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Abstract

BACKGROUND—Several previous studies have reported conflicting data on recent trends in use
of initial total mastectomy (TM); the factors that contribute to TM variation are not entirely clear.
Using a multi-institution database, we analyzed how practice, patient, and tumor characteristics
contributed to variation in TM for invasive breast cancer.

STUDY DESIGN—We collected detailed clinical and pathologic data about breast cancer
diagnosis, initial, and subsequent breast cancer operations performed on all female patients from 4
participating institutions from 2003 to 2008. We limited this analysis to 2,384 incident cases of
invasive breast cancer, stages | to 111, and excluded patients with clinical indications for
mastectomy. Predictors of initial TM were identified with univariate analyses and random effects
multivariable logistic regression models.

RESULTS—Initial TM was performed on 397 (16.7%) eligible patients. Use of preoperative
MRI more than doubled the rate of TM (odds ratio [OR] = 2.44; 95% CI, 1.58-3.77; p < 0.0001).
Increasing tumor size, high nuclear grade, and age were also associated with increased rates of
initial TM. Differences by age and ethnicity were observed, and significant variation in the
frequency of TM was seen at the individual surgeon level (p < 0.001). Our results were similar
when restricted to tumors <20 mm.

CONCLUSIONS—We identified factors associated with initial TM, including preoperative MRI
and individual surgeon, that contribute to the current debate about variation in use of TM for the
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management of breast cancer. Additional evaluation of patient understanding of surgical options
and outcomes in breast cancer and the impact of the surgeon provider is warranted.
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Twenty years ago, the National Institutes of Health issued a consensus statement
recommending breast-conserving therapy as an appropriate alternative primary therapy to
mastectomy for the majority of women with early-stage breast cancer in whom breast
conservation is not contrain-dicated.! This recommendation was based on multicenter,
prospective, randomized clinical trials that established equivalent long-term survival rates
for patients with early-stage invasive breast cancer treated by total mastectomy (TM) or
partial mastectomy followed by radiation.23 In the years after issuance of the consensus
statement, mastectomy rates in the United States markedly declined.* However, several
recent studies have reported conflicting data on a trend toward increasing institutional
mastectomy rates, suggesting potential for inherent variation in the surgical management of
breast cancer.>9

Both clinical and nonclinical factors contribute to variability in mastectomy rates.>~2 Factors
associated with the use of mastectomy include large tumor size, multicentric breast cancer,
family history of breast cancer, ethnicity, age, preoperative MRI use, socioeconomic status,
distance from a radiation facility, patient preference, and provider preference.”-10-17 Recent
studies have also highlighted substantial variability among surgeons with respect to surgical
treatment of breast cancer,1819 and have suggested that this variability has potential to
influence long-term outcomes such as local recurrence. Variability in surgical care has been
attributed to characteristics including surgical volume and specialty training.20

The lack of well-accepted guidelines or any standardized reporting of breast cancer surgery
outcomes can result in patients receiving widely variable surgical treatment based on
geographic location or choice of hospital and surgeon.® To date, most studies that examined
underlying contributors to variability in mastectomy rates relied on administrative health
care databases or the experience at single institutions.5:716.21 Health care administrative
databases are generally limited and do not capture important clinical factors, such as known
multifocal breast disease and history of breast cancer, which most surgeons have identified
as contributing substantially to both the choice of initial breast cancer surgery and
outcomes.16:21 In addition, surgical quality databases, such as the National Quality Measures
for Breast Centers (NQMBC) program, are voluntary and outcomes from these sources
might not be generalizable to community practice.22-25

In contrast to previous studies that evaluated single-institution or administrative databases,
we have constructed a multi-institution Breast Cancer Surgical Outcomes (BRCASO)
database that captured detailed information on both initial presenting clinical conditions and
outcomes of all breast cancer operations and related pathology for each procedure performed
on 4,580 women at any of the 4 collaborating institutions between 2003 and 2008. This
clinical database allows for improved identification of factors contributing to selection of
both initial and any subsequent procedures, which is generally not feasible through
summation pathology typically available in a cancer registry or administrative dataset. These
institutions vary in their geographic location and practice characteristics. Using this
database, we analyzed how practice, patient, and tumor characteristics contributed to
variability in the performance of TM as the initial procedure for invasive breast cancer. To
better understand factors contributing to variability in initial TM rates, we excluded patients
with clinical factors known to increase the likelihood of initial TM (women with history of
breast cancer or chest radiation, inflammatory breast cancer, or known multifocal disease).
Because not all women with noninvasive disease will undergo postoperative radiation, we
limited this analysis to patients with invasive breast cancer to minimize a patient’s desire to
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avoid radiation therapy as a potential confounder in the selection of TM as the initial breast
surgery.

The BRCASO research consortium was developed from 3 member organizations in the
Cancer Research Network (CRN) and the University of Vermont. The CRN is a consortium
of 14 nonprofit research centers based in integrated health care delivery organizations within
the HMO Research Network.26 The participating CRN sites included Kaiser Permanente,
Colorado; Group Health, Washington; and Marshfield Clinic, Wisconsin. The BRCASO
cohort has been described elsewhere.2> Briefly, BRCASO includes women with breast
cancer diagnosed between January 2003 and December 2008, who are older than 18 years of
age at diagnosis, and whose initial breast cancer surgery was performed by a surgeon
employed by a BRCASO study site, including any of the 3 CRN sites or Fletcher Allen
Health Care Center, the sole hospital affiliated with the University of Vermont. At the
University of Vermont, this database was created prospectively. At the CRN sites, the data
were extracted from electronic medical records to create a retrospective cohort. We are not
currently adding additional patient data to this database.

Institutional Review Board approvals were obtained across sites, and a waiver of consent
was obtained to collect patient and provider-level data. Detailed data were collected
characterizing clinical features of initial breast cancer diagnosis and all breast cancer
operations performed for the incident breast cancer.

Data collection

Trained medical abstractors with experience in abstraction of breast cancer data completed
data collection via an exhaustive review of medical records, including surgical, pathology
reports, radiology reports, and clinical evaluations by medical oncology. The data collection
instrument included clinical factors (eg, age and history of breast cancer), demographic
factors (eg, ethnicity and insurance status), tumor characteristics (eg, pathologic features and
tumor size), imaging modalities (eg, use of preoperative MRI), and breast cancer treatment
(eg, use of neoadjuvant chemotherapy and initial surgical procedure type). Data collection
for the participating CRN sites partially relied on the CRN’s primary source of data
infrastructure, electronic administrative data from their Virtual Data Warehouse and the
availability of electronic medical records.

Data from 63 surgeons are included in this analysis. Volume categories were established for
surgeons based on their average yearly case volume for all initial breast cancer operations
identified in the entire BRCASO database (not only those included in this analysis). Low
volume was defined as <10 breast cancer operations annually (n = 27 surgeons),
intermediate as 10 to 24.9 (n = 31 surgeons), and high as 25 to 49.9 (n = 2 surgeons), and
very high volume as =50 operations annually (n = 3 surgeons).

Statistical analysis

Univariate analyses relating frequency of initial TM and clinical covariates were carried out
using Pearson chi-square tests of independence. Due to the greater feasibility of breast
conservation with smaller tumors, analyses were conducted on all tumors and then
separately for tumors <20 mm in diameter. The association between multiple predictor
variables and initial TM was assessed using logistic regression, including surgeon-level
random effects to account for surgeons nested within study sites. We chose to use the same
multivariable model for both the “all tumors” and “tumors <20 mm in diameter” analyses to
facilitate comparisons. Variables that were statistically significantly (at p < 0.05) in either
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the all tumors or tumors <20 mm in diameter analyses were included in the multivariable
models. Analyses were carried out using SAS software system, version 9.2 (SAS Institute).
All statistical tests were 2-sided with reported p values unadjusted for multiple comparisons.
The level for confidence intervals was set at 95% and significance was defined as p < 0.05.

The magnitude of surgeon-level random effects was assessed using the median odds ratio
(MOR), which transforms the random effects variance component, 72, into an OR that is
directly comparable with the ORs reported for other fixed effects. The MOR is defined as
exp [V2* v*d~1(0.75)], where ®1(0.75) is the 75™ percentile of the standard normal
distribution.2” The MOR describes variability in TM between surgeons at difference centers
corrected for the other predictors that are included in the model. It is interpreted as the
median value of the ratio of predicted odds of TM for 2 patients, with the same covariates,
randomly selected from different sites. In the absence of variability among surgeons, the
odds of TM predicted for patients with the same covariates would be identical, leading to a
ratio of 1.0. The random effects logistic regression model was restricted to operations
performed by surgeons with at least 10 cases in the entire database (n = 55 surgeons),
resulting in the exclusion of 57 breast cancer operations.

A total of 4,684 breast cancers in 4,580 breast cancer patients are included in the BRCASO
database. For this analysis, the following cases were excluded: stage 0 (n = 1,087); stage 1V
(n = 6); preoperative malignant diagnosis unknown (n = 278); those who received
neoadjuvant chemotherapy or had inflammatory breast cancer (n = 210); known multifocal
or multicentric disease (n = 424); those with history of breast cancer (n = 269) or history of
chest radiation (n= 11); and 15 cases diagnosed outside the 2003 to 2008 time frame. This
resulted in a total of 2,384 breast cancer cases with a confirmed invasive breast cancer
diagnosis before the initial surgical procedure. Total mastectomy was performed as the first
breast surgery on 397 of 2,384 cases (16.7%); of these, 319 (80.4%) were unilateral TM, 59
(14.9%) had a contralateral prophylactic TM, and 17 (4.3%) had bilateral TM for
synchronous cancers. This information was unavailable for 2 patients.

Table 1 shows the frequency of initial TM by patient, tumor, and institutional
characteristics, first for all tumor sizes and then for tumors <20 mm in size. Our results for
tumors <20 mm were similar to our results for all tumors. Initial TM rates varied by patient
age (p = 0.0005). They were highest among women younger than age 45 years (23.8%),
declined with increasing age, and then increased again for women aged 75 years and older
(20.1%). Asian women had a higher frequency of initial TM (32.2%) compared with 15.4%
for Caucasian and 16.3% for African-American women (p = 0.0037), when comparing rates
for all tumor sizes. Frequency of initial TM was 8.5% for tumors <10 mm in diameter and
increased to >70% for patients with tumors =50 mm in diameter (p value for trend <0.0001).
The majority of tumors (73%) were <20 mm in diameter and 10% of those cases underwent
TM as the first breast surgery. Initial TM was more common for invasive lobular compared
with invasive ductal carcinoma (25.1% vs 15.6%, respectively; p = 0.0001), but this might
be secondary to tumor size, as this association was not significant when analysis was limited
to tumors <20 mm. Greater use of initial TM was also seen for tumors of higher grade (p <
0.0001) and estrogen receptor—negative and progesterone receptor—negative tumors (p =
0.0007). Although preoperative MRI was used infrequently in our population (7.8%), the
use of preoperative MRI was associated with a near doubling of initial TM (15.6% vs
29.7%; p < 0.0001). We found no statistically significant differences in TM by insurance
type (p = 0.08) or by year of treatment (p = 0.25).
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Frequency of initial TM also varied by study site (p < 0.0001) and surgeon volume (defined
as the average number of breast cancer cases performed yearly). The TM variation by site
ranged from 10.4% to 21.0%. Lower surgeon volume was associated with higher frequency
of TM as the first breast cancer operation. This difference was statistically significant for
tumors <20 mm only, where surgeons with the lowest case volumes were more likely to
perform initial TM than surgeons with the highest volume (13% vs 6.9%; p = 0.011).

Table 2 shows the results of our multivariable analysis, first for all tumors, and then
restricted to tumors <20 mm. Several factors associated with initial TM remained significant
in the multivariable analysis. Age remained a significant predictor of TM, both for all
tumors (p = 0.003) and for those <20 mm (p = 0.001). Women younger than age 45 years
and older than age 75 years were more likely to have initial TM than other age groups.
These differences were especially pronounced for tumors <20 mm, where ORs were 2.75
(95% Cl, 1.36-5.55) for women younger than 45 years and 2.81 (95% Cl, 1.67-4.71) for
women older than 75 years, with age 55 to 64 years as the reference group. Women of Asian
descent were twice as likely as Caucasian women to undergo initial TM (OR = 2.17; 95%
Cl, 1.11-4.27). Tumor size (p < 0.0001) and high nuclear grade (p = 0.004) were both
associated with increased frequency of initial TM, but tumor type (ductal carcinoma vs
lobular carcinoma) and estrogen receptor/progesterone receptor status were no longer
independently associated with practice of TM as the first breast cancer surgery. Use of
preoperative MRI more than doubled the odds of initial TM for all tumors and tumors <20
mm (OR = 2.44; 95% Cl, 1.58-3.77) and (OR = 2.59; 95% Cl, 1.46-4.59), respectively. The
effect of surgeon volume did not persist as a significant factor for mastectomy rate when
controlling for other factors in multivariable analysis. We also tested for interactions by
study site, but found none that were statistically significant (data not shown).

To examine variability in the performance of initial TM by individual surgeon, random
effects logistic regression models were used to account for the inter-dependency of
performance site and surgeon (because each surgeon only operates at 1 of the 4 sites). Figure
1 displays observed (bars) and predicted (circles) initial TM rates for individual surgeons,
which ranged from 0% to 57.1%. The overall surgeon level variance component was highly
significant (p <0.001). The MOR transforms this effect onto the scale of ORs reported for
other effects. An MOR of 1.86 (95% CI, 1.60-2.47) was observed and corresponds to the
relative odds of TM between 2 patients at different sites with the same covariates. This can
be interpreted as an OR relating 2 randomly selected surgeons from different sites for 2
patients with the same characteristics. This showed a stronger effect than that of tumor type
and grade, but not quite as strong as that of the use of preoperative MRI. This indicates a
large individual surgeon effect, as half the ORs between 2 randomly chosen surgeons were
>1.86. The range of ORs from the lower to the upper 2.5t percentile of the distribution was
12.7, indicating substantial heterogeneity among surgeons in use of initial TM that is not
explained by the other covariates in the multivariable model. When this analysis was
restricted to tumors <20 mm, our results were similar; the MOR was 1.75 (95% CI, 1.46—
2.87) with a range of 9.98.

DISCUSSION

This study included data from 4 diverse institutions and offers several important
observations that contribute to the current debate about variation in use of TM for the
management of breast cancer. Overall, 16.7% of invasive breast cancer cases in this analysis
underwent TM as their initial breast surgery. Importantly, significant variation was observed
among individual surgeons in the rate of initial TM performed for invasive breast cancer
(0% to 57.1%). Use of preoperative MRI more than doubled the odds of TM (OR =2.44; p
< 0.0001). Increasing tumor size, high nuclear grade, and a bimodal distribution of age were
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associated with increased risk of initial TM. The highest percentage of TM occurred among
the oldest and youngest women. Seventy-three percent of the tumors in this analysis were
<20 mm in size, and results changed little when the analysis was restricted to only those <20
mm.

The overall frequency of 16.7% TM in this study was significantly lower than rates reported
in previous studies, which generally range between 35% and 45%.5~7 The lower mastectomy
rate in this study is likely attributed to several important differences from previous studies.
First, this reflects the exclusion criteria, which were specifically applied to exclude clinical
conditions that have previously been demonstrated to be associated with greater use of TM,
such as history of breast cancer and preoperatively established multifocal disease. Without
these exclusions, the overall TM frequency for invasive breast cancer was 27.5%, a figure
more comparable with findings reported in previous studies (data not shown). Second, initial
TM rate was reported, and most earlier reports do not distinguish mastectomy rate as initial
vs subsequent. We previously reported that among patients undergoing initial partial
mastectomy, an additional 8.4% subsequently underwent a TM for the incident breast
cancer.19 Data presented here are comparable with those of Morrow and colleagues,® who
reported that for 17% of patients with stage 0 to Il breast cancer, their surgeon
recommended initial TM.

Frequency of initial TM was highest among women younger than 45 years of age (23.8%)
and women aged 75 years or older (20%). The reasons for use of TM among these 2 groups
might differ. Among young women, the choice of TM might be a result of factors such as
genetic predisposition, family history, or higher risk of local recurrence.28:29 In addition,
younger women might perceive mastectomy as an option associated with greater survival.
Older women might choose TM because they are less concerned with cosmetic appearance
than younger women, or to avoid radiation therapy.30 However, a recent study by Fisher and
colleagues3! compared women younger than 50 to women 50 years and older and found that
the 2 groups did not differ in their reasons for choosing mastectomy, with lower recurrence
risk and improved survival cited as the 2 most common reasons. Whether these findings can
be extrapolated to the women aged 75 years and older described here is uncertain.

This study is limited in that data on family history or genetic predisposition were not
available. However, genetic predisposition is unlikely to explain the observed frequency of
TM. The estimated prevalence of BRCA1 and BRCA2 mutations in the general population
is approximately 1%,32 and most carriers have an early age at onset. Among the 189 women
younger than age 45 years in the current study, 45 (approximately 24%) had a mastectomy.
Although we can speculate that this might be driven by actual or perceived genetic risk, we
can estimate that <5 women in this age group would be likely to harbor BRCAL or BRCA?2
mutations.

Frequency of initial TM also differed by ethnicity. The TM frequency was similar for
Caucasian (15.4%), African-American (16.3%), and Hispanic women (18.2%). However,
Asian women had a much higher frequency (32.2%) and were twice as likely to undergo TM
compared with Caucasian women (OR = 2.17; 95% CI, 1.11-4.27). Similar finds have been
reported previously.33-36 Suggested explanations for higher TM frequency in Asian women
include unfavorable tumor to breast size ratio, patient preferences, cultural attitudes,
willingness to accept radiation therapy as a component of breast-conservation therapy, and a
high instance of clinical contraindications to breast conservation (eg, multiple ipsilateral
breast cancer foci of breast cancer). Additional determination of the factors involved was not
possible given the limitations of the available data, including lack of information on body
size, acculturation, and patient preference.
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Although use of preoperative MRI was uncommon in patients included in this analysis (of
185 patients, 7.7% had MRI), it was associated with more than doubling the rate of initial
TM. Several previous studies have had similar findings.”37-39 Katipamula and colleagues’
reported 51% of patients with preoperative MRI had a mastectomy, compared with 31% of
patients without MRI. In the COMICE (Comparative Effectiveness of MR Imaging in Breast
Cancer) trial 38 mastectomy rate was significantly higher in women randomly assigned to
receive MRI (7.1%) compared with those who did not have an MRI (1.2%). The increased
frequency in TM associated with preoperative MRI is especially concerning because, to
date, there is no evidence of benefit for long-term clinical outcomes,3240 and preoperative
MRI is becoming routine in many care settings.? Magnetic resonance imaging has been
proven useful for detecting multifocal and multicentric disease;*0 however, these cases were
excluded a priori from our analysis and cannot explain the high frequency of TM with MRI
use. Our database does not include information on BRCA1/2 carrier status, family history,
or breast density, which are all factors that can lead to the use of preoperative MRI;
however, it is debatable whether these factors alone would account for the 2-fold increase in
initial TM rate found among women who received preoperative MRI. One possible
explanation for the higher TM rate associated with preoperative MRI is that MRIs might
have identified additional ipsilateral and contralateral breast lesions prompting TM, even if
the additional lesions were ultimately found to be benign. It is also possible that many of the
patients who had MRIs had a significant family history and this might have driven their
mastectomy decision. Although the trend of MRI and mastectomy is strong, the numbers are
very small, limiting the ability to draw firm conclusions.

Unlike some previous studies, a temporal trend in TM frequency was not seen.57 Initial TM
frequency was 17% in both 2003 and 2008. The lowest rate observed was 13.6% in 2006
and the highest rate was 19.8% in 2007. These results of a stable TM rate are consistent with
those of Habermann and colleagues,® who used data from Surveillance, Epidemiology, and
End Results registries to examine variation in mastectomy rates across the United States.
Between 2000 and 2006, they found a slight decrease in TM, from 41% to 37%.

The impact of the individual surgeon on the use of mastectomy as the initial breast cancer
operation is highly significant. A nearly 2-fold (MOR = 1.86) relative odds of the
performance of an initial TM was found between 2 randomly selected surgeons from
different sites that was not explained by patient features, tumor characteristics, or by surgical
volume included in this analysis. Other investigators have also found considerably treatment
variation in the performance of breast cancer surgery for ductal carcinoma in situ by
individual surgeon.18 To our knowledge, this study is the first to report an association
between individual surgeon and initial surgical procedure for invasive breast cancer.

One strength of our study is the data collected on clinical and tumor characteristics
classically associated with higher use of TM, such as history of breast cancer or chest
radiation, inflammatory breast cancer, or known multifocal disease, were known
preoperatively. This allowed us to exclude such cases from the analysis and examine factors
associated with initial TM among cases who would likely be good candidates for breast-
conserving therapy. This information allowed for better determination of the potential
influence of the individual surgeon on TM rate, independent of other clinical factors.
Additionally, the large size of our dataset made it possible to delineate variability at the
individual surgeon level. However, no data are available on factors that might have
contributed to the identified variation attributed to surgeons or institutions, such as specialty
training, use of patient decision aids, access to reconstructive surgeons, and use of
multidisciplinary tumor conferences. Additional research into these potential factors would
provide additional opportunities to evaluate quality standards in the care of the newly
diagnosed breast cancer patient.
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The results of our study reflect initial TM rates from >2,000 breast cancer cases performed
at 4 geographically diverse organizations. These institutions include managed care,
university, and contracted community hospitals, and represent a broad cross-section of
practice patterns in the United States. Given this wide distribution of geographic and
practice-type settings, we believe our study more adequately reflects the current state of
surgical intervention for breast cancer care in the United States, compared with single-
institution studies or large clinical trials with data derived exclusively from academic
medical centers. A considerable percentage of breast cancer surgery continues to be
performed in the community by low and moderate-volume surgeons. We found less frequent
use of TM than has been previously reported and rates that were stable during the study
period. Tumor size, high nuclear grade, and patient age were all important predictors of
mastectomy. The association of preoperative MRI with higher rates of TM raises the
question of whether or not preoperative MRI is appropriately identifying disease requiring
mastectomy. However, due to the relatively small numbers of patients in this study who
underwent MRI in advance of TM, additional studies are required to validate this trend and
delineate variables that drive this phenomenon. Finally, the significant variability in the
performance of initial TM attributable to the individual surgeon is an opportunity for
additional study. Improved understanding of identifiable factors that contribute to this
variability in health care might better serve our patients by addressing provider related or
systems issues that can optimize treatment. In this way, evaluating outcomes will help
identify and ensure optimal quality of care for patients undergoing breast cancer surgery.
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Figure 1.

Observed initial total mastectomy frequency for each of 55 surgeons with at least 10 patients
in this study. Predicted total mastectomy rates, based on the random effects logistic
regression model controlling for clinical covariates, are plotted as a circle above the
encrypted surgeon identifiers on the horizontal axis.
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