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More than 280 000 women in the United States will 
be newly diagnosed with invasive breast cancer this 

year, the majority of whom are candidates for breast-
conserving surgery (1). There is increasing use of breast 
MRI for preoperative evaluation of disease extent. 
Breast MRI and mammography have similar positive 
predictive values for the detection of breast cancer (2). 
However, breast MRI has better sensitivity and nega-
tive predictive values than mammography for detecting 
the local extent of the known primary malignancy and 
synchronous ipsilateral or contralateral lesions follow-
ing initial diagnosis, thus influencing surgical planning 
(2,3). While the use of preoperative breast MRI has led 
to the reduction of local recurrence rates by at least 5% 
in patients undergoing breast conservation surgery (4), 
it has also led to an increase in the rate of wider surgical 
margins or conversion to mastectomies in up to 12.5% 
of cases because of additional MRI findings suspicious 
for malignancy, resulting in an unnecessary upgrade in 
surgical excisions in about 5%–6% of cases (5–7).

Additional enhancing findings at preoperative MRI ex-
aminations raise concerns for breast radiologists and sur-
geons, as patients newly diagnosed with breast cancer have 
a higher incidence of additional areas of cancer (8,9). Non-
mass enhancement (NME) is the most common of these 
additional findings. NME is associated with malignant cal-
cifications and is the MRI finding most suggestive of ductal 
carcinoma in situ (DCIS) (9–12). Furthermore, NME adja-
cent to a biopsy-proven malignancy (index cancer) at preop-
erative breast MRI has been associated with higher rates of 
positive resection margins (13,14). However, given the low 
specificity of breast MRI in the diagnosis of breast cancer, 
management of these findings is controversial because NME 
is the most common cause of false-positive findings at breast 
MRI (5,15). There is minimal evidence-based literature on 
the management of NME directly adjacent to malignant 
index masses at preoperative MRI in candidates for breast 
conservation surgery, leading to additional, potentially un-
necessary, imaging, biopsies, conversion to mastectomies, or 
wider excisions in these patients (5).
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Purpose:  To determine the pathologic features of nonmass enhancement (NME) directly adjacent to biopsy-proven malignant masses 
(index masses) at preoperative MRI and determine imaging characteristics that are associated with a malignant pathologic condition.

Materials and Methods:  This retrospective study involved the review of breast MRI and mammography examinations performed for evalu-
ating disease extent in patients newly diagnosed with breast cancer from July 1, 2016, to September 30, 2019. Inclusion criteria were 
limited to patients with an index mass and the presence of NME extending directly from the mass margins. Wilcoxon rank sum test, 
Fisher exact test, and χ2 test were used to analyze cancer, patient, and imaging characteristics associated with the NME diagnosis.

Results:  Fifty-eight patients (mean age, 58 years ± 12 [SD]; all women) were included. Malignant pathologic findings for mass-asso-
ciated NME occurred in 64% (37 of 58) of patients, 43% (16 of 37) with ductal carcinoma in situ and 57% (21 of 37) with invasive 
carcinoma. NME was more likely to be malignant when associated with an index cancer that had a low Ki-67 index (<20%) (P = .04). 
The presence of calcifications at mammography correlating with mass-associated NME was not significantly associated with malignant 
pathologic conditions (P = .19). The span of suspicious enhancement measured at MRI overestimated the true span of disease at histo-
logic evaluation (P < .001), while there was no evidence of a difference between span of calcifications at mammography and true span 
of disease at histologic evaluation (P = .27).

Conclusion:  Mass-associated NME at preoperative MRI was malignant in most patients with newly diagnosed breast cancer. The span of 
suspicious enhancement measured at MRI overestimated the true span of disease found at histologic evaluation.
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malignant index mass not visualized at preoperative MRI, and 
patients treated with neoadjuvant chemotherapy who did not 
undergo MRI-guided biopsy of the mass-associated NME 
prior to initiating treatment.

Data Extraction and Evaluation
Current Procedural Terminology codes were used to identify 
breast MRI examinations performed during our study period. 
Our institution’s value analytics team then extracted the corre-
sponding patient medical record numbers and age at the time 
of examination from our institution’s electronic medical record 
(Epic EMR system; Epic Systems).

Manual chart review was performed for each patient to re-
cord breast cancer characteristics, including histologic type, 
molecular subtype, and initial treatment performed (lumpec-
tomy, mastectomy, or neoadjuvant chemotherapy). Histologic 
types were recorded using standard classifications (16). Benign 
lesions were defined as benign breast tissue and pseudoangio-
matous stromal hyperplasia. High-risk lesions were defined 
as atypical ductal hyperplasia, atypical lobular hyperplasia, 
lobular carcinoma in situ, radial scar, complex sclerosing le-
sion, or papillary lesion. Malignant lesions included DCIS and 
invasive carcinoma. All malignant lesions in our cohort were 
managed by surgical excision, and no patient underwent active 
surveillance for their malignant diagnosis. Additional group-
ing classifications are detailed as follows: Microinvasive DCIS 
and all subtypes of invasive ductal carcinoma, such as muci-
nous or papillary, were classified as invasive ductal carcinoma 
in our study. Additional cancer features, including hormone 
receptor status, human epidermal growth factor 2 status, and 
Ki-67 level, were also extracted from the medical record and 
measured specifically from the overall malignant mass. Ki-67 
level was quantified using standard immunohistochemistry 
techniques: fixation with 10% buffered formalin, routine tis-
sue processing with paraffin embedding, and Ki-67 detection 
using Ventana iVIEW (Roche Diagnostics). Ki-67 levels were 
categorized as high (≥20%) or low (<20%) (17).

The original breast MRI reports were dictated by 11 breast 
imaging radiologists with experience ranging from 2 to 35 years. 
Manual chart and imaging review was performed by one of the au-
thors (D.L.N., postgraduate year 5 diagnostic radiology resident) 
for each included patient. The reader reviewed the characteristics 
of the malignant index mass (size, shape, margins, internal en-
hancement, and kinetics) and mass-associated NME (size, distri-
bution, internal enhancement pattern, and kinetics), as well as the 
final histologic diagnosis of MRI-guided biopsy of the mass-asso-
ciated NME. The same author recorded the largest size dimen-
sion of the malignant index mass, mass-associated NME, and total 
imaging span (malignant index mass and mass-associated NME) 
on the first axial postcontrast T1-weighted fat-saturation subtrac-
tion sequence. The recorded terminology of the mass and NME 
descriptors were those used in the Breast Imaging Reporting and 
Data System (ie, BI-RADS) atlas, 5th edition (18). Whether the 
presence of mass-associated NME at breast MRI changed the ini-
tial surgical treatment plan from lumpectomy to total mastectomy 
for the patient was also recorded. All patients in our cohort under-
went either lumpectomy or mastectomy.

Determining the clinical significance of mass-associated 
NME at preoperative breast MRI examinations can help guide 
surgical planning in patients who are potential candidates for 
breast conservation surgery. Therefore, establishing more evi-
dence-based preoperative recommendations for these patients is 
relevant and will improve the quality of patient care. The ob-
jective of this study is to provide evidence to inform surgical 
decision-making in patients with newly diagnosed breast cancer 
masses. This study aims to determine the pathologic findings of 
NME contiguous with malignant index masses at preoperative 
MRI and the imaging characteristics that are associated with ma-
lignant NME.

Materials and Methods

Patients and Study Design
The institutional review board reviewed this study and desig-
nated it as falling under exempt status under the Department 
of Health and Human Services regulations. Protected health 
information was stored on a virtual desktop (Secure Analytic 
Framework Environment, or SAFE, desktop) that is a part of 
our institution’s (Johns Hopkins Medicine) secure environ-
ment, where chart review and statistical analysis were per-
formed. This study complied with the Health Insurance Porta-
bility and Accountability Act.

A retrospective cohort study was performed to review the 
data from all breast MRI and mammography examinations 
performed at our institution between July 1, 2016, and Sep-
tember 30, 2019, in patients with newly diagnosed breast 
cancer for the evaluation of disease extent. Inclusion criteria 
were limited to patients with a malignant index mass and mass-
associated NME, which was defined as the presence of NME 
extending directly from the mass margins and no other ipsilat-
eral or contralateral NME findings. Patients treated with neo-
adjuvant chemotherapy were included if they had undergone 
an MRI-guided biopsy of the mass-associated NME prior to 
starting treatment. Exclusion criteria were patients with breast 
cancer without a dominant mass, no mass-associated NME, 

Abbreviations
DCIS = ductal carcinoma in situ, NME = nonmass enhancement

Summary
Nonmass enhancement directly adjacent to malignant index breast 
cancer masses yielded malignant pathologic findings in more than 
half of cases.

Key Points
	■ The total span of mass-associated nonmass enhancement (NME) 

contiguous with the primary index malignancy at preoperative 
MRI overestimated the true histologic span of disease in patients 
newly diagnosed with breast cancer (span at MRI: 4.9 cm ± 2.1 
[SD], span at pathologic analysis: 3.0 cm ± 2.4; P < .001).

	■ NME was more likely to be malignant when associated with an 
index cancer that had a low Ki-67 index (<20%) (P = .04).
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Breast, Mammography
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Breast MRI Technique
Breast MRI examinations were performed with either a 1.5-T 
Discovery (GE HealthCare), a 3-T Skyra (Siemens Health-
ineers), or a 3-T Trio (Siemens Healthineers) scanner using 
a 16-channel breast coil (Sentinelle; InVivo) with patients in 
the prone position. Diagnostic examinations included three 
postcontrast sequences acquired for 120 seconds each 30 sec-
onds after the administration of 0.1 mmol of gadolinium-
based contrast agent per kilogram of body weight at a rate of 
2 mL/sec followed by a 20-mL saline flush. Specific subtrac-
tion sequences were performed by subtracting the precontrast 
T1-weighted fat-saturated sequence from the postcontrast 
T1-weighted fat-saturated sequence for all three postcon-
trast sequences. Maximum intensity projection in 360° rota-
tion was created based on the first postcontrast T1-weighted 
fat-saturated subtraction sequence. Dynamic contrast-en-
hancement kinetics was evaluated using an external software 
program (DynaCAD; Philips Healthcare) that characterized 
dynamic enhancement patterns of each pixel above threshold 
as persistent, plateau, or washout.

Statistical Analysis
All statistical analyses were performed using computing soft-
ware program R 2017 (R Foundation for Statistical Comput-
ing). Mass-associated NME positive for malignancy was de-
fined as a pathologic result of DCIS or invasive carcinoma. 
Associations between patient and imaging characteristics with 
the mass-associated NME diagnosis (benign and high-risk or 
malignant) were assessed using Wilcoxon rank sum test for 
continuous variables and χ2 test or Fisher exact test for cat-
egorical variables. Wilcoxon signed rank test was used to com-
pare the span of suspicious enhancement at MRI and the span 
of correlating calcifications with the true pathologic span of 
disease. The mean and difference were calculated for each pair 
of measurements, and these were used to form Bland-Altman 
plots with 95% CIs. We also present the frequency, with per-
centage in parentheses, of patients with an MRI enhancement 
span or calcification span within 1 cm and 2 cm of the true 
pathologic span of disease. P value less than .05 indicated a 
statistically significant difference.

Results

Patient Characteristics
A total of 1111 MRI examinations with an indication for ex-
tent of disease were performed during the study period. There 
were 58 unique patients (all female) with a mean age of 58.0 
years ± 12.0 [SD] who met the criteria for this study (Fig 1). 
All included patients had an index breast cancer with contigu-
ous NME at preoperative MRI. Patients were categorized into 
two distinct groups on the basis of whether the final pathologic 
analysis outcome for the NME was benign and high risk (n = 
21) or malignant (n = 37). There was no evidence of a differ-
ence in patient age (58 years ± 14 vs 58 years ± 11, respectively;  
P = .59) between the two groups. Radiologic-pathologic exam-
ples are shown in Figure 2.

Manual chart review was performed by the same author 
(D.L.N.) to determine if a diagnostic mammogram was ac-
quired within 2 months prior to the preoperative breast MRI 
examination for each included patient. All mammography 
examinations were performed with a digital breast tomosyn-
thesis mammography unit (Selenia Dimension; Hologic). 
The following characteristics were also recorded: (a) pres-
ence of calcifications on the diagnostic mammogram that 
were directly associated with the malignant index mass and 
if this distribution correlated with the mass-associated NME 
observed on the preoperative breast MR image, (b) total im-
aging span of both the malignant index mass and the cal-
cifications, and (c) final histologic diagnosis of stereotactic-
guided biopsy of the calcifications that correlated with the 
mass-associated NME. The same author recorded the largest 
size dimension of the calcifications that correlated with the 
mass-associated NME on either the craniocaudal or medio-
lateral oblique view, whichever was the longest.

Pathology slides of all cases were retrospectively re-eval-
uated by a breast pathologist (one of the authors: M.L.) for 
histologic correlation of the NME that was directly contigu-
ous with the malignant index mass. For each case, the pa-
thologist was provided the size, distribution, and location of 
the mass-associated NME, from the preoperative breast MRI 
examination, relative to the index malignant mass to deter-
mine if a pathologic correlate existed in the surgical specimen 
(from lumpectomy or mastectomy). Total span of disease was 
defined as the total size of both the malignant index mass 
and the surrounding malignancy measured in the specimen 
by the breast pathologist (one of the authors). For cases with-
out available pathology slides, histologic correlation was de-
termined by the breast pathologist (M.L.) from the pathology 
report instead (n = 12). These cases, as well as the cases with 
neoadjuvant chemotherapy following MRI-guided biopsy of 
the mass-associated NME (n = 5), were excluded from the 
analysis of the span of disease, given that there was no direct 
pathologist evaluation.

Figure 1:  Flowchart of patients included in this retrospective cohort study. 
NME = nonmass enhancement.
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lumpectomy. Mass-associated NME at breast MRI changed 
the initial planned treatment of lumpectomy to mastectomy 
for 59% (31 of 53) of patients. Of these patients, 74% (23 
of 31) had malignant mass-associated NME outcomes, 52% 
(12 of 23) with DCIS and 48% (11 of 23) with invasive car-
cinoma. Of the 16 patients who underwent lumpectomy, 
25% (four of 16) had positive margins and required repeat 
excision.

Tables 1 and 2 present factors associated with the final 
pathologic condition outcome of NME contiguous with 
the index breast mass (benign and high risk or malignant). 
Table 1 includes features of the index breast mass, and Table 
2 includes features of the NME. No imaging feature was as-
sociated with malignant pathologic findings (Table 2). Low 

Mass-associated NME Characteristics
Pathologic findings for NME contiguous with malignant in-
dex masses was confirmed with MRI-guided core biopsy (n = 
15), stereotactic-guided core biopsy of correlating calcifications  
(n = 6), or with surgical intervention (lumpectomy [n = 11] 
and mastectomy [n = 26]).

Pathologic findings were malignant for mass-associated NME 
in 64% (37 of 58) of studies: 43% (16 of 37) with DCIS and 
57% (21 of 37) with invasive carcinoma. Of the 21 cases with 
nonmalignant mass-associated NME, 18 were benign breast tis-
sue, two were lobular carcinoma in situ and one was pseudoan-
giomatous stromal hyperplasia.

Of the 53 patients who underwent upfront surgical man-
agement, 37 underwent mastectomy and 16 underwent 

Figure 2:  Examples of malignant mass-associated nonmass enhancement (NME): Axial breast MR images (left) of malignant mass-as-
sociated NME (red oval) and corresponding pathology slides (right). (A, C) Mass-associated NME that was MRI-guided biopsy–proven 
ductal carcinoma in situ (DCIS) in a 62-year-old woman with newly diagnosed invasive ductal carcinoma. Axial postcontrast T1-weighted 
subtraction image (A) demonstrates a 2.2-cm heterogeneous NME in a linear distribution extending from a 2.0-cm irregular heterogeneous 
mass with spiculated margins in the lower outer left breast. Histologic view of the mass-associated NME shows dilated ducts that are dis-
tended and filled by a solid proliferation of tumor cells (black arrows in C), compatible with DCIS. (Hematoxylin-eosin stain; original mag-
nification, ×40.) (B, D) Mass-associated NME that was lumpectomy-proven invasive lobular carcinoma and lobular carcinoma in situ in a 
43-year-old woman with newly diagnosed invasive lobular carcinoma. Axial postcontrast T1-weighted subtraction image (B) demonstrates 
a 10.0-cm clumped NME in a segmental distribution extending from a 2.3-cm oval heterogeneous mass with irregular margins in the upper 
outer right breast. Histologic view of mass-associated NME shows a dilated duct filled by an intraductal proliferation of monotonous loosely 
cohesive cells (red box in D), compatible with lobular carcinoma in situ, and infiltrative proliferation of mildly atypical cells arranged in single 
files, cords, and single cells in a desmoplastic stroma (black arrows in D), compatible with invasive lobular carcinoma. (Hematoxylin-eosin 
stain; original magnification, ×100.)
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sponding median NME span (calcification span: 2.6 cm, 
IQR 1.6; NME span: 4.0 cm, IQR 2.9; P = .001). Radio-
logic-pathologic examples are shown in Figure 3. Most of 
the cases with corresponding calcifications were malignant 
(74% [17 of 23]: DCIS, 41% [seven of 17] and invasive car-
cinoma, 59% [10 of 17]). The presence of calcifications was 
not associated with malignant pathologic findings (P = .19).

Ki-67 proliferation index was associated with malignant 
NME (P = .04).

Calcif﻿ications Correlation with Mass-associated NME
Mass-associated NME correlated with mammographic cal-
cification in 40% (23 of 58) of patients, with the median 
calcifications span being a shorter length than the corre-

Table 1: Features of Malignant Index Breast Masses and Association with Pathologic 
Outcome of Contiguous Nonmass Enhancement at Preoperative Breast MRI

Characteristic of Index Breast 
Cancer

Final Pathologic Outcome

P Value
Benign and High-Risk NME
(n = 21)

Malignant NME
(n = 37)

Histologic subtype >.99
  Invasive ductal carcinoma 16 (76) 29 (78)
  Invasive lobular carcinoma 5 (24) 8 (22)
Estrogen receptor >.99
  Negative 2 (9.5) 3 (8.1)
  Positive 19 (90) 34 (92)
Progesterone receptor .37
  Negative 4 (19) 11 (30)
  Positive 17 (81) 26 (70)
Human epidermal growth factor 

receptor 2
>.99

  Negative 16 (76) 29 (78)
  Positive 5 (24) 8 (22)
Ki-67 index .04
  <20% 5 (28) 15 (60)
  ≥20% 13 (72) 10 (40)
  Unknown† 3 12
Mass diameter measured at MRI 

(cm)* 
2.1 (1.1) 1.8 (1.2) .70

Mass shape at MRI .12
  Irregular 16 (76) 34 (92)
  Oval 3 (14) 3 (8.1)
  Round 2 (9.5) 0 (0)
Mass margin at MRI .49
  Irregular 17 (81) 27 (73)
  Spiculated 4 (19) 10 (27)
Mass enhancement pattern at MRI .61
  Heterogeneous 15 (71) 24 (65)
  Homogeneous 6 (29) 13 (35)
Mass kinetics .24
  Type 1 16 (89) 24 (71)
  Type 2 or 3 2 (11) 10 (29)
  Unknown‡ 3 3

Note.—Unless otherwise noted, values are numbers, with percentages in parentheses. P values were 
determined by using Wilcoxon rank sum test, Fisher exact test, and Pearson χ2 test. NME = nonmass 
enhancement. 
* Values are medians, with IQRs in parentheses. 
† These patients were not included when calculating percentages for Ki-67 indexes <20% and 

≥20%.
‡ These patients were not included when calculating percentages for type 1–3 kinetics.

http://radiology-ic.rsna.org
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Pathologic Analysis Specimen Correlation with Mass-
associated NME and Associated Calcifications
Total span of disease at pathologic analysis was available for 79% 
(46 of 58) of patients. The median span of suspicious enhance-
ment measured at breast MRI overestimated the true span of dis-
ease at histologic evaluation (MRI span: 4.0 cm, IQR 2.9; patho-
logic span: 2.7 cm, IQR 2.6; P = .01). Fifteen (33%) of these 
46 patients had an MRI span within 1 cm of the true pathologic 
span, and 24 (52%) had an MRI span within 2 cm of the true 
pathologic span. Calcification correlation was present in 41% of 
these patients (19 of 46). There was no evidence of a difference 
between median calcification span and the true span of disease at 
histologic evaluation (P = .41). Fifteen (79%) of the 19 patients 
had a calcification span within 1 cm of the true pathologic span, 
and 18 of 19 (95%) had a calcification span within 2 cm of the 
true pathologic span. Figure 4 shows a scatterplot of the imaging 
span of suspicious findings (NME at MRI and calcifications at 
mammography) versus the true span of disease at histologic analy-
sis. Figures 5 and 6 show the corresponding Bland-Altman plots.

Discussion
This study evaluated the pathologic findings of NME directly 
adjacent to malignant index masses at preoperative MRI and 
determined imaging characteristics associated with malig-
nancy. NME contiguous with a malignant index mass was 
malignant in about two-thirds of cases (64%). The span of 
suspicious enhancement measured at breast MRI overesti-
mated the true span of disease found at histologic evaluation, 
while we found no evidence of a difference between the span 
of correlating calcifications and the true span of disease at 
histologic evaluation.

Gweon et al (19) determined that human epidermal growth 
factor 2 positivity was significantly associated with malignant 
mass-associated NME. Although our study did not confirm this 
association, our results revealed significant associations between 
malignant mass-associated NME outcomes and lower Ki-67 in-
dexes, which was an unexpected finding. Ki-67 index serves as a 
marker of cellular proliferation and is an independent prognostic 
metric for breast cancer survival outcomes (20). The relationship 

Table 2: Features of Nonmass Enhancement Contiguous with Index Breast Cancer at 
MRI and Association with Final Pathologic Outcome

Characteristic of NME

Final Pathologic Outcome

P Value
Benign and High-Risk 
NME (n = 21)

Malignant NME
(n = 37)

NME distribution .07
  Focal 1 (4.8) 0 (0)
  Linear 11 (52) 10 (27)
  Regional 0 (0) 1 (2.7)
  Segmental 9 (43) 26 (70)
NME enhancement pattern .58
  Clumped 13 (62) 28 (76)
  Heterogeneous 3 (14) 4 (11)
  Homogeneous 5 (24) 5 (14)
NME kinetics .18
  Type 1 16 (89) 24 (71)
  Type 2 or 3 2 (11) 10 (29)
  Unknown† 3 3
Span of suspicious enhancement at 

MRI (cm)*
3.9 (1.7) 5.1 (2.7) .06

Mammographic calcification correlate 
for NME

.19

  None 15 (71) 20 (54)
  Present 6 (29) 17 (46)
Span of correlating calcifications at 

mammography (cm)*
2.1 (1.2) 3.0 (2.7) .06

Span of true disease at pathologic 
analysis (cm)*

2.1 (1.0) 2.7 (2.7) .17

Note.—Unless otherwise noted, values are numbers, with percentages in parentheses. P values 
were determined by using Wilcoxon rank sum test, Fisher exact test, and Pearson χ2 test. NME = 
nonmass enhancement. 
* Values are medians, with IQRs in parentheses.
† These patients were not included when calculating percentages for type 1–3 kinetics.
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between malignancies and Ki-67 is more understood at mam-
mography. Spiculated masses identified at mammography are 
often low-grade malignancies with low Ki-67 indexes, whereas 
circumscribed masses are more frequently associated with high-
grade malignancies and higher Ki-67 indexes (21–23). The 
current hypothesis for this difference is that the lower cellular 
proliferation observed in low-grade malignancies allows time for 
the malignant cells to invade the surrounding tissue, resulting 

in the pulling of adjacent normal Cooper ligaments into the 
tumor, which manifests as spiculations on mammograms (21). 
Conversely, higher cellular proliferation observed in high-grade 
malignancies prevents malignant cells from invading the sur-
rounding tissue, leading to circumscribed margins. Extrapo-
lating concepts from this hypothesis could explain our results 
for the association between low Ki-67 indexes and malignant 
mass-associated NME. With lower proliferation, the associated 

Figure 3:  Mass-associated nonmass enhancement (NME) that was mastectomy-proven invasive ductal carcinoma (IDC) and ductal carcinoma in situ 
(DCIS) in a 58-year-old woman with newly diagnosed IDC. (A) Axial postcontrast T1-weighted subtraction image demonstrates a 5.6-cm heterogeneous 
NME in a segmental distribution (yellow circle) with predominantly persistent kinetics (B) extending from a 2.7-cm irregular heterogeneous mass with irregu-
lar margins (red arrow) with predominantly washout kinetics in the lower inner right breast. (C) Maximum intensity projection image demonstrates the mass-as-
sociated NME (yellow circle) extending from the malignant index mass (red arrow) in the lower inner right breast. (D) Full craniocaudal and (E) mediolateral 
oblique views demonstrate 1.2-cm amorphous calcifications in a segmental distribution (red oval) that correlate with the mass-associated NME observed 
at breast MRI. (F) Histologic view of the mass-associated NME shows atypical epithelial cells with comedonecrosis (red box), compatible with DCIS, and 
infiltrative glandular proliferation with minimal cytologic atypia and desmoplastic stromal response (black arrows), compatible with IDC. (Hematoxylin-eosin 
stain; original magnification, ×100.)

http://radiology-ic.rsna.org
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malignant cells had time to invade the surrounding breast tissue 
and manifest as NME in a similar manner to the associated spic-
ulations observed at mammography in low-grade malignancies. 

More studies on this are needed to understand the implications 
of mass-associated NME in the setting of low Ki-67 indexes ver-
sus high Ki-67 indexes.

Figure 4:  Scatterplot compares the span of suspicious imaging findings (y-axis) with the true histologic span (x-axis) in 
41 patients with malignant index masses and mass-associated nonmass enhancement (NME) at preoperative MRI. Span 
of NME at MRI is indicated by red dots, and span of calcifications at mammography is indicated by blue dots. The black 
reference line demonstrates x = y.

Figure 5:  Bland-Altman plot shows the span of disease measured by pathologic analysis compared with the extent of suspi-
cious imaging findings at MRI. The solid black line shows the mean difference between the two measurements, and the red dotted 
lines represent the 95% CIs.

http://radiology-ic.rsna.org
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We found that the span of disease measured at breast MRI 
overestimated the true extent of disease found at histologic 
evaluation. This is consistent with several previous studies 
demonstrating that MRI overestimates tumor size, especially 
in the setting of NME (24–26). Overestimation of disease at 
MRI has a substantial impact on patient care and surgical plan-
ning. Previous studies have reported that preoperative MRI 
findings prompted inappropriate conversions from breast-con-
serving surgery to wider excisions and mastectomies in up to 
5%–8% of cases, with mastectomies (5%–11%) more frequent 
than wider excisions (2%–5%) (5–7). However, it is important 
to note that it is false-positive preoperative MRI findings that 
have resulted in a negative impact. True-positive MRI findings 
have resulted in 11% of appropriate conversions (5). MRI-
guided biopsy recommendations of the distal margins of the 
mass-associated NME or two-site MRI-guided biopsy along 
the course of the mass-associated NME could be considered 
to prove the extent of disease. Breast radiologists need to work 
closely with breast surgeons to optimize the workup for these 
findings to optimize surgical planning.

Given the reported low specificity of NME at MRI, it 
would be helpful to determine imaging features associated 
with malignancy to increase positive predictive values in the 
preoperative setting (5,15). Gweon et al (19) previously de-
termined that no imaging characteristic of mass-associated 

NME was significantly associated with a malignant patho-
logic condition. Our results support these findings, as no 
morphology, distribution, or kinetics of the mass-associated 
NME was significantly associated with a malignant patho-
logic condition. However, segmental distribution was the 
most common distribution reported for malignant mass-as-
sociated NME, but this did not meet statistical significance 
(P = .07). Traditionally, segmental distribution of NME is 
the most significant predictor of malignancy of all the NME 
distribution patterns (10,27). Larger cohort studies should be 
performed to further evaluate the association between mass-
associated NME distribution and malignancy.

Surprisingly, both benign and malignant mass-associated 
NME had type 1 kinetics in most cases. While type 1 kinetics 
was previously thought to be associated with benignity, more 
recent studies have demonstrated that DCIS typically demon-
strates nonsuspicious kinetics, and invasive lobular carcinoma 
rarely demonstrates suspicious kinetics (28,29). This suggests 
that kinetic analysis may not be reliable in the assessment of 
mass-associated NME or of NME in general. More data on 
using kinetic evaluation of preoperative MRI NME findings 
are needed to better inform clinical decision-making.

A subset of patients in our study had calcifications that 
correlated with the NME, and the majority of these were 
malignant. However, there was not a significant association 

Figure 6:  Bland-Altman plot shows the span of disease measured by pathologic analysis compared with the extent of 
suspicious imaging findings at mammography. The solid black line shows the mean difference between the two measure-
ments, and the red dotted lines represent the 95% CIs.
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between mass-associated NME being malignant and the 
presence of correlating calcifications. Our results suggest that 
calcifications, if present, can be used as a target for stereo-
tactic biopsy, obviating MRI-guided biopsy. In addition, cal-
cification span at preoperative mammography may have an 
increased role in surgical planning when coupled with NME 
findings at preoperative MRI, as the span of calcifications 
(when present) was similar to the histologic span of disease. 
Future studies investigating the relationship between calcifi-
cations and NME in the preoperative setting are warranted.

Our study had important limitations. This study was per-
formed at a single multisite academic institution. The small 
cohort size limits the value of overall and subset analyses. 
Larger studies are warranted to confirm our findings. Exclud-
ing the 12 cases without pathologist review may have affected 
our analysis of the span of disease. Our exclusion of patients 
who underwent neoadjuvant chemotherapy, which represents 
a unique subset of patients with breast cancer, may have also 
affected our results. As the pathologist was not blinded to the 
size of the mass-associated NME, this could have potentially 
introduced bias. The size discrepancy between the specimen 
at MRI and the pathologic specimen could be in part related 
to sequential shrinkage in specimen size from fresh specimen 
to formalin fixation and staining (30,31).

In conclusion, we found that NME contiguous with malig-
nant index masses is clinically significant, yielding a malignant 
pathologic finding in more than half of cases. However, the 
total span of suspicious enhancement measured at MRI over-
estimated the true histologic span of disease. We recommend 
a multidisciplinary approach to evaluating these cases. Breast 
radiologists should work closely with breast surgeons to deter-
mine which patients would benefit from MRI-guided biopsy 
to guide appropriate surgical planning. We are optimistic that 
this study may provide evidence to avoid inappropriate conver-
sions to wider excisions or mastectomy, as well as to limit posi-
tive margins. This could result in improved quality of personal-
ized care among patients newly diagnosed with breast cancer 
with accompanying NME at preoperative MRI examinations.
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