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Abstract: Objective: The aim of this study was to investigate whether weighting magnetic resonance imaging (MRI)-
derived parameters in the descriptors defined by the breast imaging-reporting and data system (BI-RADS) can differ-
entiate benign and malignant breast lesions. Methods: Retrospective analysis was conducted on 69 benign and 56 
malignant breast lesions confirmed by pathology. MRI data taken before operation or biopsy were used to calculate 
weighting factors (weight values) for MRI parameters defined in the BI-RADS descriptors of morphology, kinetics, 
and molecular function. Correlation between the weight values of MRI parameters and frequencies of benign or ma-
lignant lesions presenting those parameters was investigated. The weight values were combined into identification 
values, whose ability to differentiate benign and malignant breast lesions was assessed using receiver operating 
characteristic (ROC) curves. Results: Among all MRI parameters tested, apparent diffusion coefficient < 1.0 × 10-3 
mm2/s was assigned the highest weight value (1.122), while plateau pattern was assigned the lowest (-1.369). 
Weight values of parameters correlated positively with the frequencies of malignant lesions presenting those pa-
rameters (r = 0.684, P < 0.001) and negatively with the frequencies of benign lesions (r = -0.671, P < 0.001). Iden-
tification values showed good accuracy in differentiating benign and malignant breast lesions: at the optimal value 
of 1.575, the area under the ROC curve was 0.972, sensitivity was 84.1%, and specificity was 94.6%. Conclusion: 
Establishing weight values of MRI parameters in BI-RADS descriptors and combining them into identification values 
may help improve accuracy in differentiating benign and malignant breast lesions.
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Introduction

Among women worldwide, breast cancer is the 
most frequent cancer and the leading cause of 
cancer-related death, with 1.7 million new 
cases recorded in 2012 [1]. Early detection, 
diagnosis and treatment are crucial for improv-
ing survival and quality of life among patients 
with breast cancer [2, 3]. The breast imaging-
reporting and data system (BI-RADS) has prov-
en useful for enhancing diagnostic accuracy of 
breast lesions [4-7]. This system integrates 
findings from magnetic resonance imaging 
(MRI) and other types of clinical and laboratory 
tests to characterize a patient’s breast cancer 

along several descriptors, including morpholo-
gy, kinetics and molecular function. 

BI-RADS descriptors assign different weights to 
MRI parameters depending on whether the 
lesion is benign or malignant. This raises the 
question of whether the various MRI parame-
ters integrated into BI-RADS can be weighted in 
such a way that they can accurately differenti-
ate the two types of lesion. Few studies have 
examined this possibility [8]. Some authors 
have examined the diagnostic accuracy of one 
or a few MRI parameters for differentiating 
benign and malignant lesions, but we are 
unaware of reports systematically assessing all 
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MRI parameters currently integrated into 
BI-RADS [9].

Therefore we performed a retrospective study 
of patients with pathology-confirmed benign or 
malignant breast lesions and assigned weight-
ing factors (weight values) to all MRI parame-
ters in the BI-RADS descriptors of morphology, 
kinetics and molecular function. Then we com-
bined the various weight values together into 
identification values, which we tested for the 
ability to differentiate benign and malignant 
lesions. 

Methods

Ethical statement

This study was conducted in accordance with 
the Declaration of Helsinki and was approved 
by the Research Ethics Committee of the 
Affiliated Tumor Hospital of Guangxi Medical 
University. Patients provided written informed 
consent for their clinical records to be used in 
this study. 

Participants

Medical records were retrospectively analyzed 
from 117 patients (all women; median age, 49 
yr; age range, 24 to 72 yr) with 125 breast 
lesions analyzed by MRI in the Department of 
Radiology at the Affiliated Tumor Hospital of 
Guangxi Medical University between February 
2013 and March 2014. All patients were exam-
ined using MRI before breast surgery or biopsy, 
and diagnosis of benign or malignant breast 
lesion was confirmed by pathology. Of the total 
group of 117 patients, 50 patients (56 lesions) 
had the following types of benign lesions: 
breast fibroadenoma (21 patients), proliferative 
lesion (18), inflammatory lesion (7), intraductal 
papilloma (2), or benign phyllodes tumor (2). 
The remaining 69 patients (69 lesions) had the 
following types of malignant disease: breast 
cancer (64 patients), comprising 58 patients 
with invasive ductal carcinoma, 3 with invasive 
lobular carcinoma, 2 with in situ ductal carci-
noma, and 1 with mucinous carcinoma; malig-
nant phyllodes tumor (2 patients); and lympho-
ma (1 patient).

MRI

MRI was performed on a 1.5-T clinical MRI sys-
tem (Magnetom Avanto, Siemens Healthcare, 

Erlangen, Germany) equipped with a dedicated 
eight-channel phased array breast coil in the 
prone position. A transverse T1-weighted FL- 
ASH pulse sequence was performed with the 
following parameters: repetition time, 8.6 ms; 
echo time, 4.7 ms; section thickness, 1 mm; 
intersection gap, 0.2 mm; field of view, 32 × 32 
cm; matrix dimensions, 323 × 448. A trans-
verse T2-weighted TIRM pulse sequence was 
performed with the following parameters: rep-
etition time, 5600 ms; echo time, 59 ms; inver-
sion time, 180 ms; section thickness, 4 mm; 
intersection gap, 0.8 mm; field of view, 34 × 34 
cm; matrix dimensions, 314 × 320. Diffusion-
weighted MRI was conducted in the axial plane 
using an echo-planar imaging sequence involv-
ing the following algorithms and parameters: 
parallel imaging with sensitivity encoding 
(acceleration factor = 2); fat suppression via a 
spectrally selective, attenuated inversion-
recovery sequence; volume shimming; b val-
ues, 0 and 800 s/mm2; repetition time, 5800 
ms; echo time, 86 ms; inversion time, 180 ms; 
section thickness, 6 mm; intersection gap, 0.2 
mm; field of view, 32 × 32 cm; matrix dimen-
sions, 323 × 448.

Apparent diffusion coefficient (ADC) maps were 
created automatically from trace-weighted 
images with b values of 0 and 800. ADC values 
were calculated according to the following for-
mula: ADC = -(1/b) ln (S2/S1), where S2 and S1 
are the signal intensities at respective b values 
of 800 and 0. Contrast agent Gd-DTPA (0.1 
mmol/kg body weight, MAGNEVIST, gadopen-
tetate dimeglumine) was intravenously injected 
at 2.0 ml/s. For multiphase dynamic enhance-
ment, masks were acquired before injection of 
contrast agent. At approximately 25 s after the 
start of injection, dynamic volume enhance-
ment was performed. Five phases were contin-
uously collected during an acquisition time of 
55 s for each phase.

Image post-processing

A minimum of three ADC measurements in 
regions of interest (each measuring 0.2-0.4 
cm2) at slightly different positions on ADC imag-
es were averaged to obtain a single ADC value 
for the lesion. Obviously necrotic, liquescent, 
hemorrhagic, cystic, or calcified areas were 
excluded based on T1- or T2-weighted images 
or based on dynamic contrast-enhanced 
images.
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For analysis of kinetic enhancement, time-sig-
nal intensity curves (TICs) were plotted from 
the signal intensity values obtained in regions 
of interest (each measuring 10-30 mm2) on 
multiphase dynamic images. To assess the 
increase in signal intensity during the early 
phase, we evaluated the enhancement for the 
first contrast-enhanced image at 60 s after 
injection of contrast material. Standard sub-
traction images (early contrast-enhanced mi- 
nus unenhanced) and reverse subtraction 
images (early contrast-enhanced minus last 
contrast-enhanced) were obtained on a pixel-
by-pixel basis. These two types of subtraction 
image were used to create reformatted images 
with a maximum intensity projection.

Image analysis

Breast magnetic resonance images were ana-
lyzed according to BI-RADS [8] by two radiolo-

gists (GQJ, XNZ) with 10 and 12 years of experi-
ence with breast MRI. These clinicians were 
blinded to pathological diagnosis and clinical 
examinations. TICs were classified as indicat-
ing persistent, plateau, or washout according to 
the BI-RADS descriptor of kinetics. ADC values 
were classified as < 1.0 × 10 -3 mm2/s, 1.0-1.5 
× 10-3 mm2/s or > 1.5 × 10-3 mm2/s according 
to the BI-RADS descriptor of molecular function 
[9]. The following characteristics were deter-
mined as defined by the BI-RADS descriptor of 
morphology (indirect): presence of feeding 
arteries, nipple inversion, thick skin, perilesion-
al edema in the lesion, and shortest diameter 
of the lymph node > 1.0 cm. The following char-
acteristics were determined as defined by the 
BI-RADS descriptor of morphology (direct) [10, 
11]: shape (oval/round, lobular, irregular), mar-
gin (smooth, irregular, spiculated), boundary 
(clear, obscure), enhancement pattern, internal 

Table 1. Weight values of MRI parameters in the BI-RADS descriptors of morphology, kinetics and 
molecular function

BI-RADS descriptor MRI parameter No. benign 
lesions

No. malignant 
lesions

Weight 
value

Kinetic descriptor (Curve pattern) Plateau 19 1 -1.369

Persistent 25 11 -0.447

Washout 12 57 0.586

Molecular-function descriptor (ADC values) < 1.0 × 10-3 mm2/s 3 49 1.122

1.0-1.5 × 10-3 mm2/s 17 17 -0.091

> 1.5 × 10-3 mm2/s 36 3 -1.17

Indirect morphological descriptor (Presence) Feeding arteries 8 39 0.567

Nipple inversion 4 12 0.386

Thick skin 5 17 0.441

Perilesional edema in the lesion 4 29 0.77

Shortest diameter of the lymph node > 1.0 cm 3 17 0.663

Direct morphological descriptor (Shape of lesion) Oval/Round 17 6 -0.543

Lobular 20 29 0.071

Irregular 19 34 0.162

Direct morphological descriptor (Margin of lesion) Smooth 37 2 -1.358

Irregular 19 42 0.254

Spiculated 2 25 1.006

Direct morphological descriptor (Boundary of lesion) Clear 30 46 0.095

Obscure 26 23 -0.144

Direct morphological descriptor (Enhancement  
pattern and internal enhancement of lesion)

Homogeneous enhancement 6 2 -0.568

Heterogeneous enhancement 35 56 0.113

Rim enhancement 10 36 0.466

With internal septation 9 1 -1.045

Without internal septation 14 16 -0.033

Clustered ring enhancement 15 24 0.113

Centripetal enhancement 8 1 -0.994

Centrifugal enhancement 3 23 0.794

Blooming sign 1 5 0.608

Constant sharpness sign 17 1 -1.321
Abbreviations: ADC, apparent diffusion coefficient; BI-RADS, breast imaging-reporting and data system; MRI, magnetic resonance imaging.
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enhancement of lesion (homogeneous enhan- 
cement, heterogeneous enhancement, rim 
enhancement, with or without internal septa-
tion, clustered ring enhancement, centripetal 
enhancement, centrifugal enhancement, bloo- 
ming sign, constant sharpness sign).

Calculation of frequency, weight value and 
identification value

The frequency of malignant lesions presenting 
a given MRI parameter was calculated as the 
number of malignant lesions showing that 
parameter, divided by the total number of 
malignant lesions in the sample (69). Similarly, 
the frequency of benign lesions presenting a 
given MRI parameter was calculated as the 
number showing that parameter, divided by the 
total number of 56. 

The weight value for each MRI parametern was 
calculated according to Kaiser [11]: weight val-
uen = log M/B where M refers to the number of 

assessed using receiver operating characteris-
tic (ROC) curves. The optimal cut-off value was 
defined as the value maximizing the area under 
the ROC curve and was determined using the 
Youden index J = maximum (sensitivity + 
specificity - 1) [12], assuming equal weighting 
for sensitivity and specificity. The level of accu-
racy based on the area under the ROC curve 
was classified as high if > 0.9, moderate if 0.7-
0.9, low if 0.5-0.7 and random if 0.5 [13]. 

Results

Correlation between weight values of MRI 
parameters and frequencies of benign or ma-
lignant lesions presenting those parameters 

For all MRI parameters in the BI-RADS descrip-
tors of morphology, kinetics and molecular 
function (Table 1), weight values were deter-
mined (Figures 1 and 2). Spearman correlation 
analysis showed that weight values correlated 
positively with the frequencies of malignant 

Figure 1. MRI findings for a 30-year-old woman with invasive ductal carcinoma 
in the left breast. A. The lesion showed irregular shape with peripheral and 
centripetal enhancement, spiculated margin, blooming sign and nipple inver-
sion. B. The time-intensity curve showed a washout pattern. C. The lesion mar-
gin showed high signal in the diffusion-weighted image. D. The lesion margin 
showed low signal in the apparent diffusion coefficient map; the coefficient 
was 0.872 × 10-3 mm2/s. The identification value for this lesion (see Methods) 
was 5.792.

malignant lesions presenting 
parametern, and B refers to 
the number of benign lesions 
presenting parametern. Para- 
meters were assigned a 
value of 0 when absent or 1 
when present. The various 
weight values were com-
bined to give an identifica-
tion value for a given lesionx: 
identification valuex = weight 
value1 × parameter value1 + 
weight value2 × parameter 
factor value2 + … weight valu-
en × parameter factor valuen. 

Statistical analysis

All statistical analyses were 
performed using SPSS 19.0 
(IBM, Chicago, IL, USA) using 
a significance threshold of P 
< 0.05. Spearman correla-
tion analysis was used to 
analyze the potential rela-
tionship between weight val-
ues for a given MRI parame-
ter and the frequencies of 
benign or malignant lesions 
presenting that parameter. 
The ability of identification 
values to diagnose lesions 
as benign or malignant was 
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lesions presenting the corresponding parame-
ter (r = 0.684, P < 0.001; Figure 3) and nega-
tively with the frequencies of benign lesions 
presenting the corresponding parameter (r = 
-0.671, P < 0.001; Figure 4). 

since some parameters may be less robust to 
inter-clinician variation and more prone to error 
or misjudgment, and some parameters may 
vary among patients more than others. In par-
ticular, the MRI parameters integrated into the 
BI-RADS descriptors of morphology, kinetics 
and molecular function vary substantially 
among individuals [17], so it is unclear whether 
the different weight values they are assigned in 
the case of benign or malignant lesions has 
diagnostic power to differentiate the two types 
of lesion [10]. Few studies have addressed this 
question, and most have looked at only one or 
a few MRI parameters [9]. In the present study, 
we use Kaiser’s approach of weight value and 
identification value [11] to systematically 
assess the ability of MRI parameters in the 
three BI-RADS descriptors to differentiate 
between benign and malignant lesions. Our 
results suggest that a combination of identifi-
cation values may be useful as part of a stan-
dardized scheme for differentiating the two 

Figure 2. MRI findings for a 39-year-old woman with breast fibroadenoma in 
the left breast. A. The lesion showed an oval shape with heterogeneous en-
hancement, smooth margin and constant sharpness sign. B. The time-intensi-
ty curve showed a plateau pattern. C. The lesion margin showed high signal in 
the diffusion-weighted image. D. The lesion margin showed isointensity in the 
apparent diffusion coefficient map; the coefficient was 1.971 × 10-3 mm2/s. 
The identification value of the lesion was -4.038.

Figure 3. Scatter diagram illustrating the correlation 
between weight values of MRI parameters and the 
frequencies of malignant lesions presenting those 
parameters (r = 0.684, P < 0.001).

Diagnostic accuracy of iden-
tification values for differen-
tiating benign and malignant 
breast lesions 

The ROC curve indicating the 
accuracy of identification val-
ues for differentiating benign 
and malignant lesions am- 
ong all 125 lesions in the 
data is shown in Figure 5. At 
the optimal cut-off value of 
1.575, the area under the 
ROC curve was 0.972, sensi-
tivity was 84.1% and speci-
ficity was 94.6%.

Discussion

Increasingly, MRI findings are 
being integrated into BI-RA- 
DS descriptors to enhance 
the diagnostic accuracy of 
breast lesions. The use of 
MRI findings has likely im- 
proved the ability of BI-RADS 
to reduce interference from 
subjective factors during br- 
east exams [14-16]. However, 
how to weight MRI parame-
ters relative to one another 
during diagnosis is unclear, 
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types of lesions within the BI-RADS frame- 
work.

In our study, weight values correlated positively 
with the frequencies of malignant lesions pre-
senting the corresponding MRI parameters. 
Among the MRI parameters, ADC < 1.0 × 10-3 
mm2/s received the highest weight value and 
spiculated margin the second-highest; these 
weight values strongly indicated malignant 
lesions. These findings are consistent with 
studies suggesting that ADC is significantly 
higher in a benign lesion than in a malignant 
one [18], and that spiculated margin has a 
higher positive predictive value in a malignant 
lesion than in a benign one [10]. We also found 
that weight values correlated negatively with 

the frequencies of benign lesions presenting 
the corresponding MRI parameters. Among the 
MRI parameters, a plateau pattern on the TIC 
was assigned the lowest weight value and 
smooth lesion margin the second-lowest weight 
value; these two weight values strongly indicat-
ed benign lesions. These findings are consis-
tent with studies suggesting that a plateau 
shape for the kinetics curve shows higher posi-
tive predictive value for benign lesions [19, 20], 
and with studies associating smooth margin 
with benign lesions [10, 20]. 

When we combined the various weight values 
into identification values, we obtained relatively 
high sensitivity (84.1%) and specificity (94.6%) 
for differentiating benign and malignant breast 
lesions. This suggests that it may be possible 
to develop a quantitative diagnostic scoring 
system for differentiating the two types of 
lesions. Our results should be confirmed and 
extended in larger studies that include rare 
BI-RADS descriptors not analyzed here. 
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