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Introduction
Respiratory diseases are among the leading causes of death and 

disability worldwide. According to the World Health Organization 
(WHO), chronic respiratory diseases (CRDs) a�ect over 3 billion people 
globally, with chronic obstructive pulmonary disease (COPD), asthma, 
lung cancer, and pulmonary �brosis being the most prevalent [1]. Early 
diagnosis of these diseases is critical for improving patient survival, 
preventing further deterioration of lung function, and ensuring 
the e�cacy of treatments. Traditional diagnostic methods such as 
chest X-rays and spirometry have limitations in detecting diseases 
in their early stages. However, with advances in medical technology, 
the integration of biomarkers and advanced imaging techniques has 
revolutionized the way respiratory diseases are diagnosed and managed 
[2].

�is article reviews the most recent advancements in pulmonology 
diagnostics, focusing on the integration of biomarkers and imaging 
modalities [3]. By combining these techniques, clinicians can identify 
diseases earlier, improve accuracy in diagnosis, and monitor disease 
progression with greater precision.

The role of biomarkers in pulmonology diagnostics

Biomarkers are measurable indicators of a biological state or 
condition, and their use in diagnosing respiratory diseases is gaining 
signi�cant attention. �ese molecular markers can provide valuable 
insights into the presence, severity, and progression of respiratory 
diseases [4]. Biomarkers can be found in various biological samples 
such as blood, sputum, exhaled breath, and tissue biopsies.

Molecular biomarkers for early detection of respiratory dis-
eases

Lung Cancer: Lung cancer is one of the deadliest forms of cancer, 
with a poor prognosis due to late-stage diagnosis. Early detection 
is key to improving survival rates. Biomarkers such as epidermal 
growth factor receptor (EGFR) mutations, Kirsten rat sarcoma viral 
oncogene (KRAS) mutations, and programmed death-ligand 1 (PD-

L1) expression are commonly used to diagnose lung cancer and assess 
its aggressiveness [5]. Liquid biopsy, which analyzes DNA, RNA, and 
proteins from blood or sputum, is a non-invasive method gaining 
traction for early lung cancer detection.

COPD: Chronic obstructive pulmonary disease (COPD) is a 
progressive lung disease that leads to air�ow limitation. Early diagnosis 
of COPD is o�en challenging due to the gradual onset of symptoms. 
Biomarkers like C-reactive protein (CRP), alpha-1 antitrypsin, and 
protease/antiprotease imbalances have been identi�ed as potential 
indicators of COPD [6]. Additionally, more recently discovered 
biomarkers like exhaled nitric oxide and biomarkers related to 
oxidative stress may help detect early-stage COPD.

Asthma: Asthma, a chronic in�ammatory airway disease, 
has diverse pathophysiology that can make its diagnosis di�cult. 
Biomarkers such as fractional exhaled nitric oxide (FeNO), serum 
eosinophil count, and speci�c IgE levels are currently used to identify 
asthmatic patients and predict exacerbations. Emerging biomarkers 
that re�ect airway remodeling and in�ammation could lead to more 
accurate, personalized treatment approaches.

Pulmonary fibrosis: Idiopathic pulmonary �brosis (IPF) is a 
progressive disease characterized by scarring of lung tissue. �e early 
detection of IPF remains a challenge, but biomarkers like Krebs von 
den Lungen-6 (KL-6), surfactant protein D (SP-D), and the anti�brotic 
marker matrix metalloproteinase-7 (MMP-7) have shown potential in 
diagnosing and predicting disease progression.
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Abstract
Respiratory diseases remain one of the leading causes of morbidity and mortality worldwide, with conditions such 
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of lives annually. The early detection of these diseases is crucial to improving patient outcomes, preventing disease 
progression, and reducing healthcare costs. Advancements in pulmonology diagnostics, particularly in the integration 
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early stages. This article explores the latest developments in biomarkers, including molecular and genetic markers, 
and advanced imaging techniques such as computed tomography (CT), magnetic resonance imaging (MRI), and 
positron emission tomography (PET) in the context of pulmonology. We also discuss the potential of combining these 
technologies to achieve more accurate and timely diagnosis, ultimately aiding in better management and treatment 
of respiratory diseases.
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Genetic biomarkers

Advancements in genomic research have led to the discovery of 
genetic biomarkers that can be used for risk prediction, diagnosis, and 
personalized treatment plans in respiratory diseases. Whole-genome 
sequencing, RNA sequencing, and other omics technologies have 
provided a deeper understanding of the genetic factors underlying 
diseases like COPD, asthma, and lung cancer [7]. For example, 
identifying genetic mutations associated with lung cancer (e.g., EGFR, 
ALK, KRAS) can help guide targeted therapies. Personalized medicine 
based on genetic biomarkers is increasingly becoming a hallmark of 
pulmonology diagnostics.

Imaging techniques in pulmonology diagnostics

Imaging techniques play a crucial role in the diagnosis and 
management of respiratory diseases. Advances in imaging technologies 
have signi�cantly improved the ability to visualize and quantify the 
structure and function of the lungs. Modern imaging techniques o�er 
high-resolution, 3D, and functional imaging capabilities, making them 
indispensable tools for pulmonologists [8].
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