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Abstract

Objectives Positive resection margins after breast-conserving surgery (BCS) most often demands a repeat surgery.
To preoperatively identify patients at risk of positive margins, a multivariable model has been developed that predicts
positive margins after BCS with a high accuracy. This study aimed to externally validate this prediction model to
explore its generalizability and assess if additional preoperatively available variables can further improve its predictive
accuracy. The validation cohort included 225 patients with invasive breast cancer who underwent BCS at Aarhus
University Hospital, Aarhus, Denmark during 2020-2022. Receiver operating characteristic (ROC) and calibration
analysis were used to validate the prediction model. Univariable logistic regression was used to evaluate if additional
variables available in the validation cohort were associated with positive margins and backward elimination to explore
if these variables could further improve the model’s predictive accuracy.

Results The AUC of the model was 0.60 (95% Cl: 0.50-0.70) indicating a lower discriminative capacity in the external
cohort. We found weak evidence for an association between increased preoperative breast density on mammography
and positive resection margins after BCS (p=0.027), but the AUC of the model did not improve, when mammographic
breast density was included as an additional variable in the model.
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Introduction

Breast cancer is the most common cancer among women
worldwide [1]. The standard treatment of invasive breast
cancer is breast-conserving surgery (BCS) followed by
radiotherapy [2, 3]. It is well established that women
undergoing BCS may require additional surgeries, due to
positive resection margins with invasive or non-invasive
cancer in the final histopathology with reported preva-
lence from 5% up to 42% [4, 5]. The high variability in
reported prevalences of repeat surgeries is due to use of
different inclusion criteria like invasive cancer only or
combined invasive and in situ breast cancer [6—14], and
the use of different definitions for margin positivity [15].

Repeat surgery increases risk of anxiety for the patients
[16], impairs the cosmetic outcome [17], prolongs the
time to systemic treatment [4, 18], and increases health
care costs [19].

To identify patients at high risk of positive margins
following BCS, various prediction models have been
developed [8-11, 14], but only few of these have been
externally validated [20-22].

In 2021, Ellbrant et al. published a multivariable model
that predicted positive margins after BCS with an area
under the ROC curve (AUC) of 0.80 using 7 preoperative
available variables:

(1) Invasive lobular cancer, (2) ductal carcinoma in situ
(DCIS), (3) tumor size, (4) no visible tumor on mammog-
raphy, (5) mammographic microcalcifications, (6) dis-
tance to the nipple-areola complex (NAC) less than 5 cm,
and (7) planned oncoplastic surgery [10]. The generaliz-
ability of this model to a non-Swedish setting has not yet
been investigated. Other studies have also found an asso-
ciation between high mammographic breast density and
positive margins after BCS [5, 8, 23].

The primary aim of the present study was to externally
validate the prediction model.

A secondary aim was to explore if additional variables,
such as high mammographic breast density predicts
positive margins after BCS and can further improve the
accuracy of the model in the validation cohort.

Methods

Validation cohort

This observational cohort study included women in
the validation cohort from a previous randomized con-
trolled trial [5] with invasive breast cancer confirmed
by core-needle biopsy, age years>18 that underwent
BCS between September 2020 and January 2022 at the
Department of Plastic and Breast Surgery, Aarhus Uni-
versity Hospital, Aarhus, Denmark. Two of the patients
with DCIS without invasive cancer in the core-needle
biopsy were included unintentionally in the previous ran-
domized trial. We decided to include these two patients
in this present study, as DCIS was not an exclusion
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criterion in the development cohort. Patients treated
with a planned mastectomy, or with neoadjuvant chemo-
therapy (NACT) were excluded.

A positive histopathological resection margin was
defined as a 0 mm margin for invasive cancer, and <2 mm
for DCIS [24-26].

Statistical analysis

The available data from the original study was extracted
[5, 27] and used for the external validation. Hence, no
formal sample size calculation was performed. Associa-
tions between categorical predictors of the model and
positive resection margins after BCS, were analyzed
using univariable logistic regression analysis. Compari-
son of patient and tumor characteristics between the
cohorts was performed using independent samples t-test
for the continuous variables and Pearson’s chi-squared
test or Fisher’s exact test for the categorical variables.
Linear regression was used to test for trend for categori-
cal variables with more than two ordered categories.

One of the predictors, the dichotomized distance to
the nipple-areola complex, had 34 missing values in the
validation cohort (Table 1). To be able to include also
patients with incomplete data, ten complete datasets
were created using a logistic regression model [28] and
the missing at random (MAR) assumption was fulfilled
conditional for the imputation model. However, DCIS
was excluded from the imputation model due to low
prevalence (2/225) and tumor visibility on mammogra-
phy because of collinearity. To strengthen the support
for the (MAR) assumption, mammographic breast den-
sity was added to the logistic imputation model as 70%
(24/34) of the patients with missing values had increased
mammographic breast density.

External validation of the model [10] was performed by
comparison of the predicted probability of positive resec-
tion margins for each patient according to the model
and the histopathological margin status. Discrimina-
tion between positive and clear margins was quantified
by AUC and the calibration illustrated using a Hosmer-
Lemeshow graph.

Performance measures summarizing model discrimi-
nation (AUC) and calibration (calibration slope and
intercept) were calculated as averages over the ten impu-
tations. Backward elimination logistic regression analysis
was used to explore if any of the additional imaging vari-
ables could be used to improve the model s AUC.

The variables in the original prediction model were not
subject to selection or reweighting.

Stata 17 (StataCorp, 2021, College Station, Texas, USA)
was used for all the statistical analyses.
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Table 1 Patient characteristics of the 225 study patients in the validation cohort

Total Clear Positive margins (%) 0Odds Ratio P
(%) margins (%) n=41 (95% ClI) value
n=225 n=184
Demographic characteristics
Age, years [mean (min-max)] 65 (32-90) 65 (32-90) 63 (45-86) 098 (0.95,1.01) 0.288°
<50 13 (5.8) 1(6.0) 2(49) 6(0.25,7.30)
50-59 51(22.7) 37(20.1) 14 (34.1) 284 (1.09,747)
60-69 93 (41.3) 76 (41.3) 17 (41.5) 68 (0.68,4.15)
>70 68 (30.2) 60 (32.6) 8(19.5) 00 (reference) 0.098°
Radiological features
Visibility on mammography 196 (87.1) 164 (89.1) 32(78.1) 1.00 (reference) 0.061°
Visible 29 (12.9) 20 (10.9) 9(22.0) 2.31(0.96,5.52)
Not visible
Mammographic tumour size, mm
[median (min-max)] 14 (4-77) 13.5 (4-49) 14 (4-77) 1.019 (0.979, 1.061) 0.358°
<20(T1) 161 (71.6) 137 (74.4) 24 (58.5) 1.00 (reference) 0.255°
21-50(T2) 30(13.3) 23 (12.5) 7(17.1) 1.74 (0.67,4.50)
Not visible 29(12.9) 20(10.9) 9(22.0) 2.57(1.05,6.31)
Not measurable* 522 42.2) 1(24) 143(0.15,13.32)
Mammaographic calcifications 27 (12.0) 20(10.9) 7(17.1) 1.69 (0.66,4.31) 0.273°
Yes 198 (88.0) 164 (89.1) 34 (82.9) 1.00 (reference)
No
Mammographic distance NAC (cm) 45 (20.0) 34(185) 11(26.8) 2.04 (0.89, 4.66) 0.092°
<5 146 (64.9) 126 (68.5) 20 (48.8) 1.00 (reference)
>5 34 (15.1) 24 (13.0) 10 (24.4)
Missing**
Ultrasonographic tumour size, mm
[mean (min-max)] 13 (3-40) 13 (4-40) 14 (3-37) 1.027 (0.975,1.081) 03172
<20(T1) 190 (84.4) 160 (87.0) 30(73.2) 1.00 (reference) 0.095°
21-50(T2) 32(14.2) 23(12.5) 9(22.0) 2.09 (0.88,4.95)
Not visible 3(1.33) 1(0.5) 2(4.9) 10.67 (0.94,121.39)
Clinical-pathological findings
Palpability 107 (47.6) 85 (46.2) 22 (53.7) 1.00 (reference) 0.388°
Palpable 118 (52.4) 99 (53.8) 19 (46.3) 0.74 (0.38, 1.46)
Non-palpable
Tumour location
Superior medial quadrant 41(18.2) 29(15.8) 12 (29.3) 00 (reference) 0.051°
Superior lateral quadrant 134 (59.6) 117 (63.6) 17 (41.5) O 35 (0.15,0.82)
Inferior lateral quadrant 23(10.2) 17 (9.2) 6(14.6) 0.85(0.27,2.69)
Inferior medial quadrant 15(6.7) 11(6.0) 4(9.7) 0.88 (0.23,3.31)
Retromammillary 12 (5.3) 10 (54) 2 (4.9) 0.48 (0.09, 2.54)
Core-needle biopsy Lobular cancer 32(14.2) 24 (13.0) 8(19.5) 62 (0.67,3.91) 0.287°
Yes 193 (85.8) 160 (87.0) 33(80.5) 00 (reference)
No
Core-needle biopsy: DCIS 2(0.9) 1(0.5) 1(24) 458 (0.28,74.70) 0.332°
Yes 223 (99.1) 183 (99.5) 40 (97.6) 1.00 (reference)
No
Type of surgery
Partial mastectomy 214(95.1) 177 (96.2) 37(90.2) 1.00 (reference) 0.123°
Oncoplastic partial mastectomy 11 (4.9) 7(3.8) 4(9.8) 2.73(0.76,9.82)
Additional clinical characteristics
Menopausal status 31(13.8) 22 (12.0) 9(22.0) 2.07(0.87,4.91) 0.098°2
Premenopausal 194 (86.2) 162 (88.0) 32 (78.0) 1.00 (reference)
Postmenopausal

Additional radiological features
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Table 1 (continued)
Total Clear Positive margins (%) Odds Ratio P
(%) margins (%) n=41 (95% Cl) value
n=225 n=184
Breast density mammography 39(17.3) 34(185) 5(12.2) 1.00 (reference) 0.027°
A 111 (49.3) 93 (50.5) 18 (43.9) 1.31(0.45,3.82)
B 66 (29.3) 53(2838) 13(31.7) 1.67 (0.55,5.10)
C 9(4.0) 4(2.2) 5(12.2) 8.50 (1.69,42.76)
D
Breast magnetic resonance imaging 65 (28.9) 48 (26.1) 17 (41.5) 2.01(0.99,4.05) 0.052°
Yes 160 (71.1) 136 (73.9) 24 (58. 1.00 (reference)
No

Abbreviations: n, number of patients; Cl, Confidence Interval; NAC, Nipple-aerola-complex; DCIS, ductal carcinoma in situ, a) Univariable logistic regression analysis,
b) Chi-square test for trend and c) Fischer’s exact test. *In 5 cases, the tumour was identified on mammography but the tumour margins where not clearly visible,
with no measurable tumour. **Missing due to no visible tumour in 29 cases and no measurable tumour in 5 cases

Results

Validation cohort

The validation cohort included 225 women with inva-
sive breast cancer who underwent BCS. The median
age was 65 years and the median tumor size on mam-
mography 14 mm (Table 1). The support for associations
between the predicting variables of the model and posi-
tive resection margins after BCS was in general low in
the validation cohort (Table 1). A non-linear trend was
observed for age with the highest odds of positive resec-
tion margins in the age category 50-59 years (Table 1),
OR=2.84 (95% CI: 1.09; 7.41) versus the chosen refer-
ence group>70 years. Furthermore, weak evidence for
an association between increased preoperative breast
density on mammography and positive resection margins
after BCS (p=0.027) was observed (Table 1).

Comparison with the development cohort

The proportion of patients with positive resection mar-
gins after BCS in the external validation cohort was
18.2% (41/225), and 18.4% (41/223) when calculated for
invasive cancers only (Table 1). The corresponding pro-
portion of patients with positive margins in the develop-
ment cohort was 17.8% (77/432), (Additional Figs. 1) and
13.6% (49/361), when calculated for invasive cancers only
[10]. The cohorts were comparable regarding three out of
the seven predictors in the model: Mammographic tumor
size, distance from NAC, and percentage of patients with
lobular cancer (Additional Table 1). However, the exter-
nal validation cohort had a lower percentage of patients
with pure DCIS (0.9% vs. 11.1%, p<0.001); lower per-
centage of patients with microcalcifications on mam-
mography (12.0% vs. 26.6%, p <0.001); lower percentage
of oncoplastic surgeries (4.9% vs. 28.5%, p<0.001), and
a higher percentage of patients with no visible tumor on
preoperative mammography (12.9% v. 6.5%, p=0.006),
respectively (Additional Table 1).

External validation of the prediction model

The distribution patterns of the predicted probabili-
ties of positive resection margins were relatively similar
between the cohorts (Fig. 1a and b), although there was
a higher proportion of patients in the validation cohort
with a predicted 5-10% risk of positive resection mar-
gins, compared to the development cohort. The accu-
racy of the prediction model to discriminate between
patients with positive margins and patients with clear
resection margins after BCS in the development and in
the validation cohorts, respectively, is illustrated by the
ROC curves (Fig. 1c and d). The multivariable model pre-
dicted positive resection margins after BCS in the vali-
dation cohort with an AUC of 0.57 (95% CI: 0.45; 0.69)
for the 191 patients with complete data and with a mean
AUC of 0.60 (95% CI: 0.50—0.70) as in Fig. 1d over the
ten imputed datasets of all the 225 patients (Additional
Fig. 2), including the 34 cases in the validation cohort
with missing values for distance to NAC (Table 1). The
mean AUC of the extended model was not improved:
0.60 (95% CI: 0.48-0.71), when adding mammographic
density as an additional preoperative variable to the pre-
diction model.

Agreement between the predicted probabilities and
the observed relative frequencies of positive margins is
illustrated in the calibration curve of Hosmer-Lemeshow
(Fig. 2) that was relatively good for 80% of the patients.
For 10% of the patients with a low predicted risk of posi-
tive margins after BCS, the model underestimated the
risk of positive resection margins. For the last 10% of the
patients with the highest predicted risks of positive resec-
tion margins after BCS, the model overestimated the risk
of positive margins after BCS. The underestimation of
low risks and the overestimation of high risks lead to a
mean calibration slope of 0.25 over the 10 imputed datas-
ets and the mean calibration intercept was - 0.06 (Fig. 2).

Discussion
External validation of a prediction model is important
but rarely performed [29, 30].
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Fig. 1 Predicted probabilities and receiver-operating characteristics curves

We present external validation of a multivariable model
predicting positive resection margins after BCS with an
AUC of 0.60. One explanation for the low AUC is the dif-
ferences in patient and tumor characteristics between the
validation and development cohort. For example, DCIS,
one of the strongest predictors in the original model,
only 0.9% (2/225) of the patients in the validation cohort
had DCIS vs. 11.1% (48/432) in the development cohort
[10]. Another explanation for the lower AUC in the vali-
dation cohort is pure chance related to the small sample
size of the validation cohort. The validation cohort had
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a lower fraction of patients with mammographic micro-
calcifications as compared to the development cohort
due to the lower prevalence of DCIS and a higher per-
centage of patients with no visible tumor on preoperative
mammography. This could be due to a higher proportion
of patients with dense breasts in the validation cohort,
although we do not have data on mammographic breast
density from the development cohort, as this was not
routinely reported at the Swedish site. In the develop-
ment cohort more oncoplastic surgeries were performed,
a technique which has shown to reduce the percentages
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Fig.2 Hosmer-Lemeshow calibration graph for the validation cohort

of positive margins after BCS, due to larger volume of
excised breast tissue [31, 32]. This could explain the
lower number of positive margins in the development
vs. the validation cohort, when calculated per number of
invasive cancers.

The prediction model of Ellbrant et al. has previously
been externally validated in a smaller sample size of 157
in situ and invasive breast cancer patients with an AUC
of 0.75 [10]. The initial external validation cohort from
Sweden had similar settings and patient demographics as
in the original model, which may explain a higher AUC
than that observed in the Danish validation cohort.

Two studies [20, 21] from different countries have pre-
viously performed external validation of a multivariable
prediction model of positive margins after BCS by Plei-
jhuis et al. [14]. Ribeiro AL et al. [20] found a low perfor-
mance of the model with an AUC of 0.51. Agostinho et
al. [21] found no correlation between the predicting vari-
ables of the model and positive resection margins after
BCS in their validation cohort. The poor external valid-
ity of these prediction models was mainly due to different
settings and guidelines defining the outcome between the
sites, indicating that external validation for prediction of
positive resection margins is difficult to perform and site
dependent.

We found that the additional available variable, high
mammographic breast density in the validation cohort
was associated with positive resection margins. This is in
accordance with three previous studies that have shown
an association between high mammographic breast den-
sity and positive resection margins [7, 8, 23], although
other studies could not confirm that [12, 22, 33]. When
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adding mammographic breast density to the model, the
AUC did not improve in the validation cohort, probably
due to the low prevalence in the highest breast density
category D.

The strength of this study is that at both sites, identical
guidelines were used for defining a positive margin after
BCS. Another strength is the use of multiple imputations
of missing data to reduce the risk of selection bias, using
as much of the validation dataset as possible.

In conclusion, the accuracy of the model to predict
positive margins after BCS in the validation cohort was
lower compared to the development cohort and did not
further improve when mammographic breast density was
included to the model, underscoring the difficulties in
development of generalizable prediction models.

Limitations

+ Validation cohort: Low prevalence of the key
predictors, DCIS in the core-needle biopsy and of
oncoplastic surgeries.

« Several of the predictors had a distribution different
from the development cohort or were retrospectively
collected (distance to the NAC, microcalcifications
and tumor size on mammography).

+ Relatively small size of the validation cohort.

Abbreviations

BCS Breast-conserving surgery

ROC Receiver operating characteristic
AUC Area under the curve

DaIs Ductal carcinoma in situ
NACT  Neoadjuvant chemotherapy
MAR Missing at random

NAC Nipple-Areola complex

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/513104-025-07103-8.

[ Supplementary Material 1 J

Acknowledgements

We acknowledge all the women that participated in the study at both breast
sites. We thank the Department of Plastic and Breast surgery, Radiology and
Pathology at Aarhus University Hospital and the Swedish breast site for their
collaboration.

Author contributions

Author IPM included the patients, collected data, performed data analysis,
and wrote 1st draft of the manuscript, the following revisions, and the final
manuscript. Author JE contributed with the study design, planning of the
study, supervised IPM and revised the manuscript. The statistician, author
POB performed the statistical analysis together with IPM and revised the
manuscript. Author SR analyzed the preoperative imaging analysis of the
patients and revised the manuscript. Author AB and TT both revised the
manuscript. Author PC and LR initiated the study, supervised IPM, designed
the study, revised the manuscript, and share the role as last author. All authors
gave written consent for the final version of the manuscript to be published.


https://doi.org/10.1186/s13104-025-07103-8
https://doi.org/10.1186/s13104-025-07103-8

Manhoobi et al. BMC Research Notes (2025) 18:36

Funding

Open access funding provided by University of Southern Denmark

This study was funded by Novo Nordisk Foundation [NNF190C0057928];
Jascha Fonden [7721]; Helsefonden [19-B-0017]; Riisfort Fonden; Danish
Cancer Society [R231-A13754]; Aage og Johanne Louis-Hansen's Fond [19-2B-
5418]; The governmental Funding of Clinical Research in the National Health
Service (ALF) [2022-4030]; Maggie Stephens Stiftelse [20232047] and Gunnar
Nilssons Cancerstiftelse [GN-2023-16-312]. The sponsors were not involved in
the design, data collection, management, data analysis, interpretation of the
results, preparation of the manuscript or in the decision to submit the article
for publication.

Data availability

All data of the included patients in the validation cohort were extracted
from the patient’s medical file and captured in the Research Electronic Data
Capture system. Data is available by contact to the corresponding author
upon reasonable request.

Declarations

Consent for publication
Informed oral and written consent was obtained from the study patients to
use their de-identified data for research use and publication.

Competing interests
The authors declare no competing interests.

Ethical approval and consent to participate

Informed consent to participate in the study was obtained from all study
participants and was approved by the Institutional Review Board: The Ethics
Committee for Central Region of Denmark (1-16-02-141-20) and the Danish
Data Protection Agency (1-10-72-100-20).

Received: 31 July 2024 / Accepted: 13 January 2025
Published online: 27 January 2025

References

1. Sung H, Ferlay J, Siegel RL. GLOBOCAN incidence and mortality rates of
cancers worldwide 2020. CA CANCER J CLIN. 2021;71:209-49.

2. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et al.
Twenty-year follow-up of a Randomized Trial comparing total mastectomy,
lumpectomy, and Lumpectomy plus irradiation for the treatment of invasive
breast Cancer. N Engl J Med. 2002;347:1233-41. https://doi.org/10.1056/nejm
0a022152.

3. Umberto Veronesi N, Cascinelli L, Mariani M, Greco. Twenty-year follow-up
of a randomized study comparing breast-conserving surgery with radical
mastectomy for early breast cancer. N Engl J Med. 2002;347:1227-32. https://
doi.org/10.1056/nejmoa020989.

4. McCahill LE, Single RM, Aiello Bowles EJ, Feigelson HS, James TA, Barney T, et
al. Variability in reexcision following breast conservation surgery. JAMA - J Am
Med Association. 2012;307:467-75. https.//doi.org/10.1001/jama.2012.43.

5. Palimaru Manhoobi |, Tramm T, Redsted S, Bodilsen A, Foldager L, Christian-
sen P. Digital breast tomosynthesis versus X-ray of the breast specimen for
intraoperative margin assessment: a randomized trial. Breast. 2024;73:103616.
https://doi.org/10.1016/j.breast.2023.103616.

6. Bodilsen A, Bjerre K, Offersen BV, Vahl P, Ejlertsen B, Overgaard J, et al. The
influence of repeat surgery and residual disease on recurrence after breast-
conserving surgery: a Danish breast Cancer Cooperative Group Study. Ann
Surg Oncol. 2015;22:476-85. https://doi.org/10.1245/510434-015-4707-9.

7. Gommers JJJ, Duijm LEM, Bult P, Strobbe LJA, Kuipers TP, Hooijen MJH et al.
The impact of preoperative breast MRI on Surgical Margin Status in breast
Cancer patients recalled at Biennial Screening Mammography: an Observa-
tional Cohort Study. Ann Surg Oncol 2021. https://doi.org/10.1245/510434-02
1-09868-1

8. Shin HC, Han' W, Moon HG, Cho N, Moon WK, Park IA, et al. Nomogram for
predicting positive resection margins after breast-conserving surgery. Breast
Cancer Res Treat. 2012;134:1115-23. https://doi.org/10.1007/510549-012-212
4-3.

20.

21.

22.

23.

24.

25.

26.

27.

Page 7 of 8

Barentsz MW, Postma EL, van Dalen T, van den Bosch MAAJ, Miao H,
Gobardhan PD, et al. Prediction of positive resection margins in patients with
non-palpable breast cancer. Eur J Surg Oncol. 2015;41:106-12. https://doi.org
/10.1016/j.6j50.2014.08474.

Ellbrant J, Gulis K, Plasgard E, Svensjo T, Bendahl PO, Rydén L. Validated
prediction model for positive resection margins in breast-conserving surgery
based exclusively on preoperative data. BJS Open. 2021;5. https://doi.org/10.
1093/bjsopen/zrab092.

Zhao R, Xing J, Gao J. Development and validation of a prediction model for
positive margins in breast-conserving surgery. Front Oncol. 2022;12. https./d
0i.0rg/10.3389/fonc.2022.875665.

Edwards BL, Guidry CA, Larson KN, Novicoff WM, Harvey JA, Schroen AT. Does
Mammographic Density have an impact on the Margin Re-excision Rate after
breast-conserving surgery? Ann Surg Oncol. 2016;23:782-8. https://doi.org/1
0.1245/510434-015-4917-1.

Rath MG, Uhlmann L, Heil J, Domschke C, Roth Z, Sinn HP, et al. Predictors of
residual tumor in breast-conserving therapy. Ann Surg Oncol. 2015;22:451-8.
https://doi.org/10.1245/510434-015-4736-4.

Pleijhuis RG, Kwast ABG, Jansen L, de Vries J, Lanting R, Bart J, et al. A validated
web-based nomogram for predicting positive surgical margins following
breast-conserving surgery as a preoperative tool for clinical decision-making.
Breast. 2013;22:773-9. https://doi.org/10.1016/j.breast.2013.01.010.

Brouwer de Koning SG, Vrancken Peeters MITFD, JoZwiak K, Bhairosing PA,
Ruers TJM. Tumor resection margin definitions in breast-conserving surgery:
systematic review and Meta-analysis of the current literature. Clin Breast
Cancer. 2018;18:2595-600. https://doi.org/10.1016/.clbc.2018.04.004.

Amiel CR, Fisher HM, Carver CS, Antoni MH. The importance of stress
management among postresection breast cancer patients. Future Oncol.
2016;12:2771-4. https://doi.org/10.2217/fon-2016-0442.

Heil J, Breitkreuz K, Golatta M, Czink E, Dahlkamp J, Rom J, et al. Do reexci-
sions impair aesthetic outcome in breast conservation surgery? Exploratory
analysis of a prospective cohort study. Ann Surg Oncol. 2012;19:541-7. https:
//doi.org/10.1245/510434-011-1947-1.

Jeevan R, Cromwell DA, Trivella M, Lawrence G, Kearins O, Pereira J, et al.
Reoperation rates after breast conserving surgery for breast cancer among
women in England: retrospective study of hospital episode statistics. BMJ
(Online). 2012;345. https://doi.org/10.1136/bmj.e4505.

Grant Y, Al-Khudairi R, St John E, Barschkett M, Cunningham D, Al-Mufti R, et
al. Patient-level costs in margin re-excision for breast-conserving surgery. Br J
Surg. 2019;106:384-94. https://doi.org/10.1002/bjs.11050.

Alves-Ribeiro L, Osério F, Amendoeira |, Fougo JL. Positive margins prediction
in breast cancer conservative surgery: Assessment of a preoperative web-
based nomogram. Breast. 2016;28:167-73. https://doi.org/10.1016/j.breast.20
16.05.009.

Agostinho JL, Zhao X, Sun' W, Laronga C, Kiluk JV, Chen DT, et al. Prediction of
positive margins following breast conserving surgery. Breast. 2015;24:46-50.
https://doi.org/10.1016/j.breast.2014.11.001.

Jung JJ, Kang E, Kim EK, Kim SM, Jang M, La Yun B, et al. External validation
and modification of nomogram for predicting positive resection margins
before breast conserving surgery. Breast Cancer Res Treat. 2020;183:373-80.
https://doi.org/10.1007/510549-020-05779-z.

Walsh SM, Brennan SB, Zabor EC, Rosenberger LH, Stempel M, Lebron-Zapata
L, et al. Does breast density increase the risk of re-excision for women

with breast Cancer having breast-conservation therapy? Ann Surg Oncol.
2019;26:4246-53. https://doi.org/10.1245/510434-019-07647-7.

Moran MS, Schnitt SJ, Giuliano AE, Harris JR, Khan SA, Horton J, et al. Society
of surgical oncology-american Society for Radiation Oncology consensus
guideline on margins for breast-conserving surgery with whole-breast irra-
diation in stages i and Il invasive breast cancer. Ann Surg Oncol. 2014;21:704—
16. https://doi.org/10.1245/510434-014-3481-4.

Loibl S, André F, Bachelot T, Barrios CH, Bergh J, Burstein HJ et al. Early breast
cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-
upt. Annals of Oncology 2023. https://doi.org/10.1016/j.annonc.2023.11.016
Morrow M, Zee KJ, Van, Solin LJ, Houssami N, Chavez-Macgregor M, Harris JR,
et al. Society of Surgical Oncology-American Society for Radiation Oncology-
American Society of Clinical Oncology Consensus Guideline on margins for
breast-conserving surgery with whole-breast irradiation in Ductal Carcinoma
in situ. Oncol. 2016;23:3801-10. https://doi.org/10.1245/510434-016-5449-z.
Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The REDCap
consortium: building an international community of software platform
partners. J Biomed Inf. 2019;95. https://doi.org/10.1016/},jbi.2019.103208.


https://doi.org/10.1056/nejmoa022152
https://doi.org/10.1056/nejmoa022152
https://doi.org/10.1056/nejmoa020989
https://doi.org/10.1056/nejmoa020989
https://doi.org/10.1001/jama.2012.43
https://doi.org/10.1016/j.breast.2023.103616
https://doi.org/10.1245/s10434-015-4707-9
https://doi.org/10.1245/s10434-021-09868-1
https://doi.org/10.1245/s10434-021-09868-1
https://doi.org/10.1007/s10549-012-2124-3
https://doi.org/10.1007/s10549-012-2124-3
https://doi.org/10.1016/j.ejso.2014.08.474
https://doi.org/10.1016/j.ejso.2014.08.474
https://doi.org/10.1093/bjsopen/zrab092
https://doi.org/10.1093/bjsopen/zrab092
https://doi.org/10.3389/fonc.2022.875665
https://doi.org/10.3389/fonc.2022.875665
https://doi.org/10.1245/s10434-015-4917-1
https://doi.org/10.1245/s10434-015-4917-1
https://doi.org/10.1245/s10434-015-4736-4
https://doi.org/10.1016/j.breast.2013.01.010
https://doi.org/10.1016/j.clbc.2018.04.004
https://doi.org/10.2217/fon-2016-0442
https://doi.org/10.1245/s10434-011-1947-1
https://doi.org/10.1245/s10434-011-1947-1
https://doi.org/10.1136/bmj.e4505
https://doi.org/10.1002/bjs.11050
https://doi.org/10.1016/j.breast.2016.05.009
https://doi.org/10.1016/j.breast.2016.05.009
https://doi.org/10.1016/j.breast.2014.11.001
https://doi.org/10.1007/s10549-020-05779-z
https://doi.org/10.1245/s10434-019-07647-7
https://doi.org/10.1245/s10434-014-3481-4
https://doi.org/10.1016/j.annonc.2023.11.016
https://doi.org/10.1245/s10434-016-5449-z
https://doi.org/10.1016/j.jbi.2019.103208

Manhoobi et al. BMC Research Notes

28.

29.

30.

31.

(2025) 18:36

Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al.
Multiple imputation for missing data in epidemiological and clinical research:
potential and pitfalls. BMJ (Online). 2009;339:157-60. https://doi.org/10.1136/
bmj.b2393.

Bleeker SE, Moll HA, Steyerberg EW, Donders ART, Derksen-Lubsen G, Grob-
bee DE, et al. External validation is necessary in prediction research: a clinical
example. J Clin Epidemiol. 2003;56:826-32. https://doi.org/10.1016/50895-43
56(03)00207-5.

Ramspek CL, Jager KJ, Dekker FW, Zoccali C, Van Dlepen M. External valida-
tion of prognostic models: what, why, how, when and where? Clin Kidney J.
2021;14:49-58. https://doi.org/10.1093/ckj/sfaa188.

Chakravorty A, Shrestha AK, Sanmugalingam N, Rapisarda F, Roche N, Querci
Della Rovere G, et al. How safe is oncoplastic breast conservation? Compara-
tive analysis with standard breast conserving surgery. Eur J Surg Oncol.
2012;38:395-8. https://doi.org/10.1016/j.€j50.2012.02.186.

33.

Page 8 of 8

Garreffa E, Kankam HKN, Bali R, Duckworth A, Jimenez Linan M, Mahler Araujo
B, et al. Achieving margin clearance following oncoplastic breast surgery in
comparison with simple wide local excision: a three-dimensional specimen
assessment. ANZ J Surg. 2020,90:2346-52. https://doi.org/10.1111/ans.16222.
Gooch JC, Yoon E, Chun J, Kaplowitz E, Jubas T, Guth A et al. The relationship
of breast density and positive lumpectomy margins. Ann Surg Oncol 2019.
https://doi.org/10.1245/510434-019-07295-x

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1016/S0895-4356(03)00207-5
https://doi.org/10.1016/S0895-4356(03)00207-5
https://doi.org/10.1093/ckj/sfaa188
https://doi.org/10.1016/j.ejso.2012.02.186
https://doi.org/10.1111/ans.16222
https://doi.org/10.1245/s10434-019-07295-x

	﻿External validation of a multivariable prediction model for positive resection margins in breast-conserving surgery
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Validation cohort
	﻿Statistical analysis

	﻿Results


