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Introduction

Biomarkers are becoming increasingly essential for the accurate tracking and ef-
fective management of lung diseases, offering objective metrics to gauge severity
and predict future trajectories. Their role extends to guiding therapeutic interven-
tions, enabling more personalized treatment strategies for patients with chronic
respiratory conditions [1]. The precise measurement of circulating tumor DNA
(ctDNA) has emerged as a significant advancement in monitoring lung cancer,
providing a non-invasive avenue to assess treatment response and detect recur-
rence [2]. For idiopathic pulmonary fibrosis (IPF), a complex fibrotic lung disease,
researchers are actively investigating a range of biomarkers found in bronchoalve-
olar lavage fluid and serum to predict disease progression and stratify patients for
optimal therapeutic outcomes [3]. Extracellular vesicles, such as exosomes, along
with their molecular cargo like microRNAs, are showing great promise as non-
invasive biomarkers for reflecting the pathological state of the lung and monitoring
disease activity in conditions including asthma and COPD [4]. Inflammatory mark-
ers, including C-reactive protein (CRP) and cytokines such as IL-6, are vital for
assessing the inflammatory component of lung diseases, with elevated levels often
indicating exacerbations or persistent inflammation [5]. The exploration of protein
biomarkers within sputum is also contributing valuable insights into lung disease
activity, with changes in protein profiles helping to understand airway inflamma-
tion, remodeling, and infection for better personalized management [6]. Fibrotic
biomarkers, notably KL-6 and myeloperoxidase (MPO), are crucial for quantify-
ing the fibrotic burden in interstitial lung diseases, assisting in risk stratification
and evaluating the efficacy of antifibrotic treatments [7]. The non-invasive anal-
ysis of breath volatile organic compounds (VOCs) is gaining considerable atten-
tion, as distinct VOC profiles are being associated with various pulmonary condi-
tions, potentially facilitating early detection and progression monitoring [8]. Cellu-
lar biomarkers, such as neutrophil elastase and eosinophils found in sputum, play
a key role in characterizing airway inflammation within obstructive lung diseases,
aiding in the differentiation of disease phenotypes and guiding targeted therapies
[9]. Furthermore, circulating microRNAs (miRNAs) are emerging as sensitive indi-
cators of disease activity and progression in lung diseases, with altered expression
patterns in serum and plasma offering non-invasive diagnostic and prognostic po-
tential [10].

Description

Biomarkers are fundamental to understanding the progression of lung diseases,
providing objective data on disease severity, predicting outcomes, and inform-
ing therapeutic decisions. Their application allows for personalized treatment ap-
proaches, thereby enhancing patient management across various chronic respi-
ratory conditions [1]. The detection and quantification of circulating tumor DNA

(ctDNA) represent a significant non-invasive tool for monitoring lung cancer, where
changes in ctDNA levels are closely correlated with treatment response and the
likelihood of disease recurrence [2]. In the context of idiopathic pulmonary fibrosis
(IPF), research into biomarkers in bronchoalveolar lavage fluid and serum aims
to accurately predict disease progression and identify patients who would most
benefit from specific antifibrotic therapies, improving overall prognostic accuracy
[3]. Exosomes and their microRNA content are emerging as potent non-invasive
biomarkers that can reflect the pathological status of the lung, offering a valuable
means to monitor disease activity and progression in conditions like asthma and
COPD [4]. The assessment of inflammatory markers, such as C-reactive protein
(CRP) and key cytokines like IL-6, is critical for monitoring the inflammatory pro-
cesses underlying lung diseases, with elevated levels often signaling exacerba-
tions or ongoing inflammatory activity that requires attention [5]. The analysis of
protein biomarkers present in sputum is an active area of research, providing in-
sights into airway inflammation, structural remodeling, and infection, which are all
critical factors in the personalized management of chronic respiratory diseases [6].
Fibrotic biomarkers, including KL-6 and MPO, are indispensable for evaluating the
extent of fibrosis in interstitial lung diseases, helping to stratify patients based on
risk and to monitor the effectiveness of antifibrotic interventions [7]. The analysis
of volatile organic compounds (VOCs) in breath is a developing field, with distinct
VOC profiles showing promise in the early detection and ongoing monitoring of
various pulmonary diseases, offering a non-invasive diagnostic approach [8]. Cel-
lular biomarkers, such as eosinophils and neutrophil elastase levels in sputum,
are crucial for characterizing the inflammatory state of the airways in obstructive
lung diseases, aiding in the differentiation of disease subtypes and the implemen-
tation of precise therapeutic strategies [9]. Circulating microRNAs (miRNAs) are
increasingly recognized as sensitive indicators of disease activity and progression
in lung pathologies, with their altered expression in blood serving as non-invasive
biomarkers for early diagnosis and prognosis in conditions like lung cancer and
IPF [10].

Conclusion

Biomarkers are essential for tracking lung disease progression, predicting out-
comes, and guiding personalized treatments for conditions such as COPD, IPF,
and lung cancer. Various types of biomarkers are under investigation, including
circulating nucleic acids, proteins, cellular markers, exosomes, and inflammatory
indicators. Circulating tumor DNA (ctDNA) is a key non-invasive marker for lung
cancer monitoring. For IPF, bronchoalveolar lavage and serum biomarkers help
predict progression and stratify patients. Exosomes and microRNAs offer non-
invasive insights into disease activity. Inflammatory markers like CRP and cy-
tokines reflect disease activity, while sputum proteins and cellular markers charac-
terize airway inflammation. Fibrotic biomarkers like KL-6 and MPO assess fibrotic
burden. Breath VOCs are emerging as potential non-invasive markers. Overall,
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