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Abstract A positive resection margin after breast-con-
serving surgery (BCS) is the most important risk factor for
tumor recurrence. Re-excision after BCS often results in
unnecessary wider excisions, or even mastectomies and
poor cosmetic results, as well as increased medical costs
and patients’ anxiety. A nomogram for predicting positive
resection margins may allow the surgeon to develop an
individualized surgical plan. Data from 1,034 consecutive
breast cancer patients with invasive or in situ breast cancer
who initially underwent BCS between January 2008 and
December 2009 were used to develop a nomogram for
predicting positive resection margins. The nomogram was
then validated independently using a cohort of 563 patients
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who underwent breast surgery in 2010. Multivariate logistic
regression analysis showed that microcalcifications (OR
1.574, P = 0.034), grade 4 mammographic density (OR
4.515, P = 0.005), >0.5 cm difference in tumor size
between magnetic resonance imaging and ultrasonography
(OR 10.001, P < 0.0001), ductal carcinoma in situ (DCIS)
on needle biopsy (OR 1.575, P = 0.044), and lobular com-
ponent on needle biopsy (OR 3.985, P = 0.015) were
independent predictors of positive resection margins. These
significant variables were used to develop a nomogram for
predicting positive resection margins after BCS; the AUCs
of the study and the validation cohorts were 0.823 [95 %
confidence interval (CI), 0.785-0.862] and 0.846 (95 % ClI,
0.800-0.892), respectively. Our new nomogram using 5
variables that were determined before surgery to predict
positive resection margins should aid the surgeon in devel-
oping individualized surgical plans for breast cancer patients
who are scheduled for BCS.

Keywords Breast neoplasm - Breast-conserving surgery -
Resection margins - Nomogram

Introduction

Breast-conserving surgery (BCS) is widely accepted as
standard therapy for invasive and in situ breast cancer. BCS
followed by breast irradiation for breast cancer has pro-
vided acceptable cosmetic results and long-term survival
similar to mastectomy for disease-free, distant disease-free,
and overall survival [1, 2]. The main disadvantage of BCS
is the potential risk of local recurrence; the most important
risk factor for local recurrence after BCS is positive
resection margins [3, 4], which occur at frequencies rang-
ing from 17 to 59 % [5]. When there is a positive margin
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after BCS, patients should undergo further surgery. How-
ever, re-excisions often result in poor cosmetic results and
unnecessary wider excisions as well as increased medical
costs and patients’ anxiety for unexpected additional
operation.

To obtain clear resection margins and reduce re-excision
rates, some surgeons obtain intraoperative assessments of
the margins of excised specimens, using either analysis of
frozen sections or mammography of the specimen.
Although specificity rates range between 98 and 100 %, the
sensitivity of frozen section analysis ranges between 65
and 78 % [6]. The accuracy of specimen mammography
has been reported to be about 60 %, which is much lower
than the accuracy of frozen section analysis [7]. False-
negative results of frozen section analysis lead to reoper-
ations, and false-positive results can lead to unnecessary
excisions or even mastectomies. In addition, the results of
these evaluations take 30 min or more after the excision is
performed. Furthermore, frozen section analysis during
BCS has been reported not to reduce overall local recur-
rence rates [8], and the majority of breast surgeons in the
United States have not routinely performed intraoperative
frozen section analysis to assess the status of margins
during BCS [9]. Therefore, determining the risk of positive
resection margins before BCS may be advantageous for
both surgeons and patients.

Several factors have been associated with positive
resection margins, including lobular histology, size of
tumor on pathology, tumor grade, multifocality, and the
presence of extensive intraductal component (EIC), and
lymphovascular invasion (LVI) [10]. However, information
on many of these factors is only available from evaluation
of paraffin-embedded specimen after BCS. The aims of this
study were to identity the preoperative predictors of positive
resection margins and to develop and evaluate a nomogram
for predicting positive resection margins after BCS.

Patients and methods
Patients

A prospectively maintained database (Seoul National Uni-
versity Hospital Breast Care Center Database) was used to
retrospectively identify 1,867 patients who underwent
curative surgery for invasive breast cancer or ductal carci-
noma in situ (DCIS) between January 2008 and December
2009. Of these patients, 250 receiving neoadjuvant chemo-
therapy, 49 with unavailable preoperative imaging or path-
ologic results, and 534 undergoing mastectomy as their
initial operation were excluded from the study. The
remaining 1,034 patients who were scheduled for BCS were
analyzed and their data were used to develop a nomogram.

@ Springer

Table 1 Clinicopathologic characteristics of the study and validation
cohorts

Variables Study cohort Validation cohort
(n = 1,034) (n = 563)
Period 2008.1-2009.12 2010.1-2010.12
Age, years (mean = SD) 484 £ 9.1 49.7 £ 9.3
T stage
0 105 (10.2 %) 64 (11.4 %)
1 576 (55.7 %) 319 (56.7 %)
2 344 (33.3 %) 175 (31.1 %)
3 9 (0.9 %) 5 (0.9 %)
N stage
0 805 (77.9 %) 461 (81.9 %)
1 188 (18.2 %) 69 (12.3 %)
2 31 (3.0 %) 22 (3.9 %)
3 10 (1.0 %) 11 (2.0 %)
AJCC Stage
0 105 (10.2 %) 63 (11.2 %)
1 487 (47.1 %) 275 (48.8 %)
2 397 (38.4 %) 192 (34.1 %)
3 45 (4.4 %) 33 (5.9 %)
Histologic grade
1 91 (8.8 %) 48 (8.5 %)
2 372 (36.0 %) 187 (33.2 %)
3 381 (36.8 %) 217 (38.5 %)
Unknown 190 (18.4 %) 111 (19.7 %)
Nuclear grade
1 45 (4.4 %) 21 3.7 %)
2 428 (41.4 %) 222 (39.4 %)
3 440 (42.6 %) 254 (45.1 %)
Unknown 121 (11.7 %) 66 (11.7 %)

Initial margin status
Clear 883 (85.4 %)

151 (14.6 %)

462 (82.1 %)

Positive 101 (17.9 %)

A core needle biopsy was used for preoperative diagnosis,
and all patients underwent preoperative evaluations using
mammography, ultrasonography (US), and magnetic reso-
nance imaging (MRI).

External validation of the nomogram was performed
using data from another 563 patients with same enrollment
criteria, who underwent curative surgery between January
and December 2010 at the same institution. Table 1 sum-
marizes the clinicopathologic characteristics of the initial
study cohort and the validation cohort.

Mammography

Mammography was performed using a full-field digi-
tal mammography system (Senographe DS, GE Medical
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Systems, Buc, France or Lorad Selenia, Hologic Inc.,
Bedford, USA). Mammographic density was categorized
into 4 grades according to amount of fibroglandular tissue
(grade 1, <25 %; grade 2, 26-50 %; grade 3, 51-75 %; and
grade 4, >75 %).

Breast ultrasonography

Experienced breast radiologists performed all preoperative
breast US using 5-14-MHz linear transducers (EUB-8500
scanner; Hitachi Medical, Tokyo, Japan; or IU-22; Philips
Healthcare, Amsterdam, Netherlands). The radiologists
reported the shape and size of each tumor and location in
three-dimensions according to the BI-RADS classification
system.

Breast magnetic resonance imaging

The protocol used for breast MR image acquisition and
data analysis was reported previously [11]. Breast MRI was
performed on a 1.5-T system (Signa; General Electric
Medical Systems, Milwaukee, WI, USA) using a dedicated
double-breast coil (8-channel HD breast array; General
Electric Medical Systems). Prior to surgery, radiologists
with 5-20 years of experience in breast imaging inter-
preted and recorded preoperative MRI findings using a
picture archiving and communication system (PACS)
according to the BI-RADS classification system.

Surgery and pathologic examination

Surgeons aimed for a grossly negative 1-cm margin during
the first lumpectomy. For all patients with non-palpable
lesions, the location of the tumor was determined by
mammography or US-guided needle localization before
surgery. When an invasive cancer or DCIS was found in the
resection margin of the resected specimen, re-excision or
mastectomy was performed to obtain tumor-free margins.

The resection margin was classified as positive or clear
based on pathologic evaluation. The presence of DCIS or
invasive cancer at the edge of a specimen constituted a
positive resection margins. The presence of DCIS less than
1 mm from the resection margin in a paraffin-embedded
specimen was considered to be a positive margin, in
accordance with the 2011 NCCN clinical guidelines that
defined margins <1 mm as inadequate [12].

Tumor size, nodal status, histology, and the status of
resection margins were reported for each surgical resection.
The expression of estrogen receptor (ER), progesterone
receptor (PR), human epidermal growth factor receptor 2
(HER?2), and Ki-67 expression were evaluated by immu-
nohistochemistry (IHC). ER and PR positivity was defined

as >10 % positive tumor cells with nuclear staining. HER2
status was determined either by IHC or fluorescence in situ
hybridization (FISH). A triple-negative breast tumor was
defined as ER negative, PR negative, and HER2 negative
regardless of whether it was invasive cancer or DCIS.

Statistical analysis

Descriptive statistics were used to characterize the study
and validation cohorts. The variables of patients with clear
resection margins and those with positive resection mar-
gins were compared using Pearson’s y> tests. Multivariate
logistic regression analysis was used to analyze each var-
iable with a P value <0.05 on the Pearson’s y> test. Odds
ratios (ORs) and points for developing a nomogram were
calculated for each variable. A receiver operating charac-
teristics (ROC) curve was drawn and the area under the
curve (AUC) was calculated to assess the discrimination
power of the nomogram for the study and validation
cohorts. It is generally accepted that AUC values of 0.7-0.8
represent reasonable discrimination, and those values
exceeding 0.8 represent good discrimination [13]. Cali-
bration of the nomogram was assessed graphically by
plotting the actual proportions against the predicted prob-
abilities. The vertical axis represented the actual observed
incidence (actual proportion), and the horizontal axis rep-
resented the probability calculated by the nomogram
(predicted probability). A perfectly accurate nomogram
prediction model would result in a plot where the observed
and predicted probabilities for given groups fall along the
45-degree line. The distance between the confidence
interval of the actual proportion at each predicted proba-
bility and the 45-degree line is a measure of the absolute
error of the nomogram’s prediction [14]. All statistical
analyses were performed using SPSS Version 17.0 soft-
ware (SPSS, Chicago, IL, USA) and R software Version
2.10.1 (http://www.r-project.org/). All P values were two
sided, and P < 0.05 was considered significant.

Results

Clinicopathologic characteristics of the cohort used
to develop the nomogram (study cohort)

Among the 1,034 patients who underwent BCS, 929 patients
had invasive breast cancer with or without DCIS and 105
patients had pure DCIS on permanent pathology. The mean
age at diagnosis was 48.4 years (range, 26 to 85 years).
Resection margins were positive in 151 patients (14.6 %)
after the initial lumpectomy. Candidate predictors for posi-
tive resection margins were selected from the preoperative
clinical information, images, and pathologic data.
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Table 2 Comparison of

variables with clear and positive Variables N Clear margins Positive margins P
resection margins in the study N % N %
cohort
Age (years)
>45 646 563 63.8 83 55.0 0.039
<45 388 320 36.2 68 45.0
Microcalcifications
None 678 608 68.9 70 46.4 <0.0001
Present 356 275 31.1 81 53.6
Mammographic density
1 69 64 7.2 5 33 <0.0001
2 220 195 22.1 25 16.6
3 482 431 48.8 51 33.8
4 263 193 21.9 70 46.4
Multiplicity on imaging
Single 971 843 95.5 134 88.7 0.001
Multiple 57 40 4.5 17 11.3
Tumor size on MRI (cm)
<5 986 857 97.1 129 85.4 <0.0001
>5 48 26 29 22 14.6
MRI-US (cm)
<0.5 867 801 90.7 66 43.7 <0.0001
>0.5 167 82 9.3 85 56.3
DCIS on needle biopsy
None 764 685 77.6 79 523 <0.0001
Present 270 198 22.4 72 47.7
Lobular component on needle biopsy
None 1,014 869 98.4 145 96.0 0.049
Present 20 14 1.6 6 4.0
Hormonal receptor
Negative 299 266 30.1 33 21.9 0.038
Positive 735 617 69.9 118 78.1
Triple-negative breast tumor
Triple-negative 218 198 224 20 13.2 0.011
Non-triple-negative 816 685 77.6 131 86.8

 Pearson’s y test

Results of multivariate analyses for resection margin
status

Table 2 summarizes the variables where there were sig-
nificant differences between patients whose excised tumors
had clear margins and those with tumors having positive
margins. HER2 and Ki67 were not significantly associated
with the status of margin (P = 0.780 and P = 0.875,
respectively).

Variables found significant by Pearson’s ¥> analysis were
analyzed by multivariate logistic regression. Microcalcifi-
cations (OR 1.574, P = 0.034), grade 4 mammographic
density (OR 4.515, P = 0.005), >0.5 cm difference in
tumor size between MRI and US (OR 10.001, P < 0.0001),
DCIS on needle biopsy (OR 1.575, P = 0.044), and lobular

@ Springer

component on needle biopsy (OR 3.985, P = 0.015) were
significantly associated with positive resection margins
(Table 3). Younger age at diagnosis (OR 1.137, P = 0.557),
multifocality on imaging (OR 1.665, P = 0.166), tumor size
>5 cm on MRI (OR 1.622, P = 0.205), hormonal receptor
status (OR 1.851, P = 0.110), and triple-negative breast
tumor (OR 0.725, P = 0.476) were insignificant factors on
multivariate analysis.

Development and validation of nomogram

Based on the results of the multivariate analysis, a nomo-
gram was developed to predict the likelihood of positive
resection margins (Fig. 1). The nomogram included the 5
variables which were statistically significant on multivariate
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Table 3 Multivariate logistic

. " Variables N Odds ratio 95 % CI P
regression model for positive
resection margins in the Lower Upper
validation cohort
Microcalcifications
None 678
Present 356 1.574 1.035 2.393 0.034
Mammographic density
1 69
2 220 1.590 0.526 4.805 0411
3 482 1.611 0.561 4.623 0.376
4 263 4.515 1.574 12.951 0.005
MRI-US (cm)
<0.5 867
>0.5 167 10.001 6.499 15.389 <0.0001
DCIS on needle biopsy
None 773
Present 261 1.575 1.013 2.451 0.044
Lobular component on needle biopsy
None 1,014
* Multivariate logistic Present 20 3.985 1.310 12.121 0.015
regression analysis
0 10 20 30 40 50 60 70 80 90 100
poln[s [l 1 1 L ' ' 1 1 1 J
grade 2 grade 4
Mammographic density r Y !
grade 1 grade 3
Present
Microcalcifications el
None
>0%
MRI-US " )
05
Present
DCIS on needle biopsy
None
Lobular component on . Present
needle biopsy None
Total Points r T T T T T T T T T T T T !
] 20 40 60 80 100 120 140 160 180 200 220 240 260
Probability of positive resection margins r T 2 T T T T T !
005 01 02 03 04 05 06 07 08

Fig. 1 Nomogram for predicting positive resection margins in breast-conserving surgery

analysis. A total point is the sum of points for each variable
and the probability of positive resection margins is the
corresponding number of the total points in the nomogram.
For instance, the probability of positive resection margins
after BCS is <10 % if a total point is <60. When a total
point is >200, the probability of positive margins is

>70 %. The AUC of the study cohort was 0.823 [95 %
confidence interval (CI), 0.785-0.862].

The AUC of the validation cohort was 0.846 (95 % CI,
0.800-0.892). Calibration of the nomogram was assessed
using the independent validation cohort. The patients were
grouped in deciles of predicted probabilities, and to cali-
brate the nomogram, the actual proportion of patients with
positive resection margins was calculated for each decile.
In general, the actual proportion of patients with positive
resection margins and the predictive probability of positive
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Fig. 2 Calibration plot of the nomogram using the validation cohort

resection margins were similar, according to the calibration
plot. The predictive probabilities of the 7th and the 9th
groups were a little higher and a little lower, respectively,
than the actual probabilities of those groups (Fig. 2).

Discussion

The status of the margins of excised tumor specimens is the
most important factor associated with local recurrence in
patients with invasive breast cancer and DCIS who undergo
BCS; however, the optimal size of tumor-free margin is still
controversial. Recent studies have shown that excised
invasive breast cancer with wider tumor-free margins were
not necessarily associated with lower local recurrence rate
[15, 16]. A similar result was reported from a recent study of
382 patients with pure lobular carcinoma who underwent
BCS [17]. In DCIS patients, positive margins clearly
increase the risk of ipsilateral breast tumor recurrence. In
addition, there is a significant trend toward increased risk of
local recurrence in patients with DCIS whose excised
tumors have tumor-free margins <2 mm [18, 19]. Silver-
stein et al. [20] reported that patients with DCIS undergoing
BCS whose excised tumors had margins <1 mm benefited
from postoperative radiation therapy. NCCN guidelines
have defined clear resection margins in excised invasive
breast cancers as pathologically negative margin; however,
for DCIS, margins <1 mm are considered in adequate [12].
According to previous studies and the 2011 NCCN guide-
lines, a narrow tumor-free resection margin of DCIS is a
risk factor for local recurrence, and in our study, a margin
<1 mm in DCIS was defined as a positive resection margin.

To avoid positive resection margins, it is important to
identify the location and extent of tumor preoperatively.
Imaging studies, including mammography, US, and MRI,
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are widely used for preoperative localization of breast
tumor. However, additional imaging, such as breast MRI,
does not reduce the rates of positive resection margins,
re-excision, or reoperation [21, 22]. Intraoperative analysis
of frozen sections aids the surgeons in deciding in a bal-
anced manner between wider excisions for oncologic safety
and cosmetic conservation of the breast [5]. Intraoperative
frozen section analysis is routinely performed at Seoul
National University Hospital. Among the study cohort,
97 patients (9 %) avoided reoperation because of frozen
section analysis; therefore, frozen section analysis may
decrease reoperation rates. However, false-positive results
from frozen section analysis resulted in 103 patients (9.7 %)
undergoing unnecessary wider excisions or mastectomies.
Furthermore, in our institution, the false-negative rate of
frozen section analysis has been 5 %. Olson et al. [23]
reported a 5.8 % false-negative rate from frozen section
analysis of specimens from 290 patients with positive
resection margins, and Ohuchi and coworkers [24]. reported
a 9.8 % margin-positive rate in 122 patients after total-
circumference surgical margin shaved from the remnant
breast was examined using intraoperative frozen sec-
tion analysis. Moreover, Cendan et al. [25] found a false-
negative rate of 22.7 % for frozen section analysis of
specimens from 97.

Several studies have addressed the risk factors for
positive resection margins. Lovrics et al. [10] examined
specimens from 489 patients. By multivariate analysis,
tumor size, ductal histology, lymphovascular invasion,
multifocality, and palpability were identified as predictors
of margin status. Tartter et al. [26] examined 674 patients
who underwent BCS and found that younger age, family
history of breast cancer, large tumor size, DCIS, and EIC
were associated with positive resection margins on uni-
variate analysis; however, only large tumor size was
associated with positive margin status in multivariate
analysis. Mann and coworkers [27] analyzed 1,648 patients
who underwent BCS and found a re-excision rate of
17.1 %. In this study, mammographic microcalcifications,
absence of mammographic mass, DCIS, high tumor grade,
large tumor size, multi ocality, and lobular histology were
associated with positive resection margins. We then iden-
tified predictors of positive margin status focusing on data
from imaging studies and pathologic examination that were
available preoperatively. We found on multivariate analy-
sis that microcalcifications on mammography, grade of
mammographic density, >0.5 cm difference in tumor size
between MRI and US, DCIS, and lobular components on
needle biopsy independently predicted positive resection
margins in multivariate analysis.

Pleijhuie et al. [6] suggested that positive margins might
be a result of the restrictive visibility of tumor and coex-
isting DCIS on preoperative imaging studies. Therefore,
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assessing the extent of DCIS during surgery is important.
In our study, microcalcifications were usually discovered in
patients with DCIS, and we assume that microcalcifications
on mammography indicate the presence of DCIS or inva-
sive cancer with DCIS. We also found an association
between mammographic density and margin status. Several
previous studies have documented the association between
dense breasts and columnar cell lesions, hyperplasia
without atypia, atypical hyperplasia, and even carcinoma in
situ or breast cancer [28-30]. Based on these results, we
can infer that epithelial hyperplasia or atypical lesions
would be more frequently observed adjacent to invasive
breast cancers or DCIS in dense breasts, and these char-
acteristics of the dense breasts could be risk factors for
positive resection margins.

A novel finding of our study was that a tumor appearing
larger on MRI than US was a predictive for margin status.
In previous studies, breast MRI has shown higher accuracy
for DCIS and for invasive breast cancer with DCIS than
mammography or US [31, 32]. Breast MRI enhanced
nonmalignant lesions such as atypical ductal hyperplasia,
lobular carcinoma in situ, ductal hyperplasia, and fibrosis
[33], whereas US tended to underestimate the presence of
intraductal components [34, 35]. We previously reported
that breast MRI was more accurate than US for predicting
tumor extent in patients with invasive cancer with DCIS or
pure DCIS, whereas both breast MRI and US were useful
for measuring the tumor sizes of invasive breast cancers
without DCIS [36]. The difference in sizes determined by
MRI and US might be related to the differences in imaging
capabilities and reflect hidden DCIS or invasive cancer
with DCIS that were not apparent on US images.

The association of the finding of DCIS on needle biopsy
with margin status after BCS has also been previously
reported [27, 37, 38]. Similar to earlier reports, we found
by multivariate analysis that the presence of DCIS was a
strong predictor of positive resection margins. We assume
that DCIS could be detected by needle biopsy when the
tumor consisted of pure DCIS or when a relatively high
proportion of DCIS was adjacent to invasive breast cancer.
Lobular histology has also been known to be a risk factor
for positive margins [39]. In our study, most breast tumors
with lobular components such as invasive lobular cancer or
lobular carcinoma in situ were underestimated by preop-
erative US and MRI, which might have resulted in
incomplete surgical excisions.

This study has strengths compared with others in the lit-
erature. First, we assembled a relatively large cohort of
patients with complete results from imaging, including
breast MRI and US, and pathologic examinations. Second,
all patients’ data were consistently maintained by experi-
enced radiologists and pathologists as well as breast sur-
geons. However, this study also has several limitations. First,

this was a retrospective study and there may be bias in the
analysis of data. Second, this was a single-institution study,
which might have resulted in variations in the interpretations
of preoperative US and MRI. Furthermore, a prospective and
multi-institutional study is needed to address this issue and
assess external validity of our nomogram.

In summary, using multivariate analysis, we identified 5
variables predictive of positive resection margins in excised
specimens of patients undergoing BCS. The variables were
microcalcifications, grade of mammographic density,
>0.5 cm difference in tumor size between MRI and US,
DCIS on needle biopsy, and lobular histology on needle
biopsy. Based on the results of multivariate analysis, we
developed a new nomogram to determine the probability of
positive resection margins, and validated the nomogram
using an independent cohort of breast cancer patients.
Because of the high accuracy and convenience of the
nomogram, its preoperative application to patients with
invasive breast cancer or in situ cancer may allow breast
surgeons to individualize surgical planning with regard to
obtaining clear resection margins. If the nomogram indicates
that the excised specimen will have a high probability of
positive resection margins, the surgeon can perform a wider
excision or use frozen section analysis to obtain clear
resection margin during the initial BCS. In addition, the
results of nomogram analysis can help patients understand
the possibility of undergoing additional procedures because
of positive resection margins, and help the patient choose a
surgical option surgery.
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