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Abstract

Purpose

To investigate the significance of accompanying NME in invasive ductal carcinoma (IDC) on

preoperative MR imaging and assess the factors affecting the significance.

Methods

Between January 2015 and February 2016, 163 consecutive patients with IDC who under-

went preoperative MR imaging and subsequent surgery were enrolled and reviewed. Index

cancer mass size and total extent with accompanying NME on MR images was measured

and compared with pathologic size. Positive NME was defined as pathological result of IDC

or DCIS. To identify affecting factors associated with frequency of accompanying NME on

MR and positive pathologic result, clinicopathologic features were compared between

breast cancers with NME and without NME, and between breast cancers with positive NME

and negative NME using the Student t-test or Chi-square test.

Results

Of the 163 invasive breast cancers, 123(75.5%) cancers presented as only mass feature

and 40(24.5%) cancers had accompanying NME around the index mass. Of the 40 accom-

panying NME, 22 (55%) had positive pathologic results and 18 (45%) had negative results.

The HER2 positive status was significantly associated with positive pathologic results of

accompanying NME (P = .016).

Conclusion

Accompanying NME on preoperative MR imaging showed malignant pathologic results in

55%. The HER2 positive IDC was more frequently accompanied by malignant NME.
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Introduction

Preoperative breast magnetic resonance (MR) imaging has been routinely used for extent of

disease assessment in patients with newly diagnosed breast cancer. MR imaging is considered

the most accurate of the imaging modalities for breast cancer evaluation, capable of identifying

multifocal/multicentric or contralateral breast malignancies not evident by conventional imag-

ing [1–5]. Moreover, MR imaging offers more accurate local extent of invasive breast cancer

and in situ tumors than ultrasound and mammography [6,7].

However, controversy still exists about the proper use of preoperative MR examination in

newly diagnosed breast cancer. MR imaging has a low specificity leading to more imaging,

biopsies, and more aggressive surgery. [1,2,8]. In addition, overestimation of the cancer extent

can cause wider excision and conversion to mastectomies [1,2,9]. The exact reasons for overes-

timation of cancer extent are not fully understood. Grimsby et al. reported MR imaging over-

estimated 33% of tumors. Among them, 65% had additional significant findings in the breast

tissue around the main lesion: satellite lesions, ductal carcinoma in situ (DCIS), and lympho-

vascular invasion [10]. Recent study also reported that DCIS histology was strongly associated

with discordance between MR imaging and pathology size of breast cancer [11]. The most

common morphologic features of DCIS are nonmass enhancement (NME) on MR images

[12–15]. Although segmental, clumped, and linear NME is associated with malignancy, NME

is causing a high proportion of false-positive diagnoses on breast MR imaging [16]. The inva-

sive ductal carcinoma (IDC) most commonly presents as an enhancing mass on MR images, it

is occasionally associated with NME surrounding the index breast cancer mass. However, to

the best of our knowledge, there has been no data regarding the significance of accompanying

NME on preoperative MR imaging. Determining impact of NME is critical to ensure proper

surgical planning in breast cancer. Therefore, the purpose of this study was to investigate the

significance of accompanying NME in invasive ductal breast cancer on preoperative MR imag-

ing and assess the factors affecting the significance.

Materials and methods

Subject population

The institutional review board of our institution (Gangnam Severance Hospital) approved this

retrospective analysis, and the need for informed consent was waived. Between January 2015

and February 2016, 204 consecutive patients with newly diagnosed invasive ductal carcinoma

(IDC) who underwent preoperative MR imaging and subsequent surgery were reviewed.

Among them, 31 patients were excluded due to neoadjuvant chemotherapy (n = 22) or post-

excisional MR examination (n = 9). Of those, our study included breast cancer presented as

mainly mass feature and with or without accompanying NME on preoperative MR imaging.

Therefore, 10 patients with mainly NME feature breast cancer were excluded. Finally, 163

patients (median age, 54 years; range, 32 to 79 years) comprised our study population.

MR imaging evaluation

All MR examinations were performed using a 3.0-T MR imager (Achieva; Philips Medical Sys-

tem, Best, Netherlands) with a dedicated, sensitivity encoding (SENSE)–enabled, four-channel

breast coil in the prone position. All images were acquired with bilateral axial views. The rou-

tine protocol included turbo spin-echo T1- and T2-weighted sequences and a T2-weighted

fat suppressed spin echo series. Dynamic contrast- enhanced MR examination included one

pre-contrast and five post-contrast series using a fat-suppressed T1-weighted gradient echo

sequence (TR/TE: 4.9/2.4; matrix, 340x340; flip angle, 12˚; field of view, 34x34 cm; sliced
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thickness, 1.5 mm). Acquisition time of each post-contrast series was 74 seconds. Gadobutrol

(Gadovist, Bayer Healthcare, Berlin, Germany) with a dose of 0.1 mmol/kg was injected using

an automated injector (Nemoto; Nemoto Kyorindo, Tokyo, Japan) at a rate of 2 mL/sec, fol-

lowed by a 20-mL saline flush.

MR imaging was retrospectively interpreted by two radiologists in consensus according to

the BI-RADS1 Atlas without information of histopathology. Maximum diameter measure-

ments were assessed by using a combination of precontrast and early post-contrast fat-sup-

pressed T1-weighted and subtraction images. First, only size of index cancer mass was

measured in the largest dimension among transverse, sagittal and coronal planes. When the

lesion consisted of multiple mass lesions, the maximal diameter was not the sum of their diam-

eter, but a single largest diameter was measured. Second, total extent of mass and accompa-

nying NME was measured. Accompanying NME was defined NME lesions around the index

mass less than 1cm apart. Kinetic feature was assessed by drawing a region of interest over the

most suspicious portion of the lesion to measure the signal intensity change through dynamic

images on Picture Archiving and Communication System (PACS).

Pathologic assessment

Histologic evaluation was performed by one pathologist with 30 years’ experience in breast

pathology. Surgical specimens were sliced into 5 mm thick sections that were fixed in formalin,

embedded in paraffin, and stained with hematoxylin and eosin for microscopic evaluation.

Tumor size was measured at the level of the largest diameter. The two histopathological tumor

sizes were noted, 1) diameter of invasive tumor and 2) diameter of invasive and in situ carci-

noma. Grading for invasive carcinoma was performed according to Elaston and Ellis [17] and

for DCIS according to the grading part of the Van Nuys Classification [18]. The expression of

estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 2

(HER2) was evaluated by the standard avidin-biotin complex immunohistochemical staining

method. ER and PR was determined by nuclear staining, which was graded from 0 to 8 using

the Allred score [19]. The results were categorized as positive when the total score, expressed

as the sum of the proportion score and intensity score, was 3 or greater. The intensity of c-

erbB-2 staining was scored as 0, 1+, 2+, or 3+. Tumors with a 3+ score were classified as HER2

positive, and tumors with a 0 or 1+ score were classified as negative. In tumors with a 2+ score,

gene amplification using fluorescence in situ hybridization was used to determine HER2 sta-

tus. The ratios of HER2 gene copies to the centromeric region of chromosome 17 ratios of 2.0

or more were interpreted as amplified [20].

Data and statistical analysis

Preoperative tumor size on MR imaging was compared to pathologic tumor size. Index mass

size on MR was compared to invasive carcinoma size on pathology. Total extent of mass and

accompanying NME on MR was compared to IDC and DCIS size on pathology. Tumor size

measurement on MR imaging within 5 mm of histopathological measurement were consid-

ered concordant.

After comparing the size between by MR and pathology, accompanying NME results was

assessed. Positive NME was defined as pathological result of IDC or DCIS. To identify affect-

ing factors associated with frequency of accompanying NME on MR and positive pathologic

result, clinicopathologic features were compared between breast cancers with NME and with-

out NME, and between breast cancers with positive pathologic result and negative pathologic

result of NME using the Student t-test or Chi-square test.
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All statistical analyses were performed using statistical software (SPSS, version 20.0; SPSS,

Chicago, IL, USA). A P value of less than 0.05 was considered to indicate a significant differ-

ence. Confidence intervals (CIs) are shown at the 95% confidence level.

Results

Of the 163 invasive breast cancers, 123(75.5%) cancers presented as only mass feature and 40

(24.5%) cancers had accompanying NME around the index mass (Table 1). Index mass size

was 2.0±1.0 cm in breast cancers without NME and 2.2 ± 0.9 cm in caners with accompa-

nying NME on MR images. The concordance rate within 5 mm between mass size by MR

and IDC size by pathology was 91.9% (113 of 123) in breast cancer without NME and 72.5%

(29 of 40) in cancer with accompanying NME, there was significant difference (P = .005).

Table 1. Characteristics of patients without NME and with accompanying NME in MR imaging.

Without NME (n = 123) With NME (n = 40) P-value

Age (y) 53.9 ±11.1 54.3 ± 9.0 .848

MR finding

Index mass size (cm) 2.0 ± 1.0 2.2 ± 0.9 .135

Background parenchymal enhancement .126

Minimal 57 (46.3) 24 (60)

Mild 38 (30.9) 9 (22.5)

Moderate 17 (13.8) 7 (17.5)

Marked 11 (8.9) 0 (0)

Shape of index mass .438

Oval 23 (18.7) 4 (10)

Round 11 (8.9) 4 (10)

Irregular 89 (72.4) 32 (80)

Margin of index mass .248

Circumscribed 13 (10.6) 1 (2.5)

Irregular 74 (60.2) 28 (70)

Spiculated 36 (29.3) 11 (27.5)

Enhancement of index mass .017

Homogeneous 25 (20.5) 2 (5)

Heterogeneous 87 (71.3) 30 (75)

Rim 10 (8.2) 8 (20)

Histopathologic result

Invasive carcinoma size (cm) 1.9 ± 1.0 2.2 ± 1.2 .054

MR-pathology discrepancy .005

Concordance 113 (91.9) 29 (72.5)

Discordance 10 (10) 11 (27.5)

Estrogen receptor status .214

Positive 94 (76.4) 26 (65)

Negative 29 (23.6) 14 (35)

Progesterone receptor status .150

Positive 72 (58.5) 19 (47.5)

Negative 51 (41.5) 21(52.5)

HER2 receptor status .007

Positive 16 (13) 13 (32.5)

Negative 107 (87) 27 (67.5)

https://doi.org/10.1371/journal.pone.0178445.t001
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The enhancement pattern and HER2 status were significantly difference between breast can-

cer with NME and without NME.

Table 2 lists the clinicopathologic findings of 40 breast cancers with accompanying NME

on preoperative MR imaging. The total extent with NME on MR images was 4.5 ± 1.1 cm and

pathologic size of IDC with associated DCIS was 3.2 ± 1.4 cm. There was significant difference

between size by MR and by pathology (P< .001). Of the 40acccompanying NME, 22 (55%)

had positive pathologic results and 18 (45%) had negative results. Among 22 NME with posi-

tive pathologic results, 4 were invasive carcinoma, 8 were high grade DCIS and 10 were inter-

mediate grade DCIS. There was no significant difference in age and characteristics of MR

findings between positive and negative results of NME. The HER2 receptor status was signifi-

cantly associated with pathologic results of NME. Accompanying NME in HER2 positive

breast cancer was more frequently had positive pathologic results than HER2 negative breast

cancers (84.6% [11 of 13] vs. 40.7% [11 of 27], P = .016).

Table 2. Characteristics of patients with accompanying NME according to pathologic results.

Positive (n = 22) Negative (n = 18) P-value

Age (y) 53.0±8.1 55.8±10.0 .262

Age category

<50 years 7 (31.8) 6 (33.3) .999

� 50 years 15 (68.2) 12 (66.7)

MR finding

Index mass size (cm) 2.3 ± 1.0 2.2 ± 0.7 .748

Total extent with NME (cm) 4.7 ± 1.3 4.3 ± 0.8 .351

Background parenchymal enhancement

Minimal 12 (54.5) 12 (66.7) .687

Mild 6 (27.3) 3 (16.7)

Moderate 4 (18.2) 3 (16.7)

Distribution of NME

Focal 5 (22.7) 3 (16.7) .499

Linear 4 (18.2) 5 (27.8)

Segmental 11 (50.0) 6 (33.3)

Regional 2 (9.1) 4 (22.2)

Enhancement of NME

Homogeneous 1 (4.5) 4 (22.2) .056

Heterogeneous 17 (77.3) 14 (77.8)

Clumped 4 (18.2) 0 (0)

Histopathologic result

Invasive carcinoma size (cm) 2.5 ± 1.4 2.0 ± 0.7 .158

Estrogen receptor status

Positive 15 (68.2) 11 (61.1) .744

Negative 7 (31.8) 7 (38.9)

Progesterone receptor status .525

Positive 9 (40.9) 10 (55.6)

Negative 13 (59.1) 8 (44.4)

HER2 receptor status .016

Positive 11 (50) 2 (11.1)

Negative 11 (50) 16 (88.9)

https://doi.org/10.1371/journal.pone.0178445.t002
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Discussion

In our study, we found that 24.5% IDC with mass feature was accompanied by NME on preop-

erative MR imaging. Among them, 55% accompanying NME had malignant pathologic

results. Especially, HER2 positivity was significantly associated with malignant pathologic

results of NME. The concordance rate within 5 mm between mass size by MR and invasive

size by pathology was 91.9% in IDC without NME and 72.5% in IDC with accompanying

NME, these rates were relatively high compared with previous studies. There are several stud-

ies about the accuracy of breast MR in estimating tumor extent. Onesti et al. found that MR

imaging significantly overestimated mean tumor size and overall concordance rate was 57.1%

[21]. Grimsby et al. also found that 53% of concordance rate between MR and pathologic can-

cer size within 0.5 cm and 33% was overestimated [10]. However, their study did not consider

the morphologic feature on MR images. A recent study reported that NME significantly pre-

dicted the discordance between MR image and pathology for sizing of breast cancer [22]. They

found that mass lesions were overestimated in 7% and NME were in 41%. In our study, we

compared size of index mass on MR with invasive tumor size on pathology. This point was

maybe cause the high concordant rate.

Tumor size is one of the most important factors for making assessment and surgical man-

agement of breast cancer. Especially, accurate preoperative assessment of exact cancer extent is

crucial for deciding breast conserving surgery. The positive resection margin is associated with

a local recurrence and reoperation [23,24]. A recent large cohort study reported that DCIS was

associated with positive resection margin [25]. Another study also found that DCIS is the

strongest independent predictor of discrepancy between MR image and pathology sizing of

breast cancer [11]. DCIS lesions have been found to exhibit NME at a high rate on MR images

[12,26]. NME were the known major cause of false-positive breast MR findings. A study

reported that the false positive rate of NME was 48%, it is significantly high rate compared

with mass lesions [16]. In other words, their study reported that the positive predictive value

for NME lesions were 51.7%. This value is comparable with our results (55%) and, it is suitable

for BI-RADS category 4 that shouldn’t be ignored finding in MR imaging.

Drawbacks to the high false positive rate of NME on MR images, it is necessary to find the

affecting factors associated with increase positive predictive values. In our study, positive

HER2 status was significantly associated with positive pathologic result of NME. The charac-

teristics of NME including distribution and enhancement pattern were not significantly associ-

ated with pathologic results. There was no previous study about the association with hormonal

subtype and significance of NME. Further study about affecting factors the significance of

NME and cancer extent measurement including hormonal subtype is necessary.

Our study only included IDC, not including ILC. Because, ILC frequently manifests as focal

or regional NME on preoperative MR images, it is different from IDC [27]. Therefore, distinct

study should be investigated according the type of breast cancer for more individual accurate

preoperative assessment.

This study has several limitations. First, this was a retrospective study from a single institu-

tion with a relatively small number of patients. The final result was investigated from the com-

parison between MR images and pathologic report without direct preoperative mapping.

Therefore, in case of negative results, we did not know what kind of benign pathology was.

Second, clinical effects of accompanying NME including change of surgical plan, the rate of

positive resection margin and recurrence rate were not evaluated.

Despite these limitations, our data demonstrated that accompanying NME with IDC on

preoperative MR images had clinically significant result, yielding a 55% positive pathologic

results. The HER 2 positive IDC was more frequently associated with malignant NME. Our
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result suggests that the accompanying NME should be carefully investigated on preoperative

MR images and individually determined according to molecular subtypes. These observations

may inform future clinical practice validated in prospective trials.

Supporting information

S1 File. Patient’s data of clinicopathologic and preoperative MR findings.

(XLSX)

Author Contributions

Conceptualization: HMG JJ EJS.

Data curation: HMG EJS JHY JAK.

Formal analysis: HMG.

Investigation: HMG.

Methodology: HMG.

Project administration: EJS JHY.

Resources: EJS JHY JAK.

Supervision: EJS.

Validation: KHK.

Visualization: HMG.

Writing – original draft: HMG.

Writing – review & editing: HMG EJS.

References
1. Houssami N, Ciatto S, Macaskill P, Lord SJ, Warren RM, Dixon JM, et al. Accuracy and surgical impact

of magnetic resonance imaging in breast cancer staging: systematic review and meta-analysis in detec-

tion of multifocal and multicentric cancer. J Clin Oncol. 2008; 26: 3248–3258. https://doi.org/10.1200/

JCO.2007.15.2108 PMID: 18474876

2. Plana MN, Carreira C, Muriel A, Chiva M, Abraira V, Emparanza JI, et al. Magnetic resonance imaging

in the preoperative assessment of patients with primary breast cancer: systematic review of diagnostic

accuracy and meta-analysis. Eur Radiol. 2012; 22: 26–38. https://doi.org/10.1007/s00330-011-2238-8

PMID: 21847541

3. Fischer U, Kopka L, Grabbe E. Breast carcinoma: effect of preoperative contrast-enhanced MR imaging

on the therapeutic approach. Radiology. 1999; 213: 881–888. https://doi.org/10.1148/radiology.213.3.

r99dc01881 PMID: 10580970

4. Lehman CD, Gatsonis C, Kuhl CK, Hendrick RE, Pisano ED, Hanna L, et al. MRI evaluation of the con-

tralateral breast in women with recently diagnosed breast cancer. N Engl J Med. 2007; 356: 1295–

1303. https://doi.org/10.1056/NEJMoa065447 PMID: 17392300

5. Brennan ME, Houssami N, Lord S, Macaskill P, Irwig L, Dixon JM, et al. Magnetic resonance imaging

screening of the contralateral breast in women with newly diagnosed breast cancer: systematic review

and meta-analysis of incremental cancer detection and impact on surgical management. J Clin Oncol.

2009; 27: 5640–5649. https://doi.org/10.1200/JCO.2008.21.5756 PMID: 19805685

6. Berg WA, Gutierrez L, NessAiver MS, Carter WB, Bhargavan M, Lewis RS, et al. Diagnostic accuracy

of mammography, clinical examination, US, and MR imaging in preoperative assessment of breast can-

cer. Radiology. 2004; 233: 830–849. https://doi.org/10.1148/radiol.2333031484 PMID: 15486214

7. Hata T, Takahashi H, Watanabe K, Takahashi M, Taguchi K, Itoh T, et al. Magnetic resonance

imaging for preoperative evaluation of breast cancer: a comparative study with mammography and

Accompanying NME on preoperative MR imaging

PLOS ONE | https://doi.org/10.1371/journal.pone.0178445 May 30, 2017 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178445.s001
https://doi.org/10.1200/JCO.2007.15.2108
https://doi.org/10.1200/JCO.2007.15.2108
http://www.ncbi.nlm.nih.gov/pubmed/18474876
https://doi.org/10.1007/s00330-011-2238-8
http://www.ncbi.nlm.nih.gov/pubmed/21847541
https://doi.org/10.1148/radiology.213.3.r99dc01881
https://doi.org/10.1148/radiology.213.3.r99dc01881
http://www.ncbi.nlm.nih.gov/pubmed/10580970
https://doi.org/10.1056/NEJMoa065447
http://www.ncbi.nlm.nih.gov/pubmed/17392300
https://doi.org/10.1200/JCO.2008.21.5756
http://www.ncbi.nlm.nih.gov/pubmed/19805685
https://doi.org/10.1148/radiol.2333031484
http://www.ncbi.nlm.nih.gov/pubmed/15486214
https://doi.org/10.1371/journal.pone.0178445


ultrasonography. J Am Coll Surg. 2004; 198: 190–197. https://doi.org/10.1016/j.jamcollsurg.2003.10.

008 PMID: 14759774

8. Biglia N, Bounous VE, Martincich L, Panuccio E, Liberale V, Ottino L, et al. Role of MRI (magnetic reso-

nance imaging) versus conventional imaging for breast cancer presurgical staging in young women or

with dense breast. Eur J Surg Oncol. 2011; 37: 199–204. https://doi.org/10.1016/j.ejso.2010.12.011

PMID: 21237612

9. Bleicher RJ, Ciocca RM, Egleston BL, Sesa L, Evers K, Sigurdson ER, et al. Association of routine pre-

treatment magnetic resonance imaging with time to surgery, mastectomy rate, and margin status. J Am

Coll Surg. 2009; 209: 180–187; quiz 294–185. https://doi.org/10.1016/j.jamcollsurg.2009.04.010 PMID:

19632594

10. Grimsby GM, Gray R, Dueck A, Carpenter S, Stucky CC, Aspey H, et al. Is there concordance of inva-

sive breast cancer pathologic tumor size with magnetic resonance imaging? Am J Surg. 2009; 198:

500–504. https://doi.org/10.1016/j.amjsurg.2009.07.012 PMID: 19800455

11. Mennella S, Garlaschi A, Paparo F, Perillo M, Celenza M, Massa T, et al. Magnetic resonance imaging

of breast cancer: factors affecting the accuracy of preoperative lesion sizing. Acta Radiol. 2015; 56:

260–268. https://doi.org/10.1177/0284185114524089 PMID: 24526754

12. Tozaki M, Fukuda K. High-spatial-resolution MRI of non-masslike breast lesions: interpretation model

based on BI-RADS MRI descriptors. AJR Am J Roentgenol. 2006; 187: 330–337. PMID: 16861534

13. Orel SG, Mendonca MH, Reynolds C, Schnall MD, Solin LJ, Sullivan DC. MR imaging of ductal carci-

noma in situ. Radiology. 1997; 202: 413–420. https://doi.org/10.1148/radiology.202.2.9015067 PMID:

9015067

14. Rosen EL, Smith-Foley SA, DeMartini WB, Eby PR, Peacock S, Lehman CD. BI-RADS MRI enhance-

ment characteristics of ductal carcinoma in situ. Breast J. 2007; 13: 545–550. https://doi.org/10.1111/j.

1524-4741.2007.00513.x PMID: 17983393

15. Greenwood HI, Heller SL, Kim S, Sigmund EE, Shaylor SD, Moy L. Ductal carcinoma in situ of the

breasts: review of MR imaging features. Radiographics. 2013; 33: 1569–1588. https://doi.org/10.1148/

rg.336125055 PMID: 24108552

16. Baltzer PA, Benndorf M, Dietzel M, Gajda M, Runnebaum IB, Kaiser WA. False-positive findings at con-

trast-enhanced breast MRI: a BI-RADS descriptor study. AJR Am J Roentgenol. 2010; 194: 1658–

1663. https://doi.org/10.2214/AJR.09.3486 PMID: 20489110

17. Elston CW, Ellis IO. Pathological prognostic factors in breast cancer. I. The value of histological grade

in breast cancer: experience from a large study with long-term follow-up. Histopathology. 1991; 19:

403–410. PMID: 1757079

18. Schuh F, Biazus JV, Resetkova E, Benfica CZ, Edelweiss MI. Reproducibility of three classification sys-

tems of ductal carcinoma in situ of the breast using a web-based survey. Pathol Res Pract. 2010; 206:

705–711. https://doi.org/10.1016/j.prp.2010.06.004 PMID: 20663616

19. Allred DC, Harvey JM, Berardo M, Clark GM. Prognostic and predictive factors in breast cancer by

immunohistochemical analysis. Mod Pathol. 1998; 11: 155–168. PMID: 9504686

20. Wolff AC, Hammond ME, Hicks DG, Dowsett M, McShane LM, Allison KH, et al. Recommendations for

human epidermal growth factor receptor 2 testing in breast cancer: American Society of Clinical Oncol-

ogy/College of American Pathologists clinical practice guideline update. J Clin Oncol. 2013; 31: 3997–

4013. https://doi.org/10.1200/JCO.2013.50.9984 PMID: 24101045

21. Onesti JK, Mangus BE, Helmer SD, Osland JS. Breast cancer tumor size: correlation between magnetic

resonance imaging and pathology measurements. Am J Surg. 2008; 196: 844–848; discussion 849–

850. https://doi.org/10.1016/j.amjsurg.2008.07.028 PMID: 19095098

22. Rominger M, Berg D, Frauenfelder T, Ramaswamy A, Timmesfeld N. Which factors influence MRI-

pathology concordance of tumour size measurements in breast cancer? Eur Radiol. 2016; 26: 1457–

1465. https://doi.org/10.1007/s00330-015-3935-5 PMID: 26268905

23. Voogd AC, Nielsen M, Peterse JL, Blichert-Toft M, Bartelink H, Overgaard M, et al. Differences in risk

factors for local and distant recurrence after breast-conserving therapy or mastectomy for stage I and II

breast cancer: pooled results of two large European randomized trials. J Clin Oncol. 2001; 19: 1688–

1697. https://doi.org/10.1200/JCO.2001.19.6.1688 PMID: 11250998

24. Meric F, Mirza NQ, Vlastos G, Buchholz TA, Kuerer HM, Babiera GV, et al. Positive surgical margins

and ipsilateral breast tumor recurrence predict disease-specific survival after breast-conserving ther-

apy. Cancer. 2003; 97: 926–933. https://doi.org/10.1002/cncr.11222 PMID: 12569592

25. van Deurzen CH. Predictors of Surgical Margin Following Breast-Conserving Surgery: A Large Popula-

tion-Based Cohort Study. Ann Surg Oncol. 2016. 2016/09/04. https://doi.org/10.1245/s10434-016-

5532-5 PMID: 27590331

Accompanying NME on preoperative MR imaging

PLOS ONE | https://doi.org/10.1371/journal.pone.0178445 May 30, 2017 8 / 9

https://doi.org/10.1016/j.jamcollsurg.2003.10.008
https://doi.org/10.1016/j.jamcollsurg.2003.10.008
http://www.ncbi.nlm.nih.gov/pubmed/14759774
https://doi.org/10.1016/j.ejso.2010.12.011
http://www.ncbi.nlm.nih.gov/pubmed/21237612
https://doi.org/10.1016/j.jamcollsurg.2009.04.010
http://www.ncbi.nlm.nih.gov/pubmed/19632594
https://doi.org/10.1016/j.amjsurg.2009.07.012
http://www.ncbi.nlm.nih.gov/pubmed/19800455
https://doi.org/10.1177/0284185114524089
http://www.ncbi.nlm.nih.gov/pubmed/24526754
http://www.ncbi.nlm.nih.gov/pubmed/16861534
https://doi.org/10.1148/radiology.202.2.9015067
http://www.ncbi.nlm.nih.gov/pubmed/9015067
https://doi.org/10.1111/j.1524-4741.2007.00513.x
https://doi.org/10.1111/j.1524-4741.2007.00513.x
http://www.ncbi.nlm.nih.gov/pubmed/17983393
https://doi.org/10.1148/rg.336125055
https://doi.org/10.1148/rg.336125055
http://www.ncbi.nlm.nih.gov/pubmed/24108552
https://doi.org/10.2214/AJR.09.3486
http://www.ncbi.nlm.nih.gov/pubmed/20489110
http://www.ncbi.nlm.nih.gov/pubmed/1757079
https://doi.org/10.1016/j.prp.2010.06.004
http://www.ncbi.nlm.nih.gov/pubmed/20663616
http://www.ncbi.nlm.nih.gov/pubmed/9504686
https://doi.org/10.1200/JCO.2013.50.9984
http://www.ncbi.nlm.nih.gov/pubmed/24101045
https://doi.org/10.1016/j.amjsurg.2008.07.028
http://www.ncbi.nlm.nih.gov/pubmed/19095098
https://doi.org/10.1007/s00330-015-3935-5
http://www.ncbi.nlm.nih.gov/pubmed/26268905
https://doi.org/10.1200/JCO.2001.19.6.1688
http://www.ncbi.nlm.nih.gov/pubmed/11250998
https://doi.org/10.1002/cncr.11222
http://www.ncbi.nlm.nih.gov/pubmed/12569592
https://doi.org/10.1245/s10434-016-5532-5
https://doi.org/10.1245/s10434-016-5532-5
http://www.ncbi.nlm.nih.gov/pubmed/27590331
https://doi.org/10.1371/journal.pone.0178445


26. Liberman L, Morris EA, Lee MJ, Kaplan JB, LaTrenta LR, Menell JH, et al. Breast lesions detected on

MR imaging: features and positive predictive value. AJR Am J Roentgenol. 2002; 179: 171–178. https://

doi.org/10.2214/ajr.179.1.1790171 PMID: 12076929

27. Lopez JK, Bassett LW. Invasive lobular carcinoma of the breast: spectrum of mammographic, US, and

MR imaging findings. Radiographics. 2009; 29: 165–176. https://doi.org/10.1148/rg.291085100 PMID:

19168843

Accompanying NME on preoperative MR imaging

PLOS ONE | https://doi.org/10.1371/journal.pone.0178445 May 30, 2017 9 / 9

https://doi.org/10.2214/ajr.179.1.1790171
https://doi.org/10.2214/ajr.179.1.1790171
http://www.ncbi.nlm.nih.gov/pubmed/12076929
https://doi.org/10.1148/rg.291085100
http://www.ncbi.nlm.nih.gov/pubmed/19168843
https://doi.org/10.1371/journal.pone.0178445

