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ABSTRACT: Lung cancer is the primary cause of cancer death worldwide, in addition to being the most prevalent type of 
cancer. Non-small cell lung cancer (NSCLC) is the most common form of lung cancer, accounting for 85% of all forms of lung 
cancer. Liquid biopsy in NSCLC provides a non-invasive tool that determines biomarkers in body fluids with the aim of early 
detection, treatment monitoring/selection, prognosis estimation, and minimal residual disease (MRD) detection. This review 
focuses on NSCLC. Articles with diagnostic and prognostic applications of liquid biopsy in NSCLC were collected, and 19 
articles published in the last five years (2019-2024) were selected, excluding systematic and literature reviews. All the original 
papers examined biomarkers in blood in NSCLC patients. Human studies involving solely lung cancer were included. CTCs, 
ctDNAs, circulating miRNAs, and exosomes were promising in diagnosis and prognosis. However, most studies were done on 
advanced-stage patients with liquid biopsy’s prognostic applications. The most mutated genes were EGFR, KRAS, TP53, ALK, 
and HER2. Consequently, a need exists to focus on early-stage NSCLC and develop multi-analyte tests using ctDNA features 
for diagnostic applications.
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�   Introduction
Lung cancer is the primary cause of cancer death worldwide, 

in addition to being the most prevalent type of cancer. About a 
fifth of every cancer death is linked to lung cancer. Tobacco use 
is the major cause of the development of lung cancer.¹ Previous 
lung disease (such as chronic obstructive pulmonary disease) 
can also be associated with cancer formation.² Non-small cell 
lung cancer (NSCLC) and small cell lung cancer (SCLC) are 
the two dominant forms of lung cancer. Roughly 85% of all 
forms of lung cancer are NSCLC. Mutations in KRAS, EGFR, 
TP53, ALK, and HER2 are widespread in NSCLC.¹ Distant 
metastases are present in approximately 50% of lung cancer pa-
tients at diagnosis, highlighting the importance of identifying 
new biomarkers to enable early diagnosis before metastasis and 
personalized treatment according to cancer type.³

Liquid biopsy is the sampling and analysis of tumor DNA 
fragments or cells originating from the tumor in various body 
fluids such as blood. Detecting tumor cells or DNA released 
into the bloodstream by apoptosis, necrosis, or secretion makes 
liquid biopsies a valuable tool in the elucidation of the fea-
tures of cancer. Hence, liquid biopsies can identify important 
tumor features, including significant gene alterations such as 
point mutations, large deletions, and duplications in the can-
cer genome. Liquid biopsies provide a non-invasive method 
that can surmount the limitations of tumor tissue biopsy, such 
as the difficulty of the biopsy site in obtaining a sample and 
complications associated with the biopsy process. Biomarkers 
(measurable, accurate, and sensitive patterns that are specific to 
a type of cancer) found in blood are circulating tumor DNAs 

(ctDNA), circulating tumor cells (CTC), circulating 

microRNAs (miRNA), exosomes, and tumor-educated plate-
lets (TEP). 

As illustrated in Figure 1, biomarkers circulating in the 
bloodstream have the advantages of detecting minimal residual 
disease (MRD), early detection, treatment monitoring, aiding 
in drug selection, and estimating prognosis. Molecular charac-
terization of cancer through liquid biopsy can help clinicians 
identify medications that are not likely effective based on the 
tumor’s molecular profile. Based on molecular tumor profiling, 
specific drugs could be selected to better respond to individuals’ 
characteristics, avoiding the side effects of ineffective medica-
tions. Hence, patients’ life qualities are enhanced, and the “trial 

Figure 1: Liquid biopsy biomarkers in blood and clinical applications. 
ctDNAs, CTCs, microRNAs, exosomes, and TEPs have early detection, 
treatment monitoring/selection, prognosis estimation, and MRD detection 
applications.  
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and error” method is eliminated as the more effective drug is 
identified before the therapy. This displays the use of liquid 
biopsy in personalized medicine. 

Biomarker values such as CTC concentration over time 
can be examined to determine how well the patient responds 
to the treatment. If healthcare providers decide that the pa-
tient would benefit more from another medication based on 
results from tracking cancer biomarkers (or if any resistance 
evolves to the drug), a change in medication may be made. 
Moreover, liquid biopsy is valuable not only for treatment 
monitoring but also for post-treatment monitoring purposes. 
For example, MRD can be tracked by monitoring specific can-
cer biomarkers. MRD detection can indicate whether cancer 
will relapse. Liquid biopsy allows prognosis prediction by de-
tecting tumor-specific mutations and monitoring biomarker 
concentration. As a result, liquid biopsy in lung cancer is an 
advantageous tool with diagnostic and prognostic applications. 
That said, it should also be noted that liquid biopsy involves 
some limitations and challenges. These limitations include the 
sensitivity and reliability of the current tests, mainly due to the 
low concentration of biomarkers in blood. They can be sur-
mounted with the introduction of enhanced technologies and 
larger volumes of blood sampling. The use of bioinformatics 
tools can increase the accuracy of tests. Challenges involve the 
high cost of liquid biopsy assays, the ambiguity regarding the 
frequency of ctDNA tests for monitoring or screening, and 
the requirement of 10+ years in randomized trials to evaluate 
liquid biopsy tests. 

Additionally, different research employs different time points 
in the conduction of liquid biopsies, making it challenging to 
compare studies. Another major challenge is acquiring assay 
approval from regulators; however, it is possible to ensure that 
newly developed liquid biopsy assays comply with regulations 
by interacting with regulatory authorities promptly during the 
development process. The potential in liquid biopsy & NS-
CLC research can be achieved by resolving these limitations 
and challenges through enhanced clinical integration, stan-
dardization, and technological developments, translating into 
improved outcomes for both diagnosis and prognosis. It is also 
important to consider the ethical and legal aspects of liquid 
biopsy procedures. Liquid biopsies provide genetic data that 
raises questions regarding privacy and security. In addition, to 
enable patients to make informed decisions, it is imperative to 
ensure that patients understand the potential impact of liquid 
biopsy on their treatment plan before the procedure and give 
informed consent.
�   Methods
PubMed listed articles with the search command “liquid bi-

opsy lung cancer.” Articles were narrowed to “diagnostic and 
prognostic applications” of liquid biopsy. Of these, 19 articles 
published in the last five years were selected, excluding sys-
tematic and literature reviews. Human studies involving solely 
lung cancer were included. An overview of these articles is in-
cluded in Table 1.

Table 1: “First author and publication year, research question, biomarker, 
targeted gene, method, type of blood collection tube, tumor stage, and 
number of cases” information regarding the articles included in the review.  
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�   Results 
Circulating tumor cells (CTCs): 
CTCs are extravasated into the bloodstream from the prima-

ry tumor site. Inspection of their genome reveals information 
about cancer’s characteristics. CTCs are valuable in terms of 
their prognostic applications in NSCLC. Even though further 
research is required to validate pulmonary venous CTCs’ ther-
apeutic value, it was shown that patients with detectable CTCs 
had a higher risk of cancer recurrence. ⁴ In another study, the 
use of serial CTC analysis and traditional imaging to iden-
tify recurrences in patients with locally advanced non-small 
cell lung cancer following therapy was investigated. Authors 
suggested that detectable CTC levels in many individuals sub-
stantially predate radiologic signs of cancer recurrence. Thus, 
when assessing a patient’s risk of cancer recurrence, longitu-
dinal monitoring of CTCs in the blood circulation is more 
significant than radiological evidence. ⁵ Other research dis-
closed that the prognosis for disease-free survival (DFS) was 
poor in patients with many CTCs, MCTCs, or PD-L1+ CTCs 
in the pulmonary vein. The gene subgroups in tumor tissue 
and the CTC subtype of non-small cell lung cancer exhibited 
clear connections. ⁶ In addition, CTC analyses are valuable in 
detecting resistance toward therapy. An increase in PD-L1+ 
CTCs was associated with immunotherapy resistance. ⁷ An-
other study demonstrated that examining each pretreatment 
CTC’s unique epithelial/mesenchymal signature was crucial to 
forecasting a patient’s response to medication. ⁸ The hetero-
geneity of NSCLC CTCs led a research team to recommend 
using several markers for CTC enrichment and identification. 
The authors claim that in NSCLC patients with brain metas-
tases, EpCAM enrichment combined with EGFR and HER3 
enrichment would result in more CTCs being detected. ⁹

Circulating tumor DNA (ctDNA): 
ctDNAs are DNA molecules that circulate in the blood-

stream. They are single or double-stranded DNAs released 
from tumors by necrosis, apoptosis, or secretion.¹⁰ ctDNAs are 
valuable in terms of their prognostic uses in NSCLC. A study 
indicated that a high concentration of cell-free DNA is a poor 
prognostic factor for both OS and PFS, regardless of factors 
such as age, smoking status, type of tumor, and treatment regi-
men.¹¹ Additionally, another study found that low ctDNA levels 
(maximum somatic allele frequency (MSAF) <1%) indicated a 
substantially improved PFS with atezolizumab monotherapy 
than MSAF ≥ 1%.¹² Moreover, plasma cell-free DNA concen-
tration was shown to be useful in terms of prognosis estimation 
for ALK+ advanced NSCLC patients.¹³ Another study pro-
posed using cell-free DNA to predict disease progression in 
patients treated with afatinib.¹⁴ A study that focused on the 
histological transformation from SCLC to NSCLC reported 
that tissue and liquid biopsy should be integrated before and 
during osimertinib treatment to forecast this kind of histolog-
ical alteration.¹⁵ ctDNAs are also useful for predicting drug 
response in NSCLC. Researchers revealed that the presence 
of resistance-related genes (rrSCNAs) in ctDNAs before the 
start of osimertinib leads to shorter progression-free survival 
(PFS) and overall survival (OS). Therefore, the detection of 
rrSCNAs before starting osimertinib treatment was suggest-
ed to have the capacity to help guide treatment.¹⁶ In another 
study, authors identified a link between plasma T790M muta-
tion load on ctDNA and response to osimertinib treatment.¹⁷ 
A meta-analysis encompassing 16 studies presented ctDNA 
MRD as a promising biomarker to predict relapse.¹⁸ ctDNAs 
were also demonstrated to have clinical utility in identifying 
patients who would benefit from ensartinib and monitoring 
whether any resistance develops.¹⁹

Circulating miRNA: 
Circulating miRNAs are small RNA fragments found in the 

bloodstream. In advanced NSCLC patients, authors identified 
a 5-miRNA signature that was linked to 3-year survival and 
thus could predict prognosis.²⁰

Exosomes: 
Exosomes are extracellular vesicles that contain proteins, 

nucleic acids, and metabolites. Exosomes have diagnostic uses 
in NSCLC. Researchers identified noncoding RNA growth 
arrest-specific transcript 5 (GAS5) in circulating exosomes 
(Exo-GAS5) that can be an early detection tool.²¹ Further-
more, another study demonstrated that exosomal miR-17-5p 
could have a diagnostic value as it was significantly elevated in 
NSCLC patients.²² Exosomes are also valuable in predicting 
recurrence. A study showed that examining exosome sizes was 
better than clinical data at predicting relapse in patients who 
had undergone curative surgery.²³ 

Of the studies with specified cancer stages, most were 
focused on advanced-stage cancer, and of the studies that spec-
ified the type of blood collection tubes used, approximately all 
involved EDTA. Various methods to isolate ctDNA, CTC, cir-
culating miRNA, and exosomes were applied, as listed in Table 
1. FDA-approved NSCLC assays are listed below in Table 2. 

ijhighschoolresearch.org



	 75	 DOI: 10.36838/v6i9.11

The table underscores the need to develop new assays for 
NSCLC that are accessible and reliable.

�   Discussion 
The variation in the methods applied for blood collection 

and isolation of ctDNA, CTC, circulating miRNA, and exo-
somes can lead to pre-analytical issues. Since official bodies 
have yet to establish standardization of these methods, there 
are still inconsistencies between studies. Although the type 
of blood collection tube used is another pre-analytical factor, 
studies included in our review used almost exclusively EDTA. 
Implementing standardized and optimized methods would 
lead to more successful results in translating research into 
clinical practice. Most studies were done on advanced-stage 
lung cancer patients. Therefore, there is a need to focus on 
early-stage NSCLC and liquid biopsy diagnostic applications. 
Combining multiple biomarkers to develop multi-model tests 
can enhance the sensitivity of liquid biopsy assays.
�   Conclusion 
Lung cancer deaths account for the majority of cancer 

deaths worldwide. Promising studies indicate that liquid bi-
opsy can be used diagnostically and prognostically in NSCLC 
by detecting ctDNA, CTCs, exosomes, and circulating miR-
NAs. However, the standardization of liquid biopsy methods 
remains an important issue that needs to be addressed. Liquid 
biopsy is expected to become widespread to obtain import-
ant tumorigenic properties that can be used in prognosis and 
monitoring and for tissues where biopsy is difficult.
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