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Abstract
Background—Negative margins in breast conservation therapy (BCT) decrease local recurrence
risk. Excision may be performed via two techniques: either as a single lumpectomy specimen or as
a central segment with simultaneously resected peripheral segments (PSs). There is little data directly
comparing these methods for their effect on margin status.

Methods—A retrospective review of all patients undergoing BCT for invasive breast cancer was
conducted to evaluate and compare the two techniques. Presentation, pathologic characteristics,
surgical technique, specimen volume, and final margin status were recorded.

Results—Among 259 cancers in 257 women, 33 had positive margins. A single segment was
removed in 69 patients, while 190 patients had 1-6 PSs simultaneously removed. By univariate
analysis, smaller tumor size (p=0.017) and greater numbers of segments removed (p=0.01) lowered
the risk of positive margins. In a multivariate model, smaller tumor size (p=0.0024), lack of EIC
(p=0.049), and greater numbers of segments removed (p=0.0061) lowered the risk of margin
positivity. Despite this last predictor, the total resected specimen volume did not increase with the
number of PSs removed (p=0.4). There was no residual tumor in 49.2% of PSs despite a compromised
primary segment margin.

Conclusions—Smaller tumor size, lack of EIC and greater numbers of simultaneous PSs excised
decrease the likelihood of positive margins, despite a lack of correlation between segment numbers
and excised volume. These findings suggest that excision of simultaneous PSs may assist in achieving
negative margins, in part, due to avoidance of pathologic artifact.

INTRODUCTION
Successful breast conservation surgery (BCS) maximizes local control when obtaining
negative margins prior to irradiation. Although it is well established that compromised margins
increase the risk of local recurrence,1-4 no universally accepted definition of a close or negative
margin exists5 because trials have varied widely in their margin definitions, inclusion criteria,
and local recurrence rates.6, 7

Irrespective of the definition used, negative margins remain the standard of care for BCS, and
although the number of re-excisions doesn’t affect local recurrence8 initial efforts to achieve
margin negativity may help prevent reoperation. Repeated excisions not only add time,
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expense, and potential morbidity to treatment, but may result in poorer cosmesis9 and delay
adjuvant therapy.6 Wider resection at the first therapeutic excision may increase the likelihood
of negative margins, but may also worsen the cosmetic outcome,6, 9, 10 demonstrating the
importance of balance between the two goals.

Factors thought to contribute to compromised margins include multifocality,11-13 tumor size,
11, 13-16 extensive intraductal component (EIC),7, 8, 17, 18 lobular histology,8, 16, 19 younger
age,6, 13, 19 mammographically dense breasts,12 and palpability. The method of surgical
resection of simultaneous peripheral segments (PSs) at the edges of the primary segment
resected, however, has received little attention for its contribution to obtaining the desired
margin status in BCS.15, 20, 21 The primary goal of this study was to determine whether the
resection of a primary segment with PSs reduces the incidence of compromised margins when
compared with resection of a primary segment alone. The secondary aim was to determine
whether a benefit of removing additional segments was derived from an increase in tissue
volume excised or other factors.

METHODS
After institutional review board approval, 257 patients undergoing treatment between January
2006 and August 2008 were retrospectively reviewed. Patients were included if they had a
diagnosis of invasive breast cancer. Patients having a total mastectomy, neoadjuvant
chemotherapy, or solely ductal carcinoma in situ (DCIS) were excluded. Because excisional
biopsy has been suggested to increase the likelihood of positive margins at first therapeutic
excision,19, 22 patients having an excisional biopsy prior to therapeutic excision were
excluded. Charts were reviewed for palpability of the primary tumor, mammographic
appearance, final pathologic tumor size and grade, tumor histology, EIC, primary segment and
PS volume, number, and margin status, and the presence of tumor in those additional segments.

A tumor was considered palpable when a thickening or mass was documented in the patient’s
physical examination. For this study, a segment refers to a volume of tissue resected while a
margin refers to the distance from tumor to the inked edge of that tissue. A primary or central
segment was defined as the central or main tumor resection specimen, while PSs were defined
as those tissue volumes removed that surrounded a primary segment. PSs were universally
oriented as to which margin they abutted off the primary segment (Figure 1). Margins were
defined as positive when tumor was present at the inked surface on microscopic evaluation;
close when the tumor-free distance to ink was < 2 mm; and negative when the margin was ≥
2 mm. The margin status for a procedure was defined by the least favorable margin for the
entire procedure (e.g. a procedure having two close margins and one positive margin was
defined as positive). For analysis, close and negative margins were grouped together as there
is no consensus as to what constitutes a close margin.5 EIC was defined as DCIS spanning
≥25% of the overall volume.

Use of needle localization was based on the judgement of the surgeon as to whether the tumor
was sufficiently discrete on examination to use palpation guidance alone at operation.
Specimens undergoing needle localization were radiographically imaged intraoperatively to
confirm removal of the core biopsy marker, the entire needle localization wire, calcifications,
and/or mass. Proximity of the tumor to the primary segment edge was assessed intraoperatively
by palpation, intraoperative review of the specimen radiographs, or both. The decision to resect
1 or more PSs (Figure 1) was made at the discretion of the surgeon. All specimens were oriented
for pathology and sent for permanent section analysis. Intraoperative pathologic margin
assessment was not performed as per our institutional standard procedure. Compromised
margins on skin or chest wall did not undergo re-resection of skin or muscle. Primary and
peripheral segment volumes were calculated by multiplying specimen length × width × height
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(cm3),17 which are uniformly reported in our pathology reports, understanding that this is a
best estimation and that each specimen is not cubical.

The means procedure was used to evaluate whether volume increased with the number of
segments removed. The Wilcoxon test was used to correlate tumor size to the number of
margins excised, and the number of margins excised to volume. The Pearson correlation test
was used to determine whether there was a linear relationship between tumor size and volume
of tissue excised. To evaluate margin positivity as the number of segments excised increased,
the Junckheere-Terpstra test was utilized. Logistic regression was used to evaluate the risk of
positive margins relative to tumor size, tumor grade, age, EIC, volume of the primary segment,
total volume, removal of PSs, palpability, and the use of needle localization. A multiple logistic
model was used to further evaluate margin status, removal of PSs, tumor size and grade, the
use of needle-localization, EIC, volume resected, and palpability with respect to margin status.
A value of ≤0.05 was designated as significant.

RESULTS
There were 259 cancers diagnosed in 257 women, whose average and median patient ages were
60 and 61 years, respectively (range 30 to 92). Tumors were not palpable in 144 cases (56%,
Table 1) and were palpable in 115(44%) of cases. Radiographic characteristics are summarized
in Table 1. Palpation guidance was used to resect 106 of 115 palpable lesions (41% of the total
cases) while needle localization was used in the remaining 153 (59%) cases. For 69 patients
(27%), a single primary segment was removed. In 190 (73%) patients ≥1 PS was removed
(range 1-6). The mean and median total specimen volumes were 159.6 and 127.9 cm3,
respectively (range = 16.5 to 1102 cm3). Two specimens were greater than 1000 cm3 with
primary segments measuring 9 × 8 × 4.5 cm (volume of 6 additional segments=746.1 cm3) and
14 × 14 × 5.5 cm (volume of 1 additional segment = 25.0 cm3) each. The average total specimen
volumes were smallest when no PSs were excised and largest with the removal of 4 PSs.
Distribution of volumes resected by number of segments is demonstrated in Figure 2 and Table
2.

Volumes of the primary segments and PSs, in relation to tumor size, are listed in Table 2. By
the Wilcoxon test, there was no difference in the average total specimen volume as the number
of segments removed increased (p= 0.10), because as greater numbers of segments were
resected, primary segment volumes became smaller (p=0.01). With an increase in tumor size,
the number of segments removed did not increase (p=0.08). Final margin positivity did not
correlate to primary segment volume (p=1.0). By the Pearson Correlation test, the total volume
excised increased as tumor size increased (p<0.0001), although increasing volume did not assist
in achieving negative margins by univariate analysis (p=0.79, Table 4). However, as the
number of PSs increased, margin positivity decreased (p=.01) via the Jonckheere-Terpstra test.

Overall mean and median tumor diameters were 1.7 cm and 1.5 cm, respectively (range 0.1
cm – 8.0 cm). Among the 190 patients who had ≥1 PSs resected, 119 (63%) had negative final
margins, 53 (28%) had close margins, and 18 (9%) had positive margins. In 69 cases, only a
single primary segment was resected. Among these, margins were negative in 34 (49%), close
in 20 (29%), and positive in 15 (22.0 %).

There were 215 ductal (83%), 28 lobular (11%), and 16 mammary (6%) carcinomas (mixed
ductal and lobular features). Among the 33 cases with positive margins, 25 were IDC (76%),
5 (15%) were ILC, and 3(9%) were IMC. There was no significant difference in the likelihood
of positive margins for lobular cancers versus all others by univariate (p=0.5, Table 4) or
multivariate analyses (p=0.29, ILC vs. IDC and p=0.25, ILC vs. IMC). Final peripheral margins
are listed by tumor type in Table 3.
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Age (p=0.17), tumor palpability (p=0.54), and use of needle localization (p=0.33) also did not
assist in achieving negative margins (Table 4) by univariate analysis. The presence of EIC
demonstrated a trend towards margin positivity (p=0.06), while higher tumor grade showed
no association (p=0.75, Table 4).

Because an increase in volume did not explain the margin negativity, pathology reports were
reviewed to correlate residual disease found in the PSs with the primary segment’s margin
status and orientation to help assess whether artifact may contribute to margin status. Among
190 cases, 576 additional PSs were resected at the time of initial lumpectomy, 62 (10.8 %) of
which contained additional DCIS or invasive cancer. For 119 patients who had 1-6
simultaneous PSs removed and negative margins, 64 (54%) had negative margins in the
primary segment and no disease in the PSs, while 41 (34%) had a positive or close primary
segment margin, but no residual disease in the corresponding PSs removed. Thirteen (11%)
patients had a compromised primary segment margin and cancer in the corresponding PS, and
1(1%) patient who had negative primary segment margins and a small focus of DCIS in a PS.
Three PSs (0.5%) that were adjacent to negative primary segment margins contained additional
disease. Among 122 compromised primary segment margins, 62 (50.8%) had additional
disease in the corresponding PS. Re-excision was performed in 29 of 73 patients with close
margins, demonstrating 7/29 (24%) with residual disease. In the 33 patients having initially
positive margins, 17 patients underwent re-excision with residual tumor found in 8/17 (47%)
patients.

A multivariate model analyzed margin status, segment numbers, tumor size, use of needle-
localization, volumes resected, EIC, age, histology, grade, and palpability with respect to
margin status. Smaller tumor size (p=0.0024), EIC (p=0.049) and 1 or more PSs removed
(p=0.006), significantly lowered the risk of margin positivity (Table 4).

DISCUSSION
Successful BCS depends upon the ability to obtain negative margins to minimize local
recurrence. Efforts that improve the negative margin rate may have a significant clinical impact.
There are few studies evaluating simultaneous excision of PSs. In a study by Jacobson and
colleagues21 all specimens had additional segments resected, and most had all 6 PSs removed.
The authors found that the number of patients requiring re-excision would have dropped from
66% (the number having a positive central segment margin) to 49% (the number of peripheral
segments having negative margins), demonstrating a potential benefit of 17%. This is in
contrast to 50% of their patients whose peripheral resection did not affect margin status, either
because central segments already had negative margins, or because the PSs also had positive
margins. Although the overall specimen volumes were measured, there was no analysis to
determine if resection volume affected margin status overall, and the reader must make a
judgment as to whether unnecessary resection of additional breast volume in 50% of patients
is worth saving 17% of patients from reoperation. Because none of the patients underwent
resection of one large central segment alone, it is difficult to make any conclusions about how
this compares to removing a single lumpectomy specimen.

In a study by Huston et al,23 the patients were divided into groups of 0, 1-3 and 4-6 PSs, unlike
our analysis. The authors noted that 56% and 36% of these latter respective groups had positive
central segment margins, and negative PS margins, suggesting the value of simultaneous PS
removal. This study contrasted with our own in that they found that the total specimen volume
increased with PS resection numbers. This increased volume could account for the
improvement in margin status, consistent with other data,18 invalidating the need for
simultaneous PS resection over simply removing larger volumes. In contrast, we found an
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increasing benefit with PS numbers even though the volumes did not increase, suggesting that
the benefit is not volume dependent.

Certain characteristics are predictive of margin status, but are innate to the patient or biology
of the tumor. Larger tumor size here, as elsewhere,7, 14-16, 18 increased the likelihood of
positive margins. EIC7, 8, 17, 18 and invasive lobular carcinoma8, 16, 19 have also been
implicated as factors contributing to the likelihood of margin compromise. Although lobular
carcinoma was not correlated with positive margins here, possibly due to the paucity of such
tumors, there was a trend towards margin positivity when EIC was present. Multifocality may
also contribute to margin positivity,11-13 but that data was unavailable. Younger age has been
associated with positive margins,6, 13, 19 but we found no such association, consistent with
other studies.15, 16 Finally, grade was also not a predictor for margin status, in accordance with
other series.11, 13, 19

Prior studies have evaluated factors other than resection technique that are associated with
negative margins.6, 11, 12, 16, 19 Neither needle localization nor palpability were of assistance,
despite the theoretical possibility that these may help to target a tumor more accurately. This
is consistent with data demonstrating that bracketed localization of a lesion may not assist in
improving margin status.24 Although this may seem counterintuitive, it is likely due to the lack
of perfect correlation between imaging and histologic tumor extent.25 The most extreme
example of this would be breast MRI, which claims the highest sensitivity, but no demonstrable
utility to date in decreasing the likelihood of compromised margins.26, 27

Intraoperative assessment, if accurate, might spare the patient a second procedure. Gross
evaluation by the surgeon can be difficult, irrespective of the histology of the primary tumor,
possibly because DCIS may surround a lesion, and may not be palpable.28, 29 Visual inspection
of the specimen and cavity,14 frozen section analysis30, 31 intraoperative imprint cytology,
32-34 and, radiofrequency spectroscopy35 have all been proposed, but only variably successful.
Intraoperative frozen section evaluation has limitations because it is time consuming, increases
cost,31 and the fat content of the breast makes such evaluation inaccurate due to artifact from
the freezing process.36 Intraoperative imprint cytology has been evaluated for initial
surgery32, 33 and for re-excisions,34 but unfortunately, results also vary widely by institution.

Further difficulties may arise in the accuracy of orientation, resulting in inaccurate margin
assessment. In a study evaluating 122 lumpectomy specimens, Molina and colleagues37 noted
that the surgeon’s orientation sutures were interpreted incorrectly by the pathologist in over
30% of cases, suggesting that part of the disparity between margin status and residual tumor
in margin-directed re-excisions may be due to incorrect assessment of which margin to re-
excise. Specimen compression has also been suggested to increase the risk of a false-positive
margin,38 and while it has been suggested that this might be avoided if the surgeon supervises
specimen compression for imaging,39 resection itself causes a loss of dimension without
compression.40 The outcome impact of such artifact on local recurrence is likely to be small
and would be difficult to demonstrate, as local recurrence rates overall for breast conservation
are low, even for node-positive disease.41 The clinical implication here, however, is not
whether PS resection will change long term outcomes, but whether it allows fewer return trips
to the operating room.

In light of these difficulties, removing additional tissue would seem to be the simplest option,
but cosmesis must be considered in BCS technique. We found no correlation between volume
resected and PS numbers. This method of PS resection, which increases the negative margin
rate, but doesn’t increase in the volume resected, should not substantially compromise
cosmesis. This advantage of PS resection appears to result from the ability to minimize artifact
by having additional pathologic specimens to evaluate.
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Sabel and colleagues previously evaluated 130 patients with close margins, where 67% of re-
excisions demonstrating the biopsy cavity or scar, but showed no evidence of tumor in the re-
excised margin(s).13 In theory, some of this may be due to destruction of residual tissue by
cautery at that margin or an inflammatory effect from the procedure. 36, 42 Inking artifact
should also be considered,36 where ink may bleed into the crevices of a specimen, artificially
making the margin appear closer to ink than the true in vivo distance. Similar to the findings
of Sabel et al,13 we noted that for 52% of patients with positive margins and 76% of patients
with close margins evaluated with re-excision, no residual disease was found at re-operation.
Similarly, in those patients with PSs removed having negative margins, 34% had positive or
close margins on the primary segment and no residual disease in the corresponding PSs, while
10% had residual disease in the PS corresponding to the positive margin on the primary
segment. Of the 54 patients with compromised primary segments, 76% avoided a return trip
to the operating room since they had PSs removed at the time of initial lumpectomy that were
negative for additional disease, confirming the benefit of the technique.

This study is limited by its retrospective nature, and the possibility of a selection bias. This
bias, however, is largely a function of the clinical judgement of the surgeon, and may
demonstrate the advantage of that technique when used judiciously. Unfortunately, data
regarding breast size and multifocality, which may affect margin positivity and the volume of
resection, were not available for analysis. Finally, not all patients with close or positive margins
underwent re-excision. Data on residual disease in the lumpectomy cavity was not available
for these patients, although the overwhelming majority of these compromised margins were
on skin or chest wall, precluding such a re-excision.

In short, this study demonstrated that increasing the number of PSs helps decrease margin
positivity, without necessarily increasing volume. Further analysis demonstrated that the
benefit may be due to a decrease in artifact. Thus, while excision of additional PSs does not
ensure negative margins, this technique may decrease additional surgeries secondary to artifact
without increasing the total tissue volume excised or having a negative impact on cosmesis.
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Figure 1.
Method of excision. One or more PSs surrounding the primary (central) segment are removed
at the discretion of the surgeon, after assessment either by palpation or after intraoperative
specimen imaging.
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Figure 2.
Margin positivity rates. Number of segments compared to volume and percentage of negative
margins. As the number of segments removed increase, there is a decrease in positive margins.
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Table 1
Cohort characteristics

Numbers in parentheses are percentages, unless otherwise indicated

n Peripheral Segments: 0 (n=69) 1-6 (n=190)

Age: Mean, Median (Range) 60, 59 (37-91) 60, 61 (30-90)

Method of Detection

 Nonpalpable (n=144) 40 (58.0) 104 (54.7)

 Palpable (n=115) 29 (42.0) 86 (45.3)

Imaging Characteristics

 Calcifications (n=37) 12 (17.0) 25 (13.0)

 Mass (n=173) 50 (72.0) 123 (65.0)

 Asymmetry (n=34) 4 (6.0) 30 (15.0)

 Negative (n=10) 1 (1.0) 9 (5.0)

 Unknown (n=5) 2 (4.0) 3 (2.0)

Primary Tumor Histologic Type

 Invasive ductal carcinoma (n=215) 59 (86.0) 156 (82.0)

 Invasive lobular carcinoma (n=28) 7 (10.0) 21 (11.0)

 Invasive mammary carcinoma (n=16) 3 (4.0) 13 (7.0)
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Table 2
Tumor size versus resection volumes by number of segments resected

Numbers in each column represent means.

Peripheral
Segments (n)

Primary
tumor size

(diameter, cm)
Primary segment

volume (cm3)

Total peripheral
segment volume

(cm3)

Total resected volume
(cm3)

0 (69) 1.4 143.6 N/A 143.6

1 (56) 1.7 158.0 20.5 177.3

2 (43) 1.7 111.0 19.0 135.0

3 (28) 1.7 142.7 43.3 186.3

4 (12) 2.0 125.9 63.6 189.5

5 (4) 2.2 66.0 60.0 126.0

6 (47) 2.0 92.2 67.0 159.2
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Table 3

Tumor type and procedural margin status, representing the margin of the primary segment when resected alone,
or of the PSs when removed with a primary segment. Numbers represent n (row %)

Histology Negative Close Positive

Invasive ductal carcinoma (n=215) 125 (58.0) 65 (30.0) 25 (12.0)

Invasive lobular carcinoma (n=28) 19 (68.0) 4 (14.0) 5 (18.0)

Invasive mammary carcinoma (n=16) 9 (56.0) 4 (25.0) 3 (19.0)

Ann Surg Oncol. Author manuscript; available in PMC 2011 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patel et al. Page 14

Table 4
Modeling of predictors of margin status

Factor Univariate
p value

Multivariate
p value

OR (95% CI)

Tumor size (cm) 0.017 0.0024 1.8 (1.2-2.5)

Histology 0.5 (ILC v. IMC v. IDC) 0.29 (ILC v. IDC) 2.2 (0.5-9.8)

0.25 (ILC v. IMC) 2.4 (0.53-11.1)

EIC 0.06 .049 2.7 (1.0-7.4)

Grade 0.75 (1 v. 2 v. 3) 0.68 (1 v. 3) 1.4 (0.32-5.8)

0.17 (2 v. 3) 2.0 (0.7-5.2)

PSs (0 v1-6) 0.01 0.006 3.4 (1.4-8.0)

Total Volume (cm3) 0.79 0.35 1.0 (1.0-1.002)

Primary Segment Volume 1.0 N/A N/A

Palpability 0.54 0.94 1.1 (0.2-5.5)

Use of needle localization 0.33 0.38 2.1 (0.4-11.0)

Age 0.17 0.24 1.0 (0.95-1.0)

Ann Surg Oncol. Author manuscript; available in PMC 2011 November 1.


