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Abstract 

Background/Objectives: Segmental non-mass enhancement (NME) is the breast MRI distribution 
pattern with the highest positive predictive value (PPV) for malignancy. Despite its diagnostic 
relevance, its imaging characteristics have rarely been examined in isolation, leaving uncertainty in 
clinical practice. This multicenter study aimed to evaluate multiparametric MRI features—including 
internal enhancement pattern, dynamic contrast enhancement (DCE) kinetics, and diffusion 
restriction—in segmental NME to identify malignancy predictors. Methods: This retrospective 
cohort reviewed 14,834 breast MRI reports from five institutions (September 2017–February 2024), 
identifying 103 women (mean age, 44.4 ± 9.9 years) with segmental NME (70 malignant, 33 benign). 
MRI was performed at 1.5T or 3T using standardized protocols. Two breast radiologists, blinded to 
pathology, assessed internal enhancement, DCE kinetics, diffusion restriction, and short tau 
inversion recovery (STIR) features according to BI-RADS. Statistical analyses included chi-
square/Fisher’s tests and logistic regression. Results: Clustered ring enhancement (CRE) was 
significantly associated with malignancy (p = 0.004). Fast initial-phase enhancement (p < 0.001) and 
delayed-phase washout (p = 0.011) also correlated with malignancy. On multivariate analysis, fast 
initial-phase enhancement remained an independent predictor (odds ratio [OR] = 5.133, p = 0.031), 
whereas slow enhancement predicted benignity (OR = 0.194, p = 0.020). Histologies included ductal 
carcinoma in situ, invasive ductal carcinoma, granulomatous mastitis, and benign hyperplastic 
lesions. Conclusions: This study, focusing exclusively on segmental NME, identifies CRE, fast initial-
phase enhancement, and washout kinetics as reliable imaging biomarkers. Incorporating these 
features into breast MRI interpretation may improve diagnostic accuracy, risk stratification, and 
management decisions. 

Keywords: multiparametric breast magnetic resonance imaging; segmental nonmass enhancement; 
breast cancer; clustered ring enhancement; contrast kinetics 
 

1. Introduction 

According to the Breast Imaging Reporting and Data System (BI-RADS) lexicon of the American 
College of Radiology (ACR), nonmass enhancement (NME) is defined as an enhanced lesion without 
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a space-occupying, three-dimensional, convex-edged mass on dynamic contrast-enhanced (DCE) 
MRI of the breast. NME lesions do not cause distortion or displacement in the surrounding tissues, 
and islands of fatty tissue can be observed within them. In the ACR BI-RADS Atlas 5th edition, 
nonmass areas of contrast enhancement are classified according to their distribution characteristics 
and internal contrast enhancement patterns (IEPs) [1]. The histopathological diagnostic results 
associated with NME lesions can be classified as benign, high-risk, or malignant. Among the 
malignant lesions presenting as NME, ductal carcinoma in situ (DCIS) is the most common subtype; 
however, a substantial proportion also comprises invasive carcinomas. In a previous study, 57.1% of 
malignant NME lesions were diagnosed as DCIS and 42.9% as invasive carcinomas. This finding 
emphasizes the need for cautious assessment of invasive potential [2–4].  

NME lesions were assessed based on their distribution, IEP, dynamic curves, and diffusion 
restriction findings. Although various studies have evaluated NME lesion characteristics, only a few 
have analyzed large multicenter cohorts. Distribution pattern and IEP play important roles in 
assessing the risk of malignancy. Segmental distribution combined with clustered ring enhancement 
(CRE) patterns has the most significant correlation with malignancy [3,5]. 

CRE with segmental distribution improves the positive predictive value (PPV) for detecting 
DCIS, and both features are widely accepted as important radiological markers [6]. Nevertheless, 
previous studies have revealed contrasting results regarding the predictive value of other imaging 
characteristics—such as diffusion restriction, hyperintensity on short tau inversion recovery (STIR) 
sequences, and time-intensity curve patterns—in differentiating benign from malignant NME lesions 
[4,5,7–13]. These uncertainties emphasize the need for further multiparametric analysis in well-
characterized lesion subgroups. Although previous studies have evaluated NME lesions as a group, 
their imaging features have rarely been analyzed in detail based on their distribution patterns. This 
lack of stratification creates ambiguity in clinical decision-making, particularly when assessing 
malignancy risk based on distribution or internal enhancement patterns. To address this gap, our 
study focused specifically on segmental NME, the distribution pattern with the highest reported PPV 
for malignancy, to investigate associated multiparametric MRI characteristics in detail. 

Distinguishing NME lesions from the background parenchymal enhancement can be 
challenging. The background parenchymal enhancement commonly exhibits mild, persistent kinetic 
curves and bilateral symmetrical distribution. However, in some cases, asymmetrical patterns may 
mimic NME, which complicates differentiation. Baltzer et al. reported that the diagnostic 
performance of breast MRI in NME evaluation is highly dependent on reader experience [12]. This 
underscores the need for improved diagnostic approaches, particularly for less experienced 
radiologists, and emphasizes the importance of performing larger case series to identify patterns 
based on their distribution characteristics. 

We hypothesized that CRE patterns and early-phase kinetic curves have the highest predictive 
value for malignancy in segmental NME lesions. Identifying these patterns with multiparametric 
MRI can improve diagnostic accuracy and facilitate the differentiation between benign and malignant 
lesions. 

This multicenter retrospective cohort study evaluated the correlation between segmental NME 
lesions, their internal enhancement patterns, dynamic contrast enhancement curves, diffusion 
restriction features, and T2-weighted imaging findings and malignancy. Further, we aimed to explore 
the potential use of these imaging characteristics in differentiating in situ and invasive malignancies 
in segmental NME lesions, thereby identifying the current limitations in predicting invasion based 
on imaging findings. 

We believe that this study contributes to the existing literature by providing insights from a large 
multicenter cohort, offering valuable data to refine diagnostic strategies for NME lesions. Unlike most 
prior studies that pooled all NME patterns, our study isolates the segmental subtype—the 
distribution with the highest reported PPV for malignancy—to provide lesion-specific, 
multiparametric MRI markers. This stratified approach addresses a key evidence gap and aims to 
improve diagnostic precision and clinical decision-making for segmental NME. Further research on 
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different NME distribution patterns should be performed to significantly enhance our understanding 
and help facilitate clinical decision-making. 

2. Materials and Methods 

This multicenter retrospective cohort study was approved by the institutional ethics committee 
(Approval No. 2024-06/81; dated 11 July 2024). The need for patient consent was waived as only 
existing MRI images and histopathological data from hospital databases were analyzed. Breast MRI 
and pathology reports collected between September 2017 and February 2024 from five hospitals were 
reviewed. Of the 14,834 patients in the breast MRI reports, 111 with segmental NME lesions were 
identified. The inclusion criteria were as follows: (1) patients with NME lesions with segmental 
distribution on breast MRI, (2) those with available data on histopathological diagnosis—benign or 
malignant—confirmed via biopsy or follow-up, (3) those without a previous history of breast cancer 
diagnosis or treatment before MRI, and (4) those with accessible data on prior imaging and clinical 
records within the hospital databases. The exclusion criteria were as follows: (1) patients with 
unavailable or incomplete biopsy results in the hospital records, (2) those who did not undergo 
biopsy or were lost to follow-up, (3) those with MRI follow-up images that could not be retrieved, 
and (4) those who underwent MRI studies without essential sequences or those with images of non-
diagnostic quality. Eight patients with incomplete pathology data or those who did not follow the 
biopsy recommendations were excluded from the study. Hence, 103 patients were finally included. 
All patients underwent MRI prior to any biopsy or surgical intervention. Surgical resection was 
performed on all patients with malignant lesions. Meanwhile, benign lesions were either excised or 
followed-up based on histopathological risk. Figure 1 depicts the inclusion and exclusion process. 

The biopsy and follow-up results were recorded. Lesions were confirmed via targeted 
ultrasonography in 66 patients, followed by US-guided core biopsies. MRI-guided biopsies were 
performed in three patients with lesions detectable exclusively on MRI, while MRI–ultrasound (MRI–
US) fusion-guided biopsies were conducted in an additional three patients. Three patients underwent 
excisional biopsy under mammography guidance. Patients who did not undergo biopsy were 
monitored, and those with high-risk lesions underwent excision. The surgical pathology results were 
included for patients with malignancy diagnosed via core biopsy who received neoadjuvant 
chemotherapy. The histopathological diagnoses were classified as benign or malignant, and whether 
malignant NME lesions were invasive or in situ was recorded. 

MRI scans were retrospectively reviewed between March and June 2024 by two breast 
radiologists (with 7 and 24 years of experience) who were blinded to the histopathologic results. The 
breast MRI protocol included axial seT1, fat-suppressed T2, diffusion-weighted imaging (DWI) (b = 
0 and b = 800), and at least five-phase DCE sequences. Examinations without any of these sequences 
or with significant artifacts were excluded from the analysis. Although imaging protocols varied 
slightly across centers, the acquired sequences were similar and analyzed with consistent technical 
parameters. The potential intercenter imaging variation was acknowledged as a study limitation. 
Selection bias was decreased with the use of predefined inclusion and exclusion criteria. Observer 
bias was reduced by blinding the radiologists to the pathology results. 

The radiologists evaluated IEPs according to the ACR BI-RADS 5th edition. If mixed IEPs were 
present, the pattern with the highest PPV was prioritized in the following order: CRE, clumped, 
heterogeneous, and homogeneous [2]. 

Diffusion restriction was considered present when the ADC value was below 1000 × 10⁻⁶ mm²/s 
[5,14]. Hyperintensity and/or cysts on fat-suppressed T2-weighted or STIR sequences were recorded. 
Initial-phase contrast enhancement was categorized as slow (<50% signal increase), medium (50% – 
100%), or rapid (>100%). Meanwhile, delayed-phase enhancement was classified as persistent (>10% 
increase), plateau (no further increase), or washout (>10% signal decrease after the initial rise). 

To reduce the impact of missing data, only patients with complete and diagnostically evaluable 
MRI and histopathology records were included in the final analysis. Eight patients were excluded: 
two were lost to follow-up after imaging and did not undergo biopsy, and six had MRI studies that 
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were either missing essential sequences or rendered non-diagnostic due to motion or technical 
artifacts. Missing data were assumed to be completely at random (MCAR). No statistical imputation 
methods were applied, as a few cases were excluded and their exclusion was unlikely to introduce 
systematic bias. This was acknowledged as a limitation of the study. 

 

Figure 1. Flowchart of the study and histopathological results. 

Data analysis was conducted using the Statistical Package for the Social Sciences software 
version 23.0, and a p value <0.05 indicated statistically significant difference. Descriptive statistics 
were used to summarize the demographic and lesion characteristics. The Pearson’s chi-square test 
and the Fisher’s exact test were utilized to assess associations between variables. The associations 
between the imaging findings and histopathological outcomes were explored via univariate analyses. 
In the multivariate analyses, variables identified as potential risk factors for malignancy were 
subjected to a multivariate logistic regression analysis to calculate odds ratios (ORs). Variable 
selection was performed using the backward stepwise method, and the model fit was assessed with 
the Hosmer–Lemeshow test. 

A post-hoc power analysis with α = 0.05, power = 0.80, and a total sample size of 103 patients (70 
with malignant lesions, 33 with benign lesions) indicated that the study could detect a medium effect 
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size (Cohen’s d = 0.60). This suggests that the sample size was sufficient to detect moderate 
differences. However, larger samples might be required for smaller effect sizes. 

3. Results 

A total of 103 patients with segmental NME lesions were included in the final analysis. The 
findings are presented according to patient and histopathological characteristics, internal 
enhancement patterns, multiparametric MRI features, and logistic regression outcomes. Detailed 
results are summarized below, with tables and figures illustrating the key observations. 

3.1. Patient and Histopathological Characteristics 

We examined 103 segmental NME lesions in 103 patients, with an average age of 44.38 ± 9.91 
(range: 22–75) years. Of them, 70 (68%) presented with malignant lesions and 33 (32%) with benign 
lesions. The patients with malignant lesions were aged 26–75 (mean: 45.2) years. Among the 70 
malignant tumors, 61 were ductal, 5 lobular, and 4 papillary. Approximately 40% of these malignant 
lesions were invasive and 60% in situ. Seven patients had both invasive and in situ components. These 
lesions were categorized as invasive. Figure 1 depicts the histopathological diagnostic results. 

3.2. Multiparametric Breast MRI Findings 

3.2.1. Internal Enhancement Patterns 

In our study group, heterogeneous IEPs were observed in 32% of the lesions, CRE in 31.1%, 
clumped patterns in 29.1%, and homogeneous patterns in 7.8%. Based on the Pearson chi-square test, 
there was a statistically significant correlation between IEP and histopathological outcomes (p = 
0.002). CRE was found in 40% of malignant segmental NME lesions, and a significant correlation was 
observed (p = 0.004). CRE exhibited a sensitivity of 40%, specificity of 88%, and PPV of 87.5% for 
diagnosing malignancy, all with a 95% confidence interval (CI). Heterogeneous patterns were most 
typically noted in benign lesions, with a statistically significant difference (p = 0.001). Based on the 
univariate logistic regression (ULR) analysis, CRE increased the likelihood of malignancy by 4.8-fold 
(OR = 4.833, p = 0.007). Clumped and homogeneous patterns were not statistically significant (Table 
1). 

Table 1. MRI characteristics of segmental NME lesions. 

Characteristics Benign lesions 
(n = 33, 32%) 

n (%) 

Malignant 
lesions 

(n = 70, 68%) 
n (%) 

P value 

Internal enhancement pattern*   0.002* 
Clustered ring* 4 (12.1%) 28 (40%) 0.004* 

Clumped 10 (30.3%) 20 (28.6%) 0.857 
Heterogeneous* 18 (54.6%) 15 (21.4%) 0.001* 
Homogeneous 1 (3.0%) 7 (10.0%) 0.431** 

Mixed enhancement pattern (n = 75)    
Present 4 (18.2%) 22 (41.5%) 0.053 
Absent 18 (81.8%) 31 (58.5%)  

Cystic structures on the STIR images    
Present 10 (30.3%) 18 (25.7%) 0.625 
Absent 23 (69.7%) 52 (74.3%)  

Dynamic curve in the initial phase*   <0.001* 
Slow* 20 (60.6%) 12 (17.1%) <0.001* 

Moderate 7 (21.2%) 16 (22.9%) 0.852 
Rapid* 6 (18.2%) 42 (60%) <0.001* 

Dynamic curve in the delayed phase*   0.009* 
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Persistent 15 (45.5%) 17 (24.3%) 0.030* 
Plateau 16 (48.5%) 31 (44.3%) 0.690 

Washout 2 (6.1%) 22 (31.4%) 0.004* 
Diffusion restriction    

Present 19 (57.6%) 41 (64.1%) 0.533 
Absent 14 (42.4%) 23 (35.9%)  

*: P < 0.050    **: Fisher’s exact test 

3.2.1. Mixed Enhancement Patterns 

Of the 75 patients who were assessed for mixed IEP (Figure 2), 26 (34.7%) presented with the 
pattern. Approximately 41.55% of the patients with malignant lesions had mixed IEP. Of them, 15.4% 
exhibited benign lesions and 84.6% malignant lesions. Although the association did not reach 
conventional statistical significance (p = 0.053), a trend toward significance was noted. In ULR 
analysis, the presence of mixed IEP was associated with a 3.19-fold increased likelihood of 
malignancy (p = 0.061). This suggests that a larger sample size may improve the statistical power and 
clarify the strength of this association. 

 

Figure 2. Breast magnetic resonance imaging of a 36-year-old woman showing segmental nonmass enhancement 
with a heterogeneous internal enhancement pattern. Both clumped and clustered ring enhancement features are 
observed. Histopathological examination confirmed the coexistence of invasive ductal carcinoma and ductal 
carcinoma in situ. 

3.2.3. STIR and Diffusion MRI Findings 

Cystic structures on the STIR sequences were observed in 27.2% of the lesions, 30.7% of which 
were benign and 69.3% were malignant (Figure 3). The frequency rate of cystic structures in the 
malignant lesions was 25.7%, which was not statistically significant (p = 0.625). Diffusion restriction 
was found in 60.9% of lesions (64.1% in malignant lesions and 57.6% in benign lesions), without 
statistical significance (p = 0.533). The ULR analysis showed a 1.3-fold higher likelihood of 
malignancy in lesions with diffusion restriction. However, this result was not significant. 
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(c) 

Figure 3. Breast magnetic resonance imaging findings in a 37-year-old woman with segmental nonmass 
enhancement (NME) exhibiting a mixed internal enhancement pattern. (a) Short tau inversion recovery sequence 
reveals cystic components within the lesion. (b) Post-contrast image demonstrates segmental NME with 
clustered ring and heterogeneous internal enhancement. (c) Dynamic contrast-enhanced imaging shows rapid 
initial contrast uptake followed by a washout pattern in the delayed phase. Histopathological analysis confirmed 
ductal carcinoma in situ. 

3.2.4. DCE-MRI Kinetic Features 

In the DCE-MRI assessment, the most common dynamic curve pattern was rapid contrast 
enhancement in the initial phase (46.6%), with a plateau pattern in the delayed phase (45.6%). Rapid 
early-phase contrast uptake was observed in 60% of malignant lesions, with a significantly strong 
correlation (p < 0.001). It had a sensitivity of 60%, specificity of 82%, and PPV of 87.5% (95% CI, 76.8–
98.2). Further, based on the ULR analysis, rapid contrast uptake was associated with 6.75-fold 
increase in the likelihood of malignancy, which was statistically significant (OR: 6.750, p < 0.001) 
(Figure 3). 

The most frequent dynamic curve pattern during the delayed phase was a plateau, which was 
observed in 44.3% of malignant lesions and 48.5% of benign lesions, without significant difference (p 
= 0.690). The washout pattern was the second most common, which was found in 31.4% of malignant 
lesions and 6.1% of benign lesions, with a strong association with malignancy (p = 0.004). The 
washout curve had a sensitivity of 31%, specificity of 94% (95% CI, 79.8–99.3), and PPV of 91% (95% 
CI, 76.5–97.8). Further, according to the ULR analysis, it increased the likelihood of malignancy by 
7.1-fold, which was statistically significant (OR: 7.104, p = 0.011). 

In DCE-MRI, a slow initial-phase contrast uptake was observed in 60.6% of benign lesions. This 
finding was significantly different from that in malignant lesions (p < 0.001). Approximately 45.5% of 
benign lesions presented with persistent enhancement curves in the delayed phase, which was also 
statistically significant (p = 0.030). According to the ULR analysis, the ORs were 0.134 for slow 
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contrast uptake (p < 0.001) and 0.385 for persistent enhancement in the delayed phase (p = 0.033), both 
of which were statistically significant. 

3.3. Multivariate Analysis 

A comprehensive multivariate logistic regression analysis was performed. In this analysis, 
variables with significant or borderline associations, including CRE, heterogeneous enhancement, 
initial-phase kinetic curves (slow and rapid), delayed-phase patterns (persistent and washout), and 
mixed IEP, were incorporated. In the multivariate analysis, only rapid and slow initial-phase 
enhancements remained statistically significant. Rapid initial-phase enhancement increased the 
likelihood of malignancy by 5.133-fold (p = 0.031). Meanwhile, slow enhancement was associated 
with benignity (OR = 0.194, p = 0.020). In the univariate analysis, CRE increased the likelihood of 
malignancy by 4.833-fold and the washout-type delayed enhancement by 7.104-fold, which were both 
statistically significant. These findings underscore the diagnostic value of early-phase kinetics and 
specific enhancement patterns in differentiating malignant segmental NME lesions. Table 2 presents 
the results of the univariate and multivariate regression analyses. 

Table 2. Results of the univariate and multivariate logistic regression analyses 

 Univariate analysis Multivariate analysis 

OR 95% CI for 
EXP(B) 

P 
value 

OR 95% CI for 
EXP(B) 

P 
value 

Lower Upper Lower Upper 

Internal enhancement 
pattern 

 

Clustered ring* 4.833 1.531 15.258 0.007*     

Clumped 0.920 0.372 2.275 0.857     

Heterogeneous* 0.227 0.093 0.554 0.001*     

Homogeneous 3.556 0.419 30.161 0.245     

Dynamic curve in the 
initial phase 

 

Slow* 0.134 0.053 0.343 0.000* 0.194 0.049 0.770 0.020 

Moderate 1.101 0.403 3.003 0.852     

Rapid* 6.750 2.469 18.451 0.000* 5.133 1.164 22.637 0.031 

Dynamic curve in the 
delayed phase 
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Persistent* 0.385 0.160 0.925 0.033*     

Plateau 0.845 0.368 1.936 0.690     

Washout* 7.104 1.559 32.363 0.011*     

Mixed IEP 3.194 0.949 10.746 0.061     

Diffusion restriction 1.314 0.557 3.100 0.534     

*: P < 0.050. 

3.4. Correlation with Invasion 

The correlation between imaging findings and invasion in malignant segmental NME lesions 
did not identify definitive markers for predicting in situ or invasive cancer. Mixed IEP was found in 
59.1% of malignant lesions. CRE was observed in 32.1% of lesions, clumped pattern in 50%, 
heterogeneous enhancement in 40%, and homogeneous enhancement in 42.9%. Among the malignant 
NME lesions with CRE, 67.9% were in situ lesions, and 32.1% were invasive. However, this difference 
was not significant (p = 0.273). Cystic structures on STIR sequences were found in 61.1% of in situ 
lesions and 38.9% of invasive lesions, and a significant correlation was not found between cystic 
structures and invasion. Further, there were no significant differences in the early- and late-phase 
dynamic curves and diffusion restriction between invasive and in situ lesions (Table 1). 

4. Discussion 

NME lesions with segmental distribution were evaluated according to the ACR BI-RADS 5th 
edition lexicon [1]. CRE was the second most common pattern after heterogeneous enhancement and 
the most frequent IEP in malignant lesions, with statistical significance (p < 0.05). The PPV of CRE 
was 87.5% (95% CI, 76.8–98.2), which is consistent with the literature. Its specificity was 88% (95% CI, 
74.2–94.4), which is higher than the values reported in the literature. This discrepancy might be 
attributed to the fact that our study focused solely on segmental NME lesions with the highest PPV. 
Segmental NME forms a distinctive pyramidal configuration, with the apex aligning toward the 
nipple and the base extending toward the chest wall (Figure 4). Previous studies have clearly reported 
a strong association between segmental NME and DCIS [3,4,8–10,15]. Table 3 summarizes previously 
reported histopathologic diagnoses associated with segmental NME lesions for contextual reference. 

Table 3. Histopathological diagnoses associated with NME lesions reported in the literature. 

Classification Lesions 

Benign 

Pseudoangiomatous stromal hyperplasia, usual ductal 
hyperplasia, apocrine metaplasia, adenosis and fibrocystic 
changes, duct ectasia and periductal fibrosis, fibroadenoma, 
silicone granuloma, sclerosing adenosis, inflammation, 
granulomatous mastitis, post-radiation changes, normal breast 
tissue 
 

High-risk 

Atypical ductal hyperplasia, intraductal papilloma, peripheral 
papillomatosis, radial scar, complex sclerosing lesion, flat 
epithelial atypia 
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Malignant 

Ductal carcinoma in situ (DCIS), invasive ductal carcinoma, 
invasive lobular carcinoma, tubular carcinoma, inflammatory 
breast cancer, papillary carcinoma, mucinous carcinoma, apocrine 
carcinoma, invasive micropapillary carcinoma, Paget’s disease, 
glycogen-rich clear cell carcinoma 

 

Figure 4. Breast magnetic resonance imaging of a 46-year-old woman demonstrating segmental nonmass 
enhancement in the lower outer quadrant of the right breast. The lesion displays a clumped internal 
enhancement pattern. Histopathological evaluation confirmed ductal carcinoma in situ. 

Overall, heterogeneous IEP was the most common contrast pattern, but it was least frequently 
observed in malignant lesions. Kubota et al. performed a meta-analysis in 2023, and they reported 
varying results regarding the association between heterogeneous contrast patterns and malignancy 
[7]. Our study found no association between malignancy and heterogeneous enhancement. However, 
it was the most prevalent pattern in benign lesions (54.5%), with a significant association (p = 0.001). 

Homogeneous IEP was the least observed pattern and was not significantly associated with 
malignancy. The prevalence rate of malignancy in segmental NME lesions with a clumped contrast 
pattern was 66.7%. However, its association with malignancy was not statistically significant (p > 
0.05), which is consistent with previous studies [4,6]. 

Mixed IEP, where two or more IEP types were present within the same lesion, was observed in 
34.7% of cases. Among these, 84.6% were malignant lesions, with slight statistical significance (p = 
0.053). Shimauchi et al. showed that clumped and CRE patterns might have similar developmental 
mechanisms and occur concomitantly [10]. Our study did not specify which contrast patterns 
coexisted within the mixed contrast findings. However, if some cases of mixed IEP represent a 
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combination of CRE and clumped enhancement patterns, this may partially account for the 
borderline statistical association observed. Thus, further studies with larger sample sizes are 
warranted to validate this relationship and enhance statistical power. 

Li Yan et al. showed that the diagnostic performance of DWI was inferior to that of DCE-MRI, 
possibly due to DWI slice thickness [13]. Our study, which focused on segmental NME, did not 
encounter this limitation as all lesions were larger than the DWI slice thickness. Diffusion restriction 
was observed in both benign and malignant lesions, with no significant correlation to malignancy. 
Previous studies have shown that unlike mass lesions, the diagnostic accuracy of diffusion restriction 
in NME lesions is limited [11,13]. The alignment of our findings with previously published reports, 
within a cohort with a high malignancy risk in segmental NMEs, underscores the diagnostic 
limitations of diffusion restriction in NME lesions. 

Baltzer et al. did not find statistically significant differences in the dynamic enhancement 
features between benign and malignant lesions [12]. Conversely, Liu et al. showed that the washout 
curves were more frequent in malignant lesions. Meanwhile, persistent curves were more common 
in benign ones, with statistical significance [3]. Our study identified a strong association between 
malignancy and rapid contrast uptake in the initial phase and washout dynamic curves in the delayed 
phase (p < 0.001 and p = 0.009, respectively). The literature has reported that plateau curves were 
more frequently observed in malignant NME lesions, unlike our findings [3–5,13]. In addition, Liu et 
al. have found that the washout type curves might help distinguish invasive breast cancer from 
benign lesions. However, our study did not find a statistically significant correlation between the 
invasion and dynamic curves. 

There was no statistically significant correlation between the cystic structures observed in the 
STIR images and the presence of benign or malignant lesions. Previous studies have contrasting 
findings on this matter. Milosevic et al. showed an association between the presence of microcysts on 
STIR and atypical lesions [16]. Baltzer and colleagues have reported that hyperintensity 
accompanying NME lesions on T2-weighted images is more significantly associated with benignity 
and hypointensity than with malignancy [12]. Conversely, Chikarmane et al. showed that 
hyperintensity on T2-weighted sequences is unreliable for assuming benignity in NME lesions [2]. 

The efficacy of MRI in distinguishing invasive NME lesions varies across studies. Liu et al. found 
no association between invasion and IEP. Meanwhile, Hahn et al. reported that CRE was more 
frequently found in microinvasive ductal carcinomas than in DCIS [3,17]. Machida et al. found a 
significant correlation between CRE and malignancy, indicating that IEPs could predict invasion, 
with PPV values of 40.2% for clumped patterns, 46.2% for branching, 51.8% for heterogeneous 
enhancement, 50% for CRE, and 73.9% for hypointense areas, which are not included in the MRI BI-
RADS atlas [9]. Using the ACR BI-RADS 5th edition criteria, our study did not find significant 
predictors of invasion, possibly due to the exclusion of specific descriptors analyzed in the study of 
Machida et al. 

This study has several limitations. First, its retrospective nature might have introduced selection 
bias and resulted in incomplete imaging and clinical records despite the predefined criteria. Second, 
the multicenter design, with varying MRI field strengths and imaging parameters, might have led to 
inconsistencies in image resolution and IEP evaluation, particularly in differentiating CRE from 
clumped patterns. Although the acquired sequences were similar, the parameter variations across 
centers remain a limitation. However, the multicenter approach improves patient diversity and 
enhances generalizability. Missing data were addressed by excluding cases with incomplete 
pathology or imaging records, assuming that the data were completely at random (MCAR), which 
could have affected the generalizability of the findings. Observer bias was decreased by having 
experienced radiologists independently review the images. However, interobserver variability 
remains a potential limitation. Finally, post-hoc power analysis showed that the study had sufficient 
power (80%) for detecting a medium effect size (Cohen’s d = 0.60) with the available sample size (n = 
103). However, smaller effect sizes might have gone undetected, thereby suggesting the need for 
larger sample sizes in future studies to improve statistical power and diagnostic accuracy. 
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5. Conclusions 

In conclusion, our study offers a comprehensive examination of segmental NME lesions and 
their multiparametric MRI findings in relation to malignancy and invasion in a broad patient 
population. The results can provide significant insights into distinguishing benign from malignant 
lesions and identifying the presence of invasive components. Further, they can contribute 
significantly to the current body of literature and clinical scenarios encountered in daily practice, 
thereby setting a foundation for future multicentric and extensive studies to better understand the 
less common NME patterns. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ACR American College of Radiology 
BI-RADS Breast Imaging Reporting and Data System 
CRE clustered ring enhancement 
DCE dynamic contrast-enhanced 
DCIS ductal carcinoma in situ 
DWI diffusion-weighted imaging 
IDC Invasive ductal carcinoma 
IEP Internal enhancement pattern 
MRI Magnetic Resonance Imaging 
NME nonmass enhancement 
OR Odds Ratio 
PPV Positive Predictive Value 
STIR Short Tau Inversion Recovery 
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