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Abstract 
Lung cancer is one of the leading causes of cancer-related deaths worldwide. Early detection of lung 
cancer plays a crucial role in improving patient outcomes and survival rates. In recent years, machine 
learning techniques have shown great potential in aiding the early detection and diagnosis of lung cancer. 
This paper presents a comprehensive review of the application of machine learning algorithms and 
methodologies for lung cancer detection. We discuss various data sources, including medical imaging data 
such as computed tomography. (CT) scans and histopathology images, as well as clinical data and genomic 
data. We review different machine learning approaches, including supervised, unsupervised, and deep 
learning methods, highlighting their strengths and limitations. Furthermore, we discuss feature extraction 
and selection techniques, as well as model evaluation and performance metrics employed in lung cancer 
detection studies Finally, we identify current challenges and future directions in the field, emphasizing the 
importance of robust and interpretable machine learning models for accurate lung cancer detection 
Keywords: lung cancer, machine learning, early detection, medical imaging, deep learning, feature 
extraction, model evaluation, performance metrics

 

Introduction 
 
Lung cancer poses a significant global health 
challenge, contributing to a considerable number of 
cancer-related fatalities annually. Despite 
advancements in treatment methods, the prognosis 
for lung cancer patients remains grim due to late-
stage diagnoses. The early detection of lung cancer 
plays a vital role in enhancing patient outcomes by 
enabling timely interventions and personalized 
treatment strategies [1]. 

Historically, lung cancer detection heavily relied on 
visual examination and subjective interpretation by 
radiologists and pathologists. However, this 
subjective approach, combined with the extensive 

data that needs to be analyzed, presents obstacles in 
accurately identifying and classifying lung cancer 
cases [1].  
In recent years, machine learning has emerged as a 
promising tool to assist in the detection and 
diagnosis of lung cancer. Machine learning 
algorithms have the ability to automatically learn 
patterns and extract meaningful information from 
diverse data sources, including medical imaging 
data, clinical data, and genomic data. By leveraging 
these computational techniques, researchers have 
developed predictive models that enhance the 
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accuracy and efficiency of lung cancer detection 
[1]. 
This paper provides a comprehensive review of the 
application of machine learning techniques in the 
field of lung cancer detection. Our objective is to 
offer a thorough understanding of the current state 
of research, methodologies, and challenges 
associated with employing machine learning for 
this critical task. The review focuses on various 
data sources used in lung cancer detection, such as 
medical imaging data (e.g., computed tomography 
scans and histopathology images). Additionally, we 
explore the integration of clinical data, including 
patient demographics and medical history, as well 
as genomic data, which provides valuable insights 
into the genetic basis of lung cancer [2]. 
The paper examines different machine learning 
approaches in detail, including supervised, 
unsupervised, and deep learning methods, 
discussing their strengths and limitations. We delve 
into the techniques used for feature extraction and 
selection, necessary to extract relevant information 
from complex and high-dimensional data [2].  
Furthermore, we explore the evaluation metrics and 
performance measures employed to assess the 
effectiveness of machine learning models in lung 
cancer detection. While machine learning 
techniques have demonstrated promising results in 
lung cancer detection, several challenges need to be 
addressed to enhance their clinical utility. 
Important considerations include interpretability, 
model generalizability, and robustness to variations 
in data quality and patient demographics. 
Additionally, the integration of machine learning 
models into clinical practice necessitates rigorous 
validation and regulatory approval [2]. 
By critically reviewing existing literature and 
identifying current challenges, this paper aims to 
provide insights into the potential of machine 
learning in lung cancer detection and highlight 
avenues for future research. The ultimate goal is to 
foster the development of accurate, reliable, and 
interpretable machine learning models that can 
assist in early lung cancer detection, thereby 

improving patient outcomes and reducing mortality 
rates [2]. 

Lung Cancer Detection using Machine Learning 
A. Supervised Learning:  
Supervised learning algorithms rely on labeled 
data, where each instance is associated with a 
known class or outcome, such as the presence or 
absence of lung cancer. Some advantages of 
supervised learning in the context of lung cancer 
detection are: 

• Accurate Classification: Supervised learning 
models, including support vector machines (SVM), 
random forests, or gradient boosting algorithms, 
can achieve high accuracy in classifying lung 
cancer cases. By learning from labeled training 
data, these models identify patterns and 
relationships between input features and the 
corresponding class labels [3]. 
Integration of Multiple Data Sources: Lung cancer 
detection often benefits from integrating various 
data sources. Supervised learning algorithms can 
handle different types of data, such as medical 
imaging data (e.g., CT scans), clinical data (e.g., 
patient demographics, medical history), and 
genomic data. This integration allows the models to 
capture a more comprehensive representation of the 
disease, leading to improved detection accuracy 
[3]. 
Flexibility in Feature Engineering: Supervised 
learning enables feature engineering, where 
relevant features are extracted, transformed, or 
selected to enhance the model's performance. 
Researchers can incorporate domain knowledge to 
identify specific biomarkers or characteristics 
associated with lung cancer. This flexibility 
facilitates the development of customized features 
that capture the most discriminative information for 
accurate detection. 
B. Unsupervised Learning:  
Unsupervised learning approaches do not rely on 
labeled data and aim to discover patterns, 
structures, or anomalies in the data. In the context 
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of lung cancer detection, unsupervised learning 
offers several advantages: 

• Anomaly Detection: Unsupervised learning 
methods, such as one-class SVM or isolation 
forests, can identify unusual patterns or outliers 
that may indicate the presence of lung cancer. 
These techniques are valuable in detecting rare 
or atypical cases that might be missed by 
traditional methods. By flagging potential 
anomalies, they can assist in further 
investigation and early detection [4]. 

• Clustering and Subtyping: Unsupervised 
learning algorithms, like k-means clustering or 
hierarchical clustering, can group lung cancer 
cases based on shared characteristics. This 
clustering enables the identification of different 
subtypes or clusters of lung cancer, which may 
have distinct clinical features, genetic profiles, 
or treatment responses. Subtyping can guide 
personalized treatment strategies, prognosis 
prediction, and targeted therapies [4]. 

• Dimensionality Reduction: Unsupervised 
learning techniques, such as principal 
component analysis (PCA) or t-distributed 
stochastic neighbor embedding (t-SNE), reduce 
the dimensionality of high-dimensional data 
while preserving its inherent structure. By 
transforming the data into a lower-dimensional 
space, these methods simplify data 
representation and visualization. They aid in 
exploratory analysis, revealing hidden patterns 
or relationships that may contribute to lung 
cancer detection [4]. 

C. Ensemble methods:  
Ensemble methods are powerful techniques that 
involve the combination of multiple machine 
learning models to enhance prediction accuracy. 
These methods, such as bagging (e.g., random 
forests) or boosting (e.g., AdaBoost), can be 
employed for lung cancer detection. In ensemble 
methods, each model within the ensemble is trained 
on a distinct subset of the data or with different 
hyperparameters. By training diverse models, the 
ensemble is capable of capturing different aspects 

and patterns present in the data. During the 
prediction phase, the outputs of the individual 
models are combined, often through voting or 
weighted averaging, to arrive at the final decision 
or prediction. Ensemble methods have proven to be 
effective in improving the overall performance and 
robustness of machine learning models. By 
leveraging the collective wisdom and diversity of 
multiple models, ensemble methods can handle 
complex patterns, reduce overfitting, and provide 
more reliable predictions for tasks such as lung 
cancer detection [5]. 
RELATED WORK IN FIELD OF Lung Cancer 
Detection using ML  
In a study conducted by J. Al-Tawalbeh et al. 
(2022), the challenge of early diagnosis of lung 
cancer was addressed. The researchers utilized 
classifiers such as KNN, SVM, Naïve Bayes, and a 
narrow neural network (NNN) to predict lung 
cancer based on patient signs. Among these 
classifiers, SVM emerged as the most accurate [6]. 
S. Anisa et al. (2022) emphasized the importance 
of early detection and accurate classification of 
lung cancer. They proposed a lightweight analysis 
module using a customized Multi-feature enabled 
support vector machine (MFE-SVM) algorithm. By 
processing input images to identify affected 
regions, the proposed system achieved an accuracy 
of 98.41% and outperformed existing state-of-the-
art approaches [7]. 
D. Rawat et al. (2022) conducted a study on lung 
cancer prediction using machine learning and deep 
learning algorithms. They evaluated the 
performance of various algorithms, including 
Bayes Net, Naive Bayes, Decision Tree, Random 
Forest, and Artificial Neural Network (ANN). The 
experiment showed that the Artificial Neural 
Network with one layer achieved the highest 
accuracy [8]. 
M. Mamun et al. (2022) conducted a review of 
research articles on lung cancer prediction models 
using machine learning and ensemble learning 
techniques. They discussed attributes such as age, 
sex, smoking habits, and medical history in 
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predicting lung cancer. The researchers also 
introduced ensemble techniques such as XGBoost, 
LightGBM, Bagging, and AdaBoost, which 
demonstrated high accuracy in predicting lung 
cancer [9]. 
In a study by K. Ingle et al. (2021), AdaBoost, an 
ensemble machine learning algorithm, was used for 
predicting different types of lung cancer based on 
lung CT images. AdaBoost achieved an accuracy of 
90.74% and good sensitivity, specificity, and F1 
score, outperforming other machine learning 
algorithms [10]. 
K. Karthick et al. (2021) proposed a lung image 
methodology using computed tomography (CT) for 
the detection and diagnosis of lung cancer. Machine 
learning algorithms and biomedical image 
processing techniques were employed to classify 
CT scan images into different stages of lung cancer, 
aiming to improve early detection and analysis 
[11]. 
A. Rehman et al. (2021) focused on the detection 
and classification of different types of lung cancers 
using machine learning and texture feature 
classification. The proposed technique achieved a 
high accuracy of 93% and 91% for SVM and KNN, 
respectively, by extracting texture features from 
chest CT scan images [12].   
S. Saini et al. (2021): This study aims to detect 
early-stage lung cancer using various machine 
learning algorithms. The research analyzes the 
performance of Multinomial Naive Bayes, Logistic 
Regression, Random Forest, Ridge Classifier, and 
SGD Classifier algorithms. The researchers 
evaluate accuracy, sensitivity, specificity, F1 score, 
and precision on a lung cancer dataset. The goal is 
to assess the performance of different machine 
learning algorithms for the initial stage detection of 
lung cancer [13]. 
G. V. Saji et al. (2021): This study focuses on the 
detection, classification, and prediction of 
cancerous lung nodules and their malignancy levels 
using deep learning methods. The researchers 
explore different deep learning approaches and 
analyze their strengths and limitations. Various 

datasets are utilized to evaluate the performance of 
each method. The objective is to identify the most 
effective deep learning methods for the detection 
and classification of lung cancers [14]. 
M. S. Kumar and K. V. Rao (2021): This research 
proposes a tumor growth detection system for lung 
cancer. The study applies pre-processing 
techniques to improve dataset quality and utilizes 
feature extraction methods to extract geometrical 
and statistical properties from lung cancer images. 
Machine learning algorithms are employed to 
classify lung cancer based on these extracted 
features. The research primarily focuses on 
developing an accurate lung cancer detection 
system [15]. 
A. Sultana et al. (2021): This study concentrates 
on the classification of lung cancer types using 
artificial deep neural networks. The researchers use 
a dataset of CT scan images comprising three types 
of lung tissues: benign tissue, adenocarcinoma, and 
squamous cell carcinoma. The performance of five 
different deep neural networks, including 2-D CNN 
with SVM, ResNet-50, InceptionResNetV2, 
Inception-V3, and VGG-19, is evaluated using 
various metrics such as accuracy, precision, recall, 
and F1 score to assess model performance [16]. 
R. D. Mohalder et al. (2021): The research 
proposes a deep learning model for detecting and 
predicting lung cancer levels based on 
histopathological information. The researchers 
employ a dataset of histopathological images of 
lung cancer and train a deep learning model to 
accurately predict cancer levels. The proposed 
model achieves a high prediction accuracy of 
99.80% using the dataset. Its primary aim is to 
improve the accuracy of lung cancer prediction 
based on histopathological data [17]. 
V. N. Jenipher and S. Radhika (2021): This study 
focuses on predicting the survival rate of lung 
cancer patients using the Support Vector Machine 
(SVM) algorithm. The researchers compare 
different kernel functions of SVM to identify the 
most accurate one for predicting survival rates. 
They evaluate the performance of SVM with 
different kernels using a dataset of lung cancer 



5 | P a g e  

 
Komal Jain et al.,                International Journal of Engineering Technology and Computer Research (IJETCR) 
 

 

patients. The results indicate that the RBF_SVM 
with normalized data achieves the highest accuracy 
compared to other algorithms [18]. 
S. A. Basit et al. (2021): The research integrates 
personal information and molecular features of 
patients using machine learning classifiers and 
molecular dynamics simulation to predict lung 
cancer likelihood. The study employs a dataset that 
includes patient information, genetic mutations, 
and other molecular features. Machine learning 
classifiers such as random forest and deep neural 
network are trained on this dataset to predict the 
likelihood of lung cancer. The proposed model 
aims to improve the accuracy of lung cancer 
prediction by considering various factors [19]. 
Q. B. Baker et al. (2021): This research focuses on 
predicting the survival time of non-small cell lung 
cancer (NSCLC) patients using deep learning 
methods. The study utilizes clinical and radiomics 
datasets extracted from CT images of NSCLC 
patients. Various deep learning methods are 
employed to develop models for predicting survival 

time. Model performance is evaluated using the 
concordance index (C-index), which measures 
prediction accuracy. The research aims to develop 
accurate models for predicting the survival time of 
NSCLC patients [20]. 
J. Nuhić and J. Kevrić (2020): The study 
concentrates on the noninvasive differentiation of 
malignant pleural effusions from benign effusions 
using machine learning algorithms. The researchers 
compare the performance of Adaptive neuro-fuzzy 
inference system (ANFIS), Support Vector 
Machine (SVM), RUS Boosted Tree (RUSBoost), 
and K-Nearest-Neighbor (K-NN) techniques for 
lung cancer detection. The novelty lies in applying 
machine learning models for classification based on 
tumor marker expression obtained from serum and 
pleural fluids. The study evaluates and validates the 
performance of these models on a dataset of 168 
patients, with SVM, RUSBoost, and K-NN 
performing equally well, while ANFIS 
underperforms [21].

 
Table 1: Machine Learning Approaches 

Research 
Paper 

Methodology / Approach Key Findings / Results 

J. Al-
Tawalbeh et al. 
(2022) 

Used KNN, SVM, Naïve Bayes, and NNN 
classifiers for lung cancer prediction 

SVM was the most accurate classifier 

S. Anisa et al. 
(2022) 

Developed a lightweight analysis module 
using MFE-SVM algorithm for lung cancer 
classification 

Achieved 98.41% accuracy, 
outperforming existing approaches 

D. Rawat et al. 
(2022) 

Evaluated performance of Bayes Net, Naive 
Bayes, Decision Tree, Random Forest, and 
ANN for lung cancer prediction 

Artificial Neural Network with one 
layer achieved the highest accuracy 

M. Mamun et 
al. (2022) 

Conducted a review on lung cancer prediction 
models using machine learning and ensemble 
techniques 

XGBoost, LightGBM, Bagging, and 
AdaBoost demonstrated high 
accuracy 

K. Ingle et al. 
(2021) 

Utilized AdaBoost algorithm for predicting 
lung cancer types based on CT images 

AdaBoost achieved 90.74% accuracy, 
outperforming other algorithms 

K. Karthick et 
al. (2021) 

Proposed a lung image methodology using 
CT for lung cancer detection and diagnosis 

Employed machine learning 
algorithms and biomedical image 
processing techniques 
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A. Rehman et 
al. (2021) 

Focused on lung cancer detection and 
classification using texture feature 
classification 

Achieved high accuracy of 93% for 
SVM and 91% for KNN 

S. Saini et al. 
(2021) 

Analyzed performance of Multinomial Naive 
Bayes, Logistic Regression, Random Forest, 
Ridge Classifier, and SGD Classifier for 
early-stage lung cancer detection 

Assessed accuracy, sensitivity, 
specificity, F1 score, and precision 

G. V. Saji et al. 
(2021) 

Explored deep learning methods for 
detection, classification, and prediction of 
lung cancer nodules 

Evaluated different deep learning 
approaches and their performance 

M. S. Kumar 
and K. V. Rao 
(2021) 

Developed a tumor growth detection system 
for lung cancer using pre-processing and 
feature extraction techniques 

Applied machine learning algorithms 
for classification 

A. Sultana et 
al. (2021) 

Focused on lung cancer type classification 
using artificial deep neural networks 

Compared performance of 2-D CNN 
with SVM, ResNet-50, 
InceptionResNetV2, Inception-V3, 
and VGG-19 

R. D. 
Mohalder et al. 
(2021) 

Proposed a deep learning model for detecting 
and predicting lung cancer levels based on 
histopathological information 

Achieved high prediction accuracy of 
99.80% using histopathological 
images 

V. N. Jenipher 
and S. Radhika 
(2021) 

Predicted survival rate of lung cancer patients 
using SVM algorithm 

Compared different SVM kernel 
functions for predicting survival rates 

S. A. Basit et 
al. (2021) 

Integrated personal information and 
molecular features with machine learning 
classifiers and molecular dynamics 
simulation 

Predicted lung cancer likelihood by 
considering various factors 

Q. B. Baker et 
al. (2021) 

Predicted survival time of non-small cell lung 
cancer (NSCLC) patients using deep learning 
methods 

Utilized clinical and radiomics 
datasets extracted from CT images 

J. Nuhić and J. 
Kevrić (2020) 

Differentiated malignant pleural effusions 
from benign effusions using machine learning 
algorithms 

Evaluated ANFIS, SVM, RUSBoost, 
and K-NN techniques for lung cancer 
detection 

 
Challenges / Limitations of ML 
Based on the papers mentioned, here are the 
challenges and limitations of machine learning 
(ML) in lung cancer detection: 
• Lack of Sufficient and Diverse Data: 

Availability of large-scale, diverse, and 
annotated datasets is crucial for training 
accurate and robust ML models. Limited access 
to well-curated lung cancer datasets with 
comprehensive clinical information hampers 
the development and generalizability of ML 
algorithms. 

• Class Imbalance: Imbalanced datasets, where 
one class (e.g., lung cancer-positive cases) is 
significantly underrepresented compared to the 
other, can lead to biased models. Addressing 
class imbalance is essential to ensure that ML 
algorithms do not favor the majority class, 
resulting in reduced sensitivity for minority 
classes. 

• Interpretability and Explainability: Many ML 
algorithms, particularly deep learning models, 
are often considered black boxes, making it 
challenging to interpret and explain their 
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predictions. The lack of interpretability can 
hinder the adoption of ML in clinical settings, 
where transparency and trust in decision-
making are crucial. 

• Integration with Clinical Workflow: Integrating 
ML models into the existing clinical workflow 
poses challenges. ML algorithms should 
seamlessly fit into the clinical process, 
considering factors such as real-time 
prediction, scalability, compatibility with 
electronic health records, and regulatory 
compliance. 

• Limited Generalization: ML models developed 
on one dataset or patient population may not 
generalize well to different populations or 
healthcare settings. Variations in patient 
demographics, genetic profiles, imaging 
protocols, and institutional practices can affect 
the performance and reliability of ML 
algorithms. 

• Ethical and Privacy Concerns: ML algorithms 
rely on patient data, raising concerns about 
privacy, data security, and ethical 
considerations. Safeguarding patient 
information and ensuring compliance with 
regulations and standards, such as HIPAA, is 
crucial when deploying ML systems in 
healthcare environments. 

• Validation and Clinical Utility: Demonstrating 
the clinical utility and real-world impact of ML 
algorithms is essential for their adoption. 
Thorough validation, including external 
validation on independent datasets, and 
evaluation of clinical outcomes are necessary to 
assess the efficacy and value of ML-based lung 
cancer detection systems. 

• Limited Explanation of Features: While ML 
models can learn from data to make accurate 
predictions, the specific features or biomarkers 
driving those predictions may not be easily 
identifiable. Identifying the most relevant 
features and understanding their clinical 
significance is important for building trust and 
aiding medical professionals in decision-
making. 

Addressing these challenges and limitations is 
crucial to ensure the effective and responsible 
application of ML in lung cancer detection, and 
further research and development efforts should 
focus on overcoming these obstacles. 

Conclusion 
The utilization of machine learning techniques in 
the detection of lung cancer has shown great 
promise in enhancing early diagnosis, improving 
patient outcomes, and reducing mortality rates. In 
this comprehensive review, we have explored 
various approaches and methodologies employed 
in this field, highlighting their advantages and 
contributions. Supervised learning algorithms have 
proven to be effective in accurately classifying lung 
cancer cases by leveraging labeled data and 
facilitating the integration of multiple data sources. 
The flexibility of feature engineering allows for the 
incorporation of domain knowledge and the 
identification of specific biomarkers, leading to 
improved accuracy in detection. Unsupervised 
learning techniques provide valuable insights 
through anomaly detection, clustering, and 
subtyping of lung cancer cases. These methods 
assist in identifying atypical cases, uncovering 
distinct subtypes, and guiding personalized 
treatment strategies. Additionally, dimensionality 
reduction techniques aid in data visualization and 
exploratory analysis, revealing hidden patterns and 
relationships in lung cancer data. Deep learning 
approaches have revolutionized lung cancer 
detection by automating feature learning directly 
from raw data. Leveraging neural networks, these 
models excel in image-based analysis, enabling 
precise segmentation and classification of lung 
cancer lesions. Transfer learning further enhances 
performance by leveraging pre-trained models, 
addressing the challenge of limited labeled data and 
improving generalization to new cases. Despite 
these remarkable advancements, several challenges 
still exist. The interpretability and explainability of 
machine learning models in the context of lung 
cancer detection are crucial for gaining trust and 
acceptance from clinicians. Ensuring model 
generalizability across different populations, 
accounting for variations in data quality and 



8 | P a g e  

 
Komal Jain et al.,                International Journal of Engineering Technology and Computer Research (IJETCR) 
 

 

clinical settings, and addressing ethical 
implications are essential for real-world 
deployment. Furthermore, the integration of 
machine learning models into clinical practice 
necessitates thorough validation, regulatory 
approval, and careful consideration of ethical 
considerations. 
Future research should focus on developing robust, 
interpretable, and clinically relevant machine 
learning models. The integration of multi-modal 
data sources, such as medical imaging, clinical 
data, and genomic information, holds promise for 
achieving more comprehensive and accurate lung 
cancer detection. Collaborations between 
researchers, clinicians, and industry stakeholders 
will be crucial in driving progress in this field. In 
conclusion, machine learning techniques have 
demonstrated their potential to transform lung 
cancer detection by improving accuracy, 
efficiency, and personalized treatment approaches. 
By addressing the existing challenges and 
embracing advancements in this domain, we can 
pave the way for early detection, improved patient 
outcomes, and ultimately, a significant reduction in 
lung cancer-related mortality rates. 
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