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Abstract
Background. Previous studies have demonstrated that in women with breast cancer treated with breast-
conserving surgery (BCS), intraoperative frozen section analysis of lumpectomy margins results in a
decrease in reoperation rates for margin control. However, the value of intraoperative frozen margin
evaluation (FME) in re-excision margin analysis is not fully understood. We analyzed our breast cancer
database to identify the value of intraoperative frozen section examination of specimens additionally
resected prior to BCS.

Methods. We conducted a retrospective review of patients who underwent attempted BCS for breast
cancer with routine intraoperative FME at our institution between January 1998 and May 2016. The
number of FMEs was analyzed. We additionally analyzed factors associated with positive re-excised
margins to identify correlations with patient characteristics.

Results. Of the 760 patients who underwent attempted BCS with routinely conducted intraoperative FME,
frozen sections were obtained from the initial margin only in 82.5% (n=627), the initial margin as well as
a one-time re-excision analysis in 15.8% (n=120), or the initial margin and two or more re-excision
analyses in 1.7% (n-13). Based on the results of FME, 727 (95.6%) of the patients underwent BCS, while
the remaining 33 (4.4%) converted to mastectomy. Among the patients who underwent BCS, 112 (15.4%)
had an initial positive margin on a FME, underwent one-time margin re-excision and achieved a margin-
free status, while 1.6% underwent a second margin resection due to a positive result on the �rst re-excised
margin. In total, 72.7% of the conversions to mastectomy were due to a positive initial margin. Univariate
and multivariate analyses showed that patients with the ductal carcinoma in situ (DCIS) histological type
were more likely to have repeatedly positive re-excised margins during BCS.

Conclusion. While routine intraoperative FME of re-excised margins provided only limited value in patients
who underwent attempted BCS, this method may be bene�cial in the subgroup of patients with the DCIS
histological type.

Background
Breast-conserving surgery (BCS) with radiation therapy is now a “standard of care” for stage I/II breast
cancer patients. The goal of BCS is optimal oncologic control and good cosmetic outcomes [1, 2]. The
success of BCS is based on the ability to achieve adequate margins, since the surgical margin status is
one of the strongest predictors of local recurrence [3–5]. It has been reported that 20–40% of BCS
patients have positive margins after the surgery and will require a second surgery for re-excision [6–7].
Therefore, numerous approaches have been suggested to improve BCS by reducing the rate of margin
positivity, to avoid reoperation [8].

Many methods of intraoperative evaluation have been employed to reduce the need for re-excision in
patients undergoing BCS [9]; among these, intraoperative frozen section analysis is thought to be one of
the most useful. In a recent systematic review of 37 studies that encompassed more than 3600 tumors
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analyzed using intraoperative frozen sections, the authors reported that re–excision rates decreased from
26% in patients who did not undergo this technique to 4% in patients who did [10]. However, few studies
have speci�cally explored the value of intraoperative frozen section analysis in re-excised margin
evaluation.

In our institution, intraoperative frozen margin evaluation (FME) of both the initial resection margin and
any additional re-excised specimens has been implemented as a routine procedure in BCS since 1998. In
the present study, we retrospectively analyzed the records of patients who underwent attempted BCS
including intraoperative FME of suture-oriented margins, to evaluate the impact of this procedure on
outcomes, especially in cases requiring re-excision margin evaluation.

Patients And Methods

Patients
After obtaining Institutional Review Board approval, we conducted a retrospective review of the breast
cancer database of the Department of Surgical Oncology at Sir Run Run Shaw Hospital, Hangzhou,
China, to identify breast cancer patients who underwent BCS between January 1998 and May 2016.
Informed consent was obtained from all patients prior to surgery. BCS candidates were identi�ed based
on clinical and radiographic evaluations performed prior to surgery, and routinely underwent preoperative
breast magnetic resonance imaging. All patients who were converted to mastectomy due to positive
margins on a FME sample after the �rst BCS attempt were included.

Patient demographic characteristics; menopausal status; operative records; pathologic tumor size; tumor
type, localization, grade, estrogen/progesterone receptor status, C-erbB2 status, axillary pathologic nodal
status, and stage; and frozen section results were recorded.

During BCS, the surgical margins of frozen tissue sections were routinely evaluated intraoperatively. In
each case, the margin was oriented by suture marking, during which the surgeon usually placed four
sutures to orient the specimen in four directions. The pathological features of the resected specimens
were evaluated by pathologists according to the General Rules for Clinical and Pathological Recording of
Breast Cancer. In general, margin shaving was not performed when an intraoperative FME revealed a
margin-free status. However, if the margin was found on pathology to be positive or suspicious, the
surgeons decided whether further excision or conversion to mastectomy should be performed. Margin re-
excision was performed by harvesting a rectangular-shaped cavity margin by shaving along the
circumference of the lumpectomy cavity at the sites where the margin was positive. A suture was
intraoperatively placed on the side of the specimen opposite the margin cavity. All specimens were sent
to Pathology with comments so that the sutures could be matched to speci�ed margins. Generally, when
the surgeons needed to perform a further 2–3 resections and the margins remained positive or the
preservation of aesthetics no longer seemed possible, treatment was converted to mastectomy.
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After surgery, the patients received adjuvant radiation and systemic therapy according to the guidelines of
the National Cancer Comprehensive Network and the Chinese Anti-Cancer Association. The patients were
followed up regularly every 3 months for the �rst 2 years after surgery and then every 6 months for
2 years.

Statistical analysis
Statistical analyses were performed using SPSS 22.0. The chi-squared test or Fisher’s exact test was
used to evaluate associations between clinicopathological factors and the rate of positive re-excised
margins. An independent two-sample t test was used for continuous, normally distributed variables.
Multivariate analysis was performed using a logistic regression model. A P value of < 0.05 was
considered statistically signi�cant.

Results
Seven hundred and sixty patients who underwent attempted BCS at our institution were enrolled in this
study. Intraoperative frozen section analysis of the initial surgical margins was routinely performed in all
patients, and additional re-excised margins were conducted when necessary. Based on the results of FME,
727 (95.6%) patients underwent BCS, and the remaining 33 (4.4%) patients were converted to
mastectomy. The patients’ demographic and pathological characteristics are summarized in Table 1.



Page 5/14

Table 1
Clinical characteristics of 760 patients with attempted BCS

  Overall patients

  N %

Age (median, years) 48.2 22–80

Menopause    

No 468 61.8

Yes 289 38.2

Tumor size (mean, cm) 1.86 0.5-6.0

Location    

Left 397 52.3

Right 358 47.2

Bilateral 4 0.5

Histology    

DCIS 35 4.6

IBC 725 95.4

LN metastasis    

Yes 231 30.4

No 529 69.6

Lymphovascular invasion    

Yes 16 2.1

No 744 97.9

HR status    

Negative 175 23.2

Positive 580 76.8

Her-2 status    

Negative 577 78.7

Positive 119 16.2

Controversial 37 5.1
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  Overall patients

NAC    

Yes 100 13.2

No 655 86.8

SLN biopsy    

Yes 325 44.1

No 412 55.9

Surgical type    

BCS 727 95.6

Mastectomy 33 4.4

DCIS: ductal carcinoma in situ; IBC: invasive breast carcinoma; HR: hormone receptor; NAC:
neoadjuvant chemotherapy

The proportions of patients in whom frozen sections were collected only at the initial margin, at the initial
margin plus in addition to on re-excision, and at the initial margin plus two or more re-excisions were
82.5%, 15.8% and 1.7%, respectively. Among the 727 patients who ultimately underwent BCS, in 112
patients (15.4%), the initial margin sample was positive, and the patient underwent a single margin re-
excision that was margin-free (negative), while only 12 (1.6%) had a positive initial margin sample and a
positive �rst re-excision and therefore needed at least one additional margin re-excision. Among the 33
patients who were converted to mastectomy, 72.7% converted because the margin of the initial frozen
sample was positive. There was no difference in the number of FMEs performed between the patients
who underwent BCS and those who converted to mastectomy (p = 0.315) (Fig. 1).

Among the 727 patients who ultimately underwent BCS, intraoperative FME to a re-excision margin was
more likely to be performed in patients with the ductal carcinoma in situ (DCIS) histological type than in
those with invasive carcinomas. However, age, tumor size, lymphovascular invasion, N stage, estrogen
receptor (ER) status, progesterone receptor (PR) status, human epidermal growth factor receptor 2 (HER2)
status, and neoadjuvant chemotherapy were not associated with the number of FMEs (Table 2).
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Table 2
Correlation between the number of FME procedures performed and clinicopathological features in 727

patients who underwent BCS

  Initial FME Initial plus re-
excision FME

Initial plus two or more re-
excision FME

P
value

  N % N % N %  

Age (median,
years)

50.1 22–
80

49.9 23–80 45.2 29–53 0.318

Tumor size (mean,
cm)

1.82 0.5-
6

1.93 0.5-6 2.0 1–5 0.449

Location             0.067

Left 313 52.0 62 55.4 5 41.7  

Right 288 47.8 48 42.9 6 50.0  

Bilateral 1 0.2 2 1.8 1 8.3  

Histology             0.003

DCIS 22 3.6 4 3.6 4 33.3  

IBC 581 96.4 108 96.4 8 66.7  

LN metastasis             0.762

Yes 169 28.7 26 23.4 3 27.3  

No 420 71.3 85 76.6 8 72.7  

Lymphovascular
invasion

            0.898

Yes 10 1.7 2 1.8 0 0  

No 593 98.3 110 98.2 12 100  

HR status             0.850

Negative 142 23.7 26 23.2 2 16.7  

Positive 458 76.3 86 76.8 10 83.3  

Her-2 status             0.915

Negative 457 78.7 85 76.6 10 83.3  

Positive 93 16.0 20 18 2 16.7  

Controversial 31 5.3 6 5.4 0 0  
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  Initial FME Initial plus re-
excision FME

Initial plus two or more re-
excision FME

P
value

NAC             0.336

Yes 83 13.9 10 9.0 1 8.3  

No 516 86.1 101 91.0 11 91.7  

DCIS: ductal carcinoma in situ; IBC: invasive breast carcinoma; HR: hormone receptor; NAC:
neoadjuvant chemotherapy

To identify factors associated with a positive re-excision margin, we compared patients in whom residual
disease was found on the re-excised specimens with those who achieved margin-free status in re-excised
specimens. The DCIS histological type was signi�cantly associated with a positive re-excised margin.
Multivariate analysis with a logistic regression model revealed that the DCIS histological type was an
independent predictor of a positive re-excised margin. These results are summarized in Table 3.
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Table 3
Univariate and multivariate logistic regression analyses of clinicopathological factors in the prediction of

positive re-excised margins

  Univariate multivariate

  OR 95%CI P
value

OR 95%CI P
value

Age (years)
(< 50 vs. >=50)

0.255 0.055–
1.199

0.084 0.166 0.026–
1.059

0.058

Tumor size
( < = 2 cm vs. > 2 cm)

1.471 0.449–
4.820

0.524 1.214 0.287–
5.138

0.793

Histology
( DCIS vs. IBC)

0.098 0.022–
0.430

0.002 0.041 0.004–
0.392

0.006

LN metastasis
( Yes vs. No)

1.023 0.259–
4.035

0.974 1.113 .0198-
6.248

0.903

Lymphovascular invasion ( Yes vs.
No)

2.417 0.250-
23.403

0.446 9.687 0.337–
27.546

0.185

HR status
(Negative vs. Positive)

1.674 0.350–
8.005

0.477 0.866 0.133–
5.639

0.880

Her-2 status
(Negative vs. Positive)

0.575 0.145–
2.276

0.430 0.092 0.006–
1.430

0.088

NAC
(No vs. Yes)

0.818 0.097-
6.900

0.854 0.408 0.023–
7.341

0.543

DCIS: ductal carcinoma in situ; IBC: invasive breast carcinoma; HR: hormone receptor; NAC:
neoadjuvant chemotherapy;

Discussion
In the present study, we found that only a small proportion of patients (1.6%) required additional re-
excision after the initial sample and �rst re-excision were both positive, and whether the patient decided
to convert to mastectomy was not dependent on the results of the re-excised margin. However, the
positive re-excision margin rate was higher in patients with the DCIS histological type than in patients
with invasive carcinomas. These results suggest that while the value of intraoperative frozen section
analysis in re-excised margins may be limited in the general population of patients undergoing attempted
BCS, this process may be useful in speci�c subgroups of patients, such as those with the DCIS
histological type.

The success of BCS relies on the achievement of negative margins. Leaving tissue adjacent to a positive
excised margin in situ signi�cantly increases the risk of ipsilateral breast cancer recurrence in both
invasive disease and DCIS. Consequently, during BCS, a sample with a positive margin should prompt
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surgical re-excision [11–13]. In 2014, the Society of Surgical Oncology and the American Society for
Radiation Oncology established consensus guidelines on margins for BCS that stated there should be “no
ink on the tumor”, meaning that the margin should be completely clear, and although this change in
standards did lead to a 16% reduction in additional surgeries after initial lumpectomy, 22% of patients
treated with BCS have been found still to require additional surgery [14]. In the present study, 603 of 727
patients (82.9%) underwent a single intraoperative FME that showed a margin-free status. Based on the
current standards, our results indicate that the remaining patients (17.1%) in whom the initial FME was
not negative would have been at a higher risk of needing to undergo additional re-operation after the
initial lumpectomy if intraoperative FME had not been available in our institution.

Trials have consistently shown that frozen section analysis decreases the rate of reoperations for
margins, and the impact of intraoperative margin management options is greatest in populations in
which the baseline rates of inadequate margins are high [15]. Furthermore, while studies have suggested
that frozen section analysis should always be considered except in populations in which the reoperation
rate is already low (15%), the signi�cance of the impact of this procedure has remained unclear in
populations with baseline re-operation risk rates that fall below 20% [16]. In the present study, the
baseline rate of inadequate margins was 17.1%, and 15.4% of all patients underwent a single margin re-
excision procedure that resulted in a margin-free status after the initial frozen margin was positive. These
results indicate that 98.4% of the patients in this study may have avoided a re-operation due to a positive
margin because the initial resection margin was evaluated by frozen section analysis, allowing them to
undergo re-excision. These results are in accordance with a previous study reported by Chen et al., who
found that 16% of patients with an initially positive margin underwent intraoperative re-excisions and
ultimately achieved successful BCS; the surgical treatment, margin management strategy and frozen
section analysis used in their study were quite similar to those used in ours [17]. Together, these �ndings
indicate that using intraoperative frozen section analysis for initial resection margin evaluation revealed
that some patients had positive margins, thus allowing re-excision, which could reduce the reoperation
rate in populations in which the baseline rate of inadequate margins is lower than 20%.

The value of intraoperative FME for identifying margins that should be re-excised has rarely been studied.
Jorns et al reported that use of FME for reexcision specimens resulted in no difference in the need for
further reexcision or ultimate conversion to mastectomy because of a similar high false negative rate of
FME in re-excision specimens (13%) as compared with that of lumpectomy series (10%) [18]. Based on
these �ndings, the authors suggested that FME may not provide added value for patients undergoing
reoperation for margins. Even so, most hospitals in China choose intraoperative frozen section analysis
for margin evaluation, and in our institution, intraoperative FME for re-excision of margins is routinely
conducted ( a cavity-shaving procedure is not generally performed even though this procedure has been
associated with a lower rate of positive margins in a prospective randomized trial and multiple cohort
studies [19]). In the present study, we found that in 98.4% of attempted BCS patients (82.9% with initially
margin free and 15.4% with a single margin-free re-excision), the risk of reoperation was either veri�ed to
be low or actually lowered as a result of the initial frozen tissue resection margin evaluation. Because
only twelve patients (1.6%) in this study required an additional margin re-excision after the �rst re-excised
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margin was positive, we suggest that FME at re-excision margins could be omitted if cavity shaving,
which is recommended for re-excised margins, is always performed after the initial margin evaluation.
Secondly, the rate of positivity for re-excision margins was 9.6% in our study, which is similar to
previously published false-negative rates reported for FME in re-excision specimens (ranging from 3.5–
13%)[20]. It is therefore possible that the re-operation rate may not be reduced by the intraoperative
evaluation of frozen sections of re-excised margins. Our results also reveal that a large proportion of the
patients (72.7%) with a positive initial margin converted to mastectomy, and that only a small proportion
of these patients (3%) converted to another therapy based on this result. These results collectively
demonstrate that FME for re-excision margins may not in�uence surgical decisions during BCS.

Several studies have constructed nomograms to predict the likelihood of having positive initial margins
during BCS and have signi�cantly associated the DCIS histological type with initial margin positivity
[21.22]. However, the risk factors for re-excision margin positivity have rarely been reported. In the present
study, there was a greater increase in the proportion of patients with the DCIS histological type in the re-
excision margin-positive group than in the re-excision margin-negative group and in patients who
converted to mastectomy than in those with successful partial mastectomy (data not shown). The
multivariate analysis also showed that the DCIS histological type was an independent risk factor for re-
excised margin involvement in patients undergoing BCS. These data demonstrate that the subgroup of
patients with the DCIS histopathologic type is associated with a reduced ability to acceptable margin
status, and intraoperative FME of re-excision specimens may therefore be valuable in this subgroup of
patients.

In conclusion, although the present study represents a retrospective analysis, our results show that while
routine intraoperative frozen section analysis of re-excised margins may have limited value in the general
population undergoing BCS, this process could bene�t patients with the DCIS histological type
undergoing this procedure.

Abbreviations
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Figure 1

Correlation between the number of FMEs and surgical type in 760 patients who underwent attempted
BCS


