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Abstract: This study aims to evaluate the diagnostic value of dynamic contrast-enhanced magnetic resonance imag-
ing (DCE-MRI) and ultrasonography (US) for differentiating breast benign and malignant lesions. The study included 
a total of 105 patients with breast lesions who received DCE-MRI and US examinations in the First Affiliated Hos-
pital of Hebei North University from September 2013 to December 2015. More than two experienced radiologists 
who were double-blinded before surgery assessed the images from DCE-MRI and US jointly. In accordance with 
the Breast Imaging Reporting and Data System (BI-RADS), lesions were evaluated in order to differentiate between 
breast benign and malignant lesions. A Receiver operating characteristic (ROC) curve was used to assess the diag-
nostic value of DCE-MRI, US and DCE-MRI + US in differentiating between breast benign and malignant lesions. A 
total of 125 breast lesions were detected in 105 patients. The pathological diagnosis results criteria showed that 
there were 52 (41.6%) benign lesions and 73 (58.4%) malignant lesions. According to the ROC results, there were 
misdiagnoses by US; category 4 in BI-RADS scoring was considered as the optimal threshold to differentiate be-
tween benign lesions from malignant lesions. The area under the curve (AUC) of US, DCE-MRI and the combination 
of DCE-MRI and US (DCE-MRI + US) was 0.849 (95% CI = 0.781~0.918; P < 0.001), 0.915 (95% CI = 0.862~0.968; 
P < 0.001) and 0.938 (95% CI = 0.893~0.983; P < 0.001), respectively; the accuracy rate of DCE-MRI for diag-
nosing malignant lesions was higher than that of US (94.4% vs. 76.7%, P = 0.043); and sensitivity was highest in 
DCE-MRI + US, followed by DCE-MRI and US individually (97.3%, 90.4%, and 76.7%). Our study suggests that a 
combination of DCE-MRI and US is more efficient for the diagnosis and differentiation of breast lesions than DCE-
MRI or US individually.
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Introduction

Breast cancer, the leading type of cancer 
among women of all ages worldwide, causes 
approximately 1.68 million cases and 522,000 
deaths in 2012 [1]. Patients suffering from 
breast cancer in developed countries have a 
higher survival rate, with 80-90% of the patients 
in England and United States surviving for at 
least 5 years; whilst the survival rates are poor-
er in developing countries [2, 3]. Surgery is the 
main course of treatment for early-stage breast 
cancers, and the goal being to completely 
excise the tumor and achieve adequate safe 

margins [4-6]. Multiple methods have been 
suggested to optimize the margin clearance, 
including preoperative imaging and intraopera-
tive surgical techniques [7]. Early detection of 
breast cancer is trivial for improved outcomes 
and will popularize the application of breast 
cancer screening, referring to testing healthy 
women in an attempt to achieve an earlier diag-
nosis for breast cancer [8-10]. Various screen-
ing tests including clinical exams, breast self-
exams, mammography, genetic screening, ul- 
trasonography (US), and magnetic resonance 
imaging (MRI) have been employed to achieve 
earlier diagnosis of breast cancer [11, 12]. 
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However, clinical and breast self-exams are not 
always effective as lumps have to be large 
enough to be detected which further takes sev-
eral years [10]. 

US, an ultrasound-based diagnostic imaging 
technique used to reveal structural details of 
the arteries programmed to search for blood, is 
particularly beneficial in young women for 
detection of breast tumor [13]. MRI, an increas-
ingly popular tool for the examination of breast 
cancer tissues, and moreover is highly sensi-
tive because of the application of contrast 
enhancement material compared to US [14]. 
However, several studies have supported that 
MRI and US sensitivity is still inferior to dynamic 
contrast-enhanced MRI (DCE-MRI) [15-18]. 
DCE-MRI is an imaging method, dynamically 
acquiring T1-weighted MRI scans after the 
injection of MRI contrast agents [19]. DCE-MRI 
enables the analysis of blood vessels obtained 
from brain tumors, with the contrast agent 
being blocked by the regular blood-brain bar- 
rier but observable in blood vessels [19]. DCE-
MRI has been applied as an accurate technique 
for detection and delineating some invasive 
and in situ cancers, such as breast cancer, cer-
vical carcinoma, colorectal cancer, prostate 
cancer, nasopharyngeal carcinoma, etc. [20-
24]. It is reported that US lacks the potential to 
replace conventional US for detection of breast 
cancer, although it may complement the diag-
nostic performance of breast lesions [25]. 
Another study has proposed that DCE-MRI has 
emerged as an important imaging tool instead 
of conventional X-ray mammography because 
of its high detection sensitivity, whilst the spe- 
cificity is low in distinguishing breast malig- 
nant from benign lesions [26]. In regard to the 
clarifications above, the optimal way for the 
diagnosis of breast malignant and benign 
lesions is still unknown despite the achieve-
ments made by some studies on this aspect. 
Therefore, this study aims to evaluate the diag-
nostic value of DCE-MRI and US for differentiat-
ing between breast benign and malignant 
lesions.

Materials and methods

Ethics statement

The Ethics Committee of The First Affiliated 
Hospital of Hebei North University approved 
this study. All participants provided written in- 

formed consent before the experiments, and 
the study conformed to the Declaration of 
Helsinki [27].

Study subjects

A total of 105 patients with breast lesions (age, 
24~74 years old; with a mean age of 57.6 ± 
15.6 years) were collected from The First 
Affiliated Hospital of Hebei North University 
from September 2013 to December 2015. A 
total of 125 lesions were detected amongst  
the patients. All patients underwent DCE-MRI 
and US examinations for bilateral breasts, and 
none of the patients received any anti-tumor 
therapies, such as chemotherapy, radiothera-
py, endocrine therapy, etc. before examina-
tions. Eventually, all patients received surgical 
treatment and had confirmed pathological 
results.

DCE-MRI and US examinations

A SIEMENS Magnetom Avanto 1.5-T supercon-
ducting MRI scanner (Siemens Ltd, Erlangen, 
Germany) and a bilateral dedicated breast sur-
face coil were applied for DCE-MRI scans. All 
subjects were in the prone position, with their 
bilateral breasts naturally drooping into the 
coil. T1 high resolution isotroPic volume exci- 
tation (THRIVE) sequence was used, and ga- 
dolinium-diethylenetriamine penta-acetic acid 
(Gd-DTPA) was utilized as the contrast agent, 
which was injected into a forearm vein with  
the help of a high pressure injector at a rate 
and dosage of 2 ml/s and 0.1 mmol/kg (body 
weight) respectively, followed by a 0.9% so- 
dium chloride solution (20 ml) injection at the 
same rate in order to irrigate the catheter. Prior 
to the contrast agent injections, subjects were 
scanned once, subsequently the contrast agent 
was injected at 40 s after scanning, and scan-
ning was continuously repeated 8 times. 

A Philips HD-11 ultrasonic color Doppler diag-
nostic apparatus (Philips, Andover, MA, USA) 
was used for breast US scanning, with a probe 
frequency of 7.5~10.0 MHz. The patients were 
in the supine position to fully expose the 
breasts. Radial inspection was conducted with 
the probe on the surface of the breasts to 
determine the conditions of the lesions, includ-
ing the location, size, morphology, boundary, 
capsule, internal echo and posterior echo. Ob- 
servations were made in order to check for the 
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Table 1. Basic characteristics of the 125 lesions in the 
105 patients

Index Lesion number 
(n = 125)

Percentage 
(%)

Age (years old)
    ≤ 50 47 37.6
    > 50 78 62.4
Clinical symptoms
    Mass 92 73.6
    Non-mass 33 26.4
    Benign lesion 52 41.6
    Breast adenosis 32 25.6
    Mammary gland fibroma 12 9.6
    Lipoma 3 2.4
    Mammary cysts 2 1.6
    Plasma cell mastitis 5 4
    Malignant lesion 73 58.4
    Breast cancer 33 26.4
    Infiltrating lobular carcinoma 6 4.8
    Intraductal carcinoma 15 12
    Other cancers 19 15.2
Tumor size
    ≤ 2 cm 74 59.2
    > 2 cm 51 40.8

presence of calcification within the mass and 
dilation of the catheter, whether it was solid or 
cystic, and whether swelling happened in axil-
lary lymph nodes. 

Imaging analysis and diagnostic criteria of 
DCE-MRI and US examinations

More than two experienced radiologists who 
were double-blinded in The First Affiliated 
Hospital of Hebei North University before sur-
gery assessed the images from DCE-MRI and 
US examinations jointly. The contents for 
lesions evaluation included the following: mor-
phology, size, number, boundary, capsule, dis-
tribution, bloodstream, axillary lymph nodes, 
density/signal change and curve type, etc. 
Breast Imaging Reporting and Data System 
(BI-RADS) judged whether a lesion was benign 
or malignant comprehensively, together with 
the diagnostic outcomes and pathological 
results of DEC-MRI and US imaging. The cla- 
ssification of BI-RADS-US criteria was made 
according to the lesion morphology, aspect 
ratio, boundary, edge, posterior echo, changes 
in surrounding tissues, calcification, and the 
internal bloodstream as benign lesions (catego-

ries 0~3) and malignant lesions (catego-
ries 4~6) [28]. The BI-RADS-DCE-MRI 
assessments were made as follows: 1) 
regular lesion morphology (score, 0) or 
irregular lesion morphology or with burr 
(score, 1); 2) clear boundary (score, 0) or 
unclear boundary (score, 1); 3) homoge-
neous enhancement (score, 0), inhomo-
geneous enhancement (score, 1), or 
annular enhancement (score, 2); 4) the 
rate of early enhancement (REE) was the 
comparison between the image signal 
intensity (SI) at 1 min after the injection  
of contrast agent (Smax1) and the SI be- 
fore radiography, and REE (%) = (Smax1 - 
Spre)/Spre × 100%, with score 0 for < 50%, 
1 for 50%~100%, and 2 for > 100%; 5) 
time-intensity-curve (TIC) types of interest 
zone were classified into type I (score, 0; 
the curve showed a continuous increase, 
and the peak enhancement appeared 
after 6 min), type II (score, 1; the curve 
raised rapidly, the peak enhancement 
was appeared between 4~6 min, and the 
range of increase or decrease was within 
the 10% of peak intensity), and type III 
(score, 2; the peak enhancement was 
appeared between 2~4 min, followed by 

an obvious decrease, with a decrease range 
above the 10% of peak intensity) [30, 31]. 
According to BI-RADS-DCE-MRI, the scores 
were categorized as follows: category 1 (score, 
0~1), category 2 (score, 2), category 3 (score, 
3), category 4 (score, 4~5), and category 5 
(score, 6~8); and the lesions were determined 
as benign lesions (category 0~3) or malignant 
lesions (category 4~5).

Statistical analysis

Statistical analysis was performed using the 
SPSS 19.0 software (SPSS Inc., Chicago, IL, 
USA). Enumeration data was presented as per-
centage or rate, and compared using the chi-
square test between groups. Measurement 
data was presented as mean ± standard de- 
viation. The Receiver operating characteristic 
(ROC) curve, based on the sensitivity and false 
positive rate of DCE-MRI and US, was used in 
order to compare the area under the curve 
(AUC) and determine the optimal diagnostic 
threshold value (the point value that was clos-
est to the upper left corner). All P values were 
two-tailed, and P < 0.05 was considered as sta-
tistically significant.
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Figure 1. Diagnostic results of DCE-MRI for patients with breast lesions. A: DCE-MRI result of a patient’s right breast 
showed lesions in the outer upper quadrant, which were mass-like after enhancement, and presented irregular 
morphology, unclear boundary and burr at the edge. B: DCE-MRI radiograph of a left breast lesion showed non-
mass like (flake-shape) after enhancement, and presented irregular morphology, unclear boundary and surrounding 
burr, accompanied with obvious nipple retraction, surrounding mammary areola and thickened skin with obvious 
enhancement. DCE-MRI: dynamic contrast-enhanced magnetic resonance imaging. 

Results

Baseline characteristics and pathological 
results of patients with breast lesions

All 105 patients were female, aging from 24  
to 74 years old, with a calculated mean age  
of 57.6 ± 15.6 years. A total of 125 lesions 
were detected; among them, 92 clinically pre-
sented mass lesions (73.6%), and 33 cases 
demonstrated non-mass lesions (26.4%). Pos- 
toperative pathological results revealed 52 
cases of benign lesions (41.6%), which includ-
ed 32 cases of breast adenosis (25.6%), 12 
cases of mammary gland fibroma (9.6%), 3 
cases of lipoma (2.4%), 2 cases of mammary 
cysts (1.6%), and 5 cases of plasma cell masti-
tis (4.0%), and 73 cases of malignant lesions 
(58.4%), among which, there were 33 cases of 
breast cancer, 6 cases of infiltrating lobular car-
cinoma (ILC), 15 cases of intraductal carcino-
ma and 19 cases of other cancers (Table 1).

Diagnostic results of DCE-MRI and US of pa-
tients with breast lesions

Among the 73 cases of pathologically con-
firmed malignant breast lesions, DCE-MRI  

diagnosed 42 lesions with malignant mass- 
like enhancement (Figure 1A), and 31 lesions 
with non-mass like enhancement (Figure 1B), 
with distributed in flake-, irregular-, nodular- or 
section shape. Among the 52 cases of patho-
logically confirmed benign breast lesions, DCE-
MRI revealed 38 regularly shaped nodules or 
masses, and 14 irregularly-and flake-shap- 
ed enhancements; 35 lesions showing clear 
boundary while 17 lesions presenting unclear 
boundaries.

In the diagnostic results of US in 73 malignant 
breast lesions, 3 infiltrating ductal carcinomas 
were misdiagnosed as benign lesions (cate- 
gory 3) due to regular morphology and clear 
boundary (Figure 2A); 3 breast adenocarcino-
mas were misdiagnosed as benign lesions  
(category 2) because of combined cystic hy- 
perplasia, and the US scan merely detected 
cysts instead of malignant lesions (Figure  
2B); 4 intraductal carcinomas accompanied 
with early infiltration did not show any lesions. 
In the diagnostic results of US in 52 benign 
breast lesions, 2 fibroadenomas and 1 cystic 
hyperplasia were misdiagnosed as malignant 
lesions (category 4) because of irregular mor-
phology and the aspect ratio < 1; 2 intraductal 



Diagnostic value of DCE-MRI and US scans for breast lesions

12874 Int J Clin Exp Med 2017;10(8):12870-12879

Figure 2. Diagnostic results of US for patients with breast lesions. A: US imaging of a patient’s right breast showed 
regular morphology and clear boundary, which was misdiagnosed as category 3 according to BI-RADS-US. B: US 
imaging of a patient’s right breast showed irregular morphology and unclear boundary, which was misdiagnosed 
as category 2 according to BI-RADS-US. BI-RADS: Breast Imaging Reporting and Data System, US: ultrasonography.

Figure 3. ROC curves of DCE-MRI, US and DCE-MRI + US in diagnosing be-
nign breast lesions and malignant breast lesions. ROC: receiver operating 
characteristic; DCE-MRI, dynamic contrast-enhanced magnetic resonance 
imaging; US, ultrasonography.

papillomas were misdiagnosed as malignant 
lesions (category 5) due to irregular morpho- 
logy and abundant blood flow signal; and 2 cys-
tic hyperplasia did not show any lesions.

ROC curves of DCE-MRI, US 
and DCE-MRI + US in dif-
ferentially diagnosing benign 
lesions and malignant lesions

The ROC curves of DCE-MRI, 
US and DCE-MRI + US in dif- 
ferentially diagnosing benign 
breast lesions and malignant 
breast lesions are displayed in 
Figure 3. The AUC of DCE-MRI, 
US and the DCE-MRI + US were 
0.915 (95% CI = 0.862~0.968, 
P < 0.001), 0.849 (95% CI = 
0.781~0.918, P < 0.001), and 
0.938 (95% CI = 0.893~0.983; 
P < 0.001), respectively. The 
results revealed that the diag-
nostic value of DCE-MRI was 
superior to US, and the diag-
nostic value of the DCE-MRI + 
US was superior to DCE-MRI 
individually or US individually 
(as seen in Table 2).

Comparison of diagnostic 
value among DCE-MRI, US and DCE-MRI + US

Examination results of 73 cases of malignant 
lesions showed there were 66 cases of ma- 
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Table 2. Comparison in ROC curves of DCE-MRI, US and 
DCE-MRI + US in differentially diagnosing benign breast 
lesion and malignant breast lesion
Examination methods AUC SE P 95% CI
DCE-MRI 0.915 0.027 < 0.001 0.862~0.968
US 0.849 0.035 < 0.001 0.781~0.918
DCE-MRI + US 0.938 0.023 < 0.001 0.893~0.983
Notes: ROC, receiver operating characteristic; AUC, area under the 
curve; SE, standard error; 95% CI, 95% confidence interval; DCE-
MRI, dynamic contrast-enhanced magnetic resonance imaging; US, 
ultrasonography.

Table 3. Comparison of diagnostic value of DCE-MRI, US 
and DCE-MRI + US

Index Pathology
Category Sensitivity 

(%)0 1 2 3 4 5
DCE-MRI Malignant 1 6 11 25 8 1 90.4

Benign 1 4 1 3 16 48

US Malignant 2 13 8 23 6 0 76.7

Benign 2 4 0 8 22 37

DCE-MRI + US Malignant 0 3 11 28 8 2 97.3

Benign 0 0 0 2 23 48
Notes: DCE-MRI, dynamic contrast-enhanced magnetic resonance 
imaging; US, ultrasonography.

lignant lesions and 7 cases of misdiagnosed 
benign lesions, and the accuracy rate of DCE-
MRI for diagnosing malignant lesions was 
94.4% (66/73) based on DCE-MRI; there were 
56 cases of malignant lesions and 17 cases of 
misdiagnosed benign lesions, and the accuracy 
rate of US for diagnosing malignant lesions was 
76.7% (56/73) based on US; there was signifi-
cant difference in the accuracy rate of DCE-MRI 
and US for diagnosing malignant lesions (P = 
0.043). Examination results of 52 cases of 
benign lesions showed there were 43 cases of 
benign lesions and 9 cases of misdiagnosed 
malignant lesions, and the accuracy rate of 
DCE-MRI for diagnosing benign lesions was 
82.7% (43/52) based on DCE-MRI; there were 
46 cases of benign lesions and 6 cases of mis-
diagnosed malignant lesions, and the accuracy 
rate of US for diagnosing benign lesions was 
88.5% (46/52) based on US; no significant dif-
ference in the accuracy rate of DCE-MRI and US 
for diagnosing benign lesions (P = 0.578).

According to the ROC curves, Category 4 in 
BI-RADS scoring was the optimal threshold to 
differentiate benign lesions from malignant 

lesions. Therefore, the detection re- 
sults of DCE-MRI, US and DCE-MRI + US 
with category 4 or above were deemed 
positive, and results with categories 
below 4 as negative. The results of  
DCE-MRI, US and the DCE-MRI + US 
seen in Table 3, show that the sen- 
sitivity was highest in DCE-MRI + US, 
followed by that of DCE-MRI and US 
(97.3%, 90.4%, and 76.7%).

Discussion

In the present study, we retrospectively 
analyzed the imaging data of 105 pa- 
tients with 125 breast lesions who 
underwent both DCE-MRI and US exami-
nations to determine the diagnostic 
value of DCE-MRI and US for differen- 
tiating between breast benign and ma- 
lignant lesions. Our study suggests that 
DCE-MRI with higher sensitivity was 
more valuable for the diagnosis and dif-
ferentiation of breast lesions in compari-
son to US; and the combination of DCE-
MRI and US showed greater efficacy 
than DCE-MRI or US individually.

US imaging is a cheap, real-time and non-inva-
sive imaging technique with a high soft tissue 
contrast without radiation risks, extensively 
applicable in broad fields [31]. US imaging  
contributes to visualizing anatomical features 
of breast tissues to help distinguish ma- 
lignant from benign tissues, however, tissue 
architecture usually does not provide enough 
information about the tumor, including the  
tendency to grow or metastasize [32]. With US 
technique, some breast cancers are missed or 
falsely detected [33, 34]. For US imaging, deter-
mining whether the lesion is benign or malig-
nant is judged on the behalf of the morphology 
of the lesions, however, sometimes the provid-
ed information may be inadequate to make the 
right judgment [35]. In the present study, 3 infil-
trating ductal carcinomas, 2 fibroadenomas, 1 
cystic hyperplasia and 2 intraductal papillo- 
mas were misdiagnosed as malignant lesions 
because of their irregular morphology. Refer- 
ring to the misdiagnoses in our study, it shows 
that observations based on anatomic features 
are inadequate for the detection of early breast 
cancers. During breast cancer progression, 
certain functional alterations occur before mor-
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phologic changes are visible on US scans [36, 
37]. 

DCE-MRI has been reported to be a valuable 
tool for acquiring functional tissue information 
clinically and preclinically, mainly providing an 
automated kinetic evaluation by the means of 
color-coding the changes in intensity per voxel 
during the enhancement of the tumor tissue 
[38]. DCE-MRI is an upcoming alternative for 
the diagnosis of breast cancer, which reflects 
the pathological changes, including fiber re- 
sponse, new blood vessels, as well as intra-
ductal component organization to a certain 
extent, according to the morphological charac-
teristics and enhanced scanning performance 
of the breast lesions [39, 40]. Generally, DCE-
MRI has shown a high sensitivity for the detec-
tion of breast cancer, ranging from 89% to 
100% [19]. Our findings reveal evident differ-
ences in the morphology and enhanced form 
demonstrated by the results as: 1) the malig-
nant breast lesions were typically distributed in 
flake-, irregular-, nodular-or section shapes 
whilst benign lesions mostly showed regularly-
shaped nodules or masses, frequently with 
clear boundaries; and 2) out of the 73 malig-
nant lesions, 42 lesions showed mass-like en- 
hancements and 31 non-mass like enhance-
ments, and on the contrary, only 14 benign 
lesions showed enhancements. Malignant le- 
sions usually represent burrs, lobulated mar-
gins, or blurred boundaries, and do not show 
clear boundaries with surrounding tissues 
when diagnosed by DCE-MRI; meanwhile, ma- 
lignant lesions mostly show irregular enhance-
ment. The results are consistent with the find-
ings related to DCE-MRI, which evidenced dem-
onstrates the significant role of DCE-MRI in 
differentiating between benign and malignant 
lesions. DCE-MRI supplies structural and physi-
ologic data on the tumor vasculature. In a typi-
cal DCE-MRI study, a small molecule contrast 
agent (CA) is administered to the patient by a 
single bolus dose or short infusion, and subse-
quent changes in the concentration of CA with-
in tissues are inferred from signal intensities 
measurements, to accurately interpret the ob- 
served kinetics of CA in tissues [20]. Therefore, 
estimates of CA transfer rates and distribution 
spaces within tissues can be obtained accord-
ing to DCE-MRI scans and applied as an indica-
tor prior to treatment [20]. Due to this advan-
tage, DCE-MRI has been used in numerous 

oncologic tasks, such as early diagnosis, tumor 
staging, treatment planning, and treatment re- 
sponse evaluations [41]. 

Furthermore, ROC curve results in our study 
confirm that the diagnostic value and sensitivi-
ty of DCE-MRI was superior to US, implying that 
DCE-MRI may serve as a more accurate tech-
nique for the detection and delineating breast 
cancer compared to US, which further provides 
theoretical basis for the treatment of breast 
cancer. In line with the results of our present 
study, Agner et al. demonstrated that DCE- 
MRI combined with textural kinetic attributes, 
resulted in a probabilistic boosting tree classi-
fier, yielding an accuracy of 89%, a sensitivity of 
99%, and an AUC of 0.91 [26]. US is regularly 
used for the assessment of tissue vasculariza-
tion and vessel occlusion using Doppler, how-
ever, it is insufficient for poorly vascularized 
tumors with small vessels or slow blood flow, 
while DCE-MRI is a well-known imaging modali-
ty aimed at visualizing tumor vasculature [33]. 
Previous studies have been conducted to eval-
uate the efficacy of DCE-MRI in comparison 
with power Doppler US (PDUS), and the results 
reveal that DCE-MRI was significantly more sen-
sitive than transrectal PDUS in peripheral zones 
[42]. Additionally, the ROC curve and sensitivity 
analysis results also showed that a combina-
tion of DCE-MRI and US may further improve 
the diagnostic efficiency in breast lesions. US 
scans can accurately differentiate between 
cystic lesions (as small as 1 mm), and solid 
lesions (as small as 3 mm) [43]. And US scans 
act as a cheap and non-invasive technique, 
compensating for the disabilities of DCE-MRI. 
Therefore, it is suggested that a combination of 
two detection methods is more efficient that 
applying only one imaging scan for differentiat-
ing between benign and malignant lesions. 

In conclusion, a more sensitive DCE-MRI scan 
was more valuable in the diagnosis and differ-
entiation of breast lesions in comparison to  
US; and the combination of DCE-MRI and US 
showed better efficiency than DCE-MRI or US 
individually, providing theoretical basis for the 
prevention and diagnosis of breast lesions in 
clinical treatment in future. However, limita-
tions of our study lie in the retrospective de- 
sign and small sample size of the subjects. 
Therefore, further studies based on a larger 
sample size are required to increase the power 
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of the statistical tests and to detect statis- 
tical differences between benign and malig-
nant lesions.

Acknowledgements

We would like to acknowledge the helpful com-
ments on this paper received from our re- 
viewers.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Ruimin Yang, De- 
partment of Ultrasound, The First Affiliated Hospi- 
tal of Hebei North University, 12 Changqing Road, 
Qiaoxi District, Zhangjiakou 075000, Hebei Pro- 
vince, P. R. China. Tel: +86-313-8043582; E-mail: 
yangruiminrm@163.com

References

[1] Stewart BWK, Paul, Boyle, Peter. World cancer 
report 2003; M12-351. 

[2] Solomon TRBWS. Cancer survival in England: 
patients diagnosed 2007-2011 and followed 
up to 2012. 2013. 

[3] DeSantis C, Ma J, Bryan L, Jemal A. Breast can-
cer statistics, 2013. CA Cancer J Clin 2014; 
64: 52-62.

[4] Coates AS, Winer EP, Goldhirsch A, Gelber RD, 
Gnant M, Piccart-Gebhart M, Thurlimann B, 
Senn HJ; Panel Members. Tailoring therapies-
-improving the management of early breast 
cancer: St Gallen international expert consen-
sus on the primary therapy of early breast can-
cer 2015. Ann Oncol 2015; 26: 1533-1546.

[5] Goldhirsch A, Winer EP, Coates AS, Gelber RD, 
Piccart-Gebhart M, Thurlimann B, Senn HJ; 
Panel members. Personalizing the treatment 
of women with early breast cancer: highlights 
of the St Gallen international expert consen-
sus on the primary therapy of early breast can-
cer 2013. Ann Oncol 2013; 24: 2206-2223.

[6] Lai HW, Chen CJ, Lin YJ, Chen SL, Wu HK, Wu 
YT, Kuo SJ, Chen ST and Chen DR. Does breast 
magnetic resonance imaging combined with 
conventional imaging modalities decrease the 
rates of surgical margin involvement and reop-
eration?: a case-control comparative analysis. 
Medicine (Baltimore) 2016; 95: e3810.

[7] Angarita FA, Nadler A, Zerhouni S and Escallon 
J. Perioperative measures to optimize margin 
clearance in breast conserving surgery. Surg 
Oncol 2014; 23: 81-91.

[8] Gøtzsche PC, Jørgensen KJ. Screening for 
breast cancer with mammography. Cochrane 
Database Syst Rev 2013; CD001877.

[9] Nelson HD, Tyne K, Naik A, Bougatsos C, Chan 
B, Nygren P, Humphrey L. Screening for breast 
cancer: systematic evidence review update for 
the US preventive services task force. Rock-
ville (MD): Agency for Healthcare Research and 
Quality (US); 2009. 

[10] US Preventive Services Task Force. Screening 
for breast cancer: U.S. preventive services task 
force recommendation statement. Ann Intern 
Med 2009; 151: 716-26, W-236.

[11] Noroozi A, Jomand T, Tahmasebi R. Determi-
nants of breast self-examination performance 
among Iranian women: an application of the 
health belief model. J Cancer Educ 2011; 26: 
365-374.

[12] Lee CH, Dershaw DD, Kopans D, Evans P, Mon-
sees B, Monticciolo D, Brenner RJ, Bassett L, 
Berg W, Feig S, Hendrick E, Mendelson E, 
D’Orsi C, Sickles E, Burhenne LW. Breast can-
cer screening with imaging: recommendations 
from the society of breast imaging and the ACR 
on the use of mammography, breast MRI, 
breast ultrasound, and other technologies for 
the detection of clinically occult breast cancer. 
J Am Coll Radiol 2010; 7: 18-27.

[13] Krekel NM, Haloua MH, Lopes Cardozo AM, de 
Wit RH, Bosch AM, de Widt-Levert LM, Muller 
S, van der Veen H, Bergers E, de Lange de 
Klerk ES, Meijer S and van den Tol MP. In- 
traoperative ultrasound guidance for palpable 
breast cancer excision (COBALT trial): a multi-
centre, randomised controlled trial. Lancet On-
col 2013; 14: 48-54.

[14] Jin G, An N, Jacobs MA and Li K. The role of 
parallel diffusion-weighted imaging and appar-
ent diffusion coefficient (ADC) map values for 
evaluating breast lesions: preliminary results. 
Acad Radiol 2010; 17: 456-463.

[15] Morana G, Cugini C and Mucelli RP. Small liver 
lesions in oncologic patients: characterization 
with CT, MRI and contrast-enhanced US. Can-
cer Imaging 2008; 8 Spec No A: S132-135.

[16] Dietrich CF, Kratzer W, Strobe D, Danse E, Fes-
sl R, Bunk A, Vossas U, Hauenstein K, Koch W, 
Blank W, Oudkerk M, Hahn D and Greis C. As-
sessment of metastatic liver disease in pa-
tients with primary extrahepatic tumors by 
contrast-enhanced sonography versus CT and 
MRI. World J Gastroenterol 2006; 12: 1699-
1705.

[17] Lehman CD and Schnall MD. Imaging in breast 
cancer: magnetic resonance imaging. Breast 
Cancer Res 2005; 7: 215-219.

[18] Bluemke DA, Gatsonis CA, Chen MH, DeAnge-
lis GA, DeBruhl N, Harms S, Heywang-Kobrun-
ner SH, Hylton N, Kuhl CK, Lehman C, Pisano 
ED, Causer P, Schnitt SJ, Smazal SF, Stelling 
CB, Weatherall PT and Schnall MD. Magnetic 
resonance imaging of the breast prior to biop-
sy. JAMA 2004; 292: 2735-2742.

mailto:yangruiminrm@163.com


Diagnostic value of DCE-MRI and US scans for breast lesions

12878 Int J Clin Exp Med 2017;10(8):12870-12879

[19] Fusco R, Sansone M, Filice S, Granata V, Cata-
lano O, Amato DM, Di Bonito M, D’Aiuto M, Ca-
passo I, Rinaldo M and Petrillo A. Integration of 
DCE-MRI and DW-MRI quantitative parameters 
for breast lesion classification. Biomed Res Int 
2015; 2015: 237863.

[20] Pickles MD, Lowry M, Manton DJ and Turnbull 
LW. Prognostic value of DCE-MRI in breast can-
cer patients undergoing neoadjuvant chemo-
therapy: a comparison with traditional survival 
indicators. Eur Radiol 2015; 25: 1097-1106.

[21] Ellingsen C, Walenta S, Hompland T, Mueller-
Klieser W and Rofstad EK. The microenviron-
ment of cervical carcinoma xenografts: asso-
ciations with lymph node metastasis and its 
assessment by DCE-MRI. Transl Oncol 2013; 
6: 607-617.

[22] Hirashima Y, Yamada Y, Tateishi U, Kato K, Mi-
yake M, Horita Y, Akiyoshi K, Takashima A, Oki-
ta N, Takahari D, Nakajima T, Hamaguchi T, 
Shimada Y and Shirao K. Pharmacokinetic pa-
rameters from 3-Tesla DCE-MRI as surrogate 
biomarkers of antitumor effects of bevacizum-
ab plus FOLFIRI in colorectal cancer with liver 
metastasis. Int J Cancer 2012; 130: 2359-
2365.

[23] Li X, Priest RA, Woodward WJ, Tagge IJ, Sid-
diqui F, Huang W, Rooney WD, Beer TM, Gar-
zotto MG and Springer CS Jr. Feasibility of 
shutter-speed DCE-MRI for improved prostate 
cancer detection. Magn Reson Med 2013; 69: 
171-178.

[24] Huang B, Wong CS, Whitcher B, Kwong DL, Lai 
V, Chan Q and Khong PL. Dynamic contrast-
enhanced magnetic resonance imaging for 
characterising nasopharyngeal carcinoma: 
comparison of semiquantitative and quantita-
tive parameters and correlation with tumour 
stage. Eur Radiol 2013; 23: 1495-1502.

[25] Schaefer FK, Heer I, Schaefer PJ, Mundhenke 
C, Osterholz S, Order BM, Hofheinz N, Hedd-
erich J, Heller M, Jonat W and Schreer I. Breast 
ultrasound elastography--results of 193 breast 
lesions in a prospective study with histopatho-
logic correlation. Eur J Radiol 2011; 77: 450-
456.

[26] Agner SC, Soman S, Libfeld E, McDonald M, 
Thomas K, Englander S, Rosen MA, Chin D, 
Nosher J and Madabhushi A. Textural kinetics: 
a novel dynamic contrast-enhanced (DCE)-MRI 
feature for breast lesion classification. J Digit 
Imaging 2011; 24: 446-463.

[27] M PN. World Medical Association publishes the 
revised declaration of Helsinki. Natl Med J In-
dia 2014; 27: 56.

[28] Heinig J, Witteler R, Schmitz R, Kiesel L and 
Steinhard J. Accuracy of classification of breast 
ultrasound findings based on criteria used for 
BI-RADS. Ultrasound Obstet Gynecol 2008; 32: 
573-578.

[29] Erguvan-Dogan B, Whitman GJ, Kushwaha AC, 
Phelps MJ and Dempsey PJ. BI-RADS-MRI: a 
primer. AJR Am J Roentgenol 2006; 187: 
W152-160.

[30] Kuhl CK, Mielcareck P, Klaschik S, Leutner C, 
Wardelmann E, Gieseke J and Schild HH. Dy-
namic breast MR imaging: are signal intensity 
time course data useful for differential diagno-
sis of enhancing lesions? Radiology 1999; 
211: 101-110.

[31] Paefgen V, Doleschel D and Kiessling F. Evolu-
tion of contrast agents for ultrasound imaging 
and ultrasound-mediated drug delivery. Front 
Pharmacol 2015; 6: 197.

[32] Heijblom M, Klaase JM, van den Engh FM, van 
Leeuwen TG, Steenbergen W and Manohar S. 
Imaging tumor vascularization for detection 
and diagnosis of breast cancer. Technol Can-
cer Res Treat 2011; 10: 607-623.

[33] Heywang-Kobrunner SH, Schreer I, Heindel W 
and Katalinic A. Imaging studies for the early 
detection of breast cancer. Dtsch Arztebl Int 
2008; 105: 541-547.

[34] Nothacker M, Duda V, Hahn M, Warm M, De-
genhardt F, Madjar H, Weinbrenner S and Al-
bert US. Early detection of breast cancer: ben-
efits and risks of supplemental breast ultra- 
sound in asymptomatic women with mammo-
graphically dense breast tissue. A systematic 
review. BMC Cancer 2009; 9: 335.

[35] Yen PL, Chen DR, Yeh KT and Chu PY. Develop-
ment of a stiffness measurement accessory 
for ultrasound in breast cancer diagnosis. Med 
Eng Phys 2011; 33: 1108-1119.

[36] Ribatti D, Nico B, Crivellato E, Roccaro AM and 
Vacca A. The history of the angiogenic switch 
concept. Leukemia 2007; 21: 44-52.

[37] Bluff JE, Menakuru SR, Cross SS, Higham SE, 
Balasubramanian SP, Brown NJ, Reed MW and 
Staton CA. Angiogenesis is associated with the 
onset of hyperplasia in human ductal breast 
disease. Br J Cancer 2009; 101: 666-672.

[38] Dorrius MD, Jansen-van der Weide MC, van 
Ooijen PM, Pijnappel RM and Oudkerk M. Com-
puter-aided detection in breast MRI: a system-
atic review and meta-analysis. Eur Radiol 
2011; 21: 1600-1608.

[39] Takeda Y and Yoshikawa K. Contrast-enhanced 
dynamic MR imaging parameters and histo-
logical types of invasive ductal carcinoma of 
breast. Biomed Pharmacother 2005; 59: 115-
121.

[40] Kitagawa K, Sakuma H, Ishida N, Hirano T, Ishi-
hara A and Takeda K. Contrast-enhanced high-
resolution MRI of invasive breast cancer: cor-
relation with histopathologic subtypes. AJR Am 
J Roentgenol 2004; 183: 1805-1809.

[41] Wang CH, Yin FF, Horton J and Chang Z. Review 
of treatment assessment using DCE-MRI in 
breast cancer radiation therapy. World J Meth-
odol 2014; 4: 46-58.



Diagnostic value of DCE-MRI and US scans for breast lesions

12879 Int J Clin Exp Med 2017;10(8):12870-12879

[43] Nix P, Nicolaides A and Coatesworth AP. Thy-
roid cancer review 1: presentation and investi-
gation of thyroid cancer. Int J Clin Pract 2005; 
59: 1340-1344.

[42] Ito H, Kamoi K, Yokoyama K, Yamada K, 
Nishimura T. Visualization of prostate cancer 
using dynamic contrast-enhanced MRI: com-
parison with transrectal power Doppler ultra-
sound. Br J Radiol 2003; 76: 617-24. 


