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Purpose: The purpose of this study is to identify predictors of tumor-positive surgical margins after breast-
conserving surgery on dynamic contrast-enhanced (DCE) MRI.

Materials and methods: We conducted a retrospective study of consecutive women who underwent DCE MRI
before breast-conserving surgery from 2005 to 2014. Patient demographics, indication for surgery, MRI findings,
biopsy pathology results, and surgical outcomes were reviewed. The unpaired t-test and chi-square test were used
to compare the positive and negative margins groups.

Results: 554 women (mean age, 56; range, 26-90) underwent DCE MRI before 575 breast-conserving surgeries
for invasive carcinoma (n = 473) or ductal carcinoma in situ (DCIS) (n = 102). Positive margins requiring re-
excision occurred in 19.7% (93/473) of surgeries for invasive carcinoma and 31.4% (32/102) of surgeries for
DCIS. For invasive carcinoma surgeries, positive margins were more common when MRI demonstrated the
finding of non-mass enhancement (NME) rather than the finding of enhancing mass (33.8% [22/65] versus
16.9% [61/360], p < 0.01). Tumor size on MRI was significantly larger in the positive margins group (2.5 cm
versus 1.9cm, p < 0.001). Positive margins were more common with invasive lobular rather than invasive
ductal histology at core biopsy (38.3% [18/47] versus 16.0% [56/350], p < 0.001). For DCIS surgeries, there
were no significant differences in positive margin rates related to MRI features.

Conclusion: For invasive carcinoma surgeries, positive margins are associated with NME on MRI, larger tumor
size on MRI, and lobular histology at core biopsy. These findings may be used to predict which patients are at
risk for positive margins after breast-conserving surgery.

1. Introduction decision-making. Second, surgeons and other clinicians would be able

to inform patients about the risk of positive margins and thus the

Large trials have demonstrated similar survival between women
with breast cancer who undergo breast-conserving therapy (lum-
pectomy with adjuvant radiation) versus mastectomy [1-3]. When
lumpectomy is performed, tumor-negative surgical margins are neces-
sary to reduce the risk of recurrence [4,5]. If negative margins are not
achieved at the time of the initial operation, then a re-excision is per-
formed [5-8]. Re-excision after lumpectomy can result in increased
health care costs, delays in adjuvant treatment, and poorer cosmetic
outcomes [9].

It would be useful to be able to predict which women are at in-
creased risk of tumor-positive surgical margins [10,11]. First, the re-
cognition of imaging features associated with an increased risk of po-
sitive margins could aid in pre-operative planning and surgical

likelihood of needing more extensive surgery.

Breast dynamic contrast-enhanced (DCE) MRI is being increasingly
utilized in the pre-operative setting to define extent of disease, to assess
for multifocal and/or multicentric disease, and to screen the con-
tralateral breast [12,13]; but, to our knowledge, there are limited
published data on specific DCE MRI findings that could be used to
predict the likelihood of positive margins after breast-conserving sur-
gery [14,15]. The purpose of our study was to identify predictors of
tumor-positive surgical margins on preoperative DCE MRIL.

Abbreviations: BPE, background parenchymal enhancement; DCIS, ductal carcinoma in situ; DCE, dynamic contrast-enhanced; NME, non-mass enhancement
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2. Materials and methods
2.1. Study subjects

This study was approved by the institutional review board with a
waiver for the need to obtain informed consent and was compliant with
the Health Insurance Portability and Accountability Act (HIPAA). We
performed a retrospective review of consecutive female patients who
underwent DCE MRI before breast-conserving surgery from January 1,
2005, to December 31, 2014. The hospital's electronic medical record
was searched for breast MRI reports and patients who underwent
breast-conserving surgery during the same time period. Patients who
received neoadjuvant therapy prior to breast-conserving surgery were
excluded.

2.2. Imaging technique and interpretation

MRI examinations were obtained at the discretion of the patient's
breast surgeon, medical oncologist, or radiation oncologist. All ex-
aminations were performed with a 1.5 T system (SignaHDx and
SignaHDxt, GE Healthcare, Little Chalfont, United Kingdom; Magnetom
Avanto, Siemens, Munich, Germany) or a 3 T system (SignaHDx and
Signa Excite, GE Healthcare; Magnetom Trio, Siemens) with a dedicated
seven-channel breast coil (Invivo, Orlando, FL). Each study included a
noncontrast nonfat-saturated T1-weighted sequence, a noncontrast fat-
saturated T2-weighted sequence, a noncontrast fat-saturated gradient-
echo T1-weighted sequence, and three or four dynamic postcontrast T1-
weighted gradient-echo series images with fat suppression after in-
travenous administration of a gadolinium-based agent. All MRI ex-
aminations were interpreted by fellowship-trained breast imaging
radiologists.

2.3. Data collection and statistical analysis

MRI reports were reviewed for findings (non-mass enhancement
[NME] versus enhancing mass), size of tumor, and background par-
enchymal enhancement (BPE) assessment. Medical records were also
reviewed for patient age, breast density on mammography, histological
subtype on core biopsy pathology, tumor grade on core biopsy pa-
thology, and margin status on surgical pathology.

All data were analyzed with a spreadsheet software program
(Microsoft Excel, 2013 version, Redmond, Washington). For purposes of
the analysis, margins reported as “negative” or “close” (historically
defined as carcinoma < 2mm from the surgical margin) were con-
sidered “negative” margins. During the study period, the pathologists at
our institution shifted from the use of “negative,” “close,” or “positive”
to only “negative” or “positive” (with reporting of the distance of the
carcinoma from the surgical margin). For cases of invasive carcinoma,
surgical margins with ductal carcinoma in situ (DCIS), invasive carci-
noma, or both at the inked surface of the specimen were considered
“positive.” Also, for purposes of the analysis, the final surgical margin
status at the time of initial operation was used; that is, if the margins
were reported to be “positive” but additional margins were taken at the
time of the initial operation and the final surgical margin status was
technically negative, the case was considered to be “negative.” The
unpaired t-test (for continuous variables) and chi-square test (for cate-
gorical variables) were used to compare the positive and negative
margins groups. P-values < 0.05 were considered statistically sig-
nificant.

3. Results

Over a ten-year period, 795 female patients underwent breast MRI
before breast-conserving surgery for invasive carcinoma or DCIS. 241
patients who received neoadjuvant chemotherapy were excluded. The
study cohort was thus comprised of 554 patients (mean age, 56 years
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Fig. 1. 64-year-old female with biopsy-proven grade 2 invasive lobular carci-
noma in the upper inner quadrant of the right breast at middle depth. The
subtracted axial MR image demonstrates an irregular enhancing mass with
surrounding non-mass enhancement. The anterior and posterior margins of the
surgical specimen were positive for invasive carcinoma.

old; age range, 26-90 years old) who underwent 575 breast-conserving
surgeries (21 had bilateral carcinomas) for invasive carcinoma
(n = 473) or DCIS (n = 102). Of the 473 surgeries for invasive carci-
noma, 39 (8.2%) were upgraded from benign or high-risk pathologies at
core biopsy (n = 10) or DCIS at core biopsy (n = 29) to invasive car-
cinoma at surgery. Of the 102 surgeries for DCIS, 12 (11.8%) were
upgraded from benign or high-risk pathologies at core biopsy to DCIS at
surgery.

Tumor-positive surgical margins occurred in 19.7% (93/473) of
surgeries with invasive carcinoma (Figs. 1-3). Of the 93 cases with
positive margins, 72 underwent re-excision to achieve negative mar-
gins, 20 ultimately underwent mastectomies, and one patient trans-
ferred her care to another institution. Positive margins were more
common when the MRI demonstrated the finding of NME rather than
the finding of enhancing mass (33.8% [22/65] versus 16.9% [61/360],
p < 0.01) (Table 1). There was also a statistically significant difference
in tumor size on MRI with positive versus negative margins (2.5cm
versus 1.9cm, p < 0.001). There were no statistically significant dif-
ferences in positive margin rates related to BPE on MRI. Positive mar-
gins were more commonly seen with lobular rather than ductal his-
tology on core biopsy pathology (38.3% [18/47] versus 16.0% [56/
3501, p < 0.001). Positive margins were also more commonly ob-
served with grade 2 rather than grade 3 invasive carcinoma (24.9%
[51/205] versus 9.5% [9/95], p < 0.01). There were no statistically
significant differences related to surgeon (among those who performed
at least 50 operations over the study period), patient age, or breast
density on mammography.

Tumor-positive surgical margins occurred in 31.4% (32/102) of
surgeries with DCIS. Of the 32 cases with positive margins, 22 under-
went re-excision to achieve negative margins and ten ultimately un-
derwent mastectomies. There was a trend toward positive margins
being more common when the MRI demonstrated moderate or marked
BPE rather than minimal or mild BPE, but this relationship was not
statistically significant (45.5% [10/22] versus 27.5% [14/51],



M. Bahl, et al.

Fig. 2. 40-year-old female with biopsy-proven grade 2 invasive ductal carci-
noma in the lower central aspect of the left breast at posterior depth. Axial
maximum intensity projection (MIP) image from the pre-operative MRI de-
monstrates an irregular enhancing mass (arrow). The anterolateral margin of
the surgical specimen was positive for invasive carcinoma.

p = 0.13) (Table 2). There were no statistically significant differences
in positive margin rates related to finding on MRI (NME versus en-
hancing mass) or size on MRI. There were no statistically significant
differences in positive margin rates related to surgeon (among those
who performed at least 30 operations over the study period), patient
age, breast density on mammography, or tumor grade on core biopsy
pathology.

4. Discussion

Our study finds that, for patients with invasive carcinoma, tumor-
positive surgical margins requiring re-excision were associated with
NME (rather than enhancing masses) on DCE MRI, larger tumor size on
DCE MRI, and lobular (rather than ductal) histological subtype at core
needle biopsy. This information may be used to aid in surgical planning
and to counsel patients regarding the likelihood of needing further
surgery. We did not identify any predictive MRI features for patients
with DCIS.

The rates of positive margins in our study (19.7% for invasive car-
cinoma and 31.4% for DCIS) are in keeping with reported rates in the
literature, which range from 15% to 37% for invasive carcinoma with
even higher rates for DCIS [16-19]. At our institution, DCE MRI is not
routinely performed in all patients with biopsy-proven carcinoma prior
to surgery; instead, MRI examinations are obtained at the discretion of
the patient's breast surgeon, medical oncologist, or radiation oncologist
based on such factors as patient age, breast density, histologic subtype
(ductal versus lobular), and tumor size. Given this selection bias, it is
likely that the positive margin rate in this selective group of patients is
higher than the rate for all patients who undergo breast-conserving
surgery. The wide range of positive margin rates reported in the lit-
erature may be due to differences in patient populations, inconsistent
definitions of “positive” and “negative” margins, and variations in
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Fig. 3. 53-year-old female with biopsy-proven grade 2 invasive ductal carci-
noma in the upper outer quadrant of the right breast at middle depth. The
subtracted axial MR image demonstrates a focal area of non-mass enhancement.
The margins of the surgical specimen were negative for invasive carcinoma.

intraoperative pathologic assessment of margins [19]. In 2014, the
Society of Surgical Oncology and American Society for Radiology On-
cology issued consensus guidelines, concluding that the use of no ink on
tumor is the standard for an adequate margin in invasive carcinoma and
is associated with low rates of recurrence in the ipsilateral breast [5].

For invasive carcinoma, we found that the presence of NME, large
tumor size, lobular histology, and tumor grade of 2 were associated
with increased likelihood of positive margins, similar to other studies
[4,7,10,19-22]. Apart from large tumor size on MRI, the only other
feature on MRI found to be predictive of positive margins was the
finding of NME (rather than an enhancing mass). Two other studies
have also demonstrated that NME on MRI is associated with a higher
rate of re-excision [15,23]. NME on MRI can be seen in the setting of
DCIS, invasive lobular carcinoma, estrogen receptor-negative invasive
ductal carcinoma, focal adenosis, and fibrocystic changes [24].

For DCIS, previous studies have identified size on mammography
and histological grade as factors associated with increased likelihood of
positive margins [18,25,26]. Although we found no statistically sig-
nificant associations between size on MRI or histological grade on core
biopsy pathology with positive margins, there was a trend toward po-
sitive margins being more common when the MRI demonstrates mod-
erate or marked BPE rather than minimal or mild BPE. Moderate or
marked BPE can limit evaluation of tumor extent, as has been reported
in prior studies, and underestimation of disease on MRI could lead to
inadequate surgical resection [27,28]. There is limited published data
on the association of BPE and surgical outcomes, such as surgical
margin status. The one prior study on this topic, which was a retro-
spective series of 91 patients who underwent MRI before breast-con-
serving surgery, found no significant correlation between BPE and
surgical margin status [14].
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Table 1
Comparison of patient, imaging, and biopsy pathology features between breast-conserving surgeries for invasive carcinoma with positive vs negative margins.
Positive margins Negative margins p-value
Age 57 (34-80) 56 (26-90) 0.99
Breast density on mammography
Almost entirely fatty breasts or scattered areas of fibroglandular density 34/188 (18.1%) 154/188 (81.9%) 0.67
Heterogeneously or extremely dense breasts 52/264 (19.7%) 212/264 (80.3%)
MRI findings®
Non-mass enhancement 22/65 (33.8%) 43/65 (66.2%) < 0.01
Enhancing mass 61/360 (16.9%) 299/360 (83.1%)
Size (cm) 2.5 (0.6-8.5) 1.9 (0.5-8.2) < 0.001
Background parenchymal enhancement on MRI
Minimal or mild background parenchymal enhancement 53/285 (18.6%) 232/285 (81.4%) 0.66
Moderate or marked background parenchymal enhancement 20/97 (20.6%) 77/97 (79.4%)
Histology on core biopsy pathology”
Invasive ductal carcinoma 56/350 (16.0%) 294/350 (84.0%) < 0.001
Invasive lobular carcinoma 18/47 (38.3%) 29/47 (61.7%)
Tumor grade on core biopsy pathology
Grade 1 21/130 (16.2%) 109/130 (83.8%) < 0.01
Grade 2 51/205 (24.9%) 154/205 (75.1%)
Grade 3 9/95 (9.5%) 86/95 (90.5%)

@ Thirty-three cases that were reported as enhancing mass and non-mass enhancement were not included in the analysis.
b Forty-two cases of invasive carcinoma with mixed features (ductal and lobular) were not included in the analysis.

Table 2
Comparison of patient, imaging, and biopsy pathology features between breast-conserving surgeries for ductal carcinoma in situ (DCIS) with positive vs negative
margins.
Positive margins Negative margins p-value
Age 52 (39-69) 53 (31-77) 0.53
Breast density on mammography
Almost entirely fatty breasts or scattered areas of fibroglandular density 9/33 (27.3%) 24/33 (72.7%) 0.72
Heterogeneously or extremely dense breasts 20/65 (30.8%) 45/65 (69.2%)
MRI findings
Non-mass enhancement 21/64 (32.8%) 43/64 (67.2%) 0.21
Enhancing mass 2/13 (15.4%) 11/13 (84.6%)
Size (cm) 2.9 (0.6-9.0) 2.8 (0.6-11.4) 0.96
Background parenchymal enhancement on MRI
Minimal or mild background parenchymal enhancement 14/51 (27.5%) 37/51 (72.5%) 0.13
Moderate or marked background parenchymal enhancement 10/22 (45.5%) 12/22 (54.5%)
Tumor grade on core biopsy pathology
Grade 1 1/9 (11.1%) 8/9 (88.9%) 0.22
Grade 2 8/34 (23.5%) 26/34 (76.5%)
Grade 3 13/35 (37.1%) 22/35 (62.9%)

Our study cohort does not include patients who received neoadju-
vant therapy prior to breast-conserving surgery, since MRI findings may
not be used to guide surgical treatment in this population. In particular,
a complete imaging response does not obviate the need for surgery
[29]. According to the American College of Radiology (ACR), MRI can
be used before, during, and/or after chemotherapy to evaluate treat-
ment response and to evaluate the extent of residual disease [30]. MRI
findings are a stronger predictor of pathologic response to neoadjuvant
chemotherapy than is clinical assessment [31]; however, studies have
demonstrated that MRI can overestimate or underestimate residual
disease [32]. Factors that can affect the accuracy of MRI for evaluating
treatment response include tumor molecular subtype, type of che-
motherapy, and pattern of tumor response [29].

This study has several limitations. First, it was conducted at an
academic institution with dedicated breast imaging radiologists, and
thus the results may not be generalizable to other practices. Second, at
our institution, breast MRI is not routinely performed in all patients
with biopsy-proven carcinoma prior to surgery; instead, MRI ex-
aminations are obtained at the discretion of the patient's breast sur-
geon, medical oncologist, or radiation oncologist. Given this selection
bias, the results of this study may not be generalizable to other in-
stitutions that routinely perform MRI in all patients with biopsy-proven
carcinoma or refer patients for MRI based on different criteria than used
by our referring providers. Third, although our study cohort
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includes > 550 patients, some of the subgroup populations (particu-
larly for DCIS) are relatively small, which limits statistical power.

5. Conclusions

Our findings suggest an additional use of breast MRI in the pre-
operative setting: to predict which patients are at risk for tumor-posi-
tive surgical margins. We identified findings on MRI that are associated
with increased likelihood of positive margins after breast-conserving
surgeries for invasive carcinoma: NME (rather than an enhancing mass)
and large tumor size. This information may be used to identify those
patients who are at increased risk for tumor-positive surgical margins
and may thus have implications for clinical pre-operative decision-
making.
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