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Background: Benign and malignant diagnosis of nonpalpable breast imaging reporting and data system 
(BI-RADS) category 0 lesions on digital mammograms (DMs) is very important. We compared the 
diagnostic performance of non-contrast-enhanced magnetic resonance imaging (MRI) and dynamic contrast-
enhanced magnetic resonance imaging (DCE-MRI) for them. We sought to evaluate BI-RADS category 
0 lesions using 3 MRI sequences: short tau inversion recovery (STIR), STIR combined with high b value 
diffusion-weighted imaging (STIR-DWI), and DCE-MRI.
Methods: We retrospectively reviewed 114 breast DMs rated as nonpalpable BI-RADS category 0 lesions 
in 112 patients from January 2014 to June 2019. STIR, high b value DWI, and DCE-MRI were performed 
for all patients. Two breast radiologists read individual sequences (STIR, DWI, DCE-MRI) and pairs of 
sequences (STIR-DWI) to detect BI-RADS category 0 lesions in DMs. Receiver operating characteristic 
(ROC) curve analysis was used to assess diagnostic performance according to a best valuable comparator that 
combined MRI imaging, clinical, and pathological data.
Results: Among of 114 lesions (the median age of patients was 47 years; the median size of the lesion 
was 19 mm), 32 (48.5%) malignant lesions were missed by STIR, 9 (13.6%) malignant lesions were missed 
by STIR-DWI, and 3 (4.5%) malignant lesions were missed by DCE-MRI. The principal finding of our 
study was that STIR-DWI and DCE-MRI showed higher diagnostic accuracy than did STIR (P<0.01). 
STIR-DWI showed higher accuracy [area under the curve (AUC) =0.858; sensitivity =87.8%] for BI-RADS 
category 0 lesions in DMs than did STIR (AUC =0.754; sensitivity =51.5%), while the performance was 
comparable to that of DCE-MRI (AUC =0.884; sensitivity =95.5%).
Conclusions: Using pairs of sequences (STIR-DWI) is a non-contrast-enhanced MRI technique and had an 
equal diagnostic performance in distinguishing benign from malignant lesions among nonpalpable BI-RADS 
category 0 lesions to that of DCE-MRI. As a result, STIR-DWI as having the potential to improve the safety 
and efficacy in of breast cancer screening, especially in nonpalpable BI-RADS category 0 lesions at in DMs.

4080

	
^ ORCID: Ruixin Zhang, 0000-0003-4641-0470; Maosheng Xu, 0000-0002-2396-1600.

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-21-968


Zhang et al. Unenhanced MRI improved evaluation of nonpalpable lesions4070

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(8):4069-4080 | https://dx.doi.org/10.21037/qims-21-968

Introduction

The International Agency for Research on Cancer (IARC) 
recently demonstrated that female breast cancer has the 
highest incidence and prevalence of any cancer. In 2020, 
2.3 million women were diagnosed with breast neoplasms, 
exceeding the incidence of lung cancer for the first time 
in recorded history. Breast neoplasms has a mortality rate 
of around 6.9% (1), a number that has improved through 
aggressive research on diagnostic and treatment methods 
over the years (2). Breast magnetic resonance imaging 
(MRI) is currently used during diagnosis, staging, and 
treatment assessment in breast cancer because it provides a 
longitudinal, noninvasive, and comprehensive evaluation of 
the disease. The breast imaging reporting and data system 
(BI-RADS) algorithm for mammography was developed 
specifically for imaging in 1992; its results provide a reliable 
and consistent method to categorize digital mammogram 
(DM) findings (3). The category of BI-RADS 0 is reported 
when there are lesions that need further investigation for 
complete analysis (4). However, there are relatively few 
studies on this category, and further research is needed. 
MRI is a functional technique that was first introduced by 
Heywang et al. (5) and Kaiser et al. (6) independently in 
the 1980s. Since then, breast MRI has been widely used 
for various clinical diseases, especially for the evaluation 
of benign and malignant tumors. Breast MRI has the best 
diagnostic performance for distinguishing benign from 
malignant among lesions that are classified as BI-RADS 0 
with DM (7). MRI of the breast has the highest sensitivity 
for distinguishing benign from malignant lesions among 
current clinical imaging modalities and is indispensable for 
breast imaging practice (8). The use of breast MRI has been 
shown to greatly enhance the diagnostic sensitivity of DM 
from 32% to 84% (9). However, early studies included only 
short tau inversion recovery (STIR) sequences. Compared 
to T1-weighted and T2-weighted imaging, STIR provides 
greater resolution by suppression of adipose tissue in breast 
MRI (10). Diffusion-weighted imaging (DWI) is a routine 
clinical breast MRI sequence that uses motion-sensitizing 
gradients to measure water diffusivity in tissue, which 

reflects microstructural characteristics. It is a useful tool for 
detecting and characterizing breast neoplasms. However, 
conventional DWI provides limited spatial resolution for 
breast imaging because of the combined need for a large 
field of view (FOV) and restricted matrix sizes. To improve 
the image quality of breast DWI, a variety of techniques 
have been explored (11,12). STIR combined with high b 
value DWI (STIR-DWI) has emerged, which combines 
good spatial resolution and histological resolution to 
improve the image quality of breast neoplasms (13). 

To date, existing research and practice shows that 
dynamic contrast-enhanced magnetic resonance imaging 
(DCE-MRI) is the most sensitive technique in breast MRI. 
However, DCE-MRI has a few critical disadvantages, 
including variable specificity, the need for contrast agent 
administration (with the well-known associated risks, such 
as adverse reactions, brain deposition, and nephrogenic 
systemic fibrosis in patients with terminal renal insufficiency), 
long exam times, and high costs (14). To better distinguish 
benign from malignant BI-RADS category 0 lesions on 
DMs, the selection of breast MRI sequences needs to be 
further explored. The purpose of this study was thus to 
compare the diagnostic accuracy of STIR, STIR-DWI, and 
DCE-MRI in detecting the benign and malignant lesions of 
the nonpalpable BI-RADS category 0 lesions on DMs. We 
present the following article in accordance with the STARD 
reporting checklist (available at https://qims.amegroups.com/
article/view/10.21037/qims-21-968/rc).

Methods

Patients 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Approval was 
granted by the Institutional Review Board of the First 
Affiliated Hospital of Zhejiang Chinese Medical University 
(Zhejiang Provincial Hospital of Traditional Chinese 
Medicine). It was determined that as the design of this 
study was retrospective in nature informed consent was not 
needed. From January 2014 to June 2019, the data of 127 
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patients were selected using convenience sampling. The 
inclusion criteria were as follows: (I) patients must have 
received a breast MRI scan and DM at the First Affiliated 
Hospital of Zhejiang Chinese Medical University within 
1 month before their first biopsy or surgery, with breast 
lesions being detected on DMs and/or MRI; (II) patients 
could not have received any preoperative treatment; and (III) 
patients had nonpalpable BI-RADS category 0 according 
to the DM. Patients with the following characteristics 
were excluded from the study: those with palpable lesions, 
patients with a history of breast cancer, and those with 
proven benign disease (Figure 1).

Digital mammography 

All DMs were acquired with a Mammomat Inspiration 
mammography machine (Siemens, Erlangen, Germany). 
Imaging was conducted in the mediolateral oblique (MLO) and 
craniocaudal (CC) position using automatic exposure control. 

MRI protocol

MRI imaging was conducted using a 3Tesla MRI system 
(Magnetom Verio, Siemens, Erlangen, Germany) along 
with a 16-channel breast coil. Both breasts were imaged 
with the patient in the prone position. The 3 sequences 
for imaging are described here. (I) The STIR sequence 
used the following parameters: repetition time (TR)/echo 
time (TE)/inversion time (TI) =4,000/70/230 ms, FOV 
=360×360 mm, matrix =448×448, slice thickness =4 mm, 
number of excitation (NEX) 2, voxel size =1.1×0.8×4.0 mm3, 
and sequence duration =2 min 48 s. (II) DWI was obtained 
using parallel imaging, a multisegment acquisition, and 3 
diffusion directions under the following parameters: TR/TE 
=8,400/84 ms, FOV =360×360 mm, matrix =220×220, slice 
thickness =4 mm, NEX 3, b0=50 s/mm2, b1=400 s/mm2,  
b2=800 s/mm2, voxel size =1.8×1.6×4.0 mm3, and sequence 

duration =2 min 56 s. The 3 diffusion gradients were 
applied consecutively, and apparent diffusion coefficient 
(ADC) values were calculated automatically by the MRI 
system software from the DWI images. (III) DCE-MRI 
with volumetric interpolated breath-hold examination 
(VIBE) under the following parameters: VIBE slice 
thickness of the sequence interpolated to 1 mm, TR/TE 
=4.51/1.61 ms, flip angle =10°, FOV =340×340 mm, matrix 
=448×448, slice thickness =1 mm, and NEX 1. The single 
scanning time was 60 s. After injection of the contrast agent, 
5 scans were completed, with a scanning time of 6 phases. 
The contrast used was Gadobenate dimeglumine (BeiLu 
Pharmaceutical, Beijing, China) administered intravenously 
at 0.1 mmol/kg with a flow rate of 2.0 mL/s. After that, 
10 mL of normal saline was flushed. Contrast and saline 
are injected using an automated device. The STIR, DWI, 
and DCE-MRI sequences of patients were examined 
independently. Before breast MRI examinations, we 
routinely asked about the menstrual cycle in premenopausal 
women. We recommend that patients undergo breast MRI 
1 week after menstruation. The purpose is to reduce the 
effect of hormone levels on image quality and to make the 
lesions appear more clearly.

Image interpretation

Images were read by 2 radiologists with 10 and 27 years 
of imaging experience specific to breast imaging. The 
2 radiologists evaluated images separately, and when 
their opinions differed, they negotiated a decision. They 
independently and randomly reviewed and assessed different 
MRI sequences using a dedicated workstation [picture 
archiving and communications system (PACS)] and were 
blinded to the patient’s chart. Different MRI sequences 
including STIR, a combination of STIR-DWI and ADC 
maps, and DCE-MRI were independently and randomly 
reviewed by the 2 radiologists using BI-RADS assessment. 

Figure 1 Flow diagram of enrolled patients. BI-RADS, breast imaging reporting and data system; DM, digital mammogram; MRI, magnetic 
resonance imaging.

Patients were BI-RADS category 
0 at DM (n=326)

Patients identified for this study (n=112)
Lesions included in this study (n=114)

Excluded: 
1.	Patients did not have breast MRI before 

their first biopsy or surgery (n=183)
2.	Patients with palpable lesions (n=16)
3.	 Interval between examinations more than 

2 weeks (n=11)
4.	Ever breast surgery (n=4)
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The guidelines for determining malignant vs. benign lesions 
were supported by the morphology and enhancement 
characteristics of the lesion in accordance with the 
American College of Radiology (ACR) BI-RADS lexicon. 
The radiologists distinguished lesions using the stated 
criteria in combination with the anatomic and morphologic 
characteristics on imaging. Lesions were characterized by 
their shape, margin characteristics, enhancement pattern, 
and degree of enhancement. Further information from 
the physical exam was also included in this study. The BI-
RADS assessment was used to rank the severity of select 
features (15). Afterward, the ADC value was calculated by 
referencing the DWI, STIR, and subtracted DCE-MRI 
sections. Manual region of interest (ROI) selection was 
then used to circumscribe the entire mass. The average 
ADC of each ROI was calculated 3 separate times, and the 
lowest ADC was selected. Lesions which were too small 
or had no ADC did not receive an ADC value. According 
to BI-RADS assessment categories in the 5th edition of 
the ACR BI-RADS Atlas, BI-RADS category 0 represents 
an incomplete image that needs additional imaging  
evaluation (16). In this study, the final BI-RADS assessments 
for MRI were recorded. A 7-point BI-RADS scale was 
used to determine the final assessment. Scores of 1, 2, and 
3 represented negative, benign, and likely benign lesions, 
respectively. Those with scores of 4a, 4b, and 4c represented 
lesions which had a low, moderate, or high suspicion for 
malignancy, respectively. Finally, a score of 5 represented 
the greatest risk of cancer (17). BI-RADS category 0 lesions 
were followed up with fine-needle aspiration for core 
biopsy. Those that could not undergo fine-needle aspiration 
were examined using open excision under guidance from 
the Mastology Department at the First Affiliated Hospital 
of Zhejiang Chinese Medical University. The pathological 
tissues collected in this study were all obtained by surgery, 
including Mammotome (minimally invasive atherectomy 
under the guidance of a B-ultrasound) and mass resection as 
opposed to only using fine-needle biopsies. All samples were 
examined by designated breast pathologists with at least 6 
years of experience. The substance P immunohistochemical 
method was used to detect the expression of estrogen 
receptor (ER) progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2) in all samples.

Statistical analysis

Statistical analysis was conducted using SPSS Version 
25.0 (IBM, Armonk, NY, USA) and MedCalc Version 

15.2.2 (MedCalc, Inc., Mariakerke, Belgium). The level of 
significance was set at P≤0.05, and a 95% CI was used to 
determine the accuracy of diagnostic MRI. Quantitative 
findings are presented in tables and graphs. The χ2 test was 
used to determine the diagnostic performances of MRI 
for BI-RADS category 0 lesions on DMs. The receiver 
operating characteristic (ROC) curve was also used to 
delineate between benign and malignant lesions using ADC 
values. ADC values were generated. The cutoff value for all 
3 imaging sequences (STIR, STIR-DWI, DCE-MRI) was 
3, and the areas under the curve (AUCs) for the 3 sequences 
were calculated and compared using of DeLong’s test. 

Results

The data of from 112 patients comprising 114 lesions were 
selected for analysis in this study (Figure 1). The age of 
the patients ranged from 22 to 80 years with the median 
of 47 years. Among the 112 patients, 65.2% (n=73) were 
premenopausal and 34.8% (n=39) were postmenopausal. 
Of the 114 lesions, 48 (42.1%) were determined to be 
benign and 66 (57.9%) were determined to be malignant. 
The specific diagnosis established through histological 
examination of samples included the following: invasive 
carcinoma (n=55), fibroadenomas (n=24), lobular hyperplasia 
(n=10), intraductal papilloma (n=8), granulomatous mastitis 
(n=5), ductal carcinoma in situ (n=5), mucinous carcinoma 
(n=4), diffuse large B cell lymphoma (n=1), phyllode tumor 
of the breast (n=1), and adenomyoepithelioma (n=1). 
Representative cases are shown in Figures 2-4. The size of 
the lesion was defined as the maximum dimension on the 
MRI and ranged from 5 to 63 mm with a median of 19 mm 
(Table 1). 

Final assessments of breast STIR, STIR-DWI, and DCE-
MRI for nonpalpable BI-RADS category 0 lesions in DMs 
are summarized in Table 2. The BI-RADS classifications 
made were the clinical BI-RADS classifications of the 2 
study radiologists. Final STIR assessments categorized 
76 lesions as BI-RADS 1–3 (malignant, 32), 36 lesions as 
BI-RADS 4 (malignant, 32), and 2 lesions as BI-RADS 5 
(malignant, 1). Final STIR-DWI assessments categorized 
44 lesions as BI-RADS 1–3 (malignant, 9), 39 lesions as 
BI-RADS 4 (malignant, 27), and 31 lesions as BI-RADS 5 
(malignant, 29). Final DCE-MRI assessments categorized 
30 lesions as BI-RADS 1–3 (malignant, 3), 43 lesions as 
BI-RADS 4 (malignant, 23), and 41 lesions as BI-RADS 5 
(malignant, 39). Chi-square test analysis of the malignant 
percentage in relation to lesions categorized as BI-RADS 
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Figure 2 The patient was a 46-year-old female with dense breast disease and proven mucinous carcinoma of the left breast. The BI-RADS 
scores of DMs, STIR, DWI, and DCE-MRI of this patient were 0, 2, 2, and 3, respectively. (A) The DM showed a slightly dense lesion with 
a partially obscured margin. (B) STIR and (C) DWI (b=0.8×10−3 s/mm2) revealed high signal intensity in the left breast. (D) The ADC value 
of the lesion was 1.915×10−3 mm2/s. (E) DCE-MRI showed heterogeneous enhancement of the lesion. BI-RADS, breast imaging reporting 
and data system; DM, digital mammogram; STIR, short tau inversion recovery; DWI, diffusion-weighted imaging; DCE-MRI, dynamic 
contrast-enhanced magnetic resonance imaging; ADC, apparent diffusion coefficient.
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1–3 showed a statistically significant difference (χ2=13.064; 
df=2; P=0.001), resulting from the much greater presence of 
STIR (42.1%) compared to STIR-DWI (20.5%) and DCE-
MRI (10%). There was no statistically significant difference 
between STIR-DWI and DCE-MRI, but there was a 
significant difference between STIR and STIR-DWI. Chi-
square test analysis of the malignant percentage in relation 
to lesions categorized as BI-RADS 4 showed a statistically 
significant difference (χ2=11.585; df=2; P=0.003), resulting 
from the greater presence of STIR (88.9%) compared to 
STIR-DWI (69.2%) and DCE-MRI (53.5%). There was 
no difference between STIR-DWI and DCE-MRI, but 
there was a significant difference between STIR and DCE-
MRI. Chi-square test analysis of the malignant percentage 
in relation to lesions categorized as BI-RADS 5 showed a 
statistically significant difference (χ2=6.171; df=2; P=0.046), 
resulting from the greater presence of STIR (50%) 
compared to STIR-DWI (93.5%) and DCE-MRI (95.1%). 

There was no difference between STIR-DWI and DCE-
MRI, but there was a significant difference between STIR 
and DCE-MRI.

The results suggested that the ADC showed a strong 
ability to differentiate tumor subtypes (AUC =0.799; 95% 
CI: 0.714–0.884; sensitivity =66.7%; specificity =86.4%; 
cutoff =1.058×10−3 mm2/s). Figures 5,6 and Table 3 show 
the ROC for STIR, STIR-DWI, and DCE-MRI. The 
accuracies of STIR, STIR-DWI, and DCE-MRI as 
measured by AUC were 0.754 (95% CI: 0.664–0.830), 0.858 
(95% CI: 0.781–0.917), and 0.884 (95% CI: 0.811–0.936), 
respectively. The sensitivities of STIR, STIR-DWI, and 
DCE-MRI were 51.5% (95% CI: 38.9–64.0%), 87.8% 
(95% CI: 77.5–94.6%), and 95.5% (95% CI: 87.3–99.1%), 
respectively. The specificities of STIR, STIR-DWI, and 
DCE-MRI were 91.7% (95% CI: 80.0–97.7%), 72.9% 
(95% CI: 58.2–84.7%), 56.3% (95% CI: 41.2–70.5%), 
respectively. The AUC of STIR was significantly inferior to 



Zhang et al. Unenhanced MRI improved evaluation of nonpalpable lesions4074

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(8):4069-4080 | https://dx.doi.org/10.21037/qims-21-968

STIR-DWI (95% CI: 0.0353–0.178; P=0.0034, DeLong’s 
test), and DCE-MRI (95% CI: 0.0504–0.210; P=0.0014, 
DeLong’s test). No significant differences in AUC were 
found between STIR-DWI and DCE-MRI (95% CI: 
−0.0400 to 0.0867; P=0.4698, DeLong’s test).

Discussion

Breast MRI has evolved from a screening tool to an 
additional step in the examination of patients with 
intermediate- and high-risk breast carcinoma (8,18). 
Breast MRI has demonstrated a higher sensitivity than has 
using a DM alone. In one study, the sensitivity of using a 
DM alone was 53%, while that for using breast MRI in 
conjunction with a DM was 94% (19). Research shows that 
the sensitivity of combination DM and MRI can range from 
94% to 100% when detecting breast malignancies (20).  
Existing studies also show that STIR and DWI in 
combination can greatly improve the diagnostic accuracy 
of malignant lesions (21,22). Published reports show that 

nonenhanced MRI in combination with STIR and DWI 
can provide a greater sensitivity over traditional DMs in 
detecting breast carcinomas (23). In our study, DCE-MRI 
is the most sensitive test for breast cancer detection and 
STIR-DWI sequences are less sensitive but more specific 
than DCE-MRI. These findings are consistent with Pinker 
et al.’s existing literature (24).

Gadolinium (Gd) contrast agents can accumulate in 
neural tissues and systemic organs for months and years, 
raising concerns about long term toxicity (25-27). Yet, as of 
now, no relationship between Gd and systemic toxicity has 
been established, and thus further study is needed. 

In this study, all the patients we selected had a DM-
rated BI-RADS category 0 classification. The radiologists 
interpreted the breast MRI using the ACR BI-RADS 
lexicon, and the final standard references were made during 
biopsy and/or surgery (28,29). The purpose of this study 
was to evaluate the diagnostic power of STIR, STIR-
DWI, and DCE-MRI for BI-RADS category 0 in DMs. 
The principal finding of our study was that STIR-DWI 

Figure 3 The patient was a 50-year-old female with dense breast disease and a proven phyllode tumor of the right breast. The breast cancer 
detection scores of DM, STIR, DWI, and DCE-MRI of this patient were 0, 3, 3, and 4, respectively. (A) The DM was normal. (B) STIR and 
(C) DWI (b=0.8×10−3 s/mm2) demonstrated increased signal intensity in the right breast. (D) ADC value =1.262×10−3 mm2/s. (E) DCE-MRI 
showed heterogeneous enhancement of the lesion. DM, digital mammogram; STIR, short tau inversion recovery; DWI, diffusion-weighted 
imaging; DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; ADC, apparent diffusion coefficient.
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Figure 4 The patient was a 49-year-old female with dense breast disease and proven invasive carcinoma in the right breast. The breast 
cancer detection scores of DM, STIR, DWI, and DCE-MRI of this patient were 0, 4, 5, and 5, respectively. (A) DM showed no abnormal 
findings. (B) STIR and (C) DWI (b=0.8×10−3 s/mm2) demonstrated high signal intensity in the right breast. (D) The ADC value of this 
lesion was 0.905×10−3 mm2/s. (E) DCE-MRI showed heterogeneous enhancement of the lesion. DM, digital mammogram; STIR, short tau 
inversion recovery; DWI, diffusion-weighted imaging; DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; ADC, apparent 
diffusion coefficient.
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and DCE-MRI showed a higher diagnostic accuracy than 
did STIR (P<0.01). The results suggest that STIR with 
DWI can offer a higher sensitivity when evaluating patients 
with a DM-rated BI-RADS category 0 classification while 
maintaining an optimal safety profile. In this study, 32 
(48.5%) malignant lesions were missed by STIR, 9 (13.4%) 
malignant lesions were missed by STIR-DWI, while 3 
(4.6%) malignant lesions were missed by DCE-MRI. There 
were 7 (11%) malignant lesions that were missed by STIR-
DWI but detected by DCE-MRI. Due to their high ADC 
values for pathological characteristics, we classification their 
as STIR-DWI BI-RADS 2–3. Three malignant lesions were 
small, smooth, and had high ADC values.

There are several reasons for the enhanced performance 
of STIR-DWI and DCE-MRI compared to STIR. As a 
functional imaging modality, STIR-DWI is highly affected 
by changes in the tumor microenvironment. In addition, 
STIR-DWI shows tumors as a hyperdense lesion, similar to 

the behavior of contrast agents. DCE-MRI has its unique 
advantages in tumor detection sensitivity. However, in our 
study, 3 (4.6%) malignant lesions were missed by DCE-
MRI, 1 was detected by STIR-DWI, and the other 2 were 
missed by STIR-DWI. Retrospective analysis revealed that 1 
growth was a mucinous carcinoma (Figure 2). Due to its high 
ADC values for pathological characteristics, we classified it 
as DCE-MRI BI-RADS 3. We also misdiagnosed the other 2 
lesions as DCE-MRI BI-RADS 3. The patients were young 
and the enhancement of the lesions was very similar to that of 
mastitis. In this study, the specificity of DCE-MRI was lower 
than usual, which might have occurred because the patients 
enrolled in this study were all BI-RADS category 0, and so 
they all had suspicious lesions. The degree of enhancement 
of some benign lesions was similar to that of malignant 
lesions, and there were some misdiagnosed cases. In this 
respect, STIR-DWI has some advantages to compensate for 
the shortcomings of DCE-MRI. By comparison, DMs do 
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Table 2 Final assessments of breast STIR, STIR-DWI, and DCE-MRI for BI-RADS category 0 lesions on DMs

Type of image BI-RADS
Pathology

Total Benign Malignant Malignant percentage (%)

STIR 1–3 76 44 32 42.1

4 36 4 32 88.9

5 2 1 1 50

STIR-DWI 1–3 44 35 9 20.5

4 39 12 27 69.2

5 31 2 29 93.5

DCE-MRI 1–3 30 27 3 10

4 43 20 23 53.5

5 41 2 39 95.1

STIR, short tau inversion recovery; STIR-DWI, short tau inversion recovery diffusion-weighted imaging; DCE-MRI, dynamic contrast-enhanced 
magnetic resonance imaging; BI-RADS, breast imaging reporting and data system; DM, digital mammogram.

Table 1 Summary of patient demographics and lesion characteristics

Observations Value

Patient demographic characteristics (n=112) 

Age (years), mean ± SD 48.0±29

Menopausal status

Premenopausal 73

Postmenopausal 39

Mass characteristics (n=114)

Size (mm), mean ± SD 22.3±15.09

Pathology

Invasive carcinoma of no special type 55

Fibroadenoma 24

Lobular hyperplasia 10

Intraductal papilloma 8

Granulomatous mastitis 5

Ductal carcinoma in situ 5

Mucinous carcinoma 4

Diffuse large B cell lymphoma 1

Phyllode tumor of the breast 1

Adenomyoepithelioma 1

Values are presented as number or mean ± SD.

not offer functional information. Studies have demonstrated 
that STIR-DWI is also able to scan for morphological 
characteristics when detecting breast lesions (30,31). High-
resolution imaging can be used in follow-up studies to 
augment the performance of the established model (32). 
For example, some high-resolution techniques for neural 
imaging may be applicable to breast imaging (33,34). The 
greater accuracy and applicability in the detection of benign 
and malignant lesions using STIR with DWI and DCE-
MRI when compared to DM has also been reported in 
other studies (35-39). Our findings demonstrate a novel 
combination of STIR-DWI that can be used to determine 
the safety and efficacy of the modality in patients with a BI-
RADS category 0 in DMs. Previously, DWI was limited 
by its poor resolution and was therefore used as an adjunct 
method for imaging breast lesions. This study showed that, 
although DCE-MRI was higher in malignant percentage 
than was STIR-DWI, there was no statistical difference 
between the methods. Another factor dictating the efficacy 
of treatment is the cost and time associated with examination 
(40,41), and omitting the need for contrast reduces both the 
cost and time investment (42,43).

While this study provides insights into the relative 
abilities of different breast MRI sequences, several 
shortcomings are worth noting. First, the patients were 
obtained from the inpatient roster as opposed to the general 
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population. In the future, research should also evaluate the 
feasibility of prospective screening with a large population 
to obtain a definite conclusion. Second, it is difficult to 
ensure full blindness when given the inclusion criteria 
for this study, which selected for high-risk patients. As 
a consequence of this, the radiologists might have been 
biased to scrutinize the images due to knowledge regarding 
the patient population (44,45). Future studies should also 
examine the performance of DWI against ultrasound, 
digital breast tomosynthesis (DBT), and other multimodal 
imaging methods that have been suggested to be suitable 
for BI-RADS category 0 lesions in DM (46-48).

Conclusions

STIR-DWI was superior to STIR alone and comparable 

with DCE-MRI in terms of diagnostic performance in 
detecting nonpalpable BI-RADS category 0 lesions. Due to 
a high sensitivity and the potential to examine breast lesions 
regardless of density, STIR-DWI should be suggested 
as a front-line modality to follow up BI-RADS category 
0 lesions. The findings of this study, along with a short 
acquisition time and low-cost of STIR-DWI, can improve 
the safety and efficacy of breast cancer screening, especially 
in nonpalpable BI-RADS category 0 lesions in DMs.
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