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Abstract—Cancer is the leading cause of deaths across the
globe and 10 million people died of cancer and particularly 2.21
million new cases registered besides 1.80 million deaths,
according to WHO, in 2020. Malignant cancer is caused by
multiplication and growth of lung cells. In this context, exploiting
technological innovations for automatic detection of lung cancer
early is to be given paramount importance. Towards this end
significant progress has been made and deep learning model such
as Convolutional Neural Network (CNN) is found superior in
processing lung CT or MRI images for disease diagnosis. Lung
cancer detection in the early stages of the disease helps in better
treatment and cure of the disease. In this paper, we made a
systematic review of deep learning methods for detection of lung
cancer. It reviews peer reviewed journal papers and conferences
from 2012 to 2021. Literature review throws light on synthesis of
different existing methods covering machine learning (ML), deep
learning and artificial intelligence (Al). It provides insights of
different deep learning methods in terms of their pros and cons
and arrives at possible research gaps. This paper gives
knowledge to the reader on different aspects of lung cancer
detection which can trigger further research possibilities to
realize models that can be used in Clinical Decision Support
Systems (CDSSs) required by healthcare units.

Keywords—Artificial intelligence; deep learning; lung cancer;
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. INTRODUCTION

Cancer is an abnormal growth of cells in human body.
Lung cancer is leading cause of deaths across the world and
there are different kinds of cancers according to WHO. They
include breast cancer, lung cancer, colon and rectum cancer,
skin cancer, prostate cancer, and stomach cancer. Cancer
incidence in 2020 is high with 2.26 billion breast cancer cases,
2.21 million lung cancer cases, 1.93 million colon and rectum
cancer, 1.41 million prostate cancer cases, 1.20 million skin
cancer cases and 1.09 million stomach cancer cases. These
statistics show the alarming nature of the disease across the
globe. There are many risk factors for cancers. They include
tobacco, alcohol, unhealthy diet, air pollution and physical
activity. Some chronic diseases also play their role in causing
cancer. The major challenge is to detect the lung cancer at early
stage and increase the survival rate of lung cancer patients. In
this context, technological innovations need to be understood
towards cancer diagnosis automatically. With advancements in
artificial intelligence (Al) based approaches such as machine
learning and deep learning, it is important to consider them for
automatic diagnosis of lung cancer. Since there are number of
training samples available and they grow in future, supervised
learning is found suitable for automatic lung cancer detection.

*Corresponding Author

Different methods came into existence based on image
processing, machine learning, deep learning, and artificial
intelligence (Al). The existing methods are investigated in this
paper through systematic review. Several ML based
approaches such as [2], [3], [4], [5] and [9], to mention few, are
some of the representative approaches where supervised
learning is used for lung cancer detection. There are plenty of
deep learning methods explored in [6], [7], [8], [10], [11] to
mention few, that have different advanced learning models
with optimizations for improving prediction performance. Our
contributions in this paper are as follows. We have made
systematic review of methods used for lung cancer detection. It
is backed by a methodology and results of research questions.
It throws light on various insights besides giving research gaps.
The remainder of the paper is structured as follows. Section Il
reviews literature on existing lung cancer prediction methods.
Section Il presents research methodology used for systematic
review. Section IV provides the results for different research
questions. Section V concludes the paper and gives directions
for future scope of the research.

1. LITERATURE REVIEW

This section reviews literature on deep learning methods
used for lung cancer detection. It also covers machine learning
methods, imaging techniques and performance metrics besides
important research gaps.

A. Machine Learning Methods

Machine learning techniques with supervised learning are
used for lung cancer detection. Bhatia et al. [2] proposed a
methodology to diagnose lung cancer using CT images. Their
methodology includes Random Forest (RF) and XGBoost
methods along with ensemble learning approach. Radhika and
Nair [4] explored different ML models such as Logistic
Regression (LR), Decision Tree (DT), Support Vector Machine
(SVM) and Naive Bayes. Pradhan and Chawla [5] used ML
models along with a novel architecture for realizing Medical
Internet of Things (MIoT). Rehman et al. [9] used ML models
like SVM and ANN to detect the disease from lung CT scans.
Jenipher and Radhika [14] explored in feature extraction and
selection with ML models for early prediction of lung cancer
Banerjee et al. [16] studied Classification models like SVM,
RF for prediction of early-stage lung cancer. Joshua et al. [17]
investigated on different ML techniques suitable for image
processing leading to lung cancer prognosis. Chaturvedi et al.
[19] studied ML models for detection and classification of lung
cancer using MRI, X-Ray, and CT-scan imagery. Raoof et al.
[26] proposed ML based framework made up of SVM, ANN
and so on for lung cancer research. Shanthi and Rajkumar [27]
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proposed a feature selection method based on Stochastic
Diffusion Search (SDS) to improve ML performance in lung
cancer classification.

Singh and Gupta [31] used X-Ray, CT and MRI imagery
for lung cancer detection with the help of ML models. DICOM
CT images are used by Dev et al. [34] with ML models to
detect lung cancer. Saba [38] investigated on recent
advancements on ML models for lung cancer research. They
used different imaging techniques for proof of the concept.
Thallam et al. [40] explored ML models like ANN, KNN, RF
and SVM for early prediction of lung cancer. Both ML and
IsomiR Expression methods are combined by Liao et al. [46]
for cancer diagnosis. Pawar et al. [49] used ML models and
image processing techniques to detect lung cancer. Chabon et
al. [50] investigated on genomic features for early lung cancer
detection in a non-invasive approach. Selvathi and
AarthyPoornila [55] studied different ML models such as SVM
and KNN for cancer research. Lalitha [60] used ML models for
automatic detection of lung cancer. Gupta et al. [62]
investigated on supervised ML techniques to detect cancers.
Kumar and Rao [63] made research like that of [62].

Katiyar and Singh [66] compared ML models and their
efficiency in cancer detection process. Wang et al. [67] focused
on pathology analysis using lung cancer images using Al
approaches. Houby [68] discussed about disease management
techniques associated with ML. Gang et al. [69] proposed
dimensionality reduction method along with deep learning to
analyses chest X-Ray for detection of lung cancer. Mukherjee
and Bohra [70] used ML approaches for disease prediction.
Hussain et al. [71] presented different feature extraction
methods to improve prediction capability of ML models in
disease prediction. Bankar et al. [76] made symptom analysis
with data-driven approach using ML techniques for early
detection of lung cancer.

B. Deep Learning Methods

Deep learning methods are based on neural networks. They
are used widely for processing images such as lung CT and
MRI. Tekade and Rajeswari [6] used deep learning models
such as VGG and U-net architecture for lung cancer
classification. Shakeel et al. [7] proposed “Improved Profuse
Clustering Technique (IPCT)” using CT images for lung
cancer detection. Shakeel et al. [8] used improved deep neural
network and ensemble learning for automatic detection of the
disease. Das and Majumder [10] explored different methods
linked to deep learning practices for lung cancer detection.
Kalaivani et al. [12] used a CNN based model known as
DenseNet with CT imagery for disease diagnosis. Shin et al.
[13] used deep learning approach for Spectroscopic analysis
towards lung cancer diagnosis. Ibrahim et al. [18] used CT
scan images investigating on chest diseases such as Covid-19,
lung cancer and pneumonia. Their methodology is based on
CNN based pre-trained deep learning models such as
ResNet152V2 and VGG 19. Cherukuri et al.,[21] the study
looks upon clinical tomography exercises. Lakshmana Prabu et
al. [22] proposed a deep learning-based approach based on
techniques known as “Optimal Deep Neural Network (ODNN)
and Linear Discriminate Analysis (LDA).” Selvathi and
Poornima [23] proposed deep learning methods for medical
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data analysis using CT and MRI imagery with the notion of
Region of Interest (ROI).

Elnakib and Amer [24] proposed a deep learning method
based on VGG16 and AlexNet along with an optimization
technique based on Genetic Algorithm (GA) to classify lung
nodules from CT images. Wang et al. [25] presented a weakly
supervised learning approach with deep learning for classifying
lung images. They exploited Fully Convolutional Network
(FCN) to realize an automated detection system. Liu et al. [28]
explored deep reinforcement learning approaches towards lung
cancer detection in presence of Medical IoT. Sajja et al. [29]
investigated on deep transfer learning using CT images for
diagnosis of lung cancer. Schwyzer et al. [30] used deep neural
networks with CT images for lung cancer detection
automatically. Ardila et al. [32] used 3D deep learning
phenomena with end-to-end screening of CT images for lung
cancer prognosis. Avanzo et al. [33] focused on combining
deep learning with radiomics for efficient detection of lung
cancer. Hashemzadeh et al. [35] investigated on automatic
cancer screening applications using deep learning models.
Kancherla and Mukkamala [36] proposed a novel methodology
for lung cancer diagnosis. This methodology exploits features
associated with nucleus segmentation. Xu et al. [37] explored
serial medical imaging with deep learning for prediction of
lung cancer.

Doppalapudi et al. [39] used deep learning approaches to
predict period of lung cancer survival. Coudray et al. [41]
proposed deep learning-based approach for classification and
mutation prediction linked to lung cancer. Munir et al. [43]
explored various methods in ML and deep learning for
prognosis of different kinds of cancers. Nasrullah et al. [44]
used deep learning techniques along with multiple strategies to
detect lung nodules and classify them. Mhaske et al. [45]
proposed a deep learning algorithm to analyse lung CT image
to find the presence of cancer. Hua et al. [47] focused on lung
nodule classification using deep learning approaches.
Subramanian et al. [48] proposed a deep learning framework
using CNN based methods such as AlexNet, LeNet and
VGG16. Kumar and Bakariya [51] used deep learning methods
to find the presence of malignant cancers in CT images.
Kriegsmann et al. [52] used deep learning models to classify
and differentiate non-small cell lung cancer from small cell
lung cancer. Yang et al. [53] made a retrospective study of
whole slide images with deep learning for multi-class
classification of lung cancer. Similarly, Hosny et al. [54] made
a cohort radiomics study with deep learning methods for lung
cancer prognosis.

Jena et al. [56] proposed a hybrid model based on deep
learning, named DGMM-RBCNN, for detection and
classification of lung cancer. Pham et al. [57] proposed a two-
step deep learning approach for lung cancer detection from
histopathological images. Gordienko et al. [58] used chest X-
Ray images along with deep learning for lung segmentation to
diagnose lung cancer. Sun et al. [59] exploited ROI based
approaches and automatic feature selection using deep learning
for lung cancer diagnosis. Fang [61] made a hybrid approach
using deep learning, transfer learning, GooglLeNet and the
features linked to median intensity projections.
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Ponnada and Srinivasu [64] proposed efficient CNN model
based on deep learning for lung cancer prognosis. Cha et al.
[65] used deep learning and chest radiographs to detect lung
cancer. Hatuwal and Thapa [72] used Histopathological
imagery with deep learning such as CNN for lung cancer
prediction. Sungheetha et al. [73] made a comparative study of
deep learning models while lung CT image segmentation is
explored by Brahim et al. [74]. Salaken et al. [75] proposed a
methodology to study low population dataset to extract features
using deep learning for lung cancer diagnosis. Lustberg et al.
[77] proposed automatic contouring technique with deep
learning across the globe for clinical evaluation. Lung
abnormality detection method is proposed in [78] for automatic
lung cancer detection based on deep learning. Masood et al.
[79] proposed a methodology for Pulmonary cancer detection
with CT imagery. Bharati et al. [80] used X-Ray images to
evaluate their hybrid deep learning method that combines
VGG, CNN and data augmentation.

C. Imaging Techniques

Lung MRI and CT scan imagery are widely used for lung
cancer diagnosis. Rehman et al. [9] used ML models like SVM
and ANN to detect the disease from lung CT scans. Shakeel et
al. [7] proposed “Improved Profuse Clustering Technique
(IPCT)” using CT images for lung cancer detection. Kalaivani
et al. [12] used a CNN based model known as DenseNet with
CT imagery for disease diagnosis. CT imagery is used by
Rahane et al. [15]. Joshua et al. [17] used both MRI and CT
scan imagery in their research. Ibrahim et al. [18] used CT scan
images investigating on chest diseases such as Covid-19, lung
cancer and pneumonia. Chaturvedi et al. [19] studied ML
models for detection and classification of lung cancer using
MRI, X-Ray and CT-scan imagery. Riquelme et al. [20] used
CT scans for lung cancer nodules classification. Lakshmana
Prabu et al. [22] used lung CT images for detection of cancer.
In [31] X-Ray, CT and MRI imagery are used for lung cancer
detection. In [32] CT images and in [34] DICOM CT imagers
are used in lung cancer research. Kadir and Gleeson [42] used
advanced imaging techniques for lung cancer diagnosis.

D. Performance Metrics

Widely used performance metrics in the ML and deep
learning-based approaches for lung cancer detection are
summarized in the Table I.

TABLE I. WIDELY USED METRICS IN ML AND DEEP LEARNING
RESEARCH LINKED TO LUNG CANCER DIAGNOSIS
. Best
Metric Formula Value range value
TP+ TN
Accuracy _ PAIN [0; 1] 1
TP+TN+ FP+FN
TP
Precision _— 0; 1 1
® TP + FP [0:1]
TP
Recall (r) _— [0; 1] 1
TP+ FN
* T
F1-Score 2 % (pxr) [0; 1] 1
W+
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Precision refers to positive predictive value while the recall
refers to true positive rate. F1-score is the harmonic mean of
both precision and recall which is used to have a measure
without showing imbalance while accuracy measure may show
imbalance. These metrics are derived from confusion matrix
shown in Fig. 1.

Classified as
P—

Negative

Positive

True Positive False Negative Positive

Really is

False Positive

True Negative

Negative

Fig. 1. Confusion matrix.

Based on the confusion matrix, the confusion matrix shows
the measures like true positive (TP), false positive (FP), false
negative (FN) and true negative (TN). These are determined by
comparing result of ML algorithm when compared with the
ground truth.

E. Research Gaps

With recent advances in deep learning, research has made a
significant leap to help identify, classify, and quantify patterns
in medical images. Particularly, improvements in computer
vision inspired its use in medical image analysis such as image
segmentation, image registration, image fusion, image
annotation, computer-aided diagnosis and prognosis,
lesion/landmark detection, and microscopic imaging analysis,
to name a few. Particularly lung cancer is one of the problems
that has attracted significant research. Many deep learning-
based solutions came into existence. However, there is lot to do
to have more accurate detection of lung cancer early. For
instance, the research carried out in [22] has significant
limitations. First, it has issues in detection of lung cancer early.
Second, there is need for improving CNN architectures and
cascade them besides making a pipeline with patient-level
descriptive statistics for better prediction. Third, ensemble of
classifiers could lead to further improvement in prediction of
lung cancer.

1. RESEARCH METHODOLOGY

This section presents the research methodology for making
systematic review of literature on deep learning techniques for
lung cancer detection. It throws light on many aspects of the
review process with details on preferred databases for articles,
the process of research or conceptual framework, criteria for
including or excluding research articles and distribution of
articles used in the research.
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A. Research Questions

This systematic review has synthesis of literature from
2012 to 2021 on deep learning methods used for lung cancer
detection. It has potential to answer the following research
questions.

Research Question 1: What are different deep learning
methods used from 2012 to 2021 to diagnose lung cancer?

Research Question 2: What are different datasets used from
2012 to 2021 for the research of lung cancer detection?

Research Question 3: What are the different development
platforms used for lung cancer detection from 2012 to
2021?

Research Question 4: What are the different performance
metrics used for evaluation of lung cancer detection methods?

Research Question 5: What are the imaging techniques
used for lung cancer detection from 2012 to 2021?

Research Question 6: What are the results obtained for lung
cancer detection from 2012 to 2021?

These research questions help to ascertain answers to
various questions in terms of deep learning methods, datasets
used for the research, development platforms used for building
models, performance metrics widely used, imaging techniques
and results.

B. Data Sources

Research articles used in this paper are collected from
different sources. Article selection process includes criteria for
inclusion and exclusion of articles. The databases or digital
libraries from which articles are taken are as follows.

o  Wiley

e Google Scholar (https://scholar.google.com)

(https://onlinelibrary.wiley.com/)

e  Springer (https://www.springer.com/in)

e Elsevier (https://www.elsevier.com/en-in)

e |EEEXplore
(https://ieeexplore.ieee.org/Xplore/home.jsp)

C. Search Process

Search for articles is carried out with different search
phrases. The search applications associated with digital
libraries are used to fine relevant peer-reviewed articles that
satisfy inclusion and exclusion criteria. The collected articles
include articles and conferences.

Table Il shows search process in terms of different phrases
used for finding suitable articles on lung cancer detection. It
has provision to collect articles from different sources based on
the search phrases provided. After collecting research articles,
different criteria on inclusion and exclusion are used to filter
out the articles further.

Vol. 14, No. 3, 2023

TABLE Il. SEARCH PHRASES USED IN THE SEARCH PROCESS
Sr. No. Search Phrase Description
Machine learning techniques This is used for finding lung
1 - cancer research based on
for lung cancer detection - -
machine learning approaches.
Deep learning techniques for This is used for finding lung
2 . cancer research based on deep
lung cancer detection ;
learning approaches.
Artificial intelligence This is used for finding lung
. cancer research based on
3 techniques for lung cancer S
. Artificial intelligence
detection
approaches.
4 Lung cancer detection | It is used to find any methods
techniques used for lung cancer detection

D. Criteria for Article Selection Process

Inclusion and exclusion criteria for this research are defined
as presented in Table Ill. The criteria are meant for leveraging
quality of the articles used for the systematic review. Articles
in English language that have been published between 2017
and 2021 are used for systematic review.

Table I11 shows the criteria used to select quality articles
used in the systematic review. It reflects the state-of-the-art
methods used for lung cancer detection.

TABLE Ill.  CRITERIA USED FOR ARTICLE SELECTION PROCESS
SL. Inclusion - T I
NO. Criteria Exclusion Criteria Justification
English  articles are
preferred as there is
L . . neither time for
1 QL“(LI; |: English é;tul:ilser? other than translation nor
guag 9 availability of required
tools for translation.
Lung cancer with Lung cancer detection
2 either CT or MRI Datasets other than with  these  imaging
; - CT and MRI . : .
imaging techniques is reliable.
Quality of articles that
are peer-reviewed is
3 Peer-reviewed Non-peer reviewed considered to be high.
Non machine | The machine learning
4 Machine learning | learning and non- | and  deep  learning
and deep learning | deep learning | techniques are preferred
methods due to their utility.

E. Research Process

We followed a specific research process of search,
exclusion, and inclusion criteria of articles that is illustrated in
Fig. 2. As many as 180 articles are collected using the search
phrases.
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Search for articles
based on search
phrases

Articles after
application of
exclusion criteria

Articles after the
application of
inclusion criteria

Fig. 2.

Afterwards, the articles are subjected to exclusion criteria
which have resulted in filtering of the articles to 153. Then the
selection process continued with the inclusion criteria on the
153 articles. This process has eliminated 73 articles from the
list and finally we got 80 articles for the systematic literature.

This article selection process has led to the removal of
irrelevant articles that do not meet the selection criteria.

As presented in Fig. 3, the articles that satisfied inclusion
and exclusion criteria are subjected to data analysis process. It
is found that most of the articles belong to 2017 to 2021
publication years. From 2012 to 2016 only five articles are
found to satisfy the selection quality process.

As presented in Fig. 4, the article distribution is provided in
terms of percentage for each year. The highest number of
articles belong to 2019 and 2020 years with 26% while 25% of
articles are selected from 2018.

As presented in Fig. 5, IEEE is the publisher from which 11
journal papers and 14 conference papers are selected. From
Elsevier publications 12 articles are selected while from
Springer publications 10 articles are selected. The articles
taken from Google Scholar are 21 while 5 are from MDPI.

Year Wise Article Distribution

30
27 25

26 26

s /
15 i \
12 /

9
6
sl 1 1 2 4f
0

No. of Articles

U

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Publication Year

Fig. 3. Shows year wise distribution of published articles used for the
review.

Methodology for article selection process.

Year Wise % of Selected Articles

m 2017
m2018
2019
m 2020
m2021
Fig. 4. Year wise % of selected articles.
Publisher Wise Article Distribution
25 12 21
8 90 |1 10
o
£ 15
~4<— 10 i
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IEEE Elsevier Springer Google MDPI

Fig. 5.

Scholar
Publisher

Shows publisher wise selected article distribution.

As presented in Table 1V, the articles used for the survey in

this paper are

provided and they belong to different journals

and conferences from diversified and reputed publishers.

TABLE IV. SUMMARY OF RESEARCH ARTICLES USED IN REVIEW
Journal References
IEEE 4,6,9,10, 14, 15, 16, 21, 25, 26, 36.
Elsevier 3, 18, 28, 38, 39, 57, 68, 74, 77, 78, 79, 80.
Springer 1,2,8,23, 27, 31, 33, 34, 56, 58.

ACS Publications

11,13

MDPI

20,43, 44,52, 67

Google Scholar

29, 30, 32, 35, 37, 41, 42, 46, 47, 48, 49, 50, 51,
53, 54, 59, 60, 64, 65,72,73

IEEE Conference

40, 45, 55, 61, 62, 63, 66, 69, 70, 71, 75, 76, 85.

Other Conferences

5,7,12,17,19, 22, 24
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Most authors used Convolution Neural Network to detect
the lung cancer from 2012 to 2021.

As presented in Table V, different deep learning methods
used from 2012 to 2021 to diagnose lung cancer are provided.

V. RESULTS OF THE RESEARCH

This section provides results containing answers for many
research questions provided in Section 11 A.

A. Results of Research Question 1

Research Question 1: What are different deep learning
methods used from 2012 to 2021 to diagnose lung cancer?

TABLE V. RESULTS OF RESEARCH QUESTION 1

Reference Authors Publisher Year Deep Learning Methods
[1] Asuntha and Srinivasan Springer 2020 Convolutional Neural Network, FPSOCNN
[2] Bhatia et al., Springer 2019 UNet and ResNet
[5] Kanchan and Priyanka X:;‘;%iecr:em 2020 Convolutional Neural Network and RNN and DBN
[6] Ruchita and Rajeswari IEEE 2018 Convolutional Neural Network
[7] Shakeel et al., Other Conference 2019 Convolutional Neural Network and DNN
[8] Mohamed et al., Springer 2020 Improved deep neural network (IDNN)
[10] Susmita and Swanirbhar IEEE 2020 Convolutional Neural Network
[12] Kalaivani Conference 2020 Convolutional Neural Network
[18] Ibrahim et al., Elsevier 2021 Convolutional Neural Network
[24] Ahmed and Hanan Other 2020 Convolutional Neural Network
[25] Wang et al., IEEE 2019 Convolutional Neural Network and FCN
[29] Sajjaetal., IIETA 2019 Convolutional Neural Network
[33] Avanzo et al., Springer 2020 Convolutional Neural Network
[37] Xuetal., Other 2019 Convolutional Neural Network and RNN
[39] Doppalapudi et al., Elsevier 2021 Convolutional Neural Network, RNN and ANN
[42] Timor and Fergus Other 2018 Convolutional Neural Network
[43] Munir et al., MDPI 2019 GANs, DANs, RNNs, CNNs, LTSM
[44] Nasrullah et al., MDPI 2019 Convolutional Neural Network and R-CNN
[45] Mhaske et al., IEEE 2019 Computer-Aided Diagnosis (CAD)
[46] Hua et al., Other 2015 Computer-Aided Diagnosis (CAD)
[48] Subramanian et al., Elsevier 2020 Convolutional Neural Network
[51] Vinod and Brijesh (I\ée#j;gﬁ:]ollitjngineering 2021 Convolutional Neural Network

gy

[52] Kriegsmann et al., MDPI 2020 Convolutional Neural Network
[55] Selvathi and AarthyPoornila IEEE 2017 KNN, SVM, decision trees, and random forest
[56] Jenaetal, Springer 2021 DGMM-RBCNN
[58] Gordienko et al., Springer 2019 Convolutional Neural Network

www.ijacsa.thesai.org
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B. Results of Research Question 2

Research Question 2: What are different datasets used from
2012 to 2021 for the research of lung cancer detection?

As presented in Table VI, different datasets used from 2012
to 2021 for the research of lung cancer detection are provided.
The data sets from (Lung Image Database Consortium) LIDC,
LUNA dataset real time data, and Cancer Image Archive (CIA)
etc. all the authors downloaded and used the datasets for their
proposed different deep learning algorithms to analysis,
classify and predict the lung cancer disease.

Vol. 14, No. 3, 2023

C. Results of Research Question 3

Research Question 3: What are the different development
platforms used for lung cancer detection from 2012 to 2021.
Most of the authors used Python and MATLAB for detect lung
cancer.

As presented in Table VII, different development platforms
used for lung cancer detection from 2012 to 2021 are provided.
The authors used different computer programming languages
and tools like Python, Java and MAT Lab for implementing
their work.

TABLE VI.  RESULTS OF RESEARCH QUESTION 2
Reference Authors Publisher Year Dataset Used
[1] Asuntha and Srinivasan Springer 2020 Real-time data set, B LIDC data set
[2] Bhatia et al., Springer 2019 LIDC-IDRI dataset.
[4] Radhika et al., IEEE 2019 Data world, UCI Machine Learning Repository
[5] Kanchan and Priyanka Management Analytics 2020 UCI repository dataset
[6] Ruchita and Rajeswari IEEE 2018 LUNAL6 and Data Science Bowl 2017
[7] Shakeel et al., Other Conference 2019 Cancer imaging Archive (CIA)
[8] Mohamed et al., Springer 2020 cancer imaging archive (CIA)
[9] Rehman et al., 2021 2021 Chest CT scan image
[10] Susmita and Swanirbhar IEEE 2020 LUNA dataset
[25] Wang et al., IEEE 2019 TCGA Dataset and SUCC Dataset
[29] Sajjaetal., IIETA 2019 Lung Image Database Consortium (LIDC) dataset
[44] Nasrullah et al., MDPI 2019 LUNAL6 and LIDC-IDRI
[45] Mhaske et al., IEEE 2019 Lung Image Database Consortium (LIDC)dataset
[46] Hua et al., Other 2015 Lung Image Database Consortium
. " Medical Engineering &
[51] Vinod and Brijesh Technology 2021 LIDC
[58] Gordienko et al., Springer 2019 JSRT, BSE-JSRT
TABLE VII. RESULTS OF RESEARCH QUESTION 3
Reference Authors Publisher Year Platform/Tool
[5] Kanchan and Priyanka Management Analytics 2020 Python
[6] Ruchita and Rajeswari IEEE 2018 Python
[7] Shakeel et al., Other Conference 2019 MATLAB
[8] Mohamed et al., Springer 2020 MATLAB
[9] Rehman et al., 2021 2021 MATLAB
[15] Rahane et al., IEEE 2018 JAVA
[56] Jena et al., Springer 2021 MATLAB
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D. Results of Research Question 4

Research Question 4: What are different performance
metrics used for evaluation of lung cancer detection method?

As presented in Table VIII, different performance metrics
used for evaluation of lung cancer detection methods are
provided. Performance metrics like Accuracy, sensitivity,
specificity, f measure and ROC curves using the following
metrics, the authors evaluate their developed models.

E. Results of Research Question 5

Research Question 5: What are the imaging techniques
used for lung cancer detection from 2012 to 20217

Vol. 14, No. 3, 2023

As presented in Table IX, different imaging techniques
used for lung cancer detection from 2012 to 2021 are provided.
The imaging techniques like Computer Tomography, X-Ray,
and magnetic resonance imaging (MRI) provide different
images related to Lung cancer and non-cancer images. The
authors used those images as datasets for deep learning models.

F. Results of Research Question 6

Research Question 6: What are the results obtained for lung
cancer detection from 2012 to 2021?

As presented in Table X, different performance metric like
Accuracy, Specificity, F1 Score and area under the curve
(AUC) values obtained by author’s for lung cancer detection
from 2012 to 2021 are provided.

TABLE VIIIl. RESULTS OF RESEARCH QUESTION 4
Reference Authors Publisher Year Performance Metrics
[1] Asuntha and Srinivasan Springer 2020 | Accuracy,
[2] Bhatia et al., Springer 2019 | Accuracy
[4] Radhika et al., IEEE 2019 | Accuracy
[5] Kanchan and Priyanka Management Analytics | 2020 | accuracy, sensitivity, specificity, precision, F1-score, AUC, recall, and ROC
[6] Ruchita and Rajeswari IEEE 2018 | Accuracy
[7] Shakeel et al., Other Conference 2019 | Accuracy, specificity, precision, F1-score, recall
[8] Mohamed et al., Springer 2020 | Accuracy, specificity, precision, recall and F-score.
[9] Rehman et al., 2021 2021 | specificity, sensitivity, and accuracy
[10] Susmita and Swanirbhar IEEE 2020 | specificity, sensitivity, and accuracy.
[12] Kalaivani Conference 2020 | Accuracy
[14] Nisha and Radhika IEEE 2020 | Accuracy
[17] Joshual et al., Others 2020 | ROC, AUC, Accuracy, Sensitivity and Specificity
[18] Ibrahim et al., Elsevier 2021 | Loss, AUC, precision, recall, and accuracy
[20] Diego and Moulay MDPI 2020 | sensitivity (SE), specificity (SP), accuracy (ACC), precision (PPV), F1-score
[29] Sajjaetal., IHETA 2019 | Sensitivity, Accuracy
[44] Nasrullah et al., MDPI 2019 | Accuracy
[45] Mhaske et al., IEEE 2019 | Accuracy
[48] Subramanian et al., Elsevier 2020 | Accuracy
[55] Selvathi and AarthyPoornila IEEE 2017 | Accuracy
[56] Jena et al., Springer 2021 | Accuracy, sensitivity, specificity, F-measure MCC, and ROC curves
[60] Lalitha. S Springer 2021 | Accuracy, Sensitivity, Specificity and Time consumption
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TABLE IX. RESULTS OF RSEARCH QUESTION 5
Reference Authors Publisher Year Imaging Technique
[1] Asuntha and Srinivasan Springer 2020 Computed Tomography-Scan
[2] Bhatia et al., Springer 2019 $gnr?gg:§ghy-80an
[6] Ruchita and Rajeswari IEEE 2018 Computed Tomography-Scan
[7 Shakeel et al., Other Conference 2019 Computed Tomography-Scan
[8] Mohamed et al., Springer 2020 Computed Tomography-Scan
[9] Rehman et al., 2021 2021 Computed Tomography-Scan
[10] Susmita and Swanirbhar IEEE 2020 Computed Tomography- image
[12] Kalaivani Conference 2020 Computed Tomography-Scan
[15] Rahane et al., IEEE 2018 Computed Tomography-Scan
[17] Joshual et al., Others 2020 CT Scan
[18] Ibrahim et al., Elsevier 2021 Computed Tomography-Scan
[20] Diego and Moulay MDPI 2020 Computed Tomography-Scan
[29] Sajja et al., IIETA 2019 Computed Tomography-Scan
[33] Avanzo et al., Springer 2020 Computed Tomography-Scan
[37] Xu etal., Other 2019 Computed Tomography-Scan
[44] Nasrullah et al., MDPI 2019 Computed Tomography-Scan
[45] Mhaske et al., IEEE 2019 Computed Tomography-Scan
[46] Huaetal., Other 2015 Computed Tomography-Scan
[48] Subramanian et al., Elsevier 2020 Computed Tomography-Scan
[51] Vinod and Brijesh Medical Engineering & Technology 2021 Computed Tomography-Scan
[52] Kriegsmann et al., MDPI 2020 Computed Tomography-Scan
[56] Jenaet al., Springer 2021 Computed Tomography-Scan
[58] Gordienko et al., Springer 2019 X-Ray, MRI
[60] Lalitha. S Springer 2021 Computed Tomography- Images
TABLE X. RESULTS OF RSEARCH QUESTION 6
Reference Authors Publisher Year Result (Accuracy)
[1] Asuntha and Srinivasan Springer 2020 Accuarcy-87.5%
[7] Shakeel et al., Conoftehree;ce 2019 Accuracy-98.42%
[9] Rehman et al., 2021 2021 Accuracy - 93.00%
[12] Kalaivani Conference 2020 Accuracy - 90.85%
Accuracy-98.05%
[18] Ibrahim et al., Elsevier 2021 Specificity (SPC)-99.5%, F1 score - 98.24%, area under the curve
(AUC)- 99.66%
[56] Jenaetal., Springer 2021 Accuracy-87.79%
[60] Lalitha. S Springer 2021 Accuracy -98.7%
V.  CONCLUSION AND FUTURE WORK in Clinical Decision Support Systems (CDSSs) required by

In this paper, we made a systematic review of deep learning
methods for detection of lung cancer. It reviews peer reviewed
journal papers and conferences from 2012 to 2021. Literature
review throws light on synthesis of different existing methods

covering machine learning (ML), deep learning and artificial
intelligence (Al). It provides insights of different deep learning  [1]
methods in terms of their pros and cons and arrives at possible
research gaps. This paper gives knowledge to the reader on
different aspects of lung cancer detection which can trigger 21
further research possibilities to realize models that can be used

healthcare units. Besides, this systematic review could answer
different research questions that may be of help to other
researchers and readers. In future, we will work on filling
certain research gaps identified in this paper.
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