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THE CURRENT ENVIRONMENT OF

health care reform in the
United States calls for increas-
ing physician and hospital ac-

countability and transparency of health
care outcomes.1 Surgical outcomes are
usually assessed by mortality because
it is an unambiguous outcome. For op-
erations associated with low mortal-
ity, identifying outcomes that reflect the
quality of care is challenging.2-4

Breast-conserving therapy, or par-
tial mastectomy, is one of the most com-
monly performed cancer operations in
the United States. Current estimates
suggest 60% to 75% of breast cancer
cases undergo partial mastectomy as ini-
tial treatment.5 Operative mortality es-
timates for partial mastectomy are less
than 1%; however, low mortality does
not necessarily equate to high qual-
ity.4 Currently, there are no readily
identifiable quality measures that al-
low for meaningful comparisons of
breast cancer surgical outcomes among
treating surgeons and hospitals.

Partial mastectomy is optimally per-
formed by achieving adequate surgi-
cal margins during the initial surgical

resection while maintaining maxi-
mum cosmetic appearance of the breast.
Failure to achieve appropriate mar-

gins at the initial operation will re-
quire additional surgery with re-
excision rate estimates ranging from
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Context Health care reform calls for increasing physician accountability and trans-
parency of outcomes. Partial mastectomy is the most commonly performed proce-
dure for invasive breast cancer and often requires reexcision. Variability in reexcision
might be reflective of the quality of care.

Objective To assess hospital and surgeon-specific variation in reexcision rates fol-
lowing partial mastectomy.

Design, Setting, and Patients An observational study of breast surgery per-
formed between 2003 and 2008 intended to evaluate variability in breast cancer sur-
gical care outcomes and evaluate potential quality measures of breast cancer surgery.
Women with invasive breast cancer undergoing partial mastectomy from 4 institu-
tions were studied (1 university hospital [University of Vermont] and 3 large health
plans [Kaiser Permanente Colorado, Group Health, and Marshfield Clinic]). Data were
obtained from electronic medical records and chart abstraction of surgical, pathology,
radiology, and outpatient records, including detailed surgical margin status. Logistic
regression including surgeon-level random effects was used to identify predictors of
reexcision.

Main Outcome Measure Incidence of reexcision.

Results A total of 2206 women with 2220 invasive breast cancers underwent par-
tial mastectomy and 509 patients (22.9%; 95% CI, 21.2%-24.7%) underwent reexcision
(454 patients [89.2%; 95% CI, 86.5%-91.9%] had 1 reexcision, 48 [9.4%; 95% CI,
6.9%-12.0%] had 2 reexcisions, and 7 [1.4%; 95% CI, 0.4%-2.4%] had 3 reexci-
sions). Among all patients undergoing initial partial mastectomy, total mastectomy was
performed in 190 patients (8.5%; 95% CI, 7.2%-9.5%). Reexcision rates for margin
status following initial surgery were 85.9% (95% CI, 82.0%-89.8%) for initial posi-
tive margins, 47.9% (95% CI, 42.0%-53.9%) for less than 1.0 mm margins, 20.2%
(95% CI, 15.3%-25.0%) for 1.0 to 1.9 mm margins, and 6.3% (95% CI, 3.2%-
9.3%) for 2.0 to 2.9 mm margins. For patients with negative margins, reexcision rates
varied widely among surgeons (range, 0%-70%; P=.003) and institutions (range, 1.7%-
20.9%; P� .001). Reexcision rates were not associated with surgeon procedure vol-
ume after adjusting for case mix (P=.92).

Conclusion Substantial surgeon and institutional variation were observed in reexcision
following partial mastectomy in women with invasive breast cancer.
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30% to 60%.6-9 These additional opera-
tions can produce considerable psy-
chological, physical, and economic
stress for patients and delay use of rec-
ommended adjuvant therapies. A high
percentage (10%-36%) of women re-
quiring reexcision undergo total mas-
tectomy. Thus, the effect of reexcision
on altering a patient’s initial treatment
of choice is significant.7,9-11

Our previous work demonstrated
reexcision rates following initial par-
tial mastectomy ranging between 11%
and 25% among surgeons at a single
high-volume university-based breast
center.3 We have expanded this analy-
sis to include 3 additional geographi-
cally diverse health systems and their
surgeons. We sought to measure varia-
tion in reexcision rates across hospi-
tals and surgeons treating patients with
similar clinical conditions. Further-
more, we explored whether patient
demographic, clinical, and pathologic
criteria were associated with an in-
creased likelihood of reexcision follow-
ing initial breast-conserving surgery for
invasive breast cancer. The ability to de-
fine both predictors of reexcision and
extent of variability should allow for full
evaluation of the utility of reexcision
as a meaningful measure of breast can-
cer surgery quality.

METHODS
We developed a Breast Cancer Surgical
Outcomes (BRCASO) research consor-
tium between the Cancer Research Net-
work (CRN) and the University of Ver-
mont. The CRN participating sites
included Kaiser Permanente, Colo-
rado; Group Health, western Washing-
ton state; and Marshfield Clinic, Wis-
consin. The BRCASO cohort12 includes
women with breast cancer diagnosed be-
tween 2003 and 2008, and aged more
than 18 years at diagnosis, whose ini-
tial breast cancer surgery was per-
formed by a surgeon employed by a
BRCASO study site, including any of the
3 participating CRN sites or Fletcher Al-
len Health Care Center, the sole hospi-
tal affiliated with the University of Ver-
mont. We excluded men, patients with
initial surgery performed by a surgeon

outside the health care system where the
reexcision was performed, and pa-
tients with breast cancer never treated
surgically. Institutional review board ap-
proval was attained from all participat-
ing sites, and information from study
participants was obtained via waiver of
written informed consent. We col-
lected detailed data regarding clinical fea-
tures of initial breast cancer diagnosis,
as well as highly detailed data regard-
ing initial and all subsequent breast can-
cer surgeries performed on all patients.
For this analysis, we only included pa-
tients with a final diagnosis of invasive
ductal carcinoma or invasive lobular car-
cinoma who underwent initial breast
conservation, either partial mastec-
tomy or open breast biopsy as their first
operative procedure for the incident
breast cancer.

Data Collection

Trained medical abstractors with ex-
perience in breast cancer abstraction
completed data collection via an ex-
haustive review of surgical, pathol-
ogy, radiology, and surgeon and medi-
cal/oncology clinical evaluations. The
data collection instrument included
clinical factors (age, previous history of
breast cancer), demographic factors (in-
surance status, race/ethnicity as re-
ported by study participants in the
medical record), disease characteris-
tics (preoperative nodal status, preop-
erative estimated tumor size), and treat-
ment characteristics (initial surgical
procedure type) at the time of initial
surgical treatment decision making and
at subsequent surgeries. Data collec-
tion at the participating CRN sites, in-
cluding race/ethnicity data, partially re-
lied on the CRN’s primary source of
data infrastructure, the Virtual Data
Warehouse and the availability of elec-
tronic medical records.13 Data from the
University of Vermont were entirely ab-
stracted from medical records. The
study focused on initial breast cancer
surgery outcomes and did not evalu-
ate utilization of radiation therapy, che-
motherapy or hormonal therapy, or
long-term outcomes such as local
recurrence.

Surgical margin status was recorded
for the initial breast-conserving proce-
dure and for any subsequent excisions.
Margins were categorized as positive if
there was tumor at the inked margin in
the pathology report. Histologic tumor
type at closest or any positive margin was
categorized as either invasive cancer or
ductal carcinoma in situ (DCIS), when
DCISco-existedwith invasivecancer.For
negative margins, the distance of the clos-
est margin to the specimen edge was re-
corded in 1-mm increments. For pur-
poses of analyses, when distinct margin
distances were recorded for the inva-
sive component as well as DCIS, the
smaller of the 2 distances was used. The
anatomic orientation of the closest or
positive margin was recorded when in-
dicated in the pathology report. Mar-
gins categorized as radial included those
recorded as superior, inferior, lateral, or
medial. Anterior and posterior margins
were categorized as such.

We established volume criteria for
surgeons based on average yearly case
volume for all initial breast cancer op-
erations identified in the BRCASO da-
tabase. The upper and lower thresh-
olds for the 4 volume categories were
defined at the first and third quartiles
of volume for all operations, with the
middle threshold set closer to the mean
in order to have more meaningful dif-
ferences in case volume between cat-
egories 1 and 2. We defined low sur-
geon volume as less than 10 incident
breast cancer operations annually, in-
termediate surgeon volume as 10 to less
than 25 operations annually, high sur-
geon volume as 25 to less than 50 op-
erations annually, and very high sur-
geon volume as 50 or more operations
annually.

Statistical Analysis

Bivariate analyses relating reexcision
and clinical covariates were per-
formed by using Pearson �2 tests of in-
dependence for categorical variables
and t tests for quantitative variables. The
Cochran-Armitage trend test was used
for ordinal variables. Variables that were
significant in the univariate analyses,
those identified from a stepwise logis-
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tic regression model, and the variables
of age and race/ethnicity were in-
cluded in the multivariable random ef-
fects logistic regression model. Sur-
geons were entered as a random effect
in the model and are nested within site,
with no surgeon practicing in more than
1 site. This model was fit using maxi-
mum likelihood with adaptive quadra-
ture.14 P values are reported for 2-sided
tests and are not adjusted for multiple
comparisons. Significance was de-
fined by P�.05. Confidence intervals
are reported at the 95% level. Analy-
ses were performed by using the FREQ,
LOGISTIC, and GLIMMIX proce-
dures in SAS version 9.2 (SAS Insti-
tute).

Surgeon-Level Analyses

Results for the median odds ratio (OR)
and the range of ORs (ROR) are re-
ported to quantify variability among
surgeons on a scale that is directly com-
parable with that used for other vari-
ables in the study (ie, ORs). The me-
dian OR and ROR are based on the
random effects variance component (�2)
from the logistic regression model. The
median OR can be interpreted as the
median value of the ratio of predicted
odds of reexcision for 2 patients,
randomly selected from different sites,
with equivalent sets of covariates in-
cluded in the reexcision model. In the
model, the absolute difference be-
tween the log odds for 2 surgeons, with
respect to reexcision, is a random vari-
able following a half-normal distribu-
tion with variance 2�2. The median OR
is given by exp[�2����-1(0.75)],
where � is the cumulative distribu-
tion function for the standard normal
distribution and �-1(0.75) is the 75th
percentile of the distribution.15 The
ROR is the ratio of the values at the
97.5th and 2.5th percentile of the dis-
tribution of ORs for individual sur-
geons. It represents a range of ORs be-
cause it is computed by exponentiation
of the length of a 95% CI for the ran-
dom effect variance component on the
log-odds scale [ROR=exp(3.92��),
where 3.92 is 2 � the 97.5th percen-
tile of the standard normal distribu-

tion].16 The median OR and ROR pro-
vide measures of the outcome for a
random effect that is directly compa-
rable with the ORs used for fixed ef-
fects in the study.

RESULTS
Overall, there were 4580 patients with
4684 new breast cancers who under-
went initial breast cancer surgery. We
excluded 11 patients with known stage

Table 1. Demographic Variables Associated With Reexcision Following Initial Partial
Mastectomy for Invasive Cancers in Patients With Initial Negative Margins

Demographic
Characteristics

Negative Margins Only (n = 1909)

No. of Patients

Reexcision, %
(95% CI)

P
Value

Initial Breast
Conservation Reexcision

Age at diagnosis, y
�35 8 3 37.50 (3.95-71.05)

35-44 131 21 16.03 (9.75-22.31)

45-54 407 62 15.23 (11.74-18.72)
.005

55-64 546 78 14.29 (11.35-17.22)

65-74 425 43 10.12 (7.25-12.98)

�75 392 35 8.93 (6.11-11.75)

Race/ethnicity
Non-Hispanic white 1501 186 12.39 (10.72-14.06)

Black 35 4 11.43 (0.89-21.97)

Asian 41 10 24.39 (11.25-37.54)
.054

Hispanic 34 8 23.53 (9.27-37.79)

Unknowna 298 34 11.41 (7.80-15.02)

BMI
�18.5 15 6 40.00 (15.21-64.79)

18.5-24.9 407 73 17.94 (14.21-21.66)
.002

25.0-29.9 497 71 14.29 (11.21-17.36)

�30.0 526 62 11.79 (9.03-14.54)

Unknown 464

Year of surgery
2003 351 48 13.68 (10.08-17.27)

2004 361 46 12.74 (9.30-16.18)

2005 368 57 15.49 (11.79-19.19)
.22

2006 416 41 9.86 (6.99-12.72)

2007 240 26 10.83 (6.90-14.77)

2008 168 24 14.29 (8.99-19.58)

Insurance type
Commercial only 989 156 15.77 (13.5-18.05)

Medicaid only 29 4 13.79 (1.24-26.34)
�.001

Medicare (any) 821 74 9.01 (07.05-10.97)

Private pay 67 8 11.94 (4.18-19.70)

Unknown 3

Study site
A 481 29 6.03 (3.90-8.16)

B 617 129 20.91 (17.70-24.12)
�.001

C 634 81 12.78 (10.18-15.37)

D 177 3 1.69 (0.00-3.60)

Annual surgeon volumeb

0.0-9.9 418 70 16.75 (13.17-20.33)

10.0-24.9 815 112 13.74 (11.38-16.11)
�.001

25.0-49.9 178 6 3.37 (0.72-6.02)

�50.0 498 54 10.84 (8.11-13.57)
Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
aPatients did not report race/ethnicity.
bBased on average annual surgeries (cases per year averaged over several years of data).
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IV cancer and 899 patients for whom
final pathology demonstrated DCIS
alone. We further excluded 79 pa-
tients with clinically suspected inflam-
matory breast cancer, 129 patients re-

ceiving neoadjuvant chemotherapy, 448
patients with preoperatively identi-
fied multifocal breast cancer, 278 pa-
tients with a history of previous breast
cancer, and 12 patients with previous

breast or chest radiation, resulting in
2724 patients with new breast cancers
considered clinically eligible for breast
conservation. We then excluded 430
patients who underwent mastectomy as
a first procedure, 25 patients operated
on by surgeons with less than 10 total
cases in the BRCASO data set, and 63
patients in which the margin status
(positive or negative) was not able to
be assessed.

After applying these exclusions, 2206
women with 2220 newly identified in-
vasive breast cancers who underwent
a breast-conserving first surgical pro-
cedure were included in the study.
Overall, 509 patients (22.9%; 95% CI,
21.2%-24.7%) underwent additional
surgery on the affected breast. Among
these patients, 454 (89.2%; 95% CI,
86.5%-91.9%) underwent a single re-
excision, 48 (9.4%; 95% CI, 6.9%-
12.0%) underwent 2 reexcisions, and
7 (1.4%; 95% CI, 0.4%-2.4%) under-
went 3 reexcisions. Among all pa-
tients undergoing initial breast conser-
vation, a total mastectomy was
subsequently performed in 190 pa-
tients (8.5%; 95% CI, 7.2%-9.5%).

The mean age for patients in this
study was 62.16 years (95% CI, 61.63-
62.69; range, 30-98 years) and 92.8%
(95% CI, 91.6%-93.9%) of patients with
reported race/ethnicity were non-
Hispanic white. The mean invasive
tumor size was 14.7 mm (95% CI, 14.3-
15.1 mm) and 22.0% (95% CI, 18.9%-
22.3%) of patients were node positive.
There were 232 patients (10.5%; 95%
CI, 9.2%-11.7%) with a final diagno-
sis of invasive lobular cancer, with the
remainder diagnosed with invasive duc-
tal carcinoma. TABLE 1 and TABLE 2
show demographic and clinical fac-
tors associated with reexcision rates in
patients with initially negative patho-
logical margins.

The majority of patients had a pre-
operatively established breast cancer di-
agnosis before the initial surgery, but
for 109 patients (5.7%; 95% CI, 4.7%-
6.8%) the initial procedure was an open
surgical breast biopsy, which was as-
sociated with a marked increase in re-
excision (45.0%; 95% CI, 35.6%-

Table 2. Clinical Variables Associated With Reexcision Following Initial Partial Mastectomy
for Invasive Cancers in Patients With Initial Negative Margins

Clinical Characteristics

Negative Margins Only (n = 1909)

No. of Patients

Reexcision, %
(95% CI)

P
Value

Initial Breast
Conservation Reexcision

Tumor size, mm
0.0-9.9 598 89 14.88 (12.03-17.74)

10.0-19.9 905 88 9.72 (7.79-11.65)

20.0-29.9 269 42 15.61 (11.28-19.95)
.008

30.0-39.9 89 12 13.48 (6.39-20.58)

40.0-49.9 15 4 26.67 (4.29-49.05)

�50.0 8 2 25.00 (0.00-55.01)

Unknown 25

Malignant diagnosis
established preoperatively

No 109 49 44.95 (35.62-54.29)
�.001

Yes 1800 193 10.72 (9.29-12.15)

Final pathological tumor type
Invasive ductal carcinoma 1734 214 12.34 (10.79-13.89)

.17
Invasive lobular carcinoma 175 28 16.00 (10.57-21.43)

Closest margin distance for
negative margins, mm

0.0-0.9 267 128 47.94 (41.95-53.93)

1.0-1.9 263 53 20.15 (15.30-25.00)

2.0-2.9 240 15 6.25 (3.19-9.31)
�.0013.0-3.9 158 9 5.70 (2.08-9.31)

4.0-4.9 137 2 1.46 (0.00-3.47)

5.0-9.9 407 9 2.21 (0.78-3.64)

�10.0 32 0 0

Unknown 405

Closest margin direction
Anterior or posterior 702 65 9.26 (7.12-11.40)

Multiple 180 11 6.11 (2.61-9.61) �.001

Radial 586 97 16.55 (13.54-19.56)

Missing 441

Lymph node status
Negative 1450 188 12.97 (11.24-14.69)

.90
Positive 348 46 13.22 (9.66-16.78)

Unknown 111

ER/PR status
ER and PR negative 254 39 15.35 (10.92-19.79)

.16
ER or PR positive 1641 200 12.19 (10.60-13.77)

Unknown 14

Lymphovascular invasion
Yes 238 35 14.71 (10.21-19.21)

.24
No 1523 183 12.02 (10.38-13.65)

Unknown 148

Tumor grade
High 457 53 11.60 (8.66-14.53)

.64
Low or medium 1425 177 12.42 (10.71-14.13)

Missing 27
Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
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54.3% vs 10.7%; 95% CI, 9.3%-12.2%;
P� .001). Women younger than 35
years (reexcision rate of 37.5%; 95% CI,
4.0%-71.0%), with less than 18.5 body
mass index (calculated as weight in ki-
lograms divided by height in meters
squared) (reexcision rate of 40.0%; 95%
CI, 15.2%-64.8%), and initial margins
of less than 1 mm (reexcision rate of
47.9%; 95% CI, 42.0%-53.9%) were all
more likely to have reexcision based on
univariable analysis. Reexcision rates for
patients with initial negative margins
varied by institution, from a low of 1.7%
(95% CI, 0%-3.6%) at institution D
compared with 20.9% (95% CI, 17.7%-
24.1%) at institution B (P� .001). The
anatomic direction of the closest in-
volved margin also was associated with
reexcision, with a demonstrated higher
excision rate when the closest margin
was a radial margin compared with an-
terior- or posterior-oriented closest
margins. Reexcision rates for initial
negative margins were associated with
annual surgical volume on univariate
analysis only.

Demographic and clinical factors as-
sociated with reexcision for patients
with initially positive margins are
shown in TABLE 3 and TABLE 4.
Reexcision was performed in 85.9%
(95% CI, 82.0%-89.8%) of 311 pa-
tients with initial positive margins, with
a slightly higher reexcision rate for
DCIS at the margin (92.6%; 95% CI,
86.9%-98.3%) than for invasive can-
cer at the inked margin (83.5%; 95% CI,
78.7%-88.3%; P=.04). Other factors as-
sociated with a higher reexcision rate
of positive margins included lobular
breast cancer as a final diagnosis and
the presence of lymphovascular inva-
sion demonstrated on histology. Sur-
geon volume did not appear to be as-
sociated with the likelihood of
reexcision, but institution was associ-
ated with reexcision of positive mar-
gins, with rates ranging from 73.7% to
93.5% (P=.003). Patients undergoing
an initial breast-conserving procedure
with an unknown malignant diagno-
sis were more likely to undergo a re-
excision compared with patients who
had a preoperatively established ma-

lignant diagnosis (96.8%; 95% CI,
92.5%-100.0% vs 83.1%; 95% CI,
78.4%-87.7%; P=.005).

In multivariable analysis of patients
with init ial ly negative margins
(TABLE 5), tumor size, study site, and
a known preoperative malignant diag-

nosis all remained significantly associ-
ated with reexcision. The Hosmer and
Lemeshow goodness-of-fit test did not
show significant lack of fit (P=.88) for
the logistic regression model. The OR
of reexcision for patients with nega-
tive margins at institution B was 6.16

Table 3. Demographic Variables Associated With Reexcision Following Initial Partial
Mastectomy for Invasive Cancers in Patients With Initial Positive Margins

Demographic
Characteristics

Positive Margins Only (n = 311)

No. of Patients

Reexcision, % (95% CI)
P

Value
Initial Breast
Conservation Reexcision

Age at diagnosis, y
�35 4 4 100.00 (100.00-100.00)
35-44 30 25 83.33 (70.00-96.67)
45-54 91 83 91.21 (85.39-97.03) .20
55-64 80 66 82.50 (74.17-90.83)
65-74 69 61 88.41 (80.85-95.96)
�75 37 28 75.68 (61.84-89.50)

Race/ethnicity
Non-Hispanic white 239 201 84.10 (79.46-88.74)
Black 12 11 91.67 (76.03-100.00)
Asian 7 7 100.00 (100.00-100.00)

.44

Hispanic 7 7 100.00 (100.00-100.00)
Unknowna 46 41 89.13 (80.14-98.13)

BMI
�18.5 2 2 100.00 (100.00-100.00)
18.5-24.9 85 79 92.94 (87.50-98.39) .07
25.0-29.9 68 55 80.88 (71.54-90.23)
�30.0 92 74 80.43 (72.33-88.54)
Unknown 64

Year of surgery
2003 67 56 83.58 (74.71-92.45)
2004 55 47 85.45 (76.14-94.77)
2005 61 57 93.44 (87.23-99.65) .55
2006 50 41 82.00 (71.35-92.65)
2007 33 28 84.85 (72.62-97.08)
2008 41 36 87.80 (77.79-97.82)

Insurance type
Commercial only 191 168 87.96 (83.34-92.57)
Medicaid only 9 7 77.78 (50.62-100.00) .23
Medicare (any) 102 86 84.31 (77.26-91.37)
Private pay 9 6 66.67 (35.87-97.47)

Study site
A 66 61 92.42 (86.04-98.81)
B 134 106 79.10 (72.22-85.99) .003
C 92 86 93.48 (88.43-98.52)
D 19 14 73.68 (53.88-93.48)

Annual surgeon volumeb

0.0-9.9 72 64 88.89 (81.63-96.15)
10.0-24.9 148 125 84.46 (78.62-90.30) .52
25.0-49.9 17 13 76.47 (56.31-96.63)
�50.0 74 65 87.84 (80.39-95.28)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).
aPatients did not report race/ethnicity.
bBased on average annual surgeries (cases per year averaged over several years of data).
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(95% CI, 2.26-16.78) compared with
study site A (P� .001). The broad CI
partially reflects the wide variability in
reexcision rates among surgeons at in-
stitution B.

We analyzed the association be-
tween individual surgeon and the like-
lihood of reexcision in our multivari-
able analysis. The FIGURE demonstrates
reexcision rates for individual sur-
geons, which ranged between 0% and

70%. This Figure demonstrates both ob-
served reexcision rates and those rates
predicted by the statistical model for the
54 surgeons who had at least 10 pro-
cedures meeting the inclusion criteria
for our study. The predicted reexci-
sion rates account for both clinical vari-
ables as well as patterns of reexcision
at the individual surgeon’s study site.

The overall surgeon level variance
component was significant (P=.003).

The observed median OR of 1.59 (95%
CI, 1.36-2.64) corresponds with the me-
dian value of the relative odds of reex-
cision between 2 randomly chosen sur-
geons from different sites. This indicates
a relatively large individual surgeon ef-
fect, because half the ORs between 2
randomly chosen surgeons will be
larger than 1.59. The range of ORs from
the lower to the upper 2.5th percen-
tile of the distribution is 6.8, indicat-
ing substantial heterogeneity among
surgeons in reexcision.

COMMENT
Despite the significant physical, psy-
chological, and financial effect of partial
mastectomy reexcisions on patients,
there remains a lack of standardiza-
tion regarding its application among
surgeons performing breast cancer sur-
gery. Our results demonstrate an over-
all reexcision rate of 22.9% that is lower
than previous studies demonstrating re-
excision rates of 36% to 50%.7,11 Mor-
row et al9 reported a reexcision rate fol-
lowing initial breast-conserving therapy
of 37.9% in a similarly large series of
1459 patients, with 26.0% undergo-
ing partial breast reexcision alone and
11.9% ultimately undergoing mastec-
tomy. Our lower reexcision rate may be
partially explained by our more exten-
sive exclusion criteria, which were spe-
cifically chosen to select for patients
considered most eligible for breast con-
servation. We excluded a significant
number of women with preopera-
tively established multifocal breast can-
cer, a relative but not absolute contra-
indication for breast-conserving
therapy.

In our study, the incidence of initial
positive margins following breast con-
servation was 14.0%, which compares
favorably with a similar cohort of 489
patients with invasive breast cancer un-
dergoing initial breast conservation at
a Canadian cancer center in which 26%
of patients had initial positive mar-
gins.10 Patients in that study had a pre-
operatively confirmed diagnosis of can-
cer in 69% of patients (vs 92.3% in our
study, which likely contributed signifi-
cantly to our lower initial positive mar-

Table 4. Clinical Variables Associated With Reexcision Following Initial Partial Mastectomy
for Invasive Cancers in Patients With Initial Positive Margins

Clinical Characteristics

Positive Margins Only (n = 311)

No. of Patients

Reexcision, % (95% CI)
P

Value
Initial Breast
Conservation Reexcision

Tumor size, mm
0.0-9.9 72 61 84.72 (76.41-93.03)

10.0-19.9 120 100 83.33 (76.67-90.00)

20.0-29.9 65 56 86.15 (77.76-94.55)
.78

30.0-39.9 25 23 92.00 (81.37-100.00)

40.0-49.9 13 12 92.31 (77.82-100.00)

�50 14 13 92.86 (79.37-100.00)

Unknown 2

Malignant diagnosis
established preoperatively

No 63 61 96.83 (92.50-100.00)
.005

Yes 248 206 83.06 (78.40-87.73)

Final pathological tumor type
Invasive ductal carcinoma 254 211 83.07 (78.46-87.68)

.003
Invasive lobular carcinoma 57 56 98.25 (94.84-100.00)

Margin status
Positive for DCIS only 81 75 92.59 (86.89-98.30)

.04
Positive for invasive 230 192 83.48 (78.68-88.28)

Positive margin direction
Anterior or posterior 48 42 87.50 (78.14-96.86)

Multiple 8 6 75.00 (44.99-100.00) .64

Radial 80 69 86.25 (78.70-93.80)

Unknown 175

Lymph node status
Negative 215 185 86.05 (81.41-90.68)

.46
Positive 84 75 89.29 (82.67-95.90)

Unknown 12

ER/PR status
ER and PR negative 32 27 84.38 (71.79-96.96)

.82
ER or PR positive 276 237 85.87 (81.76-89.98)

Unknown 3

Lymphovascular invasion
Yes 70 65 92.86 (86.82-98.89)

.04
No 218 180 82.57 (77.53-87.60)

Unknown 23

Tumor grade
High 67 56 83.58 (74.71-92.45)

.57
Low or medium 241 208 86.31 (81.97-90.65)

Unknown 3
Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; PR, progesterone receptor.
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gin rate). We identified 14.1% of pa-
tients with positive margins in our study
who did not undergo any reexcision.
This finding is notable given that posi-
tive margins (tumor at inked margin)
have been correlated with a long-term
increased risk of local recurrence and
are therefore almost uniformly
reexcised.17 A recent meta-analysis has
suggested that the odds of local recur-
rence were 2.42 for women undergo-
ing breast conservation with positive
margins compared with negative mar-
gins.18

Surveys among surgeons have also
indicated consensus on the intent to re-
excise positive margins following breast
conservation. Our study may indicate
that surgeon intent and actual clinical
practice patterns do not necessarily have
full correlation. We examined some
clinical factors associated with reexci-
sion and identified that surgeons were
less likely to reexcise positive margins
for invasive ductal carcinoma com-
pared with invasive lobular carci-
noma (83.07 vs 98.25%, P=.003). This
may be due to the concern that inva-
sive lobular cancer is often considered
to have less distinct borders and may
contribute to the greater tendency of re-
excision of positive margins involving
invasive lobular carcinoma.

We also observed variation in the re-
excision of positive margins among in-
stitutions, with rates ranging between
73.7% and 93.5% (P=.003). This may
reflect institutional variation in sur-
geons’ training, regional variation in in-
terpretation of the required criteria for
reexcision, or both. Specific pathologi-
cal features (eg, extent of intraductal
component), clinical characteristics (eg,
volume of breast tissue, intent for ad-
juvant radiation therapy), and patient
decision making roles that may have in-
fluenced the decision not to reexcise a
positive margin were not determined in
our study. We assume that some of the
variation may be explained by differ-
ences in the perceived risk of residual
tumor based on the extent of margin
positivity (eg, focally positive margins
vs extensive involvement). The over-
all low number of patients with posi-

tive margins not undergoing reexci-
sion precluded multivariable analysis.

Controversy regarding the neces-
sity of reexcision for patients with
pathologically clear margins exists
because there is no current consensus
on the appropriate distance required for
a clear margin to be deemed ad-
equate.19-21 Although the goal of
reexcision is to further reduce the risk
of breast cancer recurrence and mor-
tality, the true benefit of reexcision re-
mains undetermined. Nearly half of
reexcision specimens do not harbor re-
sidual cancer.6,11,22 In our study, we
found that 47.9% of patients with clear
but less than 1.0-mm margins under-
went reexcision, and 20.2% of pa-
tients with margins between 1.0 and 1.9
mm underwent reexcision.

These reexcision rates are consider-
ably lower than would be predicted
based on 3 recent surveys of practice
patterns for close margins.19-21 These
surveys highlighted the inconsistency
of reported practice patterns and phy-
sician interpretation of an acceptable
margin distance. In the survey by Blair
et al,20 the majority of surgeons indi-
cated more than 1-mm margins were
required and a significant minority
(30%) indicated a greater distance of
2-mm margins as acceptable. In the
study by Azu et al,21 when surgeons
were given a scenario of a patient with
a small (0.8 cm) invasive cancer, 11.2%
accepted tumor not touching ink, 42%
accepted 1- to 2-mm margins, 27.9% ac-
cepted at least 5-mm margins, and
18.9% desired more than 10-mm mar-
gins. Our study indicates that sur-
geons’ actual clinical practices differ
dramatically from these survey re-
sults. Although the Azu et al21 survey
study suggests a 5-mm margin is de-
sired by 46% of surgeons, we identi-
fied 535 patients with 2.0- to 4.9-mm
margins, only 26 (4.86%) of whom had
reexcisions.

The effect of close but negative mar-
gins on local recurrence rates has not
been conclusively determined and
reexcision under these circumstances
may or may not influence rates of re-
currence.17,18 Some studies have shown

an increase in local recurrence risk in
the presence of close margins (	0-2
mm), while other studies have demon-
strated no difference compared with
widely negative margins.23-25 Achiev-
ing greater margin distance (1 mm vs
2 mm vs 5 mm) was recently demon-
strated in a meta-analysis to not be as-
sociated with differences in local re-
currence rates, especially after adjusting
for adjuvant therapy use.18

Table 5. Multivariable Analysis of
Demographic and Clinical Variables
Associated With Reexcision in Patients With
Initial Negative Margins

Demographic
and Clinical

Characteristics

Negative Margins Only
(n = 1909)

Odds Ratio
(95% CI)

P
Value

Age at diagnosis, y 0.99 (0.97-1.01) .27

Race/ethnicity
Non-Hispanic

white
1 [Reference]

Black 0.48 (0.16-1.45)

Asian 0.92 (0.39-2.16)
.71

Hispanic 1.28 (0.47-3.54)

Unknowna 0.91 (0.57-1.43)

Insurance type
Commercial

only
2.15 (0.95-4.85)

Medicaid only 3.42 (0.82-14.27) .07

Medicare (any) 1.30 (0.52-3.27)

Private pay 1 [Reference]

Study site
A 1 [Reference]

B 6.16 (2.26-16.78)

C 2.79 (0.96-8.12)
�.001

D 0.36 (0.07-2.00)

Annual surgeon
volume

0.0-9.9 0.79 (0.31-2.02)

10.0-24.9 0.81 (0.32-2.06)

25.0-49.9 1.31 (0.31-5.58)
.92

�50.0 1 [Reference]

Tumor size, mm
0.0-9.9 1 [Reference]

10.0-19.9 0.59 (0.41-0.83)

20.0-29.9 0.95 (0.61-1.48)
.03

30.0-39.9 0.81 (0.40-1.65)

40.0-49.9 1.88 (0.52-6.75)

�50 1.32 (0.24-7.27)

Malignant
diagnosis
established
preoperatively

No 5.91 (3.74-9.32)
�.001

Yes 1 [Reference]
aPatients did not report race/ethnicity.
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Additionally, based on survey re-
ports, there appears to be variation in
practice patterns among surgeons re-
garding the use of reexcision based on
both margin distance and tumor his-
tology present at the closest margin
(DCIS vs invasive cancer).19,26 In light
of the large number of new cases of
breast cancer diagnosed each year in the
United States (182 460 in 2008), this
variation in surgical practice patterns
could have an enormous outcome on
health care costs nationwide (Ameri-
can Cancer Society, http://www.cancer
.org/index). Given the current degree
of practice variation we have demon-
strated in the management of close mar-
gins, as well as the potential effect on
both local recurrence and the number
of additional surgical procedures, it is
critical that we continue to under-
stand actual clinical practice patterns
beyond physician survey reports.

We identified that individual institu-
tionsvary significantly in reexcisionrates,
which to a large degree reflects the sum-
mation of individual surgeons’ practice
patterns at these institutions. Other fac-
tors behind institutional differences may
represent utilization of multidisci-

plinary breast cancer teams, the report-
ing format and sectioning techniques of
pathology teams, and perhaps even op-
erative techniques of surgeons at vari-
ous institutions.We did not examine in-
stitutional-specific factors that might
contribute to differences in reexcision in
our study, because our primary goal was
to determine whether any significant dif-
ferences existed.

Our finding that the median OR be-
tween 2 randomly selected surgeons
was 1.6 suggests that patients under
similar clinical conditions are likely to
undergo reexcision based on the treat-
ing surgeon and not just the clinical
characteristics. Possible explanations
might include differences in surgical
training, surgeon confidence in their
operative technique in localizing tu-
mors, utilization of intraoperative as-
sessment of margins, and surgeon’s and
pathologist’s coordination of speci-
men orientation and margin interpre-
tation. Surgical experience may play a
role, but we did not observe differ-
ences in reexcision rates between high-
and low-volume surgeons. Variability
of what surgeons accept to be an ad-
equate margin, as demonstrated by the

aforementioned survey data, may there-
fore be a larger factor in the actual clini-
cal variation in reexcision rates we ob-
served.

The implications of variation in clini-
cal practice of reexcision for positive
and close margins warrants additional
study, specifically as it relates to local
recurrence health care costs and pa-
tients’ perceived quality of health. We
are aware of 1 recent comparative ef-
fectiveness study27 that reported indi-
vidual surgeon variation may contrib-
ute to long-term differences in breast
cancer ipsilateral recurrence rates in pa-
tients with DCIS. Whether these find-
ings would be similar for patients with
invasive breast cancer warrants addi-
tional study.

A major limitation of our study is the
absence of data regarding decision mak-
ing factors influencing treatment op-
tions. For example, we do not know
how patient preferences affect ob-
served reexcision rates. Additionally, we
were not able to control for factors such
as specific pathology methods or re-
porting structure of breast cancer speci-
mens. Our study, however, is likely
more generalizable to community-

Figure. Observed Reexcision Rates for Each of 54 Surgeons With at Least 10 Patients in the Study
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based breast cancer management in
which reporting of breast pathology also
has considerable variability.28 Not in-
cluding local recurrence data limited
our ability to evaluate any beneficial
outcome of reexcisions. However, our
primary focus was to explore varia-
tions in practice patterns for reexcision.

In conclusion, we found individual
surgeons and institutions were associ-
ated with variation in reexcision rates
following initial partial mastectomy for
invasive breast cancer. This variability
cannot be explained entirely by pa-
tients’ clinical factors. Our study high-
lights the value of multicenter obser-
vational studies in demonstrating
variability in health care across geo-
graphic regions and different health sys-
tems, with uniform data collection in-
struments. The long-term effect of this
variability is beyond the scope of our
study, but it is feasible that outcomes
such as local recurrence and even over-

all survival could be affected by vari-
ability in initial surgical care. Even in
the absence of effects on local control,
the wide level of unexplained clinical
variation itself represents a potential
barrier to high-quality and cost-
effective care of patients with breast can-
cer. Continued comparative effective-
ness research of breast cancer surgery
requires further attention to better de-
termine the association of initial sur-
gical care with long-term patient out-
comes.
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