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Abstract 

Background Non-mass enhancement (NME) seen on dynamic contrast enhanced breast MRI (DCE-MRI) may be 
caused by benign, high risk or malignant lesions. Making a clear distinction between these lesions is challenging due 
to the significant overlap in their imaging appearance. Our study aims to assess the various patterns of distribution, 
internal enhancement patterns (IEPs) and kinetics of NME using the BI-RADS lexicon fifth edition with histopathologic 
correlation to aid in making a more confident recommendation regarding clinical management.

Results Sixty-six female patients with NME on DCE-MRI were included. Thirty-four lesions (51.5%) were histopatho-
logically proven to be benign and 32 (48.5%) were malignant. Segmental distribution was the most common pattern 
and was found in 22 cases (33.3%), 14 of them were malignant with p-value < 0.05. Linear distribution was reported 
in 14 cases, (21.2%), five of which were malignant, with p-value > 0.05. Thirteen cases (19.7%) had focal distribu-
tion, only two of them were malignant with p-value < 0.05. Twelve cases (18.2%) were of regional distribution, seven 
of which were malignant. Multiregional and diffuse distribution were the least common and were found in 3% 
and 4.5% of cases respectively. As for the enhancement pattern, 30 cases (45.5%) had heterogeneous enhancement. 
Nineteen of which were malignant with a p-value < 0.05. Clumped enhancement was found in 24 cases (36.4%); 
12 cases were found to be malignant. Nine cases (13.6%) were of homogeneous enhancement, all of them were 
benign and three cases (4.5%) were of clustered ring enhancement with p-value > 0.05. Restricted diffusion value 
was detected in 75% of malignant cases with p-value < 0.05. In terms of kinetic curve, the most frequent curve 
was found to be type II plateau curve (26 cases, 39.4%), 15 cases were of benign pathology and the other 11 cases 
were proven to be malignant. Followed by type III washout curve which was detected in 25 cases (37.9%), 20 cases 
were malignant and five cases were benign. And type I persistent curve was found in 15 cases (22.7%); 14 cases were 
histopathologically proven to be benign, and only one case was of malignant pathology, with a total p-value < 0.05.

Conclusions Our study found that the most common distribution pattern was segmental distribution, being 
statistically significant with p-value < 0.05, being more common among malignant lesions. As for the enhance-
ment pattern, heterogeneous enhancement was the most common pattern, mainly detected in malignant lesions, 
with p-value < 0.05. The most common type of kinetic curve was type II curve.
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Background
The BI-RADS lexicon fifth edition classified breast 
lesions into focus, mass, and non-mass enhancement 
(NME), [1]. NME is defined as an area of enhancement 
that is not associated with the three-dimensional volume 
of a mass, shape, and outline [1]. Pathologically, NME 
may be caused by either benign, high risk or malignant 
lesions. Benign lesions that were found to be associated 
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with NME are pseudoangiomatous stromal hyperplasia 
(PASH), apocrine metaplasia and postradiation change. 
High-risk lesions such as radial scar, intraductal papil-
loma, atypical ductal hyperplasia (ADH), flat epithelial 
atypia or complex sclerosing lesion and malignant lesions 
such as ductal carcinoma in situ (DCIS), invasive ductal 
carcinoma (IDC), and invasive lobular carcinoma (ILC) 
may also appear on MRI as NME [2].

Making the distinction between benign, high risk and 
malignant NME lesions on MRI can be difficult due to 
their overlapping imaging features. Combining mor-
phologic features including distribution and internal 
enhancement pattern with kinetics may help in mak-
ing more confident recommendations regarding clini-
cal management and decreasing the number of negative 
biopsies.

The morphological assessment of NME must include 
the distribution and the internal enhancing patterns 
(IEP). The distribution of the lesion may be either linear, 
focal, segmental, regional, multiple regions, or diffuse, 
whereas the IEPs are classified into homogeneous, het-
erogeneous, clustered ring, or clumped [3].

In order to increase descriptive accuracy and provide 
a more unified evaluation of the distribution of NME, 
modifications to the terminologies were made in the 
fifth edition of the American College of Radiology (ACR) 
Breast Imaging-Reporting and Data System (BI-RADS) 
lexicon [4]. This aimed to allow better communication 
with physicians and thus enhance patient care [3, 5, 6].

Assessment of the kinetic enhancement curve has also 
been described as a useful tool which has shown high 
sensitivity in assessing the vascularity of lesions detected 
in repeated DCE-MRI scans. The time-signal intensity 
curves were classified as: persistent enhancing (Type 1), 
plateau (Type 2), or washout (Type 3) [7].

Additionally, DWI is another functional technique of 
DCE-MRI, used to enhance diagnostic accuracy owing 
to its high specificity. Several studies explained the abil-
ity of DWI to distinguish malignant from benign breast 
lesions, by characterization of diffusion restriction in 
cases with breast cancer [8].

Material and methods
Study design
This cross-sectional study included 66 consecutive 
patients who were referred for breast MRI examination 
at the Radiology department in Assiut University hospi-
tal either for screening, evaluation of suspicious lesions 
on sonomammography or postoperative follow-up and 
had NME on DCE-MRI during the period from February 
2020 to February 2021.

The exclusion criteria were (a) Patients with contrain-
dications to MRI as patients with pacemaker, aneurysmal 

clipping, retained metallic foreign body. (b) Patients who 
suffer from claustrophobia. (c) Pregnant women espe-
cially in the first trimester. Each participant signed an 
informed written consent before being included in the 
study. Approval of the Ethical Committee of Faculty of 
Medicine (approval number 17100879) and clinical trial 
approval (NCT04083027) were obtained before com-
mencing this study.

Clinical assessment
Patient preparation
Participants within the childbearing period were exam-
ined between day 5 and 15 of the menstrual cycle, to 
reduce any residual background parenchymal enhance-
ment that may interfere with image interpretation. A 
brief explanation of the technique was given, including 
clear instructions of avoiding unnecessary motion during 
the examination.

MRI technique
MR characteristics were evaluated by two radiologists 
with 10–15 years of experience in breast imaging accord-
ing to the fifth edition of the Breast Imaging and Report-
ing and Data system (BI-RADS). Biopsy was then taken 
by different methods either by Tru-cut needle biopsy or 
surgical biopsy and sent to experienced pathologists for 
histopathological assessment.

MRI protocol
A 1.5-T MR imaging machine (Siemens Magnetom 
Sempra, Siemens Healthineers, Germany) was used for 
the MR imaging procedure. An IV route via the cubi-
tal vein was typically secured prior to inspection. After 
that, the patient was then asked to stay in the prone 
position, and both breasts were securely positioned in 
a double breast coil (four-channel phased array coil). 
Fast spin echo sequence with axial T1 weighting (TR/
TE, 311/4.6 ms; FOV read 400; 3 mm thickness; matrix 
340 × 512). Axial T2-weighted fast spin echo sequence 
(340 × 512 matrix, slice thickness of 3 mm, field of view 
380  mm, TR/TE, 4550/93 ms) Axial turbo short time 
inversion recovery (STIR) T2-weighted images (matrix 
340 × 512, slice thickness 3mm, field of view 380mm, TR/
TE, 5180/74 ms). The following parameters were used 
to acquire the diffusion-weighted images (DWI): TR/
TE milliseconds, 6730/50; 120 × 120 matrix; three mm 

Table 1 Percentage of the benign and malignant lesions

Category Number Percentage (%)

Benign 34 51.5

Malignant 32 48.5
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for section thickness, 1.5 mm for intersection gap, and 
50 and 1000  s/mm2 for b values. Axial fat suppressed 
3D spoiled gradient recalled echo (SPGR) sequences 
[TR:4.9 ms, TE:2.3 ms, flip angle: 10, and FOV: 160 mm] 
were used in the dynamic contrast enhanced study of the 
breast. One sequence was conducted prior to, and seven 
sequences were performed seventy-second intervals fol-
lowing the injection of contrast medium. After the first 
sequence, a bolus injection of Gd-DTPA (gadopentetate 
dimeglumine, Magnevist) (0.1 mmol/kg) was manually 
given, and 20 ml of saline were added afterward.

Statistical analysis
Data analyzing and calculation of means, medians, 
standard deviations, percentages, ranges, and frequen-
cies as descriptive statistics were done using IBM-SPSS 
24.0 (IBM-SPSS Inc., Chicago, IL, USA).1 The normality 
of continuous variables was tested using Kolmogorov–
Smirnov test/Shapiro–Wilk test. The Chi-square/Fisher’s 
exact test was used to compare between the study groups 
regarding the difference in distribution of frequencies. 
To compare the means of dichotomous parametric data, 

student t test analysis was used. MRI findings with sta-
tistical significance from the univariate analyses were 
further included in the multivariable logistic regression 
models. A p-value of < 0.05 was considered as statistically 
significant.

Results
In this study, MRI evaluation was performed to char-
acterize 66 NME lesions in 66 different female patients 
their age ranging between 25 and 64 years with mean age 
(± SD) of 41.61 ± 8.7 years. Patients were also evaluated 
by clinical examination and sonomammography.

Thirty-four lesions (51.5%) were histopathologically 
proven to be benign and 32 (48.5%) were malignant 
(Table  1). The benign lesions included granulomatous 
mastitis (14.7%), PASH (14.7%), ADH (14.7%), fibroaden-
osis (11.8%), apocrine metaplasia (8.8%), ductal hyperpla-
sia (5.9%), fat necrosis (5.9%), periductal mastitis (5.9%), 
duct ectasia (2.9%), papillomatosis (2.9%), flat epithelial 
atypia (2.9%) and radial scar (2.9%) (Fig. 1).  

The malignant lesions were histopathologically diag-
nosed as DCIS (40.6%), IDC (21.9%), invasive carcinoma 
(18.8%), inflammatory carcinoma (12.5%) and ILC (6.3%) 
(Fig. 2).

When the distribution of the NME in the studied cases 
was evaluated, segmental distribution was the most 

Fig. 1 Histopathologically proven benign lesions

1 IBM_SPSS. Statistical Package for Social Science. Ver.24. Standard version. 
Copyright © SPSS Inc., 2012-2016. NY, USA. 2016.
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common as in Fig. 3 and it was found in 22 cases (33.3%). 
The incidence of segmental distribution was significantly 
higher in malignant lesions with p-value <0.05 and PPV 
about 63%. Focal distribution was significantly more 
common in benign lesions as in Fig. 4 with p-value <0.05 
and PPV about 15.4%. However,  diffuse, linear, regional 
and multiregional distributions did not show statisti-
cally significant difference between benign and malignant 
lesions (Table 2).

As for the enhancement pattern, only homogenous and 
heterogeneous enhancement patterns showed statisti-
cally significant difference between benign and malig-
nant lesions. Homogenous enhancement (13.6%) was 
found exclusively in benign lesions while heterogenous 
pattern (45.5%) was more common in malignant lesions 
as in Fig. 5 with PPV 63.3%. Clumped and clustered ring 
enhancement showed no statistically significant differ-
ence between benign and malignant lesions with p-values 
>0.05. (Table 3).

Kinetic curve evaluation revealed that type II plateau 
curve was the most common (26 cases, 39.4%). All three 
kinetic curve types showed statistically significant differ-
ence between benign and malignant lesions with p-value 
<0.001. Type I curve was significantly more common 
in benign lesions, being detected in 14 (4`.2%) benign 

lesions versus only 1 (3.1%) malignant lesions. the inci-
dence of type II curve was higher in benign lesions (15, 
44.1%) as in Fig. 6 than in malignant lesions (11, 34.4%) as 
in Fig. 7. Type II curve was detected in 20 (62.5%) malig-
nant lesions and only 5 (14.7%) benign lesions (Table 4).

  Diffusion restriction was seen in 24 (75%) malignant 
lesions and in 10 (29.4%) benign lesions which was statis-
tically significant with a p-value <0.001 (Table 5).

Discussion
Despite the high sensitivity of MRI in detecting breast 
cancers, when diagnosing NME the differentiation 
between benign and malignant lesions can be challenging 
due to overlapping imaging findings, which may require 
unnecessary biopsy [9]. NME on breast MRI refers to 
areas that show enhancement that are not correspond-
ing to a mass in the pre-contrast sequence. It is impor-
tant to distinguish NME from background parenchyma 
enhancement (BPE) which is usually bilateral and sym-
metrical with diffuse distribution. BPE is usually mild, 
having a slow and persistent kinetic curve [6, 10].

Of the 66 cases of NME included in this study, 34 cases 
(51.1%) were histopathologically proven to be benign and 
32 cases (48.5%) were malignant. The study of Liu et al. 
[9] had similar results to our study where 52.5% of the 
cases were benign and 47.5% were malignant. In other 
studies, the NME was caused by a significantly higher 
number of malignant than benign cases like the study 
done by Yang et al. [6], in which only 38.1% of the cases 
were benign and 61.9% were malignant and the study of 
Asada et  al. [11] also found that 14% of the cases were 
benign and 84% of the cases were malignant. On the con-
trary, the study of Aydin [12] showed that 76.7% of the 
enrolled cases were benign, and the other 23.2% cases 
were malignant.

The current study showed that three benign patholo-
gies were the most common to present as NME. These 
were granulomatous mastitis, PASH and atypical ductal 
hyperplasia each was found in five (7.8%) of the cases 
included in our study [13]. The most common malignant 
pathology was DCIS which was found in 13 (19.6%) of the 
cases. However, these results were in discordance with 
other studies such as the study of Yang et al. [6], which 
reported that fibrocystic hyperplasia was the most com-
mon benign pathology, seen in 19% of the cases, and IDC 
was the most common malignant pathology, which was 
found in 28.6% of the cases. Moreover, Liu et al. [9] found 
that the most common benign pathology was adenosis 
in 11.8% of the cases, and the most common malignant 
pathology was DCIS in 27.1% of the cases.

In this study, segmental distribution of NME was found 
to be the most frequent type and was diagnosed in 22 of 

Fig. 2 Histopathologically proven malignant lesions
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the 66 cases (33.3%). It was also the most frequent dis-
tribution type among the malignant lesions, and it was 
statistically significant (p < 0.05) with PPV 63% in favor 
of malignancy. In our study, the most common malignant 
pathology displaying segmental distribution was DCIS 
[6, 12, 16, 17]. This is rational since DCIS strictly involves 
the milk ducts causing the characteristic segmental NME 
depending on the number of ducts involved and the typi-
cal proliferation pattern of DCIS [14]. This is concord-
ant with the results reported by Yang et al., Chou et al., 
Aydin and Lunkiewicz et al. [6, 12, 15, 16], however, they 
reported higher PPV which ranged between 67-100%.

The second most common type of distribution was the 
linear type, found in 14 patients (21.2%). Linear distribu-
tion was more common among benign lesions; however, 
this was statistically insignificant (p > 0.05). Lunkie-
wicz et al. [16], Asada et al. [11] and Yang et al. [6] also 
reported statistically insignificant results linking linear 
distribution with benign lesions. On the other hand, Liu 
et  al. and Aydin showed in their studies its significance 
with benign lesions [9, 12].

Furthermore, focal type of distribution was found in 
13 (19.6%) patients, with statistically significant results 

in favor of benign lesions (p < 0.05) and PPV of 66.7%. 
This was discordant with the studies of Liu et  al., Yang 
et al. Aydin and Asada et al. [6, 9, 11, 12] which showed 
the insignificance of the focal type of distribution 
(p-value > 0.05).

Regional, multiregional, and diffuse types of distribu-
tion were statistically insignificant. This was in agree-
ment with the results of Liu et al., Yang et al., Lunkiewicz 
et al. and Asada et al. [6, 9, 11, 16].

When the internal enhancement pattern was evalu-
ated, our study demonstrated that heterogeneous pattern 
of enhancement was found in 30 of the 66 cases (45.5%), 
and this result was statistically significant (p < 0.05) with 
PPV 63.3%. However, in the studies done by Yang et  al. 
[6], Uematsu et al. [17], Thomassin et al. [18], Aydin [12] 
and Asada et  al. [11], the prevalence of the heterogene-
ous enhancement pattern was lower, while the cluster-
ring pattern had the highest prevalence with a p-value 
of > 0.05. This can be explained by the intra- and interob-
server variability in interpreting the findings and the dif-
ference in study group size between different studies.

The homogenous enhancement pattern was seen in 
nine cases (13.6%), most commonly found in cases with 

Fig. 3 A 54-year-old female patient complained of right breast lump. Sonomammography showed a malignant-featuring mass in the para-areolar 
region at 12–1 o’clock, with clustered microcalcification in the upper inner quadrant. She was sent for DCE-MRI for preoperative assessment. Axial 
T2WI showed area of architectural distortion extending from a para-areolar malignant-featuring mass toward the nipple, being hypointense. 
Associated with skin thickening and nipple retraction a axial T2WI showed enlarged rounded ipsilateral axillary LNs with lost hilum b isointense 
in axial STIR c restricted in DWI (motion artifact) d axial post-contrast fat suppressed T1WI showed NME in the retro-areolar region extending 
from the mass, of segmental distribution, and of heterogeneous enhancement pattern. Noted skin thickening and enhancement e type II plateau 
TIC f The final histopathological diagnosis was DCIS
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fibroadenosis. This result was statistically significant 
(p-value < 0.05). In the study conducted by Aydin et  al. 
[12], homogenous enhancement was also related to 
benign lesions. Clumped pattern of enhancement was 
detected in 12 (36.6%) benign cases; however, it was sta-
tistically insignificant (> 0.05).

The clustered ring pattern of enhancement, in this 
study, was found only in 3 cases (4.5%), 2 of them were 
histopathologically proven to be granulomatous mastitis 
and the other was DCIS. These results were discordant 
with the studies of Aydin [12], Liu et al. [9], Lunkiewicz 
et  al. [16] and Yang et  al. [6] which reported that the 

clustered ring pattern ranged from 18 to 34.5% with 
p-value < 0.05 and being in favor for predicting malignant 
lesions.

We also evaluated the dynamic contrast-enhanced 
(DCE) characteristics of NME as well as time intensity 
curves (TIC). This agreed with results of Yang et al. [6], 
Liu et  al [9] and Aydin [12] who reported that benign 
lesions had persistent dynamic curve (Type I) and malig-
nant lesions exhibited wash-out curve (Type III), which 
was statistically significant (p < 0.05). This was concord-
ant with the study done by Zhou et al. [19] who reported 
that type II kinetic curve was more common in non mass 

Fig. 4 A 47-year-old patient complained of right breast lump. She had a strong family history, and she was sent for MRI. Mammography 
was insignificant and US showed area of focal fibroadenosis in the upper outer quadrant with few small cysts. Axial T1WI showed isointense 
ill-defined lesion in the upper outer quadrant of the right breast a hypointense in axial T2WI b isointense in axial STIR c no diffusion restriction 
detected d axial post-contrast fat suppressed T1WI showed NME of focal distribution in the upper outer quadrant of the right breast, of clumped 
enhancement e type I TIC f The final histopathological diagnosis was (PASH)

Table 2 Patterns of distribution of NME in DCE-MRI

Lesion distribution Total Benign
(n = 34)

Malignant
(n = 32)

PPV (%) P-value

Diffuse 3 (4.5%) 1 (2.9%) 2 (6.3%) 66.7% 0.369

Focal 13 (19.7%) 11 (32.4%) 2 (6.3%) 15.4% 0.008

Linear 14 (21.1%) 9 (26.5%) 5 (15.6%) 53.7% 0.136

Multiregional 2 (3%) 0 (0%) 2 (6.3%) 100% 0.231

Regional 12 (18.2%) 5 (14.7%) 7 (21.9%) 58.3% 0.190

Segmental 22 (33.3%) 8 (23.5%) 14 (43.8%) 63.6% 0.047
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enhancing benign papillary neoplasms (7/12) than malig-
nant (5/12) papillary neoplasms with p-value = 0.04. This 
suggests discrepancy among the various studies regard-
ing the benign versus malignant nature of NME lesions 
showing type II TIC. This highlights the importance of 
including the distribution and pattern of enhancement 
during the assessment of such lesions.

Our study found that the DWI was statistically sig-
nificant (p-value > 0.05) in differentiating between the 

benign and malignant cases. Diffusion restriction was 
observed in 51.5% of the cases, in 24 cases (36.3%) with 
malignant pathology and ten cases (15.1%) with benign 
pathology. The absence of restriction was detected 
in 48.5% of the cases, more in the cases with benign 
pathology (24 cases) than the cases with malignant 
pathology (8 cases). The results were in agreement with 
the study of Aydin [12], Kul et al. [20] and An et al. [21] 
but discordant with the results of the study of Liu et at. 

Fig. 5 A 25-year-old female patient was presented with left pleural effusion, and by cytology, it was proven to be of malignant nature. By 
examination, the left breast was found to be swollen, tender with pitting edema of the skin. In USA, there was subdermal lymphatic thickening 
with underlying interstitial edema of the breast parenchyma. Axial T1WI showed diffuse architectural distortion of the left breast parenchyma, being 
hypointense, with diffuse skin thickening with rounded axillary LNs and lost hilum a isointense in axial STIR b facilitated DWI c axial post-contrast fat 
suppressed T1WI showed NME of diffuse distribution of the left breast with heterogeneous enhancement, associated with diffuse skin thickening 
and enhancement d type II plateau TIC e The final histopathological diagnosis was inflammatory carcinoma

Table 3 Patterns of enhancement of NME in DCE-MRI

Enhancement pattern Total Benign
(n = 34)

Malignant
(n = 32)

PPV (%) P-value

Clumped 24
(36.4%)

12
(36.3%)

12
(36.3%)

 50% 0.852

Clustered Ring 3
(4.5%)

2
(6%)

1
(3.3%)

 33.3% 0.392

Heterogeneous 30
(45.5%)

11
(33.3%)

19
(57.5%)

 63.3% 0.028

Homogenous 9
(13.6%)

9
(27.2%)

0
(0%)

 0% 0.001
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[9] that stated there was no significant difference on 
DWI between DCIS and benign lesions.

Conclusions
The routine DCE-MRI protocol can provide a quali-
tative assessment of the NME lesions based on their 
distribution and enhancement pattern, for better char-
acterization of benign and malignant lesions with sig-
nificantly higher specificity and overall diagnostic 
performance. Based on our MRI findings, segmental 
distribution and heterogeneous enhancement patterns 
are more consistent with malignant NME lesions. Fur-
thermore, TIC Type I and type III support the diagno-
sis of benign or malignant NME, respectively, while the 
type II curve is inconclusive. Also, DWI added more 
value in differentiating between benign and malignant 
lesions. In summary, combining morphologic features 
including distribution and internal enhancement pat-
tern with kinetics and diffusion may help in making 
more confident decisions regarding clinical manage-
ment. Benign morphologic features can be used in 
future studies to recommend follow-up instead of 
histopathological assessment, to avoid unnecessary 
biopsies.

Our study had some limitations, such as lack of MRI-
guided biopsy, and the fact that patients who underwent 
breast MRI at our unit were those who were strongly sus-
pected to have malignancies. Small sample size is another 
limitation, thus further studies with larger sample sizes 
should be conducted to confirm our conclusions.

Fig. 6 A 30-year-old female patient was referred to our unit with a tender left breast lump. Sonomammography revealed architectural distortion 
in the left breast, and magnetic resonance imaging (MRI) was recommended due to positive family history of cancer breast. Axial T2WI showed 
area of architectural distortion in the upper outer quadrant of the left breast, being hypointense with multiple central areas of hyperintense signal 
(suggesting inflammatory process), with left axillary LNs; rounded in shape with lost hilum, and diffuse skin thickening a hyperintense in axial STIR 
b restricted in DWI c axial post-contrast fat suppressed T1WI showed NME of segmental distribution in the upper outer quadrant of the left breast, 
with heterogeneous enhancement d type II plateau TIC e The final histopathological diagnosis was granulomatous mastitis

Table 4 Kinetic curve type of NME in DCE-MRI

Kinetic curve type Total Benign
(n = 34)

Malignant
(n = 32)

P-value

Type I 15 (22.7%) 14 (41.2%) 1 (3.1%)  < 0.001

Type II 26 (39.4%) 15 (44.1%) 11 (34.4%)

Type III 25 (37.9%) 5 (14.7%) 20 (62.5%)

Table 5 DWI restriction of NME in MRI

DWI restriction Benign (n = 34) Malignant (n = 32) P-value

Absent 24 (70.6%) 8 (25%)  < 0.001

Present 10 (29.4%) 24 (75%)
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