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ABSTRACT

Background. Breast-conserving surgery (BCS) is the
preferred surgical approach for the majority of patients
with early-stage breast cancer. There are frequent issues
regarding pathologic margin status, requiring margin re-
excision, and, in the literature, there is significant vari-
ability in re-excision rates, suggesting this is a potential
quality-of-care issue. Understanding the patient-, disease-,
and physician-related factors influencing reoperation rates
is of importance in an effort to minimize this occurrence.
Methods. A retrospective analysis of all patients referred
to our cancer center over a 3-year period (1 January
2011-31 December 2013) was performed. Surgeon vol-
ume, and patient- and tumor-related factors were assessed
for their impact on re-excision rates. Multivariate logistic
regression analysis was performed to identify variables of
significance influencing reoperation rates after attempted
BCS.

Results. Overall, 594 patients underwent initial BCS, with
159 (26.8%) patients requiring at least one re-excision to
ensure negative pathologic margins. On multivariate anal-
ysis, low surgeon case volume, patient age (under 46 years
of age), tumor size (>2 cm), and lobular carcinoma were
associated with an increased re-excision rate.

Conclusion. Re-excisions are frequent after BCS and are
influenced by surgeon volume, patient age, and tumor-re-
lated factors. These factors should be considered when
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counseling patients considering BCS, and also for quality
assurance.

Breast-conserving surgery (BCS) is the preferred sur-
gical approach for the majority of patients with early breast
cancer. While providing patients the benefit of maintaining
their breast, a potential downside of this option is the high
rate of reoperation required to obtain negative pathological
margins. There is significant variability in the need for
reoperation, with institutions reporting a range of 0-60 %, '
while larger population-based studies range from a low of
17 % to a high of 35 %.*¢

While re-excision is safe from an oncologic perspective,’
it has been shown to be associated with higher complication
rates,® negatively impacts cosmesis,”'® and may influence
patient satisfaction, as well as impact the costs associated
with surgical management of breast cancer.'' Furthermore,
re-excision after BCS has been suggested as one of several
quality indicators related to breast cancer surgery.'*™"*

Both patient->* and disease-related factors>>" '* have
been shown to influence the need for reoperation in patients
undergoing BCS. In addition, low surgical case volumes on
the part of both the surgeon'® and the institution®'” have
been shown to be associated with higher reoperation rates.
We sought to determine what factors are predictive of the
need for reoperation in our population.

METHODS

Approval from the University of British Columbia
Research Ethics Board was obtained for a retrospective
chart review of patients referred to the British Columbia
Cancer Agency Sindi Ahluwalia Hawkins Center for the
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Southern Interior (BCCA SAH-CSI) between 1 January
2010 and 31 December 2012. The BCCA is the only
institution that provides radiation and medical oncology
services within the province, with the BCCA SAH-CSI
being one of six regional cancer centers within the
province.

The BCCA SAH-CSI is the referral center for patients
undergoing breast cancer surgical services within nine
regional hospitals. In total, 36 general surgeons and 1
surgical oncologist provide these surgical services, each
working in one facility. Each hospital has their own dedi-
cated anatomic pathologists, each expected to comply with
a regional standardized protocol. In complex cases, second
opinions are obtained from either one of the higher-volume
anatomic pathologists within the region, or referred to a
core group of provincially based BCCA pathologists.
Patients identified as having ductal carcinoma in situ, as
well as invasive ductal carcinoma and lobular carcinoma
were included for analysis. Cases with both in situ and
invasive components were classified as malignant. During
this time period, the BCCA recommended a pathologic
margin of 2 mm in patients with in situ invasive breast
cancer. To facilitate identification of patients undergoing
BCS for early-stage breast cancer, we excluded patients
who were identified as having any of the following:

Males

Age <18 years

Previous or recurrent breast cancer

T4 cancer on final histology

Initial mastectomy

Initial biopsy or surgical care outside the geographic
catchment area of the BCCA SAH-CSI.

Data collected included patient age, as well as tumor-
related factors [tumor size, grade, histology, pathologic
margin status, estrogen receptor/progesterone receptor
(ER/PR) status, human epidermal growth factor receptor 2
(HER2) status]. Pathologic margin status was divided into
five categories: positive (tumor on ink), close but negative
(no tumor on ink or <1 mm), 1-2 mm, negative (>2 mm),
and indeterminate.

The method of biopsy required to obtain a pathologic
cancer diagnosis was also collected, including image-guided
core biopsies and surgical biopsies (wire localized, inci-
sional, or excisional biopsies). Surgical biopsies performed
for diagnostic purposes were not classified as BCS. Subse-
quent surgical procedures after a diagnostic surgical biopsy
or image-guided biopsy were then considered to be the initial
BCS in an attempt to minimize the influence of diagnostic
biopsy method on the need for re-excision. Subsequent
breast procedures performed after the initial BCS (re-exci-
sion or mastectomy) are considered a ‘re-excision’.

The influence of surgeon annual case volume was also
considered, and classified as low (1-4 cases/year), inter-
mediate (5-9 cases/year), high (10-24 cases/year), and
very high volume (>25 cases/year). Information was also
collected on the facility procedure volume, but, on
exploratory analysis, no connection with the main outcome
of interest (re-excision rate) was identified.

Data were collected on a Microsoft Excel spread sheet.
Univariate analysis was performed on all variables
described, and those values that had a low p-value of <0.2)
were included in the multivariate model. Pathologic margin
status was removed from multivariate analysis given its
dominant effect on demographic-, tumor-, and surgeon-
related factors predicting the need for re-excision.

RESULTS

Over a 3-year period, 581 patients underwent attempted
BCS. The majority of cases were ER-positive, intermedi-
ate-grade ductal carcinomas, and between 1 and 3 cm
(Table 1). Overall, 23.8 % of patients were pathologically
lymph node-positive; 13.8 % (80 of 581) required a sur-
gical biopsy to establish a cancer diagnosis, and in 1 % of
patients, the method of diagnosis was not available. Mar-
gins were pathologically positive in 17.4 % of patients
after initial attempted BCS, with the remainder being
‘close but negative’ (13.3 %), 1-2 mm (18.1 %), and
negative (49.8 %).

Overall, 25.1 % (146 of 581 patients) underwent reop-
eration to address concerns regarding the pathological
status of surgical margins. Surgeons performing >25 cases
per year had the lowest re-excision rate (17.8 %). As sur-
geon volumes decreased, re-excision rates increased in the
high- (22.3 %), intermediate- (30.4 %), and low-volume
surgeons (33.3 %) (Fig. 1). Less variability was noted in
the reoperation rates within the very-high-volume surgeons
(range 13-21 %) compared with the low-volume surgeons
(range 14-71 %).

On univariate analysis, age <44 years, tumors >30 mm,
lobular carcinoma, high-grade tumors, and low surgeon
case volume were associated with a higher reoperation rate
(Table 2). Pathologic margin status, including positive,
close but negative, and 1-2 mm, were also highly associ-
ated with re-excision, but, due to their dominant effect on
the need for re-excision, were excluded from the multi-
variate analysis.

On multivariate analysis, all factors from the univariate
analysis maintained their significance on re-excision,
except tumor grade (Table 3). Patients over 75 years of age
(compared with those <45 years of age) were less likely to
need re-excisions [odds ratio (OR) 0.24; p < 0.01], as were
those operated on by very-high-volume surgeons (OR 0.41;
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TABLE 1 Descriptive clinicopathological, surgeon and facility characteristics, as well as gross re-excision rates

Variable Category BCS patients % of BCS patients Re-excision rate
Overall Overall 581 100.00 25.13
Diagnosis age (years) 0-44 26 4.48 38.46
44-54 113 19.45 36.28
55-64 174 29.95 26.44
65-74 171 29.43 21.64
75+ 97 16.70 12.37
Hospital A 32 5.51 9.38
B 1 0.17 0.00
C 117 20.14 26.50
D 180 30.98 20.56
E 100 17.21 28.00
F 23 3.96 34.78
G 38 6.54 28.95
H 66 11.36 34.85
I 24 4.13 20.83
Surgeon case volume Low (1-4/year) 105 18.07 33.33
Intermediate (5-9/year) 125 21.51 30.40
High (10-24/year) 233 40.10 22.32
Very high (25+4/year) 118 20.31 17.80
Malignancy established preoperatively Surgical 80 13.77 20.00
Image-guided 495 85.20 25.66
NA 6 1.03 50.00
Tumor size (mm) 0.0-9.9 97 16.70 13.40
10.0-19.9 241 41.48 14.94
20.0-29.9 134 23.06 25.37
30.0-39.9 55 9.47 41.82
40.0-49.9 16 2.75 56.25
50+ 38 6.54 81.58
Pathologic margin status Negative 296 50.95 1.69
Indeterminate 2 0.34 50.00
Close but negative 77 13.25 51.95
1-2 mm 105 18.07 15.24
Positive 101 17.38 83.17
Histology Invasive ductal carcinoma 470 80.90 22.98
Invasive lobular carcinoma 45 7.75 42.22
DCIS 66 11.36 28.79
Tumor grade 1 163 28.06 16.56
2 237 40.79 25.74
3 181 31.15 32.04
Lymph node status NO 382 65.75 24.35
N1 115 19.79 27.83
N2 23 3.96 34.78
NX 61 10.50 21.31
ER status Not recorded 71 12.22 33.80
Positive 441 75.90 23.36
Negative 59 10.15 28.81
Borderline 2 0.34 50.00
Unknown 8 1.38 12.50




Factors Influencing the Need for Re-Excision After BCS

S659

TABLE 1 continued

Variable Category BCS patients % of BCS patients Re-excision rate

PR status Not recorded 71 12.22 33.80
Positive 339 58.35 23.60
Negative 104 17.90 22.12
Borderline 2 0.34 0.00
Unknown 65 11.19 29.23

HER?2 status Not recorded 71 12.22 33.80
Positive 60 10.33 30.00
Negative 381 65.58 22.05
Borderline 3 0.52 33.33
Unknown 66 11.36 28.79

BCS breast-conserving surgery, NA not available, DCIS ductal carcinoma in situ, ER estrogen receptor, PR progesterone receptor, HER2 human

epidermal growth factor receptor 2

FIG. 1 Re-excision rate by

Very High (25+)

High (10-24) Int. (5-9) Low (1-4)

surgeon annual case volume 100
90 -

80

Re-Excision Rate

p = 0.01). On multivariate analysis, the lowest threshold
for tumor size decreased to 20 mm, with tumors between
20 and 29 mm having a higher probability of re-excision
(OR 2.13; p = 0.04) compared with tumors <1.0 cm.
Patients with lobular carcinoma were more likely to need
re-excisions than those with ductal carcinoma (OR 2.50;
p = 0.02).

Further exploratory analysis revealed that very-high-
volume surgeons had a lower rate of pathologically posi-
tive margins (14.4 %) than those of the high- (16.8 %),
intermediate- (17.6 %), and low-volume (23.8 %) surgeons
(results not shown). On multivariate analysis, this only
reached statistical significance (results not shown) on

Surgeon Annual Case Volume

comparison of very-high-volume and low-volume surgeons
(OR 0.54; p = 0.05).

In an attempt to elucidate management strategies
between surgeons, we also analyzed re-excision rates in
cases with pathologically positive and ‘negative’ surgical
margins (including no tumor on ink, 1-2 mm, and to
widely negative margins). There appeared to be a trend in
the proportion of patients re-excised in each surgeon-vol-
ume category, for both pathologically positive and
‘negative’ margins (Fig. 1). In patients with pathologically
positive margins, re-excisions were performed in fewer
patients in the very-high-volume (82.4 %) and high-vol-
ume surgeons (71.8 %), than in the intermediate- (95.5 %)
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TABLE 2 Univariate analysis of surgeon volume and patient and tumor factors associated with reoperation rates

Variable Category comparison OR (95 % CI) p-Value
Diagnosis age (years) 75+ vs. 044 0.245 (0.072-0.840) 0.0001
65-74 vs. 0-44 0.478 (0.149-1.53) 0.2136
55-64 vs. 0-44 0.650 (0.216-1.96) 0.4437
45-54 vs. 044 0.978 (0.397-2.41) 0.9611
Surgeon case volume Very high vs. low 0.433 (0.232-0.807) 0.008
High vs. low 0.575 (0.345-0.957) 0.033
Intermediate vs. low 0.874 (0.500-1.524 0.634
Malignancy established preoperatively Image-guided vs. surgical 3.556 (0.594-21.29) 0.1648
NA vs. surgical 1.333 (0.707-2.52) 0.3743
Tumor size (mm) 50+ vs. 0.0-9.9 31.385 (11.651-84.54) <0.0001
40.0-49.9 vs. 0.0-9.9 9.231 (2.478-34.38) 0.0009
30.0-39.9 vs. 0.0-9.9 4.644 (2.225-9.69) <0.0001
20.0-29.9 vs. 0.0-9.9 2.391 (1.232-4.64) 0.0100
10.0-19.9 vs. 0.0-9.9 1.324 (0.711-2.47) 0.3766
Margin status Positive vs. negative 332.082 (119.774-920.73) <0.0001
1-2 mm vs. negative 10.463 (4.301-25.45) <0.0001
Close but negative vs. negative 62.919 (31.090-127.33) <0.0001
Indeterminate vs. negative 58.200 (3.103-1091.59) 0.0066
Histology DCIS vs. ductal carcinoma 1.371 (0.820-2.29) 0.2288
Lobular vs. ductal carcinoma 2.242 (1.348-3.73) 0.0019
Tumor grade High vs. low 2.409 (1.470-3.95) <0.0001
Intermediate vs. low 1.932 (1.207-3.09) 0.0061
Lymph node status NX vs. NO 0.826 (0.471-1.45) 0.5070
N2 vs. NO 1.511 (0.729-3.13) 0.2669
N1 vs. NO 1.195 (0.756-1.89) 0.4455
PR status Unknown vs. positive 1.375 (0.844-2.24) 0.2014
Borderline vs. positive Excluded Excluded
Negative vs. positive 0.930 (0.543-1.59) 0.7900
ER status Unknown vs. positive 0.439 (0.051-3.80) 0.4548
Borderline vs. positive 3.073 (0.196-48.07) 0.4237
Negative vs. positive 1.463 (0.895-2.39) 0.1290
HER?2 status Unknown vs. positive 0.988 (0.464-2.10) 0.9743
Borderline vs. positive 2.211 (0.388-12.59) 0.3715
Negative vs. positive 0.670 (0.342-1.31) 0.2419

DCIS ductal carcinoma in situ, OR odds ratio, CI confidence interval, NA not available, PR progesterone receptor, ER estrogen receptor, HER2
human epidermal growth factor receptor 2, Excluded from analysis due to small numbers

and low-volume surgeons (88.0 %). Similarly, in patients
with ‘negative margins’, very-high-volume and high-vol-
ume surgeons reoperated less frequently than their
respective intermediate- or low-volume surgeons (6.9,
12.3, 16.5, and 16.3 %, respectively). Furthermore, the
rationale for re-excisions within each surgeon-volume
category were similar, with the majority of re-excisions
being undertaken for pathologically positive margins (66.7
vs. 53.9 vs. 53.3 vs. 62.9 %), with the remainder of re-
excisions performed in those with various degrees of
‘negative’ margins (results not shown).

DISCUSSION

Breast cancer represents the most common solid organ
malignancy requiring surgical intervention in females,'®
with BCS being the preferred initial surgical approach in
the majority of patients with early breast cancer. In large
population-based studies, approximately one-quarter of
patients require reoperation to address the adequacy of
pathological margins.>® Given the frequent need for sur-
gical management of breast cancer, potential negative
consequences of reoperation (patient anxiety, increased
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TABLE 3 Multivariate analysis of surgeon volume and patient and tumor factors associated with reoperation rates
Characteristic Category comparison OR (95 % CI) p-Value
Diagnosis age (years) 754 vs. 044 0.238 (0.080-0.705) 0.0096
65-74 vs. 044 0.490 (0.188-1.274) 0.1434
55-64 vs. 044 0.536 (0.208-1.382) 0.1966
45-54 vs. 044 0.853 (0.324-2.242) 0.7468
Surgeon case volume Very high vs. low 0.419 (0.209-0.841) 0.0144
High vs. low 0.576 (0.322-1.030) 0.0627
Intermediate vs. low 0.882 (0.469-1.659) 0.6969
Tumor size (mm) 50+ vs. 0.0-9.9 20.805 (7.367-58.760) <0.0001
40.0-49.9 vs. 0.0-9.9 7.492 (2.300-24.402) 0.0008
30.0-39.9 vs. 0.0-9.9 4.777 (2.103-10.851) 0.0002
20.0-29.9 vs. 0.0-9.9 2.129 (1.029-4.406) 0.0417
10.0-19.9 vs. 0.0-9.9 1.074 (0.530-2.175) 0.8430
Histology DCIS vs. ductal carcinoma 1.114 (0.574-2.165) 0.7493
Lobular vs. ductal carcinoma 2.502 (1.153-5.431) 0.0204
Tumor grade High vs. low 1.178 (0.637-2.177) 0.6018
Intermediate vs. low 1.269 (0.720-2.239) 0.4098

DCIS ductal carcinoma in situ, OR odds ratio, CI confidence interval

complications, worse cosmesis), and the attributable costs
associated with reoperation,'' there is an increasing
emphasis on minimizing the reoperation rate."?

There is no consensus on an acceptable rate of re-ex-
cision after attempted BCS; one group has suggested
<20 %," while another specialist society have set 10 % as
an achievable target.'” Despite the lack of consensus, it is
apparent that there is the potential to significantly improve
on the current status quo. While there is no single solution,
a number of potential approaches have been suggested to
maximize the chances of successful initial surgery,
including both preoperative planning and intraoperative
techniques.'® Potential intraoperative solutions include the
use of frozen sections and touch preparations,’ cavity
shaving,® and novel margin assessment tools.>' Further-
more, the release of the Society of Surgical Oncology/
American Society for Radiation Oncology (SSO/ASTRO)
consensus guidelines, which suggest ‘no tumor on ink’ as
an acceptable pathologic margin, has the potential to
reduce the reoperation rate.”> Given the variability in
patient and tumor characteristics, along with physician
practice patterns, techniques, and expertise, this is likely to
be an area of further investigation in the foreseeable future.

In order to address this issue, there is a need to under-
stand what factors predict the need for re-excision after
BCS. Fundamentally, these can be divided into patient-,
disease-, and treatment-related factors, along with pro-
cesses of care. The latter are outside the scope of this
project, with the exception of the need to utilize a surgical

biopsy to establish a cancer diagnosis. Given the associa-
tion of surgical diagnostic biopsies with an increased re-
excision rate,”** we considered a surgical biopsy a diag-
nostic procedure and the subsequent therapeutic surgical
procedure as the initial BCS. This minimized the influence
of access to, or local expertise in, image-guided biopsies on
re-excision rates.

We have identified that patient age influences the need
for re-excision, with patients <45 years of age undergoing
more re-excisions than their older counterparts (70 years of
age and older) (Table 2). This is consistent with other
reports, which have found that patients <50 years of age
more frequently undergo secondary operations.>**>

The association of tumor-related factors with the need
for reoperation have been well documented. In our cohort
of patients, tumors >2 cm were more likely to require re-
excision, which is consistent with other reports.>* Patho-
logic subtype, in particular lobular carcinoma, was found to
increase the need for re-excision.”'> We did not identify
ductal carcinoma in situ as a risk factor in multivariate
analysis, as has been reported by others.>”'> Tumor
grade,® as well as the presence of lymphovascular inva-
sion,” have also previously been shown to influence the re-
excision rate, which was not the case in our study. Tumor
biomarkers have also been reported to impact the need for
reoperation. In our cohort of patients, we did not find that
ER/PR receptor status,3 nor HER2 status,2 influenced re-
excision rates, as shown by others. Furthermore, we did not
find that the presence of pathologically positive lymph
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nodes influenced re-excision rates.”® The discrepancy
between our study and others, pertaining to the significance
of tumor-related factors, likely relates to sample size.

There has been increasing interest in the role of surgeon-
and hospital-related factors on patient outcomes in sur-
gery.>?*?® Most reports have focused on resource-
intensive procedures with high perioperative complica-
tions, including cardiac procedures,28 and lung,29
esophageal,”®* pancreatic,”**’ and gynecological sur-
gery.”’ With the exception of breast reconstruction,”™" the
perioperative complications associated with breast cancer
surgery are unlikely to be a relevant quality measure. This
has resulted in a focus on other quality measures of clinical
significance, including patient satisfaction, cosmesis, and
wait times for care, each of which fit within the six
domains of quality healthcare as identified by the Institute
of Medicine.*” Re-excision after BCS has the potential to
influence each of these quality measures, which has
resulted in re-excision rates being proposed as a potential
quality measure in breast cancer surgery.>® Furthermore,
escalating healthcare costs are a major concern,z’m, 34-36
with re-excision after BCS having significant projected
economic costs.'’

Several reports address the impact of surgeon volume on
re-excision rates after BCS. A study based on an Irish cancer
registry found that low-volume surgeons (<35 cases per
year) had higher re-excision rates than high-volume sur-
geons (>70 cases per year), independent of patient- and
tumor-related factors.” Similar findings were noted utilizing
a database from the American Society of Breast Surgeons
program, in which they found that surgeons with low annual
case volumes (<10 and 25 cases), had higher re-excision
rates than those with >25 cases per year (38 vs. 26 vs.
15 %)."° There was no apparent improvement in re-excision
rates once surgeon case volumes exceeded 25 cases per year.
Contrary to these reports, McCahill et al. did not find that
surgeon volume impacted re-excision rates; however, this
was a single-institution study with a small number of sur-
geons, case conferences, and a low overall re-excision rate
(17.5 %), with low intersurgeon variability (10.7-20.1 %)."*
Finally, a regional report from Canada focused on both the
requirement for re-excision and the presence of pathologic
positive margins after initial attempts at BCS. Surgeon case
volumes were divided into terciles, with ‘high-volume’
surgeons performing only 15 cases per year. This report
documented a trend to lower positive pathologic margins,
and a lower re-excision rate in the ‘high-volume’ surgeons
compared with the medium- and low-volume surgical
counterparts (17 vs. 32 vs. 30 %).25

Similar to the aforementioned studies, we found sur-
geons performing more than 25 cases per year had lower
re-excision rates than low-volume surgeons (OR 0.41),
with a trend to significance in our high-volume surgical

cohort (10-24 cases per year). These results are consistent
with two of the studies, with the exception of a higher
threshold surgeon volume of 35 cases in one study.” While
the second study suggested similar findings, it was limited
by a lack of relevant patient- and disease-related factors
required to make any firm connection between surgeon
case volume and re-excision rates.'® The two remaining
studies did not find a statistical difference in re-excision
rate, but definite trends were apparent.'?, *° These reports
had notable limitations, including limited tumor-related
information,'” a low number of surgeons,'? and very low
case volumes in the ‘high-volume surgeons’,” which may
limit their conclusions. Our study adds to the current lim-
ited body, confirming a relationship between surgeon
volume and re-excision rates independent of patient- and
tumor-related variables in patients with breast cancer.
Although open to interpretation, this collective information
suggests that surgical case volumes between 25 and 35
cases per year are associated with lower re-excision rates
after BCS.

Based on previous reports, it is unclear whether the
disparities in re-excision rates attributed to surgeon volume
are related to proficiency at obtaining a negative pathologic
margin (i.e. no tumor on ink) or physician interpretation of
what an adequate ‘negative’ margin is. To further elucidate
the rationale for this disparity, re-excisions were subdi-
vided into two different categories: (i) patients with
positive pathologic margins (i.e. tumor on ink) after their
initial BCS; and (ii) those with all other pathologically
‘negative margins’. Upon review, the majority of re-exci-
sions performed were in patients with pathologically
positive margins (range 53.3-66.7 %). Given that well over
half of re-excisions were performed for pathologically
positive margins suggests that the influence of surgeon case
volume is reflective of planning and/or technical profi-
ciency on the part of the surgeon. The controversy
surrounding physician interpretation of an appropriate
margin is also evident, with at least one-third of re-exci-
sions performed in cases with ‘no tumor on ink’. The
appropriateness of reoperation in this scenario cannot be
commented on as our local guidelines at that time sug-
gested a 2 mm pathological margin as ideal, and the SSO/
ASTRO margin guideline for invasive breast cancer was
not available at that time.?” Despite these limitations, there
appears to be a trend in the management of margins based
on surgeon case volume. Very-high-volume and high-vol-
ume surgeons re-excised pathologically negative margins
less frequently (6.9 and 12.4 %) than intermediate- and
low-volume surgeons (16.5 and 16.3 %) (Fig. 1). This
trend also appeared in those with pathologically positive
margins, with very-high-volume and high-volume surgeons
re-excising margins less frequently (82.4 and 71.8 %) than
intermediate- and low-volume surgeons (95.5 and 88 %).
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This suggests a potential connection between surgeon
volume, training, and/or education on perception of an
adequate margin, and the need for further surgery in those
undergoing BCS.

It should be stated there are other structural- and pro-
cess-related measures that have the potential to influence
the re-excision rate. Hospital volume has been associated
with improved outcomes within a number of disease sites,
both within breast cancer’ and other areas of surgical
oncology.”” Access to advanced breast imaging, radiolo-
gists, pathologists, and multidisciplinary rounds, and
quality improvement initiatives, all have the potential to
impact the rate of pathologically positive margins after
BCS, as well as influencing the decision for further surgery
in cases with ‘close but negative margins’ or other cases
with ‘negative margins’. Finally, surgeon characteristics
other than case volume have the potential to influence
outcomes, including subspecialty training in breast surgery,
which has been found to be associated with both higher
breast-conservation rates”, 38 and lower reoperation rates
after BCS.?” In exploratory analysis, we did not identify
hospital volume as a meaningful independent predictor of
the need for re-excision. The influence of the potential
impact of other physician specialists (i.e. radiologists and
pathologists) cannot be ruled out, but would collectively be
included within hospital volume, which was investigated.
Pathologic processing is unlikely to be a contributing factor
given a standardized regional protocol. Surgeon subspe-
cialization could not be investigated as there is only one
regional surgical oncologist. Furthermore, although there
are multidisciplinary rounds available at our regional
cancer center, these are primarily focused on medical and
radiation oncology decision support, and are not frequently
attended by community surgeons, pathologists, or radiol-
ogists, making them unlikely to bias our results. Although
not formally reviewed in this study, based on other previ-
ous work,” no surgeons used advanced localizing
intraoperative localizing techniques (i.e. radioactive seeds,
intraoperative ultrasound), or detailed intraoperative spec-
imen assessment (i.e. touch cytology, frozen sections,
cavity shave) during the study time period. Although there
are potentially other factors that could influence re-excision
rates, collectively we believe that this unlikely.

The strength of this project is that it involves the work of
multiple surgeons in highly variable communities and
hospital settings. Although the case volumes may not be
that of highly specialized breast centers, they are likely
reflective of other community centers, where the bulk of
breast cancer surgery is performed.”’, *' Furthermore,
detailed tumor-related information was collected, which is
not the case in most studies. In particular, the pathologic
margin status provided a unique insight into the potential
reasons for re-excision, which is not available in other

studies. These results suggest that there are several
potential avenues to address concerns regarding re-excision
rates, including educating surgeons about the potential
patient- and tumor-related factors influencing margin pos-
itivity, implementation of intraoperative methods to
decrease margin positivity, and awareness of guidelines
regarding the management of patients with questionable
margins. Furthermore, multidisciplinary preoperative and
postoperative breast rounds also have the potential to
standardize patient management. Finally, regionalization of
surgical breast cancer management could be considered
given the apparent volume—outcome Association between
surgeon volume and the need for re-excision.

CONCLUSIONS

Patients undergoing BCS frequently require revisional
surgery to ensure adequate pathologic margin status. Re-
excision rates are affected by surgeon case volume, patient
age, and tumor-related factors. These factors should be
considered in both surgical planning and counseling
patients undergoing BCS, as well as in ongoing quality
assurance.
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