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Abstract. Diagnostic value of ultrasound (US) and magnetic 
resonance imaging (MRI) in breast cancer were investigated. 
One hundred and forty breast cancer patients diagnosed in 
Heping Hospital Affiliated to Changzhi Medical College 
from June 2016 to June 2018 were collected, used as breast 
cancer group, 80 patients with benign breast tumor in the 
same period were the benign group. Pathological results were 
used to compare the diagnostic coincidence of US and MRI 
in breast cancer patients. The positive expression case rates of 
estrogen receptor and progesterone receptor were significantly 
higher in breast cancer group than those in benign group, but 
that of human epidermal growth factor receptor 2 (Her-2) was 
significantly lower in breast cancer group than that in benign 
group (all P<0.05). The sensitivity (SEN) of MRI alone and 
that of US combined with MRI were higher than that of US 
alone (P<0.05). The specificity (SPE) of MRI alone was lower 
than that of US alone and US combined with MRI (P<0.05). 
The NPV of US combined with MRI was significantly higher 
than that of US alone (P<0.05). The Youden index (YI) of 
US combined with MRI was significantly higher than that of 
US alone and MRI alone. In the diagnosis of N2, that of US 
combined with MRI was significantly higher than those of US 
alone and MRI alone (P<0.05). In stages of M0 and M1 among 
three methods, those of MRI alone and US combined with 
MRI were higher than that of US alone (P<0.05). US combined 
with MRI for the diagnosis of breast cancer has higher SEN 
and SPE, with better accuracy rate for the identification of 
each stage. Reducing the incidence of missed diagnosis and 
misdiagnosis that may be caused by single diagnosis and 

treatment, it is conducive to clinical screening and guiding 
clinical symptomatic treatment.

Introduction

Breast cancer is a gynecological malignant tumor caused by 
hormone secretion imbalance, nutritional imbalance, viral 
stimulation, radiation factors and genetic background (1). As 
social life rhythm accelerates and working methods change, 
the incidence of breast cancer has increased year by year, 
which has already ranked first in the incidence of female 
malignant tumors, seriously threatening women's physical and 
mental health. The clinical manifestations of breast cancer 
are mainly orange-like changes in the skin and contour of the 
breast, with lumps in the breast, nipple discharge and swollen 
lymph nodes (2). Its early cure rate is extremely high, so early 
detection and early diagnosis are very important for its prog-
nosis. Moreover, different stages of breast cancer are treated 
differently. Therefore, the accurate diagnosis of different 
stages is also very important for breast cancer treatment. With 
the development and improvement of imaging technologies 
such as ultrasound (US) and magnetic resonance imaging 
(MRI), imaging methods have played an increasingly impor-
tant role in the diagnosis of breast cancer (1,3). At present, 
TNM staging is the main staging method of breast cancer (4). 
Currently, physical means, physical examination and molyb-
denum palladium are mainly used for staging clinically, with 
not enough sensitivity (5). Both US and MRI are commonly 
used imaging methods for the early diagnosis and staging of 
breast cancer. There are studies on the clinical value of MRI 
combined with US in the diagnosis of breast cancer staging, 
but most studies are on T staging, with few studies on N and 
M staging (6,7). Therefore, in this study, the diagnostic value 
of US combined with MRI in the T, N and M staging of breast 
cancer was analyzed, in order to provide a more effective, 
sensitive and accurate detection program for the early diag-
nosis and accurate staging, improving the efficacy of patients' 
subsequent treatment and the prognoses.

Patients and methods

Research subjects. A total of 140 breast cancer patients diag-
nosed in Heping Hospital Affiliated to Changzhi Medical 
College (Changzhi, China) from June 2016 to June 2018 were 
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collected, studied as the breast cancer group, 80 patients with 
benign breast tumor treated in Heping Hospital Affiliated to 
Changzhi Medical College in the same period were the benign 
group. Tumor size, breast cancer classification and other tumor 
lesions and the diagnosis of breast cancer are subject to patho-
logical results. Inclusion criteria of the breast cancer group 
were: those confirmed as breast cancer by pathology; females 
>18 years old; those who signed the informed consent form. 
Exclusion criteria of the breast cancer group were: those with 
severe fungal bacterial virus infections; those with other severe 
basic diseases such as heart, liver and kidney; those with mental 
illness and mental disorders; MRI and US contraindications; 
pregnant or lactating women; those with incomplete clinical 
data; those unsatisfied with US and MRI examination images 
acquired; those with incomplete pathological histological 
data; those who had received any breast cancer-related treat-
ment within 3 months. Inclusion criteria of the benign group 
were: those with clinical symptoms such as painless lump, 
nipple discharge and nipple change; those diagnosed as benign 
breast tumor by pathology and clinical palpation; females 
>18 years old; those who signed the informed consent form. 
Exclusion criteria of the benign group were: those with severe 
fungal bacterial virus infections; those with other severe basic 
diseases such as heart, liver and kidney; those with mental 
illness and mental disorders; MRI and US contraindications; 
pregnant or lactating women; those with incomplete clinical 
data; those unsatisfied with US and MRI examination images 
acquired; those with incomplete pathological histological 
data. This study has been approved by the Ethics Committee 
of Heping Hospital Affiliated to Changzhi Medical College.

Examination time. The breast lump tissue was surgically 
resected for pathological examination, and US and MRI 
were performed at 1 week before operation. US, MRI and the 
combination of the two were used to confirm the diagnosis of 
breast cancer, and then the TNM staging was perform of the 
confirmed pathology.

US examination. The Antares US diagnostic apparatus 
(Beijing Oriental Mairun Medical Devices Co., Ltd., Beijing, 
China) has a probe frequency of 8-15 MHz. The two-dimen-
sional US was used to first investigate the shape, size, margin, 
internal posterior echo and internal calcification of the lesion 
for judging benign and malignant according to the BI-RADS 
standard. The Color Doppler Flow Imaging (CDFI) was used 
to observe the blood flow distribution inside and around the 
lesion, with a blood flow resistance index (RI) of malignant 
lesions of ≥0.70. Either the two-dimensional US or CDFI 
detected the lesion as malignant and that was diagnosed as 
breast cancer.

MRI examination. A 5T magnetic resonance scanner (Shenzhen 
Siemens Magnetic Resonance Co., Ltd., Shenzhen, China) 
and a bilateral breast surface coil were used in MRI, with a 
contrast agent as gadodiamide injection (Shanghai General 
Electric Pharmaceutical Shanghai Co., Ltd., Shanghai, China; 
SFDA approval number: J20140164). MRI scan was used to 
observe the shape, margin and internal structure of the tumor, 
and breast cancer scan showed more lobulated or burr signs. 
The low signal of T1WI and high signal of T2WI, with uneven 

internal signal, were the enhanced performance of the ‘mesh’ 
or ‘island’ MRI enhanced scanning for observing the tumor. 
The breast cancer lump showed a ring-enhanced change.

TNM staging. The breast lump tissue was surgically resected 
for pathological examination, and breast cancer was staged 
according to the TNM staging (8). The T staging is mainly 
based on tumor size, N staging on the swollen regional lymph 
node and metastasis, and M staging on the distant metastasis 
of the tumor. The criteria of T, N and M staging are shown in 
Table Ⅰ.

Comparison indicators. Pathological results were used as the 
gold standard to compare the diagnostic coincidence of US and 
MRI in breast cancer patients in different stages of T, N and 
M. The sensitivity (SEN), specificity (SPE), negative predic-
tive value (NPV), positive predictive value (PPV) and Youden 
index (YI) of each group were compared. YI = SEN + SPE - 1.

Statistical analysis. SPSS19.0 software system (IBM, SPSS, 
Chicago, IL, USA) was used for data analysis. Measurement 
data were expressed as mean ± SD and tested by t-test. Count 
data were expressed as % and tested by Chi-square test. The 
level of significance is α=0.05.

Results

General clinical data of patients. There was no difference 
between breast cancer group and benign group in general 
clinical data such as age, menopausal status, lesion size and 
number and tumor site (P>0.05), but significant differences 
in the expression of estrogen receptor (ER), progesterone 

Table I. Criteria of T, N and M staging.

Staging	 Tumor conditions

T staging
  Tis in situ carcinoma	 No palpable lump in the breast
  T1	 Maximum diameter of tumor: <2 cm
  T2	 Maximum diameter of tumor: 2-5 cm
  T3	 Maximum diameter of tumor: >5 cm
  T4	 Regardless of tumor size, it has
	 already invaded the chest wall or skin
N staging
  N0	 No palpable regional lymph node
  N1	 Ipsilateral axillary lymph nodes 
	 swollen with activity
  N2	 Ipsilateral axillary lymph nodes 
	 swollen, fused to each other and 
	 even adhered to other tissues
  N3	 Ipsilateral internal mammary 
	 lymph nodes with metastasis
M staging
  M0	 No distant metastasis
  M1	 Distant metastasis including lymph
	 node metastasis on ipsilateral clavicle
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receptor (PR) and human epidermal growth factor receptor 2 
(Her-2). The positive expression case rates of ER and PR were 
significantly higher in breast cancer group than those in benign 
group, but that of Her-2 was significantly lower in breast cancer 
group than that in benign group (all P<0.05) (Table Ⅱ).

Comparison of breast cancer diagnosis between US and MRI. 
Among 140 patients diagnosed as breast cancer by pathology, 
107 patients were diagnosed by US, 125 patients by MRI and 
129 patients by US combined with MRI (+). Specific results are 
shown in Table Ⅲ. The SEN of MRI alone was not different 
from that of US combined with MRI (P>0.05), but that of MRI 
alone and US combined with MRI was higher than that of US 
alone (P<0.05). The SPE of US alone was not different from 
that of US combined with MRI (P>0.05), but that of MRI 
alone was lower than that of US alone and US combined with 
MRI (P<0.05). The difference in the PPV among the three 
methods was not statistically significant (P>0.05). The NPV of 
US alone and US combined with MRI was not different from 
that of MRI alone (P>0.05). The NPV of US combined with 
MRI was significantly higher than that of US alone (P<0.05). 

The YI of US combined with MRI was significantly higher 
than that of US alone and MRI alone, and that of US alone was 

Table II. General clinical data of patients.

	 Breast cancer	 Benign group
Clinical data	 group (n=140)	 (n=80)	 χ2 value	 P-value

Age	 35.34±16.54	 32.13±13.24	   1.577	 0.117
Menstrual status [n (%)]			     2.020	 0.155
  Before menopause	 110 (78.57)	 56 (70.00)
  After menopause	   30 (21.43)	 24 (30.00)
Lesion size (cm)	 0.42-5.44	 0.59-5.22	   0.229	 0.819
Lesion number [n (%)]			     7.356	 0.007
  Single lesion	 74 (52.86)	 56 (70.00)
  Multiple lesions	 66 (47.14)	 24 (30.00)
Tumor site			     0.094	 0.759
  Left breast	 74 (52.86)	 44 (55.00)
  Right breast	 66 (47.14)	 36 (45.00)
ER			   36.780	 <0.001
  Negative	 49 (35.00)	 62 (77.50)
  Positive	 91(65.00)	 18 (22.50)
PR			     6.890	 0.009
  Negative	 60 (42.86)	 49 (61.25)
  Positive	 80 (57.14)	 31 (38.75)
Her-2			   55.210	 <0.001
  Negative	 92 (65.71)	 11 (13.75)
  Positive	 48 (34.29)	 69 (86.25)
Pathological classification [n (%)] 			   -	 -
(WHO classification criteria for breast cancer)
  Invasive ductal carcinoma	 32 (22.86)	 -
  Intraductal carcinoma	 20 (14.29)	 -
  Medullary carcinoma	 5 (3.57)	 -
  Papillary carcinoma	 36 (25.71)	 -
  Simple carcinoma	 33 (23.57)	 -
  Apocrine carcinoma	 14 (10.00)	 -

Table III. Results of US, MRI and pathology for breast cancer 
diagnosis.

US/MRI	 Pathology	 Pathology
detection results	 results (+)	 results (-)	 Total

US (+)	 107 	 17 	 124 
US (-)	   33	 63 	   96
Total	 140	 80	 220
MRI (+)	 125 	 29	 154 
MRI (-)	   15	 51	   66
Total	 140	 80	 220
US combined with MRI (+)	 129 	 13	 142
US combined with MRI (-)	   11	 67	   78
Total	 140	 80	 220
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not significantly different from that of MRI alone (Fig. 1 and 
Table Ⅳ).

Comparison of T staging diagnosis of breast cancer between 
US and MRI. The evaluation of T staging and pathology of 
140 patients before operation was compared among US, MRI 
and US combined with MRI. The results showed that the 
difference in the diagnosis of T1 and T3 among three methods 
was not statistically significant (P>0.05), with coincidence 
rates of 100% in the evaluation of T4. In the diagnosis of T2, 
the coincidence rates of MRI alone and US combined with 
MRI were significantly higher than that of US alone (P<0.05), 
and that of MRI alone was not significantly different than that 
of US combined with MRI (P>0.05) (Table Ⅴ).

Comparison of N staging diagnosis of breast cancer between 
US and MRI. The evaluation of N staging and pathology of 
140  patients before operation was compared among US, 
MRI and US combined with MRI. The results showed that 
the difference in N1 and N3 among three methods was not 
statistically significant (P>0.05). In the evaluation of N0, the 
coincidence rates of MRI alone and US combined with MRI 
were higher than that of US alone (P<0.05), and that of MRI 
alone was not different than that of US combined with MRI 
(P>0.05). In the diagnosis of N2, that of US combined with 
MRI was significantly higher than those of US alone and MRI 
alone (P<0.05), and that of MRI alone was not significantly 
different than that of US alone (P>0.05) (Table Ⅵ).

Comparison of M staging diagnosis of breast cancer between 
US and MRI. The evaluation of M staging and pathology of 
140 patients before operation was compared among US, MRI 

and US combined with MRI. The results showed that in stages 
of M0 and M1 among the three methods, the coincidence 
rates of MRI alone and US combined with MRI were higher 
than that of US alone (P<0.05), and that of MRI alone was 
not significantly different from that of US combined with MRI 
(P>0.05) (Table Ⅶ).

Discussion

In recent years, as its incidence occurs at younger age and 
mortality has gradually increased, breast cancer has become 
the number one killer threatening female health (9,10). Clinical 
features of early breast cancer are atypical, with high misdi-
agnosis and missed diagnosis rates, so most of breast cancer 
patients are in the advanced stage when diagnosed. At present, 
there is no clear and effective primary prevention method. 
Therefore, the early detection and accurate preoperative 
staging and treatment of breast cancer are crucial to improve 
the prognosis (11,12). Many studies have been reported on the 
value of US combined with MRI detection in breast cancer 
staging, but most of them only focus on T staging and diag-
nosis efficiency, few only on N and M staging (13). Therefore, 
in this study, the diagnostic value of US combined with MRI 
in the T, N and M staging of breast cancer was analyzed, in 
order to provide a more effective, sensitive and accurate detec-
tion program for the early diagnosis and accurate staging, 
improving the efficacy of patients' subsequent treatment and 
the prognoses.

The positive expression case rates of ER and PR were 
significantly higher in breast cancer group than those in benign 
group, but that of Her-2 was significantly lower in breast 
cancer group than that in benign group. This is consistent with 
the findings of Li et al (14), in the study of ER, PR and HER-2 
expression in breast cancer and their relationship with tumor 
staging and lymph node metastasis. ER, PR and HER-2 are 
important indicators for judging the prognosis of the patient.

In the evaluation of breast cancer T staging, US, MRI and 
US combined with MRI had coincidence rates of 100% in 
the evaluation of T4. The coincidence rates of MRI alone and 
US combined MRI in the diagnosis of T2 were significantly 
higher than that of US alone, with no statistically significant 
difference in other stages. The accuracy of MRI and US for 
tumor lesion and tumor size in newly diagnosed non-high-risk 
breast cancer patients was compared by Segara et al (15). The 

Table IV. Comparison of SEN, SPE, PPV and NPV among 
groups.

Detection	 US	 MRI	 US combined
indicators	 (%)	 (%)	 with MRI (%)	 χ2 value	 P-value

SEN	 76.43	 89.29a	 92.14a	 16.25	 <0.001
SPE	 78.75	 63.75a	 83.75b	 9.349	 <0.001
PPV	 86.29	 81.17	 90.85	 5.746	 0.057
NPV	 65.63	 77.27	 85.90a	 9.709	 0.008
YI	 55.18	 53.04	 75.89	 -	 -

aP<0.05 compared with US. bP<0.05 compared with MRI.

Figure 1. The SEN of MRI alone was not different from that of US combined 
with MRI (P>0.05), but that of MRI alone and US combined with MRI was 
higher than that of US alone (P<0.05). The SPE of US alone was not dif-
ferent from that of US combined with MRI (P>0.05), but that of MRI alone 
was lower than that of US alone and US combined with MRI (P<0.05). The 
difference in the PPV among three methods was not statistically significant 
(P>0.05). The NPV of US alone and US combined with MRI was not dif-
ferent from that of MRI alone (P>0.05). The NPV of US combined with 
MRI was significantly higher than that of US alone (P<0.05). The YI of 
US combined with MRI was significantly higher than that of US alone and 
MRI alone, and that of US alone was not significantly different from that of 
MRI alone. *P<0.05, with the same diagnostic efficacy indicator, compared 
with US; #P<0.05, with the same diagnostic efficacy indicator, compared 
with MRI.
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results have shown that the difference in tumor size is not 
significant between MRI and pathological findings. Among 
molybdenum palladium, US and MRI, breast cancer size 
is the most accurate when measured by MRI  (15). In the 
evaluation of breast cancer N staging, the coincidence rates 
of MRI alone and US combined with MRI were higher than 
that of US alone in the evaluation of N0. In the diagnosis of 
N2, that of US combined with MRI was significantly higher 
than those of US alone and MRI alone. In stage N2, the 
ipsilateral axillary lymph nodes of breast cancer patients were 
swollen, fused to each other and even adhered to other tissues. 
Therefore, the key point in the examination is to judge the 
breast lymph node metastasis and the organ invasion around 
the breast. MRI soft tissue has high resolution and high field 
NMR. It can be multi-sequence and multi-angle imaging, 
more accurate for observing breast lymph nodes and breast 
circumference. Nevertheless, there are still some difficulties 
in identifying smaller lymph nodes. After the use of developer, 

identifying the site and shape of the primary lesion, US can 
also evaluate the obvious contrast effect between the strong 
echogenic surface produced by ultrasound shadow agent 
and the breast structure and the tissue around the breast, 
so as to significantly improve the image quality and better 
observe breast conditions. However, the axillary lymph in the 
stage of N2 fuse with each other and even adhere to other 
tissues, causing a certain degree of interference to acoustic 
shadow, so US examination has certain difficulties (16,17). 
In stages of M0 and M1 among the three methods, the 
coincidence rates of MRI alone and US combined with MRI 
were higher than that of US alone, and that of MRI alone 
was not significantly different from that of US combined 
with MRI. Clearly displaying the local irregular thickening 
of the breast, MRI can determine whether there is tumor 
invasion and liver metastasis outside the breast, and tumor 
recurrence. US for observing the hierarchical structure of the 
breast can determine the depth of lesion invasion and lymph 

Table V. Results of breast cancer T staging in US and MRI.

Pathological	 US consistent with	 MRI consistent with	 US combined with MRI consistent
T staging	 pathology, n (%)	 pathology, n (%)	 with pathology, n (%)	 χ2 value	 P-value

T1 (n=13)	 7 (53.85)	 10 (76.92)	 11 (84.62)	   3.292	 0.193
T2 (n=72)	 50 (69.44)	 62 (86.11)a	 64 (88.89)a,b	 10.550	 0.005
T3 (n=44)	 39 (88.64)	 42 (95.45)	 43 (97.73)	   4.827	 0.090
T4 (n=11)	 11 (100.00)	 11 (100.00)	 11 (100.00)	 -	 -
Total (n=140)	 107 (76.43)	 125 (89.29)a	 129 (92.14)a,b	 16.250	 <0.001

aP<0.05 compared with US in the same T staging. bP<0.05 compared with MRI in the same T staging.

Table VI. Results of breast cancer N staging in US and MRI.

Pathological	 US consistent with	 MRI consistent with	 US combined with MRI consistent
T staging	 pathology, n (%)	 pathology, n (%)	 with pathology, n (%)	 χ2 value	 P-value

N0 (n=75)	 60 (80.00)	 69 (92.00)a	 69 (92.00)a	   4.485	 0.034
N1 (n=37)	 30 (81.08)	 32 (86.49)	 34 (91.89)	   1.850	 0.397
N2 (n=20)	 13 (65.00)	 17 (85.00)	 19 (95.00)a	   6.234	 0.044
N3 (n=8)	 4 (50.00)	 7 (87.50)	 7 (87.50)	   4.200	 0.135
Total (n=140)	 107 (76.43)	 125 (89.29)a	 129 (92.14)a	 16.250	 <0.001

aP<0.05 compared with US in the same N staging.

Table Ⅶ. Results of breast cancer M staging in US and MRI.

Pathological	 US consistent with	 MRI consistent with	 US combined with MRI consistent
T staging	 pathology, n (%)	 pathology, n (%)	 with pathology, n (%)	 χ2 value	 P-value

M0 (n=124)	   98 (79.03)	 111 (89.52)a	 114 (91.94)a	 10.200	 0.006
M1 (n=16)	     9 (56.25)	   14 (87.50)a	   15 (93.75)a	   7.832	 0.020
Total (n=140)	 107 (76.43)	 125 (89.29)a	 129 (92.14)a	 16.250	 <0.001

aP<0.05 compared with US in the same M staging.
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node metastasis around the breast, but it may be difficult to 
distinguish when ulcer or tumor lesions occur (18,19).

In summary, US combined with MRI for the diagnosis of 
breast cancer has higher SEN and SPE, with better accuracy 
rate for the identification of each stage. Reducing the incidence 
of missed diagnosis and misdiagnosis that may be caused 
by single diagnosis and treatment, it is conducive to clinical 
screening and guiding clinical symptomatic treatment and 
worthy of clinical promotion.
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