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Study on diagnostic value of ultrasound combined with 
mammography in breast cancer with different clinical and 

pathological features  

INTRODUCTION 

Breast cancer (BC) is the leading cause of cancer 
incidence worldwide and the most prevent                   
malignancy in females (1, 2). Aberrations in hormone 
receptor (HR) and human epidermal growth factor 
receptor 2 (HER2) pathways are frequently observed 
in breast cancer patients. Based on molecular          
biomarkers, breast cancer can be classified into at 
least four different subtypes, with different                       
treatments and prognoses: HR-negative and HER2-
enriched, HR-positive and HER2-negative luminal A, 
HR-positive and HER2-positive luminal B and triple 
negative/basal-like, which is a subtype that is              
negative for both HR and HER2 (3). The HR+/HER2 
(−) subtype is likely to remain the most commonly 
diagnosed type of breast cancer (4). Women aged 50-
55 years old have a high incidence of breast cancer, 
mainly manifested as abnormal nipple or areola, 
breast mass, nipple discharge and axillary lymph 
node enlargement (5). The cause of breast cancer is 

not completely clear, and it has seriously affected the 
life and health of the majority of female groups (6). 
With the increase of living pressure and the prevalent 
screening programs the number of breast cancer  
patients is also increasing correspondingly, and the 
age of onset is showing a younger trend, which has 
attracted great attention from all walks of life (7, 8). 
Therefore, early diagnosis and intervention are            
important to improve the prognosis of breast cancer 
patients. 

Imaging technology is a major technology in 
breast cancer screening, including mammography, CT 
examination, ultrasound examination, and MRI             
examination (9). Among them, breast ultrasound is 
convenient, non-invasive, without ionizing radiation 
and reproducible, and has been widely used in breast 
cancer screening and monitoring the response to 
therapy. Breast ultrasound imaging is also revealed to 
be effective in the detection of dense breasts possibly 
missed by mammography. However, there are certain 
shortcomings in showing small lesions and               
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ABSTRACT 

Background: To assess the diagnostic value of ultrasound (US) combined with 
mammography in breast cancer with different clinical and pathological features. 
Materials and Methods: Totally 340 female patients with breast cancer were enrolled 
in this study. All patients underwent color ultrasound and mammography examination 
and the diagnostic efficiency in breast cancer with different clinical and pathological 
features was assessed. Results: The diagnostic sensitivity of ultrasound in breast 
cancer with different Body Mass Index (BMI), initial symptom, histological grade, and 
hormone receptor (HR) status was similar. The diagnostic sensitivity of mammography 
in breast cancer with different histological grade, HR status and Ki-67 positive rate was 
similar. However, the diagnostic sensitivity of ultrasound and mammography was 
higher in age ≥50 years, human epidermal growth factor receptor 2 (HER2) positive 
patients. The diagnostic sensitivity of ultrasound in Ki-67 positive rate >20 was higher 
than that in Ki-67 positive rate ≤20. The diagnostic sensitivity of mammography was 
higher in BMI >30 and in the initial symptom with calcification. Moreover, in different 
molecular subtypes, the diagnostic sensitivity of ultrasound and mammography in 
HR+HER2+ was the highest, followed by HR-HER2+, HR-HER2- and HR+HER2-. The 
diagnostic efficiency of ultrasound combined with mammography in different age, 
BMI, initial symptom, histological grade and HR status was similar. In addition, the 
diagnostic efficiency of ultrasound combined with mammography was higher than 
single ultrasound and mammography. Conclusion: Ultrasound combined with 
mammography showed high diagnostic efficiency in breast cancer with different 
clinical and pathological features was high, and is worthy for clinical promotion. 
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calcification (10, 11). Mammography is the first and 
basic examination method in breast cancer screening, 
with high sensitivity and specificity, but it is prone to 
adverse conditions such as breast image overlap (12). 
Previous studies have also demonstrated that             
mammography screening is associated with the            
reduced breast cancer-related mortality (13, 14).             
However, the long-term mammogram is indicated to 
increase the risk of radiation exposure (15). Both the 
ultrasound examination and mammography have 
their own advantages and disadvantages. According 
to relevant studies, the combined application of  
mammography and ultrasound in breast cancer 
screening can improve the early diagnosis rate and 
reduce the occurrence of missed diagnosis and               
misdiagnosis (16). The sensitivity of mammography is 
approximately 85% in specialized radiology               
practices, and exceeds 90% when combined with 
breast ultrasound or MRI (17, 18). However, the              
association between the diagnosis sensitivity with the 
clinicopathological features of breast cancer patients 
remains not fully explored. 

Therefore, our study aimed to investigate the              
diagnostic sensitivity of ultrasound combined with 
mammography in breast cancer with different clinical 
and pathological features. The findings of our work 
might provide clues for breast cancer diagnosis in 
clinic. 

 

 

MATERIALS AND METHODS 
 

Patients 
A total of 340 female patients with breast cancer 

were selected from our hospital from January 1, 2018 
to December 1, 2021, aged 27-80 years, with an             
average age of 49.30±11.40 years. All patients             
underwent color ultrasound and mammography             
examination. The clinical information of patients was 
shown in table 1. 

Inclusion criteria: (1) Patients with breast skin 
abnormalities, nipple abnormalities and nipple         
discharge. (2) With breast lumps that could be 
touched; (3) Age ≥18 years old. (4) All patients and 
their families have informed consent and signed             
informed consent. 

Exclusion criteria: (1) Cognitive abnormalities, 
unable to communicate normally. (2) Pregnant or 
lactating women. (3) Had a history of breast surgery. 

 

Methods 
Mammography 

The MAMMOMAT Balance mammogram machine 
(Siemens, Germany) was used for examination. 
Oblique and axial radiographs of the inner and outer 
sides of the breast were taken by automatic exposure 
mode, and X-ray radiographs were enlarged               
according to the Breast Imaging Reporting and Data 
System (BI-RADS) grading standard (19). The voltage 

was set as 22-35 kV, and the current was set as                 
30-300 mA. The digital mammography system               
generated raw data were analyzed using Volpara  
Imaging Software (Volpara Health Technologies Ltd., 
New Zealand). The location, shape, margin, density, 
and calcification foci of the masses were observed 
and evaluated. The examination was conducted by 
two experienced imaging physicians. The positive 
features were: fine sand or granular calcification foci 
clustered to 5/cm2, with high density, unclear edges, 
and irregular nodules. Local skin depression was  
observed. The two physicians independently             
analyzed the examination results by double-blind 
method. If there was any difference in opinion, the 
final diagnosis was reached by consensus. 

Ultrasonography of breast 
The voluson 730 color ultrasound diagnostic             

instrument (GE Healthcare, US) was used for               
examination, and the probe frequency was 5-10 MHz. 
Before the examination, the patient was instructed to 
lift both upper limbs and lie flat, holding the head, 
and the lymphatic tissue of the breast and armpit was 
fully exposed. For those with larger breasts, a lateral 
position could be adopted, appropriate amount of 
coupling agent was applied in the probe, and the          
nipple was taken as the center to carry out radial 
scanning examination around, and horizontal and 
longitudinal scanning was performed. To ensure the 
integrity of the scan, each scan period overlapped 
with the last one. When an abnormal echo region    
was detected, a careful scan was performed.                         
Simultaneously, the echo characteristics of this region 
were recorded, and the shape, echo intensity value, 
edge, and surrounding tissue relationship were             
evaluated. The blood flow parameters in the echo 
were detected by Doppler spectrum, and the status of 
lymph nodes in the axillary axilla was examined by 
scanning. According to the BI-RADS grading criteria, 
grade IV-V represented breast cancer. Specific              
positive signs included: lack of regular shape, lack of 
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Age (years) 49.30±11.40 
BMI 22.5±4.6 

histological grade N=313 
Grade I 90 (28.8%) 
Grade II 159 (50.8%) 
Grade III 64 (20.4%) 

calcification N=340 
with 

without 
111 (32.6%) 
229 (67.4%) 

HR status N=340 
positive 244 (71.8%) 
negative 96 (28.2%) 

HER2 status N=340 
positive 92 (27.1%) 
negative 248 (72.9%) 

Ki-67 N=340 
>20 135 (39.7%) 
≤20 205 (60.3%) 

Table 1. General data of patients. 

BMI, Body Mass Index.  
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uniformity in the distribution of echoes from center 
to edge, and fuzzy mass at the edge of the boundary. 
There were tiny, strong echo spots around the edges 
of the mass. Attenuation of echo, disorganized duct 
structure, and aspect ratio of more than 1 could be 
observed behind the mass.  

The above examination was conducted by two 
experienced imaging physicians. The two physicians 
independently analyzed the examination results by 
double-blind method. If there was any difference in 
opinion, the final diagnosis was reached by                  
consensus. Figure 1 showes the representative MRI 
and ultrasound images of breast cancer patients.  

  

Observation indicators 
The diagnostic efficiency of single and combined 

ultrasonography and X-ray molybdenum target ex-
amination was compared. 

 

Statistical analysis 
Statistical software SPSS 20.0 (SPSS Inc., USA) was 

used to process the data. The statistical data were 
represented by % and χ2 test was used. P<0.05 was 
considered statistically significant. 

 
 

RESULTS 
 

Diagnostic efficiency of US and mammography 
with different age and BMI 

As displayed in table 2, the diagnostic sensitivity 
of ultrasound in the age <50 years was 77%, and in 
age ≥50 years was 87.7% (P=0.007). The diagnostic 
sensitivity of mammography in the age <50 years was 
65.2%, and in the age ≥50 years was 74.7% 
(P=0.036). Notably, the diagnostic efficiency of             
ultrasound combined with mammography was             
similar in the age <50 years and age ≥50 years, with 
the sensitivity of 89.3% and 94.4%, respectively 
(P=0.064), and was higher than single ultrasound and 
mammography. 

The diagnostic sensitivity of ultrasound in                 
different BMI was similar (P=0.057). The diagnostic 
sensitivity of mammography in BMI <25, BMI 25-30 
and BMI >30 was 70.9%, 64.3% and 78.9%,             

respectively (P=0.045). Notably, the diagnostic              
efficiency of ultrasound combined with                       
mammography in different BMI was similar 
(P=0.112), with the sensitivity of 90.7%, 92.9% and 
100%, respectively, and was higher than single             
ultrasound and mammography. 

 

Diagnostic efficiency of US and mammography in 
calcification      

As displayed in table 3, the diagnostic sensitivity 
of ultrasound in different initial symptom was similar 
(P=0.455). The diagnostic sensitivity of                           
mammography in the initial symptom with                  
calcification was 80.2% and without calcification was 
64.6% (P=0.004). Notably, the diagnostic efficiency of 
ultrasound combined with mammography in              
different initial symptom was similar (P=0.409), with 
the sensitivity of 93.7% and 90.8% for the presence 
or absence of calcification, respectively, and was 
higher than single examination with ultrasound and 
mammography. 

Diagnostic efficiency of US and mammography in 
different histological grade 

It was displayed in table 4 that, the diagnostic  
sensitivity of ultrasound and mammography in           
different histological grade was similar (P=0.304 and 
P=0.522). Notably, the diagnostic efficiency of              
ultrasound combined with mammography in               
different initial symptom was also similar (P=0.051), 
with the sensitivity of 86.7%, 95.0% and 95.3%,           
respectively, and was higher than single examination 
with ultrasound and mammography. 

 

Diagnostic efficiency of US and mammography in 
different HR and HER2 status 

As displayed in Table 5, the diagnostic sensitivity 
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Figure 1. The representative MRI (left panel) and ultrasound 
images (right panel) of breast cancer patients. MRI images 
showed 45*4635 mm circular mass in the left breast, with 

BIRADS: 5. US imaging showed 2.6*1.7cm hypoecho mass in 
the left breast, with BI-RADS: 5 

  N 
Ultra-

sound (%) 
P 

value 
Mammogra-

phy (%) 
P 

value 
Combined 

inspection (%) 
P 

value 
Age 340   0.007   0.036   0.064 
<50 

years 
178 77   65.2   89.3   

≥50 
years 

162 87.7   74.7   94.4   

BMI 340   0.057   0.045   0.112 
<25 237 79.3   70.9   90.7   

25~3
0 

84 89.3   64.3   92.9   

>30 19 84.2   78.9   100   

Table 2. Diagnostic sensitivity of ultrasound and                       
mammography in breast cancer with different age and BMI. 

BMI, Body Mass Index; N, number of patients. 

  N 
Ultra-

sound (%) 
P 

value 
Mammog-
raphy (%) 

P 
value 

Combined 
inspection (%) 

P 
value 

Initial 
symptom 

340   0.455   0.004   0.409 

With 
calcification 

111 82.9   80.2   93.7   

Without 
calcification 

229 81.7   64.6   90.8   

Table 3. Diagnostic efficiency of ultrasound combined with 
mammography in breast cancer with different initial symptom. 

N, number of patients. 
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of ultrasound and mammography in different HR  
status was similar (P=0.349 and P=1.000). Notably, 
the diagnostic efficiency of ultrasound combined with 
mammography in different initial symptom was also 
similar (P=0.123), with the sensitivity of 92.0% and 
95.8%, respectively, and was higher than single              
examination with ultrasound and mammography. 

The diagnostic sensitivity of ultrasound in HER2 
positive patients was 91.3%, and in HER2 negative 
patients was 78.6% (P=0.007). The diagnostic               
sensitivity of mammography in HER2 positive               
patients was 82.6%, and in HER2 negative patients 
was 64.9% (P=0.001). Of note, the diagnostic                  
efficiency of ultrasound combined with                      
mammography in HER2 positive patients was 98.9%, 
and in HER2 negative patients was 89.1% (P=0.002), 
and was higher than single ultrasound and                         
mammography.  

 

Diagnostic efficiency of US and mammography in 
different Ki-67 positive rate 

As displayed in table 6, the diagnostic sensitivity 
of ultrasound in Ki-67 positive rate >20 was 89.6%, 
and in Ki-67 positive rate ≤20 was 77.1% (P=0.004). 
The diagnostic sensitivity of mammography in               
different Ki-67 positive rate was similar (P=0.278). 
Notably, the diagnostic efficiency of ultrasound          
combined with mammography in Ki-67 positive rate 
>20 was 97.8%, and in Ki-67 positive rate ≤20 was 
87.8% (P=0.001), and was higher than single             
examination with ultrasound and mammography. 

Diagnostic efficiency of US and mammography in 
different molecular subtyping 

As displayed in Table 7, the diagnostic sensitivity 
of ultrasound in HR+HER2- was 77.2%, in HR+HER2+ 
was 94.1%, in HR-HER2+ was 87.8% and in HR-HER2
- was 83.6% (P=0.023). The diagnostic sensitivity of 
mammography in HR+HER2- was 65.8%, in 
HR+HER2+ was 84.3%, in HR-HER2+ was 80.5% and 
in HR-HER2- was 61.8% (P=0.013). Notably, the             
diagnostic efficiency of ultrasound combined with 
mammography in HR+HER2- was 87.6%, in 
HR+HER2+ was 100%, in HR-HER2+ was 97.6% and 
in HR-HER2- was 94.5% (P=0.013), and was higher 
than single examination with ultrasound and             
mammography. 

 
DISCUSSION 

 

In recent years, the incidence of breast cancer has 
gradually increased, posing a great threat to the 
health of females. Breast cancer at the early stage 
lacks typical clinical symptoms and signs (20).             
Therefore, early diagnosis and treatment is essential 
for the improvement of the survival rate and quality 
of life of patients. 

In the screening of breast cancer, molybdenum is 
the preferred imaging method, with certain             
advantages in the development of burr signs and          
calcification points, especially for the shrunk breast 
with high fat content, in which molybdenum               
development is clearer (21). Molybdenum can also 
leave a clear image, which is conducive to regular  
follow-up (22). However, the missed diagnosis rate of 
molybdenum target is high, especially in the cases 
with the presence of benign and malignant lesions. It 
is often difficult to distinguish malignant lesions, and 
the nipple, areola region, glandular tail, and deep  
lesions are easily missed (23). 

Color Doppler ultrasound imaging based on the 
acoustic impedance difference of various tissues, with 
clear image anatomical level, can clearly display the 
subcutaneous breast gland, each layer of internal  
microstructure and mass boundaries, internal echo 
characteristics (24). At the same time, it clearly shows 
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  N 
Ultra-

sound (%) 
P 

value 
Mammog-
raphy (%) 

P 
value 

Combined 
inspection (%) 

P 
value 

Histological 
grade 

313   0.304   0.522   0.051 

Grade I 90 77.8   66.7   86.7   
Grade II 159 83.0   71.7   95.0   
Grade III 64 87.5   75.0   95.3   

Table 4. Diagnostic efficiency of ultrasound combined with 
mammography in breast cancer with different histological 

grade 

N, number of patients. 

Table 5. Diagnostic efficiency of ultrasound combined with 
mammography in breast cancer with different HR and HER2 

status. 

  N 
Ultra-

sound (%) 
P 

value 
Mammog-
raphy (%) 

P 
value 

Combined 
inspection (%) 

P 
value 

HR 340   0.349   1.000   0.123 
Positive 244 80.7   69.7   92.0   
Negative 96 85.4   69.8   95.8   

HER2 340   0.007   0.001   0.002 
Positive 92 91.3   82.6   98.9   
Negative 248 78.6   64.9   89.1   
N, number of patients. HR, hormone receptor; HER2, human            
epidermal growth factor receptor 2.  

  N 
Ultrasound 

(%) 
P 

value 
Mammog-
raphy (%) 

P 
value 

Combined 
inspection (%) 

P 
value 

Ki67 340   0.004   0.278   0.001 
>20 135 89.6   73.3   97.8   
≤20 205 77.1   67.3   87.8   

Table 6. Diagnostic efficiency of ultrasound combined with          
mammography in breast cancer with different Ki-67 positive 

rate 

N, number of patients. 

  N 
Ultra-
sound 

(%) 

P 
value 

Mammog-
raphy (%) 

P 
value 

Combined 
inspection 

(%) 

P 
value 

Molecular 
subtyping 

340   0.023   0.013   0.006 

HR+HER2- 193 77.2   65.8   87.6   

HR+HER2
+ 

51 94.1   84.3   100   

HR-HER2+ 41 87.8   80.5   97.6   

HR-HER2- 55 83.6   61.8   94.5   

Table 7. Diagnostic efficiency of US and mammography in 
breast cancer with different molecular subtyping. 

N, number of patients. HR, hormone receptor; HER2, human            
epidermal growth factor receptor 2.  
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the blood flow in the breast mass and the condition of 
the axillary lymph nodes, can observe the elasticity 
and activity of the lesion, and effectively                         
distinguishes and diagnoses the cystic and solid            
nature of the mass, and is an important imaging 
method for early screening of breast cancer (25).  
However, in clinical practice, it is found that the      
diagnosis of micro-calcification foci by color Doppler 
ultrasound was not characteristic, and it is easy to 
misdiagnose or miss diagnosis (26). 

In this study, the results indicated that the              
diagnostic sensitivity of ultrasound in breast cancer 
with different BMI, initial symptom, histological 
grade, and HR status was similar (tables 2-5).             
However, the diagnostic sensitivity of ultrasound in 
age ≥50 years was higher relative to that in age <50 
years (table 2). The diagnostic sensitivity of            
ultrasound in HER2 positive patients was higher 
compared to that in HER2 negative patients (table 5). 
The diagnostic sensitivity of ultrasound in Ki-67         
positive rate >20 was higher than that in Ki-67            
positive rate ≤20 (table 6). Moreover, in different 
molecular subtypes, the diagnostic sensitivity of         
ultrasound in HR+HER2+ was the highest, followed 
by HR-HER2+, HR-HER2- and HR+HER2- (table 7). 
Consistently, it has been reported that patients with 
higher HER2 positive and Ki-67 positive expression 
have higher peak intensity in ultrasound, and more 
abundant intrafocal enhancement (27, 28). In addition, 
it has been demonstrated that ultrasound                
measurements are more strongly correlated with 
HR+/HER2+ subtype than HR-HER2+ and HR-HER2- 
subtypes (29). 

Our study also revealed that the diagnostic           
sensitivity of mammography in breast cancer with 
different histological grade, HR status and Ki67           
positive rate was similar (table 4-6). However, the 
diagnostic sensitivity of mammography in age ≥50 
years was higher compared to that in age <50 years 
(table 2). The diagnostic sensitivity of mammography 
in BMI >30 was higher than that in BMI <25 and BMI 
25-30 (table 2). The diagnostic sensitivity of            
mammography in the initial symptom with               
calcification was higher than that without                
calcification (table 3). The diagnostic sensitivity of 
mammography in HER2 positive patients was higher 
compared to that in HER2 negative patients (table 5). 
Moreover, in different molecular subtypes, the            
diagnostic sensitivity of mammography in 
HR+HER2+ was the highest, followed by HR-HER2+, 
HR-HER2- and HR+HER2- (table 7). Consistently, it 
has been reported that mammography has a high 
diagnostic sensitivity in the calcification symptom of 
breast cancer patients (30). Similarly, mammography 
has been shown to have a high correlation with 
HR+HER2+ subtype (31).   

Compared with the single examination with  
mammography, ultrasound compared with               
mammography increases the detection rate of        

disease and improves the detection sensitivity (32). 
Notably, our study also showed that the                        
diagnostic efficiency of ultrasound combined with                  
mammography in different age, BMI, initial symptom, 
histological grade and HR status was similar (table           
2-5). At the same time, the diagnostic efficiency of 
ultrasound combined with mammography in HER2 
positive patients was higher than that in HER2            
negative patients (table 5). The diagnostic sensitivity 
of ultrasound in Ki-67 positive rate >20 was higher 
than that in Ki-67 positive rate ≤20 (table 6).               
Moreover, in different molecular subtypes, the            
diagnostic sensitivity of ultrasound in HR+HER2+ 
was the highest, followed by HR-HER2+, HR-HER2- 
and HR+HER2- (table 7). In addition, the diagnostic 
efficiency of ultrasound combined with                       
mammography was higher than single ultrasound 
and mammography, which was in line with previous 
studies (33, 34). 

In conclusion, ultrasound combined with         
mammography showed high diagnostic efficiency in 
breast cancer with different clinical and pathological 
features, and is worthy for clinical promotion. 
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