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INTRODUCTION

Colorectal cancer (CRC) is the most common cancer in the world 
after breast cancer and lung cancer in terms of incidence, with 
> 1,800,000 new patients in 2020 and has the second highest mor-

tality rate [1]. In Korea, according to the National Cancer Registra-
tion Program, it is the fourth most common cancer with the third 
highest mortality rate after lung cancer and liver cancer [2].

In recent years, many technological advances have been made in 
the diagnosis and treatment of CRC (e.g., surgery, radiation thera-
py, chemotherapy, and targeted therapy), and through these ad-
vances, the patient’s survival rate has been significantly improved 
to 65% [3]. Nevertheless, in patients with advanced CRC, recur-
rence including distant metastasis still occurs in many patients, 
leading to poor prognosis with a significant impact on their quality 
of life [4,5]. Therefore, to have a customized treatment strategy for 
CRC patients, the most important issue is to select patients with a 
high risk of recurrence and select an appropriate treatment. To 
date, the standard for evaluating the risk of recurrence in CRC pa-
tients is the clinicopathological stage. However, the prognosis var-
ies from patient to patient despite individuals have the same clini-
copathological risk factors. Thus, a new biomarker that can predict 
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the risk of recurrence is needed.
Circulating cell-free DNA (ccfDNA) exists in serum or plasma 

as extracellular DNA and it has been attracting attention as a useful 
biomarker for tumor selection, treatment effect determination, 
and prognosis through various studies to date [6,7]. Leon et al. [8] 
have reported that cell-free DNA (cfDNA) level is higher in tumor 
patients than in normal healthy individuals and other studies have 
shown the same results. These cfDNAs are known to arise from 
activated metabolism of tumors or necrosis of tumor cells. Thus, 
researchers mostly agree that there is an association between the 
primary tumor burden and the cfDNA level in plasma. Therefore, 
it has been reported that cfDNA is useful as an early diagnostic test 
in various tumors including kidney cancer, lung cancer, testicular 
tumor, and CRC, showing the possibility of non-invasive liquid bi-
opsy in tumor patients [9,10]. In addition, cfDNA level in the se-
rum is higher in bladder cancer patients than in benign prostatic 
hyperplasia patients, and it has been reported that cfDNA level 
plays an important role in predicting the prognosis of bladder can-
cer patients [11]. A recent meta-analysis has shown that the higher 
the cfDNA level in breast cancer patients, has the lower the dis-
ease-free survival rate and overall survival rate in the presence of 
circulation tumor DNA (ctDNA) [12].

Studies on CRC patients have also reported that cfDNA level is 
increased in CRC patients along with other tumors than in healthy 
individuals, and Hao et al. have shown significant results in pre-
dicting the prognosis in metastatic CRC when ALU115 and seg-
mental index (ALU247/115) are analyzed through reverse tran-
scription polymerase chain reaction of cfDNA [13,14].

Despite the clinical usefulness of cfDNA, it is still difficult to 
know how cfDNA is secreted from tumor cells into the blood, and 
various studies have reported their origin, structure, and types. 
cfDNA is composed of double-stranded DNA (dsDNA) and sin-
gle-stranded DNA (ssDNA) and it is known to be secreted mainly 
due to cell apoptosis or necrosis, and recently, it has been reported 
that active secretion of cells through microvesicles such as exo-
somes is important for their composition [15]. In addition, with 
the development of current technology, the composition and 
structure of cfDNA according to the length are being studied, and 
clinical association has been reported accordingly [16,17]. Al-
though clinical studies of cfDNA and CRC with various character-
istics have been reported, ssDNA and dsDNA levels and their clin-
ical association have not been reported yet.

Therefore, the aim of this study was to evaluate clinical useful-
ness and investigate role of prognostic factor of ssDNA and dsD-
NA levels in CRC patients.

METHODS

Patients and samples
This study protocol was approved by the Institutional Review 
Board of Soonchunhyang University Cheonan Hospital, and this 
study was conducted after written consent was obtained from pa-
tients included in the study. From January 2015 to December 
2015, 69 patients diagnosed with CRC and underwent surgery at 
the Department of Surgery at Soonchunhyang University Cheonan 
Hospital were enrolled in this study. Postoperative stage of these 
patients was I-IV, and surgically resectable patients were included 
in this study. Patients under 18 years of age or over 75 years of age 
were excluded, and patients with concurrent cancer at the time of 
surgery and those who received chemotherapy or radiotherapy 
before surgery were also excluded. In addition, the study was not 
conducted according to the exclusion criteria for patients with 
poor blood collection condition or ethical issues. According to the 
exclusion criteria, 25 patients were excluded and finally 44 patients 
were enrolled in this study. Patients’ clinicopathological records 
were collected retrospectively and analyzed through computerized 
records. For survival analysis, outpatient visit records were checked 
or patient’s survival period was checked over the phone. Recur-
rence was defined as cases with evidence of tumor or diagnosis on 
abdominal computed tomography, chest computed tomography, 
PET-CT, and colonoscopy. The median follow-up period was 57 
months. Tumor stage was defined according to Tumor-Node-Me-
tastasis (TNM) in accordance with the American Joint Committee 
on Cancer (AJCC)/International Union 7th Edition.

For patients’ blood sampling, 10 mL of whole blood was collect-
ed into a tube containing K3-EDTA before surgery. After separat-
ing plasma using a centrifuge (1,600 g, 10 minutes) within 4 hours, 
sample was placed into a DNA tube and then stored in a cryogenic 
freezer at –80°C until analysis.

Isolation of ccfDNA from plasma 
ccfDNA was isolated from plasma (100 μL) using a Maxwell RSC 
Instrument (AS4500; Promega, Madison, WI, USA) and a Max-
well RSC ccfDNA Plasma Kit (AS1480, Promega) according to the 
user manual. In the last elution step, 50 μL X TE buffer was used 
according to the user manual.

Quantification of ccfDNA levels from plasma
Quantitative analysis of dsDNA and ssDNA levels was performed 
by fluorescence analysis using a Quantus Fluorometer (E6150, 
Promega). dsDNA level was measured using a QuantiFluor dsD-
NA System (E2670, Promega), and dsDNA level was measured us-
ing a QuantiFluor ssDNA System (E3190, Promega).
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stage, there were seven (15.9%) patients in stage I, 17 (38.6%) pa-
tients in stage II, 16 (36.4%) patients in stage III, and four (9.1%) 
patients in stage IV. Recurrence occurred in 14 (31.8%) of 44 pa-
tients, and eight (18.1%) patients died.

Association between ccf-ssDNA level and clinicopathological 
characteristics of patients with CRCs
Associations between ccf-ssDNA level and clinicopathological 
factors were analyzed and compared, and these clinicopathological 
factors included age, sex, body mass index, diabetes mellitus, hy-
pertension, tumor markers (carcinoembryonic antigen [CEA], 
carbohydrate antigen 19-9 [CA19-9]), tumor location, size, stage 
(TNM), recurrence, and death. As a result, when comparing be-
tween the two groups (group I < 7.5 ng/μL vs. group II ≥ 7.5 ng/μL) 
 according to ccf-ssDNA level, it was confirmed that the age was 
lower in group II (P < 0.01). In addition, the group with ccf-ssDNA 
level higher than 7.5 ng/μL showed an association with diabetes 
mellitus (P = 0.037). ccf-ssDNA was not associated with T stage in 
comparison with pathological factors, but it was associated with N 
stage which was lymph node metastasis (P = 0.049). ccf-ssDNA 
showed no statistically significant association with other risk fac-
tors related to the prognosis of CRC, such as lymph node invasion, 
vascular invasion, or perineural invasion. In terms of recurrence, 
three (15.7%) patients in group I and 11 (44.0%) patients in group 
II showed a statistically significant association with recurrence as 
ccf-ssDNA level increased (P = 0.047) (Table 1).

Association between lymph node metastasis and ccf-ssDNA 
level in CRC patients
Among 44 patients, 19 patients had lymph node metastasis, and of 
these 19 patients, five patients were in group I and 14 patients were 

Statistical analysis
Statistical analysis was performed using PASW Statistics version 
18.0 (SPSS Inc., Chicago, IL, USA). For categorical clinicopatho-
logical factors, the chi-square test or Fisher exact test was used, and 
for continuous variables, independent-sample t-test or Mann- 
Whitney test was used. Overall survival rate and disease-free sur-
vival rate were analyzed and compared using the Kaplan-Meier 
curve method and log-rank test. For univariate and multivariate 
analyses, Cox proportional hazards model was used. P < 0.05 was 
defined as a statistically significant result. The optimal cutoff value 
for ccfDNA level for predicting recurrence was determined by an-
alyzing the receiver operating characteristic (ROC) curve.

RESULTS

Baseline clinicopathological data
This study was conducted on 44 patients who underwent surgery 
for CRC. The mean age of these patients was 63.98 ± 11.96 (mean
± standard deviation [SD]) years and there were 15 female patients 
and 29 male patients. The median survival period was 3.9 years 
(range, 0.8–5.8 years) and the median disease-free survival period 
was 2.5 years (range, 0.5–5.8 years). Mean ssDNA and dsDNA lev-
els of these patients were 12.15 ± 8.74 ng/μL and 1.01 ± 0.79 ng/μL, 
respectively. The optimal circulating cell-free single-stranded DNA 
(ccf-ssDNA) cutoff value for recurrence was 7.5 ng/μL (area under 
curve, 0.845, 95% confidence interval [CI], 0.7380–0.9533, P <  
0.001) (Fig. 1). Therefore, there were 19 (43.1%) group I patients 
with ccf-ssDNA level less than 7.5 ng/μL and 25 (56.9%) group II 
patients with ccf-ssDNA level higher than 7.5 ng/μL. There were 
14 (31.8%) patients with right sided colon cancer and 30 (69.2%) 
patients with left sided colon cancer including rectum. In terms of 

Fig. 1. Comparison of the ccf-ssDNA levels in plasma samples from healthy individuals and colorectal cancer (CRC) patients. (A) ccf-ssDNA 
level in CRC patients and control were compared. (B) Receiver operating characteristic curves for recurrence in CRC patients. ccf-ssDNA, cir-
culating cell-free single-stranded DNA; AUC, area under curve.
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Table 1. Association between ccf-ssDNA concentration and clinicopathological factors in colorectal cancer patients

Characteristics
ccf-ssDNA

<7.5 ng/μL (n=19) ≥7.5 ng/μL (n=25) P-value

Age (yr), mean± SD 68.30± 8.87 59.24± 13.26 0.010

Age group 0.317

< 65 yr 7 (36.84) 13 (52.00)

≥ 65 yr 12 (63.16) 12 (48.00)

Sex 0.737

Male 12 (63.16) 17 (68.00)

Female 7 (36.84) 8 (32.00)

Body mass index (kg/m2), mean± SD 23.21± 3.22 23.42± 4.42 0.859

Diabetes mellitus 0.037

No 15 (78.95) 12 (48.00)

Yes 4 (21.05) 13 (52.00)

Hypertension 0.967

No 9 (47.37) 12 (48.00)

Yes 10 (52.63) 13 (52.00)

Neutrophil (/μL), mean± SD 4,213.16± 1,806.28 5,276.00± 2,307.94 0.105

CEA 0.530

< 5 ng/μL 8 (42.11) 13 (52.00)

≥ 5 ng/μL 11 (57.89) 12 (48.00)

CA19-9 (U/mL), median (IQR) 15.5 (8.2–31.1) 8.6 (5.0–18.1) 0.115

Tumor location 0.533

Left 7 (36.84) 7 (28.00)

Right 12 (63.16) 18 (72.00)

Tumor size (cm), mean± SD 5.49± 2.30 4.51± 2.62 0.167

pT 0.059

1 1 (5.26) 4 (16.00)

2 0 5 (25.00)

3 13 (68.42) 11 (44.00)

4 5 (26.32) 2 (8.00)

pN 0.049

0 14 (73.68) 1 (44.00)

1, 2 5 (26.32) 14 (56.00)

Harvest LN, mean± SD 21.47± 6.71 21.18± 9.29 0.910

pM 0.122

0 19 (100.00) 21 (84.00)

1 0 4 (16.00)

Overall stage 0.026

I& II 14 (73.68) 10 (40.00)

III& IV 5 (26.32) 15 (60.00)

Lymphatic invasion 1.000

No 14 (73.68) 16 (76.19)

Yes 5 (26.32) 5 (23.81)

Venous invasion 0.698

No 16 (84.21) 16 (76.19)

Yes 3 (15.79) 5 (23.81)

Perineural invasion 0.473

No 13 (68.42) 17 (80.95)

Yes  6 (31.58) 4 (19.05)

(Continued to the next page)
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in group II. ccf-ssDNA level was 10.46 ± 6.40 ng/μL (mean ± SD) 
in patients without lymph node metastasis, and 16.49 ± 10.65 ng/μL 
(mean ± SD) in patients with lymph node metastasis. When statis-
tical analysis of ccf-ssDNA levels in these two groups was per-
formed, it was confirmed that level was significantly higher in pa-
tients with lymph node metastasis (P < 0.041) (Fig. 2).

Univariate and multivariate survival analyses of survival
Independent factors affecting disease-free survival and overall sur-
vival in CRC were identified using the Cox proportional hazard 
model. When univariate analysis of disease-free survival rate was 
performed, diabetes mellitus (hazard ratio [HR], 2.921; 95% CI, 
1.004–8.503; P = 0.049), lymph node metastasis (HR, 3.482; 95% 
CI, 1.195–10.143; P = 0.022), and ccf-ssDNA level (group II vs. I) 
(HR, 4.383; 95% CI, 1.232–15.598; P = 0.023) showed statistically 
significant results. When multivariate analysis of these factors was 
performed, AJCC stage (III, IV vs. I, II) (HR, 0.589; 95% CI, 0.067–
5.195; P = 0.634) did not show any statistically significant results. 
However, lymph node metastasis (HR, 7.211; 95% CI, 2.064–
25.193; P = 0.002) and ccf-ssDNA level (HR, 10.011; 95% CI, 
2.269–44.175; P = 0.002) were shown to be independent prognos-
tic factors for recurrence (Table 2).

When univariate analysis of overall survival rate was performed, 
age (HR, 7.991; 95% CI, 1.010–63.235; P = 0.049) and vascular in-
vasion (HR, 4.334; 95% CI, 1.067–17.604; P = 0.040) showed sta-
tistically significant association with prognosis. However, ccf-ssD-
NA level (HR, 0.593; 95% CI, 0.167–2.104; P = 0.419) did not show 
statistically significant results. When multivariate analysis was per-
formed, age, AJCC stage, and ccf-ssDNA level did not show signif-
icant results as prognostic factors, although vascular invasion (HR, 
6.413; 95% CI, 1.556–26.430; P = 0.010) was shown to be an inde-

pendent prognostic factor (Table 3).
To analyze the survival rate for these patients, Kaplan-Meier 

curve analysis and log-rank test were performed. As a result, it was 
confirmed that the 5-year disease-free survival rate was lower in 
group II patients than in group I patients (P = 0.022). However, 
there was no statistical difference in the overall survival rate be-
tween the two groups (P = 0.696) (Fig. 3).

DISCUSSION

CRC is one of the cancers with the highest mortality rate world-
wide, and predicting its recurrence is the most important issue 
along with technological advances in diagnosis and treatment. To 
date, the most important factor in predicting the prognosis of CRC 
patients is the pathology of the tumor. However, these pathological 

Characteristics
ccf-ssDNA

<7.5 ng/μL (n=19) ≥7.5 ng/μL (n=25) P-value

Chemotherapy 0.632

No 7 (36.84) 11 (44.00)

Yes 12 (63.16) 14 (56.00)

Recurrence 0.047

No 16 (84.21) 14 (56.00)

Yes 3 (15.79) 11 (44.00)

Mortality 0.667

No 15 (78.95) 21 (84.00)

Yes  4 (21.05) 4 (16.00)

Values are presented as number (%) unless otherwise indicated.   
ccf-ssDNA, circulating cell-free single-stranded DNA; SD, standard deviation; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; IQR, inter-
quartile range; pT, pathologic T stage; pN, pathologic N stage; pM, pathologic M stage, LN, lymph node. 

Table 1. Continued

Fig. 2. Comparison of the circulating cell-free single-stranded DNA 
(ccf-ssDNA) plasma levels in patients with (N+) and without (N-) lymph 
node metastasis.
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risk factors and molecular biomarkers alone are not accurate in 
predicting recurrence, and therefore other reliable non-invasive 
prognostic factors are needed.

This study showed that ccf-ssDNA level measured in plasma 
collected from CRC patients before surgery was an independent 

prognostic factor that could predict recurrence. This is the first 
study to measure ccf-ssDNA before surgery in CRC patients and 
to investigate its association with recurrence along with long-term 
follow-up. In conclusion, for disease-free survival rate, when 
ccf-ssDNA level was higher than 7.5 ng/μL, which was the cutoff, 

Table 2. Univariate and multivariate Cox proportional hazard regression analysis of disease-free survival in patients with colorectal cancer

Variable
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Age (< 65 yr vs. ≥ 65 yr) 0.856 (0.299–2.446) 0.771

Sex (male vs. female) 0.588 (0.184–1.881) 0.365

DM (yes vs. no) 2.921 (1.004–8.503) 0.049 1.715 (0.582–5.053) 0.328

Tumor location (right vs. left) 1.883 (0.523–6.783) 0.333

Vascular invasion (yes vs. no) 1.577 (0.483–5.143) 0.450

Lymphatic invasion (yes vs. no) 1.436 (0.441–4.673) 0.450

Perineural invasion (yes vs. no) 1.586 (0.488–5.161) 0.443

Lymph node metastasis (+ vs. –) 3.482 (1.195–10.143) 0.022 7.211 (2.064–25.193) 0.002

AJCC stage (I, II vs. III, IV) 2.905 (0.989–8.535) 0.052 0.589 (0.067–5.195) 0.634

ccf-ssDNA concentration (< 7.5 ng/μL vs. ≥ 7.5 ng/μL) 4.383 (1.232–15.598) 0.023 10.011 (2.269–44.175) 0.002

CI, confidence interval; DM, diabetes mellitus; AJCC, American Joint Committee on Cancer; ccf-ssDNA, circulating cell-free single-stranded DNA. 

Table 3. Univariate and multivariate Cox proportional hazard regression analysis of overall survival in patients with colorectal cancer

Variable
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Age (< 65 yr vs. ≥ 65 yr) 7.991 (1.010–63.235) 0.049 4.983 (1.556–26–430) 0.144

Sex (male vs. female) 0.750 (0.194–2.904) 0.678

DM (yes vs. no) 1.689 (0.489–5.841) 0.407

Tumor location (right vs. left) 0.695 (0.196–2.468) 0.574

Vascular invasion (yes vs. no) 4.334 (1.067–17.604) 0.040 6.413 (1.556–26.430) 0.010

Lymphatic invasion (yes vs. no) 1.243 (0.239–6.449) 0.796

Perineural invasion (yes vs. no) 1.993 (0.473–8.396) 0.347

Lymph node metastasis (+ vs. –) 0.581 (0.117–2.877) 0.505

AJCC stage (I, II vs. III, IV) 2.829 (0.868–9.215) 0.084 0.685 (0.187–3.015) 0.685

ccf-ssDNAconcentration (< 7.5 ng/μL vs. ≥ 7.5 ng/μL) 0.593 (0.167–2.104) 0.419 1.468 (0.389–5.544) 0.571

CI, confidence interval; DM, diabetes mellitus; AJCC, American Joint Committee on Cancer; ccf-ssDNA, circulating cell-free single-stranded DNA.
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the HR and statistical significance were higher than those of AJCC 
stage and vascular invasion. On the other hand, CEA measured 
before surgery did not show any association with recurrence, and 
early CRC patients showed normal findings. Czeiger et al. [14] re-
ported that ccf-DNA level measured before surgery was high in 
CRC patients who died or recurred within 5 years, and as a result, 
it was an effective prognostic factor. Also, in this study, when 
ccf-ssDNA level of CRC patients was compared with that of 
healthy individuals, confirming that the ccf-ssDNA level was high 
as in other studies [14,16,18]. ccf-dsDNA level was also higher in 
CRC patients than in normal subjects. However, in this study, un-
like ccf-ssDNA, ccf-dsDNA could not confirm a significant cutoff 
level in recurrence and it did not show any association with other 
clinicopathological factors.

There are two ways to conduct research using cfDNA, a quanti-
tative analysis of cfDNA and a method to identify tumor-specific 
markers by analyzing circulating tumor DNA through sequence 
analysis using next-generation sequencing or polymerase chain re-
action. All these methods are effective methods for analyzing cfD-
NA, but measuring tumor-specific ctDNA showed better results in 
predicting the prognosis [18]. However, ctDNA is known to ac-
count for 0.01% to 50% of total cfDNA, making it difficult to repre-
sent the increased cfDNA due to necrosis and apoptosis in the tu-
mor microenvironment [19]. Recently, significant results have 
been reported for the diagnosis, treatment, and prediction of the 
prognosis of tumors through technological advances in cfDNA 
quantitative analysis [20,21]. The most important part in this study 
was to separate and measure ccf-ssDNA and ccf-dsDNA, respec-
tively, and their values vary depending on the extraction method 
for cfDNA, and some studies have shown that ccf-ssDNA is sig-
nificantly lower than its actual level [22]. Through previously re-
ported studies, it was possible to confirm a significantly higher 
DNA extraction result in ccf-ssDNA measurement using the mag-
netic beam method rather than other column methods, therefore, 
in this study, the accuracy of ccf-ssDNA level could be improved 
through these methods [23].

In this study, there was a statistically significant association be-
tween ccf-ssDNA level and lymph node metastasis, and ccf-ssD-
NA level was higher in patients with lymph node metastasis. These 
results showed the possibility that ccf-ssDNA could predict lymph 
node metastasis, thus it is considered to be an important factor in 
the decision of surgical treatment. In patients with early CRC, ex-
tensive resection, including lymph node dissection, remains con-
troversial. In CRC population screening, when additional surgery 
was performed for colorectal polyp adenocarcinoma, lymph node 
metastasis was found in 8% of cases. Therefore, it is thought that 
overtreatment and complications can be reduced by predicting 

lymph node metastasis through ccf-ssDNA measurement.
According to a recent meta-analysis, increased cfDNA in breast 

cancer patients showed a significant association with metastasis to 
the axillary lymph node, a sentinel lymph node [24]. Some studies 
have reported the association between high cfDNA level or ctD-
NA methylation with lymph node metastasis and advanced stage 
[25,26]. Lymph node metastasis is an important pathway for local 
and distant metastasis in CRC, and the association between lymph 
node metastasis and ccf-ssDNA is believed to play a role in recur-
rence. Recently, it has been reported that cfDNA can enter healthy 
cells and bind to their genome, causing DNA damage. This bound 
cfDNA can cause DNA rearrangement, translocation, and dele-
tion, eventually leading to chemical resistance [27]. A series of ge-
nometastasis in which cfDNA in plasma contributes to tumori-
genesis and induces metastasis through transfection of nucleic ac-
ids in susceptible cells in tissues has recently been reported [28]. 
However, which cfDNA causes this genometastasis remains un-
clear. Based on results of this study, it is believed that ccf-ssDNA 
related to lymph node metastasis and recurrence might play a role 
in genometastasis, and additional verification is required.

Huang et al. [17] have reported that the ssDNA/dsDNA ratio is 
significantly associated with the diagnostic usefulness and tumor 
stage in gastric cancer patients, but the ssDNA/dsDNA ratio did 
not show any association with other clinicopathological factors or 
prognosis in this study. Also, in these studies, levels of ssDNA and 
dsDNA were significantly higher than those of healthy individuals 
as in this study, but they showed no association with prognosis.

Based on literature review this is the first study to confirm that 
ccf-ssDNA is an independent prognostic factor for recurrence in 
CRC, but this study has several limitations. First, the cutoff value of 
ccf-ssDNA was selected through ROC analysis, thus it is necessary 
to verify it in an independent cohort. Second, due to the single 
center and small sample size of this study, a large number of pa-
tients and multicenter studies are needed to apply results to predict 
the prognosis in CRC. Third, since cfDNA level is non-specific 
and affected by other diseases (acute infection, chronic disease, in-
flammation), there are limitations of a retrospective study and bias 
in not excluding chronic diseases.

In conclusion, we confirmed that ccf-ssDNA level is a simple 
and cost-effective biomarker for predicting recurrence in CRC pa-
tients. In addition, this study provides more accurate information 
to evaluate the risk of recurrence in CRC patients with high 
ccf-ssDNA level before surgery, and it is thought to be able to help 
make more accurate decisions along with other risk factors for pa-
tients who need chemotherapy after surgery. Although it is difficult 
to directly apply clinically based on the results of this study, it is be-
lieved that this study will help suggest potential as a novel cfDNA 
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biomarker. Therefore, in order to become a clinically applicable 
biomarker in CRC, a prospective, multicenter study with a large 
number of samples and additional verification on ccf-ssDNA will 
be required.
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