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Clinical value of plasma cfDNA concentration and integrity in breast cancer patients
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Abstract: Breast cancer is a malignant tumor that occurs in the glandular epithelial tissues of the breast. It is one of the most common malignant tumors in 
women. This study was aimed at investigating the role of cell-free DNA (cfDNA) as a potential biomarker for breast cancer diagnosis. Patients with primary breast 
cancer (n =110) were enrolled in the experimental group, 95 patients with benign breast tumors were in control group 1, while 90 healthy volunteers were in control 
group 2. Quantitative PCR was used to determine cfDNA concentration and integrity in each group. The cfDNA levels in different groups and their relationship 
with clinical features of breast cancer patients were analyzed. Receiver operational curves were established to analyze sensitivity and specificity of cfDNA concen-
tration, cfDNA integrity, CEA, CA125 and CA15-3. The cfDNA concentration and cfDNA integrity of the experimental group were significantly higher than those 
of control groups 1 and 2. The cfDNA concentration and integrity in plasma of experimental group after chemotherapy were significantly lower than those before 
chemotherapy. While CEA and CA15-3 expressions were significantly correlated with cfDNA concentration, CA125 expression was significantly correlated with 
cfDNA integrity. Results from ROC curve analysis showed that the sensitivity and specificity of cfDNA concentration and integrity were higher than those of 
traditional tumor biomarkers. These results indicate that cfDNA concentration and integrity are significantly higher in primary breast cancer patients than in benign 
breast tumor patients and healthy people. Thus, cfDNA may serve as a potential biomarker of breast cancer.
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Introduction

Breast cancer is a malignant tumor that occurs in the 
glandular epithelial tissues of the breast. It is one of the 
most common malignant tumors in women. According 
to the latest cancer data from the 2017 China Cancer 
Registry Annual Report published by the National Can-
cer Center, the incidence of breast cancer ranks first in 
female cancer patients. The incidence and mortality of 
breast cancer are increasing year by year (1). This trend 
is due to lack of effective early screening methods (2). 
Most patients are diagnosed with cancer after the symp-
toms become obvious, by which time the tumors have 
become advanced. Early diagnosis and treatment of 
breast cancer patients enhance their survival. Therefore, 
screening molecular markers for early diagnosis and 
treatment of breast cancer patients has become a major 
research focus aimed at reducing breast cancer morta-
lity (3). At present, there are many methods for clini-
cal diagnosis of breast cancer. Determination of blood 
tumor markers has been widely used in the diagnosis 
of breast cancer because of its advantages of non-inva-
siveness and ease of operation, and its usefulness in the 
early diagnosis and screening of breast cancer. A tumor 
marker is a substance that is characteristically present in 
a malignant tumor cell or is abnormally produced by a 
malignant tumor cell. It is a reflection of tumorigenesis, 
and it is used to monitor tumor response to treatment. 

Tumor markers exist in tissues, body fluids, and feces 
of tumor patients and has important reference value for 
the diagnosis of tumors, screening for high-risk popu-
lations, and monitoring of tumor prognosis (4, 5). They 
can be assayed using immunohistochemistry, biology 
and chemical methods. With deep understanding of 
breast cancer and the continuous improvements in la-
boratory technology, the role of tumor markers in the 
occurrence, development and spread of breast cancer, 
and their impact on prognosis are receiving more and 
more attention. Moreover, new ideas and methods for 
the treatment of breast cancer have been proposed; and 
tumor markers can be used to effectively evaluate the 
therapeutic efficacy on breast cancer patients , and even 
predict their prognosis (6). The presence of tumor mar-
kers, and quantitative changes in their levels may reflect 
the nature of the tumor, and may assist in understan-
ding tumor tissue formation, cell differentiation and cell 
function. Tumor markers are helpful in the diagnosis, 
classification, prognosis and treatment of tumors.

The currently used tumor markers for diagnosis of 
breast cancer include serum carcinoembryonic antigen 
CEA, carbohydrate antigen 125 (CA125), and carbohy-
drate antigen 153 (CAl53) (7, 8). Studies have found 
that the tumor markers CAl53, CEA, CAl25, and CAl99 
are used to predict the recurrence and metastasis of 
breast cancer, and for monitoring the prediction of its 
prognosis. One of the tumor markers, CAl53 is currently 
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recognized as a tumor marker for the diagnosis of breast 
cancer (9). The traditional detection of these tumor mar-
kers is useful in the clinical diagnosis and treatment of 
breast cancer. Diagnostic performance based on combi-
nation of multiple markers is better and more reliable 
than single index detection. However, their sensitivity is 
too low for early diagnosis, effective treatment decision 
and prognosis monitoring.

Cell-free DNA (cfDNA) is a novel cancer marker 
that exists in the blood in cell-free form. Studies have 
shown that increased cfDNA levels can be detected in 
the plasma of patients with colon cancer, lung cancer, 
head and neck cancer, and ovarian cancer, while in some 
cases, elevated cfDNA levels are considered poor pro-
gnostic factor (10, 11). Studies on cfDNA in breast can-
cer in China are limited. The present study was carried 
out to investigate the value of cfDNA in the diagnosis 
and treatment of breast cancer, relative to traditional 
tumor markers, with a view to determining the potential 
of cfDNA as a biomarker for early breast cancer diagno-
sis and prognosis.

Materials and Methods

Patients
The study subjects included selected female cases 

from Chengde City Center Hospital from October 2016 
to October 2018, including 110 patients with primary 
breast cancer, 95 patients with benign breast tumors and 
90 healthy women who served as control. The expe-
rimental group was made up of 110 patients with pri-
mary breast cancer, aged 23 to 70 years (mean age = 
35.2±10.3 years). Inclusion criteria: (1) women with 
primary breast cancer treated with chemotherapy; (2) 
patients with clear pathological diagnosis; (3) breast 
cancer patients without trauma, acute inflammation or 
dehydration ; (4) patients who voluntarily accepted to 
take part in the study, and who signed informed consent. 
A total of 95 patients with benign breast tumors were 
enrolled in the control group 1, with ages ranging from 
22 to 69 years (mean age = 33.8±8.6 years). Inclusion 
criteria: (1) patients with benign breast tumors treated 
with chemotherapy in the same period as the experimen-
tal group; (2) patients with clear pathological diagnosis 
of benign breast cancer; (3) breast cancer patients wit-
hout trauma, acute inflammation or dehydration;  (4) be-
nign breast cancer women whose ages and baseline data 
were comparable with those of the experimental group; 
(5) patients who voluntarily accepted to take part in 
the study, and who signed informed consent.    A group 

of 90 healthy women served as control group 2. Their 
ages ranged from 20 to 71 years (mean age = 31.9±7.6 
years). Inclusion criteria: (1) healthy women who had 
a physical examination at the same time as the experi-
mental group; (2) women who had no tumor based on 
physical examination and at least 3 months after the 
physical examination; (3) women who were without 
trauma, acute inflammation or dehydration ; (4) women 
with ages and baseline data comparable with those of 
the experimental group; (5) those who voluntarily ac-
cepted to participate in the study, and signed informed 
consent. Exclusion criteria: (1) pregnant women; (2) 
patients with autoimmune disease e.g. systemic lupus 
erythematosus; (3) patients undergoing organ trans-
plantation (including bone marrow); (4) patients who 
had stroke, cerebral hemorrhage or cerebral infarction 
patients. The study was approved the Ethics Commit-
tee of TaiKang XianLin Drum Tower Hospital, and was 
carried out in accordance with Declaration of Helsinki. 

Chemotherapy regimens
A 3-hour intravenous infusion of paclitaxel (Italy 

Corden Pharma Latine S.P.A.; lot number: 150922, 
160310, 160917) was given at a dose of 135 mg/m2 on 
the first day, and on the second day, carboplatin (China 
Qilu Pharmaceutical Co., Ltd.; lot number: 151115, 
160523, 161025) was added at a dose of 300 mg/m2. 
One course of treatment was given for 3 weeks, and 3 
continuous treatment courses were used.

Plasma separation and cfDNA extraction
Blood was taken from the experimental group 1 week 

before chemotherapy and 4 weeks after chemotherapy 
for preparation of plasma, while blood was collected 1 
week before chemotherapy in control group for plasma 
preparation. In control groups 1 & 2, blood for plasma 
preparation was taken at the same time. In each case, 5 
ml of venous blood was collected in EDTA tubes, and 
the blood sample was centrifuged at 1600g for 10 min 
at room temperature. Then, 1.5 mL of the supernatant 
was carefully pipetted into an Eppendorf tube, and cen-
trifuged at 16000  g for 10 minutes at 4 ℃. The plasma 
sample to be tested was diluted 10-fold with Tris-EDTA 
buffer and used as a direct amplification template for 
plasma (to ensure the accuracy of sampling dilution, the 
minimum sampling volume was 10 ul. Human DNA 
Standard (100 ng/ul) was first diluted 5 times with SDB 
to a final stock concentration of 20 ng/ul; then 7 dif-
ferent concentrations of the standard were prepared via 
serial dilution of the standard (Table 1).

Standard sample Concentration (ng/ul) Minimum dilution volume (μL)
Stock 20 10 (100ng/ul Human DNA Standard+90 SDB
Std.1 1 10 (20 ng/uL stock) + 190 TE
Std.2 0.25 20 (Std. 1) + 60 TE
Std.3 0.0625 20 (Std. 2) + 60 TE
Std.4 0.015625 20 (Std. 3) + 60 TE
Std.5 0.00390625 20 (Std. 4) + 60 TE
Std.6 0.000976563 520 (Std. 5) + 60 TE
Std.7 0.000244141 20 (Std. 6) + 60 TE

Table 1. Dilution of standard DNA.
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trochemiluminescence. The reference values for each 
indicator were: CEA<3.5 ng/mL, CA15-3 < 25 U/ml, 
CA125< 35 U/ml, and CA199 < 39 U/ml.

Statistical analysis
The results of cfDNA quantification are expressed as 

mean ± standard deviation (x ± SD). Kruskal-Wallis 
rank sum test was used for comparison between groups. 
Count data were compared using r-test, while measure-
ment data were compared using t-test. The ROC curve 
was used to assess cfDNA quantification as a screening 
tool for patients with breast cancer, and the area under 
the ROC curve was used to calculate the accuracy in dif-
ferentiating between two different diseases for different 
critical values. All statistical analyses were done with 
SPSS 21.0 software. Values of p < 0.05 were considered 
statistically significant.

Results

Patient’s clinical pathological features
The clinical characteristic of the patients are shown 

in Table 2. The mean body mass index (BMI) of the 
110 female patients with primary breast cancer was 22.7 
kg/m2; 68 patients had BMI ≤ 24 kg/m2, while 42 pa-
tients had BMI >24 kg/m2. There were 72 breast cancer 
women with tumor diameters  5cm, while 38 women 
had tumor diameters > 5cm. All enrolled patients were 
clinically staged according to the TNM staging of the 
American Joint Committee on Cancer (AJCC). The sta-
ging showed that 42 patients were in stages Ι/Ⅱ,  while 
68 patients were in stages Ⅲ/Ⅳ. There were 73 cases 
of invasive ductal tumor, and 31 cases of non-invasive 
ductal tumor. The mean BMI of the 95 patients with be-
nign breast tumors was 21.5 kg/m2; 52 patients had BMI 
≤ 24 kg/m2, and 43 patients had BMI >24 kg/m2. There 
were 54 breast cancer women with tumor diameters ≤ 

Quantitative Polymerase Chain Reaction
Quantitative real time polymerase chain reaction 

(qRT-PCR) was performed on a Light Cycler LC480 
PCR machine (Roche Molecular Systems, Inc. Plea-
santon, CA, USA). To measure the concentration of 
plasma cfDNA, the long interspersed nuclear element 1 
(LINE1) 97bp and LINE1 259bp DNA fragments were 
amplified according to the method described by Diehl   
(12) The LINE1 97bp primer amplified apoptotic and 
non-apoptotic DNA fragments, while the LINE1 259bp 
primer amplified non-apoptotic DNA fragments only. 
The total amount of plasma DNA was represented by 
the result of QPCR with LINE1 97bp primer. The DNA 
integrity index was calculated as the ratio of results of 
LINE1 259 and LINE1 97 QPCR. Serial dilutions of 
standard solution of human genomic DNA (Thermo 
Fisher Scientific, Waltham, MA, USA) were used for 
construction of a standard curve. The concentration of 
cfDNA in each sample was calculated from the stan-
dard curve. The qRT-PCR reaction was performed in 
triplicate and mean values of triplicate determinations 
were used for further analysis. The qRT-PCR reaction 
mixture (16μl) volume contained 1μl DNA template, 
0.5 μl each of forward and reverse primers (LINE1 97 
or LINE1 259), 10μl UltraSYBR Mixture (Cwbiotech, 
Beijing, China), and 4μl double-distilled water. Each 
plate consisted of a plasma DNA sample, a negative 
control (water template) and 7 serially diluted standard 
DNA solutions. Cycling conditions were 1 minute at 
95°C, and 35 cycles of 95°C for 8 seconds, followed 
with 60°C for 15 seconds.

Determination of tumor biomarkers
Plasma samples were obtained by centrifugation of 

fasting venous blood, using fully automated Electroche-
miluminometer E170 and assorted kits (Roche, Switzer-
land). The tumor biomarkers were detected using elec-

Factor
Primary breast cancer 

patients (n)
Benign breast cancer patients 

(n)
P

Age
≤35 45 36 0.6598>35 65 59
BMI

≤24Kg/m2 68 52 0.3048>24Kg/m2 42 43
Tumor diameter

≤5cm 72 54 0.2064>5cm 38 41
TNM stage

Ι-Ⅱ 42 32 0.5038Ⅲ-Ⅳ 68 63
Pathological type

Invasive ductal tumor 79 61 0.2431Non-invasive ductal tumor 31 34
CEA

<3.5 ng/mL 29 38 0.0379≥3.5 ng/mL 81 57
CA15-3

< 25 U/ml 25 35 0.0268≥25 U/ml 85 60
CA125

< 35 U/ml 31 40 0.0367≥ 35 U/ml 79 55
CA199

< 39 U/ml 40 46 0.0811≥ 39 U/ml 70 49

Table 2. Clinicopathological features of breast cancer patients.
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5cm, while 41 patients had tumor diameter > 5cm. sta-
ging revealed that 32 of the patients were in stages Ι/Ⅱ, 
63 cases were in stages Ⅲ/Ⅳ, 61 patients had invasive 
ductal tumor, while 34 patients had non-invasive ductal 
tumor. There were no statistically significant differences 
in the clinicopathological features between primary tu-
mor patients and those with benign breast tumor (p > 
0.05), indicating that the two groups were comparable.

Results from assay of the 4 tumor biomarkers in the 
110 patients with primary breast cancer showed that 
29 patients were negative for CEA and 81 cases were 
CEA-positive. There were 25 patients with negative ex-
pression of CA15-3, while 85 patients had positive ex-
pression of CA15-3; 31 patients were CA125-negative, 
while CA125 expression was positive in 79 patients. 
There was negative expression of CA199 in 40 patients, 
while 70 patients had positive expression. In the benign 
breast tumors, there were 38 cases with negative expres-
sion of CEA, and 57 cases with positive expression; 35 
patients had negative expression of CA15-3, while 60 
patients were CA15-3-positive. Negative expression of 
CA125 was seen in 40 patients, while 55 patients were 
CA125-positive. The expression of CA199 was nega-
tive in 46 patients, while 49 patients were CA125-po-
sitive. There were statistically significant differences in 
the expressions of plasma CEA, CA15-3 and CA125 
between the two groups, but there was no significant 
difference in the expression of CA199.

Concentration and integrity of cfDNA in plasma of 
healthy women and women with breast cancer

The cfDNA concentration of the experimental group 
before chemotherapy was 11.97±10.67ng/mL, and the 
integrity was 4.89±2.84. The cfDNA concentration of 
the experimental group with breast cancer after chemo-
therapy was 7.65±3.10 ng/mL, and the cfDNA integrity 
was 2.39±2.44. The cfDNA concentration of control 
group 1 was 3.71±1.24 ng/mL, and the integrity was 
1.51±1.38. The cfDNA concentration of control group 2 
was 3.17±1.50ng/mL, and the integrity was 0.97±1.40. 
The concentration and integrity of cfDNA before che-
motherapy in the experimental group were significantly 
higher than the corresponding values in control group 1 
and control group 2 (p < 0.01). The concentration and 
integrity of cfDNA before chemotherapy in the experi-
mental group were significantly lower than those before 
chemotherapy (p <0.05). However, cfDNA concentra-

tion after chemotherapy of the experimental group was 
significantly higher those of control group 1 and control 
group 2 (p <0.01). There was no significant difference in 
cfDNA integrity between the experimental group after 
chemotherapy and control group 1 (p >0.05), but cfD-
NA of the experimental group was higher than that of 
control group 2 (p <0.01). There were no significant dif-
ferences in cfDNA concentration and integrity between 
control group 1 and control group 2 (p >0.05). The re-
sults of quantification of cfDNA concentration and inte-
grity using qRT-PCR are shown in Table 3, Table 4, and 
Figure 1.

Relationship between cfDNA concentration/integrity 
and clinical features of breast cancer patients

Analysis of the correlation between cfDNA and cli-
nical features of breast cancer patients was performed 
after measuring cfDNA concentration and integrity. The 
results of the correlation analysis are shown in Table 5 
(cfDNA concentration) and Table 6 (cfDNA integrity). 
There were no significant correlations between cfDNA 
concentration/integrity and age, BMI, tumor diameter, 
TNM stage, pathological type and CA199 expression in 
patients with breast cancer before or after chemotherapy 
(p > 0.05). However, there was a significant correlation 
between the expression levels of CEA and CA15-3, and 
cfDNA concentration (p < 0.05), but they were not si-
gnificantly correlated with cfDNA integrity (p > 0.05). 
The expression level of CA125 was not significantly 
correlated with cfDNA concentration (p > 0.05), but it 
was significantly correlated with cfDNA integrity (p < 
0.05).

Figure 1. qRT-PCR determination of cfDNA concentration (A), 
and integrity (B). ap <0.05, compared to control group 1; bp <0.05, 
compared to control group 2, cp <0.05, compared to experimental 
group after chemotherapy.

Grouping cfDNA concentration (ng/mL) t p
Before chemotherapy 11.97±10.67 4.41 <0.01Control group 1 3.71±1.24
Before chemotherapy 11.97±10.67 4.63 <0.01Control group 2 3.17±1.50
Before chemotherapy 11.97±10.67 2.30 0.0245After chemotherapy 7.65±3.10
After chemotherapy 7.65±3.10 6.98 <0.01Control group 1 3.71±1.24
After chemotherapy 7.65±3.10 7.70 <0.01Control group 2 3.17±1.50

Control group 1 3.71±1.24 1.64 0.1053Control group 2 3.17±1.50

Table 3. Plasma cfDNA concentrations.
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ROC curve analysis of cfDNA in breast cancer pa-
tients

The cfDNA concentration in the plasma of patients 
with breast cancer before and after chemotherapy and 
the contents of tumor biomarkers (CEA, CA153 and 
CA125), as well as their specificity and sensitivity in 
breast cancer diagnosis were calculated, and the cor-
responding ROC curves were drawn. The results are 
shown in Figure 2. For breast cancer patients before 
chemotherapy, the area under curve (AUC) of CEA was 
0.7132 (95% CI: 0.6381 - 0.7883); the AUC of CA15-
3 was 0.7434 (95% CI: 6681 - 0.8188); the AUC for 
CA125 was 0.7066 (95% CI: 0.6265 - 0.7868); the AUC 
for cfDNA concentration was 0.8254 (95% CI: 7567 - 
0.8941), and the AUC of cfDNA integrity was 0.8110 

(95% CI: 0. 0.7446 - 0.8774). For breast cancer patients 
after chemotherapy, the AUC of CEA was 0.6940 (95% 
CI: 0.6097 -0.7783), the AUC of CA15-3 was 0.7394 
(95% CI: 0.6634 - 0.8153), the AUC for CA125 was 0. 
6892 (95% CI: 0.6055 - 0.7729), the AUC for cfDNA 
concentration was 0.8180 (95% CI: 7610 - 0.8749), 
and the AUC of cfDNA integrity was 0.8040 (95% CI: 
0.7344 - 0.8736). These results suggest that cfDNA 
concentration and integrity are reliable tumor screening 
methods, with sensitivity and specificity higher than 
those of traditional tumor biomarkers.

Discussion

In recent years, with the rapid development of mole-

Grouping cfDNA integrity t P
Before chemotherapy 4.89±2.84 6.33 <0.01Control group 1 1.51±1.38
Before chemotherapy 4.89±2.84 7.30 <0.01Control group 2 0.97±1.40
Before chemotherapy 4.89±2.84 3.95 <0.01After chemotherapy 2.39±2.44
After chemotherapy 2.39±2.44 1.86 0.0676Control group 1 1.51±1.38
After chemotherapy 2.39±2.44 2.99 <0.01Control group 2 0.97±1.40

Control group 1 1.51±1.38 1.63 0.1088Control group 2 0.97±1.40

Table 4. cfDNA integrity.

Variable Before chemotherapy After chemotherapy
Age
≤35 13.26±11.34 7.81±4.05
>35 10.78±10.39 7.10±3.67

P 0.5140 0.5981
BMI

≤24Kg/m2 10.46±8.32 6.26±4.29
>24Kg/m2 14.16±10.13 7.78±5.33

P 0.2440 0.3565
Tumor diameter

≤5cm 9.51±6.26 5.34±2.51
>5cm 13.17±10.54 7.37±4.24

P 0.2057 0.0839
TNM stage

Ι-Ⅱ 10.06±9.14 4.24±2.60
Ⅲ-Ⅳ 14.61±10.53 7.16±5.29

P 0.1904 0.0582
Pathological type

Invasive ductal tumor 11.15±9.64 6.39±3.56
Non-invasive ductal tumor 12.39±10.61 8.28±5.26

P 0.7670 0.2626
CEA

<3.5 ng/mL 7.86±5.65 4.33±1.96
≥3.5 ng/mL 14.33±9.68 9.64±5.32

P 0.0482 0.0031
CA15-3

< 25 U/ml 8.32±7.14 4.69±2.58
≥25 U/ml 15.94±11.34 9.46±6.49

P 0.0326 0.0136
CA125

< 35 U/ml 9.06±8.22 6.13±4.02
≥ 35 U/ml 13.44±11.61 8.65±5.26

P 0.2418 0.1466
CA199

< 39 U/ml 10.21±9.37 6.74±4.16
≥ 39 U/ml 13.54±11.26 9.24±8.01

P 0.3599 0.2793

Table 5. Correlation between cfDNA concentration and clinical features.
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cular biology technology, the application of cfDNA in 
the diagnosis and treatment of breast cancer has attrac-
ted a lot of interest. The cfDNA is relatively stable and 
easy to extract. It plays an important role in the early 
diagnosis, efficacy evaluation, and monitoring of recur-
rence and metastasis of breast cancer. Thus, cfDNA is 
considered a new method for tumor molecular diagno-
sis with broad application prospects. It can be used for 
non-invasive molecular diagnosis of cancer, in addition 
to circulating tumor cells (CTC). Cell-free DNA was 
first discovered in 1948 by French scientists (13). In 
1977, Leon et al   detected cfDNA at levels of 0-2µg/
ml in plasma of breast cancer patients, and found that 
changes in cfDNA concentration were associated with 
disease status (14). There are three main sources of 
cfDNA in the blood, one of which is apoptosis. Apop-
tosis is characterized by nuclear pyknosis and rupture, 
and the chromosomal DNA released by the nucleus is 
eventually degraded into fragments of 180-200 bp (15). 
Studies on cancer patients have found that the cfDNA 
concentration is significantly higher than that of heal-
thy people before tumor tissue shows obvious necrosis 
(16). It has been reported that in vitro, induced apoptosis 
of tumor cells increased the concentration of extracel-
lular DNA (17). This suggests that cfDNA may be de-
rived from cell apoptosis. Studies on cfDNA fragments 
derived from apoptosis have found that the length of 
cfDNA in cancer patients was in the range of 160-180 
bp or an integral multiple thereof, which is similar to 
the electrophoresis results of apoptotic cell nucleosome 
DNA (18). In addition, the sequencing results of cfDNA 

in liver cancer patients showed that the length of DNA 
fragments carrying tumor-specific mutations was about 
160 bp (19), which further indicates that the cfDNA 
derived from tumor cells is not randomly generated. 
Instead, it is a fragment of a certain length characterized 
by nuclease cleavage of the nucleosome DNA sequence 
during apoptosis. The second source of cfDNA is cell 
necrosis or release after phagocytosis. During tumor 
growth, local necrosis may occur due to hypoxia, insuf-
ficient blood supply, or phagocytosis and destruction by 
the immune cells. The non-programmed death of the 
cells causes the DNA to enter the bloodstream before 
being sheared and degraded, so the released DNA frag-
ments are highly variable and are mostly long fragments 
(>1000 bp) (20). The third source is active cell secretion. 
It has been found that the cfDNA concentration in the 
supernatant of tumor cell culture medium ias directly 
proportional to the proliferation of cancer cells, but has 
no significant correlation with cell death. It is believed 
that a part of cfDNA is derived from living cells (21).

Studies have reported that the average concentra-
tion of cfDNA in the blood of healthy people is 30 ng/
ml, but in cancer patients, the cfDNA level is 6 times 
higher, that is 180 ng/ml (22). Other studies have found 
that the cfDNA concentration in the blood of patients 
with lymphoma, colorectal cancer, lung cancer and 
breast cancer is significantly higher than that of heal-
thy people. This indicates that cfDNA can be used for 
evaluation of tumor treatment and prognosis of tumor 
patients. Therefore, when the concentration of cfDNA 
is significantly increased, it is likely to imply tumorige-

Variable Before chemotherapy After chemotherapy
Age
≤35 4.64±2.17 2.13±1.69
>35 5.16±2.39 2.88±2.01

P 0.5248 0.2673
BMI

≤24Kg/m2 4.01±2.31 2.06±2.29
>24Kg/m2 5.19±2.44 3.11±2.23

P 0.1537 0.1839
Tumor diameter

≤5cm 4.52±2.26 1.74±1.51
>5cm 6.19±3.41 2.51±2.04

P 0.0899 0.2081
TNM stage

Ι-Ⅱ 3.76±1.14 1.24±1.20
Ⅲ-Ⅳ 6.09±4.53 2.46±2.16

P 0.0610 0.0576
Pathological type

Invasive ductal tumor 4.29±2.49 2.04±1.97
Non-invasive ductal tumor 5.83±3.16 3.28±2.26

P 0.1743 0.1569
CEA

<3.5 ng/mL 3.36±2.15 1.63±1.06
≥3.5 ng/mL 5.33±3.64 2.54±2.32

P 0.1066 0.2254
CA15-3

< 25 U/ml 3.15±1.74 1.50±1.12
≥25 U/ml 5.14±3.41 2.85±2.33

P 0.0528 0.0525
CA125

< 35 U/ml 2.46±1.32 1.13±0.98
≥ 35 U/ml 5.43±4.12 2.94±2.26

P 0.0171 0.0102
CA199

< 39 U/ml 4.21±2.37 1.74±1.21
≥ 39 U/ml 5.61±4.06 2.84±2.01

P 0.2427 0.0695

Table 6. Correlation between cfDNA integrity and clinical features.
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nesis (23). However, the concentration of cfDNA varies 
greatly among individuals, especially between benign 
and malignant tumors. Many studies have shown that 
the inclusion of cfDNA integrity indicators can further 
improve the accuracy of cfDNA detection (24-27). The 
integrity of cfDNA is a relative value that reflects the 
degree of cfDNA fragmentation. The integrity of cfDNA 
is determined using real-time quantitative PCR to detect 
long fragments (259 bp) and short fragments (97 bp) 
of the widely distributed repeat sequence LINE1 in the 
genome, and result is expressed as the ratio of LINE1 
259bp to 97bp. A significant feature of the integrity of 
cfDNA in the blood of cancer patients and non-tumor 
population is that there is no consistency in the lengths 
of the DNA fragments. The lengths of cfDNA fragments 
in healthy and benign tumor patients are in the range of 
185-200 bp, while the lengths of cfDNA fragments in 
tumor patients are within the range of 180-800 bp, indi-
cating that cfDNA integrity index is associated with tu-
mor burden. The concentration and integrity of cfDNA 

reflect the activity of tumor cells in real time, and their 
detection aids in evaluating the efficacy and prognosis 
of cancer patients. 

Studies have shown that breast cancer patients have 
higher cfDNA concentrations than healthy people, and 
the postoperative cfDNA concentration is significantly 
reduced, suggesting that cfDNA concentration may be 
related to tumor burden (28, 29). Researchers believe 
that the cfDNA integrity of cancer patients is higher 
than that of healthy people. The theoretical basis is that 
healthy human cfDNA is derived mainly from apoptotic 
cells, and cancer cells release more long DNA fragments 
than normal cells, due to pathological processes such 
as necrosis and autophagy. The present study compa-
red the concentration and integrity of cfDNA of women 
with benign breast tumors and breast cancer patients, 
with those of healthy individuals. The study also inves-
tigated changes in cfDNA concentration and integrity 
before and after chemotherapy in breast cancer patients. 
The results showed that the concentration and integrity 

Figure 2. ROC curve analysis of tumor markers and cfDNA in patients with breast cancer before and after chemotherapy.
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of cfDNA in breast cancer patients were significantly 
higher than those in benign breast cancer patients and 
healthy people. In healthy human blood circulation, 
cfDNA concentration is maintained at a low level due to 
its clearance by macrophages themselves (30). Howe-
ver, when the DNA released by necrosis and prolifera-
tion of cancer cells in breast cancer patients exceeds the 
ability of macrophages to clear it, the cfDNA concentra-
tion of breast cancer patients becomes elevated. Since 
the DNA fragments released due to cancer cell necrosis 
are long, the cfDNA integrity in the blood of breast can-
cer patients is higher than that of healthy people. After 
chemotherapy, it was found that breast cancer patients 
had significantly lower cfDNA concentration and inte-
grity than before chemotherapy, demonstrating that 
cfDNA concentration and integrity are associated with 
tumor burden. This indicates that cfDNA is a good indi-
cator for recurrence and metastasis, and can be used for 
monitoring treatment efficacy and evaluation of progno-
sis of breast cancer patients.

The traditional markers of breast cancer in clinical 
practice are CEA, CA199, CA125 and CA15-3. The 
results of systematic analysis of the clinical features of 
breast cancer before and after chemotherapy showed 
that plasma cfDNA concentration of breast cancer pa-
tients were significantly correlated with the expression 
levels of CEA and CA15-3, while the cfDNA integrity 
was significantly correlated with CA125 expression 
levels. To further evaluate the potential of cfDNA in 
clinical breast cancer screening, this study calculated 
the sensitivity and specificity of cfDNA and established 
ROC curve analysis to compare it with markers of CEA, 
CA125, and CA15-3. The ROC curve analysis confir-
med that the AUC of cfDNA in breast cancer patients 
before and after chemotherapy was greater than CEA, 
CA125 and CA15-3, indicating that cfDNA was better 
than CEA, CA125 or CA15-3 as diagnostic criterion for 
breast cancer. Thus, cfDNA is a reliable indicator for the 
diagnosis of breast cancer.

It has been shown that since cfDNA determination 
is a non-invasive, reproducible, sensitive and specific 
method, it has important application value in diagnosis, 
monitoring of treatment response, and assessment of 
prognosis of tumors (31). Cell-free DNA (cfDNA) is an 
effective marker for diagnosis of breast cancer and eva-
luating the prognosis of breast cancer, and can provide 
more effective information for breast cancer treatment 
decisions. However, the clinical application of cfDNA 
is an emerging research field, and its use as a routine 
testing method in clinical practice is still fraught with 
numerous challenges. Multi-center, prospective large-
scale clinical studies are still needed to further validate 
the conclusions and provide more scientific evidence 
for promoting the clinical application of liquid biopsy 
techniques in breast cancer.
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