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Abstract 

Introduction: The goal of cancer screening is to maximize the likelihood of successful treatment outcomes for affected 

patients and prevent cancer development in the general public. Delays in diagnosis or barriers to accessing care are associated 

with lower survival rates, increased treatment-related complications, and higher healthcare costs. Liquid biopsies, particularly 

blood-based cell-free DNA/RNA and CTC liquid biopsies, offer a promising, less invasive alternative to traditional tissue 

biopsies, supporting cancer diagnostics, disease monitoring, and informing treatment decisions by providing comprehensive 

blood-based genetic data and early detection capabilities. 

Methods: A literature search was conducted on the use of cfDNA/cfRNA and CTCs in liquid biopsies for cancer detection, 

recent advancements, and their efficacy compared to traditional cancer screening methods, such as tissue biopsies. 

Results: Traditional screening techniques like mammography, colonoscopy, CT scans, and tissue biopsies are often invasive 

or limited to isolated tumors, while liquid biopsies offer a minimally invasive method to detect one or more cancer types 

from a single blood draw, providing real-time cancer characterization and continuous monitoring. Despite their potential 

advantages, liquid biopsies are not yet widely accepted as replacements for tissue biopsies, which remain the standard for 

initial tumor diagnosis and staging, and are limited in sensitivity for detecting certain cancers that do not shed sufficient 

genetic material into the bloodstream. 

Discussion: Liquid biopsies offer significant advancements in personalized medicine by providing detailed molecular 

profiles of tumors, guiding targeted therapies, and enabling precise, individualized treatment plans. Additionally, point-of-

care liquid biopsy tests have the potential to make cancer screening more accessible and convenient, especially in low-

resource settings, by allowing rapid, on-site analysis with reduced healthcare costs. 

Conclusion: CTC and cfDNA/cfRNA liquid biopsies offer a transformative approach to cancer screening by detecting blood-

based cancer biomarkers. They provide a non-invasive, real-time snapshot of tumor heterogeneity, aiding in early cancer 

detection, continuous monitoring, and informing treatment response, though further research and technological advancements 

in liquid biopsy sensitivity are needed for full clinical integration. 
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Introduction 

Cancer treatments are often highly invasive and costly, 

typically involving surgery, chemotherapy, radiotherapy,  

or hormonal therapy, all of which carry great risks to  

patient mortality and survivorship. Despite advances in 

immunotherapy and precision medicine, cancer is still among 

the top causes of death around the world, highlighting several 

key issues: the absence of a definitive cure, the impossibility 

of direct prevention, and the challenges of early detection [1]. 

These issues emphasize the need for advancements in cancer 

screening technology, which are crucial for supporting 

cancer treatment workflows and improving diagnostic 

accuracy. Improved cancer screening strategies can lead to 

more effective interventions for high-risk populations while 

reducing healthcare costs for the general public. 

Cancer screening aims to detect cancer at an early and 

more treatable stage. Cancer screening workflows rely on 

various tests and procedures, including both traditional and 

emerging biopsy techniques. The traditional approach, 

tissue biopsy, involves examining tumor tissue obtained 

through invasive procedures. The difference between 

invasive and minimally invasive procedures lies in the 

extent of tissue disruption; invasive procedures require 

larger incisions or significant body entry, while minimally 

invasive techniques use smaller incisions to minimize 

tissue damage and recovery time. Tissue biopsy is 
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associated with discomfort, substantial costs, and 

occasionally, is ineffective due to its inability to capture 

tumor heterogeneity [2]. In contrast, emerging methods 

such as liquid biopsies, specifically blood-based 

circulating tumor cell (CTC) and cell-free (cf) liquid 

biopsies, offer less invasive alternatives that involve 

analyzing CTC’s, cell-free DNA (cfDNA), or cell-free 

RNA (cfRNA) and other cancer biomarkers present in the 

blood or plasma, as opposed to surgically obtained tumor 

samples. cfDNA and cfRNA are derived from the natural 

process of cell death, where circulating DNA and RNA 

fragments are shed into the bloodstream. This includes 

DNA and RNA from tumor cells, providing a cancer 

“fingerprint” that can be used to identify specific cancer 

types [3]. Similarly, CTCs are shed from solid tumors that 

enter the bloodstream directly through the endothelium or 

indirectly through the lymphatic system. CTCs are 

considered a primary mechanism for distant metastasis, 

and as such their presence in peripheral blood allows for a 

convenient liquid biopsy of cancer [4]. 

The advantage of using liquid biopsy over traditional 

tissue biopsy lies in its minimally invasive nature and its 

potential to efficiently reflect the entire genetic composition 

of the tumor, which supports faster and more informed 

cancer diagnosis and treatment decisions [5]. 

Since the U.S. Food and Drug Administration 

approved the first liquid biopsy test for cancer monitoring 

and blood-based genetic testing in the 2010s, liquid 

biopsies have played an important role in providing new 

approaches to cancer diagnostics, disease monitoring, and 

clinical decision-making through the analysis of CTCs and 

cfDNA/cfRNA [6, 7]. Compared to traditional tissue 

biopsies, blood-based liquid biopsies can allow for the 

detection of cancer at earlier stages when it is more 

treatable and provide further insights into disease 

progression and resistance mechanisms [2]. The Galleri 

Test, for example, is able to detect signals from multiple 

cancer types from cfDNA in the blood, significantly 

expanding the scope of early detection [8, 9]. However, 

challenges remain, including the sensitivity and specificity 

of tests, interpretation of results, high costs of screening, 

and integration of liquid biopsy into existing screening 

protocols [10]. Despite these challenges, blood-based liquid 

biopsies continue to hold clinical promise, particularly in 

supporting cancer diagnostics and understanding 

intratumoral heterogeneity and dynamics, and as a result, 

have the potential to play a key role in comprehensive 

cancer management [2]. 

This paper evaluates CTC and cell-free liquid biopsies 

across various use cases, specifically in cancer detection, to 

determine their optimal application in clinical settings 

compared to traditional screening methods. It explores the 

basic functions of CTC and cf liquid biopsies, current 

innovations, and future research directions. Further, this 

review examines how CTC and cf liquid biopsies can be 

integrated with other screening methods to improve cancer 

diagnosis and treatment strategies, ultimately aiming to 

reduce the global burden of cancer. 

 

Methods 

The literature search for this study was conducted for 

peer-reviewed articles that describe the use of CTCs and 

cfDNA/cfRNA in the context of liquid biopsies for cancer 

detection, current methodologies and recent advancements 

in the field of liquid biopsies, and the efficacy of liquid 

biopsies compared to traditional cancer screening methods. 

Several databases, including PubMed, BioMed Central, 

SciDirect, and Wiley, were used to ensure a broad and 

thorough review of the current research on CTC and 

cfDNA/cfRNA liquid biopsies. The search strategy 

employed a combination of keywords and phrases to 

capture all relevant studies. The primary keywords used 

were “cancer screening,” “circulating tumor cells,” 

“CTCs,” “cell-free DNA,” “cfDNA,” “cfRNA,” “liquid 

biopsy,” and “multi-cancer detection.” The literature 

considered in this review spanned from March 2004 to 

January 2024. 

 

Results 

Biological Basis of Liquid Biopsies 

The mechanisms of CTC and cell-free nucleic acid 

release into circulation, differences between tumor-derived 

and normal cell-derived nucleic acids, and factors affecting 

CTC and cfDNA/cfRNA concentrations in blood, 

collectively form the biological basis for minimally 

invasive blood-based cancer detection and monitoring 

through liquid biopsies. 

cfDNA and cfRNA are released into the bloodstream 

primarily through apoptosis and necrosis of cells, including 

tumor cells [11, 12]. Apoptosis results in the release of 

DNA fragments of approximately 167 base pairs, 

corresponding to the length of DNA wrapped around a 

nucleosome. On the other hand, necrosis produces larger 

DNA fragments due to the more “chaotic” breakdown of 

cellular structures [11]. In cancer screening, this is 

especially important because these larger fragments are less 

frequently detected in plasma samples, whereas in the 

process of apoptosis, which is the main mechanism of 

cfDNA generation, smaller, more uniform fragments that 

are more readily analyzed are produced, thereby making 

cfDNA read length a crucial quality control metric in the 

cancer screening workflow [11, 13]. Additionally, active 

secretion via extracellular vesicles from viable cells also 

contributes to the presence of cfDNA and cfRNA in 

circulation. Along with cf nucleic acid release mechanisms, 

differences between tumor-derived and normal cell-derived 

nucleic acids are important to consider in understanding 

liquid biopsies. Tumor-derived cfDNA, otherwise known as 

circulating tumor DNA (ctDNA), and cfRNA, or circulating 

tumor RNA (ctRNA), exhibit distinct characteristics 

compared to their normal cell-derived counterparts. ctDNA 

is shorter than cfDNA from non-cancer cells due to cancer-
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related hypomethylation, making it more susceptible to 

nuclease cleavage [13]. Further, ctDNA contains tumor-

specific genetic alterations, such as mutations, copy number 

variations, and methylation patterns, which can serve as 

highly specific markers for cancer detection. On the other 

hand, CTCs are tumor cells shed from the primary tumor 

and carried through the circulatory or lymphatic systems. 

While most research has focused on CTCs in the 

bloodstream, these cells are distinct from primary tumor 

cells, possessing unique properties that aid in detaching 

from the tumor, intravasating into the blood, and forming 

clusters with more metastatic potential. Isolating CTCs, as 

well as cfDNA/RNA from other blood-based biomarkers, 

has been a challenge, but recent advancements have 

enabled research into CTC biology and their use in cancer 

screening [14]. Finally, understanding the biological basis 

of liquid biopsies requires considering several factors that 

influence the concentrations of CTCs and cfDNA/cfRNA in 

the blood. Namely, high tumor burden significantly 

correlates with increased levels of CTCs, ctDNA, and 

ctRNA, while low tumor burden results in lower 

concentrations, highlighting the need for improved 

sensitivity in liquid biopsies for full clinical integration. 

Additionally, factors such as the rate of cell turnover, the 

efficiency of DNA and RNA clearance from the 

bloodstream, and the presence of RNases that degrade RNA 

molecules also play crucial roles [12, 13]. 

 

Overview of Different Liquid Biopsy Technologies 

Liquid biopsy technologies that detect CTCs and 

cfDNA/cfRNA include various use cases. The Epithelial 

ImmunoSPOT (EPISPOT) assay analyzes CTCs and has 

shown success in patients with breast, colon, and prostate 

cancer [15]. It uses antibodies that attach to the EpCAM 

gene or CD326 on tumor cells which allows these cells to 

be cultured both in living organisms and in lab conditions. 

The CellSearch system also detects antibodies to isolate 

CTCs with epithelial markers like EpCAM and has shown a 

correlation between CTC counts and patient survival in 

prostate cancer. Specifically, the CellSearch system uses 

immunomagnetic separation to capture CTCs and identifies 

them through fluorescent staining based on cytokeratin, 

DAPI, and CD45 markers [16]. Droplet digital PCR 

(ddPCR), on the other hand, detects ctDNA which is 

released into the bloodstream from dying cancer cells. By 

amplifying and analyzing ctDNA thorough polymerase 

chain reaction (PCR), ddPCR identifies tumor-specific 

mutations, which allows for more effective monitoring of 

cancer progression and treatment response. As such, the 

ability to detect and quantify ctDNA with high precision 

makes ddPCR a valuable technology in the field of 

personalized oncology [42]. The cobas® EGFR Mutation 

Test v2 similarly uses PCR to amplify target EGFR 

sequences, making it highly sensitive to low levels of 

mutant DNA. It is cfDNA-based and detects mutations in 

the epidermal growth factor receptor (EGFR) gene, such as 

exon 19 deletions, exon 21 L858R substitutions, and exon 

20 T790M resistance mutations, by using cfDNA collected 

from a patient's plasma [47]. The Quantidex qPCR BCR-

ABL IS Kit, however, is a cfRNA-based test used to screen 

for chronic myeloid leukemia (CML) through PCR 

quantification of BCR-ABL1 transcripts. BCR-ABL1 

transcripts result from the fusion of the BCR and ABL1 

genes, which produces an abnormal tyrosine kinase that 

commonly causes CML, making it a key CML biomarker. 

By providing a minimally invasive and effective way of 

measuring BCR-ABL1 transcript levels, which can be used 

to evaluate treatment response to tyrosine kinase inhibitor 

therapy, Quantidex qPCR BCR-ABL IS allows for more 

accurate treatment and disease monitoring in CML patients 

[50]. As evidenced in Table 1, the wide range of sensitivity 

in various blood-based liquid biopsy tests reflects 

differences in sequencing approaches, depth of coverage, 

and other factors across different studies and clinical 

settings, emphasizing the need for standardization in the 

laboratory. 
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Table 1. Comparison of commonly used liquid biopsy techniques. The table provides a detailed comparison of various liquid 

biopsy analytes (CTCs, ctDNA, cfDNA, cfRNA) and their associated tumor types, detection technologies, sensitivity limits, 

and basis of detection. 

Liquid Biopsy Cancer Technology Sensitivity Detection Ref 

 

CTCs 

Breast Celsee systems 94% 
Size differences, 

deformability 
[34]  

Breast ApoStream™ 2 CTCs/7.5 mL 
Surface charge, 

polarizability 
[35]  

Breast CTC-Chip 
5-1; 281 

CTCs/mL 

Tumor specific 

antigens 
[36, 37] 

Breast RosetteSep 2 CTCs/mL CD4, DGC [38]  

Breast, 

Prostate, 

Colon 

EPISPOT/S100-EPISPOT 48%; 22 CTCs EpCAM/CD326 [39]  

Prostate AdnaTest 2 CTCs 
EpCAM, PSA, 

PSMA PCR 
[40]  

Prostate CellSearch system 

73% for CTCs ≥ 

2; 69% for CTCs 

≥ 5 per 7.5 mL 

EpCAM [41]  

ctDNA 

Breast, 

Prostate, 

Colorectal 

Droplet digital PCR 
MAF detection < 

0.1% 
N/A [42]  

Breast, 

Prostate, 

Colorectal 

BEAMing 
MAF detection ~ 

0.02% 
N/A [43]  

Colorectal, 

Breast 
PARE 

ctDNA detection 

< 0.001% 
N/A [44]  

Ovarian, 

Breast 
TAm-Seq/eTAm-Seq 

MAF detection ~ 

2%; MAF 

detection ~ 0.25% 

N/A [45]  

Lung CAPP-Seq 
MAF detection ~ 

0.02% 
N/A [46]  

cfDNA 

Lung 
cobas® EGFR Mutation 

Test v2 
73% 

EGFR Exon 19 

deletions 
[47] 

Colorectal Epi proColon® 68.2% 4.7 pg/mL [48] 

Colorectal Shield™ 91% N/A [49] 

cfRNA 

Blood 
Quantidex qPCR BCR-

ABL IS Kit 

MR4 (1 in 10,000 

cells) 

BCR-ABL1 and 

ABL1 
[50] 

Blood 

QXDx BCR-ABL %IS Kit 

for use on the QXDx Auto 

DG ddPCR System 

MR4.5 to MR5 (1 

in 100,000 to 

1,000,000 cells) 

BCR-ABL1 and 

ABL1 
[51] 

Blood 
MRDx BCR-ABL Test, 

MRDx BCR-ABL Test 

MR4.5 (1 in 

100,000 cells). 

BCR-ABL1 and 

ABL1 
[52] 
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CTCs: Circulating tumor cells, ctDNA: Circulating 

tumor DNA, EPISPOT: Epithelial ImmunoSPOT, DGC: 

Density gradient centrifugation, PARE: Personalized 

analysis of rearranged ends, MAF: Mutant allele fraction. 

MR: Molecular Response, MR4: 4-log reduction, meaning 

a 10,000-fold decrease in BCR-ABL levels, MR4.5: 4.5-

log, MR5: 5-log reduction. 

 

Clinical Applications and Case Studies 

Liquid biopsies have emerged as a promising tool for 

improving cancer detection and management, demonstrating 

potential across various clinical applications. They can offer 

clinical value by identifying biomarkers, such as ctDNA 

which can correlate with disease progression, that ultimately 

helps predict responses to specific therapies. In the realm of 

early cancer detection, the CancerSEEK test [17], which 

analyzes ctDNA and protein biomarkers, has shown 

significant promise. A study involving 1,005 patients with 

non-metastatic cancers reported a median sensitivity of 70% 

across eight cancer types, with high sensitivity for ovarian 

(98%) and liver (100%) cancers [17]. Further, liquid 

biopsies have been applied in detecting minimal residual 

disease, potentially predicting cancer recurrence. A study of 

130 stage II colon cancer patients found that ctDNA 

detection after surgery identified all patients who later 

relapsed, with a median time of 167 days before recurrence 

[19]. In the context of treatment selection, a study of 323 

Non-Small Cell Lung Cancer (NSCLC) patients showed that 

ctDNA analysis detected Epidermal Growth Factor Receptor 

(EGFR) mutations in 72% of cases, comparable to tissue 

biopsy results [18]. The potential of liquid biopsies for 

multi-cancer early detection has been demonstrated by the 

Galleri test, which analyzes cell-free DNA. In a study of 

6,689 individuals aged 50 and older, the test detected 29 

cancers across 13 types not typically screened for, with a 

38.7% true positive rate and 99.3% specificity [17]. Studies 

like those on the Galleri Test have demonstrated the 

potential of liquid biopsies to detect multiple cancer types 

from a single blood sample, significantly expanding the 

scope of early detection. 

Along the same lines, the QuantideX qPCR BCR-ABL 

IS Kit is a FDA approved cfRNA liquid biopsy test for 

cancer screening, and has undergone rigorous clinical trials 

to validate its performance as a monitoring tool for CML. 

Key findings from these trials highlight the kit's sensitivity, 

with a limit of detection of 0.002% International Scale or 

MR4, which allows for the detection of very low levels of 

BCR-ABL transcripts [20]. The test demonstrated a linear 

relationship from MR0.3 to MR4.7, highlighting its 

effectiveness for continuous disease monitoring. Additional 

studies reported a maximum standard deviation of 0.13 MR 

within the MR0.7-MR3.7 range, based on over 7,300 data 

points from RNA extracted from human peripheral blood, 

demonstrating reproducible results across various testing 

environments [20, 21]. As the first FDA-cleared cfRNA 

liquid biopsy screening test for BCR-ABL1 transcripts in 

CML patients, the QuantideX kit sets a new standard in 

molecular monitoring; these studies suggest that it is a 

highly sensitive, reliable, and reproducible tool that 

enhances monitoring capabilities, enabling clinicians to 

make timely treatment decisions that could support cancer 

screening workflows and improve patient outcomes. With 

its high sensitivity and rapid turnaround time (~4 hours), 

the QuantideX qPCR BCR-ABL IS Kit allows healthcare 

providers to monitor treatment responses closely, 

supporting personalized treatment strategies based on  

real-time data [20, 22]. 

 

Liquid Biopsies vs. Conventional Screening Methods 

While conventional screening techniques like 

mammography, colonoscopy, CT scans, and tissue biopsies 

as a whole are limited to isolated tumors and often invasive, 

liquid biopsies provide a minimally invasive approach that 

can potentially detect multiple cancer types from a single 

blood draw [37]. Conventional methods typically offer a 

snapshot of the tumor at a specific time, whereas liquid 

biopsies can provide real time characterization of cancers, 

allowing for continuous monitoring of disease progression 

and treatment response [12]. Additionally, liquid biopsies can 

overcome the limitations of tumor heterogeneity by sampling 

ctDNA, ctRNA, or other cell types that characterize the 

entire tumor, unlike traditional tissue biopsies that may miss 

certain mutations due to localized sampling [10]. Liquid 

biopsies have the potential to be more cost-effective, 

efficient, and less invasive compared to conventional tissue 

biopsies, but despite their potential, liquid biopsies are not 

yet widely accepted as a replacement for tissue biopsies in 

clinical practice [5]. Tissue biopsies remain the gold standard 

for initial tumor diagnosis and histological evaluation, which 

are essential for accurate staging and treatment planning [23]. 

Liquid biopsies are currently seen as complementary tools 

rather than standalone diagnostic methods. Further, the 

sensitivity of liquid biopsies is also limited for detecting 

certain types of cancers, particularly those that do not follow 

a hematogenous spread pattern. For example, cancers that 

primarily spread through lymphatic routes or remain 

localized may not shed sufficient ctDNA into the 

bloodstream for detection by liquid biopsies [23]. 
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Table 2. Comparison of Conventional Tissue Biopsy and Liquid Biopsy 

Liquid Biopsy Tissue Biopsy 

Minimally invasive Invasive 

Shorter time Longer time 

Highly sensitive Lower sensitivity 

Reveals tumor heterogeneity Does not reveal tumor heterogeneity 

Lower cost of specimen collection Higher cost of specimen collection 

Continuous tumor monitoring Tumor snapshots 

Real time drug response monitoring No real time monitoring of drug response 

Repeated specimen collection Repeated surgeries not feasible 

 
Discussion 

Current State of Liquid Biopsy Technology 

The field of liquid biopsies has evolved significantly, 

particularly with the emergence of fragmentomics, an 

innovative approach that focuses on analyzing cfDNA 

fragment characteristics in plasma. The study by Qi et al. 

(2023) highlights that cfDNA carries vital epigenetic 

information reflective of its tissue of origin, making it a 

promising tool for minimally invasive tumor diagnostics 

[24]. One significant challenge in fully integrating cfDNA 

liquid biopsies in the clinic is the low yield of measurable 

cfDNA in blood samples, which include fragments from 

various cell sources. Fragmentomics addresses this by 

characterizing cfDNA fragments based on fragment length, 

end motifs, and fragmentation patterns, among others. Qi et 

al. (2023) demonstrated that these characteristics differ 

significantly for individuals with cancer. For example, 

ctDNA is associated with shorter fragment lengths 

compared to normal-cell-derived cfDNA, at approximately 

143 bp for cancer patients compared to 167 bp for healthy 

individuals [24]. Further, fragmentomics can allow 

clinicians to identify specific tumors in the body by tracing 

epigenetic markers within cfDNA fragments. These unique 

patterns, such as preferred end coordinates and nucleosome 

footprints, is particularly valuable in oncology, where 

distinguishing between normal and ctDNA can improve 

early screening and monitoring of cancer progression [24]. 

However, despite its promise, the field faces challenges 

related to preexisting sensitivity limits in current screening 

technology, which prevents library construction for 

sequencing and ultimately reduces diagnostic accuracy [24]. 

 

Challenges of Clinical Integration 

The integration of cfDNA and cfRNA liquid biopsies 

into standard cancer screening workflows face several 

challenges. Sensitivity and specificity remain significant 

hurdles, particularly in the detection of early-stage cancers 

where tumor-derived genetic material may be present at 

very low concentrations in the blood [25, 26]. More studies 

are needed to assess the accuracy of liquid biopsies and 

their ability to identify various tumor types effectively [4]. 

For example, nanopore sequencing and AI-assisted analysis 

could allow for the detection of even smaller quantities of 

tumor-derived genetic material which shows promise for 

improving the sensitivity and specificity of liquid biopsies 

[26, 27]. On the other hand, there is variability in the 

performance of different liquid biopsy technologies, which 

can lead to inconsistent results across studies [27]. These 

limitations reveal the need for further technological 

advancements and standardization in liquid biopsy 

methodologies. This includes larger, multicenter trials, 

standardized protocols, and comprehensive data reporting. 

Collaboration among researchers, healthcare workers, and 

industry stakeholders will be central to overcoming existing 

challenges and realizing the full potential of liquid biopsies 

in cancer screening and management [10, 11]. 

Regulatory and ethical considerations further 

complicate the integration of liquid biopsies into the clinic, 

as ensuring patient safety and protecting health data while 

validating new diagnostic methods requires stringent 

oversight and clear ethical guidelines that are not yet in 

place [28]. For example, the comprehensive data provided 

by liquid biopsies raises concerns regarding overdiagnosis 

and the resulting psychological impact on patients. The 

increased sensitivity of these tests may lead to the detection 

of cancers that may not develop or cause harm, resulting in 

unnecessary treatments and psychological stress for 

patients. It is important to balance the benefits of early 

detection with the risks of overdiagnosis and to offer 

appropriate counseling and support to patients [29]. Further, 

the cost-effectiveness of liquid biopsies varies greatly 

depending on the healthcare setting and the specific use 
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case. For colorectal cancer screening in the United States, 

conventional colonoscopy still remains the most cost-

effective method, with an incremental cost-effectiveness 

ratio (ICER) of $28,071 per year of life gained. While 

liquid biopsies offer a non-invasive alternative and can 

increase adherence to screening, they are not yet fully cost-

effective when used as the primary screening method. For 

example, the ICER for a colonoscopy-liquid biopsy hybrid 

approach was significantly higher at $377,538 per year of 

life gained, indicating that the cost still outweighs the 

benefits at this stage [30]. 

 

Implications for Cancer Screening and Management 

Liquid biopsies have the potential to provide significant 

advancements in the field of personalized medicine by 

providing detailed molecular profiles of tumors, which can 

guide the selection of targeted therapies. This approach 

allows for more precise treatment plans tailored to the 

genetic makeup of an individual's cancer, potentially 

increasing the efficacy of treatment and reducing adverse 

effects [31]. Similarly, multi-modal screening approaches 

that combine liquid biopsies with other molecular or 

imaging biomarkers could enhance the accuracy and 

reliability of cancer detection and monitoring [32]. 

The development of point-of-care liquid biopsy tests 

could make cancer screening more accessible and 

convenient, particularly in low-resource settings. These tests 

would allow for rapid, on-site analysis of biofluids, providing 

immediate results and facilitating timely clinical decision-

making [31, 32]. As a result, liquid biopsies have the 

potential to significantly reduce health inequities in cancer 

screening by addressing several barriers that underserved 

populations face. Traditional cancer screening methods often 

require invasive procedures and access to specialized medical 

facilities, which can be problematic for individuals with 

limited resources. Liquid biopsies offer a minimally invasive, 

cost-effective, and accessible alternative that have  

the potential to be integrated into routine healthcare visits, 

thereby increasing adherence to screening guidelines  

among populations that are typically underrepresented in 

cancer screening programs. Additionally, liquid biopsies  

can facilitate early detection of multiple cancer types 

simultaneously, which is particularly beneficial for 

communities exposed to environmental carcinogens or those 

with higher cancer incidence rates due to socioeconomic 

factors [32]. By simplifying the screening process and 

making it more accessible, liquid biopsies can help bridge the 

gap in cancer care, ensuring that all individuals, regardless of 

their socioeconomic status, have the opportunity for early 

detection and timely treatment of cancer [33]. 

 

Conclusions 

cfDNA and cfRNA liquid biopsies represent a new 

transformative approach in cancer screening, leveraging the 

biological basis of circulating nucleic acids released from 

tumor cells into the bloodstream. Clinically, liquid biopsies 

have demonstrated potential in early cancer detection, 

monitoring disease progression, and assessing treatment 

response, and compared to conventional screening methods, 

offer a non-invasive, real-time, and comprehensive 

snapshot of tumor heterogeneity. While liquid biopsies hold 

significant promise for improving cancer detection and 

management, further research and technological 

advancements are needed to address current limitations and 

fully integrate these tools into clinical practice. 

Nevertheless, the implications of liquid biopsies for cancer 

screening and management are profound, potentially 

enabling earlier detection, personalized treatment strategies, 

and improved accessibility, emphasizing the importance of 

continued investment in this rapidly evolving field. 
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