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1 Introduction

Breast cancer (BC), one of the most common malignant tumors 
in women, is characterized by breast mass and the abnormal 
changes of nipple and areola in clinical (Lambertini et al., 2018). 
�e occurrence and development of BC are a progressive process 
of multi-factor, multi-stage, multi-gene changes (Liu et al., 
2009). BC is highly heterogeneous, and the prognosis of patients 
with the same clinical manifestations is very di�erent. �e 
prognostic factors determine the biological behavior of breast 
cancer, which further determine the histopathological changes 
(Zheng et al., 2019). �e tumor microenvironment of breast 
cancer is composed of a variety of stromal cells, cytokines, 
chemokines and tumor stromal neovascularization, which is 
mainly manifested by malignant stroma and tumor vascular 
heterogeneity (Soysal et al., 2015).

Tumor vascular heterogeneity can be illustrated by the expression 
of microvessel density (MVD) and vasculogenic mimic (VM) 
(Saponaro et al., 2018). MVD refers to the number of microvessels 
per unit density in biological tissues such as skin, muscle, organ, 
etc. VM refers to that tumor cells mimic the angiogenesis of 
vascular endothelial cells and form cord like microcirculation 
channels through their own genotype reversal deformation and 
extracellular matrix remodeling. MVD is regarded as the “gold 

standard” to evaluate the angiogenesis of solid tumors. A large 
number of studies have shown that MVD is an independent 
prognostic factor for breast cancer (Laxmanan et al., 2005), which 
may be closely related to tumor invasion, metastasis, recurrence 
and prognosis. As another important index to describe the tumor 
vascular heterogeneity, VM plays an indispensable role in the 
occurrence, development and metastasis of breast cancer, although 
it is rare in breast cancer (Mitra et al., 2020).

Contrast-enhanced ultrasound uses contrast medium to 
increase the ultrasonic scattering of blood to improve the display 
of low velocity blood �ow, which is of great value for the evaluation 
of tumor microenvironment and prognosis of breast cancer (Bar-
Zion et al., 2016). Contrast-enhanced ultrasound combined with 
biomarkers is a noninvasive, rapid and reproducible imaging 
method to evaluate the expression of tumor related genes/proteins, 
which can not only display the anatomical structure of tumor, 
but also evaluate the e�ect of tumor angiogenesis and anti-tumor 
angiogenesis and predict the prognosis (Forbrich et al., 2013; 
Warram et al., 2012; Jia et al., 2014; Liu et al., 2014; Fernández-
Barbero et al., 2020; Shabbir et al., 2020).

With the further understanding of tumor angiogenesis, the 
development of vascular functional molecular markers based on 
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central area and the paracancerous area were decreased (P < 0.05, respectively), but the correlations between MVD, VM and 
contrast-enhanced ultrasound were not consistent. �e quantitative parameters of contrast-enhanced ultrasound in marginal 
zone and central area were correlated with MVD. �e positive rate of VM in marginal zone was also higher when breast cancer 
mass was larger and clinical stage was higher. When histological grade of breast cancer was high, the positive rates of VM in 
three regions were also high. �e correlation between contrast-enhanced ultrasound and MVD was better than that of VM, 
but VM was associated with more prognostic factors than MVD.
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Practical Application: �e combination of contrast-enhanced ultrasound and VM can not only re�ect the growth of tumor 
blood vessels, but also predict the trend of tumor growth, metastasis and recurrence.
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the tumor vascular heterogeneity has made it possible for tumor 
molecular imaging targeting tumor neovascularization. As a real 
contrast agent, the contrast-enhanced signal comes from the 
tumor vascular bed completely, which is more suitable for the 
research of tumor angiogenesis than other imaging examinations 
(Carrillo-Lopez et al., 2019; Piñon et al., 2019; Vidal et al., 2020). 
�e purpose of this study was to explore the correlation between 
the perfusion characteristics of contrast-enhanced ultrasound 
and the regional distribution characteristics of MVD and VM 
in BC, and to explore the value of contrast-enhanced ultrasound 
in the evaluation of angiogenesis and prognosis of breast cancer, 
so as to provide a reliable imaging basis for making a reasonable 
personalized treatment plan for patients with BC.

2 Materials and methods

2.1 Patients

�is study was approved by the ethics committee of our 
hospital. Female patients with suspected breast cancer who 
were admitted to our hospital and �nally operated on between 
January 2017 and October 2018 were enrolled in this study. A 
total of 119 patients with pathologically con�rmed breast cancer 
were included in the study. All patients were informed of the 
possible condition and signed the informed consent.

Inclusion criteria: (1) Patients suspected of breast cancer in 
clinical and imaging studies and treated in this hospital; (2) No core 
needle biopsy, radiotherapy, chemotherapy and endocrinotherapy 
were performed before contrast-enhanced ultrasound and a�er 
operation; (3) Patients who were treated by operation, and the 
pathological results and lymph node metastasis were obtained; 
(4) �e number of breast tumors was 1; (5) Patients who had 
complete clinical data, surgical and pathological data. Exclusion 
criteria: (1) Patients who were sensitive to contrast medium; (2) 
Patients who had hemopoietic insu�ciency, and heart, liver and 
kidney insu�ciencies; (3) Patients who had distant metastasis of 
breast cancer, primary focus of other parts, or breast metastatic 
cancer; (4) �e multicentric lesions of one side of breast were 
beyond the scanning range of ordinary ultrasound probe, and it 
was di�cult to ensure the reference property of breast tissue beside 
the lesions; (5) Patients who had bilateral breast cancer; (6) Patients 
with stage IV distant metastasis found by physical examination 
and related auxiliary examination (chest and abdomen CT, bone 
scan, etc.); (7) Patient who were unable to receive surgery due to 
their physical conditions and economic conditions; (8) Patients 
with breast cancer who had undergone breast mass puncture, 
chemotherapy, radiotherapy and endocrine therapy.

2.2 Ultrasonic contrast of breast cancer

SonoVue, an ultrasound contrast agent from Bracco, was 
used. Sulfur hexa�uoride (SF6) (Bracco Suisse SA, Switzerland) 
with phospholipid microcapsules as contrast microbubbles. �e 
average diameter of microbubbles was 2.5 μm. �e microbubbles 
with diameter of less than 8 μm were more than 90%, which can 
safely pass through the pulmonary circulation and le� ventricle, 
and �nally be discharged through the lung. pH was 4.5-7.5. 
Before use, 5 mL of normal saline was injected and shook well 

to prepare microbubble suspension (concentration: 5 mg/mL). 
In addition, the contrast mechanical index (MI) was 0.07, and 
contrast agent (5 mL/person) was injected into the elbow vein. 
Dynamic contrast-enhanced ultrasound (CEUS) was performed, 
and then 5 mL normal saline was injected immediately a�er 
entering the timing state. �e whole process of CEUS was 
recorded and saved, which is about 3 min.

2.3 Dyeing method of MVD count

�e marginal zone, central area and 2 cm adjacent to the 
carcinoma tissue from postoperative breast cancer specimen were 
stained by immunohistochemistry. In this study, streptomycin 
anti biotin protein - peroxidase conjugation (S-P) method was 
used, mouse anti human hematopoietic cell monoclonal antibody 
(CD34) (Abcam, USA) was used as the primary antibody to label 
vascular endothelial cells, Goat anti rabbit IgG antibody HRP 
polymer (abcam, USA) was used as the second antibody. �e 
known positive tablets were used as the positive control, and 
Phosphate bu�er solution (PBS) (Fuzhou Maixin Biotechnology 
Development Co., Ltd, Fuzhou, China) was used as the negative 
control instead of the �rst antibody.

�e speci�c operation steps were as follows. A�er embedding 
in para�n, the breast tissue was sectioned continuously with a 
thickness of 4 μM. Slices was baked overnight at 60 °C followed by 
para�n section dewaxed and hydrated. �en, slices were immersed 
in 3% H

2
O

2
 (Tianjin Fuyu Fine Chemical Co., Ltd, Tianjin, China) 

for 15 min to eliminate endogenous peroxidase activity. A�er PBS 
washing, high temperature and high pressure method with citrate 
bu�er (pH = 6.0) (Fuzhou Maixin Biotechnology Development 
Co., Ltd, Fuzhou, China) was used to repair tissue antigen. A�er 
PBS washing, the slices were incubated with primary antibody at 
37 °C for 1 h followed by incubating with second antibody at 37 
°C for 30 min. Finally, a�er staining with DAB chromogenic agent 
(Fuzhou Maixin Biotechnology Development Co., Ltd, Fuzhou, 
China), the nuclei were stained with 10% hematoxylin solution 
(Zhuhai beisuo Biotechnology Co., Ltd, Shenzhen, China) for 1 
min and sealed with neutral resin (Shanghai specimen model 
factory, Shanghai, China).

2.4 CD34 and PAS double staining method

First, the sections were stained with CD34 (1:100 dilution) by 
immunohistochemistry. Vascular endothelial cells were stained 
with JJHDAB chromogenic agent and observed through optical 
microscope (OLYMPUS, Tokyo, Japan). �e slices were then 
incubated with 0.5% periodic acid solution at room temperature 
for 10 min, and incubated with Schi� reagent (eBioscience, USA) 
at 37 °C for 20 min in dark. A�er dehydration and sealing in 
Leica automatic sealing machine, slices were observed under 
optical microscope. PBS, as a primary antibody, was a negative 
control, and the normal breast tissue stained cherry red was as 
a positive control in PAS staining.

2.5 Observation on qualitative indexes of contrast-enhanced 

ultrasound

Two experienced ultrasound doctors reviewed the stored images 
without knowing the clinical data of patients. Dynamic playback was 
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Di�erent regions of breast cancer were de�ned as shown in 
Figure 1. �e observation contents included median intensity 
(MI), initial intensity (II), peak intensity (PI), rise time (RT), 
rising slope (RS) [(peak intensity - initial intensity) / (peak time 
- initial intensity)], descending slope (DS), time from peak to 
one half (DT/2), mean transit time (MTT), area under curve 
(AUC), and time to peak (TTP). A�er pre-experimental study, 
the two ultrasound doctors can achieve good consistency, and 
each analysis was required to achieve good consistency.

2.7 MVD count and result judgment

Two experienced pathologists counted MVD in three areas of 
all breast cancer lesions without knowing the clinicopathological 
information of the patients. �e MVD counting standard 
referred to the previously reported method (Weidner, 1995). 
CD34 was mainly expressed in vascular endothelial cells. First, 
pathologists observed the whole section under low power 
microscope (100 ×), and looked for three areas with the highest 
vascular density, namely “hot spots”. Secondly, the number of 
vessels stained brownish yellow by CD34 was counted under 
high magni�cation (200 ×). �e mean value of MVD in three 
hot spots was taken as the MVD of this section (the areas of 
hemorrhage, necrosis, �brosclerosis and marginal reaction in 
tumor tissue were not counted).

used to observe the whole process of contrast-enhanced ultrasound. 
�e blood �ow morphological characteristics of contrast agent 
perfusion were analyzed by microvascular imaging. Qualitative 
indexes included enhancement shape (irregular or regular), 
enhancement boundary (unclear or clear), enhancement range (less 
than or equal to the two-dimensional ultrasound range, or greater 
than the two-dimensional ultrasound range), enhancement mode 
(speed up and speed down, speed up and slow down, slow up and 
speed down or slow up and slow down), enhancement intensity 
(non-high enhancement or high enhancement), distribution 
of contrast agent, sequence of contrast agent entering tumor 
(overall enhancement or centrifugal enhancement, or centripetal 
enhancement), whether there was perfusion defect (no, yes), and 
whether there was perforator (no, yes).

2.6 Sampling method for quantitative parameter analysis of 

contrast-enhanced ultrasound

Two experienced ultrasound doctors reviewed the stored 
images without knowing the clinical data of patients. Open the 
QLAB analysis so�ware, avoid the nourishing blood vessels 
of the tumor, respectively, sample the most abundant area of 
blood �ow imaging in the center and edge of the lesion and the 
breast tissue beside the lesion to obtain the regions of interest 
(ROI), and get the time intensity curve (TIC) of di�erent areas. 

Figure 1. ROI sampling method for ultrasonic imaging. Central area: the area with a diameter of about 1 cm in the center of the focus. If the 
focus was small, the sampling frame can be appropriately reduced. Marginal zone: take the boundary of the enhancement range of the focus 
a�er contrast-enhanced ultrasound as the external area. In order to get as many marginal areas as possible, the sampling frame was oval. �e 
sampling should avoid the tumor nutrient vessels as much as possible. A representative area should be selected. �e ROI area in the marginal 
zone was similar to the ROI in the central area, and it should be on the same screen and depth as the sampling frame in the central area and the 
adjacent area of the focus. Breast tissue beside the focus: breast gland tissue was at the same depth and screen as the focus sampling frame. ROI 
sampling area was similar to the central area. Mark the study section of the mass with methylene blue, leave methylene blue in the sampling area 
of the marginal zone, and line the skin layer of the study section.
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patients were examined for axillary lymphadenopathy, 29 
of them showed metastasis. In 60.5% (n = 72) patients, the 
tumor diameter was more than 2 cm.

3.2 Contrast analysis of contrast-enhanced ultrasound 

parameters and MVD in di�erent regions of breast cancer

�e number of MVD in the marginal zone was greater than 
that in the central area, and the number of MVD in the central 
area was greater than that in the adjacent breast tissue (P < 0.05). 
�e center zone refers to the center of the focus; the marginal 
zone refers to the edge of the focus. �e contrast-enhanced 
ultrasound parameters, which were also di�erent in the three 
regions of breast cancer, were MI, II and DS. �e MI, II and 
DS in the marginal zone were larger than those in the central 
area, and the MI, II and DS in the central area were larger 
than those in the adjacent breast tissue (P < 0.05) (Table 1). In 
addition, compared with the central area, the marginal zone 
had higher MVD, higher enhancement, more rapid retreat 
and lower perfusion in the early stage. However, the central 
area showed higher MVD, more rapid enhancement, higher 
perfusion, slower retreat and lower perfusion in the early stage 
in comparison with paracancerous area. Furthermore, there 
was signi�cant di�erence in RS between the central area and 
the paracancerous areas, and there was marked di�erence in 
the TTP between the marginal zone and paracancerous areas 
(Figure 2).

MVD and some quantitative parameters of contrast-enhanced 
ultrasound were notably di�erent in di�erent regions of breast 
cancer. On this basis, we analyzed their correlation and the results 
were shown in Table 2. It showed that the MI, RS, II and DS in 
the marginal zone and central area were correlated with MVD, 
among which the MI and II were most correlated with MVD. 
In the paracancerous area, only the AS and DS were correlated 
with MVD. �ere was no correlation between TTP and MVD 
in di�erent regions (P > 0.05).

3.3 Contrast analysis of qualitative indexes of ultrasonic 

contrast and MVD in di�erent regions of breast cancer

We compared the qualitative indexes of contrast-enhanced 
ultrasound with MVD of di�erent regions, and the results were 
shown in Table 3. r < 0.4 was considered as low correlation, 
0.4 ≤ r ≤ 0.7 as moderate correlation, r ≥ 0.7 as high correlation. 

2.8 VM count and result judgment

Two experienced pathologists counted VM in three areas of 
all breast cancer lesions without knowing the clinicopathological 
information of the patients. �e inner wall of the duct was not 
lined with vascular endothelial cells. Instead, tumor cell cord 
which was formed with tumor cells generated by mimic the 
angiogenesis of the body and enclosed the duct. �ere are red 
blood cells in the tube, PAS positive substance around VM, no 
obvious necrosis and in�ammatory cell in�ltration around VM, 
which is a typical VM. If there is VM, it is positive; if there is 
no VM, it is negative.

2.9 Statistical analysis

SPSS 22.0 was used as the statistical analysis so�ware, and the 
signi�cance test level was α=0.05. �e measurement data which 
conformed to the homogeneity of variance were expressed as 

sx ± , and which did not conform to were expressed as median 
and interquartile spacing. T-test and one-way ANOVA were 
used to analyze the data conforming to normal distribution, 
Kruskal Wallis test or Mann whiney test were used to analyze 
the data not conforming to normal distribution. χ2 test was used 
for counting data. Pearson correlation, Spearman correlation 
or variance analysis ETA coe�cient were used for correlation 
analysis. P < 0.05 was considered to be statistically signi�cant.

3 Results

3.1 Clinicopathological characteristics of patients with 

breast cancer

A total of 119 patients with breast cancer participated in 
the study. Their average age was 51 years old (ranges from 
29 to 81 years). Premenopausal patients accounted for 60.5% 
(n = 72), postmenopausal patients accounted for 39.5% 
(n = 47). All 119 cases were confirmed by pathology, including 
10.1% (n = 12) of ductal carcinoma in situ, 76.5% (n = 91) of 
invasive ductal carcinoma and invasive lobular carcinoma, 
13.4% (n = 16) of invasive ductal carcinoma with carcinoma 
in situ and invasive lobular carcinoma with carcinoma in 
situ. All 119 specimens were histologically graded according 
to Scarff Bloom Richardson grading system, including 5 at 
grade 0, 10 at grade I, 71 at grade II and 33 at grade III. All 

Table 1. �e regional distribution of MVD and quantitative parameters of contrast-enhanced ultrasound in breast cancer (M (P
25

, P
75

)).

Indicators Marginal zone Central area Paracancerous area χ2 P

MVD 49.51 (18.00, 73.00)*△ 30.27 (14.00, 48.50)* 19.33 (9.50, 29.00) 59.469 <0.001

MI 13.93 (10.1, 18.55)*△ 7.99 (5.95, 10.47)* 7.02 (5.24, 9.27) 69.291 <0.001

RS 2.66(1.32, 4.00)* 2.83 (1.7, 5.21)* 1.75 (0.92, 3.27) 47.970 <0.001

II 30.18 (18.79, 43.27)*△ 39.32 (28.33, 56.65)* 45.45 (28.29, 66.88) 149.748 <0.001

DS 19.67 (16.14, 24.61)*△ 18.81 (15.3, 26.61)* 21.92 (16.93, 34.45) 79.023 <0.001

TTP 9.58 (5.81, 12.72)* 5.82 (3.34, 7.76) 5.19 (2.59, 6.92) 6.175 0.046

*P < 0.05: marginal zone or central area vs. paracancerous area; △P < 0.05: marginal zone or paracancerous area vs. central area. MVD: microvessel density; MI: median intensity; RS: 

rising slope; II: initial intensity; DS: descending slope; TTP: time to peak.
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correlation between the enhanced range of lesions and MVD in 
the three areas. Figure 3 showed the breast cancer with �lling 
defect a�er ultrasonic contrast, of which the MVD in the central 
area was lower than that without �lling defect.

In addition, the results showed that there was no signi�cant 
di�erence in MVD in the same region between breast cancer with 

�e results showed that there was a moderate correlation 

between the �lling defect and MVD in the marginal zone, a high 

correlation between the �lling defect and MVD in the central 

area, and no correlation between the �lling defect and MVD 

in the paracancerous area. �e enhancement degree was highly 

correlated with MVD in the three areas. However, there was no 

Table 2. Correlation between MVD and quantitative parameters of contrast-enhanced ultrasound in di�erent regions of breast cancer.

MVD
MI RS II DS TTP

r P r P r P r P r P

Marginal zone 0.524 <0.001* 0.227 0.013* 0.407 <0.001* 0.291 0.001* -0.004 0.966

Central area 0.411 <0.001* 0.182 0.047* 0.427 <0.001* 0.305 0.001* -0.137 0.137

Paracancerous area 0.134 0.146 0.214 0.02* 0.072 0.437 0.182 0.047* -0.027 0.773

*P < 0.05.

Figure 2. �e di�erences of perfusion characteristics of ultrasound and MVD in di�erent regions of breast cancer. (A) Ultrasonic contrast in 
patients with breast cancer; (B) TIC curve in di�erent regions of breast cancer; (C) MVD in marginal zone of breast cancer (× 100 times); (D) 
MVD in central area of breast cancer (× 100 times); (E) MVD in paracancerous area of breast cancer (× 100 times).
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enhanced breast cancer, the MVD of each region in high enhanced 
breast cancer were higher (P < 0.05, respectively) (Table 4).

3.4 Correlation between the qualitative indexes of ultrasonic 

contrast and VM in breast cancer

�e results showed that the positive rates of VM in the marginal 
zone and central area of breast cancer with �lling defect were 

focus enhancement range greater than two-dimensional (2-D) 

ultrasound and breast cancer with focus enhancement range 

equal to 2D ultrasound (P > 0.05). Compared with breast cancer 

without �lling defect, the MVD of marginal zone was larger, and the 

MVD of central area was larger in breast cancer with �lling defect 

(P < 0.05). However, there was no signi�cant di�erence in MVD 

of paracancerous areas (P > 0.05). Compared with the none high 

Figure 3. Di�erence between MVD and �lling defect in ultrasonic contrast. (A) No �lling defect a�er contrast-enhanced ultrasound; (B) Filling defect 
a�er contrast-enhanced ultrasound; (C) MVD in central area of no �lling defect (× 100 times); (D) MVD in central area of �lling defect (× 100 times).

Table 3. Correlation between MVD in three di�erent regions of breast cancer and qualitative characteristics of contrast-enhanced ultrasound.

Indicators
MVD in marginal zone MVD in central area MVD in paracancerous area

r P r P r P

Filling defect 0.632 0.012* 0.787 <0.001* 0.490 0.251

Enhancement degree 0.868 <0.001* 0.891 <0.001* 0.753 <0.001*

Scope of mass a�er angiography 0.550 0.234 0.495 0.804 0.515 0.198

*P < 0.05.
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say, the higher the histological grade, the higher the MVD in 
the marginal and central area of breast cancer. However, the 
di�erent histological grades of breast cancer were not related 
to MVD in the paracancerous area (P > 0.05). However, there 
was no signi�cant di�erences in MVD in the three areas 
between breast cancer with di�erent lesion size and clinical 
stage (P > 0.05) (Table 7).

The results showed that the positive rate of VM in the 
marginal zone of breast cancer more than 2 cm was significantly 
higher than that in breast cancer less than 2 cm (P < 0.001), 
but there were no significant differences in the positive rate 
of VM in the central area and paracancerous area (P > 0.05). 
Furthermore, for breast cancer with higher histological grade, 
the positive rates of VM in the three areas were significantly 
higher than those in breast cancer with lower histological 
grade (P < 0.05). The positive rate of VM in the marginal 
zone of breast cancer with clinical stage more than 1 was 
higher than that in stage 1 breast cancer (P < 0.05), but there 
was no significant difference in the positive rates of VM in 
the central area and the paracancerous area between breast 
cancer with clinical stage more than 1 and stage 1 breast 
cancer (P > 0.05) (Table 8).

4 Discussion

Neovascularization plays an important role in the occurrence, 
development, invasion and metastasis of tumor, which 
signi�cantly a�ects the biological behavior and prognosis of 
tumor (Dineshkumar et al., 2015). At present, there is no direct 

higher than that in the marginal zone and central area of breast 
cancer without �lling defect (P < 0.001, respectively). However, 
there was no marked di�erence in those in paracancerous area of 
breast cancer (P > 0.05). Furthermore, there were no di�erences 
in the positive rates of VM in the marginal zone, the central 
area and the paracancerous area between breast cancer with and 
without high enhancement (P > 0.05). �e positive rate of VM in 
the marginal zone of breast cancer with mass range larger than 
that of 2-D ultrasound was higher than that of breast cancer with 
mass range equal to that of 2-D ultrasound (P < 0.05). However, 
there were no di�erences in the positive rates of VM in the central 
area and the paracancerous area (P > 0.05, respectively) (Table 5).

3.5 Correlation between quantitative parameters of 

ultrasonic contrast and VM in di�erent regions of 

breast cancer

We analyzed the correlation between quantitative parameters 
of ultrasonic contrast and VM in di�erent regions of breast cancer. 
�e results showed that there were no signi�cant di�erences 
in these parameters, MI, RS, II, DS and TTP, in the three areas 
between VM negative breast cancer and VM positive breast 
cancer (P > 0.05, respectively) (Table 6).

3.6 �e relevance between MVD and VM of breast cancer 

and lesion size, histological grade and clinical stage

It showed that the di�erences of MVD in marginal zone 
and central area were statistically signi�cant between breast 
cancer with di�erent histological grades (P < 0.05). �at is to 

Table 4. Distribution di�erence of MVD in a certain area in ultrasound contrast characteristics of breast cancer (( Sx ± )/HP).

Areas
Enhancement range

t p
Filling defect

t P
Enhancement degree

t P
> = Yes no high None high

Marginal zone 50.87 ± 13.34 48.54 ± 15.91 1.224 0.222 50.59 ± 12.07 47.78 ± 11.52 3.883 0.047* 53.52 ± 11.18 46.48 ± 11.61 4.765 <0.001*

Central area 31.35 ± 12.10 28.46 ± 13.58 1.733 0.084 24.68 ± 5.51 36.14 ± 13.36 8.650 <0.001* 38.81 ± 12.60 22.68 ± 8.52 11.568 <0.001*

Paracancerous 
area

20.55 ± 4.18 19.32 ± 6.56 1.725 0.086 19.85 ± 3.79 18.91 ± 4.35 1.777 0.076 23.90 ± 4.08 17.50 ± 3.08 13.657 <0.001*

*P < 0.05.

Table 5. �e distribution di�erence of VM positive rate in a region of breast cancer in qualitative index of ultrasound contrast imaging (n%).

Indicators
Marginal zone

χ2 P
Central area

χ2 P
Paracancerous area

χ2 P
+ - + - + -

Filling defect 16.965 0.001*

9.72 0.002* 0.465 0.491Yes 32 (86.49) 5 (13.51) 32 (86.49) 5 (13.51) 5 (13.51) 32 (86.49)

No 38 (46.34) 44 (53.66) 35 (42.68) 47 (57.32) 6 (7.32) 76 (92.68)

Enhancement degree 0.274 0.673

0.39 0.530 3.892 0.061High 53 (60.23) 35 (39.77) 31 (35.23) 57 (64.77) 11 (12.50) 77 (87.50)

None-high 17 (54.84) 14 (45.16) 9 (29.03) 22 (70.97) 0 (0.00) 31 (100.00)

Enhancement range 5.776 0.016*

0.53 0.467 0.084 0.772> 59 (64.84) 32 (35.16) 29 (31.87) 62 (68.13) 9 (9.89) 82 (90.11)

= 11 (39.29) 17 (60.71) 11 (39.29) 17 (60.71) 2 (7.14) 26 (92.86)

*P < 0.05.
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microvessels in tumor tissue, the greater the chance of tumor 
cells entering the blood circulation, and the more likely it is to 
increase the occurrence and metastasis of tumor.

�is study showed that there were signi�cant di�erences 
in MVD expression among the marginal zone, central area and 
paracancerous area, and MVD rich area was located around the 
cancer focus. �e analysis of contrast-enhanced ultrasound also 
showed that the di�erences of MI, II and DS in di�erent regions 

and e�ective method to detect the angiogenesis of tumor. MVD 

as an indicator of angiogenesis activity has been proposed and 

veri�ed in many tumor studies (Lin et al., 2011; Korn et al., 

2014), which is a more objective standard to evaluate the degree 

of angiogenesis in malignant tumors. �rough a large number 

of clinical tests, some scholars have found that the microvessel 

density in tumor tissue is signi�cantly higher than that in 

normal tissue around the tumor (Sharma et al., 2011). �e more 

Table 6. �e di�erences of the contrast-enhanced ultrasound parameters in the three areas between VM negative and VM positive (M (P
25

, P
75

)).

Areas VM Cases MI RS II DS TTP

Marginal zone VM positive 70 11.91 (7.10, 17.95) 2.53 (1.68, 3.55) 7.91 (5.85, 11.68) 1.84 (1.07, 2.30) 18.55 (14.83, 21.61)

VM negative 49 12.02 (7.86, 14.97) 2.49 (1.62, 3.5) 8.70 (4.16, 12.61) 1.78 (1.18, 2.73) 19.75(16.39, 24.61)

Z -0.103 -0.305 -0.116 -0.287 -1.293

P 0.918 0.760 0.908 0.774 0.196

Central area VM positive 40 6.97 (4.88, 8.79) 1.42 (0.85,2.36) 2.88 (1.96, 4.74) 1.00 (0.70, 1.51) 18.88 (15.62, 24.16)

VM negative 79 6.22 (4.25, 8.71) 1.58 (0.64, 2.72) 2.73 (1.64, 5.18) 1.00 (0.43, 1.80) 18.71 (14.80, 27.54)

Z -0.503 -0.335 -0.366 -0.096 -0.315

P 0.615 0.738 0.715 0.924 0.753

Paracancerous 
area

VM positive 11 6.32 (4.12, 8.90) 1.30 (1.05,2.61) 1.48 (0.43, 2.73) 0.84 (0.31, 1.00) 20.16 (13.48, 25.31)

VM negative 108 5.34 (2.66, 7.38) 1.07 (0.58, 2.19) 1.61 (0.77, 2.78) 0.98 (0.23, 0.99) 21.38 (13.48, 25.31)

Z -1.212 -1.087 -0.091 -0.343 -0.436

P 0.226 0.277 0.927 0.732 0.663

VM: vasculogenic mimic. MI: median intensity.

Table 7. �e relevance between the distribution of MVD and clinical pathological factors in di�erent breast cancer regions.

Factors
Marginal zone Central area Paracancerous area

Z/χ2 P Z/χ2 P Z/χ2 P

Lesion size 2.91 0.233 -0.26 0.794 -0.54 0.591

Histological grade -2.28 0.022* -1.68 0.047* 3.43 0.180

Clinical stage -1.91 0.056 -0.44 0.661 -0.22 0.826

*P < 0.05.

Table 8. �e distribution di�erence of VM positive rate in a region of breast cancer in prognostic factors (n%).

Indicators
Marginal zone

χ2 P
Central area

χ2 P
Paracancerous area

χ2 P
+ - + - + -

Lesion size

16.463 <0.001* 1.235 0.267 4.830 0.050< 2 cm 17 (36.17) 30 (63.83) 13 (27.66) 34 (72.34) 1 (2.13) 46 (97.87)

>2 cm 53 (73.61) 19 (40.28) 27 (37.50) 45 (62.50) 10 (13.89) 62 (86.11)

Histological grade

27.672 <0.001* 7.304 0.027* 12.224 0.001*<grade I 2 (13.33) 13 (86.67) 1 (6.67) 14 (93.33) 0 (0.00) 15 (100.00)

grade II 38 (53.52) 33 (45.83) 24 (33.80) 47 (66.20) 2 (2.82) 69 (97.18)

grade III 30 (90.91) 3 (9.09)

10.806 0.001*

15 (45.45) 18 (54.55)

0.590 0.442

9 (27.27) 24 (72.73)

1.624 0.203Clinical stage

<stage I 11 (34.37) 21 (65.63) 9 (28.12) 23 (71.88) 1 (3.13) 31 (96.87)

>stage I 59 (67.82) 28 (32.18) 31 (35.63) 56 (64.37) 10 (11.49) 77 (88.51)

*P < 0.05.
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Furthermore, our results showed that there was no signi�cant 
correlation between the positive rate of VM in each region of 
breast cancer and the parameters, MI, II, DS, RS and TTP. �e 
correlation analysis of qualitative and quantitative parameters 
of contrast-enhanced ultrasound showed that these parameters 
and qualitative indexes were related to contrast-enhanced 
degree and contrast-enhanced mode, so the correlation of VM 
and quantitative parameters more objectively re�ected that the 
positive rate of VM was not related to contrast-enhanced degree, 
and again highlighted that the correlation between VM and 
MVD and contrast-enhanced ultrasound was di�erent. MVD, 
as a quantitative index of tumor blood vessels widely existing 
in the focus, can re�ect the blood supply state of the tumor in 
theory. However, there is a small amount of VM in the tumor. For 
qualitative analysis, there is no common change trend with the 
number of tumor blood vessels, so VM cannot be associated with 
most quantitative parameters of contrast-enhanced ultrasound.

Most studies showed that angiogenesis of breast cancer 
was not necessarily related to tumor size and clinical stage, but 
closely related to histological grading (Onji et al., 2012). �e 
higher the histological grade, the greater the malignant degree, 
the stronger the ability of angiogenesis, and the worse the 
prognosis. �e results of this study con�rmed that the positive 
rate of VM correlated more prognostic indicators than MVD, 
which showed the clinical value of evaluating the prognosis 
of breast cancer. However, the correlation between VM and 
contrast-enhanced ultrasound was less than MVD, especially 
the correlation between VM and quantitative parameters of time 
intensity curve was worse than MVD. �erefore, it was believed 
that contrast-enhanced ultrasound had a good correlation with 
MVD, but the positive rate of VM was better than MVD count 
in evaluating the prognosis.

5 Conclusions

In conclusion, our results showed that the distributions of 
MVD and VM in the marginal zone, central area and paracancerous 
area were consistent, showing a decreasing distribution, but the 
distributions of MVD and VM in breast cancer were not consistent 
with contrast-enhanced ultrasound. �e correlation between 
contrast-enhanced ultrasound and MVD was signi�cantly better 
than the correlation between contrast-enhanced ultrasound and 
VM, but VM had more prognostic indicators than MVD. �e 
combination of contrast-enhanced ultrasound and VM can not 
only re�ect the growth of tumor blood vessels, but also predict 
the trend of tumor growth, metastasis and recurrence.
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