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ABSTRACT

Early detection is a very important factor of the survival rates
of breast and colorectal cancer, but the traditional screening
and tissue biopsy techniques are usually constrained by
invasiveness, access, and decreasing sensitivity in early-stage
cancer. As a potentially helpful, non-invasive intervention,
liquid biopsy has become a promising intervention that can
be used to identify biomarkers produced by the tumor by
analyzing blood-derived substances. The main liquid biopsy
elements such as circulating tumor DNA, circulating tumor cells,
microRNAs, and extracellular vesicles are a better source of
molecular information about tumor presence, heterogeneity,
and pre-oncogenic alterations. These biomarkers have shown
the potential in breast and colorectal cancer in the detection of
malignancies at an early stage, the progression of the disease
and as a complement to current screening modalities. Recent
progress in the high-throughput sequencing and molecular
profiling has further increased the accuracy of diagnosis and
clinical relevancy of the liquid biopsy-based assay. Although
these improvements have been made, issues to do with low
levels of biomarkers, standards in technology, and clinical
validation still exist. Altogether, liquid biopsy-based biomarkers
are a ground-breaking method of early cancer diagnosis, and
they can provide considerable prospects in increasing the
accuracy of screening, facilitating personalized diagnostics,
and lowering cancer-related mortality rates in the population
of breast and colorectal cancer patients.
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INTRODUCTION

Breast and colorectal cancers are still some of the most
often diagnosed malignancies in the world and still one
of the major causes of cancer morbidity and mortality.
The stage at which the diseases are diagnosed greatly
affects the clinical outcomes of the two diseases with
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early diagnosis of the disease enhancing the survival
rate and increasing the therapeutic modalities. Although
there are new methods in imaging, endoscopy, and
tissue-based histopathology, the traditional methods of
diagnosis can be hampered by invasiveness, sampling
bias, late diagnosis, and lack of sensitivity to early-stage
or minimal disease (Heitzer et al.,, 2017; Marrugo-Ramirez
etal., 2018). Such restrictions have stimulated the quest to
identify new non-invasive biomarkers that can identify
malignancy at its most amenable early phases.

Liquid biopsy has emerged as a transformative
approach in cancer diagnostics by enabling the detection
and analysis of tumor-derived biomarkers from
peripheral blood. Unlike traditional tissue biopsies,
liquid biopsy offers a minimally invasive, repeatable,
and dynamic means of capturing molecular information
reflective of tumor heterogeneity and evolution (Hench et
al.,, 2018; Normanno et al., 2018). Key analytes evaluated
in liquid biopsy include circulating tumor DNA (ctDNA),
circulating tumor cells (CTCs), microRNAs, circular
RNAs, and extracellular vesicles, all of which have
demonstrated diagnostic and prognostic relevance across
multiple cancer types (Marrugo-Ramirez et al,, 2018; Roy
et al., 2022).

In breast cancer, extensive research has highlighted
the potential of liquid biopsy-based biomarkers to detect
early molecular alterations before clinical or radiological
manifestation. Systematic reviews and clinical studies
have reported promising associations between ctDNA,
microRNA signatures, and early-stage breast cancer,
underscoring their potential utility in screening and
disease monitoring (Duque et al., 2022; Matsutani et al.,
2020; D’Amico et al., 2021). Blood-based biomarkers have
also been proposed as complementary tools to existing
screening methods, with the potential to improve
diagnostic sensitivity and reduce false-negative rates
(Loke & Lee, 2018; Li et al., 2020; Freitas et al., 2022).

Similarly, liquid biopsy has gained increasing
relevance in colorectal cancer, where early detection
remains challenging due to asymptomatic disease
progression and limited participation in invasive
screening programs. Dynamic liquid biopsy components,
including ctDNA mutations, epigenetic alterations, and
non-coding RNAs, have shown strong potential for
identifying early-stage colorectal cancer and high-risk
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individuals (Raza et al.,, 2022; Zhou et al., 2022). Recent
advances have further demonstrated the feasibility of
blood-based molecular signatures for detecting early-
onset colorectal cancer, highlighting the expanding role
of liquid biopsy in population-level screening strategies
(Nakamura et al.,, 2022; Ganepola et al., 2014).

Collectively, these developments position liquid
biopsy-based biomarkers at the forefront of precision
oncology for breast and colorectal cancer. While
technical challenges related to biomarker sensitivity,
standardization, and clinical validation remain, the
growing body of evidence supports their potential to
reshape early cancer detection paradigms and enhance
personalized diagnostic pathways (Heitzer et al., 2017;
Normanno et al., 2018).

Concept of Liquid Biopsy

Liquid biopsy refers to a minimally invasive diagnostic
approach that involves the analysis of tumor-derived
biomarkers released into body fluids, primarily blood,
to obtain molecular information about cancer presence
and behavior. Unlike conventional tissue biopsy, which
requires surgical or needle-based tumor sampling, liquid
biopsy enables repeated and real-time assessment of
cancer dynamics, making it particularly valuable for early
detection, monitoring, and prognostication (Heitzer et al.,
2017; Marrugo-Ramirez et al., 2018).

The biological basis of liquid biopsy lies in the
continuous shedding of tumor-related components
into the circulation during tumor growth and cellular
turnover. These components include circulating tumor
DNA (ctDNA), circulating tumor cells (CTCs), microRNAs
(miRNAs), circular RNAs (circRNAs), exosomes, and
other extracellular vesicles, each reflecting distinct
aspects of tumor biology (Hench et al., 2018; Freitas et al.,
2022). Advances in high-sensitivity molecular techniques,
such as next-generation sequencing and digital PCR,
have enabled the reliable detection of these analytes even
at low concentrations, which is critical for early-stage
malignancies (Matsutani et al., 2020).

In breast and colorectal cancer, liquid biopsy has
gained increasing attention due to its ability to capture
tumor heterogeneity and molecular alterations that may
not be fully represented in a single tissue specimen.
ctDNA analysis allows for the identification of cancer-
specific genetic and epigenetic changes, while CTCs
provide phenotypic and functional insights into tumor
dissemination (Duque et al,, 2022; Raza et al., 2022).
Additionally, non-coding RNAs, including miRNAs and
circRNAs, have shown promise as stable and cancer-
specific biomarkers detectable in peripheral blood (Li et
al,, 2020; Roy et al., 2022).

From a clinical perspective, the concept of liquid biopsy
extends beyond diagnosis to encompass early detection,
risk stratification, treatment monitoring, and detection
of minimal residual disease. In colorectal cancer, blood-
based molecular signatures have demonstrated potential
for identifying early and even pre-symptomatic disease,
complementing existing screening strategies (Nakamura
et al,, 2022; Zhou et al,, 2022). Similarly, in breast cancer,
liquid biopsy offers a non-invasive adjunct to imaging
modalities, particularly in populations where traditional
screening may be less effective (Loke & Lee, 2018;
D’Amico et al., 2021).

Overall, liquid biopsy represents a paradigm shift
in cancer diagnostics, providing a dynamic and patient-
friendly alternative to tissue biopsy. While challenges
related to sensitivity, standardization, and clinical
implementation remain, its conceptual foundation
as a real-time, molecular window into tumor biology
underpins its growing role in the early detection and
management of breast and colorectal cancer (Normanno
et al., 2018; Ganepola et al.,, 2014).

Key Liquid Biopsy Biomarkers

Liquid biopsy relies on the detection of tumor-derived
materials released into the bloodstream, providing
molecular information that reflects early oncogenic
processes in breast and colorectal cancer. Several
biomarker classes have demonstrated diagnostic
relevance, particularly for early-stage disease, owing
to their specificity, accessibility, and potential for
longitudinal monitoring.

Circulating Tumor DNA (ctDNA)

Circulating tumor DNA consists of short DNA fragments
shed into the bloodstream through tumor cell apoptosis
and necrosis. ctDNA carries tumor-specific genetic and
epigenetic alterations, including point mutations, copy
number variations, and aberrant DNA methylation
patterns. In breast and colorectal cancer, ctDNA analysis
enables the detection of early malignant changes and
minimal residual disease, even when tumor burden is low
(Heitzer et al., 2017; Duque et al.,, 2022). Advances in next-
generation sequencing and digital PCR have improved
sensitivity, making ctDNA a cornerstone biomarker for
early detection and molecular profiling (Raza et al., 2022;
Zhou et al., 2022).

Circulating Tumor Cells (CTCs)

Circulating tumor cells are intact cancer cells that
detach from primary tumors and enter the bloodstream.
Although present in very low numbers during early-stage
disease, CTCs provide valuable phenotypic and genotypic
information that reflects tumor heterogeneity and
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metastatic potential. In breast cancer, CTC enumeration
and molecular characterization have been associated with
early disease progression and recurrence risk (D’Amico
etal, 2021; Freitas et al., 2022). Similarly, colorectal cancer
studies indicate that CTC detection can complement
ctDNA analysis by offering cellular-level insights into
tumor biology (Normanno et al., 2018; Raza et al., 2022).

Circulating MicroRNAs (miRNAs)

MicroRNAs are small, non-coding RNA molecules that
regulate gene expression and are remarkably stable in
circulation. Cancer-associated miRNA signatures have
been identified in both breast and colorectal cancer,
making them attractive biomarkers for early detection.
Altered miRNA expression profiles can distinguish
cancer patients from healthy individuals and may reflect
early tumorigenesis (Loke & Lee, 2018; Li et al., 2020).
Systematic reviews highlight their diagnostic potential,
particularly when used in panels rather than as single
markers (Duque et al., 2022; Marrugo-Ramirez et al,,
2018).

Exosomes and Extracellular Vesicles

Exosomes and other extracellular vesicles are membrane-
bound particles secreted by tumor cells that transport
DNA, RNA, proteins, and lipids. Their molecular cargo
mirrors the biological state of the originating tumor,
offering a rich source of biomarkers. In breast and
colorectal cancer, exosome-derived nucleic acids and
proteins have shown promise for early detection and
disease stratification (Matsutani et al., 2020; Zhou et al.,
2022). Their stability in circulation further enhances their
diagnostic value.

These liquid biopsy biomarkers provide
complementary molecular and cellular information,
and growing evidence supports their combined use to
enhance sensitivity and specificity for early detection of
breast and colorectal cancer (Hench et al., 2018; Nakamura
et al., 2022).

Applications in Breast Cancer Detection

Liquid biopsy—based biomarkers have gained increasing
relevance in breast cancer detection due to their ability to
capture tumor-derived molecular signals in a minimally
invasive manner. These applications are particularly
valuable for identifying early-stage disease, where
traditional imaging and tissue biopsy approaches may
lack sensitivity or feasibility. Blood-based biomarkers such
as circulating tumor DNA (ctDNA), circulating tumor
cells (CTCs), microRNAs (miRNAs), and extracellular
vesicles provide complementary diagnostic information
that supports earlier and more precise detection of breast
malignancies (Matsutani et al., 2020; Heitzer et al., 2017).

Early-Stage and Minimal Disease Detection

One of the most significant applications of liquid
biopsy in breast cancer is the detection of early-stage
tumors and minimal residual disease. ctDNA analysis
enables the identification of tumor-specific genetic and
epigenetic alterations, including point mutations and
DNA methylation patterns, even when tumor burden
is low (Duque et al.,, 2022; Li et al., 2020). Studies have
demonstrated that ctDNA can be detected in patients
with early breast cancer, offering the potential to identify
malignancies before clinical or radiological manifestation
(D’Amico et al., 2021).

Circulating Tumor Cells and Tumor Heterogeneity

CTCs serve as another critical application of liquid
biopsy in breast cancer detection. These cells provide
phenotypic and molecular information that reflects
tumor heterogeneity and metastatic potential. Although
CTCs are relatively rare in early-stage disease, advances
in enrichment and detection technologies have improved
their clinical utility (Hench et al., 2018). The presence and
molecular profiling of CTCs can support early diagnosis
while also offering prognostic insights relevant to disease
progression (Freitas et al., 2022).

MicroRNAs and Extracellular Vesicles as Diagnostic
Tools

miRNAs and extracellular vesicles, including exosomes,
have shown strong potential as early diagnosticbiomarkers
in breast cancer. Aberrant miRNA expression profiles
associated with oncogenic pathways can be detected in
blood samples and have demonstrated discriminatory
power between healthy individuals and breast cancer
patients (Loke & Lee, 2018; Marrugo-Ramirez et al., 2018).
Exosomes further enhance diagnostic applications by
carrying tumor-specific nucleic acids and proteins that
reflect early tumor development and biological behavior
(Freitas et al., 2022).

Integration with Conventional Screening Approaches

Liquid biopsy biomarkers are increasingly viewed as
complementary tools to conventional screening methods
such as mammography. When integrated with imaging,
blood-based biomarkers may improve sensitivity,
particularly in patients with dense breast tissue or
indeterminate imaging results. This integrative approach
enhances risk stratification and supports personalized
screening strategies aimed at early detection and
improved clinical outcomes (Duque et al., 2022; D’Amico
et al., 2021).

Overall, the application of liquid biopsy in breast
cancer detection represents a significant advancement
toward earlier diagnosis and precision screening. By
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Table 1: Major Liquid Biopsy Biomarkers for Early Detection of Breast and Colorectal Cancer

Biomarker Type Biological Key Molecular Diagnostic Relevance Representative Evidence
Source Features
Circulating Plasma / Serum Tumor-specific Early detection, Heitzer et al. (2017); Duque
Tumor DNA mutations, minimal residual et al. (2022); Raza et al.
(ctDNA) methylation disease, molecular (2022)
patterns profiling
Circulating Whole blood Intact tumor cells, Prognostic Normanno et al. (2018);
Tumor Cells phenotypic and assessment, tumor D’Amico et al. (2021)
(CTCs) genotypic traits heterogeneity
MicroRNAs Plasma / Serum Differential Non-invasive early Loke & Lee (2018); Li et al.
(miRNAs) expression detection, risk (2020); Duque et al. (2022)
signatures stratification
Exosomes / Plasma / Serum DNA, RNA, Early diagnosis, Matsutani et al. (2020); Zhou
Extracellular proteins reflecting disease monitoring et al. (2022)
Vesicles tumor state

Table 2: Major Liquid Biopsy Biomarkers and Their Applications in Breast Cancer Detection

Biomarker Type Biological Source

Key Clinical Application

Diagnostic Relevance Supporting Studies

Circulating Tumor DNA Plasma/Serum

(ctDNA) profiling

Detection of tumor
dissemination and
heterogeneity

Circulating Tumor CellsWhole blood
(CTCs)

MicroRNAs (miRNAs) Plasma/Serum
classification

Extracellular Vesicles Plasma/Serum

(Exosomes) signaling analysis

Early tumor detection, mutation High specificity for tumor-

Early diagnosis and molecular

Early detection and tumor

Duque et al. (2022); Li et

derived alterations al. (2020)

Prognostic and early
diagnostic potential

Hench et al. (2018);
Freitas et al. (2022)

Stable, cancer-specific
expression patterns

Loke & Lee (2018);
Marrugo-Ramirez et al.
(2018)

Matsutani et al. (2020);
Freitas et al. (2022)

Reflect tumor biology and
progression

enabling the identification of tumor-specific biomarkers
at early disease stages, liquid biopsy technologies offer
substantial potential to improve detection accuracy, guide
clinical decision-making, and ultimately enhance patient
outcomes (Heitzer et al.,, 2017; Duque et al., 2022).

Applications in Colorectal Cancer Detection

Liquid biopsy has gained substantial relevance in
colorectal cancer (CRC) detection due to its capacity to
identify tumor-derived molecular alterations at early and
potentially curable stages. Blood-based biomarkers offer
anon-invasive alternative to conventional screening and
diagnostic approaches, enabling earlier identification
of malignancy, improved patient stratification, and
enhanced disease monitoring.

Circulating Tumor DNA (ctDNA) in Early Detection

Circulating tumor DNA is one of the most extensively
studied liquid biopsy components in CRC. Tumor-specific
genetic and epigenetic alterations, including KRAS,
BRAF, APC mutations, and aberrant DNA methylation
patterns, can be detected in plasma samples even in
early-stage disease. ctDNA analysis has demonstrated
utility in identifying asymptomatic CRC cases, detecting
minimal residual disease after surgical resection, and
predicting recurrence risk. Methylation-based ctDNA
assays, in particular, have shown improved sensitivity for
early-stage CRC compared to mutation-only approaches
(Zhou et al., 2022; Normanno et al., 2018).

Circulating Tumor Cells (CTCs)

CTCs provide phenotypic and molecular information
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Table 3: Liquid Biopsy Biomarkers Used in Colorectal Cancer Detection

Biomarker Type Biological Source Key Clinical Advantages Limitations Key References
Applications

Circulating Tumor  Plasma/Serum Early detection, High specificity, Low abundance in Zhou et al.,

DNA (ctDNA) mutation profiling, reflects tumor early-stage disease 2022; Normanno
recurrence genetics etal., 2018
monitoring

Circulating Tumor ~ Whole blood Prognostic Cellular-level Technical complexity, Razaetal.,

Cells (CTCs) assessment, information low sensitivity 2022; Hench et
metastatic risk al., 2018

MicroRNAs Plasma/Exosomes Early detection, High stability, Lack of universal Nakamura et al.,

(miRNAs) screening non-invasive standardization 2022; Marrugo-
biomarkers Ramirez et al.,

2018

Extracellular Plasma/Serum Early diagnosis, Protected Isolation challenges Zhou et al.,

Vesicles tumor signaling molecular cargo 2022; Heitzer et
analysis al., 2017

Table 4: Diagnostic Performance of Liquid Biopsy Biomarkers in Breast and Colorectal Cancer

Biomarker Type Cancer Type Clinical Application Reported Diagnostic Strengths Key References

ctDNA Breast & Early detection, High specificity; improved sensitivity = Duque et al. (2022); Raza
Colorectal mutation profiling with panels et al. (2022)

CTCs Breast & Early diagnosis, Reflect tumor heterogeneity; low Heitzer et al. (2017); Hench
Colorectal prognosis abundance challenge etal. (2018)

miRNAs Breast Early-stage detection  Stable in circulation; high diagnostic  Li et al. (2020); Loke & Lee

potential (2018)

Exosomes/EVs Breast & Early detection, Rich molecular cargo; enhanced Freitas et al. (2022); Zhou
Colorectal monitoring sensitivity et al. (2022)

Multi-marker Colorectal Population screening  Higher sensitivity and accuracy Nakamura et al. (2022);

panels Normanno et al. (2018)

on tumor dissemination and disease aggressiveness.
Although CTCs are present at low concentrations in early-
stage CRC, advancements in enrichment and detection
technologies have improved their clinical applicability.
The presence and molecular profiling of CTCs have been
associated with early metastatic potential and poorer
prognosis, supporting their role as complementary
biomarkers alongside ctDNA (Raza et al,, 2022; Hench
et al., 2018).

Non-Coding RNAs and Extracellular Vesicles

MicroRNAs, circular RNAs, and other non-coding RNAs
encapsulated within extracellular vesicles have emerged

as promising biomarkers for CRC detection. These
molecules exhibit high stability in circulation and cancer-
specific expression profiles. Panels of circulating miRNAs
and exosomal RNA signatures have demonstrated
diagnostic value in distinguishing early-stage CRC
patients from healthy individuals, highlighting their
potential role in population-level screening strategies
(Nakamura et al., 2022; Marrugo-Ramirez et al., 2018).

Clinical Integration and Screening Potential

Liquid biopsy—based biomarkers are increasingly viewed
as complementary tools to established CRC screening
methods such as colonoscopy and fecal-based tests.
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Sensitivity and Specificity of Liquid Biopsy Biomarkers
(Early-Stage Colorectal Cancer, Illustrative)
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Fig 1: Diagnostic performance values are illustrative and derived
from ranges reported in the literature for early-stage colorectal
cancer detection. The multi-analyte approach reflects combined
biomarker assays and is shown to highlight improved sensitivity
and specificity compared with single-biomarker methods.

Blood-based assays may improve screening uptake,
particularly among individuals reluctant to undergo
invasive procedures. Furthermore, multi-analyte liquid
biopsy platforms that combine ctDNA, RNA markers,
and protein biomarkers have shown enhanced diagnostic
performance and may facilitate risk-adapted screening
and early intervention (Ganepola et al., 2014; Heitzer et
al., 2017).

Clinical Utility and Diagnostic Performance

Liquid biopsy-based biomarkers demonstrate growing
clinical utility in the early detection and management of
breast and colorectal cancer by enabling non-invasive,
repeatable, and molecularly informative assessments.
Their diagnostic performance is primarily evaluated
through sensitivity, specificity, and predictive accuracy in
detecting early-stage malignancies, where conventional
screening methods often show limitations.

Diagnostic Accuracy in Early Detection

Evidence indicates that circulating tumor DNA (ctDNA),
circulating tumor cells (CTCs), microRNAs (miRNAs),
and extracellular vesicles exhibit measurable diagnostic
value in early-stage breast and colorectal cancer.
Systematic evaluations have shown that ctDNA mutation
and methylation profiling can achieve moderate-to-high
specificity, while sensitivity improves when multi-marker
panels are applied rather than single biomarkers (Duque
et al., 2022; Heitzer et al., 2017). In breast cancer, miRNA
signatures and exosome-associated biomarkers enhance
early lesion detection, particularly when tumor burden
is low (Matsutani et al., 2020; Freitas et al., 2022).

In colorectal cancer, dynamic changes in ctDNA

and RNA-based biomarkers have demonstrated strong
associations with early tumorigenesis and precancerous
alterations, supporting their role in early diagnosis and
surveillance (Raza et al., 2022; Zhou et al., 2022). Studies
focusing on early-onset colorectal cancer further suggest
that composite liquid biopsy signatures outperform
individual biomarkers in distinguishing cancer patients
from healthy controls (Nakamura et al., 2022).

Clinical Utility Across Care Pathways

Beyond early detection, liquid biopsy biomarkers provide
clinically actionable insights for risk stratification, disease
monitoring, and therapeutic decision-making. In breast
cancer, blood-based biomarkers complement imaging
modalities by identifying molecular changes before
radiographic abnormalities become apparent (Loke &
Lee, 2018; D’Amico et al., 2021). For colorectal cancer,
liquid biopsy assays offer advantages over stool-based
tests by capturing systemic tumor signals and enabling
longitudinal monitoring with minimal patient burden
(Normanno et al., 2018; Ganepola et al., 2014).

The integration of liquid biopsy into clinical
workflows supports precision oncology approaches,
allowing for individualized screening intervals and early
intervention strategies. However, clinical translation
remains influenced by assay standardization, analytical
sensitivity, and cost-effectiveness considerations
(Marrugo-Ramirez et al.,, 2018; Hench et al., 2018).

Liquid biopsy-based biomarkers exhibit strong
potential for early cancer detection and clinical decision
support. While diagnostic performance continues
to improve through multi-analyte and integrative
approaches, broader clinical adoption depends on
further validation, harmonization of methodologies, and

Sensitivity and Specificity of Liquid Biopsy Biomarkers
(Early-Stage Breast & Colorectal Cancer)

100
EEE Sensitivity
B Specificity

Percentage (%)

Exosomes Multi-marker Panel

miRNAs

Fig 2: Sensitivity and specificity values are illustrative and
derived from representative ranges reported in the literature for
early-stage breast and colorectal cancer. Multi-marker panels
demonstrate improved diagnostic performance compared with
individual biomarkers.
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integration with existing screening frameworks (Heitzer
et al, 2017; Duque et al.,, 2022).

CHALLENGES AND LIMITATIONS

Despite the significant promise of liquid biopsy-based
biomarkers for early detection of breast and colorectal
cancer, several scientific, technical, and clinical challenges
continue to limit their widespread implementation. One
of the primary limitations is the low abundance of tumor-
derived biomarkers in early-stage disease, particularly
circulating tumor DNA and circulating tumor cells,
which are often present at extremely low concentrations
in peripheral blood. This scarcity reduces assay sensitivity
and increases the risk of false-negative results, especially
in asymptomatic or early-stage patients (Heitzer et al,,
2017; Matsutani et al., 2020; Duque et al., 2022).

Another major challenge relates to biological
heterogeneity. Tumor-derived biomarkers exhibit
substantial interpatient and intratumoral variability,
influenced by tumor burden, anatomical location,
molecular subtype, and disease dynamics. This
heterogeneity complicates biomarker standardization and
limits the generalizability of single-marker approaches
across diverse patient populations (Hench et al.,, 2018;
Freitas et al., 2022; Zhou et al., 2022). In both breast and
colorectal cancer, dynamic changes in biomarker profiles
further complicate interpretation, particularly when
liquid biopsy is used for early detection rather than
disease monitoring (Raza et al., 2022).

Technical and methodological limitations also pose
significant barriers. Variability in sample collection,
processing, storage, and analytical platforms can lead to
inconsistent results across studies and clinical settings.
Differences in sequencing depth, assay sensitivity, and
bioinformatic pipelines affect biomarker detection and
quantification, undermining reproducibility and cross-
study comparability (Marrugo-Ramirez et al., 2018;
Normanno et al., 2018). The lack of universally accepted
protocols and reference standards remains a critical
obstacle to clinical translation.

In addition, clinical validation and utility remain
ongoing concerns. While numerous candidate biomarkers
have demonstrated diagnostic potential, large-scale
prospective studies confirming their clinical effectiveness
in population-level screening are limited. Evidence
supporting improved outcomes over established
screening methods is still evolving, particularly for
average-risk populations (D’Amico et al.,, 2021; Nakamura
et al., 2022; Duque et al., 2022). This gap restricts
regulatory approval and clinical adoption.

Economic and accessibility issues further constrain
implementation. High costs associated with advanced

sequencing technologies, specialized equipment, and
expert data interpretation limit availability in low-
resource settings. This raises concerns about equitable
access and feasibility for large-scale screening programs
(Ganepola et al., 2014; Loke & Lee, 2018).

Finally, ethical and interpretive challenges persist,
including uncertainty surrounding incidental findings,
overdiagnosis, and clinical decision-making based on
low-level biomarker detection. Without clear clinical
thresholds, positive results may lead to unnecessary
anxiety or invasive follow-up procedures (Li et al., 2020;
Heitzer et al., 2017).

Collectively, these challenges highlight the need
for continued technological refinement, standardized
methodologies, robust clinical validation, and cost-
effective strategies to fully realize the potential of liquid
biopsy-based biomarkers for early detection of breast
and colorectal cancer.

CONCLUSION

Liquid biopsy-based biomarkers have emerged as a
transformative approach for the early detection of breast
and colorectal cancer, addressing many of the limitations
associated with conventional tissue biopsies and
screening strategies. Evidence from systematic reviews
and clinical investigations demonstrates that circulating
tumor DNA, circulating tumor cells, microRNAs, circular
RNAs, and extracellular vesicles provide clinically
meaningful molecular signals capable of identifying
malignancies at early and potentially curable stages
(Duque et al.,, 2022; Matsutani et al,, 2020; Raza et al.,
2022). These biomarkers capture tumor heterogeneity and
dynamic disease changes, offering advantages for early
diagnosis, risk stratification, and longitudinal monitoring
that are not achievable with single-site tissue sampling
(Hench et al., 2018; Marrugo-Ramirez et al., 2018).

In breast cancer, liquid biopsy has shown growing
clinical relevance in detecting early molecular alterations,
minimal residual disease, and subclinical progression,
with increasing evidence supporting its complementary
role alongside imaging-based screening methods
(D’Amico et al., 2021; Freitas et al., 2022; Loke & Lee,
2018). Similarly, in colorectal cancer, blood-based
biomarker signatures and multi-analyte approaches
have demonstrated promising diagnostic performance,
including the detection of early-onset and asymptomatic
disease, thereby expanding the potential for population-
level screening and surveillance (Nakamura et al., 2022;
Zhou et al., 2022; Normanno et al., 2018).

Despite these advances, significant challenges remain
before widespread clinical implementation can be fully
realized. Low biomarker abundance in early-stage
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disease, technical variability across platforms, and the
need for standardized analytical and clinical validation
protocols continue to limit routine adoption (Heitzer
et al,, 2017, Ganepola et al.,, 2014). Addressing these
barriers through harmonized methodologies, large-scale
prospective studies, and integration of multi-omics and
computational analytics will be essential to enhance
sensitivity, specificity, and clinical utility.

Overall, liquid biopsy—based biomarkers represent
a critical step toward more precise, non-invasive,
and patient-centered cancer detection strategies. As
technological and methodological refinements continue,
liquid biopsy is poised to play an increasingly central
role in early cancer detection, personalized screening,
and improved clinical outcomes for patients with breast
and colorectal cancer (Li et al., 2020; Raza et al., 2022).
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