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Purpose

We evaluated the effect of positive superficial and/or deep margin status on local recurrence
(LR) in invasive breast cancer treated with breast-conserving surgery (BCS) followed by
radiotherapy.

Materials and Methods

In total, 3,403 stage 1 and 2 invasive breast cancer patients treated with BCS followed by
radiotherapy from January 2000 to December 2008 were included in this study. These
patients were divided into three groups according to margin status: clear resection margin
status for all sections (group 1, n=3,195); positive margin status in superficial and/or deep
sections (group 2, n=121); and positive peripheral parenchymal margin regardless of super-
ficial and/or deep margin involvement (group 3, n=87). The LR-free survival between these
three groups was compared and the prognostic role of margin status was analyzed.

Results

Across all groups, age, tumor size, nodal status, and human epidermal growth factor recep-
tor 2 status did not significantly differ. High grade, positive extensive intraductal component,
hormone receptor positivity, hormone therapy received, and chemotherapy not received
were more prevalent in groups 2 and 3 than in group 1. Five-year LR rates in groups 1, 2,
and 3 were 1.9%, 1.7%, and 7.7%, respectively. Multivariate analysis revealed that group
3 was a significant predictor for LR (hazard ratio [HR], 4.78; p < 0.001), but that positive
superficial and/or deep margin was not (HR, 0.66; p=0.57).

Conclusion
Superficial and/or deep margin involvement following BCS is not an important predictor for
LR.
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Introduction

Breast conserving surgery (BCS) followed by whole breast
radiotherapy (RT) is a well-established local treatment option
for early-stage breast cancer [1-3]. Of the many factors asso-
ciated with a high risk of local recurrence (LR) after BCS,
involved margin is the most important [4-6]. Most surgical
oncologists agree that there is no further benefit from mar-
gins beyond “no ink on invasive tumor or ductal carcinoma
in situ,” which was supported by the 2015 St. Gallen Interna-
tional Expert Consensus on the primary therapy of early
breast cancer [7].

From the perspective of surgical oncologists, BCS should
aim not only to resect enough normal surrounding structures
along with the tumor to secure oncological safety, but also
to minimize unnecessary excessive resection in order to
attain good cosmetic results. As the unnecessary excision of
a skin segment can alter the position of the nipple or the
inframammary crease, appropriate skin incisions rather than
excisions are the currently suggested routine procedures of
BCS [8,9]. In addition, more remaining post-BCS retromam-
mary fat tissue on the pectoral fascia enable better cosmetic
outcomes. However, due to concerns regarding the possible
unfavorable prognostic effects of superficial and/or deep
margin involvement, some surgeons still attempt to remove
the skin, subcutaneous fat, retromammary fat, and even the
pectoral fascia for clear margin status. If proven oncologi-
cally safe, making appropriate skin incisions as opposed to
excision and leaving as much subcutaneous or retromam-
mary fat as possible could be crucial for satisfactory cosme-
sis. McIntosh et al. [9] suggested that the involvement of
anatomically non-breast parenchymal margins, i.e., superfi-
cial and deep margins, may have a smaller effect on LR than
breast peripheral parenchymal margins. However, it is not
possible to address this issue using a randomized study
design; thus, a lack of evidence and conflicting personal
opinions have confused surgeons about the effect of positive
superficial and/or deep margins on LR.

In this large cohort study, we aimed to evaluate the effect
of positive superficial and /or deep margins on local failure
in breast cancer patients treated with BCS followed by RT.

Materials and Methods

Our study protocol was approved by the Institutional
Review Board of Asan Medical Center, Seoul, Korea (IRB No.
2016-0229). The clinicopathological and survival data were
obtained from the Asan Medical Center-Breast Cancer Cen-
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ter (AMC-BCC) database. The AMC-BCC is a web-based
database system that is prospectively maintained by surgical
oncologists and includes information on all consecutive
patients who have undergone breast cancer surgeries at Asan
Medical Center since 1989 and now contains more than
25,000 entries. The following patient and tumor characteris-
tics were available: age at diagnosis, tumor size, lymph node
status, histologic grade, presence of extensive intraductal
component (EIC), hormone receptor status, human epider-
mal growth factor receptor 2 (HER2) status, and presence of
hormone therapy or chemotherapy. The inclusion criteria for
this study were as follows: (1) BCS for stage 1 or 2 invasive
breast cancer from January 2000 to December 2008 and (2)
subsequent planned adjuvant radiotherapy. Patients who
received neoadjuvant chemotherapy were excluded.

At the time of BCS, a surgeon oriented a specimen by plac-
ing a stitch at the 12 and 3 o’clock reference positions. The
specimen was then measured and inked in several colors cor-
responding to the six margins of interest: four peripheral
parenchymal margins (medial, lateral, superior, and inferior)
and two non-breast parenchymal margins (superficial and
deep). If necessary, frozen biopsies were created during the
operation. If any peripheral parenchymal margins such as
the medial, lateral, superior, or inferior margin showed
tumor involvement, the involved margin was further re-exci-
sed at the surgeon’s discretion. For patients undergoing
re-excision due to positive margins, we analyzed the margins
from the re-excised specimen. Any patients who had under-
gone a mastectomy due to margin involvement, were
excluded from the analysis.

A negative margin was defined as no ink on the tumor. A
positive margin was defined as any invasive or in situ carci-
noma on the inked margins of removed tissue. The study
participants were divided into three groups according to
their final margin status: group 1 (negative margin group),
which included patients with a clear resection margin on all
sections after BCS; group 2 (positive superficial and / or deep
margin group), which included patients who had positive
margins with only superficial and/or deep edges of the
resected specimen; and group 3 (positive peripheral
parenchymal margin group), which included patients with
positive margins with parenchymal (medial, lateral, supe-
rior, and inferior) margins with or without superficial
and/or deep resection margin involvement (Fig. 1).

All patients underwent whole-breast RT with tangential
opposing fields. The median whole breast dose was 50.4 Gy
in 28 daily fractions. The boost dose to the surgical cavity was
determined according to the margin status. Group 1 patients
received a boost RT of 10 Gy in 4-5 daily fractions. Patients
with a positive margin as ductal carcinoma in situ or invasive
carcinoma received 12.5 or 15 Gy in five or six daily fractions
(groups 2 and 3). There was no difference in RT technique
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Fig. 1. Overview of the study population comprised of primary breast cancer patients.

and dose between the groups 2 and 3.

LR-free survival was defined as the time from surgery to
the first appearance of recurrence in the ipsilateral breast,
including the skin or chest wall. Breast cancer-specific sur-
vival (BCSS) was defined as the time from surgery to death
from breast cancer. Clinicopathological characteristics were
compared between the three groups using the chi-square test
and ANOVA. Survival curves were generated using the
Kaplan-Meier method, and the significance of survival dif-
ferences was verified using the log-rank test. The Cox pro-
portional-hazards model was used to evaluate the inde-
pendent prognostic effect of the surgical resection margin
status on LR. Adjusted variables included patient age at
diagnosis, tumor size, lymph node status, histologic grade,
EIC presentation, hormone receptor status, adjuvant chemo-
therapy, and surgical resection margin status. Unless stated
otherwise, the data are presented as meantstandard devia-
tion, and the cutoff for statistical significance was set at
p < 0.05. All statistical analyses were performed using SPSS
ver. 21.0 (IBM Corp., Armonk, NY).

Results

1. Clinicopathological characteristics

A total of 3,427 patients diagnosed with stage 1 and 2 inva-
sive breast cancer were treated with BCS followed by RT at
our hospital during the study period. Of these patients, 24 who
received neoadjuvant chemotherapy were excluded from the
study cohort. The final analysis included 3,403 patients. Of the
3,403 patients, 3,195 (93.9%) had negative margins (group 1),
121 (3.6%) had positive superficial and/or deep margins
(group 2), and the remaining 87 (2.6%) had positive conven-
tional peripheral parenchymal margins (group 3) (Fig. 1). The
three study groups did not significantly differ from one
another with respect to age, tumor size, nodal status, or HER2
status. Groups 2 and 3 had greater proportions of patients with
higher histologic grade, positive EIC, positive hormone recep-
tor status, hormone therapy, and without chemotherapy com-
pared to group 1. The details of the patient characteristics are
summarized in Table 1.

2. Prognostic value of the surgical resection margin status

In the Cox proportional hazards model, statistically signifi-
cant predictors for LR were younger age (< 40 years vs. > 40
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Table 1. Baseline characteristics of the study patients

Positive superficial Positive peripheral

and/or deep margin

parenchymal margin p-value

Negative
Characteristic margin (group 1)
(n=3,195)

Age at diagnosis (yr) 47 (19-78)
Follow-up period (mo)

Median 88

Mean+SD 92.6426.6
Tumor size (cm)

<2 2,356 (73.7)

>2 839 (26.3)
Node metastasis

Negative 2,419 (75.7)

Positive 776 (24.3)
Histologic grade

1/2 1,959 (66.1)

3 1,003 (33.9)

Unknown 5
EIC present

No 2,481 (81.3)

Yes 571 (18.7)

Unknown 143
Hormone receptor status

Negative 993 (31.3)

Positive 2,180 (68.7)

Unknown 21
HER?2 status

Negative 2,244 (80.4)

Positive 546 (19.6)

Unknown 371
Hormone therapy

No 880 (27.8)

Yes 2,285 (72.2)

Unknown 30
Chemotherapy

No 1,277 (40.0)

Yes 1,918 (60.0)

Unknown 1

(group 2) (n=121)

(group 3) (n=87)

45 (29-71) 45 (30-73) 0.47
81 88 0.86
91.0+£25.7 91.7423.7
89 (73.6) 70 (80.5) 0.37
32(26.4) 17 (19.5)
88(72.7) 71 (81.6) 0.68
33(27.3) 16 (18.4)
84 (74.3) 63 (77.8) 0.02
29 (25.7) 18 (22.2)

0 0
86 (71.7) 46 (55.4) < 0.001
34(28.3) 37 (44.6)

1 4
21(17.4) 16 (18.4) < 0.001

100 (82.6) 71 (81.6)

0 0
86 (78.9) 59 (80.8) 0.89
23(21.1) 14 (19.2)
12 14
20 (16.5) 15 (18.6) 0.005

101 (83.5) 67 (81.4)

0 1
61 (50.4) 46 (52.9) 0.005
60 (49.6) 41 (47.1)

0 0

Values are presented as median (range) or number (%) unless otherwise indicated. SD, standard deviation; EIC, extensive
intraductal component; HER2, human epidermal growth factor receptor 2.

years) (hazard ratio [HR], 2.59; 95% confidence interval [CI],
1.64 to 4.10; p < 0.001), negative hormone receptor (HR, 2.90;
95% CI, 1.65 to 5.12; p < 0.001), and peripheral parenchymal
margin involvement (group 3) (HR, 4.78; 95% ClI, 2.27 to 10.09;
p < 0.001). Positive superficial and/or deep margin involve-
ment (group 2) were not significant predictors for LR (HR,
0.66; 95% CI, 0.16 to 2.72; p=0.566) (Table 2, S1 Table). Overall,
there was a 2.9% rate of LR (99/3,403) with a median follow
up of 88 months (range, 1 to 188 months): 2.8% (89/3,195) in
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the negative margin group (group 1), 1.7% (2/121) in the pos-
itive superficial and/or deep margin group (group 2), and
9.2% (8/87) in the positive peripheral parenchymal margin
group (group 3). There were no skin or chest wall recurrences,
and only two patients showed ipsilateral breast tumor recur-
rence in group 2 (Table 3). The 5-year LR-free survival of these
groups were 1.9%, 1.7%, and 7.4%, respectively, with signifi-
cantly poorer LR-free survival in group 3 (p=0.001 for groups
1 vs. 3, and p=0.010 for groups 2 vs. 3). No difference in
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Table 2. Multivariate analysis of the predictive factors for local recurrence

Variable
Age at diagnosis (yr)
>40
<40
Tumor size (cm)
<2
>2
Node metastasis
No
Yes
Histologic grade
1/2
3
EIC present
No
Yes
Hormone receptor status
Positive
Negative
Adjuvant chemotherapy
No
Yes
Resection margin involvement
Group 1
Group 2
Group 3

HR (95% CI) p-value
<0.001
1
2.59 (1.64-4.10)
0.022
1
1.78 (1.09-2.92)
0.613
1
0.86 (0.48-1.54)
0.880
1
0.96 (0.57-1.63)
0.410
1
1.26 (0.73-2.17)
< 0.001
1
2.90 (1.65-5.12)
0.139
1
0.62 (0.33-1.17)
< 0.001
1
0.66 (0.16-2.72) 0.566
4.78 (2.27-10.09) <0.001

HR, hazard ratio; CI, confidence interval; EIC, extensive intraductal component.

LR-free survival was observed between group 1 and group 2
(p=0.401). The 5-year BCSS of groups 1, 2, and 3 was 97.5%,
99.2%, and 98.8%, respectively, with no statistically significant
differences between these groups (p=0.107) (Fig. 2).

Discussion

Our present study finding have indicated that the prog-
nostic impact of positive superficial and / or deep margins on
local failure is not significant in stage 1 and 2 breast cancer
treated with BCS followed by RT. This result has valuable
clinical implications in that the routine removal of structures
above and below a targeted tumor during BCS may cause
unsatisfactory cosmetic results, particularly in Asian women
with small breasts. In addition, if oncologically safe, surgical
strategies with less extensive or destructive resection could
improve the postoperative quality of life and lower the

prevalence of unnecessary oncoplastic procedures to restore
an inadequately conserved breast.

LR rates have generally been reported at 8%-21% following
BCS [10-14]. In the present study, the 5-year LR rate in the
positive superficial and/or deep margin group was similar
to that in the negative margin group (1.7% vs. 1.9%) and sig-
nificantly lower than that in the positive peripheral paren-
chymal margin group (1.7% vs. 7.4%). The relatively higher
prevalence of superficial and/or deep margins in our study
is related to our center’s surgical strategies for BCS. Tumor
resection without skin involvement by resecting only the
breast parenchyma and leaving the skin with the subcuta-
neous fat below could increase the likelihood of a positive
superficial resection margin. Likewise, for a tumor without
chest wall muscle involvement, leaving the posterior fascia
and the retromammary fat above could also increase the like-
lihood of a positive deep resection margin. For these reasons,
some surgeons remain concerned about the uncertainty of
oncological safety of these procedures and thus perform a
full-thickness excision by resecting from the skin to the pos-
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Table 3. Detailed description of the resection margin status and LR type according to the study groups

Resection margin status LR site
Both in Total In breast
; 5 ; - . . Chest
Free Insitu Invasive situand NA  No.of Same Other Skin wall
invasive LRs  quadrant quadrant
Group 1: no involvement on 3,195 - - - - 89 67 20 1 1
all resection margins (n=3,195)
Group 2: involvement on = 31 = = = 1 1 - - -
superficial and /or deep
resection margins (n=121)
- - 76 - - 1 - 1 - -
- i - 1 - 0 - i - -
- - - - 13 0 - - - -
Group 3: involvement on - 73 - - - 7 4 3 - -
conventional peripheral
parenchymal resection
margins (n=87)
- - 9 . - 0 , - . -
- - - 4 - 1 1 - - -
- - . . 1 0 , - . -

LR, local recurrence; NA, not available.

10 % LR
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Fig. 2. Kaplan-Meier plots of local recurrence-free survival and breast cancer-specific survival according to margin status.

terior fascia. However, we believe that our surgical principle for a more natural breast shape in selected patients.

has no negative impact on local management, and the evi- A previous MEDLINE search revealed that few studies
dence from the present study can be helpful to surgeons in have explored the anatomic location of the involved margin
making a decision whether to resect only the breast paren- as an indicator to forgo further resection before radiation [9].
chyma and leave the subcutaneous and retromammary fat Additional resection leads to delayed RT and poor cosmetic
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results [6,15]. Moreover, Mullen et al. [16] reported that the
re-excision of an involved anterior (superficial) resection
margin after BCS was significantly less likely to lead to fur-
ther disease. As revealed by our present findings, superficial
and/or deep resection margin involvements have no rela-
tionship with LR, which suggests a rationale for leaving sub-
cutaneous and retromammary fat during the operation and
omitting additional resection after BCS for patients with pos-
itive superficial and/or deep resection margins.

Oncoplastic surgery has contributed to widening the range
of breast-conserving surgery. The oncologic safety of onco-
plastic surgery with breast conservation has also been
demonstrated, and various types of oncoplastic breast-con-
serving surgery have been performed [17,18]. Oncoplastic
surgery has many advantages, but also disadvantages such
as relatively larger tissue excision, more complications,
longer operation time, and more expensive surgery costs
than breast-conserving surgery alone [19]. Oncoplastic sur-
gery is useful in obtaining negative margins with wide
resection [20,21]. However, if the conservation of subcuta-
neous or retromammary fat can predict a good cosmetic out-
come, more sophisticated techniques and additional time-
consuming surgery may not always be necessary.

In this study, the radiation dose differed according to the
margin status. Patients with a positive margin as ductal car-
cinoma in situ or invasive carcinoma received a tumor bed
boost of 12.5 or 15 Gy at 2.5 Gy per fraction, respectively.
There was no difference in RT between the groups 2 and 3,
hence radiation was not a factor that affected the LR between
the two groups.

Younger age, usually defined as below 40 years, is associ-
ated with an increased LR risk after BCS as compared to
older women [14,22]. Likewise, the multivariate Cox regres-
sion analysis in our present study suggested that a younger
age at breast cancer diagnosis (< 40 years old) is a significant
risk factor for LR (HR, 2.59; p < 0.001).

Koca et al. [23] previously reported the presence of an EIC
affected the positive margin status after BCS. The presence
of an EIC has been associated with an increased risk of LR in
some studies, even in the presence of negative margins
[14,24]. However, the results of other studies did not support
these findings [10,25]. In our present study, we found that
patients with an EIC were more likely to have positive resec-

tion margins. However, we also found that the presence of
an EIC was not associated with an increased risk of local fail-
ure.

A negative hormone receptor was a predictive factor for
LR in our study. Various studies to date have reported an
association between breast cancer subtype and tumor recur-
rence. In some studies, triple-negative breast cancer had an
increased risk of LR [26,27]. A recent meta-analysis indicated
that the loco-regional recurrence rate was significantly higher
in hormone receptor-negative tumors compared with non-
triple negative tumors [28], which is coincident with our
finding. Our present analysis had some limitations, including
its single-center retrospective design with some biases in
patient and treatment selection and non-centralized patho-
logic review. In addition, the small number of LR events lim-
ited the statistical power of our analysis and consequently
yielded large standard errors. Despite these limitations, the
strength of our current study was that we analyzed a large
cohort of contemporarily-treated BCS patients, for whom
detailed information was available on the specific anatomical
margin (including superficial and deep margin) location and
treatments.

In conclusion, superficial and/or deep margin involve-
ment following BCS is not an important predictor for LR.
Extensive excision of skin, subcutaneous fat, retromammary
fat, or pectoral fascia does not need to be routinely per-
formed to achieve negative superficial and/or deep margin
status during BCS.
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