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Purpose: This study investigated the correlation between non-mass-like enhancement (NME) observed on preoperative breast magnetic res-
onance imaging (MRI) and the actual pathological size of breast cancer. We further examined the effect of NME on the positive resection 
margins during partial mastectomy. Methods: We retrospectively collected data from breast cancer patients who underwent surgery between 
January 2018 and September 2020. Patients were divided into two groups based on their MRI findings: NME and no-NME (mass-like lesion 
only) groups. The medical records, including MRI findings and clinicopathological information of patients, were collected retrospectively, and 
correlations with pathologic results were analyzed. Propensity score matching was applied to develop comparable cohorts of the NME 
group and no-NME group. Results: This study included a total of 317 patients, with 66 and 251 patients in the NME and no-NME groups, re-
spectively. The mean pathologic size of invasive lesion was significantly smaller than the mean lesion size in the NME group (1.55±1.39 cm 
vs. 3.45±1.81 cm, p<0.001). The mean pathologic size of ductal carcinoma in situ (DCIS) lesions was larger than that in the NME group but 
without statistical significance (3.91±2.67 cm vs. 3.50±1.79 cm, p=0.326). In the NME group, NME estimated DCIS size to within 1 cm in 
20 patients (30.3%) and overestimated invasive lesion size by more than 1 cm in 31 patients (46.9%). NME (vs. no-NME; odds ratio [OR], 
2.967; 95% confidence interval [CI], 0.878-10.025) showed a tendency to predict positive resection margins, but this was not statistically 
significant (p=0.080). Conclusion: NME findings on MRI showed a similar extent of DCIS lesions. NME findings on preoperative MRI should 
be considered an important factor for measuring the extent of tumors, especially in DCIS patients.
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INTRODUCTION

Breast cancer is the most common malignancy in South Korean 

women and is the leading cause of death in Western countries [1]. 

Magnetic resonance imaging (MRI) is considered the most sensitive 

method for detecting breast cancer. However, the evaluation of non-

mass enhancement (NME) findings in breast MRI is challenging. 

NME is defined in the Breast Imaging Reporting and Data System (BI-

RADS) lexicon of the American College of Radiology (ACR) as an 

area of enhancement without definite features of a mass [2]. Segmen-

tal, lineal, and clumped forms of NME can be associated with both 

malignant and benign findings. In the fifth edition of the BI-RADS, 

the enhancement patterns of NME are categorized as homogeneous, 

heterogeneous, clumped, and clustered-ring enhancement [3]. Al-

though the reported rate of NME is lower than the rate of mass en-

hancement on MRI, invasive cancers sometimes present as NME 

forms on preoperative MRI [4,5]. The differential diagnosis for NME 

on MRI includes several benign diseases, diseases with high risk, radi-

ation effects, invasive lobular carcinoma, ductal carcinoma in situ 

(DCIS), and invasive carcinoma [6].

The preoperative role of NME in patients with breast cancer varies. 

Several clinical results have reported the diagnostic performance of 

NME in detecting primary cancers [7,8]. In this study, we compared 

the diagnostic performance of NME as detected by preoperative MRI 

with the aim of determining the accuracy of measuring the tumor ex-

tent in breast cancer patients. The second aim of this study was to in-

vestigate whether NME is a predictor of positive resection margins in 

patients with breast cancer undergoing partial mastectomy.
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METHODS

Patient selection

This retrospective cohort study was conducted at the Department 

of Surgery, Kangbuk Samsung Hospital. Patients who underwent 

breast cancer surgery between January 2018 and September 2020 

were included in the study. Patients were selected by reviewing elec-

tronic medical charts for invasive breast carcinoma (IBC) and DCIS 

cases. We excluded patients with breast cancers diagnosed by exci-

sional biopsy, vacuum-assisted breast biopsy, or stereotactic biopsy, or 

who underwent neoadjuvant chemotherapy. We divided the patients 

into two groups according to NME findings on MRI: the no-NME 

and NME groups. NMEs accompanied by a single mass or mass-like 

lesion were included in the NME group. 

Clinical characteristics of patients were analyzed, including age at 

diagnosis, methods of cancer detection (asymptomatic, symptomatic), 

size of NME or enhancing mass on MRI, microcalcification on mam-

mography, extensive microcalcifications (microcalcifications involv-

ing more than one quadrant of the breast), multifocality of the lesion, 

and type of surgery (i.e., partial mastectomy, total mastectomy). Miss-

ing data were excluded from statistical analysis. This study was ap-

proved by the Institutional Review Board (KBSMC2021-05-047).

Interpretation of MRI

MRI was performed using a 3.0-Tesla system (Philips Medical Sys-

tem, Best, Netherlands) equipped with a dedicated 7-channel SENSE 

breast coil. The following images were acquired after obtaining local-

ized images: T2-weighted (W) turbo spin-echo axial images (repeti-

tion time [TR]/echo time [TE], 3,790/100; 332 × 316 matrix; field of 

view (FOV), 200 × 340 mm; slice thickness, 3 mm; gap, 1 mm), T1-W 

turbo spin-echo axial images (TR/TE, 620/10; 332 × 332 matrix; FOV, 

200 × 340 mm; slice thickness, 3 mm; gap, 1 mm), and dynamic con-

trast-enhanced examination using a fat-suppressed T1-W 3D fast field 

echo sequence (TR/TE, 7.0/3.5; 452 × 410 matrix; FOV, 340 × 340 mm; 

slice thickness, 2 mm; no gap). Finally, delayed axial T1-W spin-echo 

images (TR/TE, 532/10; 448 × 378 matrix; FOV, 380 × 380 mm; slice 

thickness, 5 mm; gap, 2.5 mm) were acquired to evaluate the axilla us-

ing a body coil. Six series of axial dynamic MRI for both breasts were 

obtained at 0, 1, 2, 3, 5, and 7 minutes after intravenous injection of 1.0 

M gadobutrol (Bayer Schering Pharma, Berlin, Germany). MRI re-

ports were interpreted by four breast imaging radiologists following 

ACR BIRADS [9]. Since data were collected retrospectively, there was 

no consensus or discordant reports among radiologists.

Histopathological analysis 

The pathological characteristics of the tumors were analyzed, in-

cluding histologic type, size of invasive or in situ carcinoma, grade of 

DCIS, tumor grade (Scarff-Bloom-Richardson grading modified by 

Elston and Ellis), number of metastatic lymph nodes, presence of in 

situ component, extensive intraductal component (EIC), lymphovas-

cular invasion, estrogen receptor (ER) status, progesterone receptor 

(PR) status, human epidermal growth factor receptor 2 (HER2) status, 

subtype, 7th edition of the American Joint Committee on Cancer 

(AJCC), tumor, node, metastasis (TNM) stage, and status of resection 

margin after partial mastectomy. The immunohistochemistry-de-

fined subtypes were as follows: luminal A, ER(+) or PR(+), HER2(-); lu-

minal B, ER(+) or PR(+), HER2(+); HER2-enriched, ER(-) and PR(-), 

HER2(+); and triple-negative, ER(-), PR(-), HER2(-). We further subdi-

vided hormone receptor–positive tumors using the Ki67 labeling in-

dex to distinguish luminal B from luminal A tumors (< 14% for lumi-

nal A vs. ≥ 14% for luminal B) [10]. For invasive cancer, a positive re-

section margin is defined as “ink on tumor” (any invasive cancer or 

DCIS cells on ink) [11]. For patients with DCIS, a positive resection 

margin is defined when the tumor cells are ≤ 2 mm from the inked 

margin [12]. When tumor cells were positive or close to the margin, 

the tumor was designated for re-excision. When the result was positive 

or close to the margin after three consecutive margin excisions, partial 

mastectomy was converted to total mastectomy. Permanent sections 

were analyzed using paraffin-embedded blocks. All histopathologic 

analyses were reported by five board-certified pathologists with 10–24 

years of experience. Since data were collected retrospectively, there 

was no consensus or discordant reports among pathologists.

Statistical analysis

Independent two-sample t-tests and Pearson’s chi-square tests were 

used to compare clinicopathological characteristics between patients 

with NME and those without NME. Paired t-test and McNemar’s test 

were used to evaluate the associations between radiological size and 

pathological size of cancer. 

The extent of NME and mass enhancement on MRI were com-
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pared to tumor size on histopathology (reference standard) within a 

range of -1 cm to 1 cm. We set -1 cm to 1 cm as the lower and upper 

limits for the equivalence test, respectively. If the result was within this 

boundary, we confirmed it to be equivalent to the histopathological 

result. Agreements of histopathological tumor size with NME and 

mass enhancement were evaluated using Bland–Altman plots. Lin’s 

concordance and Pearson correlation coefficients were estimated to 

assess the agreement among NME, mass enhancement, and histo-

pathologic results. Propensity score matching of 1:1 scheme with a 

caliper width equal to 0.2 was applied to develop comparable cohorts 

of patients with NME and no-NME groups. Covariates for matching 

included age and mass enhancement on MRI.

Univariate and multivariate logistic regressions were used to calcu-

late odds ratios (ORs) with 95% confidence intervals (CIs) for positive 

margins. A p-value < 0.05 (2-tailed) was considered statistically signif-

icant. All statistical analyses were performed using PASW Statistics 

for Windows (version 18.0; SPSS Inc., Chicago, USA).

RESULTS

Clinicopathological characteristics of the study 

population

During the study period, 317 patients were diagnosed with either 

IBC or DCIS. The overall patient group included 251 patients with 

IBC and 56 patients with DCIS. The mean patient age was 49.97±

10.45 years (range, 20–85 years). Among the 317 patients, 66 had 

NME findings on MRI, and 251 were not associated with NME.

The NME group was more likely to present with microcalcifica-

tions on mammography (62.12% vs. 25.11%, p < 0.001), extensive mi-

crocalcifications on mammogram (10.61% vs. 0.87%, p = 0.001), larger 

size of in situ carcinoma (3.90 ± 2.67 cm vs. 1.61± 0.87 cm, p < 0.001), 

EIC (43.90% vs. 12.16%, p < 0.001), total mastectomy (77.27% vs. 2.79%, 

p < 0.001), and intraoperative resection margin positivity for invasive 

component only and both DCIS of invasive [30.77% vs. 6.70%, 

p = 0.014, 35.29% vs. 10.78%, p = 0.011], respectively. After propensity 

matching, the NME groups were more likely to present with micro-

calcifications on mammograms (61.70% vs. 17.78%, p < 0.001), larger 

size of in situ carcinoma (4.00 ± 2.87 cm vs. 1.76 ± 0.82 cm, p < 0.001), 

total mastectomy (74.47% vs. 0%, p < 0.001), and intraoperative resec-

tion margin positivity for the invasive component (33.33% vs. 6.06%, 

p = 0.035). The clinical and pathological features of the patients are 

shown in Table 1.

Concordance of NME and no-NME with tumor size 

The extent of NME and mass enhancement on MRI were com-

pared with the tumor size on histopathology (Table 2). Tumor size was 

Table 1. Clinicopathological characteristics of the study population

Characteristic
Total 

(n = 317)
No. (%)

Before propensity score matching After propensity score matching

no-NME group 
(n = 251)
No. (%)

NME group 
(n = 66)
No. (%)

p-value
no-NME group 

(n = 47)
No. (%)

NME group 
(n = 47)
No. (%)

p-value

Age at diagnosis (yr)* 49.97 ± 10.45 50.25 ± 10.64 48.94 ± 9.69 0.366 50.4 ± 12.1 49.81 ± 9.68 0.793
Age at diagnosis (yr)† 0.201 0.678
  < 50 170 (53.63) 130 (51.79) 40 (60.61) 25 (53.19) 27 (57.45)
   ≥ 50 147 (46.37) 121 (48.21) 26 (39.39) 22 (46.81) 20 (42.55)
Method of detection† 0.014 0.256
   Asymptomatic 157 (50.16) 115 (46.56) 42 (63.64) 23 (50.00) 29 (61.70)
   Symptomatic 156 (49.84) 132 (53.44) 24 (36.36) 23 (50.00) 18 (38.30)
Extent of NME (cm)* - 3.56 ± 1.87 -
Mass enhancement on MRI (cm)* 1.57 ± 0.81 1.62 ± 0.82 1.45 ± 0.78 0.191 1.42 ± 0.72 1.45 ± 0.78 0.879
Microcalcifications on mammogram† 99 (33.33) 58 (25.11) 41 (62.12) < 0.001 8 (17.78) 29 (61.70) < 0.001
Extensive microcalcifications† 9 (3.03) 2 (0.87) 7 (10.61) 0.001 0 3 (6.38) 0.242
Multifocality† 2 (3.03) 0 2 (3.03) > 0.999 0 0 > 0.999
Size of invasive carcinoma (cm)* 1.53 ± 1.00 1.53 ± 0.87 1.55 ± 1.38 0.929 1.37 ± 0.76 1.53 ± 1.25 0.495
Size of invasive carcinoma (cm)† 0.222 0.043
   ≤ 2.0 195 (76.17) 158 (77.83) 37 (69.81) 33 (86.84) 27 (67.50)
   > 2.0 61 (23.83) 45 (22.17) 16 (30.19) 5 (13.16) 13 (32.50)

(Continued to the next page)
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Characteristic
Total 

(n = 317)
No. (%)

Before propensity score matching After propensity score matching

no-NME group 
(n = 251)
No. (%)

NME group 
(n = 66)
No. (%)

p-value
no-NME group 

(n = 47)
No. (%)

NME group 
(n = 47)
No. (%)

p-value

Size of in situ carcinoma (cm)* 2.26 ± 1.89 1.61 ± 0.87 3.90 ± 2.67 < 0.001 1.76 ± 0.82 4.00 ± 2.87 < 0.001
Size of in situ carcinoma (cm)† < 0.001 < 0.001
   ≤ 2.0 115 (62.16) 102 (76.69) 13 (25.00) 19 (73.08) 7 (18.92)
   > 2.0 70 (37.84) 31 (23.31) 39 (75.00) 7 (26.92) 30 (81.08)
Histological tumor type† 0.259 0.593
   DCIS 56 (17.67) 47 (18.73) 13 (19.70) 9 (19.15) 7 (14.89)
   IBC 251 (79.18) 204 (81.27) 53 (80.30) 37 (78.72) 40 (85.11)
Histological grade† 0.428 0.487
   Low 81 (33.75) 63 (33.16) 18 (36.00) 16 (42.11) 11 (28.95)
    Intermediate 115 (47.92) 89 (46.84) 26 (52.00) 17 (44.74) 21 (55.26)
    High 44 (18.33) 38 (20.00) 6 (12.00) 5 (13.16) 6 (15.79)
Grade of DCIS† 0.093 0.428
   Low 38 (18.91) 33 (22.60) 5 (9.09) 1 (3.70) 3 (7.69)
   Intermediate 130 (64.68) 90 (61.64) 40 (72.73) 17 (62.96) 29 (74.36)
   High 33 (16.42) 23 (15.75) 10 (18.18) 9 (33.33) 7 (17.95)
Presence of in situ component†

   EIC† 36 (19.05) 18 (12.16) 18 (43.90) < 0.001 6 (20.00) 11 (37.93) 0.128
   LVI† 39 (15.73) 27 (13.85) 12 (22.64) 0.119 6 (17.14) 10 (25.00) 0.407
   ER positivity† 265 (83.60) 206 (82.07) 59 (89.39) 0.153 38 (80.85) 41 (87.23) 0.398
   PR positivity† 232 (73.19) 177 (70.52) 55 (83.33) 0.037 33 (70.21) 37 (78.72) 0.344
   HER2 overexpression† 57 (18.04) 42 (16.80) 15 (22.73) 0.265 12 (25.53) 10 (21.28) 0.626
Tumor subtypes† 0.159 0.53
   HR+ HER2- 229 (72.47) 179 (71.60) 50 (75.76) 30 (63.83) 36 (76.6)
   HR+ HER2+ 39 (12.34) 29 (11.60) 10 (15.15) 8 (17.02) 6 (12.77)
   HR- HER2+ 17 (5.38) 13 (5.20) 4 (6.06) 4 (8.51) 3 (6.38)
   HR- HER2- 31 (9.81) 29 (11.60) 2 (3.03) 5 (10.64) 2 (4.26)
T stage† 0.452 0.261
   0 (in situ) 60 (18.93) 47 (18.73) 13 (19.70) 9 (19.15) 7 (14.89)
   1 194 (61.20) 156 (62.15) 38 (57.58) 33 (70.21) 28 (59.57)
   2 59 (18.61) 46 (18.33) 13 (19.70) 5 (10.64) 11 (23.40)
   3 4 (1.26) 2 (0.80) 2 (3.03) 0 1 (2.13)
N stage† 0.755 0.381
   0 246 (77.6) 192 (76.49) 54 (81.82) 37 (78.72) 39 (82.98)
   1 52 (16.4) 42 (16.73) 10 (15.15) 6 (12.77) 7 (14.89)
   2 13 (4.10) 12 (4.78) 1 (1.52) 3 (6.38) 0 
   3 6 (1.89) 5 (1.99) 1 (1.52) 1 (2.13) 1 (2.13)
AJCC stage† 0.891 0.269
   0 59 (18.61) 46 (18.33) 13 (19.70) 10 (21.28) 7 (14.89)
   I 154 (48.58) 120 (47.81) 34 (51.52) 26 (55.32) 26 (55.32)
   II 84 (26.50) 68 (27.09) 16 (24.24) 7 (14.89) 13 (27.66)
   III 20 (6.31) 17 (6.77) 3 (4.55) 4 (8.51) 1 (2.13)
Type of surgery† < 0.001 < 0.001
   Partial mastectomy 259 (81.70) 244 (97.21) 15 (22.73) 47 (100.00) 12 (25.53)
   Total mastectomy 58 (18.30) 7 (2.79) 51 (77.27) 0 35 (74.47)
Resection margin status (frozen bx)† 0.590 0.103
   DCIS (-) 28 (66.67) 26 (68.42) 2 (50.00) 4 (57.14) 1 (50.00)
   DCIS (+) 14 (33.33) 12 (31.58) 2 (50.00) 3 (42.86) 1 (50.00)
Resection margin status (permanent bx)† > 0.999 > 0.999
   DCIS (-) 52 (92.86) 40 (93.02) 12 (92.31) 7 (77.78) 7 (100.00)
   DCIS (+) 4 (7.14) 3 (6.98) 1 (7.69) 2 (22.22) 0 

Table 1. Continued

(Continued to the next page)
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Characteristic
Total 

(n = 317)
No. (%)

Before propensity score matching After propensity score matching

no-NME group 
(n = 251)
No. (%)

NME group 
(n = 66)
No. (%)

p-value
no-NME group 

(n = 47)
No. (%)

NME group 
(n = 47)
No. (%)

p-value

Resection margin status (frozen bx)† 0.014 0.035
   Invasive (-) 190 (91.79) 181 (93.30) 9 (69.23) 31 (93.94) 8 (66.67)
   Invasive (+) 17 (8.21) 13 (6.70) 4 (30.77) 2 (6.06) 4 (33.33)
Resection margin status (permanent bx)† 0.207 > 0.999
   Invasive (-) 253 (96.93) 203 (97.60) 50 (94.34) 37 (97.37) 38 (95.00)
   Invasive (+) 8 (3.07) 5 (2.40) 3 (5.66) 1 (2.63) 2 (5.00)
Resection margin status in the total  

population (frozen bx)†

0.011 0.103

      DCIS or invasive (-) 218 (87.55) 207 (89.22) 11 (64.71) 35 (87.50) 9 (64.29)
      DCIS or invasive (+) 31 (12.45) 25 (10.78) 6 (35.29) 5 (12.50) 5 (35.71)
Resection margin status in the total  

population (permanent bx)†

0.282 > 0.999

      DCIS or invasive (-) 305 (96.21) 243 (96.81) 62 (93.94) 44 (93.62) 45 (95.74)
      DCIS or invasive (+) 12 (3.79) 8 (3.19) 4 (6.06) 3 (6.38) 2 (4.26)

Data are presented as number of individuals, n (%) or mean ± standard deviation.
NME = non-mass enhancement; MRI = magnetic resonance imaging; DCIS = ductal carcinoma in situ; IBC = invasive breast carcinoma; EIC = extensive intraduct-
al component; LVI = lymphovascular invasion; ER = estrogen receptor; PR = progesterone receptor; HR = hormone receptor; HER2 = human epidermal growth 
factor receptor 2; bx = biopsy; AJCC = American Joint Committee on Cancer.
*Independent two sample t-test; †Pearson’s chi-square test.

Table 1. Continued

Table 2. Accuracy of tumor size with NME, no-NME, and pathology

Tumor subtype (cm)

Before propensity score matching (n = 66) After propensity score matching (n = 47)

NME, no-NME 
Pathologic

NME, no-NME
NME, no-NME vs. 

path p-value
NME, no-NME 

Pathologic
NME, no-NME

NME, no-NME vs. 
path p-value

DCIS 3.91 ± 2.67, 1.74 ± 0.85* 3.50 ± 1.79, 1.52 ± 0.84* 0.326, 0.026* 4.00 ± 2.87, 1.76 ± 0.82 3.44 ± 1.78, 1.29 ± 0.72 0.289, 0.050
Invasive 1.55 ± 1.39, 1.55 ± 0.85* 3.45 ± 1.81, 1.66 ± 0.83* < 0.001, 0.092* 1.53 ± 1.25, 1.37 ± 0.76 3.44 ± 1.84, 1.41 ± 0.75 < 0.001, 0.826
Largest tumor (DCIS or 

invasive)
3.55 ± 2.56, 1.69 ± 0.85* 3.56 ± 1.87, 1.62 ± 0.82* 0.993, 0.272* 3.49 ± 2.76, 1.64 ± 0.75 3.45 ± 1.85, 1.42 ± 0.72 0.926, 0.137

Data are presented as mean ± standard deviation. NME = non-mass enhancement; DCIS = ductal carcinoma in situ.
*n = 251.

measured for each DCIS component, invasive component, and largest 

tumor size among DCIS or the invasive component in all patients, if 

available. The radiologic and histopathologic sizes of the cancers were 

compared to evaluate the concordance between the two values. The 

mean pathologic size of invasive lesion was significantly smaller than 

that of the NME group (1.55 ± 1.39 cm vs. 3.45 ± 1.81 cm, p < 0.001). 

The mean pathologic size of DCIS lesions was significantly larger than 

that of the no-NME group (1.74 ± 0.85 cm vs. 1.52 ± 0.84 cm, 

p = 0.026). The differences between NME, no-NME, and pathological 

tumor size are shown in Figure 1 using Bland–Altman plots. We es-

tablished new data using propensity score matching to avoid potential 

confounding factors. After propensity score matching, 47 patients 

were allocated to the NME and no-NME groups, and the clinical 

characteristics between the two groups were similar compared to be-

fore propensity score matching (Table 2).

In the NME group (n = 66), NME estimated the DCIS size to with-

in 1 cm in 20 patients (30.3%) and underestimated the tumor size by 

more than 1 cm in 18 patients (27.3%) (Table 3). NME estimated the 

invasive lesion size to within 1 cm in 19 patients (28.8%) and overesti-

mated the size by more than 1 cm in 31 patients (46.9%) (Figure 2). In 

the no-NME group (n =251), no-NME underestimated the DCIS le-

sion size to within 1 cm 85 patients (33.8%) (Table 3), while no-NME 

estimated the invasive lesion size to within 1 cm in 151 patients 

(60.2%).

Tumor size in the no-NME group showed a poor correlation with 

DCIS (intraclass coefficient correlation [ICC]: 0.330; 95% CI, 0.148–
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Figure 1. Correlation between DCIS tumor size and NME (A) or no-NME (B); invasive size and NME (C) or no-NME (D); and largest tumor size among DCIS of inva-
sive and NME (E) or no-NME (F) described by Bland–Altman plots. We set -1 cm to 1 cm as the lower and upper limits for the equivalence test, respectively. If the 
result was within this boundary, we confirmed it to be equivalent to the histopathological result. No systematic bias was found in the differences between histo-
pathological tumor size and NME and no-NME, and variability was consistent across the graph. There is no trend that the difference between methods tends to 
increase (or decrease) as the average increases. DCIS = ductal carcinoma in situ; NME = non-mass enhancement; SD = standard deviation.
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Table 3. Size estimation in the NME and no-NME groups	

Size estimation 
NME (n = 66) 

No. (%)
no-NME (n = 251) 

No. (%)
p-value

DCIS
   vs. Pathology < 0.001
      Overestimates path ( > 1 cm) 14 (21.2) 7 (2.8)
      Underestimates path ( < -1 cm) 18 (27.3) 8 (3.2)
      Within 1 cm 20 (30.3) 85 (33.8)
      Unknown 14 (21.2) 151 (60.2)
Invasive
   vs. Pathology < 0.001
      Overestimates path ( > 1 cm) 31 (46.9) 16 (6.4)
      Underestimates path ( < -1 cm) 3 (4.6) 6 (2.4)
      Within 1 cm 19 (28.8) 151 (60.2)
      Unknown 13 (19.7) 78 (31.0)
Largest tumor (among DCIS or invasive)
   vs. Pathology < 0.001
      Overestimates path ( > 1 cm) 21 (31.8) 12 (4.8)
      Underestimates path ( < -1 cm) 19 (28.8) 11 (4.4)
      Within 1 cm 26 (39.4) 176 (70.1)
      Unknown 0 52 (20.7)

NME = non-mass enhancement; DCIS = ductal carcinoma in situ.

Figure 2. A 52-year-old woman with invasive carcinoma in the upper center quadrant and DCIS in the upper inner quadrant of the left breast assessed by MRI.
A 2.4-cm, round, heterogeneous enhanced mass (arrow) at the 12 o’clock position, 10 cm from the nipple (A, contrast-enhanced dynamic scan; B, subtraction 
image). A 2.1-cm extent of regional NME (square) at the 10 o’clock position, 3.5 cm from the nipple, was unexpectedly noted on MRI and confirmed as DCIS. 
DCIS = ductal carcinoma in situ; MRI = magnetic resonance imaging; NME = non-mass enhancement.

A B

0.492) and a fair correlation with invasive lesions (ICC: 0.488; 95% CI, 

0.366–0.593) (Table 4). Tumor size in the NME group showed a poor 

correlation with DCIS and invasive lesions. 

Univariable and multivariable analyses of factors for a 

positive surgical margin

In the univariate analysis, DCIS (vs. IBC; OR, 5.371; 95% CI, 2.369–

12.179), pTis (vs. T1 OR, 4.968; 95% CI, 2.126–11.61), and AJCC stage 0 

(vs. I OR, 4.516; 95% CI, 1.865–10.938) were statistically significant 
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Table 5. Univariable and multivariable logistic regression of positive resection margin status 

Parameter
Univariable Multivariable 

OR (95% CI) p-value OR (95% CI) p-value

NME vs. no-NME 2.967 (0.878–10.025) 0.080
Age at diagnosis (yr) 1.018 (0.980–1.057) 0.356
Age at diagnosis (yr) ( ≥ 50 vs. < 50) 1.629 (0.742–3.575) 0.224
Method of detection
   Symptomatic (lumps) vs. Asymptomatic 0.739 (0.339–1.613) 0.448
Microcalcifications on mammogram 1.135 (0.474–2.721) 0.776
Extensive microcalcifications N/A -
Multifocality N/A -
Size of invasive carcinoma (cm) ( > 2.0 vs. ≤ 2.0) 0.568 (0.123–2.624) 0.469
Size of in situ carcinoma (cm) ( > 2.0 vs. ≤ 2.0) 1.556 (0.600–4.034) 0.364
Histological tumor type (DCIS vs. Invasive) 5.371 (2.369–12.179) < 0.001
Histological grade
   Intermediate vs. Low 3.750 (0.792–17.750) 0.096
   High vs. Low 0.857 (0.075–9.798) 0.901
Grade of DCIS
   Intermediate vs. Low 3.455 (0.756–15.793) 0.110
   High vs. Low 2.211 (0.337–14.511) 0.409
Presence of in situ component
   EIC (Yes vs. No) 1.450 (0.291–7.223) 0.650
   LVI (Yes vs. No) 0.494 (0.062–3.945) 0.506
   ER positivity (Yes vs. No) 1.429 (0.471–4.334) 0.529
   PR positivity (Yes vs. No) 2.080 (0.760–5.691) 0.154
   HER2 overexpression (Yes vs. No) 1.103 (0.393–3.092) 0.852
Tumor subtypes
   Luminal B vs. Luminal A 0.529 (0.117–2.383) 0.407
   HER2 vs. Luminal A 2.203 (0.555–8.741) 0.261
   Triple negative vs. Luminal A 0.236 (0.031–1.819) 0.166
T stage
   Tis vs. T1 4.968 (2.126–11.61) < 0.001 2.151 (0.055–83.333) 0.683
   Tis vs. T2 8.806 (1.86–41.689) 0.006 2.494 (0.038–166.667) 0.670
   Tis vs. T3 N/A - N/A -
N stage
   N1 vs. N0 0.337 (0.077–1.482) 0.150
   N2 vs. N0 0.566 (0.07–4.573) 0.594
   N3 vs. N0 N/A -
AJCC stage
   0 vs. I 4.516 (1.865–10.938) 0.001 2.151 (0.055–83.333) 0.683
   0 vs. II 8.731 (2.33–32.715) 0.001 3.731 (0.069–200) 0.518
   0 vs. III 7.226 (0.87–59.992) 0.067 3.003 (0.042–200) 0.614

OR = odds ratio; CI = confidence interval; NME = non-mass enhancement; N/A = not available; DCIS = ductal carcinoma in situ; EIC = extensive intraductal component; 
LVI = lymphovascular invasion; ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2; AJCC = American Joint Committee 
on Cancer.

Table 4. Concordance of NME and no-NME with tumor size

Variable ICC (95% CI) Correlation p-value Mean difference ± SD LOA

DCIS
   NME 0.136 (-0.140-0.392) 0.210 0.198 -0.41 ± 3.00 5.87
   no-NME 0.330 (0.148-0.492) 0.399 0.001 -0.22 ± 0.97 1.90
Invasive
   NME 0.061 (-0.118-0.212) -0.143 0.793 1.90 ± 2.22 4.36
   no-NME 0.488 (0.366-0.593) 0.491 < 0.001 0.11 ± 0.85 1.67
Largest tumor (among DCIS or invasive)
   NME 0.114 (-0.134-0.347) 0.212 0.196 -2.04 ± 2.85 5.86
   no-NME 0.474 (0.359-0.575) 0.475 < 0.001 -0.07 ± 0.86 1.68

NME = non-mass enhancement; ICC = intraclass coefficient correlation; CI = confidence interval; SD = standard deviation; LOA = limit of agreement; DCIS = ductal carcino-
ma in situ.
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predictors of a positive surgical margin. NME (vs. no-NME; OR, 

2.967; 95% CI, 0.878–10.025) also tended to show a positive correlation 

with positive resection margins, but this was not statistically signifi-

cant (p = 0.080). In the multivariate analysis, there were no predictive 

factors for positive resection margins (Table 5).

DISCUSSION

Breast MRI is an accurate method for breast cancer detection with 

an approximate sensitivity of 68.0%–100.0%. MRI also measures the 

size of the mass forming breast cancer as well as the non-mass form of 

the tumor. However, the evaluation of non-mass-like lesions on breast 

MRI is challenging. According to the BI-RADS classification, NME is 

defined as an area of enhancement without definite features of a mass. 

NME should be distinguished from the background parenchymal 

enhancement. Our study found that NME findings on MRI overesti-

mated invasive tumor size, while NME findings on MRI closely esti-

mated the tumor size of the DCIS lesion. In contrast, no-NME find-

ings on MRI closely estimated the extent of invasive lesions, while no-

NME findings on MRI underestimated DCIS lesion size. 

Many previous studies have shown an association between NME 

on preoperative breast MRI and positive resection margins. Based on 

the results of these studies, NME can be considered a predictive factor 

for positive margins. Park et al. [8] reported that when NMEs were ac-

companied by a single mass or without a mass-like lesion, the positive 

resection margin rate during partial mastectomy was more than twice 

that of cases without NME findings (NME, 36.8% vs. no-NME, 

15.4%). Kang et al. [13] also reported that NME with or without mass 

was an independent predictor of a positive resection margin com-

pared with masses without NME (OR=7.00, p < 0.001). The authors 

also stated that segmental distribution of NME was strongly associat-

ed with a positive resection margin (OR=11.96, p = 0.025). Jang et al. 

[14] found that NME (OR=2.96) on preoperative MRI was positively 

associated with re-excision, and segmental distribution of NME was a 

predictor of re-excision (OR =10.53). Our study showed a similar 

trend. The NME group was more likely to have intraoperative resec-

tion margin positivity than the no-NME group (35.3% vs. 10.8%, 

p = 0.011). The NME group was more likely to present with microcal-

cifications on mammograms (62.1% vs. 25.1%, p < 0.001), extensive 

microcalcifications on mammography (10.6% vs. 0.9%, p = 0.001), and 

larger size of in situ carcinoma (3.90 ± 2.67 cm vs. 1.61 ± 0.87 cm, 

p < 0.001), resulting in more cases of total mastectomy (77.3% vs. 2.8%, 

p < 0.001). The higher resection margin positivity in NME patients 

could be due to DCIS manifesting as NME. DCIS was accompanied 

more by the NME pattern than by mass enhancement. Most DCIS 

cases show segmental or ductal distribution and clustered ring or 

clumped internal enhancement [15,16].

Several studies have reported that NME findings are often present 

in histologically diagnosed DCIS cases. In a study conducted by Ros-

en et al. [17], 59% of pure DCIS cases and 69% of all DCIS lesions pre-

sented as NME. A mass-like enhancement was observed in only 14% 

of DCIS cases. NME, described as segmental distribution, was the 

most common feature of DCIS on MRI. DCIS, presented as a linear 

with ductal distribution, was not frequent. For this reason, some in-

vestigators have not recommended MRI as a standard diagnostic mo-

dality for DCIS [18,19]. However, several studies have investigated and 

proved the efficacy of MRI in detecting and assessing the size of DCIS 

[20,21]. The sensitivity of MRI in the detection of DCIS was approxi-

mately 77%–96% in those studies. Many other studies have used MRI 

to predict the extent of DCIS. Especially for pure DCIS, subsegmental, 

linear, and clumped NME were the most frequent features observed 

on MRI [22]. Miyashita et al. [23] investigated the correlation between 

MRI findings and histopathology results in patients diagnosed with 

DCIS. The authors reported that approximately 80% of the patients 

had NME findings, and 18% of those patients had invasive lesions on 

the final histopathology report. Our results revealed that NME lesions 

were a better factor for estimating the extent of DCIS lesions com-

pared with no-NME lesions. However, there was no statistically sig-

nificant correlation between NME size and DCIS size. 

This study has several limitations. First, the study was performed at 

a single institution and included a small number of patients in the 

NME group. Additionally, this study was conducted retrospectively. 

Second, although the interpretation of preoperative MRI and size 

measurement of NME lesions was performed according to BI-RADS 

by experienced radiology specialists, the decision on imaging features 

might be subjective. Lastly, we could not find differences in tumor ex-

tent in NME patients according to immunohistochemistry subtype. 

In conclusion, NME findings on MRI showed a similar extent to 

the DCIS lesion and an increased tendency of margin positivity on in-

traoperative frozen sections. NME findings on preoperative MRI 
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should be considered important factors for measuring the extent of 

tumors, especially in DCIS patients, and as predictors of positive re-

section margins during partial mastectomy. 
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