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Abstract. In the present retrospective study, the clinical 
value of color Doppler ultrasound combined with the detec-
tion of the serum tumor markers carbohydrate antigen 153 
(CA153), carcinoembryonic antigen (CEA) and tumor specific 
growth factor (TSGF) as diagnostic tools for breast cancer 
was investigated. A total of 103 patients with breast cancer 
and 50 patients with benign breast lesions were enrolled in 
the study. All patients were examined by color Doppler ultra-
sonography. Electrochemiluminescence was used to measure 
the expression levels of CA153 and CEA, and chemical 
colorimetric assay for the measurement of TSGF expression. 
The differences in mass boundary, morphology, internal echo, 
calcification, peak blood flow velocity (Vmax), resistance index 
(RI), pulsatility index (PI) and blood flow signal classification 
between the two groups were statistically significant (P<0.05). 
The expression levels of CA153, CEA and TSGF in the serum 
of patients in the breast cancer group were significantly higher 
than those in the benign lesion group (P<0.01). In the breast 
cancer group, CA153, CEA and TSGF expression levels were 
significantly higher in patients with high‑stage cancer and 
recurrence, compared with the patients with low-stage cancer 
and no recurrence. The sensitivity, accuracy and negative 
predictive value of the combined detection were significantly 
improved compared with those of the single tests (P<0.01). 
Color Doppler ultrasound combined with the detection of 
CA153, CEA and TSGF levels in the serum of patients can 
be used as an effective tool that can improve the accuracy of 
breast cancer diagnosis leading to early diagnosis and clinical 
intervention.

Introduction

Breast cancer is one of the most common malignant tumors 
among women. In recent years, the rising incidence of breast 
cancer which has exceeded that of cervical cancer has attracted 
the attention of medical societies (1). Due to the hidden nature 
of breast cancer symptoms at early stage, most patients come to 
the hospital at the middle or late stage of breast cancer, missing 
the best treatment opportunity. Early diagnosis and treatment 
are essential for better prognosis (2). The preferred diagnostic 
method for breast cancer is color Doppler ultrasonography. 
Ultrasound can show the internal structure and blood flow in 
breast masses, and can reveal the shape, boundary and activity 
of the lesions. In addition, ultrasound can distinguish solid and 
cystic masses (3). However, its application has certain limita-
tions as the distinction between small lesions and some benign 
and malignant masses is very difficult. In recent years, with 
the development of molecular biology techniques, more tumor 
molecular markers related to breast cancer have been discov-
ered. The evaluation of the expression levels of these markers in 
the serum of patients can provide precious information related 
to the occurrence, invasion and metastasis of breast cancer (4). 
Among these markers, carbohydrate antigen 153 (CA153), 
carcinoembryonic antigen (CEA) and tumor specific growth 
factor (TSGF) are closely related to breast cancer occurrence 
and their detection could be used as an auxiliary examination 
method for breast cancer diagnosis. Although the combined 
diagnostic method could improve the accuracy of breast cancer 
diagnosis, no standard diagnostic method has been developed. 
In the present study, color Doppler ultrasound combined with 
the detection of serum markers CA153, CEA and TSGF was 
used in the diagnosis of breast cancer, aiming to provide future 
reference for the early diagnosis of breast cancer.

Patients and methods

Clinical data. From January 2017 to June 2018, a total of 
103 patients with breast cancer admitted to Yantaishan 
Hospital (Yantai, China) were enrolled in the study and 
served as the breast cancer group. All cases were confirmed 
by pathological and histological examinations. Patients 
were all females, 35-79 years of age, with an average age 
of 56.32±12.47 years. Regarding tumor location, there 
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were 63 patients with tumors in the left breast, 37 patients 
with tumors in the right breast and 3 patients with bilateral 
breast cancer. According to the tumor-node-metastasis clas-
sification standard of breast cancer published by the Union 
for International Cancer Control (5), there were 26 cases at 
stage I, 35 cases at stage II, 30 cases at stage III and 12 cases 
at stage IV. The histopathological types of cancer included 
carcinoma in situ, invasive ductal carcinoma, invasive 
lobular carcinoma and medullary carcinoma. Furthermore, 
50 patients with benign breast lesions were selected as the 
benign lesion group. All patients in the benign lesion group 
were females, 33-80 years of age, with an average age of 
55.32±13.01 years. Canceration was excluded by pathological 
histology, including breast fibroadenoma, breast papilloma, 
breast hyperplasia and breast cyst. There was no statistically 
significant difference between the two groups in terms of sex, 
age and other general characteristics (P>0.05).

Inclusion criteria for breast cancer patients: i) All patients 
met the criteria of the breast cancer staging system (6) as 
confirmed by pathological examinations; ii) patients had not 
been diagnosed before with breast cancer and had not received 
radiotherapy, chemotherapy or other endocrine therapy before 
treatment; iii) patients underwent color Doppler ultrasound 
and serum CA153, CEA and TSGF examinations. Exclusion 
criteria: Patients with related tumor diseases or liver and kidney 
dysfunction. The study was approved by the Ethics Committee 
of Yantaishan Hospital. Patients who participated in the study 
had complete clinical data. Signed written informed consents 
were obtained from the patients and/or guardians.

Color Doppler ultrasound examination. Color Doppler ultra-
sound diagnosis was based on the Breast Imaging-Reporting 
and Data System developed by the American College of 
Radiology for the evaluation of breast cancer imaging (7). 
Philips iU22 (Philips Healthcare) was the diagnostic instru-
ment used and the probe frequency was 5-12 MHz. Patients 
were instructed to lie in supine position, lift their arms and 
place their hands behind the head in order to fully expose the 
bilateral breasts, supraclavicular fossa and bilateral axillary 
regions. A probe was used to scan radially along the areola with 
the nipple as the center. At the same time, the supraclavicular 
fossa and bilateral armpits were scanned. Firstly, the location, 
shape, size, boundary, internal echo, calcification, correlation 
with surrounding tissues, axillary lymph node metastasis and 
other acoustic images were observed. Next, the morphology 
and distribution of blood flow signals inside and around the 
focus were examined and hemodynamic parameters were 
measured (8).

Serum tumor markers
Specimen collection and pretreatment. A total of 4 ml of 
cubital venous blood were collected from all patients in both 
groups, on an empty stomach at 7 a.m., before treatment and 
3 months after treatment. After autocoagulation at 25˚C, the 
blood samples were centrifuged at 2,264 x g for 20 min at 25˚C 
and the upper serum was collected for examination. Lipids and 
hemolysis were excluded from all specimens.

Determination of serum CA153 and CEA expression levels. 
An electrochemiluminescence immunoassay was used for the 

detection of CA153 and CEA expression levels, following the 
principles of double antibody sandwich. The instrument used 
was Roche Elecsys 2010 with CA153 (cat. no. 03045838122) 
and CEA (cat. no. 11731629322) diagnostic reagents provided 
by Roche Applied Science. Step 1: Each sample was firstly 
diluted (1:10) with Elecsys universal diluent. CA153 and 
CEA antigens formed immune sandwich complexes with 
biotinylated anti-CA153 and CEA monoclonal antibodies 
and ruthenium-labeled anti-CA153 and CEA antibodies 
in the reagent, respectively. Step 2: Streptavidin-coated 
particles were automatically added by Elecsys 2010, allowing 
the complexes to bind to the particles through the reaction 
of biotin with streptavidin. Step 3: The reaction mixture 
was sucked into the cells and the particles were attracted to 
the electrode by a magnet. The free substance was washed 
away by a cleaning solution and the immune complex gener-
ated chemiluminescence after voltage was applied to the 
electrodes. Chemiluminescence activity was measured by a 
photomultiplier tube (Roche Applied Science). Step 4: The 
standard curve was calibrated by the instrument via a 2-point 
calibration. The measurement results were automatically 
detected from the standard curve. When the sample exceeded 
the linear range, the instrument automatically diluted the 
sample using a universal diluent. The whole process was fully 
automatic and the actual serum dosage in each experiment 
was 20 µl.

TSGF detection. Chemical colorimetric assay was performed 
using a Hitachi 7600-110E (Hitachi, Ltd.) with TSGF kit 
(cat. no. A0229) provided by Newland Biotech. All operation 
steps were carried out following strictly the manufacturer's 
instructions. Step 1: TSGF reagents, calibrators and quality 
control materials were positioned as designated. Step 2: The 
samples were placed at the specified position to perform the 
test. After the completion of the test, the results were obtained 
based on the standard curve.

Result determination. With pathological diagnosis as the 
gold standard, the cases in the breast cancer group with 
consistent results of ultrasound and pathological diagnosis 
were determined as true positives. The cases with inconsistent 
results (misdiagnosis, missed diagnosis and uncertainty) were 
determined as false negatives. In the benign lesion group, the 
cases with consistent results of ultrasound and pathological 
diagnosis were determined as true negatives, whereas the 
cases with inconsistent results (misdiagnosis, uncertainty) 
were determined as false positive. When one or more items in 
the combined detection (parallel test) group were positive, the 
case was determined as positive. If all items were negative, the 
case was determined as negative.

Statistical analysis. SPSS 19.0 software (IBM Corp.) was 
used for the statistical analysis of the data. Measured data 
were expressed as the mean ± standard deviation (mean ± SD) 
and the comparison of the mean values between groups was 
made using independent samples t-test. The comparison of 
the counting data was made using χ2 test. Receiver operating 
characteristics (ROC) curve analysis of CA153, CEA and 
TSGF was also performed and the optimal cut-off values for 
CA153, CEA and TSGF in diagnosing breast cancer were 
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determined according to the maximum Youden index. P<0.05 
was considered to indicate a statistically significant difference.

Results

Results of color Doppler ultrasonography in the breast 
cancer and the benign lesion group. A total of 103 cases of 
breast cancer were examined by color Doppler ultrasound. 
The pathological results were consistent with the ultrasound 
results in 80 cases (confirmed in 80 cases) and inconsistent 
in 23 cases (misdiagnosed in 8 cases, missed in 3 cases, 
uncertain in 12 cases). In the benign lesion group (n=50), the 
pathological results were consistent with the ultrasound results 
in 42 cases (confirmed in 42 cases) and inconsistent in 8 cases 
(misdiagnosed in 3 cases and uncertain in 5 cases).

Color Doppler ultrasound detection showed that there were 
statistically significant differences between the two groups in 
terms of tumor boundary, morphology, internal echo, calcifi-
cation, peak blood flow velocity (Vmax), resistance index (RI), 
pulsatility index (PI) and blood flow classification (0, I, II, III) 
(P<0.05; Tables I and II). Color Doppler ultrasound images of 
breast cancer showed the unclear boundaries of the tumors, 
the tumors' irregular shape, inhomogeneous internal echo, 
calcification, as well as the increase of Vmax, RI and PI of blood 
flow. The internal blood flow of the tumors was also shown to 
be rich. Representative ultrasonic images are shown in Fig. 1.

Comparison of serum tumor markers between the breast 
cancer and the benign lesion group. The serum levels of tumor 
markers CA153, CEA and TSGF in the patients with breast 
cancer were significantly higher than those in the patients with 

Table I. Comparison of color Doppler ultrasonography features between patients with breast cancer and patients with benign 
lesions [n (%)].

 Boundary Internal echo Morphology Calcification
 ---------------------------------------------- -------------------------------------------------------------- ---------------------------------------------- ----------------------------------------------
Group Clear Unclear Homogeneous Inhomogeneous Regular Irregular No Yes

Breast cancer 18 (17.48)a 85 (82.52)a 25 (24.27)a 78 (75.73)a 16 (15.53)a 87 (84.47)a 14 (13.59)a 89 (86.41)a

group (n=103)
Benign lesion 40 (80.00) 10 (20.00) 35 (70.00) 15 (30.00) 38 (76.00) 12 (24.00) 41 (82.00) 9 (18.00)
group (n=50)

aP<0.05, compared with the benign lesion group.

Table II. Comparison of color Doppler ultrasound blood flow features between patients with breast cancer and patients with 
benign lesions [mean ± SD, n (%)].

 Blood flow signal classification
 ----------------------------------------------------------------------------------------------------
Group Vmax (cm/sec) RI PI 0 I II III

Breast cancer group (n=103) 25.63±3.26a 0.82±0.05a 1.65±0.31a 6 (5.83)a 15 (14.56)a 27 (26.21)a 55 (53.40)a

Benign lesion group (n=50) 13.69±2.01 0.61±0.03 1.02±0.21 25 (50.00) 16 (32.00) 8 (16.00) 1 (2.00)

aP<0.05, compared with the benign lesion group. Vmax, peak blood flow velocity; RI, resistance index; PI, pulsatility index.

Figure 1. Representative color Doppler ultrasound images. (A) Color Doppler 
ultrasound image of a malignant tumor. The boundary of the tumor was unclear, 
the shape was irregular, with crab‑like infiltration and the internal echo was low 
and inhomogeneous. In addition, spot-like strong echo was observed. The echo 
behind the tumor was attenuated and a high-resistance and high-speed blood 
flow signal was observed around and inside the tumor. Resistance index, 0.73. 
(B) Color Doppler ultrasound image of a benign lesion. The shape of the tumor 
was elliptical, the boundary was clear, and the internal echo was low and homo-
geneous. In addition, side acoustic shadows could be observed on both sides of 
the tumor and there was no echo change behind the tumor. According to color 
Doppler flow imaging, there was no obvious blood flow signal in the tumor.
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benign lesions (P<0.01; Table III). The expression levels of 
these tumor markers in patients with high‑stage cancer (III, IV), 
recurrence and metastasis of breast cancer were significantly 
higher than those with low-stage cancer (I, II), no recurrence 
and no metastasis. The expression levels of CA153, CEA and 
TSGF after breast cancer treatment were significantly lower 
than those before treatment (P<0.01; Table IV).

Comparison of the clinical value of color Doppler ultrasound, 
CA153, CEA, TSGF single and combined detection in the diag-
nosis of breast cancer. ROC curve analysis revealed that the 
area under the curve (AUC) of CA153, CEA and TSGF in the 
diagnosis of breast cancer was 0.812, 0.807 and 0.843, respec-
tively, and the maximum Youden index was 0.568, 0.521 and 
0.560, respectively. The best cut-off values were 25.00 U/ml 
for CA153, 3.40 ng/ml for CEA and 70.00 U/ml for TSGF. The 
consistency of the results of ultrasonography, CA153, CEA, 
TSGF single and combined detection with the results of the 
pathological diagnosis is presented in Table V. The sensitivity, 
accuracy and negative predictive value of color Doppler ultra-
sound combined with serum CA153, CEA and TSGF detection 
in the diagnosis of breast cancer were 95.15, 90.20 and 88.89% 
respectively, which were significantly higher than those of any 
single examination (P<0.01; Table VI).

Table III. Comparison of the expression levels of serum tumor markers between patients with breast cancer and patients with 
benign lesions (mean ± SD).

Group CAl53 (U/ml) CEA (ng/ml) TSGF (U/ml)

Breast cancer group (n=103)  72.61±23.40a 36.24±16.25a 157.69±46.72a

Benign lesion group (n=50) 14.67±8.76 2.36±0.82 50.24±15.61

aP<0.01, compared with the benign lesion group. CA153, carbohydrate antigen 153; CEA, carcinoembryonic antigen; TSGF, tumor specific 
growth factor.

Table IV. Comparison of CA153, CEA and TSGF serum levels in patients with different clinical features in the breast cancer 
group (mean ± SD).

Group Cases CAl53 (U/ml) CEA (ng/ml) TSGF (U/ml)

Clinical stage    
  I+II 61 46.92±12.29 23.58±10.12 120.53±36.12
  III+IV 42 110.83±36.12a 55.64±23.14a 212.09±70.21a

Distant metastasis    
  No 91 56.83±15.64 26.54±11.15 128.72±40.15
  Yes 12 196.17±67.23a 110.48±36.57a 378.33±97.26a

Recurrence    
  No 82 19.37±9.21 5.62±2.73 96.31±22.14
  Yes 21 96.49±43.27a 47.37±18.87a 203.39±66.42a

Treatment    
  Before 103 72.61±23.40 36.24±16.25 157.69±46.72
  After 103 34.21±20.15a 13.52±6.82a 107.82±32.97a

aP<0.01, for intragroup comparisons. CA153, carbohydrate antigen 153; CEA, carcinoembryonic antigen; TSGF, tumor specific growth factor.

Table V. Association of color Doppler ultrasound, CA153, 
CEA, TSGF single and combined detection results with 
pathological diagnosis (n).

 Pathological 
 diagnosis
 --------------------------------------
Detection Detection result Positive Negative

Ultrasound Positive 80 8
 Negative 23 42
CA153 Positive 66 4
 Negative 37 46
CEA Positive 64 5
 Negative 39 45
TSGF Positive 68 5
 Negative 35 45
Combined detection Positive 98 10
 Negative 5 40

CA153, carbohydrate antigen 153; CEA, carcinoembryonic antigen; 
TSGF, tumor specific growth factor.
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Discussion

Results obtained in a previous study (9) have shown that 
the early diagnosis of breast cancer can assist early clinical 
intervention and improve the patients' long-term survival rate 
and overall quality of life. Considering the number of women 
affected by breast cancer, to find a simple and effective early 
screening method for the early diagnosis and treatment of 
breast cancer is essential.

Ultrasound examination is the first choice for breast disease 
screening. This method, which is the most widely used breast 
cancer screening method, is suitable for all age groups and is 
convenient, non-invasive, non-radioactive, repeatable, and with 
good patient compliance. In particular, Doppler high-frequency 
ultrasound has high resolution of details and can clearly display 
the location, shape, size, boundary, internal structure, echo, 
calcification and other conditions of the lesion. In addition, 
Doppler high-frequency ultrasound can clearly visualize 
the surrounding tissues determining invasion (10). With the 
increase of probe frequency and the application of blood 
flow imaging technology, Doppler high‑frequency ultrasound 
can clearly reflect hemodynamic information by detecting 
tumor angiogenesis and peripheral blood flow characteristics 
of lesions to further identify benign and malignant breast 
masses (11), especially cystic and solid masses (12). For dense 
breast masses, the location and shape can be clearly shown (13). 
However, ultrasound examination has certain limitations, 
such as low sensitivity to calcifications and limited ability to 
accurately identify calcification at the early stages of breast 
cancer (14). Ultrasound examination has also low sensitivity 
to the diagnosis of carcinoma-in situ and breast cancer with 
maximum mass diameter <1 cm. As the ultrasound image 
of a small mass is not easy to obtain and there is no obvious 
typical signs of breast cancer, a small mass can be easily 
misidentified as a benign lesion. Furthermore, some benign 
masses are indistinguishable from malignant tumors in terms 
of image characteristics due to degeneration and ischemia of 
tissues around the lesions and internal structural disorder of 
the masses. Moreover, in some cases it has been difficult to 
confirm some unusual ultrasound images (15). Therefore, there 
is always a probability of misdiagnosis and missed diagnosis 
when Doppler ultrasound is used alone. The results of the 

present study showed that the sensitivity and accuracy of color 
Doppler ultrasound in the diagnosis of breast cancer were 77.67 
and 79.74%, respectively which were not satisfactory.

Tumor markers are molecules secreted by tumor cells or 
produced by the interaction between tumor and host cells during 
carcinogenesis. The occurrence or level variation of the tumor 
markers reflects the existence of a tumor. Such markers can be 
detected in tissues or body fluids (16). During cell canceration 
a dramatic increase in the serum levels of these markers is 
observed, as tumor markers often appear before clinical symp-
toms. As an in vitro diagnostic method, tumor marker detection 
is a low cost method with low risk. In addition, tumor marker 
detection is simple, rapid, quantitative and dynamic and is a 
commonly used method for the detection of malignant tumors, 
early diagnosis and prognosis monitoring. However, the results 
obtained by this method can be affected by various in vitro 
and in vivo factors, as well as experimental errors. Detection 
of tumor markers is prone to false positives and false negatives, 
and therefore the results should be judged with caution.

CA153 is a variant glycoprotein on the surface of breast 
cells. During malignancy, the activities of salivary enzymes 
and proteases on the cell membrane are enhanced and the cyto-
skeleton is destroyed, leading to a fall in cell surface antigen as 
they are released into the blood stream. The release of CA153 
into the blood increases the expression level of this marker in 
the peripheral blood (17). CA153 is currently used as the most 
classical tumor marker for screening breast cancer. It has been 
reported (18) that 80% of patients with breast cancer metastasis 
have a high level of serum CA153 and the CA153 level has 
been reported to be positively correlated with the recurrence 
and metastasis of breast cancer. Currently, in clinical practice, 
CA153 is the preferred indicator for monitoring the disease 
condition. However, there are a few limitations associated 
with the use of this marker. For example, the level of CA153 
in the peripheral blood does not always increase during the 
early stages of breast cancer (0 and I). In addition, a transient 
increase in CA153 levels (false positive) can be occasionally 
observed in some benign breast diseases (such as, breast 
papilloma and breast cysts).

CEA was first found in fetal intestinal and colon cancer 
tissues. The antigenic determinants of CEA have embryonic 
characteristics, which explains the name ‘carcinoembryonic 

Table VI. Comparison of the clinical value of color Doppler ultrasound, CA153, CEA, TSGF single and combined detection in 
the diagnosis of breast cancer [% (ratio)].

Detection  Sensitivity Specificity Accuracy Positive predictive value Negative predictive value

Ultrasound  77.67 (80/103) 84.00 (42/50) 79.74 (122/153) 90.91 (80/88) 64.62 (42/65)
CA153 64.08 (66/103) 92.00 (46/50) 73.20 (112/153) 94.29 (66/70) 55.42 (46/83)
CEA 62.14 (64/103) 90.00 (45/50) 71.24 (109/153) 92.75 (64/69) 53.57 (45/84)
TSGF 66.02 (68/103) 90.00 (45/50) 73.86 (113/153) 93.15 (68/73) 56.25 (45/80)
Combined detection 95.15 (98/103)a 80.00 (40/50) 90.20 (138/153)a 90.74 (98/108) 88.89 (40/45)a

χ2 39.652 1.515 20.892 1.808 18.873
P‑value <0.001 0.341 <0.001 0.771 0.001

aP<0.01, compared with every single detection. CA153, carbohydrate antigen 153; CEA, carcinoembryonic antigen; TSGF, tumor specific 
growth factor.
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antigen’. The level of CEA in healthy individuals is extremely 
low (in most cases below 3.40 ng/ml). When healthy cells 
transform into cancerous cells, the quantity of CEA secreted by 
cancer cells rises dramatically. The secreted CEA is diffused 
in cell membrane, cytoplasm and stroma, although CEA can 
also be secreted into the cavity edge of cancer gonad tube 
and its peripheral body fluid (19). Often, CEA levels during 
the early stages of breast cancer do not show a meaningful 
rise. These low levels of CEA can be explained by the fact 
that during the early stages of breast cancer the cells have not 
yet penetrated the basement membrane and CEA has not been 
secreted into the peripheral blood. Serum CEA expression 
levels are of great value in the assessment of breast cancer 
clinical staging, recurrence and metastasis. Usually, the serum 
levels of CEA are significantly high during the late stages. In 
some cases, a transient increase in CEA levels in peripheral 
blood has been reported in smokers which may lead to false 
positive results.

TSGF, also known as malignant tumor specific growth 
factor, is a vascular endothelial growth factor involved in the 
proliferation of malignant tumors and peripheral capillaries. 
TSGF is released into the blood stream at the early stages of 
malignant tumor formation and has no obvious correlation with 
non-tumor vascular proliferation. TSGF is a powerful indicator 
in differentiating the cancer cells from the non-cancer cells. As 
a broad-spectrum tumor marker, TSGF is a valuable marker 
for the early detection of breast cancer (20). TSGF, certainly, 
has the merits to be used as an effective screening indicator 
of breast cancer. After the remission or disappearance of the 
tumor, the serum levels of TSGF have been reported to decline 
significantly (21). TSGF can be used for evaluation and prog-
nosis follow ups; however, its sensitivity and specificity are 
still a matter of debate.

In the present study, color Doppler ultrasound combined 
with the detection of the serum markers CA153, CEA and 
TSGF was used in the diagnosis of breast cancer. The results 
revealed that the combined examinations could complement 
and confirm each other. Ultrasound can preliminarily distin-
guish benign and malignant breast tumors based on acoustic 
characteristics. CA153, CEA and TSGF levels reflect the occur-
rence and development of breast cancer in terms of molecular 
biology. The combination of these detection methods makes 
up for the limitations of each single test. The sensitivity, accu-
racy and negative predictive value of the combined detection 
were 95.15, 90.20 and 88.89%, which were significantly higher 
than those of the single tests, suggesting that the combined 
detection could reduce misdiagnosis. However, the number of 
patients included in the present study was relatively small and 
the study of a bigger sample size will be the aim of our future 
research.

In conclusion, color Doppler ultrasound combined with the 
detection of serum markers CA153, CEA and TSGF signifi-
cantly improved the diagnosis of breast cancer suggesting that 
the combined detection method could be used as an effective 
tool that could improve breast cancer diagnosis leading to 
early diagnosis and clinical intervention.
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