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ABSTRACT

Lung cancer is the most common cancer worldwide and one of the leading causes of
cancer-related deaths due to late detection. Radiologists typically diagnose lung cancer
through the visual analysis of computed tomography (CT) scan images, a process that
is tedious, time-consuming, and prone to errors. Additionally, variations in CT scan
image intensity and the potential for misinterpretation of anatomical structures make it
challenging to accurately identify cancerous cells. The TNM (Tumour, Node,
Metastases) staging system is commonly used by doctors and radiologists to classify
lung cancer progression. Early detection of lung cancer, particularly in the T1 and T2
stages, significantly improves survival rates, highlighting the importance of timely and
accurate diagnosis. This study aims to develop an automated early-stage lung cancer
diagnosis system using a new regression feature extraction method and machine
learning techniques. The system is designed to assist radiologists and medical experts
in diagnosing lung cancer and making treatment decisions. The methodology is divided
into five stages: image acquisition, pre-processing, lung lesion detection, early-stage
lung cancer diagnosis, and performance evaluation. The lung CT scan images used in
this study were obtained from the Advanced Medical and Dental Institute (AMDI),
Universiti Sains Malaysia (USM). In the pre-processing stage, a new segmentation
method using geometrical features was proposed to segment lung lesion and non-lesion
regions. For lung lesion detection, a new Regression Features (RFE) was introduced,
generating four feature sets: RFE 1, RFE 2, RFE 3, and RFE 4. The best-performing
set, RFE 2, was then fed into two proposed hybrid deep neural networks: Hybrid 1D-
CNN-LSTM and VGG16-1D-LSTM, to classify lung lesion and non-lesion regions.
Both models achieved an accuracy of 96%, with the Hybrid 1D-CNN-LSTM
outperforming VGG16-1D-LSTM in AUC (0.91 vs. 0.81). Identified lung lesions were
further analysed in the early-stage lung cancer diagnosis stage using machine learning
classifiers, including Support Vector Machine (SVM), Gradient Boosting, AdaBoost,
and Random Forest. Among these, Random Forest demonstrated the highest capability
for automatically diagnosing early-stage lung cancer, achieving a cross-validated
accuracy of 97.14% and an AUC of 0.9884. In the performance evaluation stage, the
results were correlated with patient radiology reports to assess clinical relevance. The
findings suggest that the proposed system has the potential to serve as an effective
decision-support tool for radiologists in diagnosing early-stage lung cancer, ultimately
improving early detection, patient outcomes, and clinical workflow efficiency.
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CHAPTER 1
INTRODUCTION

1.1 Research Background

According to the American Cancer Society (ACS) [1], an estimated 238,340
new lung cancer cases will be diagnosed in 2023, with approximately 127,070 deaths,
accounting for 20% of all cancer-related fatalities. Lung cancer occurs when mutated
cells multiply uncontrollably, forming tumours that invade and destroy surrounding
tissues [2]. The two main types of lung cancer are small-cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC), with NSCLC being the most common and a
leading cause of cancer-related deaths in both men and women in the United States. The
incidence of lung cancer is rare in individuals under 40 but increases significantly in
those over 70 [3]. Smoking remains the leading cause, responsible for nearly 80% of
cases [1].

In Malaysia, the age-standardised incidence rate of lung cancer rises sharply
after 45, peaking in the 60—74 age group, making it the third most common cancer in
the country. A study from a Malaysian hospital found that all lung cancer patients
presented with stage III or IV disease, with a median survival of just 18 weeks post-
diagnosis. Advanced-stage diagnoses were reported in 93.5% of male and 92.3% of
female patients. In 2020, Malaysia recorded 48,639 new cancer cases, and cancer
incidence is expected to double by 2040. The 5-year observed survival rate for lung
cancer is only 9.0% (95% confident interval (CI): 8.4-9.7), while the 5-year relative
survival rate is 11.0% (95% CI: 10.3-11.9)[4], [5], [6].

Among imaging modalities, computed tomography (CT) scans are preferred for
lung cancer screening due to their high sensitivity and ability to detect nodules as small
as 4 mm [7] and [8]. The technology has significantly advanced since its introduction
in the 1970s, with modern systems offering unmatched image quality [9]. Advanced
Medical and Dental Institute (AMDI), Universiti Sains Malaysia (USM) has been
chosen by Nucletron as a comprehensive cancer service provider and a center for
therapeutic/diagnostic nuclear medicine and this highlight their cancer treatment
capabilities in delivering advanced cancer services to the community [10]. At AMDI,

USM, the Siemens SOMATOM Definition AS is utilised for lung CT imaging. This





