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ABSTRACT
Objective: This study aimed to explore the association between dynamic breast MRI 
features of non-mass enhancement (NME) and clinical as well as histopathological 
outcomes, and to compare the imaging characteristics of mass-associated NME with 
their pathological correlates.
Methods: Breast MRI examinations performed at our institution between January 
2019 and October 2023 were retrospectively reviewed. Patients displaying NME with 
either histopathological confirmation or a minimum of 24 months of MRI follow-up 
were included. Exclusion criteria comprised prior neoadjuvant chemotherapy, lack 
of pathology or adequate follow-up, and pregnancy or lactation. NME findings were 
assessed using the 5th edition BI-RADS MRI lexicon, and lesions adjacent to a mass 
were categorized separately.
Results: Seventy-seven women met the inclusion criteria; 44 (57.1%) NMEs were 
malignant and 33 (42.9%) were benign. Patients with malignant NME were significantly 
older. Malignant lesions more frequently demonstrated plateau or washout enhancement 
kinetics, whereas persistent enhancement predominated in benign cases. Diffusion 
restriction was substantially more common in malignant lesions, which also showed 
significantly lower ADC values. More than half of the NMEs (54.5%) were mass-
associated, and the vast majority of these (83.3%) were malignant. Tumor size and 
histopathological subtype did not significantly differ between malignant mass-associated 
and non–mass-associated NME.
Conclusion: Advanced age, segmental distribution, clumped or clustered-ring 
enhancement patterns, diffusion restriction, and reduced ADC values were strongly 
associated with malignant NME. NME contiguous with a mass showed markedly 
elevated malignancy rates and should be carefully considered during preoperative 
planning.
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Main Points

•	 MRI features can reliably differentiate benign from 
malignant NME.

•	 Mass-associated NME carries a particularly high risk 
of malignancy.

•	 Combining DWI/ADC assessment with dynamic 
contrast-enhancement kinetics improves diagnostic 
accuracy.

•	 The presence of NME adjacent to a mass has 
important implications for clinical decision-making.

INTRODUCTION
Breast magnetic resonance imaging (MRI) is widely used for 
lesion characterization, preoperative staging, and treatment 
response assessment due to its high diagnostic sensitivity [1]. 
To achieve uniform terminology and reporting standards, the 
American College of Radiology introduced the Breast Imaging 
Reporting and Data System for MRI (BI-RADS-MRI) lexicon 
in 2003 and later released a comprehensive update in 2013 [2]. 

According to BI-RADS criteria, enhancing lesions on breast 
MRI are classified as masses, non-mass enhancement (NME), 
or foci [3]. NME refers to enhancement that does not meet 
the criteria for a discrete mass and can be distinguished from 
background parenchymal enhancement. NME is further 
described by its distribution pattern (focal, linear, segmental, 
regional, multiple regions, diffuse) and internal enhancement 
characteristics (homogeneous, heterogeneous, clumped, 
clustered-ring). Certain descriptors such as linear or segmental 
distribution and clumped or clustered-ring enhancement are 
known to correlate more strongly with malignancy [4].

NME may represent benign processes including mastopathy, 
papilloma, atypical ductal hyperplasia, flat epithelial atypia, 
or sclerosing adenosis, but may also correspond to DCIS or 
invasive carcinoma [5]. It is also frequently encountered on 
preoperative MRI [6], where NME adjacent to a biopsy-proven 
primary tumor (index cancer) has been associated with higher 
rates of positive surgical margins [7,8]. However, MRI’s limited 
specificity contributes to false-positive interpretations, and 
NME is one of the most frequent sources of such findings [9,10].
Despite this, evidence-based guidance on how to manage NME 
directly adjacent to malignant index masses remains limited 

[10]. This uncertainty sometimes results in additional imaging, 
unnecessary biopsies, or more extensive surgery.

The present study therefore aimed to evaluate associations 
between MRI characteristics of NME and both clinical and 
histopathological outcomes, as well as to compare imaging 
findings of mass-associated NME with corresponding pathology.

MATERIALS AND METHODS
Patient Selection
After approval by Ethics Committee of İzmir Bozyaka Training 
and Research Hospital (Approval No. 2023/158, Date: 2023–09–
14), breast MRI examinations performed between January 2019 
and October 2023 were retrospectively analyzed. Indications 
included high-risk screening, preoperative evaluation, 
assessment of treatment response, implant evaluation, or 
further evaluation of indeterminate findings on mammography, 
ultrasound, or physical examination.

Patients were eligible if they demonstrated NME on MRI 
and had either (1) histopathological confirmation or (2) ≥ 24 
months of MRI follow-up. Exclusion criteria included receiving 
neoadjuvant chemotherapy, absence of pathology without 
sufficient follow-up, pregnancy, or lactation. The flowchart 
showing patient selection is shown in Figure 1.

Figure 1. Patient Selection Flowchart
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MRI Technique
All imaging was performed on a 1.5-Tesla scanner (Magnetom 
Aera, Siemens, Germany) using a four-channel dedicated breast 
coil with patients prone. The protocol included pre-contrast 
fat-suppressed axial and sagittal T1-weighted images (TR 476 
ms, TE 11 ms, slice thickness 4 mm) and axial T2-weighted 
sequences.

Diffusion-weighted imaging was obtained using b-values of 0, 
500, and 1000 s / mm². ADC maps were automatically generated 
from all b-values using a least-squares fitting algorithm.

Dynamic contrast imaging followed injection of 0.1 mmol / kg 
gadolinium contrast (Dotarem). Five sequential fat-suppressed 
axial T1-weighted post-contrast series (TR 4.53 ms, TE 1.82 ms, 
slice thickness 2 mm) were acquired. Subtraction images were 
produced for all phases. Enhancement kinetics were assessed 
with small ROIs placed on the most avidly enhancing region.

MRI Analysis and Histopathology
Two breast radiologists with 10 and 30 years of experience 
(authors H.Ç.T. and Z.H.A.) reviewed all MRI examinations 
by consensus. NME characteristics—including distribution, 
internal enhancement, background parenchymal enhancement, 
T2 signal, kinetic curve type, and diffusion restriction—were 
recorded according to BI-RADS MRI 5th edition. 

For the purposes of this study, mass-associated non-mass 
enhancement (NME) was defined as non-mass enhancement 
directly contiguous with or immediately adjacent to a BI-RADS-
defined enhancing mass on the same breast MRI examination, 
without a clear intervening normal parenchyma. The index mass 
was considered the dominant enhancing lesion that prompted 
diagnostic evaluation or surgical planning and that had 
histopathological confirmation of malignancy. In accordance 
with accepted oncological terminology, multifocality was 
defined as the presence of additional tumour foci within the same 
quadrant or ductal segment, whereas multicentricity referred 
to lesions located in different quadrants of the breast. Mass-
associated NME was analysed separately from spatially distinct 
NME in order to minimise ambiguity in lesion categorisation 
and to improve methodological reproducibility.

ADC measurements were obtained using small circular regions 
of interest (ROIs) placed on the most suspicious enhancing 
solid component of the non-mass enhancement, as identified on 

subtraction images and cross-referenced with diffusion-weighted 
images and ADC maps. ROI placement was performed carefully 
to avoid necrotic, cystic, haemorrhagic areas or susceptibility 
artefacts. The approximate ROI size ranged between 10–20 
mm² and was adapted to lesion morphology while maintaining 
consistency across cases. Measurements were performed on the 
area demonstrating the highest diffusion restriction to improve 
reproducibility and minimise partial volume effects.

All patients included in the study either had surgical excision 
results for NME lesions or had follow-up MRIs at 2 years. In 
surgically excised NME lesions, the largest size of the mass 
was measured and recorded in those with a malignant index. 
All NME lesions that were not surgically excised were classified 
as regressed, stable, or progressive based on 2-year follow-up 
MRIs. Those that were stable or regressed at 2-year follow-up 
were considered benign.

Pathological evaluation was retrospectively re-performed by 
a breast pathologist (one of the authors, D.K.Ç.) with 25 years 
of experience. For each patient, pathological correlation was 
evaluated in the excision specimens by showing the distribution 
and location of the NME adjacent to the mass relative to the 
index mass. Patients who received neoadjuvant therapy were 
excluded from the study because the size and pathological status 
of the NME would change after treatment.

The estrogen / progesterone receptor (ER / PR) status, Ki-
67 value, HER2 receptor status, molecular subtype, and 
histological type of malignant index masses were retrospectively 
examined. Nuclear staining ≥ 10% was considered ER and PR 
positive. For HER2 status, 3 + staining and/or positive HER2 
gene amplification test were considered positive, while 0 or 1 + 
staining was considered negative. For the Ki-67 index, nuclear 
staining above 14% was considered high. Based on these criteria, 
tumors were classified as luminal A, luminal B, HER2-positive, 
and triple-negative according to their molecular subtypes.

Statistical Analysis
Data were analyzed using SPSS v26. Continuous variables were 
expressed as mean ± SD; categorical variables as number and 
percentage. Normality was assessed with the Shapiro–Wilk test. 
Depending on distribution, continuous variables were compared 
using independent-samples t-test or Mann–Whitney U test. 
Categorical variables were compared with chi-square or Fisher’s 
exact test. A p-value < 0.05 was considered significant. ADC 
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cutoff optimization used the Youden index with 95% confidence 
intervals.

RESULTS
There were 77 female patients who met the inclusion criteria 
for the study. The mean age ± SD was 53.8 ± 13.2. All patients 
had NME, and 61 (79.2%) had undergone surgical excision. 
They were divided into benign and malignant groups based on 
histopathology. The other 16 (20.8%) patients were evaluated 
in the benign group because they had a 2-year follow-up MRI 
and their NME areas were stable (6 / 16) or regressed (10 / 
16). The lesions were divided into two groups: 57.1% (44 / 77) 
were malignant and 42.9% (33 / 77) were benign (Table 1). 
Radiological-pathological examples are shown in Figures 2,3. 
A significant difference was found between the groups in terms 
of mean age (p < 0.001). The mean age ± SD was 58.43 ± 12.46 
in the malignant group and 47.79 ± 11.83 in the benign group. 

The distribution pattern showed that the majority of NME lesions 
in both groups (54.5%, 42 / 77) were mass-associated NME. 
Of these lesions, 83.3% (35 / 42) were in the malignant NME 
group and 16.7% were in the benign NME group. No significant 
differences were found in subgroup analysis of mass-associated 
lesions (Table 2). In NME not associated with a mass, segmental 
distribution was most common (11.4%) in the malignant group, 
while in the benign group, the distribution was linear (30.3%), 
segmental (24.2%), and regional (15.2%) in order of frequency. 
A homogeneous internal contrast pattern was seen in 60.6% of 
benign lesions, while clumped and clustered-ring-like contrast 
patterns were more common in malignant lesions (45.4%) (p < 
0.001). In contrast, when a subgroup analysis was performed 
within malignant cases only, comparing mass-associated NME 
with non–mass-associated NME, no statistically significant 
differences were identified in tumour size or histopathological 
subtype (Table 3).

When examining the MRI characteristics of NME lesions, 
the density of fibroglandular tissue was more scattered in the 
malignant group, whereas it was extreme in the benign group 
(p = 0.015). Background signal intensity was similar between 
groups (p = 0.324). The time- intensity curve was more frequently 
detected as plateau and washout in the malignant group, while 
a persistent curve was statistically significantly more common 
in the benign group (p = 0.027). Diffusion restriction was found 
in 65.9% of NME lesions in the malignant group on DWI, while 
it was seen in 24.2% of benign lesions and was statistically 

significant (p < 0.001). The sensitivity of diffusion restriction 
was found to be 66%, specificity 76%, positive predictive value 
(PPV) 78%, and negative predictive value 62%. The mean ADC 
value was 938.1x10-3 mm² / s for malignant lesions and 1039.6x10 
-3 mm² / s for benign lesions, and it was found to be statistically 
significantly lower in the malignant group (p = 0.022). The 
cutoff value for ADC in our study was found to be 954x10-3 
mm² / s with 69% sensitivity [95% CI 52.9%–82.4%] and 73% 
specificity [95% CI 54.5%–86.7%] (Youden index: 0.418). No 
significant difference was found between groups based on the 
T2 signal of the lesions (p = 0.695). The findings are shown in 
Table 1.

All NME lesions in the pathologically malignant group (n = 44) 
were excised, and histologically, 68.1% (30 / 44) were invasive 
ductal carcinoma (IDC), 13.6% (6 / 44) IDC with accompanying 
DCIS, 13.6% (6 / 44) were DCIS only, and 4.5% (2 / 44) were 
invasive lobular carcinoma. In the malignant group, the mean 
tumor size was 28.5 ± 13.1 mm. When looking at molecular 
subtypes, luminal B was the most common at 50%, luminal A 
was 29.5%, while HER2+ (13.6%) and triple negative (6.8%) 
groups were less frequent. ER and/or PR were positive in 77.3% 
of lesions, and HER2 was negative in 63.6%. The mean Ki-67 
expression rate was found to be 28%. 

When comparing malignant NME associated with the mass and 
NME not associated with the mass, no statistically significant 
difference was found between tumor size and histopathological 
results (Table 3). However, it was noteworthy that all triple-
negative lesions were seen in mass-associated NME and that 
HER2 negativity was slightly more common in mass-associated 
NME.

DISCUSSION
This study evaluated the relationship between the radiological 
features of non-mass enhancement lesions detected on MRI 
and mass-associated NME and their histopathological findings. 
Older age, time– intensity curves showing plateau and washout 
on dynamic MRI, diffusion restriction, and low ADC values were 
found to be associated with malignant NME. The malignancy 
rate in our cohort was 57.1%, and the malignancy rate was 
significantly higher in NME associated with masses (83.3%). In 
the study by Nguyen et al. [6], malignancy was found in two-
thirds of patients (64%) with mass-associated NME, supporting 
the notion that NME adjacent to a mass represents a high-risk 
subgroup from the outset. Furthermore, in our study, the triple-
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Figure 2. A 52-year-old female patient exhibits an NME lesion with a clustered-ring internal contrast pattern consistent with 
segmental distribution on MRI (a, orange arrow). A plateau curve was observed in dynamic imaging (b), and significant diffusion 
restriction was observed in diffusion-weighted imaging (c, d, blue thick arrow). The histopathology result was papillary ductal 
carcinoma in situ.

Figure 3. An NME lesion with a homogeneous internal contrast pattern consistent with linear distribution is observed on MRI in a 
30-year-old female patient (a). It exhibits a persistent curve on dynamic imaging (b) and diffusion restriction on diffusion-weighted 
imaging (c,d). The histopathology result was benign.

negative molecular subtype and HER2 positivity were more 
common in mass-associated NME. The reasons for the slightly 
higher malignancy rate compared to the study by Nguyen et 
al. [6] may be related to the relatively high excision rate in our 
study (79%) and the fact that all lesions with the triple-negative 
molecular subtype were in the mass-associated NME group.

In our study, segmental distribution was more dominant in 
the malignant group among NME without mass, while linear 
and regional distribution patterns were more prominent in the 
benign group (p < 0.001). Furthermore, according to internal 
contrast patterns, homogeneous patterns were significantly more 
common in benign cases in our study (60.6%), while clumped 
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Table 1. Comparison of multiparametric MRI features of benign and malignant non-mass enhancement.

Variable
Benign NME 

(n = 33)
Malignant NME 

(n = 44)
p value

Amount of
fibroglandular
tissue (FGT)

Almost entirely fat 1 (3.0) 3 (6.8)

0.015
Scattered FGT 6 (18.2) 18 (40.9)

Heterogeneous FGT 14 (42.4) 19 (43.2)

Extreme FGT 12 (36.4) 4 (9.1)

Background parenchymal Enhancement (BPE)
Minimal-mild 18 (54.5) 30 (68.2)

0.324
Moderate- marked 14 (31.8) 14 (31.8)

Non-Mass Enhancement (NME) Distribution

Focal 2 (6.1) 1 (2.3)

<0.001

Linear 10 (30.3) 0 (0.0)

Segmental 8 (24.2) 5 (11.4)

Regional 5 (15.2) 1 (4.5)

Multiple regions 1 (3.0) 1 (2.3)

Diffuse 0 (0.0) 0 (0.0)

Mass-associated NME 7 (21.2) 35 (79.5)

Internal
enhancement
patterns

Homogeneous 20 (60.6) 14 (31.8)

<0.001
Heterogeneous 12 (36.4) 10 (22.7)

Clumped 1 (3.0) 13 (29.5)

Clustered Ring 0 (0.0) 7 (15.9)

Time-signal curve
Persistent 11 (33.3) 5 (11.4)

0.027Plateau 17 (51.5) 35 (79.5)

Washout 5 (15.2) 4 (9.1)

T2 signal

Hypointense 4 (12.1) 5 (11.4)

0.695
Isointense 12 (36.4) 18 (40.9)

Hyperintense 16 (48.5) 21 (47.7)

Extremely hyperintense 1 (3.0) 0 (0.0)

Diffusion Restriction
Present 8 (24.2) 29 (65.9)

<0.001
Absent 25 (75.8) 15 (34.1)

ADC Value (mm²/s) 1039x10-3 938.1x10-3 0.022

Age (mean ± SD) 47.79 ± 11.83 58.43 ± 12.46 <0.001

ADC: Apparent diffusion coefficient, SD: Standard Deviation

and clustered-ring patterns were more common in malignant 
cases (45.4%), and this difference was found to be statistically 
significant (p < 0.001). In recent clinical reviews and cohort 
studies, consistent with our study, a PPV of 77–100% has been 
reported for clustered-ring/enhancement, emphasizing that it 
is the most risky pattern for malignancy and that the clumped 
pattern also has a high PPV, while segmental/linear distribution 
has also been reported to increase the likelihood of malignancy 
[11–13]. 

Current meta-analyses in the literature have shown that the 
combination of dynamic contrast-enhanced MRI findings and 
DWI provides the highest diagnostic accuracy in distinguishing 
malignant NME [14,15]. In a study by Liu et al. [16], similar to 
our study, washout kinetic curve patterns, diffusion restriction, 
and low ADC values were found to be associated with malignant 
NME. Furthermore, these features were shown to be statistically 
more significant than DCIS in distinguishing invasive NME 
lesions from benign NME. In our study, the sensitivity of 
diffusion restriction was found to be 66% and the specificity 
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Table 2. Comparison of MRI characteristics of benign and malignant mass-associated NME.

Variable
Benign mass-associated 

NME (n = 7)
Malignant mass-

associated NME (n = 35)
p value

Amount of
fibroglandular
tissue (FGT)

Almost entirely fat 0 (0.0) 2 (5.7)

0.171
Scattered FGT 1 (14.3) 15 (42.9)

Heterogeneous FGT 4 (57.1) 16 (45.7)

Extreme FGT 2 (28.6) 2 (5.7)

Background parenchymal 
Enhancement (BPE)

Minimal-mild 5 (71.4) 25 (71.4)
1.000

Moderate- marked 2 (28.6) 10 (28.6)

Internal
enhancement
patterns

Homogeneous 5 (71.4) 12 (34.3)

0.166
Heterogeneous 2 (28.6) 8 (22.9)

Clumped 0 (0.0) 9 (25.7)

Clustered Ring 0 (0.0) 6 (17.1)

Time-signal curve
Persistent 2 (28.6) 4 (11.4)

0.406Plateau 4 (57.1) 28 (80.0)

Washout 1 (14.3) 3 (8.6)

Age (mean ± SD) 51.29 ± 14.22 57.89 ± 12.14 0.208

SD: Standard Deviation

Table 3. Histopathological features of mass-associated non-mass enhancement and without mass.

Variable
Mass-associated NME 

(n = 35)
NME without mass 

(n = 9)
p value

Molecular subtype

Luminal A 10 (28.6) 3 (33.3)

0.680
Luminal B 18 (51.4) 4 (44.4)

HER 2 (+) 3 (8.6) 2 (22.2)

Triple negative 3 (8.6) 0 (0.0)

Estrogen/Progesterone Receptor (ER/PR)
Positive 28 (80.0) 6 (66.7)

0.685
Negative 7 (20.0) 3 (33.3)

HER 2
Positive 11 (31.4) 5 (55.6)

0.340
Negative 24 (68.6) 4 (44.4)

Ki-67 value (mean ± SD) 27.20 ± 19.31 30.11 ± 25.67 0.930

Tumor size (mean ± SD) 26.91±10.40 34.89 ± 20.20 0.243

SD: Standard Deviation

76%, which is similar to studies in the literature [17,18,20,21]. 
The cut-off value for ADC in our study was found to be 954x10-3 
mm² / s with 69% sensitivity and 73% specificity. In the meta-
analysis by Tarigan et al. [14], the ADC cut-off value was found 
to be < 1x10-3 mm² / s with 80% sensitivity and 75% specificity, 
which is similar to our study. In contrast, in the study by Liu et 
al. [16], the ADC cutoff value for malignant NME lesions was 
found to be ≤ 1.3 × 10-3 mm² / s with 83.9% sensitivity and 45.2% 

specificity. Although the ADC cutoff value for malignant NME 
lesions remains unclear in the literature, it appears to be lower 
compared to benign NME lesions.

In the study conducted by Goto et al. [21], kinetic curves were 
found to be less effective in NME lesions compared to masses. 
However, recent studies in the literature have shown that 
persistent curves are more frequently seen in benign NME, 
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while washout curves are seen in malignant NME, similar to 
our study [14,16,18,21].

While many studies in the literature suggest that dense 
fibroglandular tissue may be associated with an increased 
risk of malignancy, these studies do not specifically evaluate 
fibroglandular tissue density according to benign or malignant 
non-mass enhancement. In our cohort, fibroglandular tissue 
density appeared to be higher in benign NME cases; however, 
this observation should be interpreted cautiously and considered 
hypothesis-generating rather than definitive. One possible 
explanation is that hormonally responsive parenchymal 
enhancement or benign proliferative changes may manifest as 
non-mass enhancement in patients with dense fibroglandular 
tissue, consistent with prior literature describing the influence of 
hormonal activity and background parenchymal enhancement 
on breast MRI findings [4,20,22].

Our study has certain limitations. The retrospective design and 
single-center nature of the study and relatively high excision rate 
may lead to selection bias. Due to the small sample size, the 
number of cases is low in some subgroups (e.g., triple-negative 
group, group showing clustered-ring contrast). This may limit 
the generalizability of the study. Furthermore, manual placement 
of the ROI may affect the accuracy of the ADC value. Observer 
variability could not be assessed due to the retrospective design 
and lack of two independent blinded readers.

CONCLUSIONS
This study demonstrated that segmental distribution and 
clumped and clustered-ring internal contrast patterns are 
more common in malignant lesions with NME. Furthermore, 
the combined use of DWI/ADC and dynamic curve analysis 
increases the detection of malignancy. We also found a higher 
malignancy rate in masses associated with NME, and this 
should be considered in preoperative planning. However, these 
findings should be validated in prospective multicentre studies.
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