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Abstract
Purpose  To analyze the correlation between contrast-enhanced ultrasound image features and axillary lymph node metastasis 
of primary breast cancer and its diagnostic value.
Methods  In this study, 64 patients with axillary lymph node metastasis of primary breast cancer diagnosed and treated in 
our hospital from February 2011 to March 2013 were collected as an observation group, and 54 patients without axillary 
lymph node metastasis were collected as a control group. All patients underwent a contrast-enhanced ultrasound examina-
tion, and the correlation between the contrast-enhanced ultrasound image features and axillary lymph node metastasis and 
its diagnostic value were analyzed. They were divided into two groups according to their survival conditions: the group with 
good efficacy and group with poor efficacy, and the prognostic factors of breast cancer in the two groups were analyzed.
Results  There were statistical differences in the peripheral acoustic halo, blood flow classification, ratio of length to diameter 
(L/D), maximum cortical thickness, and enhancement mode of lymph nodes between the two groups (p < 0.05). The area 
under ROC curve for diagnosis of axillary lymph node metastasis by contrast-enhanced ultrasound was 0.854, sensitivity 
was 83.33%, and specificity was 87.5%; L/D and enhancement mode were independent prognostic factors for breast cancer.
Conclusions  Contrast-enhanced ultrasound image features have diagnostic and prognostic value for axillary lymph node 
metastasis of breast cancer.
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Introduction

Breast cancer is the most frequently diagnosed malignant 
tumor in the world. It is the most common cause of cancer 
death for women in developing countries and the second 
leading cause of cancer death in developed countries [1]. 
The number of breast cancer cases accounts for 23% of the 
total number of malignant tumor cases in the world, and its 

mortality is as high as 14% [2]. Morbidity and mortality 
increased by 20% and 14% in 2012 compared with 2008 
[3]. It has been reported that the high prevalence of breast 
cancer is the result of over-detection; but it is important that 
after correcting many more and more cases, the death toll 
from breast cancer continues to rise in the world [4]. Some 
studies have found that 5 years after endocrine therapy, the 
recurrence of breast cancer is still occurring steadily [5]. 
Although the treatment progress of breast cancer improves 
the prognosis of patients, the condition of axillary lymph 
nodes is still the most critical prognostic factor [6]. There-
fore, determining the diagnosis method of axillary lymph 
node metastasis is of great significance to improve the prog-
nosis of patients.

Clinically, radiotherapy, chemotherapy, and surgery 
are usually used to treat breast cancer, and axillary lymph 
node metastasis is an important factor affecting the treat-
ment. Traditional axillary lymph node dissection has a large 
incision and many adverse complications, which cause the 
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patients’ mobility disorder and affect their quality of life 
[7]. Sentinel lymph node biopsy has gradually replaced it 
[8]. The updated clinical practice guideline of the Ameri-
can Society of clinical oncology has also pointed out that 
women without sentinel lymph node metastasis should not 
receive axillary lymph node dissection [9]. However, some 
studies have reported that the false-negative rate of senti-
nel lymph node biopsy is in the range of 0–29%, with an 
average false-negative rate of 7.3% [10], and a few patients 
may have local disease recurrence [11]. Therefore, we need 
to seek a new diagnostic method for axillary lymph node 
metastasis. Research reports that contrast-enhanced ultra-
sound is relatively accurate, noninvasive, easy to operate, 
and more cost-effective, and is widely used in the examina-
tion of axillary lymph node metastasis of breast cancer [12]. 
Contrast-enhanced ultrasound can display more Doppler 
signals, show blood flow, and reveal tumor perfusion char-
acteristics [13]. Therefore, studying the contrast-enhanced 
ultrasound image features can provide valuable reference 
basis for early diagnosis, treatment selection, and prognosis 
of breast cancer.

To sum up, this study will analyze the correlation between 
the contrast-enhanced ultrasound image features and axillary 
lymph node metastasis of breast cancer, as well as its diag-
nostic and prognostic value.

Materials and methods

Clinical data of patients

In this study, 64 patients with axillary lymph node metastasis 
of primary breast cancer diagnosed for the first time and 
treated in our hospital from February 2011 to March 2013 
were collected as the observation group, and 54 patients 
without axillary lymph node metastasis of primary breast 
cancer were collected as the control group. All patients 
underwent a contrast-enhanced ultrasound examination 
before the operation. This study was approved by the Medi-
cal Ethics Committee, and all of them were informed and 
signed informed consent forms.

Inclusion and exclusion criteria

Inclusion criteria were as follows: all patients were diag-
nosed with axillary lymph node metastasis/non-metastasis of 
primary breast cancer for the first time by chest x-ray, chest 
and axilla FNAC; the diagnostic criteria referred to the 2015 
EMSO diagnosis and treatment guidelines [14]; the patients’ 
clinical data were perfect, the tumor diameter was >5 cm, 
and they had not undergone radiotherapy, chemotherapy and 
other anti-tumor treatments; they were in the know and par-
ticipated in the study voluntarily.

Exclusion criteria were as follows: distant metastasis 
of tumor, male patients, combined with other malignant 
tumors, severe liver, and kidney dysfunction, contrast agent 
allergy, mental dysfunction, cardiovascular diseases, preg-
nancy, lactation, or axillary surgery history.

Contrast‑enhanced ultrasound examination method

In this study, the color Doppler ultrasound diagnostic instru-
ment (Royal Philips of the Netherlands, IU22) was used for 
ultrasound examination, IL9-3 broadband linear array probe 
(the frequency was 9 MHz), and pulse-inversion contrast 
harmonic imaging (PICHI) (the mechanical index was 0.07) 
were used. The patient shall lie on the back with his arms 
raised up to fully expose his armpits. After the location of 
the tumor was determined, its scope, blood flow, and mor-
phology were observed. Then it was switched to the ultra-
sound contrast mode, and 2.4 ml of contrast agent Sono Vue 
(Italian Bracco Company) was injected immediately after 
5 ml of normal saline was injected, and image information 
larger than 3 min was collected for analysis. The peripheral 
acoustic halo, blood flow classification, boundary, microcal-
cification, aspect ratio, and other contrast images of axillary 
lymph nodes were recorded for analysis, including contrast 
agent perfusion sequence, enhancement mode, and other 
conditions. If the image shows uniform enhancement, it is 
negative, and if it shows local and peripheral enhancement, 
it is positive.

Follow‑up of patients

The follow-up start from the time when the surgery is fin-
ished in December 2018. The median follow-up time is 
26 months (7.4–60 months). The survival of the patients 
was followed up for 5 years by telephone and outpatient 
reexamination from the time they underwent surgery. They 
were followed up at the 6th, 12th, 24th, 36th, 48th and 60th 
months after treatment.

Outcome measures

Main outcome measures: taking pathological examination 
results as gold standard, the correlation between contrast-
enhanced ultrasound image features and axillary lymph node 
metastasis in the observation group and control group was 
compared, and the diagnostic value of contrast-enhanced 
ultrasound image features on axillary lymph node metastasis 
of breast cancer was analyzed by drawing ROC curve.

Secondary outcome measures: contrast-enhanced ultra-
sound image features of the observation group and control 
group were compared. Multivariate logistic regression was 
used to analyze the risk factors of axillary lymph node 
metastasis of breast cancer. Survival curves were drawn 
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according to the patients’ 5-year survival conditions. They 
were divided into groups with good efficacy (patients who 
survived within the follow-up period) and groups with poor 
efficacy (who died during the follow-up period) according 
to the survival conditions. Multivariate logistic regression 
was used to analyze the prognostic factors of breast cancer 
patients.

Statistical analysis

This study used SPSS20.0 (SPSS Inc., Chicago, USA) 
medical statistical analysis software to carry out statistical 
analysis on the collected data, and used GraphPad Prism 7 
(GraphPad Software Co., Ltd., SD, USA) to draw pictures 
of them. The counting data usage (%) was conducted by the 
Chi-square test and expressed by χ2. The measurement data 
were expressed by mean ± standard deviation (means ± SD), 
and all those were in accordance with the normal distri-
bution. Independent-samples T test was used for compari-
son between the two groups. The ROC curve was used to 
evaluate the diagnostic value of contrast-enhanced ultra-
sound image features in patients with axillary lymph node 
metastasis of breast cancer. Multivariate logistic regression 
was used to analyze the risk factors of axillary lymph node 
metastasis and prognosis factors of breast cancer patients. A 
p value >0.05 was considered to be statistically significant.

Results

Comparison of clinical data of patients

According to the data in Table 1, there was no significant 
difference in age, BMI, history of smoking, history of alco-
holism, family history, place of residence, menstrual status, 
type of surgery, tumor size, TNM stage [15] and patho-
logical type between the two groups (p > 0.05), which was 
comparable.

Univariate analysis of contrast‑enhanced ultrasound 
images of patients in the two groups

Contrast-enhanced ultrasound images of patients in the two 
groups were collected for univariate analysis. There was no 
difference in lymph node boundary, microcalcification and 
perfusion sequence between the two groups (p > 0.05), while 
there were statistical differences in peripheral acoustic halo, 
blood flow classification, L/D, maximum cortical thickness 
and enhancement mode of lymph nodes between the two 
groups (p < 0.05), as shown in Table 2.

Multivariate analysis of axillary lymph node 
metastasis in breast cancer

Indicators with differences in univariate analysis were 
included in the assignment (Table 3), and then back: LR 
was selected for multivariate logistic regression analysis. 
The results revealed that peripheral acoustic halo was not 
an independent risk factor for axillary lymph node metas-
tasis, while blood flow classification (OR 5.494, 95% CI 
1.102–27.388), L/D (OR 2.553, 95% CI 0.727–8.970), maxi-
mum cortical thickness (OR 1.395, 95% CI 0.372–5.228) 
and enhancement mode (OR 19.448, 95% CI 4.656–81.238) 
were independent risk factors for axillary lymph node metas-
tasis, as shown in Table 4.

Diagnostic value of contrast‑enhanced ultrasound 
image features in patients with axillary lymph node 
metastasis

Judging from the contrast-enhanced ultrasound diagnostic 
criteria, the results showed that 56 patients in the observa-
tion group were diagnosed with axillary lymph node metas-
tasis and 8 patients did not metastasize, while 9 patients in 
the control group were diagnosed with axillary lymph node 
metastasis and 45 patients did not metastasize, as shown 
in Table 5. According to the detection of axillary lymph 
node metastasis by contrast-enhanced ultrasound of patients 
in the two groups, ROC curves were drawn to analyze the 
diagnostic value of contrast-enhanced ultrasound in patients 
with axillary lymph node metastasis. The results manifested 
that the area under ROC curves was 0.854, 95% CI was 
0.780–0.929, sensitivity was 83.33%, specificity was 87.5%, 
Youden index was 70.83%, and cut-off value was >0.5, as 
shown in Fig. 1.

Comparison of survival conditions of patients 
between the two groups

Statistics on the 5-year survival of patients in the two groups 
displayed that 118 patients were followed up without any 
defect, and their overall survival rate was 83.05%. Compar-
ing the survival conditions of patients in the two groups, 
we found that the overall survival rate of the control group 
(90.74%) was significantly higher than that of the observa-
tion group (76.56%), and the survival conditions between 
the two groups were significantly different (p = 0.043), as 
shown in Fig. 2.

Prognostic univariate analysis of breast cancer 
patients

According to the 5-year follow-up survival of the patients, 
they were divided into two groups: the group with good 
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efficacy (survival patients) and group with poor efficacy (death 
patients). The contrast-enhanced ultrasound images of the two 
groups were collected for univariate analysis; there was no 
difference in the peripheral acoustic halo, boundary, microcal-
cification, and perfusion sequence of the lymph nodes between 
the two groups (p > 0.05). Nevertheless, there were statisti-
cal differences in lymph node blood flow classification, L/D, 
maximum cortical thickness, and enhancement mode between 
the two groups (p < 0.05), as shown in Table 6.

Multivariate analysis of prognosis of breast cancer 
patients

Indicators with differences in univariate analysis were 
included in the assignment (Table 7), and then back: LR 

was selected for multivariate logistic regression analysis. 
The results showed that blood flow grade and maximum cor-
tical thickness were not independent prognostic factors for 
patients with axillary lymph node metastasis, while L/D (OR 
1.865, 95% CI 0.746–8.325) and enhancement mode (OR 
17.120, 95% CI 2.754–78.468) were prognostic risk factors 
for axillary lymph node metastasis, as shown in Table 8.

Discussion

The incidence and mortality of breast cancer are both on 
the rise. It is predicted that by 2050, 3.2 million new cases 
of breast cancer will occur in women worldwide every year 
[16]. Some studies have reported that the risk factors related 

Table 1   Comparison of clinical 
data of patients in the two 
groups

Factor Observation 
group (n = 64)

Control group (n = 54) t/x2 value p value

Age (years)
 <50 34 (53.13) 28 (51.85) 0.019 0.890
 ≥50 30 (46.87) 26 (48.15)

BMI (kg/m2) 21.24 ± 2.37 20.93 ± 2.28 0.720 0.473
History of smoking
 Yes 11 (17.19) 7 (12.96) 0.404 0.525
 No 53 (82.81) 47 (87.04)

History of alcoholism
 Yes 25 (39.06) 18 (33.33) 0.415 0.519
 No 39 (60.94) 36 (66.67)

Family history
 Yes 13 (20.31) 9 (16.67) 0.257 0.612
 No 51 (79.69) 45 (83.33)

Place of residence
 Cities and towns 29 (45.31) 22 (40.74) 0.249 0.618
 Countryside 35 (54.69) 32 (52.26)

Menstrual state
 Before menopause 26 (40.63) 19 (35.19) 0.367 0.544
 After menopause 38 (59.37) 35 (64.81)

Type of surgery
 Lumpectomy 38 28 0.673 0.412
 Mastectomy 26 26

Tumor size
 <5 cm 51 (79.69) 46 (85.19) 0.605 0.437
 ≥5 cm 13 (20.31) 8 (14.81)

TNM stage
 Stage I 31 (48.44) 28 (51.85) 0.147 0.929
 Stage II 22 (34.38) 17 (31.48)
 Stage III 11 (17.18) 9 (16.67)

Pathological type
 Invasive ductal carcinoma 49 (76.56) 43 (79.63) 0.174 0.917
 Invasive lobular carcinoma 12 (18.75) 9 (16.67)
 Invasive papillary carcinoma 3 (4.69) 2 (3.7)
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to the increased risk of breast cancer are usually divided 
into internal factors and external factors, internal factors 
such as age and genetic susceptibility, and external factors 
such as lifestyle [17]. Compared with women who are not 

active, those who are active have a lower risk of breast can-
cer [18]. Breast cancer has become a potential safety hazard 
for women’s health all over the world. The prevention, diag-
nosis, and treatment of breast cancer have become an urgent 
social demand. The first stage of breast cancer metastasis is 
axillary lymph nodes. The status of axillary lymph nodes 
is an important factor in determining the stage, treatment, 
and prognosis of breast cancer patients [19]. In this study, 
the correlation between the image features and axillary 
lymph node metastasis, the diagnosis and prognosis value 
of patients were studied by contrast-enhanced ultrasound.

Firstly, the contrast-enhanced ultrasound images of the 
observation group and the control group were collected for 
univariate analysis. The results showed that there was no 

Table 2   Univariate analysis Factor Observation 
group (n = 64)

Control group (n = 54) x2 value p value

Peripheral acoustic halo
 Yes 52 (81.25) 5 (9.26) 60.79 <0.001
 No 12 (18.75) 49 (90.74)

Blood flow classification
 <Grade II 61 (95.31) 29 (53.70) 28.02 <0.001

 ≥Grade II 3 (4.69) 25 (46.3)
Boundary
 Clear 36 (56.25) 28 (51.85) 0.228 0.633
 Not clear 28 (43.75) 26 (48.15)

Microcalcification
 Yes 41 (64.06) 27 (50.00) 2.372 0.124
 No 23 (35.94) 27 (50.00)
L/D
 <2 cm 52 (81.25) 17 (42.19) 29.88 <0.001
 ≥2 cm 12 (18.75) 37 (57.81)

Perfusion sequence
 From the door to the cortex 16 (25.00) 20 (37.04) 2.002 0.157
 From the cortex to the door 48 (75.00) 34 (62.96)

Maximum cortical thickness
 ≤3 cm 15 (23.44) 34 (62.96) 18.84 <0.001
 >3 cm 49 (76.56) 20 (37.04)

Enhancement mode
 Even 8 (12.5) 45 (83.33) 59.39 <0.001
 Uneven 56 (87.5) 9 (16.67)

Table 3   Assignment table

Factor Assignment

Peripheral acoustic halo Yes = 1, no = 0
Blood flow classification <Grade II = 1, ≥grade II = 0
L/D <2 cm = 1, ≥2 cm = 0
Maximum cortical thickness ≤3 cm = 0  >3 cm = 1
Enhancement mode Even = 0, uneven = 1

Table 4   Multivariate logstic 
regression analysis

Factor B SE Wals Sig Exp (B) 95% CI for Exp (B)

Upper limit Lower limit

Peripheral acoustic halo −2.123 0.850 6.244 0.012 0.120 0.023 0.633
Blood flow classification 1.704 0.820 4.320 0.038 5.494 1.102 27.388
L/D 0.937 0.641 2.137 0.144 2.553 0.727 8.970
Maximum cortical thickness 0.333 0.674 0.244 0.622 1.395 0.372 5.228
Enhancement mode 2.968 0.729 16.544 0.000 19.448 4.656 81.238



160	 Clinical and Translational Oncology (2021) 23:155–163

1 3

difference in lymph node boundary, microcalcification, and 
perfusion sequence between the two groups. However, there 
were significant differences in the peripheral acoustic halo, 
blood flow classification, L/D, maximum cortical thick-
ness, and enhancement mode between the two groups. The 
results suggested that the peripheral acoustic halo, blood 
flow grade, L/D, maximum cortical thickness, and enhance-
ment mode of lymph nodes were closely related to axillary 
lymph node metastasis. If there were peripheral acoustic 
halo, blood flow grade < grade II, L/D < 2 cm and uneven 
enhancement of axillary lymph nodes of patients, the tumor 
might have axillary lymph node metastasis, which indi-
cated that contrast-enhanced ultrasound images had diag-
nostic value in distinguishing whether axillary lymph node 
metastasis existed. Zhang et al. [20] reported that contrast 
agents accompanied by blood flow, which helped prevent the 
occurrence of false images and enabled ultrasound contrast 
to have higher diagnostic accuracy. Therefore, it is of great 
significance to analyze the correlation between contrast-
enhanced ultrasound and axillary lymph node metastasis by 
studying its image features. Choi et al. [21] verified that 
lymph nodes of patients with axillary lymph node metas-
tasis signified enhancement, which was consistent with our 
research results. We speculate that cortical thickening may 
be the rapid proliferation and death of tumor cells, local 
cortical thickening of attachment, and connective tissue. We 
further carried out multivariate logistic regression analysis 
on metastasis-related indicators. The results showed that 
peripheral acoustic halo was not an independent risk factor 
for axillary lymph node metastasis, while blood flow clas-
sification, L/D, maximum cortical thickness, and enhance-
ment mode were independent risk factors for axillary lymph 
node metastasis.

The results of the univariate analysis in this study showed 
the differences between the contrast-enhanced ultrasound 
images of patients in the two groups. Given the close associ-
ation between ultrasound contrast images and axillary lymph 
node metastasis of breast cancer, we consider that ultrasound 
contrast may have a certain value in the diagnosis of axillary 
lymph node metastasis. Therefore, we drew the ROC curve 
according to the detection of axillary lymph node metasta-
sis by contrast-enhanced ultrasound of patients in the two 
groups. The results revealed that the area under the ROC 
curve was 0.854, sensitivity was 83.33%, and specificity was 
87.5%, suggesting that contrast-enhanced ultrasound could 
detect axillary lymph node metastasis and had diagnostic 
value. Previous studies [22–24] also reported that ultrasound 
contrast is a valuable technique in the diagnosis of breast 
cancer axillary lymph node metastasis, which is based on 
its non-invasive, non-radiative, and easy to operate, which 
confirms the results of our research. Then we carried out sta-
tistical analysis on the survival of patients in the two groups 
through a 5-year follow-up, and the results demonstrated 

Table 5   Comparison of axillary lymph node metastasis detected by 
contrast-enhanced ultrasound of patients in the two groups

Group Observa-
tion group 
(n = 64)

Control group (n = 54) x2 value p value

Lymph 
node 
metasta-
sis

56 (87.50) 9 (16.67) 57.700 <0.001

Lymph 
nodes 
did not 
metasta-
size

8 (12.50) 45 (83.33)

Fig. 1   Diagnostic ROC curve of contrast-enhanced ultrasound image 
features in axillary lymph node metastasis patients. Area under ROC 
curve was 0.854, 95% CI was 0.780–0.929, sensitivity was 83.33%, 
specificity was 87.5%, Youden index was 70.83%, and cut-off value 
was >0.5.

Fig. 2   The overall survival rate of the control group (90.74%) was 
significantly higher than that of the observation group (76.56%), and 
there was a significant difference in survival between the two groups 
(p = 0.043)
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that their overall survival rate in the observation group was 
significantly lower than that in the control group, indicating 
that axillary lymph node metastasis of breast cancer affected 
the prognosis of them, and the prognosis of those without 
lymph node metastasis was better, which was consistent with 
the research reports of Sharma [25] and others. Rojas et al. 

[26] reported that between 2005 and 2011, the 5-year rela-
tive survival rate of breast cancer patients was 89%, similar 
to our statistical result of 83.05%. Then we divided them into 
two groups according to their survival conditions: the group 
with good efficacy and group with poor efficacy, and col-
lected the contrast-enhanced ultrasound images of the two 
groups to analyze the correlation of prognosis. Univariate 
results showed that there was no difference in the peripheral 
acoustic halo, boundary, microcalcification, and perfusion 
sequence of patients between the two groups. However, there 
were statistical differences in lymph node blood flow clas-
sification, L/D, maximum cortical thickness, and enhance-
ment mode between both groups, which indicated that blood 
flow classification, L/D, maximum cortical thickness, and 
enhancement mode had a significant correlation with the 

Table 6   Univariate analysis 
of prognosis of breast cancer 
patients

Factor Good effect group 
(n = 98)

Less effective group 
(n = 20)

x2 value p value

Peripheral acoustic halo
 Yes 40 (40.82) 10 (50.00) 0.574 0.449
 No 58 (59.18) 10 (50.00)

Blood flow classification
 <Grade II 42 (42.86) 16 (80.00) 7.169 0.003
 ≥Grade II 56 (57.14) 4 (20.00)

Boundary
 Clear 61 (62.24) 12 (60.00) 0.035 0.851
 Unclear 37 (37.76) 8 (40.00)

Microcalcification
 Yes 51 (52.04) 11 (55.00) 0.058 0.809
 No 47 (47.96) 9 (45.00)
L/D
 <2 cm 30 (30.61) 17 (85.00) 20.500 <0.001
 ≥2 cm 68 (69.39) 3 (15.00)

Perfusion sequence
 From the door to the cortex 25 (25.51) 5 (25.00) 0.002 0.962
 From the cortex to the door 73 (74.49) 15 (75.00)

Maximum cortical thickness
 ≤3 cm 70 (71.43) 7 (35.00) 9.722 0.002
 >3 cm 28 (28.57) 13 (65.00)

Enhancement mode
 Even 83 (84.69) 2 (10.00) 46.000 <0.001
 Uneven 15 (25.31) 18 (90.00)

Table 7   Assignment table

Factor Assignment

Blood flow classification <Grade II = 1, ≥grade II = 0
L/D <2 cm = 1,  ≥2 cm = 0
Maximum cortical thickness ≤3 cm = 0, >3 cm = 1
Enhancement mode Even = 0, uneven = 1

Table 8   Multivariate analysis 
of prognosis of breast cancer 
patients

Factor B SE Wals Sig Exp (B) 95% CI for Exp (B)

Upper limit Lower limit

Blood flow classification −0.188 0.999 0.035 0.851 0.829 1.102 27.388
L/D 0.623 1.340 0.216 0.642 1.865 0.746 8.325
Maximum cortical thickness −1.929 1.252 2.376 0.123 0.145 0.372 5.228
Enhancement mode 5.068 1.364 13.814 0.000 17.120 2.754 78.468
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prognosis of patients. When the axillary lymph node blood 
flow classification of patients was less than grade II, L/D 
was >2 cm and they had uneven enhancement, they might 
have a poor prognosis and could be used as a predictor of 
5-year prognosis. Zhao et al. [27] also confirmed the value of 
contrast-enhanced ultrasound in the diagnosis and prognosis 
of breast cancer patients. In the end, we made a multivariate 
logistic regression analysis on the contrast-enhanced ultra-
sound images with differences of patients between the two 
groups. The results showed that blood flow classification 
and maximum cortical thickness were not independent prog-
nostic factors for patients with axillary lymph node metas-
tasis, while L/D and enhancement mode were independent 
prognostic factors for axillary lymph node metastasis. If L/D 
was >2 cm and there was the uneven enhancement of axil-
lary lymph nodes in patients, axillary lymph nodes occurred, 
indicating poor prognosis of patients. Ki-67 is a prognos-
tic indicator of early breast cancer. Its positive expression 
indicates that tumor cell proliferation is accelerated, and its 
high expression is related to lymph node metastasis [28]. 
c-erb-B2 is also positively expressed in breast cancer, and its 
positive expression is related to the characteristics of ultra-
sound images [29]. As to the qualitative and quantitative 
analysis of contrast-enhanced ultrasound images of breast 
cancer patients, Vraka et al. [30] confirmed that the contrast-
enhanced ultrasound image features were strongly linked to 
the prognosis of cancer, which was basically consistent with 
our research.

Although great progress has been made in this study, 
quantitative analysis of the contrast-enhanced ultrasound 
image features is not carried out, and errors may occur in 
the judgment of the results. Studies display that there is 
still a high risk of recurrence 5 years after treatment [31]. 
Therefore, we hope to increase the number of samples for 
quantitative analysis of contrast-enhanced ultrasound images 
in future studies and extend the follow-up time to study the 
recurrence rate of breast cancer and its influencing factors.

Conclusion

In a word, contrast-enhanced ultrasound image features have 
diagnostic and prognostic value for axillary lymph node 
metastasis of breast cancer.
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