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Abstract: Lung cancer remains one of the most 

frequent and lethal types of all cancers all over the globe. 

Chest X-Rays (CXRs) have always been a primary 

diagnostic imaging tool for lung cancer.  

The CXRs are the first imaging tools to be used in 

suspected cases of lung malignancy and also have 

several benefits, including accessibility, affordability, 

and fast turnaround time. This paper attempts to 

investigate the importance of image processing by chest 

X-rays (CXRs) in the early diagnosis of lung cancer. It 

analyzes the contributions of CXRs to the radiological 

assessment of lung cancer, discussing their benefits and 

flaws and proposing image processing methods for 

improving their performance. The research evaluates the 

performance of CXR versus other imaging methods 

including CT and focuses on the early diagnosis which 

is crucial for enhancing patients’ outcome. Moreover, 

the paper delves into the latest progress in image 

technology and shows how it is used in improving the 

accuracy of chest radiographs in the diagnosis of lung 

cancer.  

Keywords: Early diagnosis; lung cancer; image 

processing 

Özet: Akciğer kanseri tüm dünyada en sık görülen ve 

en ölümcül kanser türlerinden biri olmaya devam 

etmektedir. Göğüs Röntgenleri (GR) her zaman akciğer 

kanseri için birincil tanısal görüntüleme aracı olmuştur. 

GR şüpheli akciğer kanseri vakalarında kullanılan ilk 

görüntüleme araçlarıdır, ayrıca erişilebilirlik, uygun 

fiyat ve hızlı geri dönüş süresi gibi çeşitli avantajlara 

sahiptir. Bu makale, akciğer kanserinin erken tanısında 

göğüs röntgenleri ile görüntü işlemenin önemini 

araştırmayı amaçlamaktadır. GR’nin akciğer kanserinin 

radyolojik değerlendirmesine katkılarını analiz etmekte, 

avantajlarını ve eksikliklerini tartışmakta ve 

performanslarını artırmak için görüntü işleme 

yöntemleri önermektedir. Araştırma, erken tanı için 

hayati olan ve hastaların sonuçlarını iyileştirmek için 

önemli olan GR ile Bilgisayarlı Tomografi dahil diğer 

görüntüleme yöntemlerinin performansını 

değerlendirmektedir. Ayrıca, makale, görüntü 

teknolojisindeki son ilerlemelere derinlemesine dalıp, 

bu teknolojinin akciğer kanserinin teşhisinde göğüs 

radyografilerinin doğruluğunu artırmada nasıl 

kullanıldığını göstermektedir. 

Anahtar Kelimeler: Erken tanı; akciğer kanseri; 

görüntü işleme  
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INTRODUCTION 

Lung cancer remains one of the most frequent 

and lethal types of all cancers all over the globe. 

Despite the progress made in treatment 

modalities, the prognosis for lung cancer 

patients is not encouraging, owing chiefly to 

late-stage diagnoses. Early diagnosis 

significantly impacts survival rates and 

treatment prognosis. Although computed 

tomography (CT) is frequently used for 

screening lung cancer, its widespread adoption 

brings several challenges associated with the 

issue of cost, resource allocation, and radiation 

exposure. Chest X-rays (CXRs) present an 

easily obtainable and low-cost alternative to 

initial screening, but the effectiveness of CXRs 

in the early detection of lung cancer lesions is 

controversial. This article evaluates the utility 

of image-processing strategies for obtaining 

more accurate diagnoses of CXRs in the early 

detection of lung cancer. 

The Chest X-ray Role on Lung Cancer 

Diagnosis 

CXRs have always been a primary diagnostic 

imaging tool for lung cancer. The CXRs are the 

first imaging tools to be used in suspected cases 

of lung malignancy and also have several 

benefits, including accessibility, affordability, 

and fast turnaround time. As an imaging 

technique, the CXRs take chest area images so 

that the physicians can identify certain 

pulmonary abnormalities that may indicate the 

presence of lung cancer. The abnormalities 

found in the lung tissue are central or peripheral 

masses, consolidations, nodules, and pleural 

effusions. Diagnosing abnormalities seen on 

chest radiographs (CXR) ensures early hospital 

admission and timely intervention. 

Nevertheless, despite their wide use, CXRs 

have certain flaws in the thorough detection of 

early-stage lung cancer lesions. One important 

challenge is the low sensibility and specificity 

of CXR, especially in difficult cases of 

identifying the minor or tiny pathological 

changes indicating the early-stage disease. 

(Panunzio & Santori, 2020). Hence, CXRs may 

produce false negatives, the doctors may fail to 

reach a diagnosis, and thus, treatment initiation 

is delayed. In addition, the evaluation of the 

CXRs also requires expertise and wrong 

interpretations are likely to lead to diagnostic 

errors or delays in the management of the 

patients. 

Regardless of these limitations, however, CXRs 

are still the main item in diagnosing lung 

cancer. This class of techniques can be seen as 

a key element among the first diagnostic tools 

used in suspected cases (Nasser & Akhloufi, 

2023). Also, the CXRs serve as a crucial 

screening tool in high-risk populations, through 

which individuals worthy of additional imaging 

or diagnostic workup can be identified. 

Additionally, CXRs are frequently employed to 

monitor disease progression and treatment 

responses in patients with documented lung 

cancers, thus providing clinicians with valuable 

data for decision-making processes. 

Lately, attempts have been proposed to improve 

the diagnostic performance of CXRs by 

applying some innovations in imaging 

technology and image processing. Computed-

aided detection (CAD) systems are one 

example of such (computer-aided) systems that 

were developed to help radiologists read CXR 

by automatically highlighting suspicious areas 

for further review. Moreover, in machine 

learning algorithms, the trained models using 

large datasets of CXR images have also shown 

that the sensitivity and specificity of lung 

cancer detection on CXRs are improved. The 

innovations possess the ability to enhance the 

value of CXRs to detect early lung tumors and 

lead to better patient outcomes. 

In brief, although CXRs are a foundational tool 

in the radiological assessment of lung cancer, 

they have a number of limitations that should be 

recognized. In spite of the issue related to 

sensitivity and specificity, CXR is still effective 

in identifying, screening, and evaluating lung 

cancer (Haber et al., 2020). The further 

implementation of technological and image 

processing methods is thus paramount for better 

diagnosis of spherical X-rays and subsequent 

use in early lung cancer detection that will yield 

an improved patient outcome. 

 

 



Bilgin et al.                                       Contribution of Image Processing in Chest X-Ray to Early Diagnosis 

 

BMedJ, 8(3), 2024                   158 

BASELINE RADIOLOGICAL 

EXAMINATION: CHEST X-RAYS 

Importance of Baseline Radiological Takes 

Chest X-rays (CXRs) are the base pillars of the 

entire radiological assessment procedure in 

cases of suspected lung cancer. The imaging 

modalities start with CXRs, which have many 

benefits compared to other methods, which is 

what makes them invaluable in the early 

detection of lung cancers (Kim & Kim, 2020). 

One of the main advantages of CXRs is their 

wide availability, which can be seen in hospitals 

and health centers, starting with primary care 

clinics and emergency departments. This ease 

of accessibility ensures that CXRs are done as 

quickly as can be on patients with respiratory 

symptoms or with risk factors for lung cancer as 

part of their initial workup.  

Apart from affordability, chest X-rays are less 

expensive than more advanced imaging devices 

like CT. CXRs have emerged as an affordable 

mode of initial screening and are particularly 

useful in resource-poor settings where 

healthcare budgets are unintentionally limited. 

In addition, CXRs constitute a low risk for the 

patients, for they involve controlled radiation 

like CT scans (Nasser & Akhloufi, 2023). This 

lower risk profile is the major factor that makes 

CXRs suitable for repeated imaging studies as 

well as routine screening in high-risk groups. 

Interpretation of Chest X-rays 

Lung cancer diagnosis demands precise and 

comprehensive knowledge of the radiographic 

features. A pivotal component of such 

interpretation is the detection of anomalies that 

might point towards the presence of 

malignancy. These degenerations can be 

expressed as different radiological pictures, 

such as centrally or peripherally located masses, 

consolidations, and nodules. 

Usually, these central masses can be seen as 

some white shadows near the hilum or 

mediastinum of the lung. These masses can be 

ill-defined and may be related to the findings, 

such as hilar lymph node enlargement or 

bronchial obstruction. Peripheral masses, 

however, are the opacities located in the 

parenchyma of the lungs away from the hilum. 

These can be defined as having regular or 

notched margins, but the size and shape will 

differ. 

The consolidation areas are where the lung 

tissue has increased in density due to the 

presence of either fluid, inflammation, or 

tumorous invasion. Even though consolidations 

are just non-specific findings that can be caused 

by various pathologic conditions, their presence 

can make the diagnosis of malignancy a 

possibility when they are observed in the 

context of other clinical and radiographic 

findings.  

Nodules are another frequent radiological 

characteristic detected on CXR and may be 

either benign or malignant. The clinically 

benign nodules usually display as round and 

well-demarcated masses with smooth edges, 

whereas the malignant nodules often show 

spiculated or irregularly contoured margins and 

grow over time. Such differentiation between 

benign and malignant nodules based only on the 

CXR images can be difficult and underlines the 

necessity for other imaging studies or 

histopathological examination to obtain a 

definitive diagnosis. 

Although CXRs are very useful for detecting 

radiographic abnormalities that suggest lung 

cancer, they have limited applicability when 

distinguishing between benign and malignant 

lesions. This diagnostic challenge provides the 

basis for employing other imaging modalities 

and clinical information, which can, in turn, 

ultimately result in accurate diagnosis and 

rational patient management. 

Computed Tomography in Lung Cancer 

Stage Diagnosing 

CT takes center stage in the staging of lung 

cancer by providing the much-required detailed 

morphological information about the state of 

the disease. While chest X-rays are the main 

screening tools, CT scans have better spatial 

resolution and sensitivity, which helps to locate 

and differentiate lung lesions more accurately. 

CT imaging can determine the exact location, 

size, and qualities of primary lung tumors, as 

well as detect the spread to proximal lymph 
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nodes and distal organs, of which the metastasis 

is present. 

Moreover, in terms of the staging process, CT 

scans may also show the status of the 

involvement of nearby structures and the 

presence of media/pleural invasion. This 

information is essential for the classification of 

lung cancer into many different stages 

following known staging systems like the TNM 

classification (tumor, node, metastasis). The 

purpose of stage CT is to accurately depict the 

disease, which in turn will guide the treatment 

decision-making and prognostic assessment 

aiming at achieving the best patient 

management and outcomes. 

Although CT imaging has many advantages, 

there are also limitations and risks involved. 

One major disadvantage is radiation exposure, 

which can cause long-term health issues, 

especially in patients with frequent imaging 

procedures or those with existing health 

conditions that make them more vulnerable to 

radiation-related complications. Furthermore, 

computed tomography (CT) scans often 

produce false-positive or false-negative results 

that may lead to undo interventions and delays 

in treatment and diagnosis. Abstractly, the 

interpretation of CT findings comprises the 

radiologist's skills, thus validating the fact that 

training and proficiency in lung cancer imaging 

interpretation should not be ignored. 

Advancements in Imaging Biomarkers 

The recent breakthroughs in imaging 

biomarkers are a potential hope for improving 

the accuracy and specificity of lung cancer 

staging. Imaging biomarkers are quantitative 

parameters computed from imaging results that 

present critical information on the tumor 

biology, microenvironment, and treatment 

response. These biomarkers can team up well 

with the traditional morphological assessments 

obtained from CT scans, providing qualitative 

patterns of the tumor behavior and indicating 

the treatment response. 

An imaging biomarker example would be the 

measurement of the tumor volume and 

concentration on CT scans, which can be used 

to assess tumor aggressiveness and response to 

therapy. Biomarkers also include radiomic 

features extracted from CT images, for 

instance, texture analysis and tumor 

heterogeneity, which were connected with 

grade, metastasis, and patient likelihood to 

survive. With the introduction of imaging 

biomarkers in routine practice, clinicians could 

design unique and personalized patient 

treatments tailored to molecular profile and 

tumor characteristics. 

Finally, the use of AI technologies and machine 

learning methods for the development of 

prediction models that take imaging features 

has led to the creation of models that can predict 

treatment response and disease development. 

These models scan through massive image data 

sets to spot patterns that may not be visible to 

human observers, thus making CT imaging 

capable of offering better diagnoses and better 

predictions. 

Progress in Image Processing Algorithms 

A new paradigm has emerged in radiology 

through image processing, which employs 

computer-aided detection systems as well as 

machine learning algorithms that boost the 

power of the earlier diagnostic methods. CAD 

bears sophisticated algorithms that aid 

radiologists in the detection of abnormalities in 

medical images, which improves the diagnostic 

accuracy and efficiency of the diagnostic 

process (Haber et al., 2020). They are intended 

to uncover the patterns and abnormalities that a 

human eye cannot easily identify, enabling 

them to be used as excellent diagnostic tools in 

pre-disease stages. 

Machine learning algorithms, a branch of 

artificial intelligence, are trained by using a 

large collection of medical images to identify, 

learn, and derive useful information. These 

algorithms learn from the experience and 

constantly refine their performance, making 

them very efficient in the analysis of complex 

and multidomain data such as radiographic 

images. Through machine learning, radiologists 

can have the advantage of automated image 

interpretation and decision support, thus 

causing the diagnosis to be quicker and more 

accurate. 
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Through Image Processing in Radiological 

Examination 

Image processing methods provide the 

diagnostic effectiveness of chest X-rays 

(CXRs) to be enhanced significantly for early 

lung cancer detection. Through the extraction of 

quantitative parameters and image texture 

analysis, these approaches can improve the 

detection of minor features that may be a sign 

of a malignant condition (Marias, 2021). CAD 

systems might draw attention to CXRs showing 

suspicious regions demanding additional 

scrutiny, thus helping radiologists focus on 

lesions. 

Additionally, radiographic features have been 

in the background of machine learning 

algorithms, which have proven their capability 

to differentiate between malignant and benign 

lesions. Through a process of training on the 

labeled dataset of CXRs with the known results, 

the machine learning algorithms can gain 

recognition of the specific pattern associated 

with lung cancer, such as irregular margins, 

speculations, and nodular densities. Through 

that, the experts are capable of detecting 

malignancy tendencies or aiding radiologists in 

more accurate diagnostic processes. 

CONTRIBUTION OF IMAGE 

PROCESSING IN RADIOLOGICAL 

EVALUATION 

Enhanced Lesion Detection 

Image processing technologies are of great 

importance for the improvement of the 

sensitivity and specificity of CXRs in lung 

cancer detection at an early stage. Smart use of 

more sophisticated algorithms enables these 

techniques to detect more subtle abnormalities 

indicative of malignant lesions, thereby helping 

the radiologist focus on potential lesions more 

precisely and quickly (Kim & Kim, 2020). In 

the course of several experiments, image 

processing has been shown to be helpful in 

increasing lesion visualization on CXRs with a 

notable reduction of false-negative and false-

positive results. CAD, for instance, has been 

demonstrated to enhance the sensitivity of 

CXRs to LC detection by emphasizing 

suspicious regions that require secondary 

evaluation. These systems are used by 

radiologists to direct their attention to regions 

of interest that capture their attention earlier, 

leading to timely and accurate diagnosis. 

Characterization of Lesions 

Technologies of image processing are a key in 

characterizing lung cancer lesions identified on 

CXRs. A range of features such as dimension, 

pose, and texture can give a great deal of details 

about the kind and intensity of the discovered 

anomalies by using these methods. One of the 

examples is the application of machine learning 

algorithms, which can differentiate between 

benign and malignant lesions based on 

radiographic features such as irregular margins, 

speculations, and nodular densities, among 

others. This allows for a better assessment of 

the risk of malignancy and aids in making the 

next diagnostic and treatment choices. 

Furthermore, image processing helps to predict 

and monitor the process of diseases through 

quantification of the changes in lesion features 

over time. This facilitates healthcare providers 

to personalize treatment plans for their patients 

in order to ensure best-value care while 

maintaining desirable outcomes. 

Integration of Imaging Biomarkers 

The infiltration of imaging biomarkers into 

clinical usage is seen as a key step in the 

development of the radiological interpretation 

of lung cancer. Such biomarkers, generated 

from processing techniques of images, have 

clinical values for diagnosis as well as giving 

direction to personalized treatment of patients 

(Shah & Parveen, 2023). Such biomarkers as 

tumor size and volume, metabolic activity, and 

others give the right clue to treatment decisions 

and include patient examination results. 

However, 'registration' studies must be 

conducted to increase the efficiency of using 

imaging biomarkers in regular clinical practice 

and confirm their reliability and accuracy. 

Through the use of imaging biomarkers in the 

typical radiological evaluation regimen, 

healthcare workers can enhance the patient 

experience and the outcomes in the 
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management of lung cancer. 

CONCLUSION 

In summary, image processing techniques are 

the very heart of CXRs as they improve the 

diagnostic capabilities of radiologists for the 

early detection of lung cancer. They capitalize 

on highly complicated algorithms and machine 

learning models that help identify even the 

slightest suspicious abnormality accompanied 

by malignant change, thus enhancing the 

accuracy and precision of CXRs. CAD systems 

are technologies that enhance radiologists' 

ability to identify suspicious areas that require 

close examination, thus making the diagnoses 

timely and accurate. Further, image processing 

enables the characterization of lesions, which 

aids in better differentiation between benign 

and malignant abnormalities using various 

radiographic textural features. Developing 

imaging biomarkers by the process of image 

processing additionally increases the clinical 

value of CXRs and steers individualized 

therapeutic decisions and disease progression. 

A milestone in radiology-imaging technologies 

for screening lung cancer and its staging and 

outcome is being made possible by the ongoing 

development and integration of image-

processing algorithms in lung evaluation. 

Nevertheless, such studies must be conducted, 

and caution is warranted in order to fine-tune 

the techniques and to have the best practices in 

clinical practice. Through the power of image 

processing, healthcare providers can create 

more prompt and efficient procedures in the 

early detection and management of lung cancer, 

resulting in better treatment outcomes and 

quality of care. 
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