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Background: The breast imaging reporting and data system (BI-RADS) lexicon provides a standardized 
terminology for describing leision characteristics but does not provide defined rules for converting specific 
imaging features into diagnostic categories. The inter-reader agreement of the BI-RADS is moderate. In 
this study, we explored the use of a simplified protocol and scoring system for BI-RADS categorization 
which integrates the morphologic features (MF), kinetic time-intensity curve (TIC), and apparent diffusion 
coefficient (ADC) values with equal weights, with a view to providing a convenient and practical method 
for breast magnetic resonance imaging (MRI) and improving the inter-reader agreement and diagnostic 
performance of BI-RADS.
Methods: This cross-sectional, retrospective, single-center study included 879 patients with 898 
histopathologically verified lesions who underwent an MRI scan on a 3.0 Tesla GE Discovery 750 MRI 
scanner between January 1, 2017, and June 30, 2020. The BI-RADS categorization of the studied lesions 
was assessed according to the sum of the assigned scores (the presence of malignant MF, lower ADC, and 
suspicious TIC each warranted a score of +1). Total scores of +2 and +3 were classified as category 5, scores 
of +1 were classified as category 4, and scores of +0 but with other lesions of interest were classified as 
category 3. The receiver operating characteristic (ROC) curves were plotted, and the sensitivity, specificity, 
and accuracy of this categorization were investigated to assess its efficacy and its consistency with pathology.
Results: There were 472 malignant, 104 risk, and 322 benign lesions. Our simplified scoring protocol had 
high diagnostic accuracy, with an area under curve (AUC) value of 0.896. In terms of the borderline effect 
of pathological risk and category 4 lesions, our results showed that when risk lesions were classified together 
with malignant ones, the AUC value improved (0.876 vs. 0.844 and 0.909 vs. 0.900). When category 4 and 
5 lesions were classified as malignant, the specificity, accuracy, and AUC value decreased (82.3% vs. 93.2%, 
89.3% vs. 90.2%, and 0.876 vs. 0.909, respectively). Therefore, to improve the diagnostic accuracy of the 
protocol for BI-RADS categorization, only category 5 lesions should be considered to be malignant.
Conclusions: Our simplified scoring protocol that integrates MF, TIC, and ADC values with equal 
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Introduction

Breast  magnet ic  resonance imaging (MRI)  i s  an 
indispensable modality in the detection of breast tumors (1). 
Current applications of breast MRI include the staging of 
known cancers (2-5), contralateral breast examination (6-8),  
breast cancer screening for women at high risk (9,10), 
treatment evaluation after neoadjuvant chemotherapy (11), 
and the evaluation of carcinomas of unknown primary 
origin (12,13). In 2003, the first edition of the American 
College of Radiology (ACR) breast imaging reporting and 
data system (BI-RADS) was published, which provided 
a structured common language for and standardized the 
reporting of breast MRI (14). The use of a standardized 
terminology facilitates communication among physicians 
and radiologists. The morphologic and functional contrast 
kinetic features of lesions should therefore be described 
using the BI-RADS lexicon. However, while breast MRI 
has high sensitivity, ranging from 94% to 99%, it has 
relatively low specificity for considering every enhancement 
as suspicious results in unnecessary biopsies (15,16). 

When assessing the likelihood of malignancy on breast 
MRI in practice, radiologists should integrate multiple 
complex imaging features and combine patient parameters. 
However, although both morphological and kinetic lesion 
features should be considered when describing the findings 
of breast MRI, the relative importance of these features 
in predicting malignancy remains controversial (17-19). 
Years of clinical experience and observation show that 
junior radiologists and breast surgeons often confuse the 
methods and rules for converting specific imaging features 
into diagnostic BI-RADS categories (14). As a result, 
junior radiologists and breast surgeons often have difficulty 
reaching a consensus on the BI-RADS category with 
their senior counterparts. The use of multiple diagnostic 
criteria is associated with low reading consistency among 
radiologists (20). As a result, the inter-reader consistency of 

BI-RADS can be low, and its diagnostic accuracy is highly 
variable (21-23). 

Multiparametric breast MRI protocols have been 
successfully applied in clinical routine. Dynamic evaluation 
shows the permeability of the vessels and abnormal 
vasculature of lesions through the shape of the time-
intensity curve (TIC). In benign lesions, persistent increase 
is commonly observed, whereas a decrease in the late phase 
is common in malignant lesions. Diffusion-weighted imaging 
(DWI) is influenced by tissue microstructure and cell density, 
and quantifies the random movement of water molecules by 
measuring the apparent diffusion coefficient (ADC). Due to 
high cellular density, compression of extracellular space, and 
microstructural changes, malignancies tend to show more 
restricted water molecule diffusivity with a high signal on 
DWI and low ADC values (15,24,25).

The purpose of this study was to explore the use of a 
simplified scoring protocol that integrates the morphologic 
features (MF), TIC, and ADC values with equal weights to 
help convert specific imaging features into a diagnostic BI-
RADS category and to evaluate the efficacy of this protocol 
by using histopathology results. We present the following 
article in accordance with following the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-21-1036/rc).

Methods

Study design

This cross-sectional, retrospective, single-center study was 
approved by the Ethics Committee of Chinese People’s 
Liberation Army General Hospital (No. S2019-093-01), 
and the requirement for individual consent was waived due 
to the retrospective nature of the analysis. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

weights for BI-RADS categorization could improve both the diagnostic performance of the protocol for BI-
RADS categorization in clinical practice and the understanding of the benign-risk-malignant breast diseases.
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Patients

Breast MRI examinations were performed in a routine 
clinical environment between January 1, 2017, and June 30,  
2020. To be included in the study, patients needed to have 
undergone histopathology either by core biopsy or open 
surgery as a reference standard after MRI. The exclusion 
criteria were: (I) patients with a history of biopsy or 
surgical intervention in the 3 months prior to undergoing 
MRI examination; and (II) patients whose lesion locations 
exhibited an evident mismatch between their MRI and 
surgical or biopsy results. Figure 1 presents the study 
enrollment flow chart. All patients were also subject to 
a breast ultrasound and/or digital mammography, either 
before or after MRI examination. The final surgical 
treatment, which was either core needle biopsy, vacuum-
assisted biopsy, or open surgical biopsy, was decided by the 
surgeons based on all available information.

Image acquisition

MRI examinations were performed using a 3.0 Tesla MRI 
scanner with an eight-channel phase array breast coil 
(Discovery 750, General Electric Healthcare, Milwaukee, 
WI, USA). The imaging protocol, which lasted for  
18 minutes, included four pulse sequences: DWI,  
T2-weighted imaging (T2WI), T1-weighted imaging (T1WI), 
and dynamic contrast enhancement (DCE). All sequences 
were spatially matched in the axial view, and the field of 
view was 320, 320, and 190 mm in the Z-axis coverage. The 
b-value of DWI was 0 and 1,000 s/mm2 in three orthogonal 
diffusion gradients, inversion recovery (IR) was 250 ms 

for fat suppression, time of repetition (TR) was 5,400 ms, 
minimum time of echo (TE), and the matrix was 128×128. 
The T2WI used iterative decomposition of water and fat 
with echo asymmetry and least-squares estimation (IDEAL) 
for fat suppression, TR of 5,000 ms, TE of 68 ms, and a 
matrix of 320×256. For both T1WI and DCE, the same 
Volume Imaging for Breast Assessment (VIBRANT), 
spectral-selective inversion recovery (SPECIAL), and three-
dimensional spoiled gradient recall sequence were used. 
The SPECIAL option was disabled for non-fat-suppression 
T1WI. The T1WI and DCE images had the exact same 
geometric location, an isotropic spatial resolution of  
1.0 mm × 1.0 mm × 1.0 mm, 192 partitions in the axial 
view, minimum TR/TE, and a flip angle of 120°. The DCE 
scan repeated six continuous phases without interruption, 
each of which lasted for 120 s. After the completion of the 
pre-contrast phase, contrast agent (0.5 M Gd-DTPA) was 
injected through an antecubital vein at a rate of 2 mL/s,  
0.1 mmol/kg body weight, and with 20 mL saline flushing.

Imaging evaluation and the scoring system for BI-RADS 
categorization

Image processing was carried out on a GE Advantage 
Windows  works ta t ion .  A l l  images  were  s tud ied 
independently by two attending radiologists, who analyzed 
their T1 and T2 signal, DWI-ADC, DCE, and kinetics 
features, and assessed the lesions according to the BI-
RADS (14). The MF, TIC, and background parenchymal 
enhancement (BPE) readings complied with the ACR BI-
RADS guidelines. Both radiologists needed to reach a 
consensus on the subjective MF reading. The first enhanced 
phase was selected for sagittal and coronal reformation 
(Figure 2). The early enhancement ratio (EER) was defined 
as the percentage between the first enhanced phase and 
the pre-contrast phases. To avoid undesirable issues related 
to partial volume effects, the TIC curves and ADC values 
were taken on the detected target lesions. For large and 
inhomogeneous lesions for which there were multiple 
regions of interest, only the maximum TIC and minimum 
ADC were kept for measurement and assessment (Figure 3).

The scoring system comprised three suspicious 
predictors: (I) MF; (II) TIC profile; and (III) ADC value for 
mass and non-mass enhancement types. As shown in Table 1, 
each suspicious predictor was assigned a score of +1. There 
were also five modifiers introduced for the specific cases. 
Finally, lesions were categorized based on the sum of the 
scores as follows, where the category refers to the BI-RADS 

Patients included in the study n=900
(with 919 lesions)

Patients included in the study n=879
(with 898 lesions)

•	Excluded due to a history of biopsy or 
surgical intervention in the last three 
months prior to MRI examination (n=16)

•	Excluded due to evident mismatch 
between MRI lesions and surgical or 
biopsy lesions (n=5)

Figure 1 Patient flow chart of the study. MRI, magnetic resonance 
imaging. 
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Figure 2 The proposed multiparametric protocol used DWI, T1WI, fat-suppressed T2WI, and DCE. (A) Axial fat-suppressed T2WI, 
(B) DWI (b =1,000 s/cm2), (C) non-fat-suppressed T1WI, and the (D) pre-contrast, (E) first enhanced, and (F) fifth enhanced phases of 
a six-phase DCE. The bilateral breast was symmetrically inspected on the axial view. The multi-parametric features of the lesions were 
characterized in a synchronized (spatially matched) way, especially the high signal on DWI and the enhancement profile on DCE images. 
On MPR images (G) from the early enhanced image (E), the lesion showed a prominent triangular configuration pointing toward the nipple 
in the axial and sagittal views, and a fan shape on the coronal view, with discernible clustered-ring signs. In contrast, on the MPR images 
(H) for the delayed enhanced images (F), the border and the internal pattern were obscured by the gradually enhanced BPE, making the 
lesion less obvious. DWI, diffusion-weighted imaging; T1WI, T1-weighted images; T2WI, T2-weighted images; DCE, dynamic contrast 
enhancement; MPR, multi planar reconstruction.

classification:
	Category 5: the sum of scores was +2 or +3.
	Category 4: the sum of scores was +1.
	Category 3: the sum of scores was 0. Focus, scattered 

foci, or asymmetric maximum BPE included.
	Category 2: specific to benign lesions such as cysts, 

non-enhanced adenoma, fat necrosis, hamartoma, 
non-enhanced ductal dilation, and symmetric 
maximum BPE.

	Category 1: normal breast tissue, including symmetric 
minimum to moderate BPE.

Histopathology review

A multidisciplinary panel composed of radiologists, 
surgeons, and pathologists was formed to review the 

imaging, surgical, and histopathological information. 
The lesions were classified either as benign, risk, or 
malignant (Table 2). The risk lesions included atypical 
ductal hyperplasia, in situ lobular neoplasia [atypical lobular 
hyperplasia (ALH) and lobular carcinoma in situ (LCIS)], 
papillary lesions, radial scars/complex sclerosing lesions (RS/
CSL), and myoepithelial tumors (phyllodes). These lesions 
had uncertain malignant potential and were classified as B3 
according to the European and British guidelines (26-28). 
If there was more than one component inside a lesion, only 
the most suspicious component was recorded.

Statistical analysis

Statistical processing was employed at the lesion-based 
level. To calibrate lesions with a traditional malignant-to-
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Figure 3  Introduction of the modifiers of the protocol for certain specific cases. Spatial matched T2WI (A), DWI (B), and DCE (C) images, 
with the non-enhanced (*) component corresponding to the central, hyperintense part on DWI and T2WI. The lesion (arrow) appeared as a 
regional distribution on the axial view (C) but showed a typical segmentation on the reformatted sagittal view (D) (with a score of +1). The 
ADC value was 0.979×10−3 mm2/s (with a score of +1). The most prominent TIC curve is the plateau. The sum of the scores was 3 before 
the modifier was considered. The lower ADC component on DWI corresponded to the non-enhanced part on DCE and gave a correction 
modifier of −1, with respect to the category level. The final assessment was therefore a category 4 lesion with predicted mastitis, and biopsy 
was subsequently recommended. Histopathology revealed pus and inflammation, indicating NPM (ductal ectasia) with abscess. T2WI, T2-
weighted images; DWI, diffusion-weighted imaging; DCE, dynamic contrast enhancement; ADC, apparent diffusion coefficient; TIC, time-
intensity curve; NPM, non-puerperal mastitis.

benign differentiation system, the risk lesions were grouped 
with other lesions that were either benign or malignant 
in pathology, while the category 4 lesions were grouped 
with either category 5 or category ≤3 lesions in the final 
assessment. To assess the proposed scoring system, the 
receiver operating characteristic (ROC) curve was plotted, 
and the area under curve (AUC), sensitivity, and specificity 
for malignant-benign differentiation were calculated using 
IBM SPSS Statistics 19.

Results

Lesion characteristics

This retrospective study included 879 female patients 
(46.02±10.60 years; age range, 13 to 84) with 898 MRI 
and pathologically confirmed lesions. Table 2 lists the BI-
RADS categories of the 898 lesions included in this study. 
Pathologically, 472 of the 898 lesions were malignant, 
including not otherwise specified invasive and non-invasive 
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Table 1 The scoring system for mass- and NME-type lesions 

Score Mass NME

MF =+1 Any 1 of the 3 descriptors: Any 1 of the 2 descriptors: 

(I) Spiculate or irregular margin (I) Ductal or segmental distribution

(II) Irregular shape (II) Clumped or cluster ring pattern

(III) Rim or heterogenous pattern

TIC =+1 Washout Washout or plateau

ADC =+1 ≤1.05×10−3/cm2/s ≤1.35×10−3/cm2/s

Modifier =+1 High ADC (>2.0×10−3/cm2/s,) of the enhancement lesions

Modifier =−1 (I) EER <120% at first enhanced phase

(II) High signal intensity as inflow vessels or cyst on T2WI

(III) Lower ADC at the center of rim enhancement

(IV) Dark septum enhancement (unenhanced septum)

NME, non-mass-enhancement; MF, morphological feature; TIC, time-intensity curve; ADC, apparent diffusion coefficient; EER, early 
enhancement ratio; T2WI, T2-weighted imaging. 

Table 2 Dataset (898 lesions) classification based on MRI type, pathology, and BI-RADS categorization

Pathology
BI-RADS category

Total
1 2 3 4 5

Benign

Cyst 0 3 0 0 0 3

Adenosis 6 34 52 12 13 117

Fibroadenoma 0 25 108 19 6 158

Mastitis abscess 0 0 4 10 15 29

UDH 2 6 5 1 1 15

Risk

ADH 0 1 2 2 8 13

Papillary lesions 0 11 18 16 42 87

Phyllodes tumors 0 0 4 0 0 4

Malignant

IDC 2 0 2 3 367 374

ILC 0 0 0 0 2 2

MC 0 0 0 0 19 19

DCIS 1 0 0 3 73 77

Total 11 80 195 66 546 898

MRI, magnetic resonance imaging; BI-RADS, breast imaging reporting and data systems; UDH, usual ductal hyperplasia; ADH, atypical 
ductal hyperplasia; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MC, mucinous carcinoma; DCIS, ductal carcinoma in 
situ.
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breast carcinoma, 104 were risk, and 322 were benign. 
There were 66 category 4 lesions, of which 27.3% (18/66) 
were classified as pathological risk, 9.1% (6/66) were 
malignant, and 63.6% (42/66) were benign. Among the 
104 pathologically borderline risk lesions, 48.1% (50/104), 
17.3% (18/104), and 23.1% (24/104) were classified as 
category 5, 4, and 3, respectively, and the remaining 11.5% 
(12/104) were in category 1 or 2.

The modifiers, which are introduced in Table 1, can 
increase the diagnostic accuracy for specific diseases. In our 
study, without any modifiers, 22 non-puerperal mastitis cases 
and 68 fibroadenomas were overestimated as category 4 and 
category 4 or 5, respectively, while 4 mucinous carcinomas 
were underestimated as category 3. When the modifiers were 
introduced, 14 out of 29 non-puerperal mastitis cases, 68 out 
of 158 fibroadenomas, and 4 out of 19 mucinous carcinomas 
were predicted accurately in the final categorization. Non-
puerperal mastitis could be easily misclassified as category 4 
or 5 but could be corrected if abscess formation was observed 
(Figure 3), while other histopathological predictions, regardless 
of accuracy, had no influence on the final assessment.

ROC curve analyses

The scoring of mastitis was similar to that of malignant 

lesions in our scoring protocol, but a patient’s clinical 
history was important for diagnosing mastitis. Because our 
protocol had low accuracy for diagnosing mastitis and there 
were few cases of mastitis in the analysis (29/898), mastitis 
was excluded from the ROC curve analyses. The ROC 
curves for BI-RADS category, TIC alone, and ADC alone 
are shown in Figure 4. The pooled AUC was 0.896 (95% 
CI: 0.865–0.926), 0.827 (95% CI: 0.791–0.862), and 0.419 
(95% CI: 0.372–0.466) for BI-RADS category, TIC alone, 
and ADC alone, respectively. This simplified protocol for 
BI-RADS categorization, integrating MF, TIC, and ADC, 
had high diagnostic accuracy.

Sensitivity, specificity, accuracy, and ROC of the protocol 
for BI-RADS categorization

When category 4 and 5 lesions were classified as malignant, 
and risk and malignant lesions were grouped together, 
the sensitivity, specificity, accuracy, and AUC were 92.9% 
(535/576), 82.3% (241/293), 89.3% (776/869), and 0.876 
(95% CI: 0.847–0.904), respectively. When category 
5 lesions were classified as malignant, and risk and 
malignant lesions were grouped together, the sensitivity, 
specificity, accuracy, and AUC were 88.7% (511/576), 
93.2% (273/293), 90.2% (784/869), and 0.909 (95% CI: 
0.887–0.932), respectively. When category 5 lesions were 
classified as malignant, and risk and benign lesions were 
grouped together, the sensitivity, specificity, accuracy, and 
AUC were 97.7% (461/472), 82.4% (327/397), 90.7% 
(788/869), and 0.900 (95% CI: 0.876–0.924), respectively. 
When category 4 and 5 lesions were classified as malignant, 
and risk and benign lesions were grouped together, the 
sensitivity, specificity, accuracy, and AUC were 98.9% 
(467/472), 69.8% (277/397), 85.6% (744/869), and 0.844 
(95% CI: 0.815–0.872), respectively. Therefore, to improve 
the classification accuracy of borderline category 4 lesions, 
category 4 lesions were classified as benign lesions and 
only category 5 lesions were classified as malignant lesions. 
When risk and malignant lesions were grouped together, 
both the specificity (93.2% vs. 82.4%) and the AUC value 
(0.909 vs. 0.900) were improved compared to when the 
risk and benign lesions were grouped together, and the 
sensitivity was satisfactory. Therefore, to optimize the 
diagnostic efficacy, the risk lesions were grouped with the 
malignant lesions for traditional two-level malignant-benign 
differentiation. Statistical optimization was achieved when 
the pathological “risk + malignant” lesions—corresponding 
to category 5—were grouped together (Table 3; Figure 5).
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Figure 5 The classification diagnostic performance of category 4 lesions and the pathologically risk lesions. (A) The distribution of category 
1–5 lesions and the pathologically benign, risk, and malignant lesions. (B) With category 4 and 5 lesions classified as malignant, and risk and 
benign lesions grouped together. (C) With category 5 lesions classified as malignant, and risk and benign lesions grouped together. (D) With 
category 4 and 5 lesions classified as malignant, and risk and malignant lesions grouped together. (E) With category 5 lesions classified as 
malignant, and risk and malignant lesions grouped together. B, benign lesions; R, risk lesions; M, malignant lesions;1–5, BI-RADS 1–5; BI-
RADS, breast imaging reporting and data systems. 

Table 3 Sensitivity, specificity, accuracy, and AUC for the classification of category 4 lesions and the pathologically risk lesions

Imaging prediction of malignancy Pathological malignancy Sensitivity Specificity Accuracy AUC

Category 4 and 5 Risk and malignant lesions 92.9% 82.3% 89.3% 0.876 (0.847–0.904)

Category 5 Risk and malignant lesions 88.7% 93.2% 90.2% 0.909 (0.887–0.932)

Category 5 Malignant lesions 97.7% 82.4% 90.7% 0.900 (0.876–0.924)

Category 4 and 5 Malignant lesions 98.9% 69.8% 85.6% 0.844 (0.815–0.872)

AUC, area under the receiver operating characteristic curve.
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Discussion

In this study, a simplified scoring protocol that used 
spatially matched axial T2WI, T1WI, DWI, and DCE 
images was proposed to improve the consistency of BI-
RADS categorization. The protocol integrated MF, TIC, 
and ADC features with equal weights and can be used in 
a straightforward manner (e.g., lesions were classified as 
category 4 if one of those three features was suspicious, 
and as category 5 if any two of them were suspicious). 
Multiparametric MRI improved the diagnostic accuracy, 
which is a finding that has also been reported by some 
existing studies (29-31). Although protocols with more 
complicated logistic regression have been used in 
previous research (32-34), our proposed simplified and 
straightforward scoring system had sensitivity and specificity 
comparable with those reported in these earlier studies. 
This protocol emphasized a simplified approach, which 
is more convenient and practical in breast MRI reading, 
whereas protocols with more complicated logistic regression 
are more suitable for computer pattern recognition. 
Moreover, each image was reported via the process of 
composition-supervisor audit to reach a consensus on the 
BI-RADS category. Our simplif﻿ied scoring protocol aids in 
converting specific imaging features into a diagnostic BI-
RADS category; thus, it may help to achieve a consensus 
on subjective reading and BI-RADS categorization 
between junior doctors and senior doctors with less clinical 
experience. This simplified scoring protocol therefore 
holds promise as a helpful and practical tool for use by even 
the least-experienced radiologist to reduce inter-observer 
variability related to reader experience.

In 2013, a classification tree flowchart with 17 different 
variables based on a large database, later termed the Kaiser 
score, was introduced to help with the interpretation of 
enhanced breast MRI lesions (35). This classification tree 
includes five major diagnostic criteria: root sign, dynamic 
enhancement curve type, margins, internal enhancement 
pattern, and edema. Since its introduction in 2013, the 
Kaiser score has been reported to have high diagnostic 
accuracy for the differential diagnosis of benign and 
malignant lesions in a variety of selected patient populations 
(36-40). However, the Kaiser score does not include 
quantitative MRI techniques, such as DWI or quantitative 
DCE, and it is not associated with the BI-RADS lexicon. 
Moreover, the Kaiser score, which includes 17 variables, still 
requires further simplification for easy clinical application. 
In this study, a simplified scoring protocol was proposed for 

BI-RADS categorization based on dynamic protocols and 
quantitative techniques to improve diagnostic accuracy.

Our study also investigated the borderline effect of 
pathological risk and category 4 lesions. The sensitivity 
and specificity, reported from traditional two-scale 
differentiation between malignant and benign lesions, 
varied considerably. Possible reasons for this variation 
included whether the risk lesions were classified together 
with malignant or benign lesions and the classification of 
category 4 risk lesions (as malignant or benign) (41). Our 
results showed that when the risk lesions were classified 
together with malignant lesions, the AUC value improved. 
This result shows that the MF, TIC, and ADC of risk 
lesions showed greater similarity with features of malignant 
lesions than benign lesions. This finding also supports 
the current recommendation that patients exhibiting risk 
lesions should undergo surgical excision or, at the least, 
be closely followed up (42,43), due to their potential for 
malignancy. Grouping category 4 lesions together with 
malignant or benign lesions has a direct impact on the BI-
RADS categorization; therefore, category 4 lesions should 
be treated with extreme caution. Our results showed that 
only 17.3% (18/104) of lesions were classified as category 4.  
When category 4 and 5 lesions were classified as malignant, 
the sensitivity, specificity, accuracy, and ROC all decreased. 
Therefore, to improve the diagnostic accuracy of the 
protocol for BI-RADS categorization, only category 5 
lesions should be treated as malignant lesions. Ideally, three-
level differentiation is recommended, with malignant, risk, 
and benign lesions corresponding to category 5, category 4,  
and category 3 or lower, respectively. The management of 
category 4 lesions depends on localization—if the lesions 
are local, then a biopsy is recommended; otherwise, a short-
term follow-up should be suggested (44). 

Another advantage of our proposed simplified protocol 
is that we acquired isotropic, high spatial resolution 
images, with a DCE sequence at 1 mm × 1 mm × 1 mm. 
Such high spatial resolution was sufficient for providing 
finer structural details, such as a spiculated margin and 
cluster-ring patterns, and at the same time preserved 
the TIC information without compromising the kinetic 
curve profile. Our study also showed that the MF should 
be evaluated on the first passage of the DCE scan in the 
three orthogonal views (axial, sagittal, and coronal) (45,46). 
The complementary but delayed sagittal or coronal scan 
was not chosen, as such a delay might enhance BPE (47), 
which may obscure the lesions and in turn lead to imaging 
misinterpretation and, ultimately, underestimation or 
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overestimation of lesions, or even missing them altogether 
(48-50). The isotropic acquisition was set to a resolution 
that allows three orthogonal views to be acquired in the 
same phase by multiplanar reconstruction or maximum 
intensity projection processing in a fast manner. Therefore, 
the examination time was shortened and better patient 
cooperation could be achieved.

Our study has potential l imitations. First,  only 
histopathologically verified lesions were considered, thus 
potentially biasing our lesion database toward more complex 
cases for which invasive diagnosis was requested in the 
first place. However, we included only these lesions so as 
to provide a more accurate reference standard. Second, 
according to the Centre for Evidence-Based Medicine 
reasoning, our simplified scoring protocol was exploratory. 
To achieve a high level of diagnostic accuracy, a validation 
study in a single clinical center is required. We expect other 
research centers to validate our protocol. Furthermore, our 
study was retrospective and included ahigh ratio of malignant 
to benign lesions. Therefore, prospective studies are needed 
to confirm the validity of breast MRI and our score in this 
setting. Third, our study was performed considering only 
MRI features and did not integrate patient characteristics.

Conclusions

Our simplified scoring protocol integrates MF, TIC, and 
ADC values with equal weights to improve the consistency 
of BI-RADS categorization, diagnostic performance in the 
clinical practice, and the understanding of benign, risk, and 
malignant breast diseases.
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