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a b s t r a c t

Background: Breast-conserving therapy, consisting of lumpectomy and adjuvant radiotherapy, is con-
sidered standard treatment for early-stage breast cancer. One of the most important risk factors of local
recurrence is the presence of positive surgical margins following lumpectomy. We aimed to develop and
validate a predictive model (nomogram) to predict for positive margins following the first attempt at
lumpectomy as a preoperative tool for clinical decision-making.
Methods: Patients with clinical T1e2N0e1Mxe0 histology-proven invasive breast carcinoma who under-
went BCT throughout the North-East region of The Netherlands between June 2008 and July 2009 were
selected from the Netherlands Cancer Registry (n ¼ 1185). Results from multivariate logistic regression
analyses served as the basis for development of the nomogram. Nomogram calibration and discrim-
ination were assessed graphically and by calculation of a concordance index, respectively. Nomogram
performance was validated on an external independent dataset (n ¼ 331) from the University Medical
Center Groningen.
Results: The final multivariate regression model included clinical, radiological, and pathological variables.
Concordance indices were calculated of 0.70 (95% CI: 0.66e0.74) and 0.69 (95% CI: 0.63e0.76) for the
modeling and the validation group, respectively. Calibration of the model was considered adequate in
both groups. A nomogram was developed as a graphical representation of the model. Moreover, a web-
based application (http://www.breastconservation.com) was build to facilitate the use of our nomogram
in a clinical setting.
Conclusion: We developed and validated a nomogram that enables estimation of the preoperative risk of
positive margins in breast-conserving surgery. Our nomogram provides a valuable tool for identifying
high-risk patients who might benefit from preoperative MRI and/or oncoplastic surgery.

� 2013 Elsevier Ltd. All rights reserved.

Introduction

Breast-conserving therapy (BCT), consisting of lumpectomy and
adjuvant radiotherapy, is considered standard treatment for early-
stage breast cancer.1,2 The presence of a positive (surgical) margin,
usually defined as tumor cells being present at the inked margin of

the lumpectomy specimen, has been reported to be the most
consistent risk factor for local recurrence (LR) following BCT.3,4 The
percentage of patients with positive margins following the first
attempt at lumpectomy ranges from 20 to 40% in the majority of
studies.5 To reduce the risk of LR in the case of positive margins,
additional surgery and/or radiotherapy are required with adverse
affects on cosmesis, psychological distress, and health costs.6

Previous studies reported large tumor size, lobular histological
type, positive N-stage, multifocal disease, lymphovascular invasion,
co-existing ductal carcinoma in situ (DCIS), microcalcifications on
mammography, and young age to be independent risk factors asso-
ciated with positive margins following lumpectomy (Supplemental
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Table 1). To allow for simultaneous consideration of multiple risk
factors, statistical tools can be applied to calculate the overall prob-
ability of a specific outcome.7 These so-called nomograms are tail-
ored to the profile of an individual patient.8 User-friendly graphical
interfaces and web-based calculators can facilitate the use of no-
mograms in clinical practice.

Several nomograms have been developed in the field of breast
cancer, including one for predicting the risk of positive surgical
margins after BCT.9 However, this study was based and validated on
single-center data, which might impair generalizability of the
model. The aims of the current study were: i) to develop a user-
friendly graphical and web-based nomogram based on multi-
center data to predict individual probability of positive margins
following the first attempt at lumpectomy based on clinicopatho-
logical variables and ii) to validate the nomogram in an indepen-
dent dataset.

Methods

Patient population

A modeling and a validation group were constituted for devel-
opment and validation of the nomogram, respectively. The mod-
eling group consisted of breast cancer patients selected from the
Netherlands Cancer Registry (NCR). Based on pathological notifi-
cation through the PALGA (automated pathology archive) system,10

trained registration clerks gathered data concerning patient, tumor,
and treatment characteristics from the patient files. Additionally,
the NCR registered surgical margin status following lumpectomy
between June 2008 and July 2009. During this time frame, data was
collected from 1495 patients who underwent BCT in one of 24 in-
stitutions throughout the North-East region of the Netherlands.

Supplemental radiological and clinical variables were collected
retrospectively for 1349 patients from 20 out of 24 institutions.
Three institutions were excluded due to a relatively limited con-
tribution to theNCRdatabase (<15 patients). One institution did not
participate because of a change in the preoperative work-up during
the investigated time frame, which might have influenced surgical
outcome. Approval was obtained from the institutional review
board of all participating institutions prior to initiation of the study.

Women with clinical T1e2N0e1Mxe0 histology-proven invasive
breast carcinoma who underwent BCT were included in the study.
Patients with unconfirmed malignancy prior to surgery, undefined
margin status, neo-adjuvant treatment, or absence of reported
radiological tumor size were excluded. A total of 1185 out of 1349
patients (88%) were eligible for the modeling group.

The validation group consisted of 439 patients who underwent
BCT at the University Medical Center Groningen (UMCG), Gronin-
gen, The Netherlands between July 2004 and June 2008 or July
2009 and May 2011. Patients who underwent BCT between June
2008 and July 2009 were assigned to the modeling group as they
were part of the NCR database. Inclusion and exclusion criteria
were identical to those applied in themodeling group. A total of 331
patients (75%) were eligible for the validation group.

Clinicopathological evaluation

The following variables were incorporated from the NCR data-
base: surgical margin status, age, preoperative N-stage, preopera-
tive T-stage, tumor location, histological type, histological grade,
estrogen receptor (ER) status, progesterone receptor (PR) status,
Her2/neu receptor status, and presence of co-existing DCIS.

Positive surgical margin status was defined as microscopically
confirmed invasive carcinoma (IC) and/or DCIS at the inked margin
of the lumpectomy specimen following the first attempt at

lumpectomy. Staging was performed according to the fifth edition
of the TNM atlas. Preoperative T-stage was based on the maximum
tumor diameter as measured on MRI (if available) or
ultrasonography. Preoperative N-stage was based on clinical and/or
radiological examination as well as preoperative histological ex-
amination (if available) of the axillary region. Topography and
morphology were coded according to the International Classi-
fication of Diseases for Oncology (ICD-O).11 Grading of invasive
carcinoma was scored according to the Nottingham (Elston-Ellis)
modification of the ScarfeBloomeRichardson grading system.
Positivity of estrogen and progesterone receptors was defined as at
least 10% of immunostained nuclei of tumor cells. HER2/neu status
was considered positive in case of Her2/neu 3þ (strong and com-
plete membranous expression in >30% of tumor cells) or Her2/neu
2þ (weak complete membranous expression in >10% of tumor
cells) confirmed with positive fluorescence in situ hybridization.
Co-existing DCIS was defined as the presence of any DCIS compo-
nent. All pathological variables were assessed on final pathology
due to the fact that no preoperative core needle biopsy (CNB) was
routinely performed in the vast majority of patients.

The NCR database was supplemented with data collected from
patient files at the participating institutions, including clinical
(family history, referral from screening, palpability, breast cup size,
andprior surgery to the ipsilateral breast), and radiological variables
(BI-RADS classification, suspicion ofmultifocality, preoperativeMRI,
microcalcifications, density of the breast, and area of the breast on
the preoperative digitalmammogram). Family historywas recorded
as negative, first-degree (FDR), or second-degree relatives (SDR).
Tumors were classified as non-palpable if a needle-localization
procedure was required for excision. BI-RADS classification was
recorded according to the fourth edition of the Breast Imaging
Reporting andData System.12 Suspicion ofmultifocalitywas defined
as the presence of two ormore tumor foci within the same quadrant
of the ipsilateral breast as assessed on MRI (if available) or
radiography. The presence of microcalcifications was assessed on
mammography and reported as present or absent. Density of the
breast was assessed on mammograms and reported as one out of
four BI-RADS categories: mostly fatty (0e25% dense), scattered
fibroglandular tissue (25e50% dense), heterogeneously dense (50e
75% dense), and extremely dense (75e100% dense).12 Area of the
breast was determined in square millimeters by manually delin-
eating the breast on the lateral projection of the preoperative digital
mammogram. Calculations were performed using the default radi-
ological software package available at each hospital. Last, post-
operativevariableswere scored for thepurposeof describingpatient
and tumor characteristics, including postoperative T-stage, post-
operative N-stage, weight of the excised lump, and tumor-to-lump
index (defined as the maximum tumor diameter in millimeters
divided by the weight of the excised lump in grams).

Within the validation group, clinicopathological variables were
collected from patient files in the UMCG database. Variables were
scored identically to those in the modeling group.

Statistical analysis

The primary outcome for this study was the proportion of
positive surgical margins following lumpectomy. Multivariate lo-
gistic regression analysis (MVA) was used to test the association
between clinicopathological variables and the likelihood of positive
margins. Stepwise backward variable selection was performed to
determine informative variables based on the corrected Akaike’s
Information Criterion (AICc).13 The nested model with the lowest
AICc value was used to construct a graphical nomogram. A corre-
sponding web-based calculator was developed. Moreover, a second
calculator was developed including solely clinical and radiological
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