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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) affect over 3 billion people 
globally, with chronic obstructive pulmonary disease (COPD), asthma, 
lung cancer, and pulmonary fibrosis 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 efficacy 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].

This 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 
significant attention. These 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 airflow limitation. Early diagnosis 
of COPD is often challenging due to the gradual onset of symptoms. 
Biomarkers like C-reactive protein (CRP), alpha-1 antitrypsin, and 
protease/antiprotease imbalances have been identified 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 inflammatory airway disease, 
has diverse pathophysiology that can make its diagnosis difficult. 
Biomarkers such as fractional exhaled nitric oxide (FeNO), serum 
eosinophil count, and specific IgE levels are currently used to identify 
asthmatic patients and predict exacerbations. Emerging biomarkers 
that reflect airway remodeling and inflammation could lead to more 
accurate, personalized treatment approaches.

Pulmonary fibrosis: Idiopathic pulmonary fibrosis (IPF) is a 
progressive disease characterized by scarring of lung tissue. The early 
detection of IPF remains a challenge, but biomarkers like Krebs von 
den Lungen-6 (KL-6), surfactant protein D (SP-D), and the antifibrotic 
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 

as chronic obstructive pulmonary disease (COPD), lung cancer, asthma, and pulmonary fibrosis impacting millions 
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 
of biomarkers and imaging techniques, have significantly enhanced the ability to diagnose respiratory diseases at 
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 significantly improved the ability to visualize and quantify the 
structure and function of the lungs. Modern imaging techniques offer 
high-resolution, 3D, and functional imaging capabilities, making them 
indispensable tools for pulmonologists [8].

Computed tomography (CT): CT imaging has long been 
the gold standard for evaluating lung diseases. High-resolution 
computed tomography (HRCT) has proven particularly useful in 
diagnosing interstitial lung diseases (ILDs) such as pulmonary fibrosis 
and emphysema. CT scans provide detailed images of lung tissue, 
allowing clinicians to assess the extent of disease involvement, detect 
early-stage lung cancer, and monitor disease progression over time. 
Advances in low-dose CT (LDCT) scanning have reduced radiation 
exposure, making it an excellent tool for routine screening of high-risk 
populations, especially in lung cancer detection.

Lung Cancer Screening: LDCT has emerged as a key tool in early 
lung cancer screening for individuals at high risk, particularly those 
with a history of smoking [9]. Studies have shown that LDCT can 
detect early-stage lung cancer in asymptomatic individuals, leading to 
earlier intervention and improved survival rates.

Magnetic resonance imaging (MRI): While MRI is less commonly 
used for lung imaging compared to CT, recent technological 
advancements have improved its application in pulmonology. MRI 
is advantageous in that it does not require ionizing radiation, making 
it ideal for long-term monitoring of diseases such as asthma and 
COPD. Additionally, MRI techniques like functional MRI (fMRI) 
and hyperpolarized gas MRI provide detailed images of lung function, 
blood flow, and tissue structure, which can be invaluable in assessing 
disease severity and response to treatment.

Positron emission tomography (PET): PET scans are increasingly 
used in pulmonology, particularly for staging and monitoring lung 
cancer. PET imaging, when combined with CT (PET/CT), provides 
functional and anatomical information about lung tumors, helping 
to identify malignancies, assess tumor aggressiveness, and monitor 
treatment response. PET scans have also been shown to be effective 
in evaluating inflammatory conditions like COPD and pulmonary 
infections by identifying areas of active inflammation.

Ultrasound and endobronchial ultrasound (EBUS): Ultrasound 
has a limited role in conventional lung imaging, but it has proven 
highly effective in specific applications such as guiding biopsies and 
examining pleural effusions. Endobronchial ultrasound (EBUS), a 
more advanced technique, allows for the visualization of the lungs 
and surrounding structures via a bronchoscope with an ultrasound 

probe [10]. EBUS is valuable for obtaining tissue samples from the 
central airways, making it a crucial tool in the diagnosis of lung cancer, 
infections, and sarcoidosis.

Integration of biomarkers and imaging in early detection

The integration of biomarkers with imaging technologies holds 
great promise for the early diagnosis and personalized treatment 
of respiratory diseases. By combining molecular biomarkers with 
advanced imaging techniques, clinicians can obtain a comprehensive 
view of the disease at both the molecular and structural levels.

Benefits of integration

Increased diagnostic accuracy: Integrating biomarkers with 
imaging techniques allows for the identification of disease at earlier 
stages, even before symptoms manifest. For example, using genetic 
biomarkers in combination with LDCT scans enhances the detection of 
lung cancer in asymptomatic patients, leading to earlier intervention.

Personalized medicine: Biomarkers can help categorize diseases 
into subtypes, enabling more tailored treatment approaches. For 
instance, in asthma, biomarkers such as FeNO can help determine 
the most effective anti-inflammatory treatment for specific patient 
subgroups. Imaging can monitor the impact of treatment on disease 
progression.

Monitoring disease progression: Regular imaging combined with 
biomarkers can provide a comprehensive view of disease evolution. 
In COPD, combining spirometry (a biomarker of lung function) 
with CT scans can help track disease progression and predict future 
exacerbations.

Non-invasive testing: The combination of liquid biopsy 
(biomarker) and imaging technologies like CT can offer non-invasive 
ways to diagnose and monitor respiratory diseases, minimizing the 
need for invasive procedures such as biopsies and reducing patient 
discomfort.

Conclusion
Advancements in pulmonology diagnostics, particularly through the 

integration of biomarkers and imaging techniques, have revolutionized 
the early detection, diagnosis, and management of respiratory diseases. 
The combination of molecular biomarkers with high-resolution 
imaging modalities such as CT, MRI, and PET holds tremendous 
promise for enhancing diagnostic accuracy, improving personalized 
treatment approaches, and monitoring disease progression. As these 
technologies continue to evolve, the future of pulmonology diagnostics 
appears bright, with the potential to significantly improve patient 
outcomes and quality of life for those affected by respiratory diseases.
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