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Introduction

Cholangiocarcinoma (CCA), a rare cancer affecting 
the bile ducts, exhibits a high prevalence in Southeast 
Asian countries, particularly in regions endemic to the 
carcinogenic liver fluke, Opisthorchis viverrini (OV) 
[1]. An asymptomatic nature of OV infection allows for 
chronic inflammation and, consequently, contributes to the 
development of cholangiocarcinoma, posing challenges to 
effective diagnoses for both conditions [2]. The aggressive 
nature of CCA, coupled with its poor survival rates, 
indicates the critical need for early detection and accurate 
diagnosis to enhance treatment efficacy and outcomes. 
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Numerous studies have explored biomarkers involving 
proteins, carbohydrates, and nucleic acids, but these 
attempts have been limited by sensitivity, specificity, and 
accuracy, leaving effective diagnostic methods currently 
unavailable [3-5].

In recent developments, cell-free DNA (cfDNA) 
and cell-free miRNA (cf-miRNA) have shown promise 
in diagnosing various diseases, including heart disease, 
kidney disease, infections, and several cancers [6-9]. 

The cfDNA and cf-miRNA, found in biological fluids 
like blood or plasma, are released by death or damaged 
cells [10]. Although fragmented and degraded, cfDNA 
in the bloodstream has been utilized as a diagnostic tool, 
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providing insights into genetic mutations and changes in 
affected cells. Current limitations in cancer diagnosis, 
particularly in early-stage detection, highlight the ongoing 
need for research and development in this area [11-13]. 
The use of liquid biopsy, which involves minimally 
invasive sampling, has been extensively investigated for 
this purpose [14]. Numerous attempts have been made to 
identify effective cancer biomarkers using liquid biopsy-
based samples, with recent focus turning to cfDNA, cf-
miRNA, exosomal miRNA, and circulating tumor cells 
(CTCs). [10, 15-21]. 

However, the use of cfDNA as a diagnostic tool 
is still in the early stages of development, and further 
research is essential to fully understand its potential 
and limitations. The microRNAs (miRNA), small non-
coding RNA molecules regulating gene expression and 
influencing cellular processes, have also been explored for 
diagnostic purposes, including cancer. Similar to cfDNA, 
the utilization of cf-miRNA as a diagnostic tool is still in 
the research stage. Therefore, the aim of this study is to 
conduct a preliminary investigation into the feasibility and 
efficacy of using cfDNA and cf-miRNA levels in plasma 
for the differential diagnosis of opisthorchiasis and CCA.

Materials and Methods

Chemicals and reagents
Ethylenediaminetetraacetic acid (EDTA) blood tubes 

were purchased from Becton Dickinson. The extraction 
of plasma cfDNA and cf-miRNA was performed using 
the QIAamp® Circulating Nucleic Acid kit (QIAGEN). 
Measurement of cfDNA and cf-miRNA concentration 
utilized the Qubit™ dsDNA HS Assay Kit (Invitrogen) 
and Qubit™ miRNA Assay Kit (Invitrogen), respectively.”

Subjects
The study was conducted in accordance with the ethical 

guidelines in the Declaration of Helsinki and was approved 
by the Human Ethics Committee of Udon Thani Cancer 
Hospital, Udon Thani, Ministry of Public Health, Thailand 
(UCH-CT 11/2563). Regarding OV, a liver fluke that poses 
a risk factor for CCA, OV-infected patients were included 
in this study. The subjects were categorized into three 
groups, each comprising 12 participants, based on their 
health statuses: the healthy control (HC) group, consisting 
of subjects with a normal physical examination, no liver 
enlargement, no jaundice, and who tested negative for 
OV eggs in fecal examination; the group with O. viverrini 
(OV)-infected subjects, including those who tested 
positive for OV eggs in fecal examination with a normal 
liver and bile duct as confirmed by ultrasonography; and 
the group with cholangiocarcinoma (CCA) subjects, 
comprising individuals with hepatomegaly and/or 
jaundice upon physical examination, abnormal liver and 
bile duct ultrasonography, and confirmed CCA through 
tissue histopathology. All subjects in the OV group were 
asymptomatic. Demographic details and a summary of the 
clinical statuses of the subjects are presented in Table 1.

Blood collection and plasma preparation
Ten milliliters of venous blood samples were collected 

in an EDTA blood tube. The tube was immediately 
centrifuged at 3,000 x g for 10 minutes. The supernatant 
was then transferred to a new tube and spun again at 
15,000 x g for another 10 minutes. The resulting 700 µl 
of plasma (supernatant) was aliquoted into a fresh tube 
to prevent the freeze-thaw cycle and stored at -80ºC until 
use. Turbid, hemolyzed, or clotted plasmas were excluded 
from this study.

Isolation of circulating cfDNA and cf-miRNA
The QIAamp® Circulating Nucleic Acid Kit 

(QIAGEN) was employed to isolate circulating cfDNA 
and cf-miRNA from the plasma of each subject, 
following the manufacturer’s instructions. In brief, the 
plasma underwent a brief centrifugation at 16,000 x g 
for 5 minutes at 4ºC, followed by transfer to a new tube 
and mixing with 300 µl of phosphate-buffered saline. 
Subsequently, 800 µl of buffer ACL with carrier RNA (0.9 
ml ACL buffer mixed with 5.6 µl carrier RNA) and 100 
µl proteinase K were added and mixed for 30 seconds by 
vortexing. The mixture underwent incubation at 60°C for 
30 minutes. Next, 1.8 ml of ACB buffer was added, mixed 
for 15 seconds by vortexing, and incubated on ice for 5 
minutes. Upon completion, 600 µl of ACW1 buffer was 
added, and the entire solution was loaded onto the column.

The subsequent steps included the addition and 
suctioning through the column of the following solutions: 
750 µl AWC2 buffer and 750 µl ethanol. The column was 
then centrifuged at 16,000 x g for 3 minutes and heated at 
56°C to thoroughly dry the column membrane. To elute 
the circulating nucleic acid, encompassing both cfDNA 
and cf-miRNA, 30 µl of AVE buffer was added to the 
center of the membrane. After incubating for 3 minutes at 
room temperature, the solution was centrifuged at 16,000 
x g for 1 minute, and the eluate was utilized for further 
experiments.

Measurement of cell-free DNA (cfDNA) and cell-free 
microRNA (cf-miRNA) concentration

To quantify the concentration of cfDNA and cf-
miRNA, two microliters of each eluate were employed 
in duplicate, utilizing the Qubit™ dsDNA HS Assay Kit 
(Invitrogen) and Qubit™ miRNA Assay Kit (Invitrogen), 
respectively. In brief, 1 µl of Qubit reagent was combined 
with 199 µl of Qubit buffer to prepare Qubit mixture, and 
the 2 µl sample was mixed with 198 µl of the Qubit mixture 
before being measured using the Qubit 4 Fluorometer. The 
concentrations of cfDNA and cf-miRNA were determined 
in ng/ml plasma and subsequently utilized for statistical 
analysis.

Investigation of cell-free DNA by ultra-low-pass-whole-
genome sequencing (ULP-WGS)

The investigation of cfDNA using ultra-low-pass-
whole-genome sequencing (ULP-WGS) unveiled quality 
changes in DNA sequences. An equal volume of 10 
plasmas from each group was combined to create pooled 
HC, pooled OV, and pooled CCA samples. Subsequently, 
these three pools underwent further analysis through 
ultra-low-pass-whole-genome sequencing (ULP-WGS).

The MagMAX™ Cell-Free DNA Isolation Kit 
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the CCA group. Additionally, Pearson correlation analysis 
demonstrated a significant correlation between plasma 
cfDNA and cf-miRNA concentrations (r = 0.9874, 95% 
CI = 0.9751-0.9936, R2 = 0.9749, P < 0.0001) (Figure 2). 
As the data for cfDNA and cf-miRNA concentrations 
did not meet the assumptions of parametric tests, the 
non-parametric Kruskal-Wallis test was employed to 
determine significant differences between groups. Results 
indicated significant differences in cfDNA concentration 
(χ2 (2) = 17.944, P < 0.001) and cf-miRNA concentration 
(χ2 (2) = 13.319, P = 0.001) among groups, with the CCA 
group showing higher levels compared to the HC and OV 
groups. The difference in concentration levels of cfDNA 
between the CCA group and the HC+OV group was 
further tested using the Mann-Whitney U test, revealing 
a significantly higher cfDNA concentration level in the 
CCA group (U = 27.00, P < 0.001). A similar trend was 
observed for cf-miRNA, with the CCA group having 
a higher concentration level than the HC+OV group 
(U = 26.00, P < 0.001).

Assessment of the diagnostic potential of cell-free DNA 
(cfDNA) and cell-free miRNA (cf-miRNA) in plasma

The results demonstrated a significantly higher 
concentration of cfDNA in the plasma of the CCA group 
compared to the HC and OV groups (P<0.001). Using a 
cut-off of >30.50 ng/ml plasma, the cfDNA test exhibited 
a sensitivity of 75.00% and specificity of 95.83% for 
the differential diagnosis of CCA (Table 3). The AUCs 
of the ROC curves for plasma cfDNA, comparing the 

(Thermo Fisher Scientific) was employed to isolate 
cfDNA. The isolated cfDNA was then used to construct a 
cfDNA library following the provided protocol (Ion Plus 
Fragment Library Kit, Applied Biosystems™, Thermo 
Fisher Scientific). The library constructs underwent 
sequencing using the MGISEQ-2000 sequencing system 
(MGI Tech Co. Ltd., China).

The analysis involved determining the percentage 
of tumor fraction and identifying somatic copy number 
alterations (SCNAs), encompassing deletion, gain, 
amplification, and average ploidy number. ULP-WGS was 
conducted with 0.1-0.3x genome-wide coverage using the 
ichorCNA software (available for download at https://doi.
org/10.1038/s41467-017-00965-y) [22].

Statistical and diagnostic analyses
The statistical analyses were conducted using IBM 

SPSS Statistics for Windows, Version 26.0 (Armonk, 
NY: IBM Corp.). The normality of the data was assessed 
through a normal Q-Q plot, with a diagonal line indicating 
normal distribution. For normally distributed data, a 
Student’s t-test was applied for two-sample comparisons, 
and a one-way analysis of variance (ANOVA) followed 
by post-hoc tests for multiple comparisons were utilized 
to compare plasma cfDNA and cf-miRNA concentrations 
across multiple groups.

In cases where the data did not follow a normal 
distribution, the Mann-Whitney U test was employed for 
two-sample comparisons, and the Kruskal-Wallis test, 
followed by the Dunn-Bonferroni post-hoc test, was used 
for multiple group comparisons to identify significant 
differences. 

GraphPad Prism 9 was employed for dot plot analysis 
and calculating the area under the receiver operating 
characteristic curve (AUC). For diagnostic calculations, 
the cut-off at the maximum likelihood ratio was used. 
MedCalc, a diagnostic test evaluation calculator available 
at https://www.medcalc.org/calc/diagnostic_test.php, was 
utilized to calculate diagnostic parameters, including 
sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy.

Results

Plasma level of Cell-free DNA (cfDNA) and cell-free 
miRNA (cf-miRNA)

The measurement of cfDNA and cf-miRNA 
concentrations using Qubit Fluorescence revealed 
average (maximum/minimum) cfDNA levels in the HC, 
OV, and CCA groups to be 12.55 ng/ml plasma (range: 
4.46-26.70 ng/ml plasma), 20.369 ng/ml plasma (range: 
7.37-39.13 ng/ml plasma), and 100.97 ng/ml plasma 
(range: 17.66-501.43 ng/ml plasma), respectively (Table 
2). Correspondingly, cf-miRNA levels in the HC, OV, 
and CCA groups showed averages of 36.87 ng/ml 
plasma (range: 17.14-62.57 ng/ml plasma), 34.91 ng/ml 
plasma (range: 2.23-73.71 ng/ml plasma), and 376.69 
ng/ml plasma (range: 20.14-1,924.29 ng/ml plasma), 
respectively (Table 2).

The highest concentrations of both plasma cfDNA 
(Figure 1A) and cf-miRNA (Figure 1B) were observed in 

Group

HC OV CCA

Sample size 12 12 12

Sex (Male/Female) 3/9 9/3 9/3

Age (year)

Min/Max 25/82 19/60 52/87

Mean ± SD 36.7 ± 7.8 48.1± 10.7 66.5 ± 10.2

Alcohol consumption 

     No 5 (42%) 2 (17%) 1 (8%)

     Yes 7 (58%) 10 (83%) 11 (92%)

Smoking

     No 10 (83%) 5 (42 %) 3 (25%)

     Yes 2 (17%) 7 (58 %) 9 (75%)

Raw fish eating-habit 

(Source of O. viverrini infection)

     No 9 (75%) 2 (17%) 1 (8%)

     Yes 2 (17%) 10 (83%) 11 (92%)

Uncertain 1 (8%) 0 (0%) 0 (0%)

History of O. viverrini infection

     No 11 (92%) 11 (92%) 9 (75%)

     Yes 0 (0%) 1 (8%) 3 (25%)

Uncertain 1 (8%) 0 (0%) 0 (0%)

Fermented food eating-habit (Source of nitrosamine)

     No 0 (0%) 0 (0%) 0 (0%)

     Yes 12 (100%) 12 (100%) 12 (100%)

Table 1. Summary of Subject Demography
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Figure 1. Scatter Plots of Plasma cfDNA (A) and cf-miRNA (B) Concentrations for Healthy Controls (HC) Subjects, 
O. viverrini-infected (OV) Subjects, and Cholangiocarcinoma (CCA) Subjects. A: concentration of plasma cfDNA in 
ng/ml plasma is on y-axis. B: concentration of plasma cf-miRNA in ng/ml plasma is on y-axis. Group is on x-axis. The 
green circle, blue triangle, and orange square indicate HC, OV, and CCA.

Figure 2. The Correlation of Plasma cfDNA and cf-miRNA. Positive correlation between plasma cfDNA and cf-miR-
NA concentration shown by Pearson correlation coefficient (R2 = 0.9740, P < 0.0001). The concentration of plasma 
cf-miRNA in ng/ml plasma is on y-axis and the plasma cfDNA is on x-axis. The orange circle indicates the cfDNA 
and cf-miRNA of each subject.
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HC OV CCA
cfDNA cf-miRNA cfDNA cf-miRNA cfDNA cf-miRNA

1 26.7 30.04 23.79 18.43 64.71 233.14
2 7.46 34.54 22.71 2.23 44.57 129
3 6.43 34.84 26.96 26.44 88.29 360
4 25.07 24.21 27.99 21.99 17.83 20.14
5 4.46 25.97 8.40 36.3 17.66 25.37
6 24.86 17.14 29.14 19.71 501.43 1924.29
7 4.97 28.46 7.37 45.86 25.63 132.86
8 8.14 51.00 27.99 15.43 31.97 130.29
9 10.29 48.00 10.29 54.86 96 311.14
10 13.37 62.57 10.63 67.29 85.29 252.86
11 10.8 42.86 10.03 73.71 197.14 921.43
12 8.06 42.86 39.13 36.64 41.06 79.71
Min 4.46 17.14 7.37 2.23 17.66 20.14
Max 22.7 62.57 39.13 73.71 501.43 1924
Average 12.55 36.87 20.37 34.91 100.97 376.69

Table 2. Concentration of Plasma cfDNA and cf-miRNA

Figure 3. Area under the Curve (AUC) of the Receiver Operating Characteristic (ROC) Curve for Plasma cfDNA 
(Green Line) and cf-miRNA (Orange Line). The % sensitivity is plotted against 100% - % specificity on the x-axis 
and y-axis, respectively. The AUC of ROC curves and 95% CI are calculated and indicated in each curve. The highest 
AUC of ROC curve is observed in plasma cfDNA concentration.

CCA group to the HC and OV groups, were 0.9514 and 
0.8611, respectively (Table 4). Similarly, the concentration 
of cf-miRNA in the CCA group differed significantly 
from that in the HC and OV groups. With a cut-off of 
>70.50 ng/ml plasma, the cf-miRNA test demonstrated 
a sensitivity of 83.33% and specificity of 95.83% for the 
differential diagnosis of CCA (Table 3). The AUCs of the 
ROC curves for plasma cf-miRNA, comparing the CCA 
group to the HC and OV groups, were 0.8542 and 0.8958, 
respectively (Table 4).

Furthermore, the AUCs of the ROC curves for 
plasma cfDNA and cf-miRNA, comparing the CCA 
group to the HC+OV groups, were 0.9063 and 0.8750, 

respectively (Figure 3 and Table 4). The combination of 
plasma cfDNA and cf-miRNA concentrations resulted in 
83.33% sensitivity and 100% specificity, indicating a high 
sensitivity and specificity of the test (Table 3).

Analysis of cell-free DNA alteration by ultra-low-pass-
whole-genome sequencing (ULP-WGS)

Ultra-Low-Pass Whole Genome Sequencing (ULP-
WGS) was employed to detect changes in DNA sequences, 
revealing gains, amplifications, and deletions of cfDNA 
(Figure 4). These alterations were observed from an 
unspecified time point after OV infection. Intriguingly, 
these changes were predominantly evident in the CCA 
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Figure 4. The Somatic Copy Number Alteration (SCNA) Analysis of Plasma Cell-Free DNA (cfDNA) of Healthy 
Control (HC) Subjects, O. viverrini infected (OV) subjects, and cholangiocarcinoma (CCA) subjects. The log2 ratio 
of copy number (x-axis) indicates the degree of chromosomal gain or loss, with blue representing normal, brown 
representing gain, red representing amplification, and green representing deletion. The number of chromosomes is on 
the x-axis (Chromosome number 1-22 and X chromosome).

cfDNA cf-miRNA cfDNA + cf-miRNA

Value 95% CI Value 95% CI Value 95% CI

Sensitivity 75.00% 42.81% to 94.51% 83.33% 51.59% to 97.91% 83.33% 51.59% to 97.91% 

Specificity 95.83% 78.88% to 99.89% 95.83% 78.88% to 99.89% 100.00% 85.75% to 100.00% 

Positive Likelihood Ratio 18 2.57 to 126.05 20 2.89 to 138.53 - -

Negative Likelihood Ratio 0.26 0.10 to 0.70 0.17 0.05 to 0.62 0.17 0.05 to 0.59 

Positive Predictive Value 90.00% 56.24% to 98.44% 90.91% 59.08% to 98.58% 100.00% -

Negative Predictive Value 88.46% 74.14% to 95.35% 92.00% 76.39% to 97.61% 92.31% 77.20% to 97.70% 

Accuracy 88.89% 73.94% to 96.89% 91.67% 77.53% to 98.25% 94.44% 81.34% to 99.32% 

Table 3. The Diagnostic Parameters of Plasma cfDNA and cf-miRNA for Cholangiocarcinoma

AUC Standard error 95% CI P-value
cfDNA HC vs OV 0.7396 0.1018 0.5400-0.9392 0.0464

HC vs CCA 0.9514 0.03939 0.8742-1.0000 0.0002
OV vs CCA 0.8611 0.07757 0.7091-1.0000 0.0027
HC+OV vs CCA 0.9063 0.05335 0.8017-1.0000 <0.0001

cf-miRNA HC vs OV 0.7396 0.1018 0.5400-0.9392 0.0464
HC vs CCA 0.9514 0.03939 0.8742-1.0000 0.0002
OV vs CCA 0.8611 0.07757 0.7091-1.0000 0.0027
HC+OV vs CCA 0.9063 0.05335 0.8017-1.0000 <0.0001

Table 4. The Area under the ROC Curve (AUC) of Plasma cfDNA and cf-miRNA

group, where the ploidy of CCA increased to 2.76. The 
tumor fraction for OV and CCA was 5.7% and 35.4%, 

respectively. Notably, no significant DNA alterations were 
observed in the HC group.
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Discussion

Extensive research has been conducted on cfDNA 
and cf-miRNA as potential biomarkers for predicting, 
prognosing, and treating cancer [23, 24]. cfDNA and 
cf-miRNA are released from dead cells through processes 
such as apoptosis or necrosis [17, 25]. The increased 
circulation of these biomarkers in cancer patients has been 
demonstrated across various cancer types, attributed to the 
higher rate of cell death.

cfDNA has been suggested to have the capability 
to detect leukemias at least ten years earlier [10], 
underscoring its significance in early cancer diagnosis. 
Nevertheless, the potential of cfDNA or miRNA in CCA 
has not been firmly established. Thus, this study aims 
to explore their potential as biomarkers for this specific 
disease.

In the diagnostic approach for CCA, both cfDNA 
concentration and cf-miRNA exhibited superior results 
with high sensitivity, specificity, and accuracy when 
compared among CCA, HC, and OV. Nevertheless, 
for practicality, cost-effectiveness, and ease of use, the 
application of plasma cfDNA or cf-miRNA concentration 
for CCA diagnosis using a fluorescence dye-based 
method appears more suitable. The increase in cfDNA 
and cf-miRNA concentration was positively correlated 
and demonstrated 100% specificity when combined. 
However, it is noteworthy that the elevated concentration 
of cfDNA and cf-miRNA may also occur in other 
cancers and diseases [26], suggesting the need for further 
investigation. Therefore, to screen for CCA, this method 
should be implemented in high-incidence areas of CCA, 
particularly in endemic regions for liver fluke infections 
such as O. viverrini, Clonorchis sinensis, and Opisthorchis 
felineus. Notably, employing low-coverage sequencing, 
such as ULP-WGS, can predominantly detect changes 
in cfDNA, providing a cost-effective advantage, as deep 
sequencing may not be necessary [22]. ULP-WGS proves 
effective in differentiating CCA from OV and HC by 
utilizing the percentage of tumor fraction. The application 
of ULP-WGS for CCA diagnosis is suggested and warrants 
further analysis for its efficacy in large populations. 

In conclusion, measuring cfDNA or cf-miRNA 
concentration through a fluorescence dye-based method 
offers advantages in terms of cost, ease, and efficacy. 
However, further research in large populations is essential.

Author Contribution Statement

Sattrachai Prasopdee: conceptualization, data curation, 
formal analysis, funding acquisition, investigation, 
methodology, software, validation, writing - review 
and editing. Montinee Pholhelm: data curation, formal 
analysis, investigation, methodology. Siraphatsorn 
Yusuk: data curation, formal analysis, investigation, 
methodology.  Sithichoke Tangphatsornruang: data 
curation, formal analysis, methodology, software. Kritiya 
Butthongkomvong: data curation, formal analysis, 
investigation, methodology. Teva Phanaksri: data 
curation, formal analysis, investigation, methodology. 
Anthicha Kunjantarachot: data curation, formal analysis, 

investigation, methodology. Jutharat Kulsantiwong: data 
curation, formal analysis, investigation, methodology. 
Smarn Tesana: conceptualization, formal analysis, 
methodology, supervision. Veerachai Thitapakorn: 
conceptualization, data curation, formal analysis, funding 
acquisition, investigation, methodology, software, 
supervision, validation, writing - review and editing.

Acknowledgements

General
We extend our heartfelt gratitude to all the participants 

who generously contributed to this study. Additionally, we 
express our appreciation to Dr. Verayuth Praphanphoj of 
the Medical Genetics Center (MGC), Bangkok, Thailand, 
for his valuable support in conducting the ULP-WGS 
analysis.

Funding Statement
1. Thai goverment Research Fund through Thammasat 

University, Fund Contract No. 36/2562 to Dr. Sattrachai 
Prasopdee.

2.Thammasat Research Unit in Opisthorchiasis, 
Cholangiocarcinoma, and Neglected Parasitic Diseases, 
Thammasat University (TRU-OCN) to Dr. Veerachai 
Thitapakorn and Dr. Sattrachai Prasopdee.

3. Chulabhorn International College of Medicine, 
Thammasat University, Fund Contract No. T3/2562 to 
Dr. Veerachai Thitapakorn and Dr. Sattrachai Prasopdee.

Ethical Declaration
This study was conducted in adherence to the ethical 

guidelines established by the Declaration of Helsinki and 
received approval from the Human Ethics Committee 
of Udon Thani Cancer Hospital, Udon Thani, Ministry 
of Public Health, Thailand (UCH-CT 11/2563). Prior to 
the commencement of blood collection, all participants 
provided signed informed consent.

Data Availability
All data has been included in this manuscript.

Approval
It was not approved by any scientific body or part of 

an approved student thesis.

Conflict of interest
The authors declared no conflict of interest for this 

study.

References

1. Hughes T, O’Connor T, Techasen A, Namwat N, Loilome W, 
Andrews RH, et al. Opisthorchiasis and cholangiocarcinoma 
in southeast asia: An unresolved problem. Int J Gen Med. 
2017:227-37. 

2. Sripa B, Tangkawattana S, Sangnikul T. The lawa model: A 
sustainable, integrated opisthorchiasis control program using 
the ecohealth approach in the lawa lake region of thailand. 
Parasitol Int. 2017;66(4):346-54. 

3. Landegren U, Hammond M. Cancer diagnostics based 
on plasma protein biomarkers: Hard times but great 



Sattrachai Prasopdee et al

Asian Pacific Journal of Cancer Prevention, Vol 25746

expectations. Mol Oncol. 2021;15(6):1715-26. 
4. Lee T, Teng TZJ, Shelat VG. Carbohydrate antigen 19-9—

tumor marker: Past, present, and future. World J Gastrointest 
Surg. 2020;12(12):468. 

5. Das J, Kelley SO. High‐performance nucleic acid sensors 
for liquid biopsy applications. Angewandte Chemie. 
2020;132(7):2574-84. 

6. Biró O, Rigó Jr J, Nagy B. Noninvasive prenatal testing for 
congenital heart disease–cell-free nucleic acid and protein 
biomarkers in maternal blood. J Matern-Fetal Neonatal Med. 
2020;33(6):1044-50. 

7. Gyurászová M, Kovalčíková A, Bábíčková J, Hodosy J, Tóthová 
Ľ. Cell-free nucleic acids in urine as potential biomarkers of 
kidney disease. J Appl Biomed. 2018;16(3):157-64. 

8. Hadipour M, Fasihi Harandi M, Mirhendi H, Yousofi Darani 
H. Diagnosis of echinococcosis by detecting circulating 
cell-free DNA and mirna. Expert Rev Mol Diagn. 
2023;23(2):133-42. 

9. Song Q, Zhang Y, Liu H, Du Y. Potential of using cell-free 
DNA and mirna in breast milk to screen early breast cancer. 
Biomed Res Int. 2020;2020. 

10. Desai P, Mencia-Trinchant N, Savenkov O, Simon MS, 
Cheang G, Lee S, et al. Somatic mutations precede acute 
myeloid leukemia years before diagnosis. Nat Med. 
2018;24(7):1015-23. https://doi.org/10.1038/s41591-018-
0081-z.

11. Yamamoto Y, Kondo S, Matsuzaki J, Esaki M, Okusaka T, 
Shimada K, et al. Highly sensitive circulating microrna panel 
for accurate detection of hepatocellular carcinoma in patients 
with liver disease. Hepatol commun. 2020;4(2):284-97. 

12. Fehlmann T, Kahraman M, Ludwig N, Backes C, Galata V, 
Keller V, et al. Evaluating the use of circulating microrna 
profiles for lung cancer detection in symptomatic patients. 
JAMA Oncol 2020;6(5):714-23. 

13. Andorfer CA, Necela BM, Thompson EA, Perez EA. 
Microrna signatures: Clinical biomarkers for the diagnosis 
and treatment of breast cancer. Trends Mol Med. 
2011;17(6):313-9. 

14. Rikkert LG, van der Pol E, van Leeuwen TG, Nieuwland 
R, Coumans FAW. Centrifugation affects the purity of 
liquid biopsy-based tumor biomarkers. Cytometry Part A. 
2018;93(12):1207-12. https://doi.org/10.1002/cyto.a.23641.

15. Wu TL, Zhang D, Chia JH, Tsao KC, Sun CF, Wu JT. 
Cell-free DNA: Measurement in various carcinomas 
and establishment of normal reference range. Clin Chim 
Acta. 2002;321(1):77-87. https://doi.org/10.1016/S0009-
8981(02)00091-8.

16. Park JL, Kim HJ, Choi BY, Lee HC, Jang HR, Song KS, et 
al. Quantitative analysis of cell-free DNA in the plasma of 
gastric cancer patients. Oncol Lett. 2012;3(4):921-6. https://
doi.org/10.3892/ol.2012.592.

17. Umetani N, Kim J, Hiramatsu S, Reber HA, Hines OJ, 
Bilchik AJ, et al. Increased integrity of free circulating 
DNA in sera of patients with colorectal or periampullary 
cancer: Direct quantitative pcr for alu repeats. Clin 
Chem. 2006;52(6):1062-9. https://doi.org/10.1373/
clinchem.2006.068577.

18. Mazumder S, Datta S, Ray JG, Chaudhuri K, Chatterjee 
R. Liquid biopsy: Mirna as a potential biomarker in oral 
cancer. Cancer Epidemiol. 2019;58:137-45. https://doi.
org/10.1016/j.canep.2018.12.008.

19. Singh A, Dwivedi A. Circulating mirna and cell-free DNA as 
a potential diagnostic tool in early detection of biliary tract 
cancer: A meta-analysis. Biomarkers. 2022;27(5):399-406. 
https://doi.org/10.1080/1354750X.2022.2064551.

20. Giannopoulou L, Zavridou M, Kasimir-Bauer S, Lianidou 
ES. Liquid biopsy in ovarian cancer: The potential of 

circulating mirnas and exosomes. Transl Res. 2019;205:77-
91. https://doi.org/10.1016/j.trsl.2018.10.003.

21. Paoletti C, Hayes DF. Circulating tumor cells. In: Stearns V, 
editor. Novel biomarkers in the continuum of breast cancer. 
Advances in experimental medicine and biology. Cham: 
Springer International Publishing; 2016. p. 235-58.

22. Adalsteinsson VA, Ha G, Freeman SS, Choudhury AD, 
Stover DG, Parsons HA, et al. Scalable whole-exome 
sequencing of cell-free DNA reveals high concordance with 
metastatic tumors. Nat Commun. 2017;8(1):1324. https://
doi.org/10.1038/s41467-017-00965-y.

23. Nie K, Jia Y, Zhang X. Cell-free circulating tumor DNA in 
plasma/serum of non-small cell lung cancer. Tumor Biol. 
2015;36(1):7-19. https://doi.org/10.1007/s13277-014-
2758-3.

24. Roninson IB, Broude EV, Chang B-D. If not apoptosis, then 
what? Treatment-induced senescence and mitotic catastrophe 
in tumor cells. Drug Resist Updat. 2001;4(5):303-13. https://
doi.org/10.1054/drup.2001.0213.

25. Delgado PO, Alves BCA, de Sousa Gehrke F, Kuniyoshi 
RK, Wroclavski ML, Del Giglio A, et al. Characterization 
of cell-free circulating DNA in plasma in patients with 
prostate cancer. Tumor Biol. 2013;34(2):983-6. https://doi.
org/10.1007/s13277-012-0634-6.

26. Ranucci R. Cell-free DNA: Applications in different 
diseases. In: Casadio V, Salvi S, editors. Cell-free DNA as 
diagnostic markers: Methods and protocols. Methods in 
molecular biology. New York, NY: Springer; 2019. p. 3-12.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


