
Prognostic Impact of Surgical Margin Status on Overall Survival
of Patients with Early Breast Cancer: A Retrospective Analysis
from the Department for Women’s Medicine at Charité –
University Hospital Berlin

Prognostische Auswirkung des Schnittrand-Status auf das
Gesamtüberleben von Patientinnen mit Brustkrebs im Frühstadium:
eine retrospektive Analyse aus der Abteilung für Frauenheilkunde
an der Charité – Universitätsmedizin Berlin

Authors

Maximilian Heinz Beck1,2 , Karoline Barbara Stephanie Weiler1, Anna Trelinska-Finger3, Jens-Uwe Blohmer1

Affiliations
1 Department of Gynecology with Breast Center, Campus

Mitte, Charité – Universitätsmedizin Berlin, corporate

member of Freie Universität Berlin and Humboldt-

Universität zu Berlin, Berlin, Germany

2 Department of Gynecology with Center for Oncological

Surgery, Campus Virchow Klinikum, Charité – Universitäts-

medizin Berlin, corporate member of Freie Universität

Berlin and Humboldt-Universität zu Berlin, Berlin, Germany

3 Cancer Registry Charité, Comprehensive Cancer Center,

Charité – Universitätsmedizin Berlin, corporate member

of Freie Universität Berlin and Humboldt-Universität zu

Berlin, Berlin, Germany

Keywords
breast cancer, margin, R1 resection, survival

Schlüsselwörter
Mammakarzinom, Schnittrand, R1-Resektion, Überleben

received 1.5.2024

accepted after revision 24.7.2024

Bibliography

Geburtsh Frauenheilk 2024; 84: 837–844

DOI 10.1055/a-2374-2270

ISSN 0016-5751

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the Creative
Commons Attribution-NonDerivative-NonCommercial-License, permitting copying
and reproduction so long as the original work is given appropriate credit. Contents
may not be used for commercial purposes, or adapted, remixed, transformed or built
upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Correspondence
Dr. med. Maximilian Heinz Beck
Klinik für Gynäkologie mit Zentrum für onkologische
Chirurgie Charité Campus Virchow-Klinikum,
Charité Universitätsmedizin Berlin
Augustenburger Platz 1
13353 Berlin, Germany
maximilian-heinz.beck@charite.de

ABSTRACT

Introduction
The impact of surgical margins on the prognosis of early
breast cancer remains uncertain, particularly in the context
of modern treatment approaches. This study aimed to in-
vestigate whether involved margins after surgery for early
breast cancer affect overall survival.

Methods
We conducted a retrospective analysis of 3767 patients who
underwent surgery for primary breast cancer or carcinoma
in situ between 2006 and 2022 at Charité – University
Hospital Berlin. Survival analysis based on margin status and
a subsequent multivariate Cox regression analysis were
conducted.

Results
With a median follow-up of 72.2 months, clear margins
were achieved in 81.4% of patients (n = 3068) after primary
surgery, while 16.2% (n = 610) required re-excision. Only
2.4% of patients (n = 89) had definitively involved margins.
Margin involvement was more common in hormone recep-
tor-positive disease, lobular subtype, carcinoma in situ, or
locally advanced tumors, but less frequent in patients with
previous neoadjuvant chemotherapy or triple-negative
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breast cancer. The Kaplan–Meier survival curves showed a
significant separation with worse outcomes for patients
with definitive R1 resections. However, the multivariate Cox
regression analysis detected no statistically significant differ-
ence in overall survival based on margin status. Breast con-
serving surgery (HR 0.66; 95% CI 0.54–0.81) and HER2
overexpression (HR 0.65; 95% CI 0.48–0.89) were asso-
ciated with improved survival.

Conclusion
Patients who underwent breast-conserving surgery in our
study demonstrated favorable outcomes compared to
patients after mastectomy. Although margin status did not
significantly affect overall survival, larger multicenter studies
are needed to evaluate the prognostic implications of
margin involvement in breast cancer treatment in different
tumor stages, tumor subtypes and local and systemic treat-
ments.

ZUSAMMENFASSUNG

Einleitung
Die Auswirkung des Schnittrand-Status auf die Prognose von
Brustkrebs im Frühstadium ist immer noch unklar, insbeson-
dere in Rahmen moderner Behandlungsansätze. Ziel der
Studie war es, zu untersuchen, wie sich positive Schnitträn-
der nach einer Operation zur Behandlung vom Mammakar-
zinom im Frühstadium auf das Gesamtüberleben auswirken.

Methoden
Es wurde eine retrospektive Analyse von 3767 Patientinnen,
die wegen primärem Brustkrebs oder Carcinoma in situ zwi-
schen 2006 und 2022 in der Charité – Universitätsmedizin
Berlin operiert wurden, durchgeführt. Dazu wurde eine

Überlebensanalyse hinsichtlich des Schnittrand-Status sowie
eine multivariate Cox-Regressionsanalyse durchgeführt.

Ergebnisse
Die mediane Verlaufskontrolle betrug 72,2 Monate. Bei
81,4% der Patientinnen (n = 3068) waren die Schnittränder
nach der primären Operation negativ, wohingegen 16,2%
(n = 610) der Patientinnen eine Nachexzision benötigten.
Nur 2,4% der Patientinnen (n = 89) hatten definitiv befallene
Schnittränder. Befallene Schnittränder traten häufiger in
Verbindung mit hormonrezeptorpositiver Erkrankung, lobu-
lärem Subtyp, Carcinoma in situ oder lokal fortgeschritte-
nen Tumoren auf und weniger oft bei Patientinnen nach vor-
heriger neoadjuvanter Chemotherapie oder triple-negati-
vem Mammakarzinom. Die Kaplan-Meier-Überlebenskurven
zeigten deutliche Unterschiede und schlechtere Outcomes
bei Patientinnen mit definitiver R1-Resektion. Dagegen er-
mittelte die multivariate Cox-Regressionsanalyse keinen sta-
tistisch signifikanten Unterschied im Gesamtüberleben ba-
sierend auf den Schnittrand-Status. Eine brusterhaltende
Therapie (HR 0,66; 95%-KI 0,54–0,81) sowie HER2-Über-
expression (HR 0.65; 95%-KI 0,48–0,89) waren mit einem
besseren Überleben assoziiert.

Schlussfolgerung
Patientinnen, die sich in unserer Studie einer brusterhalten-
den Operation unterzogen hatten, wiesen bessere Out-
comes auf als Patientinnen nach einer Mastektomie. Obwohl
der Schnittrand-Status keine signifikante Auswirkung auf
das Gesamtüberleben hatte, werden große multizentrische
Studien benötigt, um die prognostischen Auswirkungen von
negativen Schnitträndern nach einer Brustkrebstherapie hin-
sichtlich verschiedener Tumorstadien, Tumor-Subtypen und
lokalen bzw. systemischen Behandlungen zu evaluieren.

Introduction

Breast cancer remains the most prevalent malignancy among
women worldwide and continues to be the leading cause of can-
cer-related mortality in women [1]. The implementation of effec-
tive screening programs has markedly increased the detection of
early-stage breast cancer [2]. For the treatment of early breast
cancer and ductal carcinoma in situ, breast-conserving surgery is
widely regarded as the surgical modality of choice due to its onco-
logic safety, the preservation of breast tissue and favorable onco-
plastic outcomes [3]. Nevertheless, mastectomy, with or without
reconstruction, is still performed in up to 27% of patients with
early breast cancer in Germany due to various clinical considera-
tions, including patient preference, tumor characteristics, and ge-
netic predispositions [4]. According to current guidelines, surgical
margins for invasive carcinoma must be free of tumor cells
(“no ink on tumor”), while a minimum margin of 2mm is recom-
mended for pure carcinoma in situ [3, 5]. These guidelines are

based on evidence linking involved margins to higher rates of local
recurrence [6] and an increased risk of distant recurrence [7].
Reported rates of margin involvement after breast-conserving
surgery and oncoplastic surgery vary considerably across the
literature, ranging from 3% to 20% in most studies [8, 9, 10, 11].
As a result, re-excision rates after breast-conserving surgery are
nowadays considered as a key quality indicator in breast cancer
treatment [12]. To minimize the risk of margin involvement, a
range of intraoperative diagnostic techniques are utilized, includ-
ing intraoperative margin assessment [13], intraoperative ultra-
sound [14] or intraoperative specimen radiography [15, 16].

In recent decades, the therapeutic landscape for early breast
cancer has seen significant advancements [17]. There is a paucity
of recent data on the impact of involved surgical margins on over-
all survival, with much of the existing evidence derived from older
retrospective studies [18, 19, 20]. Given the complexity of modern
multimodal therapeutic strategies, the impact of margin involve-
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ment on long-term outcomes remains unclear. This single-center
retrospective analysis of prospective collected patient data seeks
to determine the effect of involved margins on overall survival.

Methods

Objectives and end points
We conducted a retrospective analysis in the interdisciplinary
breast center of the Charité – University Hospital Berlin to deter-
mine the prognostic impact of involved margins after surgery for
early breast cancer.

Patients and data collection
The analysis included data of patients who underwent breast sur-
gery for primary invasive carcinoma or carcinoma in situ at the
breast center of Charité University Hospital in Berlin, with a docu-
mented margin status, follow-up and survival status. The study
period extended from January 2006 to December 2022. Patients
without known date of death were required to have a minimum
follow-up of 6 months. Follow-up data on patient survival were
obtained from the respective German residents’ registration office
(“Einwohnermeldeamt”). There were no restrictions on the histo-
logic subtype, type, or extent of surgery. Surgical procedures in-
cluded breast-conserving techniques, skin- or nipple-sparing mas-
tectomy, and total mastectomy. Patients with secondary malig-
nancies or multiple breast malignancies were excluded from this
analysis. Patient characteristics and information about the disease
and treatment specifics were retrospectively collected from the
electronic medical records (EMR).

The present study was approved by the local ethics committee
of the Charité – Universitätsmedizin Berlin.

Data analysis
Statistical analyses were conducted using IBM SPSS Statistics (ver-
sion 29.0.0, IBM Corp., USA) and GraphPad Prism (version 10.2.2,
GraphPad Software Inc., USA). The significance level for all tests
was set at alpha < 0.05, with significance thresholds of * < 0.05,
** < 0.01, *** < 0.001, and **** < 0.0001. No adjustments were
made for multiple comparisons. Data is presented as mean with
standard deviation, median with interquartile range, or absolute
and relative frequencies, depending on scale.

Subgroup analyses were conducted based on margin status,
categorizing patients into those with clear surgical margins after
primary surgery (primary R0), clear margins after additional sec-
ondary surgery (secondary R0), and definitive margin involvement
after completed surgical treatment. Further stratifications were
made for patients with hormone receptor-positive disease (de-
fined by the expression of estrogen and/or progesterone recep-
tors), HER2 overexpressing disease (determined by immunohisto-
chemical staining with a score of 3+, or 2+ with positive in-situ
hybridization), triple-negative disease (estrogen and progesterone
receptor expression below 10% and HER2 overexpression), type of
surgery, tumor size, tumor grading, histologic subtype, nodal in-
volvement and history of neoadjuvant treatment.

Group differences were assessed using one-way ANOVA with
post-hoc Tukey multiple comparison tests. Survival analyses were

limited to patients with invasive breast cancer and complete data-
sets. Overall survival was estimated using the Kaplan–Meier
method, and differences between the respective Kaplan–Meier
curves were assessed using log-rank testing. Hazard ratios were
calculated using a stratified multivariate Cox regression model.

Results

Clinical characteristics
A total of 3767 patients were included in this retrospective analy-
sis, with a median follow-up of 72.2 months. In most cases
(81.4%, n = 3068), clear margins were achieved after primary sur-
gery, while 16.2% (n = 610) required re-excision to obtain clear
margins. A small percentage of patients (2.4%, n = 89) had defini-
tively involved margins after the completion of surgical therapy.
Most patients (90.9%, n = 3426) were treated for invasive breast
cancer of no specific type (NST). The majority (78.0%, n = 2938)
had hormone receptor-positive disease, 11.7% (n = 442) had HER2
overexpressing tumors, and 17.7% (n = 668) were treated for
triple-negative breast cancer. Approximately two thirds of the
patients underwent breast-conserving surgery (69.1%, n = 2604).
For a detailed overview of the patients’ characteristics, please refer
to ▶ Table 1.

Patients were divided in three subgroups: The first group in-
cluded patients with clear surgical margins after the initial surgery,
categorized as primary R0 (resection). The second group consisted
of patients whose initial surgery revealed involved margins but
who achieved clear margins after secondary surgery, categorized
as secondary R0 (resection). The third group comprised patients
who had involved margins after the completion of all surgical
treatments, with or without additional surgeries, categorized as
definitive R1. Clinical characteristics for the three subgroups are
displayed in ▶ Table 1.

Clinical differences between margin status subgroups
The patients’ ages did not differ significantly between the respec-
tive margin subgroups. Patients with primary R0 resection were
significantly more often treated for invasive carcinoma (91.9%,
n = 2820) compared to patients with secondary R0 resection
(Δ = 4.5%; 87.4%, n = 533; p = 0.001) or definitive R1 resection
(Δ = 9.9%; 82.0%, n = 73; p = 0.004) (▶ Fig. 1). The latter sub-
groups, conversely, were treated more frequently for carcinoma in
situ. There was no significant difference in mastectomy rates be-
tween secondary R0 resection and definitive R1 resection. Breast-
conserving surgery was more common among patients with pri-
mary R0 resection (70.6%, n = 2166), while mastectomy was more
frequent among patients with secondary R0 resection (Δ = 7.3%
for BCS; 63.3%, n = 386; p = 0.0009) or definitive R1 resection
(Δ = 12.2% for BCS; 58.4%, n = 52; p = 0.0361). Patients with pri-
mary R0 resection were significantly more likely to have received
neoadjuvant treatment (20.0%, n = 615) compared to patients
with secondary R0 resection (Δ = 10.2%; 9.8%, n = 60; p < 0.001)
or definitive R1 resection (Δ = 2.1%; 7.9%, n = 7; p = 0.009)
(▶ Fig. 1). For detailed information on the clinical characteristics
of the respective subgroups, please refer to ▶ Table 1.
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Hormone receptor-positive tumors were less frequently ob-
served in patients with primary R0 resection (76.5%, n = 2346)
compared to individuals with secondary R0 resection (Δ = 7.9%;
84.4%, n = 515; p < 0.0001) or definitive R1 resection (Δ = 10.0%;
86.5%, n = 77; p = 0.0237) (▶ Fig. 1). In contrast for triple-negative
breast cancer primary R0 resections were more frequently re-
ported (19.0%, n = 584; vs. secondary R0 resection [Δ = 6.5%;
12.5%, n = 76; p = 0.0002] and definitive R1 resection [Δ = 10.0%;
9.0%, n = 8; p = 0.0396]) (▶ Fig. 1). No significant differences were
found between the subgroups regarding HER2 expression
(▶ Fig. 1).

Lobular carcinomas were more frequently observed in patients
with secondary R0 (18.5%, n = 113) resection compared to those
with primary R0 resection (Δ = 8.2%; 10.3%, n = 316; p < 0.001).

However, no significant differences were observed for patients
with definitive R1 resection. Compared to patients who achieved
clear margins after primary surgery, significantly larger tumors
and higher tumor stages were observed in patients with second-
ary R0 resection (p < 0.001). Additionally, cases with definitively in-
volved margins showed significantly higher tumor stages com-
pared to patients with primary R0 resection (p < 0.001) or second-
ary R0 resection (p < 0.001). Nodal involvement was more fre-
quently observed in cases of secondary R0 resection (Δ = 8.1%;
34.3%, n = 209; p < 0.001) or definitive R1 resection (Δ = 9.7%;
36.0%, n = 32; p = 0.044) compared to patients with primary
R0 resection (26.3%, n = 778).

Beck M et al. Prognostic Impact of ... Geburtsh Frauenheilk 2024; 84: 837–844 | © 2024. The Author(s).840

▶Table 1 Patient’s characteristics for the overall population and the respective subgroups: primary R0 resection, secondary R0 resection, definitive
R1 resection. If not indicated otherwise data is presented as number (percentage).

Patient’s characteristics Primary R0
(n = 3068)

Secondary R0
(n = 610)

Definitive R1
(n = 89)

Overall
(n = 3767)

Age (years) [Mean (SD)] 57.5 (13.1) 57.0 (12.4) 60.1 (14.9) 57.5 (13.1)

Invasive disease Invasive 2820 (91.9)  533 (87.4)   73 (82.0) 3426 (90.9)

Carcinoma in Situ  248 (8.1)   77 (12.6)   16 (18.0)  341 (9.1)

Histotype NST (ductal) 2389 (77.9)  393 (64.4)   57 (64.0) 2839 (75.4)

Lobular  316 (10.3)  113 (18.5)   15 (16.9)  444 (143)

Other  115 (3.7)   27 (4.4)    1 (1.1)  143 (3.8)

Tumor size (TNM) pT1 1391 (45.3)  232 (38.0)   22 (24.7) 1645 (43.7)

pT2  899 (29.3)  209 (34.3)   31 (34.8) 1139 (30.2)

pT3  150 (4.9)   79 (13.0)   14 (15.7)  243 (6.5)

pT4   39 (1.3)    2 (0.3)    6 (6.7)   47 (1.2)

Nodal involvement yes  778 (26.3)  209 (34.3)   32 (36.0) 1019 (27.1)

Grading G1  475 (15.5)   93 (15.2)   15 (16.9)  583 (15.5)

G2 1478 (48.2)  350 (57.4) 47.2 (42) 1870 (49.6)

G3  808 (26.3)  119 (19.3)   23 (25.8)  949 (25.2)

Gx  307 (10.0)   49 (8.0)    9 (10.1)  365 (9.7)

Hormone receptor Positive 2346 (76.5)  515 (84.4)   77 (86.5) 2938 (78.0)

Negative  615 (20.0)   79 (13.0)    8 (9.0)  702 (18.6)

Missing  107 (3.5)   16 (2.6)    4 (4.5)  127 (3.4)

HER2 Positive  372 (12.1)   58 (9.5)   12 (13.5)  442 (11.7)

Negative 2394 (80)  468 (76.7)   61 (68.6) 2923 (75.6)

Missing  302 (9.8)   84 (13.8)   16 (18.0)  402 (10.7)

TNBC Yes  584 (19.0)   76 (12.5)    8 (9.0)  668 (17.7)

NACT Yes  615 (20.0)   60 (9.8)    7 (7.9)  682 (18.1)

Type of Surgery BCS 2166 (70.6)  386 (63.3)   52 (58.4) 2604 (69.1)

Mastectomy  902 (29.4)  224 (36.7)   37 (41.6) 1163 (30.9)

OS (months) Median [IQR] 63.5 [3.00, 211] 65.2 [3.00, 174] 58.6 [5.10, 181] 63.7 [3.00, 211]

BCS = Breast Conserving Surgery; IQR = Interquartile Range; NACT =Neoadjuvant Chemotherapy; NST = No Special Type; OS =Overall Survival;
SD = Standard deviation; TNBC = Triple-Negative Breast Cancer
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Overall survival
Patients with carcinoma in situ were excluded from the subse-
quent survival analysis due to the significantly better prognosis of
non-invasive lesions. A median overall survival (OS) of 63.0 months
(n = 2820) was observed in cases with clear margins after primary
surgery, while a median OS of 64.0 months (n = 533) was observed
in cases with free margins after secondary surgery. Patients with
definitively involved margins experienced a shorter median OS of
57.9 months (n = 73).

Kaplan–Meier curves on overall survival are displayed in
▶ Fig. 2. A log-rank test was performed to evaluate possible differ-
ences in the Kaplan–Meier estimates for the different margin sub-
groups. The log-rank test showed significant differences between
the respective margin subgroups (χ2 = 6.42, p = 0.04). The pair-
wise comparison revealed that patients with primary clear margins
after both primary (χ2 = 5.60, p = 0.018) and secondary (χ2 = 6.10,
p = 0.013) surgery had significantly longer overall survival com-
pared to patients with definitively involved margins.

A multivariate Cox regression analysis on overall survival was
applied to test if margin status, age, type of surgery, neoadjuvant
chemotherapy, hormone receptor status, HER2 expression, pres-
ence of TNBC, tumor grading, tumor size, nodal involvement or
histologic subtype could predict overall survival. Detailed results
are presented in ▶ Table 2. The overall model was statistically sig-
nificant (χ2 = 479.329, p < 0.001). Margin status had no significant
impact on overall survival. In contrast increasing tumor size, nodal

involvement, higher tumor grading, increasing age and previous
neoadjuvant chemotherapy were associated with adverse overall
survival, while breast-conserving surgery, lobular histologic sub-
type and HER2 overexpression were associated with better survival
outcomes.

Discussion

In this single-center retrospective analysis of 3767 patients with a
median follow-up of 72.2 months, the impact of surgical margin
status on overall survival in breast cancer patients was evaluated.
Higher rates of margin involvement were observed in patients with
hormone receptor-positive disease, lobular subtype, carcinoma in
situ, or locally advanced tumors, while lower rates were detected
in patients who had undergone neoadjuvant chemotherapy and in
individuals with triple-negative breast cancer. The multivariate sur-
vival analysis showed no statistically significant difference in overall
survival based on margin status. However, the significant separa-
tion of the Kaplan–Meier survival curves suggests that involved
margins after completed surgical therapy might be associated with
reduced overall survival. Primary and secondary R0 resections ap-
pear to be oncologically equivalent. Factors linked to worse out-
comes included older age, previous neoadjuvant chemotherapy,
increasing tumor size, nodal involvement, and higher tumor grad-
ing, whereas breast-conserving surgery, lobular subtype, and
HER2 expression were associated with better survival.
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▶ Fig. 1 Margin involvement displayed for tumor type, hormone receptor status, HER2 status, neoadjuvant chemotherapy and type of surgery in
percentage. Margin involvement is color coded: Blue: free margins after primary surgery (Primary R0); Green: free margins after primary surgery
(Secondary R0); Grey: definitively involved margins (Definitive R1). Corresponding actual numbers and percentages are displayed in ▶ Table 1.
ILC = Invasive Lobular breast Cancer; NACT =Neoadjuvant Chemotherapy; Neg. = Negative; NST = No Special Type; Pos. = Positive.



Consistent with previously published reports, hormone recep-
tor-positive tumors, lobular histologic subtype, larger tumor size,
nodal involvement and the presence of carcinoma in situ were as-
sociated with margin involvement [21, 22, 23]. Other well-known
risk factors for margin involvement include mammographic micro-
calcifications and multifocality [21, 22, 23]. However, these factors
were not specifically evaluated in this study. Conversely, patients
with triple-negative tumors and previous neoadjuvant treatment
exhibited reduced rates of margin involvement. Neoadjuvant che-
motherapy was associated with adverse outcomes in our analysis.
This could be attributed to the confounding factor that more
aggressive tumors with poorer prognosis are treated with neoad-
juvant chemotherapy. In contrast, tumors overexpressing HER2
showed a more favorable prognosis. While this may seem surpris-
ing given that HER2 overexpression is typically associated with
more aggressive tumor behavior, it can be explained by the in-
creased availability of highly effective HER2-directed modern
treatment regimens [24].

Our Cox regression analysis revealed that breast-conserving
surgery was the most significant predictor of improved overall
survival. This could be partly explained by the fact that smaller tu-
mors with a more favorable prognosis are more likely to be treated
with breast-conserving surgery. Still, prognosis is mainly driven by
tumor biology. Several analyses have shown similar distant and
overall survival outcomes for breast-conserving surgery followed
by irradiation compared to mastectomy [18, 25, 26]. Some newer

analyses even suggest that breast-conserving surgery might be
associated with superior survival outcomes [5, 27, 28]. In this con-
text, our analysis underscores the oncologic safety of breast-
conserving approaches for the treatment of early breast cancer.
The improved outcomes observed in patients who undergo breast
conserving surgery compared to mastectomy may largely be
attributed to the additional radiotherapy administered to nearly all
patients.

The question of whether patients undergoing re-excision due
to involved margins experience the same local and distant recur-
rence rates as patients with primary clear margins remains incon-
clusive. Some studies suggest similar rates of local and distant
recurrence after re-excision with clear margins [29], while others
report increased local recurrence rates [30]. In our analysis, similar
survival outcomes were found for patients with free margins after
primary or secondary surgery. The prognostic impact of margin in-
volvement after completed surgical therapy in the light of modern
adjuvant treatment strategies has not been conclusively clarified.
A recent meta-analysis demonstrated that involved or close mar-
gins after breast-conserving surgery for early breast cancer are not
only associated with an increased risk of local recurrence [6] but
also of distant recurrence [7]. Likewise, increased rates of local re-
currence and distant recurrence have been reported for involved
margins after mastectomy [31]. For patients with carcinoma in
situ, margin involvement is associated with a higher risk of local
recurrence and ipsilateral breast cancer [32]. Evidence on the im-
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▶ Fig. 2 Kaplan–Meier estimates on overall survival for patients with invasive breast cancer. Tick mark indicate data censored at the last time
when the patient was known to be alive. Hazard ratio (HR) and confidence interval were calculated with the use of a multivariate Cox regression
model. * Hazard ratios are corrected for age, tumor size, nodal involvement, neoadjuvant surgery, HER2-expression, hormone receptor expression,
histologic subtype and type of surgery.
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pact of margin involvement on overall survival remains limited. In
our analysis, there was no significant difference in overall survival
based on margin status in the multivariate analysis, although the
Kaplan–Meier curves showed a significant separation for patients
with definitive R1 resection. This might suggest a possible impact
on survival, but larger cohorts are needed to confirm this observa-
tion. So far, several studies offer conflicting results regarding the
impact of margin status on survival. An Italian study reported
poorer disease-free survival in patients with T1 to T2 tumors and
involved margins [19], in line with that a British analysis showed

shorter distant disease-free survival rates for early breast cancer
patients with involved margins [18]. In contrast, American and
Canadian studies did not find any survival outcome differences
based on margin status [20, 33].

In summary, evidence suggests that involved margins are asso-
ciated with an increased risk of local and distant recurrences.
Larger cohort studies are needed to clarify the prognostic impact
of margin involvement on overall and disease-free survival in
different clinical scenarios.

The present study has several limitations. Firstly, the retrospec-
tive design may affect the reliability of the results. Additionally, we
lack data on local recurrence and disease-free survival. Moreover,
systematic information on postoperative adjuvant treatment in
all patients, which significantly influences breast cancer outcomes,
is not available. With a median follow-up of 72.2 months, the
present analysis offers a solid follow-up period. However, this dura-
tion may not be sufficient for low-risk and low-grade carcinomas,
and longer follow-up periods should be considered in subsequent
analyses. Furthermore, the relatively small number of patients
with definitive R1 resection in our cohort may limit the statistical
power of our findings. Notably, 58% (n = 52) of patients with de-
finitive R1 resection underwent breast-conserving surgery, yet our
analysis lacks a definitive explanation for why secondary mastec-
tomy was not performed in these cases. One possible reason could
be that the tumor size was underestimated in these cases, and
secondary mastectomies were not performed due to different pos-
sible clinical scenarios. Future studies should aim to determine
why some patients with definitive R1 resection do not undergo
secondary surgery, examining factors such as patient health sta-
tus, patient choice, and more aggressive tumor characteristics.
Despite these limitations, this report provides additional valuable
evidence on the prognostic impact of involved margins in patients
with breast cancer.

Conclusion

The analysis showed no statistically significant difference in overall
survival based on margin status in patients treated for early breast
cancer. Notably, patients who underwent breast-conserving ther-
apy exhibited more favorable outcomes in our analysis, under-
scoring the oncologic safety of this procedure. Further larger
multicentric analysis are needed to evaluate the prognostic value
of margin involvement for different tumor types, stages and local
and systemic treatment.
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▶Table 2 Cox regression analysis on overall survival for patients with
invasive carcinoma: Results for clinical covariates are shown.

Covariates Cox Regression Analysis

HR (95%CI) p value

Age 1.06 (1.05–1.06) < 0.001

Margin status

Primary R0 1 (Reference)

Secondary R0 0.93 (0.63–1.09)  0.179

Definitive R1 1.12 (0.67–1.86)  0.670

Therapeutic approach

Breast Conserving Surgery 0.66 (0.54–0.81) < 0.001

Neoadjuvant Chemotherapy 2.08 (1.54–2.79) < 0.001

Tumorbiology

Hormone Receptor positive 0.70 (0.23–2.21)  0.548

HER2 positive 0.65 (0.48–0.89)  0.007

TNBC 1.56 (0.50–4.93)  0.447

Grading

G1 1 (Reference)

G2 1.16 (0.85–1.59)  0.356

G3 1.51 (1.06–2.14)  0.023

Tumor size (TNM)

T1 1 (Reference)

T2 1.71 (1.36–2.15) < 0.001

T3 2.19 (1.57–3.06) < 0.001

T4 3.69 (2.38–5.74) < 0.001

Nodal Involvement 1.64 (1.34–2.00) < 0.001

Histologic subtype

NST 1 (Reference)

ILC 0.69 (0.52–0.93)  0.016

Other 1.16 (0.70–1.90)  0.570

CI = Confidence Interval; G = Grading; HR =Hazard Ratio; ILC = Invasive
Lobular Breast Cancer; NST = No Special Type; TNBC = Triple-Negative
Breast Cancer
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