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Abstract: The global impact of cancer calls for the creation of quick, precise, and non-invasive
methods of diagnosis. Liquid biopsy, which involves analyzing tumor-related components in bodily
fluids, has become a groundbreaking asset in cancer treatment, enhancing and occasionally
exceeding the capabilities of traditional tissue biopsies. This review compiles current insights on the
key elements of liquid biopsy—namely, circulating tumor DNA (ctDNA), circulating tumor cells
(CTCs), and extracellular vesicles (EVs)/exosomes—and their role in early cancer detection. We
explore advanced analytical methods, such as next-generation sequencing (NGS) and digital PCR,

which enable the sensitive identification of these rare biomarkers. The review also evaluates the
clinical application of liquid biopsy in major cancer types, including lung, breast, colorectal, prostate, and gastric cancers,
emphasizing its significance not just in diagnosis but also in monitoring treatment response, tracking minimal residual disease, and
understanding tumor heterogeneity. Despite its groundbreaking potential, challenges such as standardizing tests, low analyte levels
in early-stage diseases, and the need for thorough clinical validation continue to present obstacles. This review concludes that
liquid biopsy is set to become a vital component of precision oncology. Future initiatives must prioritize integrating multiple omics,
conducting extensive prospective trials, and establishing standardized protocols to fully exploit its potential in advancing earlier

cancer detection and personalized healthcare.
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1. Introduction

Cancer continues to be a major cause of death worldwide, with
approximately 20 million new cases and 9.7 million fatalities
recorded in 2022 [1]. The stage at which cancer is discovered is
crucial for patient survival. Diagnosing cancer at an early stage
(Stages I and II) is consistently linked with more effective
treatments, reduced healthcare expenses, and notably higher
survival rates than diagnosing it at a late stage (Stages III and
IV) [2]. Nevertheless, the subtle and non-specific nature of
early-stage tumor symptoms, along with the limitations of
existing screening methods—which can be invasive, expensive,
or insufficiently sensitive—results in many cancers being
identified at an advanced stage [3].

The tissue biopsy has been the clinical gold standard for
diagnosing cancer for many years. Despite its informative
nature, this procedure is invasive and comes with potential risks
like infection and bleeding. Additionally, it offers only a
temporary and spatial glimpse into a tumor's complex and
changing genetic composition, missing its complete
heterogeneity [4]. Thus, there is an urgent need for a diagnostic
method that is less invasive, more dynamic, and more
comprehensive.

Liquid biopsy has emerged to meet this need. This minimally
invasive technique involves the isolation and analysis of
tumor-derived material shed into bodily fluids, most commonly
blood [5]. The three primary analytes are:

1. Circulating tumor DNA (ctDNA): Short fragments
of DNA released into the bloodstream via apoptosis,
necrosis, or active secretion from tumor cells.

2. Circulating tumor cells (CTCs): Intact cancer cells
that detach from the primary tumor and enter the

circulation, representing a potential source of
metastasis.
3. Extracellular vesicles (EVs) and exosomes:

Nano-sized lipid bilayer vesicles secreted by cells that
carry proteins, lipids, and nucleic acids (DNA, RNA,
miRNAs), facilitating cell-to-cell communication.

1) The examination of these biomarkers offers an immediate
"molecular portrait" of a tumor, facilitating uses in early
detection, prognosis evaluation, treatment response monitoring,
and pinpointing resistance mechanisms [6]. This review aims to
deliver an in-depth summary of the biological basics, analytical
technologies, and clinical uses of liquid biopsy, highlighting its
growing importance in the early detection of cancer.
Additionally, it will address the present obstacles and future
steps needed for its complete adoption in regular clinical
practice.

2. Core Components of Liquid Biopsy

2.1 Circulating Tumor DNA (ctDNA) and Cell-Free DNA
(cfDNA)

Cell-free DNA (cfDNA) refers to all DNA fragments
circulating freely in the bloodstream, originating from both

NonC

\Creative C

Attributi

cial (CC BY-NC)| 6




Modern Applied Medical Research

5(7): 06-12
ISSN: 2582-9181

healthy and malignant cells. Circulating tumor DNA (ctDNA)
is the fraction of cfDNA that is specifically derived from tumor
cells [7]. In healthy individuals, cfDNA concentrations are
typically low (<10 ng/mL of plasma), whereas cancer patients
often exhibit elevated levels. ctDNA fragments are
characterized by their shorter length (~143 bp) compared to
non-malignant cfDNA (~167 bp) and harbor tumor-specific

Characteristic cfDNA

Source Apoptosis/necrosis of all nucleated cells

Composition Majority of circulating DNA

Fragment Length ~167 bp (mononucleosomal)

Content Germline DNA; no tumor-specific
changes

Clinical Utility Non-specific marker of cellular turnover

2.2 Circulating Tumor Cells (CTCs)

Circulating Tumor Cells (CTCs) are infrequent, whole cancer
cells present in the peripheral blood of individuals with solid
tumors. Their detection signifies a crucial stage in the process
of metastasis. Although the immune system swiftly eliminates
the majority of CTCs within the span of 1 to 2.5 hours, a
minority has the capability to initiate distant metastases [11].
The extreme scarcity of CTCs—often numbering just 1-10
cells per milliliter of blood among billions of blood
cells—poses a substantial technological challenge for their
isolation and detection [12]. CTCs are highly diverse, with
variable expression of epithelial markers (such as EpCAM)
and mesenchymal markers, the latter due to
epithelial-to-mesenchymal transition (EMT), which increases
their ability to invade [13]. Exploring the molecular
characteristics of CTCs offers invaluable understanding of the
metastatic process and may serve as a prognostic marker.

2.3 Extracellular Vesicles and Exosomes

Exosomes, a type of extracellular vesicles measuring between
40-160 nm, are actively released by nearly all cell types,
including cancerous ones. They are essential for cell-to-cell
communication by transferring proteins, lipids, mRNA, and
miRNA to target cells, thus affecting tumor growth, helping
immune evasion, and establishing pre-metastatic niches [14].
For liquid biopsy purposes, exosomes present significant
benefits: they are found in high concentrations in bodily fluids
(~10"9 particles/mL), are stable due to their lipid bilayer, and
contain a rich molecular cargo indicative of the condition of
their originating cells [15]. Exosomes from tumors possess
distinct surface proteins and nucleic acids that can act as
highly specific indicators for early cancer detection [16].

genetic and epigenetic alterations, such as mutations, copy
number variations, and methylation patterns [8, 9]. This
tumor-specific signature makes ctDNA an exceptionally
powerful biomarker for cancer detection and monitoring. Its
short half-life (minutes to hours) allows for real-time
assessment of tumor dynamics [10].

Table 1: Key Characteristics of cfDNA and ctDNA
ctDNA

Apoptosis/necrosis of tumor cells

Small fraction of total cfDNA

Shorter, ~143 bp

Somatic mutations, methylation changes,
CNVs

Cancer diagnosis, monitoring, resistance
detection

Figure 1: Sources of Biofluids for Liquid Biopsy
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Fig. 1 in the Liang et al. paper, illustrating the various bodily
fluids—blood, urine, CSF, saliva, etc.—that can be sampled
for liquid biopsy analysis.)

3. Analytical Techniques

The effective clinical application of liquid biopsy hinges on
sophisticated technologies capable of detecting extremely rare
analytes against a high background of normal cellular material.

3.1 ctDNA Analysis

e PCR-Based Methods: Digital PCR (dPCR) and its
derivative, droplet digital PCR (ddPCR), allow for
the absolute quantification of nucleic acids by
partitioning a sample into thousands of individual
reactions. This enables the highly sensitive detection
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of known, low-frequency mutations (e.g., EGFR in
NSCLC) without the need for standard curves [17].
Techniques like BEAMing (Beads, Emulsion,
Amplification, and Magnetics) combine dPCR with
flow cytometry for ultra-sensitive detection [18].

e Next-Generation Sequencing (NGS): NGS offers a
broader, hypothesis-free approach. Targeted panels
focus on known cancer-related genes, allowing for
deep sequencing to identify low-frequency variants.
Whole-genome or whole-exome sequencing provides
a comprehensive view but requires higher input DNA
and greater computational resources. Key to
NGS-based ctDNA analysis are molecular barcoding
techniques that tag original DNA molecules,
allowing bioinformatic correction of PCR and
sequencing errors, thereby achieving sensitivities
rivaling dPCR [19].

e Methylation Analysis: The disruption of DNA
methylation patterns, specifically the addition of a
methyl group to cytosine in CpG islands, is
frequently observed in cancer. Analyzing the
methylation patterns of circulating tumor DNA
(ctDNA) presents a highly promising strategy for
Multi-Cancer Early Detection (MCED) tests.
Techniques such as cell-free methylated DNA
immunoprecipitation and sequencing (cfMeDIP-seq)
are capable of detecting cancer-specific methylation
signatures and can even predict the tissue of origin
(TOO) of the cancer [20, 21].

3.2 CTC Isolation and Detection

CTC enrichment strategies exploit either physical (size,
density, deformability, electrical charge) or biological (surface
antigen expression) properties.

e Label-Dependent Enrichment: The FDA-approved
CellSearch® system uses antibody-coated magnetic
beads targeting EpCAM to positively select epithelial
CTCs. However, this method may miss CTCs that
have undergone EMT and downregulated EpCAM
[12].

e Label-Free Enrichment: Microfluidic technologies

(e.g., CTC-chip, ISET - Isolation by Size of
Epithelial Tumor Cells) filter blood cells based on
size or deformability differences, preserving cell
viability and capturing EpCAM-low CTCs [22, 23].
Advanced platforms like the NP-HB CTC-Chip use
nanotechnology for efficient capture and gentle
release of viable CTCs for downstream culture and
analysis [24].
Following enrichment, CTCs are typically identified
using immunocytochemistry (ICC) for cytokeratins
(positive marker) and CD45 (negative leukocyte
marker). Molecular characterization via single-cell
RNA sequencing or RT-PCR provides profound
insights into CTC heterogeneity and resistance
mechanisms [25].

3.3 Exosome Isolation and Analysis

Achieving high-purity isolation of exosomes is difficult
because of their minuscule size and the presence of
contaminants of similar dimensions. Popular techniques for
this purpose involve ultracentrifugation, size-exclusion
chromatography, polymer-based  precipitation, and
immunoaffinity capture, which utilizes antibodies targeting
exosome surface markers such as CD9, CD63, and CD81 [26].
After isolation, the contents of exosomes, including proteins
and miRNAs, can be examined using a range of methods like
ELISA, western blot, Nanoscale Flow Cytometry, and RNA
sequencing.

Figure 2: Overview of Liquid Biopsy Techniques and
Workflow
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illustrating the journey from sample collection (blood draw) to
the analysis of different analytes (ctDNA, CTCs, Exosomes)
via various technologies (NGS, PCR, Microfluidics,
Sequencing) and culminating in clinical applications like
diagnosis and monitoring.)

4. Clinical Applications in Early Cancer
Detection
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4.1 Lung Cancer

Lung cancer, the foremost cause of cancer-related deaths,
could significantly benefit from early detection through liquid
biopsy techniques. Research indicates that circulating tumor
DNA (ctDNA) can be found in 50% of patients with Stage I
and all patients with Stage II-IV non-small cell lung cancer
(NSCLC) [27]. In addition to identifying mutations, the
methylation patterns of ¢tDNA and particular microRNA
(miRNA) signatures in exosomes (such as miR-30c-3p for
adenocarcinoma and miR-15b-5p for squamous cell
carcinoma) exhibit high specificity in differentiating cancer
from non-cancerous conditions and predicting histology [28].
Most notably, circulating tumor cells (CTCs) have been
identified in high-risk smokers even before lung nodules are
visible on CT scans, with almost perfect predictive accuracy
for future cancer development. This points to a remarkable
potential for extremely early intervention [29].

4.2 Breast Cancer

In breast cancer research, liquid biopsy examines ctDNA
methylation patterns (such as the hypermethylation of the
EGFR and PPMIE promoters), ctDNA mutations, and serum
miRNA profiles. An important study discovered a set of five
serum miRNAs (miR-1246, miR-1307-3p, miR-4634,
miR-6861-5p, and miR-6875-5p) that identified breast cancer
with a sensitivity of 97.3% and a specificity of 82.9%,
including for early-stage and in-situ cases. Detecting CTCs in
early breast cancer stages is difficult; however, innovative
technologies like nuclease-activated probes are enhancing
sensitivity.

4.3 Colorectal Cancer (CRC)

Liquid biopsy presents an alternative approach to colonoscopy
for screening colorectal cancer (CRC). The Epi proColon®
test, approved by the FDA, identifies methylated SEPT9 in
circulating tumor DNA (ctDNA) and is intended for
average-risk adults who choose not to undergo first-line
screening. Platforms for detecting circulating tumor cells
(CTCs), such as the CellMax assay, have shown sensitivities
of 86.9% and specificities of 97.3% for CRC, with the number
of CTCs aligning with the stage of the disease [32].
Additionally, multi-marker panels for ctDNA methylation (for
instance, those based on 11 biomarkers) and exosomal
microRNAs (like miR-125a-3p, miR-320c¢) are proving highly
effective in enhancing early detection rates [33, 34].

4.4 Prostate Cancer

The pursuit of enhancing the restricted specificity of
Prostate-Specific Antigen (PSA) testing has fueled research
into liquid biopsies for prostate cancer. Urine has proven to be
a useful biofluid, with tests such as ExoDx® Prostate
Intelliscore focusing on exosomal RNA analysis. Methylation
in genes like GSTP1 and RARB2 within ctDNA, along with
particular serum miRNA signatures (for instance, miR-24,
miR-223, miR-375), can aid in distinguishing between
significant and indolent prostate cancers, thereby minimizing
unnecessary biopsies [35, 36].

4.5 Gastric Cancer

Timely identification of gastric cancer is vital, given its grim
outlook at later stages. The difficulty lies in the scarcity of
CTCs and ctDNA during the initial phases of the discase.
Research indicates that utilizing EpCAM in conjunction with
other markers, such as Protein Tyrosine Kinase 7 (PTK7), can
enhance the sensitivity of CTC capture [37]. Moreover,
methylated ctDNA markers (for example, PCDHIO,
RASSF1A, RUNX3) show superior diagnostic precision
compared to conventional serum biomarkers like CA199 or
CEA, presenting a promising non-invasive approach for
screening populations at high risk [38, 39].

Table 2: Summary of Liquid Biopsy Applications in
Selected Cancers

Cancer Key Analyte(s) Example Reported Performance
Type Biomarker/Technology
Lung ctDNA methylation, miR-30c-3p (adenocarcinoma) High specificity for histologic
(NSCLC) exo-miRNA subtype [28]
Breast Serum miRNA 5-miRNA panel Sens: 97.3%, Spec: 82.9% [30]
Colorectal = Methylated ctDNA Epi proColon (SEPT9) FDA-approved blood test [32]
Prostate Urinary exosome RNA, ExoDx ﬁ‘ﬁgﬁ test, GSTP1 Improves specificity over PSA

ctDNA methylation WI%V&h%}ll%

ers.com
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5. Challenges and Future Perspectives

Despite its transformative potential, the widespread clinical
implementation of liquid biopsy faces several hurdles:

1. Technical Sensitivity: The very low concentration of
tumor-derived material in early-stage disease pushes
the limits of current technologies.

2. Standardization: A lack of standardized protocols for
sample collection, processing, storage, and analysis
makes it difficult to compare results across studies and
labs.

3. Specificity and Interpretation: Distinguishing true
tumor-derived signals from clonal hematopoiesis
(CHIP), background noise, or pre-malignant lesions is
complex.

4. Clinical Validation: Large-scale, prospective,
multi-center trials are needed to validate the clinical
utility and cost-effectiveness of liquid biopsy for
population-level screening.

5. Integration into Clinical Pathways: How liquid
biopsy will complement or replace existing standards
of care (e.g., colonoscopy, CT scans) requires careful
definition.

Future directions are focused on overcoming these challenges:

e Multi-Analyte and Multi-Omics Approaches:
Combining ctDNA, CTC, and exosome analysis with
proteomics and metabolomics will likely yield higher
sensitivity and specificity than any single analyte.

e MCED Tests: Large efforts are underway to develop
blood tests that can screen for multiple cancer types
simultaneously and predict the tissue of origin.

e Ultra-Sensitive = Technologies: = Advances in
sequencing chemistry, single-molecule detection, and
bioinformatics will continue to lower the limits of
detection.

e Longitudinal Monitoring: The true power of liquid
biopsy may lie in serial monitoring for cancer
recurrence (MRD detection) and real-time assessment
of treatment efficacy.

6. Conclusion

Liquid biopsy marks a revolutionary change in the field of
oncology, shifting diagnosis from invasive, static tissue
sampling to less invasive, dynamic molecular monitoring. By
analyzing ctDNA, CTCs, and exosomes, it offers a
comprehensive view of tumor biology, providing unmatched
opportunities for early cancer detection, personalized therapy

selection, and monitoring of treatment responses and resistance.

Although there are still significant challenges in terms of
sensitivity, standardization, and validation, the rapid

advancement of technology and increasing clinical evidence
strongly indicate that liquid biopsy is poised to become a
crucial part of cancer care. As we continue to refine these
methods and prove their value in large populations, liquid
biopsy promises to make cancer more detectable and
manageable, ultimately saving lives through earlier
intervention.

References

1. Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel,
R. L., Soerjomataram, I., ... & Jemal, A. (2024).
Global cancer statistics 2022: GLOBOCAN estimates
of'incidence and mortality worldwide for 36 cancers in
185 countries. CA: A Cancer Journal for Clinicians,
*74%(3), 229-263.

2. Siegel, R. L., Giaquinto, A. N., & Jemal, A. (2024).
Cancer statistics, 2024. CA: A Cancer Journal for
Clinicians, ¥*74*(1), 12-49.

3. Lennon, A. M., Buchanan, A. H., Kinde, 1., Warren,
A., Honushefsky, A., Cohain, A. T., ... & Vogelstein,
B. (2020). Feasibility of blood testing combined with
PET-CT to screen for cancer and guide intervention.
Science, ¥369%(6499), eabb9601.

4. Dominguez-Vigil, I. G., Moreno-Martinez, A. K.,
Wang, J. Y., Roehrl, M. H., & Barrera-Saldafia, H. A.
(2018). The dawn of the liquid biopsy in the fight
against cancer. Oncotarget, *9%(2), 2912.

5. Heidrich, I., A¢kar, L., Mossahebi Mohammadi, P., &
Pantel, K. (2021). Liquid biopsies: potential and
challenges. International Journal of Cancer, *148*(3),

528-545.
6. Wan, J. C. M., Massie, C., Garcia-Corbacho, J.,
Mouliere, F., Brenton, J. D., Caldas, C., ... &

Rosenfeld, N. (2017). Liquid biopsies come of age:
towards implementation of circulating tumour DNA.
Nature Reviews Cancer, *17*%(4), 223.

7. Diehl, F., Schmidt, K., Choti, M. A., Romans, K.,
Goodman, S., Li, M., ... & Diaz Jr, L. A. (2008).
Circulating mutant DNA to assess tumor dynamics.
Nature Medicine, *14%(9), 985-990.

8. Underhill, H. R. (2019). Leveraging the fragment
length of circulating tumour DNA to improve
molecular profiling of cancer. Nature Reviews Cancer,
*19%(9), 505-507.

9. Giacona, M. B., Ruben, G. C., Iczkowski, K. A., Roos,
T. B., Porter, D. M., & Sorenson, G. D. (1998).
Cell-free DNA in human blood plasma: length
measurements in patients with pancreatic cancer and
healthy controls. Pancreas, *17*(1), 89-97.

10. Bettegowda, C., Sausen, M., Leary, R. J., Kinde, 1.,
Wang, Y., Agrawal, N., ... & Diaz Jr, L. A. (2014).
Detection of circulating tumor DNA in early-and
late-stage human malignancies. Science Translational
Medicine, ¥*6*(224), 224ra24-224ra24.

www.gulfpublishers.com

10



Modern Applied Medical Research

5(7): 06-12
ISSN: 2582-9181

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pantel, K., & Alix-Panabieres, C. (2010). Circulating
tumour cells in cancer patients: challenges and
perspectives. Trends in Molecular Medicine, *16*(9),
398-406.

Allard, W. J., Matera, J., Miller, M. C., Repollet, M.,
Connelly, M. C., Rao, C., ... & Terstappen, L. W.
(2004). Tumor cells circulate in the peripheral blood
of all major carcinomas but not in healthy subjects or
patients with nonmalignant diseases. Clinical Cancer
Research, ¥10%(20), 6897-6904.

Yu, M., Bardia, A., Wittner, B. S., Stott, S. L., Smas,
M. E., Ting, D. T., ... & Maheswaran, S. (2013).
Circulating breast tumor cells exhibit dynamic
changes in epithelial and mesenchymal composition.
Science, ¥339%(6119), 580-584.

Kalluri, R., & LeBleu, V. S. (2020). The biology,
function, and biomedical applications of exosomes.
Science, ¥367*(6478), ecaau6977.

Maroto, R., Zhao, Y., Jamaluddin, M., Popov, V. L,
Wang, H., Kalubowilage, M., ... & Luisi, J. (2017).
Effects of storage temperature on airway exosome
integrity for diagnostic and functional analyses.
Journal of Extracellular Vesicles, *6*(1), 1359478.
Melo, S. A., Luecke, L. B., Kahlert, C., Fernandez, A.
F., Gammon, S. T., Kaye, J., ... & Kalluri, R. (2015).
Glypican-1 identifies cancer exosomes and detects
early pancreatic cancer. Nature, *523%*(7559),
177-182.

Hindson, B. J., Ness, K. D., Masquelier, D. A.,
Belgrader, P., Heredia, N. J., Makarewicz, A. J., ... &
Colston, B. W. (2011). High-throughput droplet
digital PCR system for absolute quantitation of DNA
copy number. Analytical Chemistry, *83%(22),
8604-8610.

Dressman, D., Yan, H., Traverso, G., Kinzler, K. W.,
& Vogelstein, B. (2003). Transforming single DNA
molecules into fluorescent magnetic particles for
detection and enumeration of genetic variations.
Proceedings of the National Academy of Sciences,
*100*(15), 8817-8822.

Newman, A. M., Bratman, S. V., To, J., Wynne, J. F.,
Eclov, N. C., Modlin, L. A, ... & Dichn, M. (2014).
An ultrasensitive method for quantitating circulating
tumor DNA with broad patient coverage. Nature
Medicine, *20%(5), 548-554.

Shen, S. Y. Singhania, R., Fehringer, G.,
Chakravarthy, A., Roehrl, M. H., Chadwick, D., ... &
De Carvalho, D. D. (2018). Sensitive tumour detection
and classification using plasma cell-free DNA
methylomes. Nature, *563%(7732), 579-583.

Liu, M. C., Oxnard, G. R., Klein, E. A., Swanton, C.,
Seiden, M. V., & Liu, M. C. (2020). Sensitive and
specific multi-cancer detection and localization using
methylation signatures in cell-free DNA. Annals of
Oncology, *¥31%*(6), 745-759.

Nagrath, S., Sequist, L. V., Maheswaran, S., Bell, D.
W., Irimia, D., Ulkus, L., ... & Toner, M. (2007).
Isolation of rare circulating tumour cells in cancer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

patients by  microchip
*450%(7173), 1235-1239.
Vona, G., Sabile, A., Louha, M., Sitruk, V., Romana,
S., Schiitze, K., ... & Paterlini-Bréchot, P. (2000).
Isolation by size of epithelial tumor cells: a new
method for the immunomorphological and molecular
characterization of circulating tumor cells. The
American Journal of pathology, ¥156*(1), 57-63.
Park, M. H., Reategui, E., Li, W., Tessier, S. N., Wong,
K. H., Jensen, A. E., ... & Toner, M. (2017). Enhanced
isolation and release of circulating tumor cells using
nanoparticle binding and ligand exchange in a
microfluidic chip. Journal of the American Chemical
Society, ¥139%(7), 2741-2749.

Gao, Y., Ni, X., Guo,H.,Su,Z.,Ba, Y., Tong, Z., ... &
Song, Z. (2021). Single-cell sequencing deciphers a
convergent evolution of copy number alterations from
primary to circulating tumor cells. Genome Research,
*31%(8), 1412-1425.

Théry, C., Witwer, K. W., Aikawa, E., Alcaraz, M. J.,
Anderson, J. D., Andriantsitohaina, R., .. &
Zuba-Surma, E. K. (2018). Minimal information for
studies of extracellular vesicles 2018 (MISEV2018): a
position statement of the International Society for
Extracellular Vesicles and update of the MISEV2014
guidelines. Journal of Extracellular Vesicles, *7*(1),
1535750.

Liang, X., Tang, Q., Chen, J., & Wei, Y. (2025).
Liquid Biopsy: A Breakthrough Technology in Early
Cancer Screening. Cancer Screening and Prevention,
*4*(1), 40-52.

Jin, X., Chen, Y., Chen, H., Fei, S., Chen, D., Cai,
X., ... & Liu, Y. (2017). Evaluation of tumor-derived
exosomal miRNA as potential diagnostic biomarkers
for early-stage non-small cell lung cancer using
next-generation  sequencing.  Clinical ~ Cancer
Research, ¥*23*(17), 5311-5319.

Zhou, Q., Geng, Q., Wang, L., Huang, J., Liao, M., Li,
Y., .. & Zhang, Z. (2019). Value of folate
receptor-positive circulating tumour cells in the
clinical management of indeterminate lung nodules: A
non-invasive biomarker for predicting malignancy
and tumour invasiveness. EBioMedicine, *41%,
236-243.

Shimomura, A., Shiino, S., Kawauchi, J., Takizawa, S.,
Sakamoto, H., Matsuzaki, J., ... & Ochiya, T. (2016).
Novel combination of serum microRNAs for detecting
breast cancer in the early stage. Cancer Science,
*107*(3), 326-334.

Kruspe, S., Dickey, D. D., Urak, K. T., Blanco, G. N.,
Miller, M. J., Clark, K. C,, ... & Giangrande, P. H.
(2017). Rapid and sensitive detection of breast cancer
cells in patient blood with nuclease-activated probe
technology. Molecular Therapy-Nucleic Acids, *8%*,
5-17.

Tsai, W. S., You, J. F., Hung, H. Y., Hsieh, P. S.,
Hsieh, B., Lenz, H. J., & Shao, H. J. (2019). Novel
circulating tumor cell assay for detection of colorectal

technology.  Nature,

www.gulfpublishers.com

11



Modern Applied Medical Research

5(7): 06-12
ISSN: 2582-9181

33.

34.

35.

36.

37.

38.

39.

adenomas and cancer. Clinical and Translational
Gastroenterology, *10%(10), e00088.

Wu, X., Zhang, Y., Hu, T., He, X., Zou, Y., Deng,
Q., ... & Wang, J. (2021). A novel cell-free DNA
methylation-based model improves the early detection
of colorectal cancer. Molecular Oncology, *15*%(10),
2702-2714.

Wang, J., Yan, F., Zhao, Q., Zhan, F., Wang, R., Wang,
L., ... & Zhang, Q. (2017). Circulating exosomal
miR-125a-3p as a novel biomarker for early-stage
colon cancer. Scientific Reports, *7*(1), 4150.

Liu, R. S. C., Olkhov-Mitsel, E., Jeyapala, R., Zhao, F.,
Commisso, K., Klotz, L., ... & Bapat, B. (2018).
Assessment of serum microRNA biomarkers to
predict reclassification of prostate cancer in patients
on active surveillance. The Journal of Urology,
*199%(6), 1475-1481.

Vanaja, D. K., Ehrich, M., Van den Boom, D.,
Cheville, J. C., Karnes, R. J.,, Tindall, D. J., ... &
Young, C. Y. (2009). Hypermethylation of genes for
diagnosis and risk stratification of prostate cancer.
Cancer Investigation, *27*(5), 549-560.

Li, C., Yang, S., Li, B., Gong, S., Huang, M., Sun,
Y., ... & Zhang, Z. (2022). Dual-aptamer-targeted
immunomagnetic nanoparticles to accurately explore
the correlations between circulating tumor cells and
gastric cancer. ACS Applied Materials & Interfaces,
*14*(6), 7646-7658.

Ling, Z. Q.,Lv, P., Lu, X. X., Yu, J., Han, J., Ying, L.
S., ... & Wang, Z. (2013). Circulating methylated
XAF1 DNA indicates poor prognosis for gastric
cancer. PloS One, *8*(6), e67195.

Karamouzis, M. V., Balgkiozamboulou, I., Xenos, N.,
Amarantidis, K., Biziota, E., Koukaki, T., ... &
Kotsakis, A. (2021). Prognostic role of RASSF1A,
SOX17 and Wif-1 promoter methylation status in
cell-free DNA of advanced gastric cancer patients.
Technology in Cancer Research & Treatment, *20%,
1533033820973279.

www.gulfpublishers.com

12



	1. Introduction
	1)The examination of these biomarkers offers an imme
	2. Core Components of Liquid Biopsy
	3. Analytical Techniques
	4. Clinical Applications in Early Cancer Detection
	5. Challenges and Future Perspectives
	6. Conclusion
	Liquid biopsy marks a revolutionary change in the 
	References

