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Abstract
Breast Imaging Reporting and Data System magnetic resonance imaging (BI-RADS-MRI) classifies lesions as mass, non-
mass enhancement (NME), or focus. BI-RADS ultrasound does not currently have the concept of non-mass. Additionally, 
knowing the concept of NME in MRI is significant. Thus, this study aimed to provide a narrative review of NME diagnosis 
in breast MRI. Lexicons are defined with distribution (focal, linear, segmental, regional, multiple regions, and diffuse) and 
internal enhancement patterns (homogenous, heterogeneous, clumped, and clustered ring) in the case of NME. Among these, 
linear, segmental, clumped, clustered ring, and heterogeneous are the terms that suggest malignancy. Hence, a hand search 
was conducted for reports of malignancy frequencies. The malignancy frequency in NME is widely distributed, ranging from 
25 to 83.6%, and the frequency of each finding varies. Latest techniques, such as diffusion-weighted imaging and ultrafast 
dynamic MRI, are attempted to differentiate NME. Additionally, attempts are made in the preoperative setting to determine 
the concordance of lesion spread based on findings and the presence of invasion.
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Introduction

Breast magnetic resonance imaging (MRI) has the high-
est diagnostic accuracy in breast imaging and is used for 
screening, preoperative examination, breast lesion strategy 
determination, and chemotherapy response evaluation [1]. 
In recent years, diagnostic methods based on Breast Imag-
ing Reporting and Data System (BI-RADS), which is pub-
lished by the American College of Radiology, have been 
used [2]. Lesions are classified as mass, non-mass enhance-
ment (NME), or focus. NME is an area of enhancement that 
is not characterized as a mass, which is a lesion occupying 
space in three dimensions, and is different from focus, which 
is a point-like nonspecific enhancement. Understanding the 

diagnostic terminology of other modalities is important 
for the future of ultrasound diagnosis, although BI-RADS 
ultrasound does not currently have the concept of non-mass. 
This study provides a narrative review of NME diagnosis in 
breast MRI.

Introduction of BI‑RADS‑MRI

Imaging and reading methods for breast MRI were not 
standardized before the introduction of BI-RADS. The first 
edition of BI-RADS-MRI was published in 2003, initiating 
the diagnosis using the common lexicon [3]. Evidence and 
expert opinion were compiled, and the second edition of BI-
RADS-MRI was revised in 2013 [4]. The term “non-mass-
like enhancement” was changed to “non-mass enhance-
ment,” and other terminologies were revised in the second 
edition. Therefore, when reading the literature, consider that 
the diagnosis based on previous imaging and reading meth-
ods is different from the current diagnosis.

BI-RADS describes lesions using a unified terminol-
ogy of findings, which are called lexicons, and assessment 
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categories are determined based on the combination of lexi-
cons (Table 1).

Categorization is based on assessment, but it is closely 
related to management. Follow-up at 6 months is recom-
mended for category 3, while pathological diagnosis by nee-
dle biopsy is for categories 4 and 5.

Lexicons are defined with distribution (focal, linear, seg-
mental, regional, multiple regions, and diffuse) and inter-
nal enhancement patterns (homogenous, heterogeneous, 
clumped, and clustered ring) for NME. Among these, linear, 
segmental, clumped, clustered ring, and heterogeneous are 
the terms that suggest malignancy. In particular, these NMEs 
are intended for ductal carcinoma in situ (DCIS). Figures 1, 
2, 3 show a typical case from our experience.

Conversely, confirming the diagnosis based on images 
alone is quite difficult. Benign lesions may overlap, such as 
mastopathy, intraductal papilloma, atypical ductal hyperplasia, 
flat epithelial atypia, and sclerosing adenopathy. Therefore, 

proper lesion categorization and needle biopsy diagnosis, 
including vacuum-assisted biopsy and core needle biopsy, is 
necessary for lesions in categories 4 and 5. The pathology 
results should be confirmed to be consistent with the imaging 
findings if they are benign when a needle biopsy is performed 
on a lesion suspected of malignancy. NME can be associated 
with invasive ductal carcinoma (IDC) or invasive lobular car-
cinoma, but determining the exact presence of mixed invasive-
ness in NME is difficult.

Table 1  BI-RADS categories 
and recommended management

Category 0—needs additional imaging evaluation (use of MRI not recommended)

Category 1—negative
Category 2—benign
Category 3—probably benign (< 2% chance of malignancy), short interval (usually 6 months) follow-up 

suggested
Category 4—suspicious (2–95% chance of malignancy), biopsy should be considered
4A—low suspicion for malignancy (2–10% chance of malignancy)
4B—moderate suspicion for malignancy (10–50% chance of malignancy)
4C—high suspicion for malignancy (50–95% chance of malignancy)
Category 5—highly suggestive of malignancy (> 95% chance of malignancy), biopsy should be considered
Category 6—known biopsy-proven malignancy

Fig. 1  A female patient in her 70  s is an example of a case of non-
mass enhancement with a clumped pattern and segmental distribu-
tion. The pathological diagnosis was right breast ductal carcinoma 
in situ

Fig. 2  A female patient in her 30  s is an example of a case of non-
mass enhancement with clustered ring enhancement and segmental 
distribution. The pathological diagnosis was right breast ductal carci-
noma in situ, extending to the nipple
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Background parenchymal enhancement (BPE) 
and NME

Previously, any enhancement effect was suggestive of 
some kind of lesion because of the high diagnostic capa-
bility of breast MRI. However, normal mammary gland 
tissue can now show enhancement due to hormonal 
effects, which are treated as BPE. BPE is evaluated in the 
early contrast phase and classified into four levels: mini-
mal, mild, moderate, and marked, and with symmetry or 
asymmetry. The examination should be performed upon 
screening because BPE is considered as most vulnerable 
7–14 days after the onset of menstruation due to the influ-
ence of the hormonal cycle. Therefore, the test should be 
performed upon screening and other purposes. Conversely, 
treatment should not be delayed by adjusting the examina-
tion schedule if the MRI is performed as a preoperative 
examination.

When BPE is asymmetric, it may be confused with 
NME. When BPE is more focal, regional, or asymmet-
ric, it has been associated with a higher likelihood of a 
BI-RADS 3 assessment (> 2% likelihood of malignancy). 
Alternatively, false positives are common when asymmet-
ric BPE is biopsied. In nonsurgical (i.e., screening) cases, 
6-month follow-up MR imaging as BI-RADS category 3 is 
a substitute for biopsy when BPE is favored over a patho-
logic process [5].

Chikarmane et al. reported that 77 (20%) of 386 breast 
MRIs previously read as NME should be discriminated as 
BPE when read according to BI-RADS 2013 (one of them 
had breast cancer) [6].

Determination of benign and malignant lesions

BI-RADS recommends a biopsy for a category 4 lesion 
with a ≥ 2% likelihood of malignancy. Therefore, the lesion 
is considered category 4 or higher if any of the findings sug-
gest malignancy. However, many NMEs are benign lesions, 
noninvasive, and not immediately life-threatening. Detec-
tion and treatment of non-life-threatening lesions are called 
overdiagnosis, and some malignant lesions found in NME 
may well be overdiagnosis. Therefore, we should not simply 
biopsy category 4 lesions, but also consider the possibility 
of malignancy and the degree of invasive cancer, and inform 
the patient of the possibility of a follow-up.

Lesions that are difficult to determine and must be fol-
lowed up with NME in BI-RADS are classified as category 
3, although they have no evidence.

Findings and malignant potential

Shao et  al. published a meta-analysis of non-mass-like 
lesions in 2013 [7]. They reported a sensitivity of 50% and 
specificity of 80% for non-mass-like enhancement in 14 
studies and 858 cases. The positive predictive value (PPV) 
was 67%, especially in segmental and clustered rings. How-
ever, the studies included in this report are somewhat old 
(2002–2011) and pre-date the publication of BI-RADS-
MRI and its second edition because the term “non-mass-
like lesion” was used in the previous BI-RADS edition. The 
results cannot be applied to current diagnoses because they 
include imaging methods that are no longer standard, such as 
unilateral and supine scanning, as well as those from a time 
when the diagnostic criteria were ambiguous.

Therefore, we conducted a hand search to examine NME 
reports based on the BI-RADS-MRI 2013 edition in recent 
studies [8–12]. Table 2 shows the PPV and number of cases 
(malignant/number of findings) by lexicons. The malignancy 
frequency of NME is widely distributed, ranging from 25 
to 83.6% because of the different settings of the control 
groups and the extent to which they are included in BPE. 
Internal enhancement was highly variable, and even clus-
tered ring and clumped lesions included a relatively large 
number of benign lesions. Segmental lesions are very likely 
to be malignant, while linear lesions are less likely to be 
malignant. Focal lesions seem to be less isointense but have 
a certain malignancy frequency. Showing a certain trend 
was impossible for regional, multiple regional, and diffuse, 
where the number of cases is small.

Khoury et  al. examined interobserver variability in 
the description and assignment of BI-RADS categories 
and revealed worse agreement in NME than in masses, 
although with some acceptable agreement [13]. Addi-
tionally, the frequency of benign and malignant concern-
ing internal enhancement widely varies, possibly due to 

Fig. 3  A female patient in her 40  s is an example of a case of non-
mass enhancement with a homogenous and linear distribution. Nee-
dle biopsy showed a pathological diagnosis of left breast adenoma
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somewhat ambiguous definitions regarding the distinction 
between heterogeneous and homogenous.

Chen et  al. examined 120 cases of linear enhance-
ment and reported a PPV of 20.8%, with no significant 
difference due to internal enhancement or size difference 
[14]. The 2003 edition of BI-RADS-MRI used the term 
“ductal” to refer to intraductal lesions, but the 2013 edi-
tion no longer uses this term. Linear and ductal may still 
be confused, so we need to be careful.

Asada et al. revealed a PPV of 93.8% for the combina-
tion of clustered ring and segmental regarding diagnosis 
based on a combination of findings [9], while Aydin et al. 
revealed a PPV of 61.5%, with some discrepancy between 
the studies [10].

The division of BI-RADS category 4 into subcategories 
4A, 4B, and 4C is not recommended in BI-RADS-MRI, 
but is allowed at individual institutions by consensus, and 
may be useful in determining treatment policies at each 
institution. Honda et al. classified category 4 lesions into 
three subcategories and analyzed the PPV of malignancy, 
with PPVs of subcategories 4A, 4B, and 4C of 1.8%, 
11.8%, and 67.5%, respectively [15].

The Kaiser score is a well-known method of judgment 
based on a combination of terms, which presents the pos-
sibility of malignancy by adding points according to the 
findings [16]. However, it does not directly correspond 
to the lexicon of NME in BI-RADS. Such categorization 
has been shown to appropriately indicate the malignancy 
frequency in NMEs, which helps make medical decisions.

Some kinetics studies have been conducted, although 
BI-RADS does not require kinetics measurement at the 
NME [8, 10, 12]. NME diagnosis by kinetics is challeng-
ing because determining the location of the region of inter-
est in small ductal or diffuse lesions is difficult and nonin-
vasive cancers often have a persistent pattern. The results 
of the reports do not show a uniform trend.

Other new diagnostic methods not used in BI‑RADS 
are being investigated

Diffusion-weighted imaging (DWI) reflects the Brownian 
motion of water molecules, with a high signal in lesions with 
high cell proliferation and a low apparent diffusion coeffi-
cient (ADC). Therefore, DWI is considered useful in breast 
MRI for differentiating benign from malignant lesions and 
is often performed in combination with contrast-enhanced 
MRI. However, DWI has no fixed standards and has not yet 
been incorporated into BI-RADS. Regarding DWI, some 
have suggested that a low ADC value is indicative of malig-
nancy [10, 12], while others have stated that NME discrimi-
nation remains difficult [17, 18]. Particularly, DWI has not 
yet been evaluated to a certain degree, but it may be useful 
in some cases.

Goto et al. studied ultrafast dynamic MRI and included 
59 cases of NME, 37 cases of malignancy, and 22 cases 
of DCIS. Differences were found in two parameters that 
indicate the degree of early enhancement, time to enhance, 
and maximum slope between benign and malignant cases, 
which may be useful [19]. However, some benign cases were 
enhancing from a very early phase, and making a definite 
diagnosis remained difficult.

Preoperative diagnosis

Size, presence of invasive cancer complications, and exten-
sion into the nipple need to be ascertained in the preopera-
tive diagnosis.

Roque et al. measured the size of pure DCIS in a meta-
analysis and revealed that most instances of DCIS were 
NME, and MRI accurately predicted the tumor size in 55% 
of cases. A meta-analysis revealed a 3.85-mm mean differ-
ence between MRI and pathology (95% confidence interval: 
-0.92–8.60), indicating that MRI is an accurate method for 
assessing pure DCIS size [20].

Table 2  The PPV and number of cases (malignant/number of findings) by lexicons

Author
year

All
NME

Homogenous Heterogenous Clustered
ring

Clumped Focal Linear Segmental Regional Multiple
regional

Diffuse

Almeida
2016 [8]

44.6%
(29/65)

12.5%
(1/8)

5.6%
(3/54)

N.A 100%
(3/3)

28%
(7/25)

36.4%
(4/11)

80%
(12/15)

25%
(1/4)

100%
(1/1)

N.A

Asada
2018 [9]

83.6%
(178/213)

22.2%
(2/9)

70%
(21/30)

80%
(20/25)

90.6%
(135/149)

69.4%
(25/36)

43.8%
(7/16)

90.8%
(138/152)

50%
(1/2)

100%
(4/4)

100%
(3/3)

Aydin
2019 [10]

25%
(33/132)

0%
(0/14)

20.8%
(5/24)

41.9%
(13/31)

20%
(12/60)

17.5%
(7/40)

5.4%
(2/37)

70.6%
(12/17)

23.8%
(5/21)

10%
(1/10)

75%
(3/4)

Lunkiewicz
2020 [11]

28.4%
(19/67)

20%
(2/10)

17.6%
(3/17)

53.8%
(7/13)

25.9%
(7/27)

17.9%
(5/28)

27.8%
(5/18)

62.5%
(5/8)

18.2%
(2/11)

50%
(1/2)

N.A

Liu
2022 [12]

47.5%
(56/118)

0%
(0/1)

31.9%
(15/47)

86.4%
(19/22)

45.8%
(22/48)

40%
(10/25)

7.7%
(1/13)

64.9%
(24/37)

37.5%
(6/16)

55.6%
(5/9)

55.6%
(10/18)
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Maffuzu et al. reported a direct relationship between 
the incidence of microinvasion/invasion and tumor size, 
although a larger size was associated with more invasive 
cancer, and tumor sizes of DCIS were 2.5–3.5 cm in 10%, 
3.6–4.5 cm in 57%, and 4.5–6 cm in 71% [21].

Machida et al. revealed three observer PPVs with clus-
tered rings (PPVs: 54.5%, 54.5%, and 50.0%) and hypoin-
tense areas (PPVs: 63.6%, 61.5%, and 73.9%) as significantly 
associated with invasion. Clustered rings and hypointense 
areas that were integrated into heterogeneous structures 
showed significant associations with invasion (PPVs: 54.3%, 
53.3%, and 51.8%) [22].

Oda et al. reported a 27% upgrade (DCIS to IDC) for 
non-mass, with a higher likelihood when palpable, although 
imaging lexicons, including clustered rings, did not show a 
consistent trend [23]. Further study is necessary to deter-
mine whether the imaging lexicons suggest invasion.

Bae SJ et al. reported that MRI adequately detected the 
presence or absence of cancer extension to the nipple. The 
PPV of papillary extension was 86% when NME involved 
the nipple, and only 7% had pathologic papillary extension 
when NME did not involve the nipple. The diagnostic accu-
racy rate was 88% [24].

Conclusion

We have described NME, focusing on the BI-RADS-based 
diagnosis. BI-RADS uses lexicons for evaluation, but three 
important aspects should be understood. First, observers 
may have different perceptions regarding whether enhance-
ment is a lesion or BPE. Second, the use of lexicons involves 
potential interobserver disagreement. Third, combining 
internal enhancement, distribution, and other findings in 
addition to a single term is important.

Providing further explanation on the use of lexicons is 
necessary to introduce appropriate training methods and 
reexamine the definition of terms as necessary. Therefore, 
continuous collection of results based on current BI-RADS 
terminology and expanding the evidence base are desirable. 
A large number of cases must be investigated and further 
validated to make a proper diagnosis. MRI is expected to 
become more useful in the future because of its high diag-
nostic performance. We hope that the accumulation of evi-
dence and the utilization of new technologies will make MRI 
even more useful going forward. Therefore, breast MRI is 
expected to become an even more useful diagnostic method 
by collecting more evidence and utilizing new technologies.
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