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Abstract: Objective: This research aimed to estimate the diagnostic value of the combination of color Doppler ultra-
sound (CDU) and computed tomography (CT) in breast cancer (BC). Methods: Among the 90 BC patients treated in 
our hospital from May 2018 to December 2020, 43 were examined by CDU before surgery and they served as the 
control group (CG), while the other 47 were examined with CDU and CT and were considered as the research group 
(RG). Lesions were confirmed as BC by postoperative pathological examination. The diagnosis rate for BC in the two 
groups was recorded, and the diagnostic value was analyzed by the receiver operating characteristic (ROC) curve. 
The imaging features were compared. The diagnostic accuracy for T, N and M stages was evaluated, as well as the 
diagnosis rate for axillary lymph node metastasis (ALNM) in BC. Results: The RG showed a higher diagnosis rate for 
BC (P<0.05) and sharper imaging features, with an area under the curve (AUC) of 0.843 (P<0.05). The diagnostic 
accuracy for T, N and M stages and the diagnosis rate for ALNM in the RG were higher than those in the CG (P<0.05 
for each comparison). Conclusion: The combination of CDU and CT has a high diagnostic value in BC, which is worthy 
of clinical promotion. 
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Introduction

Breast cancer (BC) is a frequent malignancy in 
women, acting on the glandular epithelium of 
the breast [1]. It is rare in men, accounting for 
only approximately 1% [2]. In recent years, the 
rapid social and economic development in 
China has changed people’s daily habits, lead-
ing to an increase in the incidence of BC; It has 
been reported that more than 10,000 women 
die of BC every year [3]. The prevalence of BC 
ranks first in Chinese women, and lymph node 
metastasis (LNM) occurs at an early stage, 
resulting in poor prognosis and threatening the 
health of female patients [4, 5]. The clinical 
treatment guidelines follow “early diagnosis 
and treatment” [6]. Therefore, early and accu-
rate diagnosis is of great significance to reduce 
the mortality of BC patients.

Clinically, color Doppler ultrasound (CDU) [7], 
computed tomography (CT) [8], magnetic reso-
nance imaging (MRI) [9], fiberoptic ductoscopy 
(FDS) [10], positron emission tomography (PET) 

[11] and high-frequency X-ray mammography 
[12] are the main options for BC diagnosis. 
Among them, CDU and CT are preferred. CDU 
has simple operation, higher resolution, less 
radiological damage and cost effectiveness 
[13]. CT also presents high spatial and density 
resolution, which clearly illustrates the chang- 
es in masses and surroundings [14]. However, 
both CDU and CT have limitations [15-17]. As 
the mechanism of the occurrence and develop-
ment of BC is not yet understood, it is vital for 
diagnosing early patients, in order to improve 
the rate. We combined CDU with CT to improve 
the diagnostic accuracy for BC, and to estimate 
the value of this testing in BC diagnosis using 
surgical and pathological results as the diag-
nostic criteria.

Data and methods

Participant selection

A total of 90 patients with BC admitted to the 
Dongying Shengli Hospital of Shangdong Pro- 
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vince from May, 2018 to December, 2020 were 
included. Among them, 43 were randomly des-
ignated as the control group (CG), averagely 
aged 45.26±3.15 years, and 47 were regarded 
as the research group (RG), 45.81±3.03 years 
old on average. Inclusion criteria are as follows: 
patients suffering from breast lump, breast 
pain and nipple discharge; patients with com-
plete clinical imaging data; patients with patho-
logically confirmed BC. Exclusion criteria are as 
follows: pregnant women; those with communi-
cation or mental disorders; those who have re- 
ceived adjuvant radiotherapy and chemothera-
py. All patients signed an informed consent 
form, and ethics approval was granted by the 
Ethics Committee of our hospital.

Methods

Patients in the CG were examined by CDU 
before surgery. The specific steps were as fol-
lows: Firstly, the frequency of the probe (10-13 
MHz) on the ultrasonic instrument (GE-E9) was 
set. Ultrasonic coupling agent was applied and 
the breast and axilla were fully exposed. All 
quadrants of the whole breast were scanned 
with two-dimensional ultrasound (vertical and 
horizontal and radial scanning). Afterwards, the 
location, shape and echogenicity of lesions 
were recorded according to the images. Next, 
CDU was performed.

Patients in the RG received CDU plus CT. The 
specific steps were as follows: Before surgery, 
patients’ data were strictly inspected. They we- 
re positioned in a supine position with both 
hands raised. The area from clavicle to the 
lower edge of the breast was scanned following 
the principle of BCT scan first and then en- 
hanced scan. Plain BCT parameters are as fol-
lows: tube current: 150-170 mA; tube voltage: 
100-120 kV; layer interval: 3 mm; layer thick-
ness: 5 mm. Ultravist (90 mL) was injected 
(monophasic bolus) into the cubital vein using  
a high-pressure injector at a rate of 3.5 mL/s. 
The enhanced scan was executed after a 10-s 
delay of the injection of contrast agent.

Outcome measures

The diagnosis rate for BC in the two groups was 
recorded, and the diagnostic value was ana-
lyzed by the receiver operating characteristic 
(ROC) curve.

Imaging features of CDU and CT were com-
pared. CDU criteria are as follows: (1) diagnos-
tic features of BC: hypoechoic masses with  
calcified foci, abundant blood flow, irregular 
shape and ill-defined borders; (2) grading of 
blood flow: Grade 0, no flow signals; Grade I, 
short-linear flow signals; Grade II, dendritic flow 
signals with regular direction; Grade III, den- 
dritic and reticular flow signals with irregular 
direction.

CT criteria are as follows: Lumps, calcified foci 
and burrs were observed by plain CT. The dis-
play of masses was more prominent in en- 
hanced scan due to the strong iodine uptake 
and high iodine concentration of cancerous 
tissues.

The diagnostic accuracy for T, N and M stag- 
es was evaluated, as well as the diagnosis rate 
for axillary lymph node metastasis (ALNM) in 
BC.

Statistical analysis

SPSS 20.0 was used for statistical analysis, 
and GraphPad Prism 6 was used for graph- 
ing. The continuous data were expressed as 
Mean ± SD, and inter-group comparisons were 
performed with independent samples t-test, 
followed by a post-hoc LSD-t test for pairwise 
comparison. The categorical data were expre- 
ssed as n, and inter-group comparisons were 
done with the χ2 test. The diagnostic value of 
preoperative CDU and CT in BC was evaluated 
by receiver operating characteristic (ROC) cur- 
ve. Statistical significance was assumed as 
P<0.05.

Results

The general data

Comparing the baseline data of patients in 
both groups, there was no statistically signifi-
cant difference (P>0.05), which showed com- 
parability (Table 1).

Diagnosis rate for BC in both groups

There were 32 patients in the CG and 43 in the 
RG pathologically diagnosed with BC, so the 
rate in the RG was higher than that in the CG 
(91.5% vs. 74.4%) (P<0.05) (Table 2).
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ROC curves for assessing diagnostic value of 
CDU and CT

The sensitivity of CDU combined with CT in 
diagnosing BC was higher than that of CDU 
alone (P<0.05) (Figure 1 and Table 3).

Imaging features

The CDU images in the CG showed that most 
lesions were irregular shaped with ill-defined 
margins. The imaging features of CDU + CT in 
the RG: most of the lesions were round-like wi- 
th burrs visible on margins, and a few showed 
irregularities. CT results documented that the 
distribution of radioactivity in soft tissue mass-
es was concentrated in the upper quadrant 
(Figure 2). 

Diagnosis rate for T, N, and M stages

In the CG, 25 patients were diagnosed at T 
stage, 11 at N stage and 7 at M stage. The diag-
nostic accuracy of CDU + CT for T, N and M 
stages (28, 14, 5) was higher than that of CDU 
alone (P<0.05) (Table 4).

Diagnosis rate for ALNM

ALNM was pathologically confirmed in 15 pa- 
tients in the RG and 17 in the CG. The diagnosis 
rate for ALNM by CDU plus CT was higher than 
that by CDU alone (P<0.05) (Table 5).

Discussion

The quality and duration of survival of early  
BC patients are better than those in the late 

screening [21]. In addition, there are non-inva-
sive and easy ways for early and effective diag-
nosis such as ultrasound and CT; however, 
diagnostic accuracy must be improved and the 
rate of misdiagnosis must be reduced in order 
to achieve early treatment.

In the present study, the diagnostic value of  
the combination of CDU and CT was analyzed in 
BC patients. It turned out that the CDU + CT 
group showed a higher diagnosis rate for BC 
(P<0.05) and sharper imaging features (P< 
0.05), with an AUC of 0.843 (P<0.05). Breast 
masses were irregularly shaped with ill-defined 
borders, heterogeneous echogenicity and ab- 
sence of envelope coverage. If hemorrhagic 
necrosis had appeared inside the tumor, CDU is 
still feasible to find the changes in blood flow 
signals and determine the position, direction 
and number of blood vessels [22]. Neverthe- 
less, the specificity of CDU in mass examina-
tion remains relatively low, along with the high 
requirements for doctors, deviation or even 
misdiagnosis are likely to occur [23]. CT col-
lects images from many different levels, and 
allows thin-layer scanning upon the discovery 
of lesions to increase the resolution, which 
facilitates the accurate assessment of morpho-
logical features, enhancement patterns and 
hemodynamics of lesions, and helps to deter-
mine the relationship between lesions and th- 
eir nearby tissues, blood vessels and lymph 
nodes [24]. Previous studies have shown that 
the boundaries of some masses in BC patients 
are clear in color Doppler ultrasound images, 

Table 1. Comparing the baseline data of patients in both 
groups

Age (years) Site of disease (left 
breast/right breast)

Control group (n=43) 45.26±3.15 25/18
Research group (n=47) 45.81±3.03 27/20
χ2/t 0.8440 0.0044
P 0.4009 0.9470

Table 2. Diagnosis rate for BC in both groups
Patients meeting criteria for 
pathological diagnosis (n)

Diagnosis 
rate

Control group (n=43) 32 74.4%
Research group (n=47) 43 91.5%
χ2/t 4.7121
P 0.0300

stage. Early BC is manifested by a soli-
tary and painless mass whose bound-
ary with surrounding tissues is blurred, 
usually leading to unnoticeable symp-
toms, thereby making patients fail  
to receive timely and effective treat-
ment [18, 19]. Patients may develop 
breast tenderness and nipple discharge 
as BC progresses, which may threaten 
their lives if not diagnosed and treated 
at this time [20]. Therefore, early diag-
nosis is pivotal for patients with BC. 
Although it is the most effective clini- 
cal test for BC, pathological examina-
tion often requires tissue sampling. 
Because of the high plantability of 
tumor cells, the sampling generally 
removes the entire suspected tissue 
before testing, such that it cannot be 
widely used for general population 
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Figure 1. ROC curve. A: ROC curve for assessing diagnostic value of CDU; B: ROC curve for assessing diagnostic 
value of CDU combined with CT.

Table 3. Diagnostic value of CDU and CT
AUC S.E 95% CI Sensitivity (%) Specificity (%)

CDU 0.7939 0.053 0.6904-0.8974 60.93 77.42
CDU + CT 0.8431 0.041 0.7626-0.9237 75.76 83.62

Figure 2. CT scan and Color Doppler ultrasound results. A: CT scan; B: Color Doppler ultrasound.

Table 4. Diagnostic rate for TNM stages
Pathologically 

confirmed 
patients (n)

Diagnosis 
rate χ2/t P

T stage Control group (n=25) 19 76.0% 4.8081 0.0283
Research group (n=28) 27 96.4%

N stage Control group (n=11) 6 54.5% 4.9571 0.0260
Research group (n=14) 13 92.8%

M stage Control group (n=7) 3 42.8% 4.2861 0.0384
Research group (n=5) 5 100%

but the specificity of smaller ones is weaker, 
resulting in a higher rate of misdiagnosis and 
missed diagnosis [25]. Therefore, CDU com-

bined with CT greatly in- 
creases the diagnostic ac- 
curacy. It supports our fin- 
dings that the diagnostic 
accuracy for both T, N and 
M stages and ALNM in 
CDU + CT group was higher 
than that in CDU group 
(P<0.05). High-grade lesi- 
ons are characterized by 
high invasiveness, enrich-
ment of tumor vessels and 

lymph node involvement [26]. The morphology, 
structure and blood flow of lymph nodes are  
the main indicators of ultrasound identification 
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of lymph node metastasis, but these are great-
ly influenced by the location of lymph nodes: 
those with deeper location are poorly imaged 
and have lower diagnostic stability. CT post-
processing reconstructions can analyze the 
shape, diameter and margin of lesions from 
various angles. Thus, the combination of CDU 
and CT achieves a higher diagnosis rate for 
ALNM in BC. There are still some limitations: 
For one thing, the sample size is not large. For 
another, in addition to color Doppler ultrasound 
and CT, there are other ways that can be com-
bined in diagnosis. Further study will expand 
the sample size and diagnostic methods in 
order to obtain a higher rate.

To sum up, CDU combined with CT is highly 
accurate in the early diagnosis of BC, and  
provides practical and reliable basis for follow-
up treatment, thus improves the overall dia- 
gnosis.
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