terminal diseases. N.M. Numan et al. used a macro-neural model, which is made up of 
several basic two-layered neural networks connected in parallel, to tackle the two 
issues. Macro-neural networks are feed-forward neural networks that have no hidden 
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layers and numerous connected basic networks. The chosen architecture can affect 
generalization, convergence, and common design issues like as overfitting and hidden 
layer unknowns. Standard tests were performed on the suggested model. A detailed 
description of error analysis was given, and multiple data sets were contrasted. In 
most cases, the suggested approach outperformed traditional methods for predicting 
survival rates [10]. Vemula Suvarchala et  al. created a UCI method to categorize the 
available data on lung cancer into a malignancy by looking at different machine learn-
ing techniques. A well-known Weka classifier approach was used to anticipate and 
transform the input data into binary form before classifying it as either cancerous or 
non-cancerous. The comparison technique shows that the proposed RBF classifier 
was judged the most effective classifier for lung cancer prognostication, with a high 
accuracy of 81.25 percent [12]. 

4. Comparative Analysis 

This section presents a comparative analysis of the literature review carried out by 
multiple authors. The following table displays the thorough analysis and the tech-
niques the researchers employed to train the models. 

Table 01: Comparative Analysis 

Authors and their 
work 

Methodology Analysis Limitations 

C.Venkatesh and
others suggested
screening approach [1] 

 
 

Use Otsu thresholding 
segmentation  

CNN Classifier is used with 
accuracy of 96.97%. use of 
Particle swarm optimisation 
and genetic algorithms
resulted in enhanced accu-
racy  

 

It is sensitive to the
noise.  

H. Elwahsh  and oth-
ers uses four steps for 
categorization of lung 
cancer [2] 

Initially use Deep network 
for analyzing feature from 
dataset. In the second step 
use deep neural network to 
train genetic data. In the 
third step involved access-
ing efficacy of DNCL
models. 

 

DNLC uses five cancer 
datasets created especially 
for classification: blood
cancers, breast carcinoma 
of the squamous cells, a 
carcinoma of the lungs, and 
malignancy of the colon. 
Using the DNLC approach 
yields an average accuracy 
of 93%. 

 

 

Need to improve accu-
racy of the models.  

Xinrong Lu and others 
Combine image proc-
essing, DL, and meta-
heuristic techniques
for enhanced out-

 

They Compared with pre-
trained deep networks
ResNet-18, GoogleNet,
AlexNet, VGG-19. RIDER 
Dataset utilized for testing 

 
 

MPA was used for optimiz-
ing the network layout and 
Improved accuracy and
efficiency. Get accuracy of 
93.4% 

 

RIDER dataset has
limited number of
samples. These mod-
els require high com-
putational powers. 

The Iraq-Oncology
Teaching Hospital's
publicly accessible

 
 
 

created a special CNN
structure for the first ex-
traction and classification 

 Examine how well the
suggested EOSA-CNN
hybrid model performs in 
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IQ-OTH/NCCD Lung 
Cancer Dataset is used 
by T.I.A. Muhammad 
and others [4]. 

 

of features. EOSA used to 
maximize the vector of 
solutions. To attain the 
optimal configuration,
thoroughly train the hybrid 
EOSA-CNN model. 

 

comparison to other meta-
heuristic strategies and
conventional CNN models. 
93.21% was attained using 
the EOSA-CNN model. 

 

 
situations, but is util-
ized for evaluation. 

 

Pandit Bhoj Raj and 
others Compare the 
suggested autoen-
coder-based system's 
performance to current 
approaches for classi-
fying and predicting 
lung cancer [5]. 

 
preprocessed CT scan pic-
tures using a convolution 
filter. used an autoencoder 
based on CNN to extract 
important characteristics
from the processed images. 

 

 

Enhanced accuracy from 
98.9% to 99.5%. The
method demonstrated supe-
rior accuracy and faster 
processing, validating its 
efficiency in lung cancer 
prediction. 

 
Auto encoders extract 
features and reduce
dimensionality, the
resulting data is diffi-
cult to read for medi-
cal imaging where
feature relevance is
essential. 

 
The ANN model was 
developed, tested, and 
validated using the 
Survey Lung Cancer 
dataset by I.A. Nasser 
and colleagues [6]. 

 

Create an artificial neural 
network (ANN) to detect 
lung cancer. uses symptoms 
including coughing, chronic 
illness, anxiety, yellowing 
of the fingers, and allergies, 
among others. 

 

The lung cancer diagnosis 
accuracy of the ANN
model was 96.67%. Using 
patient data and symptom 
analysis, the ANN-based 
method offers a very effec-
tive and precise way to 
diagnose lung cancer. 

 

 
Lungs cancer symp-
tom may overlap with 
other respiratory dis-
eases which may lead 
to incorrect diagnosis. 

A.E. Sebastian and 
Disha Dua Develop an 
advanced four-stage
model for accurate 
lung nodule detection 

 

Utilized Otsu Thresholding 
model for precise segmen-
tation of lung regions.
Extracted Local Binary
Patterns (LBP) features

 
 
 

Features classified using an 
optimized CNN. Improved 
Moth Flame Optimization 
(IMFO) enhanced CNN 
performance, improving 

LBP captures only
texture information
but fail to get impor-
tant characteristics of
the images. 

[7]. 

Sharmila Nageswaran 
and her colleague
collects 83 CT im-
ages were collected 
from 70 unique indi-
viduals to form the 
dataset for the experi-
mental inquiry [8]. 

from segmented images. 

 
The geometric mean fil-
ter was utilized during the 
image preparation phase to 
enhance image qual-
ity.The K-means algo-
rithm was employed to
segment the images 

overall classification accu-
racy. 

 

ANN, KNN,  RF were used 
for classification. ANN
model demonstrated supe-
rior accuracy in predicting 
lung cancer compared to 
the other algorithms tested. 

 
The image is
smoothed using the
geometric mean filter, 
which may result in
the loss of edges and 
tiny details that are
essential for precise
segmentation in de-
tailed or medical im-
aging. 
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Computational cost is 
increased by Taylor 
series extension, par-
ticularly for big or 
high-dimensional 
datasets. 

 

To classify biological 
images, Y.H. Ali and 
colleagues created a 
rigorous fully convo-
lutional neural net-
work (ML-CNN)
classifier. Two pri-
mary categories were 
used to train the ML-
CNN classifier. Nod-
ule: comprises both 
healthy and cancerous 
nodules. Normal lung 
tissue is represented 
by non-nodules [9]. 

s
c
s

i

t

a
a

The lung pictures were 
ubjected to a Bayesian 
utoff based on a Taylor 
eries in order to minimize 

noise.  
The intensity values in each 

a
f
i
9
9

The ML-CNN with PSO 
chieved impressive per-
ormance metrics Accuracy 
s 98.45%, Precision is 
8.89%, Sensitivity is 
8.45%, F-measure is 

98.85% mage were standardized 
using Z-score normaliza-
ion.  

The classifier's perform-
nce was improved by 
djusting hyper-parameters 

using the PSO approach.  
 

The goal of N.M. 
Numan et al. and 
others is to forecast 
survival rates in ter-
minal diseases by
employing feed-
forward neural net-
works trained by su-
pervised learning. [10] 

 

Several simple two-layered 
neural networks connected 
in parallel made up the 
macro-neural model that 
was created. 

 

The proposed macro-neural 
model consis-
tently outperformed stan-
dard survival rate predic-
tion methods across most 
datasets. 

This model gives the
complex output that
having interpretability
challenge.  

 
S. Ahmed  and others 
 utilized ensemble 
XgBoost and ResNet1
01 algorithms to accu-
rately differentiate
between NSCLC and  

 

derived features from
the texture GLCM. 

With an accuracy rate of 
97.0%, KNN beat SVM, 
which had an accuracy rate 
of 83.0%. 

 

Feature derived from
GLCM not generalised 
well for different
dataset. 

SCLC [11]. 
Vemula Suvarchala
and others Focused on 
differentiating cancer-
ous from non-
cancerous data. Dem-
onstrates the potential 
of RBF in medical 
data analysis [12]. 

 Input data pre-processed 
and converted into binary 
form. Utilized the Weka 
classifiers tool for data 
analysis and classification. 

Radial Basis Function
(RBF) classifier achieved 
81.25% accuracy 

 For high dimensional
features it may face
the issue of curse of
dimensionality.  

 

The comparative study of the authors' approaches for predicting lung cancer disease is 
shown in the above table. In general, the aforementioned comparative evaluations 
have some shortcomings, such as inconsistent model performance, difficulties with 
interpretability, and a dearth of high-quality datasets to train the models. 
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5. Conclusion 

Lung cancer diagnosis is being rapidly advanced by deep learning technologies. The 
detailed comparative examination of deep learning models utilized for lung cancer 
diagnosis is covered in this paper. Successful applications of CNN, RNN, ANN, 
VGG-16, and SVM for lung cancer detection have been made. The absence of high-
quality datasets, model interpretation, and variances in model performance are some 
of the difficulties. By overcoming present challenges, deep learning has promise for 
significantly advancing individualized therapy for lung cancer.  
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