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Abstract: Objective: To determine the clinical value of combined detection of circulating tumor cells (CTCs) and cell-free 

DNA (cfDNA) in peripheral blood of patients with triple-negative breast cancer. Method: 41 patients with breast cancer 

admitted to the First Central Hospital of Baoding from January 2020 to December 2021 were selected and recruited into the 

experimental group, 42 patients with benign breast cancer admitted during the same period were recruited into the conditional 

control group, and 41 healthy patients admitted during the same period were recruited into the blank control group. The 

positive rate of peripheral blood CTCs, the level of cfDNA, and the diagnostic efficacy of peripheral blood CTCs, cfDNA 

alone and the combination thereof for breast cancer were analyzed. Result: The positive rates of peripheral blood CTCs in the 

experimental group, the conditional control group, and the blank control group were 43.90%, 11.90%, and 9.74%, respectively, 

and there was significant difference among the groups. The levels of cfDNA in peripheral blood of the experimental group, 

the conditional control group, and the blank control group were 0.26 ± 0.08 bp, 0.17 ± 0.03 bp, and 0.15 ± 0.04 bp, respectively, 

which were statistically significant. The detection levels of 100 bp hTERT/ng·ml-1 and 241 bp hTERT/ng·ml-1 in the 

experimental group were significantly higher than those in the conditional control group and the blank control group. The 

accuracy of peripheral blood CTCs detection in the three groups was 66.21%, the accuracy of cfDA241 bp / 100 bp hTERT 

detection was 80.41%, and the accuracy of combined detection of peripheral blood CTCs and cfDNA was 94.03%. 

Conclusion: The clinical application of peripheral blood CTCs combined with cfDNA level detection can increase detection 

accuracy, provide data support for clinicians, and improve the clinical diagnostic effect of triple-negative breast cancer. 
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1. Introduction 

According to global statistics, the total number of global cancer cases in 2020 has reached 19.29 million, 

including 2.26 million cases of breast cancer, which surpassed the incidence rate of lung cancer and topped 

the world’s cancer incidence rate. Breast cancer is a serious threat to women’s health. Breast cancer is 

heterogeneous, and there are significant differences in clinical case characteristics, cancer molecular 

characteristics and cell biological behavior. Triple-negative breast cancer accounts for 15%–20% of the 

incidence of all breast cancer cases. It is characterized by strong drug resistance, strong invasion ability, 

and high recurrence and metastasis rates. At present, traditional endocrine therapy and molecular targeted 

therapy are used in the treatment of triple-negative breast cancer. The effect of these two treatments on 
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triple-negative breast cancer is not obvious. The patient mortality rate is still as high as 25%, and the 

survival rate of triple-negative breast cancer patients is only 17%, which is very low [1-10]. B-ultrasound and 

X-ray are commonly used in the screening of breast cancer, but the detection effect is not high enough to 

meet the clinical needs. Peripheral blood circulating tumor cells (CTCs) [11] and circulating blood 

extracellular fragment gene sequence (cell-free DNA, cfDNA) [12] have been proposed and applied to the 

clinical detection of cancer. This study investigates application value of clinical use of CTCs and cfDNA 

combined detection in triple negative breast cancer. 

 

2. Data and methods 

2.1. General information 

41 patients with breast cancer admitted to the First Central Hospital of Baoding from January 2020 to 

December 2021 were recruited into the experimental group, 42 benign breast patients admitted during the 

same period were recruited into the conditional control group, and 41 healthy brast patients admitted during 

the same period were recruited into the blank control group. There was no statistical difference in general 

data between the three groups. 

 

2.2. Methods 

Peripheral blood CTCs and cfDNA were tested and measured in individuals of all three groups. 7.5 ml of 

blood from the three groups was taken for peripheral blood CTCs test. After the blood was mixed with 6.5 

ml buffer, it was centrifuged at the speed of 3000 rpm for 10 minutes, and then the supernatant was taken 

for test. If ≥ 1.0 CTCs were detected in every 7.5 ml of peripheral blood, the CTC status was considered 

positive. 4.5 ml fasting blood was taken from the three groups in the morning. Cetyltrimethylammonium 

bromide was used for DNA extraction, and quantitative polymerase chain reaction was used for DNA 

detection. 

 

2.3. Observation indicators 

The positive rate of peripheral blood CTCs [13], cfDNA level [14], and the single and combined detection of 

peripheral blood CTCs and cfDNA for breast cancer has diagnostic efficacy. 

 

2.4. Statistical methods 

SPSS19.0 software was used for statistical analysis of quantitative data. ANOVA was used for inter-group 

comparison of normally distributed data. t-test was used for pairwise comparison of two independent 

samples. Non-parametric rank sum test was used for inter-group comparison of non-normally distributed 

data. The statistical test level was p < 0.05. For the measurement data, the normal distribution test was 

carried out. The data in line with the normal distribution are expressed as mean ± standard deviation. p < 

0.05 is considered statistically significant. 

 

3. Results 

3.1. Comparison of positive rates of CTCs in peripheral blood among the three groups 

The positive rates of peripheral blood CTCs in the experimental group, the conditional control group, and 

the blank control group were 43.90%, 11.90%, and 9.74% respectively, and there was significant difference 

among the groups, as shown in Table 1. 

 

3.2. Comparison of cfDNA levels among the three groups 

The levels of cfDNA in peripheral blood circulating blood in the experimental group, the conditional control 

group, and the blank control group were 0.26 ± 0.08 bp, 0.17 ± 0.03 bp, and 0.15 ± 0.04 bp, respectively, 



 

 71 Volume 6; Issue 3 

 

 

which were statistically significant. The detection levels of 100 bp hTERT/ng·ml-1 and 241 bp 

hTERT/ng·ml-1 in the experimental group were significantly higher than those in the conditional control 

group and the blank control group, as shown in Table 2. 

 

3.3. Diagnostic efficacy of peripheral blood CTCs, cfDNA, and their combination for breast cancer 

The sensitivity, specificity, and accuracy of peripheral blood CTCs were 43.90%, 82.25%, and 66.21%, 

respectively. The sensitivity, specificity, and accuracy of cfDNA 241bp/100bp hTERT were 79.12%, 

79.89%, and 80.41%, respectively. The sensitivity, specificity, and accuracy of the combined detection of 

peripheral blood CTCs and cfDNA were 94.25%, 92.02%, and 94.03%, respectively. It is obvious that the 

combined detection of peripheral blood CTCs and cfDNA has better effect and higher accuracy. 

 

Table 1. Comparison of positive rates of CTCs in peripheral blood among the three groups 

Group Number of cases Number of positive cases Positive detection rate (%) 

Experimental group 41 18 43.90 

Conditional control group 42 5 11.90 

Blank control group 41 4 9.74 

Note: Compared with the experimental group, χ2 = 10.6040, P = 0.0011; compared with the blank control group, χ2 = 12.1758, 

P = 0.0005; compared with the blank control group, χ2 = 0.0015, P = 0.9691. 

 

Table 2. Comparison of cfDNA levels among the three groups 

Group 100 bp hTERT/ng·ml-1 241 bp hTERT/ng·ml-1 241 bp/100bp hTERT 

Experimental group (n = 41) 35.12±6.25a 8.45±0.56a 0.26±0.08a 

Conditional control group (n = 42) 24.36±5.88b 5.23±0.87b 0.17±0.03b 

Blank control group (n = 41) 20.69±5.26 2.99±0.51 0.15±0.04 

Note: a P < 0.05 compared with the conditional control group; b P < 0.05 compared with the blank control group. 

 

Table 3. Single and combined detection of CTCs and cfDNA in peripheral blood 

Index Sensitivity Specificity Accuracy 

CTCs  43.90% 82.25% 66.21% 

241 bp/100bp hTERT  79.12% 79.89% 80.41% 

Combined detection of cfDNA and CTCs in peripheral blood 94.25% 92.02% 94.03% 

 

4. Discussion 

Breast cancer is one of the most common malignant tumors in women, and accounts for 23% of the total 

number of female cancer patients in the world [8,15]. As a special subtype of breast cancer, triple-negative 

breast cancer has an incidence rate of 23.8% in China. It is characterized by insufficient or null expression 

of estrogen receptor (ER) and progesterone receptor (PR) and null expression of human epidermal growth 

factor receptor 2 (HER-2) [16-18]. Traditional endocrine and targeted therapy has no effect on triple-negative 

breast cancer lacking receptor expression. Therefore, standard cytotoxic chemotherapy combined with 

surgical resection is still the preferred method for systematic treatment of triple-negative breast cancer, but 

patients with triple-negative breast cancer may still have a high risk of recurrence and metastasis within 3–

5 years after the first treatment. Compared with other breast cancer subtypes, triple-negative breast cancer 

has strong drug resistance, high recurrence rate, strong tissue invasion and invasion ability, which make 
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treatment difficult, and there are no effective biomarkers and predictive indicators for this cancer subtype 
[19, 20]. Therefore, it is very important to study the value of combined detection of peripheral blood CTCs 

and cfDNA in the clinical diagnosis of triple negative breast cancer. 

The molecular fragments of free DNA in peripheral blood is the focus of the current study. It is found 

that the length of free DNA in peripheral blood in cancer patient is shorter than that in normal people, which 

may be caused by the proliferation of necrotic cells or tumor cells. The content of cfDNA fragments in the 

peripheral blood of normal people is low, mainly because the cells have been cleared by the immune system. 

The cancer cells in the patients undergo rapid proliferation, short growth cycle, and rapid apoptosis. 

Therefore, the content of cfDNA fragments in the peripheral blood of patients is relatively high, and the 

autoimmunity of cancer patients is reduced. The peripheral blood CTCs and cfDNA can be used for early 

diagnosis of breast cancer and evaluation of treatment curative effect. 

In this study, we found that both the positive detection rate of peripheral blood CTCs and cfDNA level 

in the experimental group were significantly higher than those in the conditional control group and the 

blank control group. The accuracy rate of peripheral blood CTCs combined with cfDNA level in the 

experimental group was 94.03%, which was significantly higher than that of peripheral blood CTCs alone 

(66.21%) and cfDNA alone (80.41%). 

Therefore, the clinical application of combined detection of peripheral blood CTCs and cfDNA level 

can increase detection accuracy, provide data support for clinicians, and improve the clinical diagnostic 

rate of triple-negative breast cancer. 

 

Funding 

This present study was financially supported by Baoding City Science and Technology Plan project 

(2041ZF084), Key Laboratory of Molecular Pathology and Early Diagnosis of Tumor in Hebei Province. 

 

Disclosure statement 

The authors declare no conflict of interest. 

 

References 

[1] Yu X, Li T, Cong Z, et al., 2022, Combined Detection of hMAM, SBEM and ceacam19mrna in 

Peripheral Blood of Patients with Breast Cancer and its Clinical Significance. Journal of Jilin 

University (Medical Edition), 48(01): 195-202. 

[2] Li M, Yang Z, Gao W, et al., 2021, HIF-2 in Peripheral Blood α Expression Level and Clinical 

Significance of Th17/Treg Cells in Patients with Breast Cancer. Journal of Tropical Medicine, 21(12): 

1542-1567. 

[3] Zhang J, Zhang Y, Dong X, 2021, Progress of Long-Chain Noncoding RNA in Peripheral Blood in the 

Diagnosis of Breast Cancer.Chinese Journal of Hygienic Inspection, 31(24): 3068-3073. 

[4] Wan R, Zhu C, Deng Y, et al., 2021, Interleukin-1β, Interleukin-6 and β Expression and Significance 

of 2-Microglobulin in Peripheral Blood of Patients with Breast Cancer. Chinese Modern Doctor, 59(34): 

128-131. 

[5] Jin X, Gu D, Zhang Y, et al., 2021, Changes of TM, TF and CGRP Levels in Peripheral Blood of 

Chemotherapy-Related Bloodstream infection in breast cancer [j/ol] Chinese Journal of nosocomial 

Infection, 2021(23): 3576-3580. 

 



 

 73 Volume 6; Issue 3 

 

 

[6] Wang S, Zou M, Ou J, et al., 2021, Lrg1 and TNF-α Changes and Clinical Significance of Expression 

Level in Peripheral Blood of Patients with Breast Cancer. Systems Medicine, 6(22): 1-4. 

[7] Zhou X, Lei S, Li L, et al., 2021, Correlation Between Methylation Level of EMR3 Gene in Peripheral 

Blood and Breast Cancer in Chinese Women. Journal of Southern Medical University, 41(10): 1456-

1463. 

[8] Wang C, Qi J, He T, et al., 2021, The Value of Peripheral Blood SEPTIN9 Gene Methylation in the 

Diagnosis of Breast Cancer and the Evaluation of Chemotherapy Efficacy. Chinese Journal of Health 

Medicine, 23(03): 228-230. 

[9] Wang J, Lv X, Wu Z, et al., 2021, Study on the Relationship Between Circulating Tumor Cells and 

Clinicopathological Features of Breast Cancer. Chinese Journal of Oncology Surgery, 13(03): 242-245. 

[10] Dang S, Xu M, Hu Ji, et al., 2021, Influence of Peripheral Blood Inflammation Index Level on 

Prognosis of HER-2 Positive Breast Cancer Patients. Medical Theory and Practice, 34(11): 1810-1813, 

1825. 

[11] Yuan K, Song Q, Lv S, et al., 2021, Research Progress of Peripheral Blood PD-1/PD-L1 in Breast 

Cancer. Electronic Journal of Tumor Metabolism and Nutrition, 8(03): 326-331. 

[12] Zhu C, 2021, Peripheral Blood TNF-α Study on the Correlation Between Routine Blood Indexes and 

Pathological Characteristics of Breast Cancer Patients, Nanchang University. 

[13] Chen G, 2021, Research Progress in the Application of Circulating Tumor DNA Detection in the 

Treatment of Advanced Breast Cancer, Shantou University. 

[14] Zhang Z, 2021, The Value of Serum CEA, CA19-9 and Peripheral Blood T Cell Subsets in Evaluating 

the Effect of Breast Cancer Surgery. Medical Theory and Practice, 34(07): 1091-1093. 

[15] Yan J, Zhou G, 2021, Expression of Autophagy Related Genes in Peripheral Blood Monocytes of 

Breast Cancer and its Relationship with Tumor Recurrence. Journal of Clinical Surgery, 29(03): 258-

260. 

[16] Fan X, Fu J, Liu J, 2021, Detection of Circulating Tumor Cells and Circulating Free DNA in Peripheral 

Blood in Patients with Breast Cancer. Journal of Diagnostic Pathology, 28(01): 47-50, 54. 

[17] He Z, 2020, Establishment of DNA Methylation Detection Method and its Application in Serum 

Samples of Breast Cancer, Hunan University of Technology.  

[18] Zhang X, Jia C, Chen H, et al., 2019, Clinical Value of Combined Detection of Tumor Cells and Free 

DNA in Peripheral Blood Circulation in Auxiliary Diagnosis of Breast Cancer. Chinese Journal of 

Laboratory Medicine, 2019(08): 642-668. 

[19] Zhong M, 2019, Detection of Methylation of HIC-1 and Slit2 in Plasma Free DNA and its Significance 

in the Diagnosis of Breast Cancer, Shanghai Jiaotong University. 

[20] Gu L, Li M, Fan L, et al., 2019, Advances in the Application of Circulating Tumor DNA Detection in 

Breast Cancer. Chinese Journal of Practical Surgery, 39(02): 185-188. 

 

Publisher’s note 

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

 


