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A B S T R A C T

Purpose
Recent changes have occurred in the presurgical planning for breast cancer, including the
introduction of preoperative breast magnetic resonance imaging (MRI). We sought to analyze the
trends in mastectomy rates and the relationship to preoperative MRI and surgical year at Mayo
Clinic, Rochester, MN.

Patients and Methods
We identified 5,405 patients who underwent surgery between 1997 and 2006. Patients under-
going MRI were identified from a prospective database. Trends in mastectomy rate and the
association of MRI with surgery type were analyzed. Multiple logistic regression was used to
assess the effect of surgery year and MRI on surgery type, while adjusting for potential
confounding variables.

Results
Mastectomy rates differed significantly across time (P � .0001), and decreased from 45% in
1997% to 31% in 2003, followed by increasing rates for 2004 to 2006. The use of MRI increased
from 10% in 2003% to 23% in 2006 (P � .0001). Patients with MRI were more likely to undergo
mastectomy than those without MRI (54% v 36%; P � .0001). However, mastectomy rates
increased from 2004 to 2006 predominantly among patients without MRI (29% in 2003% to 41%
in 2006; P � .0001). In a multivariable model, both MRI (odds ratio [OR], 1.7; P � .0001) and
surgical year (compared to 2003 OR: 1.4 for 2004, 1.8 for 2005, and 1.7 for 2006; P � .0001) were
independent predictors of mastectomy.

Conclusion
After a steady decline, mastectomy rates have increased in recent years with both surgery year
and MRI as significant predictors for type of surgery. Further studies are needed to evaluate the
role of MRI and other factors influencing surgical planning.

J Clin Oncol 27:4082-4088. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Prospective randomized trials have demonstrated
no significant difference in the survival of patients
who undergo mastectomy compared to lumpec-
tomy followed by radiation (breast-conserving ther-
apy [BCT]). Results from six randomized trials1-6

led to a consensus statement by the National In-
stitutes of Health Consensus Development Panel in
19907 that breast conservation surgery (BCS) is the
preferred method of primary surgical therapy for
women with early-stage breast cancer.

After this consensus statement, the percentage
of women undergoing BCT increased from 35% to
60% for stage 1 and 19% to 29% for stage 2 breast

cancer from 1989 to 1995.8,9 There are few data
regarding the rates of mastectomy during the past
10 years.

Recent changes have occurred in the presurgi-
cal evaluation and treatment of patients with breast
cancer. Some of these changes have included the
introduction of genetic testing to detect disease
causing mutations in BRCA1 and BRCA2, increased
education regarding surgical treatment options, and
the introduction of new imaging modalities, such as
ultrasound and magnetic resonance imaging (MRI).

Breast MRI provides an additional tool to visu-
alize mammographically occult breast lesions in the
ipsilateral and contralateral breast. In a randomized
trial, at least one additional suspicious focus in the
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ipsilateral breast was found in 19.6% of the women undergoing
MRI compared to 8.6% undergoing mammography.10 In addition,
MRI identifies up to 3% of mammographically occult contralateral
breast cancers in women who present with an ipsilateral invasive
breast cancer.11

Because of its high sensitivity in identifying multifocal
disease, MRI is being used more commonly for preoperative surgical
planning.12-17 Breast MRI is reported to have a sensitivity of 88% to
95%, but specificity is variable, ranging from 30% to 80%.18-21 While
guidelines for the use of MRI to screen high-risk women have been
developed,22 there are no standardized recommendations for the use
of MRI in the preoperative setting. Concern has been raised that
preoperative MRI may influence surgical treatment of patients with-
out adequate long-term data on local recurrence or survival.23,24

In light of the multiple changes occurring in the preoperative
evaluation and treatment of patients with early-stage breast cancer, we
sought to analyze the trends in mastectomy rates at Mayo Clinic
Rochester for women with early-stage breast cancer over a 10-year
period from 1997 to 2006 and to compare mastectomy rates in women
who did or did not undergo preoperative MRI.

PATIENTS AND METHODS

This study was approved by the institutional review board of Mayo Clinic
Rochester, MN. A cohort of 5,583 breast cancers, stages 0 to 2, in 5,405 patients
who had surgery during the period of 1997 to 2006 at Mayo Clinic, Rochester,
MN, were identified retrospectively using the Mayo Clinic Rochester Cancer
Registry. The study population included women who had definitive surgical
treatment for breast cancer at Mayo Clinic, Rochester, and, using the American
Joint Cancer Committee Cancer Staging Manual, sixth edition,25 met the crite-
ria of stage 0, I, or II disease (TisN0M0, T1N0M0, T2N0M0, or T2N1M0).
Surgery type (mastectomy v lumpectomy) was defined using the Cancer Reg-
istry. This was cross-referenced with two other available databases: the Mayo
Clinic Surgical Index and a separate breast cancer database maintained within
the Department of Surgery. Discrepancies among databases with respect to the
type of definitive surgery were manually reviewed.

The surgical cohort was then matched with a breast MRI database. This
database was initiated in 2003 to prospectively collect data on all patients
diagnosed with breast cancer undergoing breast MRI. Initially, practice guide-
lines for preoperative MRI were developed but not restricted to the following
patient scenarios: biopsy-proven invasive lobular carcinoma; biopsy-proven
invasive breast cancer that was palpable but not visible by mammogram;
axillary metastasis from presumed breast primary with negative mammogram
and clinical breast exam; and problem-solving situations in the setting of
biopsy-proven breast cancer.

MRIs were classified as preoperative if the date of breast MRI was within
30 days before the date of surgery. When the date of breast MRI was more than
30 days prior but within 1 year of the date of breast cancer surgery, the medical
record was reviewed to determine whether the breast MRI was related to the
preoperative evaluation for the breast cancer surgery in question (eg, in the
case of neoadjuvant chemotherapy).

The following variables were also obtained from institutional databases:
patient age, TNM stage, histology, laterality (left v right), bilateral breast cancer
(yes/no), history of contralateral breast cancer, breast density and family his-
tory, defined as a first-degree relative (parent, sibling, offspring). Breast density
was obtained by matching the surgical cohort with the mammography data-
base maintained within the Department of Radiology. The grading system was
based on the American College of Radiology Breast Imaging Reporting and
Data System which contains a 4-point grading of breast density (1 � fatty
breasts, 2 � scattered fibroglandular tissue, 3 � heterogeneously dense,
4 � extremely dense) recorded by the radiologist at the time the exam was
read. Breast density readings from mammograms performed within 1 year

before the date of definitive surgery was available in 53% of the patients in
the cohort.

Statistical Analysis

Descriptive statistics are reported using mean (95% CI) or frequency
(percentage), as appropriate. Trends over time in the mastectomy rate and in
the use of preoperative breast MRI are reported descriptively and graphically
with 95% CI. �2 tests were used to compare proportions, whereas Cochrane-
Armitage trend tests were used to test trends over time in proportions. Logistic
regression was used to assess the association of breast MRI and surgical
year on the type of surgery (mastectomy v lumpectomy). Multiple logistic
regression was used to assess these associations while adjusting for age, TNM
stage, histology, breast density, laterality, the presence of concurrent or prior
contralateral breast cancer, and family history of breast cancer. Results are
reported with odds ratios (OR) and 95% CI. P values lower than .05 were
considered statistically significant. All analysis was performed using SAS ver-
sion 9.1.3 (SAS Institute Inc, Cary, NC).

Because some patients had both a right and left breast cancer during the
time period under study and thus had two observations in the data, a general-
ized estimating equations approach was also applied using PROC GENMOD
(SAS Institute Inc) with binomial distribution and logit link to take within-
subject correlation into account in model fitting. These results were consistent
with those found using standard logistic regression, so the logistic regression
results were presented for simplicity.

Table 1. Demographic and Baseline Characteristics of 5,583 Cancers
in 5,405 Patients

Characteristic
No.

(N � 5,583) %

Age, years
Mean 60.6
95% CI 60.2 to 60.9
� 50 1,279 23
� 50 4,304 77

TNM stage
0 954 17
1 2,716 49
2 1,913 34

Primary histology among TNM stage 1-2
patients

Invasive ductal 3,758 81
Invasive lobular 523 11
Other invasive 348 8

Breast density
1, fatty breasts 282 5
2, scattered fibroglandular 1,222 22
3, heterogeneous dense 1,102 20
4, extremely dense 347 6
Unknown 2,630 47

Concurrent or prior contralateral breast
cancer

Yes 580 10
No 5,003 90

Laterality
Right 2,709 49
Left 2,874 51

Preoperative breast MRI
Yes 346 6
No 5,237 94

First-degree family history of breast cancer
Yes 1,217 78
No 4,366 22

Abbreviation: MRI, magnetic resonance imaging.
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RESULTS

Patient and tumor characteristics are outlined in Table 1. There were a
total of 5,583 breast cancers identified between years 1997 to 2006 in
5,405 patients; 17% were stage 0, 49% were stage I, and 34% were stage
II. The mean age at diagnosis was 61 years (range, 23 to 95).

Mastectomy rates varied significantly according to surgical year.
Beginning in 1997, mastectomy rates gradually decreased from 45% in
1997% to 31% in 2003 (P � .0001), followed by increase from 37% to
43% for the period of 2004 to 2006 years (Table 2; Fig 1). Although
each stage showed some increase in mastectomy rates for 2004 to 2006
compared to 2003 (each P � .01when testing for trend within a stage),
the change was most marked for stage 2 cancers.

From 2003 through 2006, preoperative breast MRI was per-
formed for a total of 346 cancers in 337 patients from this cohort. In
these 337 patients, MRI was performed before first biopsy (n � 22),
before earliest definitive surgery (either lumpectomy or mastectomy;
n � 295), and between lumpectomy and mastectomy (n � 20). In the
nine patients with bilateral cancer, the right and left definitive surger-
ies were performed on the same day but MRI occurred after the biopsy
date (n � 1) and before the biopsy date (n � 8).

The percentage of patients undergoing MRI from 2003 to 2006
by stage were: ductal carcinoma in situ, 7%; stage 1, 15%; and stage 2,
22% (P � .0001). The use of MRI also varied significantly by histology
(P � .0001), with 32% of invasive lobular cancers undergoing MRI
compared with only 16% for invasive ductal and 20% for other inva-
sive histologies during this time period. The percentage of patients
with MRI increased from 10% in 2003 to 23% in 2006 (P� .0001) (Fig
2). Overall during this time period, those who underwent preoperative
MRI were more likely to undergo mastectomy than those without
preoperative MRI (54% v 36%; P � .0001).

Mastectomy rates increased over 2003 to 2006 both in patients
with and without MRI (Fig 3). This increase was not statistically
significant in the MRI group (P � .92); however, a significant increase
was observed among those without MRI (29% in 2003 to 41% in 2006;
P � .0001).

Table 3 lists the univariate and multivariate analyses for factors
associated with mastectomy. In the multivariate model, the following
made a significant contribution to the mastectomy rate: age (� 50 v
� 50), TNM stage, lobular histology, breast density, concurrent or
prior contralateral breast cancer, laterality, family history, MRI, and
year of surgery. In this model, women undergoing preoperative MRI

Table 2. Breast Cancer Mastectomy and Preoperative MRI Rates and by Stage Over Time From 1997 to 2006

Parameter 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

No. of cancers 516 522 559 614 625 545 606 574 492 530
% with mastectomy 45 43 41 37 36 36 31 37 45 43
% with MRI 0 0 0 0 0 0 10 12 19 23
% with mastectomy by TNM stage

TNM stage, %
0 37 41 33 36 33 32 26 30 35 42
1 35 37 35 30 31 29 27 28 42 33
2 61 55 53 48 45 48 41 56 54 58

With mastectomy by MRI, %
MRI 53 54 57 52
No MRI 29 35 42 41

Abbreviation: MRI, magnetic resonance imaging.
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Fig 1. Proportion of patients undergoing mastectomy from 1997 to 2006;
vertical bars represent 95% CIs for the estimated proportion.
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Fig 2. Proportion of patients undergoing preoperative breast magnetic reso-
nance imaging from 2003 to 2006; vertical bars represent 95% CIs for the
estimated proportion.
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were significantly more likely to undergo mastectomy than women
who did not have preoperative MRI (OR, 1.7; 95% CI, 1.3 to 2.2;
P � .0001). In addition, surgical year remained a significant predictor
of surgery type, with each year from 2004 to 2006 having significantly
increased odds of mastectomy compared with 2003, the year with the
lowest mastectomy rate.

Interactions between surgery year and MRI, surgery year and
stage, MRI and stage, and surgery year and family history were also
assessed in this multivariable model, but none were statistically signif-
icant and thus were not included in the final model. In addition, the
effect of individual surgeons was analyzed. There were no significant
differences in mastectomy rates among individual surgeons for any
year from 2003 to 2006 (P values ranged from 0.21 to 0.79). Further,
adding surgeon to the multivariable model did not change the conclu-
sions with respect to either MRI or the time trend from 2003 to 2006.

DISCUSSION

BCS followed by radiation has been widely accepted as a surgical
treatment option for women with early-stage breast cancer since the
National Institutes of Health Consensus statement in 19907 and led to
a steady rise in BCT in the years after 1990.8,9 Consistent with these
data, mastectomy rates at Mayo Clinic Rochester declined from the
years 1997 to 2003. However, beginning in 2004, we observed a rever-
sal in this trend. From 2003 to 2006, mastectomy rates in women who
did not undergo preoperative MRI increased from 29% to 41%
(P � .0001).

In recent years, changes have occurred in the preoperative man-
agement and counseling of breast cancer patients that may have con-
tributed to our observed increase. First, there is increased knowledge
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Fig 3. Proportion of patients undergoing mastectomy from 2003 to 2006
according to utilization of preoperative magnetic resonance imaging; vertical bars
represent 95% CIs for the estimated proportion.

Table 3. Results of Univariate and Multivariable Logistic Regression Models for the Log Odds of Undergoing Mastectomy As Opposed to BCS

Variable

Univariate Results Multivariable Results

Odds Ratio 95% CI P Odds Ratio 95% CI P

Preoperative breast MRI, yes v no 1.9 1.5 to 2.4 � .0001 1.7 1.3 to 2.2 � .0001
Calendar year

1997 v 2003 1.8 1.4 to 2.3 � .0001 2.0 1.5 to 2.6 � .0001
1998 v 2003 1.7 1.3 to 2.2 � .0001 2.1 1.6 to 2.7 � .0001
1999 v 2003 1.5 1.2 to 1.9 .0007 1.7 1.3 to 2.2 � .0001
2000 v 2003 1.3 1.0 to 1.7 .02 1.4 1.1 to 1.8 .01
2001 v 2003 1.3 1.0 to 1.6 .06 1.4 1.1 to 1.8 .01
2002 v 2003 1.2 1.0 to 1.6 .08 1.4 1.1 to 1.8 .02
2004 v 2003 1.3 1.0 to 1.7 .02 1.4 1.1 to 1.8 .01
2005 v 2003 1.8 1.4 to 2.3 � .0001 1.8 1.4 to 2.4 � .0001
2006 v 2003 1.7 1.3 to 2.2 � .0001 1.7 1.3 to 2.2 .0001

Age, years
� 50 v � 50 0.74 0.65 to 0.84 � .0001 0.80 0.70 to 0.92 .001

TNM stage
TNM 1 v 0 0.9 0.8 to 1.1 .34 0.9 0.7 to 1.0 .09
TNM 2 v 0 2.1 1.8 to 2.4 � .0001 2.0 1.7 to 2.4 � .0001

Primary histology
Lobular v ductal 1.6 1.4 to 2.0 � .0001 1.6 1.3 to 1.9 � .0001
Other invasive v ductal 1.1 0.9 to 1.4 .40 1.2 1.0 to 1.6 .09

Breast density
4 v 1, 2, 3 1.6 1.2 to 2.0 .0001 1.5 1.1 to 1.9 .002
Unknown v 1, 2, 3 1.1 1.0 to 1.3 .04 1.0 0.9 to 1.1 .86

Concurrent or prior contralateral breast cancer
Yes v no 3.2 2.6 to 3.8 � .0001 3.8 3.1 to 4.5 � .0001

Laterality
Left v right 1.2 1.0 to 1.3 .007 1.2 1.0 to 1.3 .005

First-degree family history of breast cancer
Yes v no 1.1 1.0 to 1.3 .05 1.2 1.0 to 1.3 .04

Abbreviation: MRI, magnetic resonance imaging.
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about the importance of family history and the role of genetic testing
for hereditary breast cancer syndromes. Approximately 5% to 6% of
breast cancers are associated with germline mutations in BRCA1/226,27

and women with deleterious BRCA mutations carry an increased
lifetime risk of breast and ovarian cancer.28,29 Commercial testing for
BRCA1 and BRCA2 mutations has become available since 1999, and
one option available for women at high risk of developing breast
cancer includes prophylactic bilateral mastectomy, which has de-
creases the risk of breast cancer by 90% in high-risk women.30 These
data may be influencing the surgical choices of patients with a diagno-
sis of early stage breast cancer in favor of mastectomy. Although
patients in our cohort with a family history of breast cancer were more
likely to undergo mastectomy compared to those without a family
history (P � .04), we did not observe a significant interaction between
surgical year and family history in the multivariate analysis, suggesting
that mastectomy rates were not rising preferentially in those women
with a family history of breast cancer.

Another possible explanation for the rise in mastectomy rates
may be increased education regarding reconstruction options. Recent
data suggests that women are four times more likely to choose mas-
tectomy when presented with options for breast reconstruction.31

This finding was more commonly seen in younger and highly edu-
cated patients.32 Our current practice includes a referral to plastic and
reconstructive surgeons for women with breast cancer who are con-
sidering all surgical options. However, given the retrospective nature
of this study, the potential impact of such preoperative counseling on
the patient’s choice of surgical treatment could not be assessed.

While our mastectomy rates during the period 1998 to 2003 were
similar to that observed from a Surveillance, Epidemiology and End
Results (SEER) registry,26 there are no comparable published data for
the years 2004 to 2006. The higher mastectomy rates observed in the
later years could reflect referral bias, since these data were derived from
a single academic institution which is likely to differ from the SEER
population. In a study that did use the SEER database, Tuttle et al
reported an increase in contralateral mastectomy rate from 1.8% in
1998 to 4.5% in 2003.33 Taken together, these findings suggest a
possible global swing in the pendulum of breast surgical treatment
preferences back toward mastectomy, and may reflect growing patient
choice for a preventive surgical approach against local recurrence and
new primary breast cancers despite any expected survival benefit with
more aggressive surgery. Given the fact that patients who are most well
informed and involved in decision making are more likely to choose
mastectomy,34 further studies are necessary to determine whether
surgical choice improves patient satisfaction and/or quality of life.

Despite the possibility of a recent increase in patient preference
for mastectomy, our data suggest that preoperative breast MRI may be
associated with higher mastectomy rates. Since 2003, the percentage of
patients undergoing preoperative breast MRI at our institution in-
creased up to 23% in 2006. Overall, the rate of mastectomy was 18%
higher in women who underwent MRI compared to those who did
not have MRI (P � .0001). The higher mastectomy rate seen in
women who underwent MRI may be due to the detection of addi-
tional lesions which in turn led to more extensive surgical resection,
although we were not able to confirm this with our retrospective
study. In comparison to mammography, breast MRI is more sensitive
in identifying additional lesions in both ipsilateral and contralateral
breasts.11,12,19,35 Recent studies15,36-39 have demonstrated that the use
of MRI resulted in a change in surgical management in up to 30% of

patients, with 15.5% to 25% being converted from lumpectomy to
mastectomy. While our findings are in keeping with these other stud-
ies, notably, the differences in mastectomy rate between those with
and without MRI appears to lessen over time; with CIs that overlap for
2005 and 2006. This observation could reflect a learning curve effect,
with increased experience with MRI resulting in fewer false positives
and less impact on surgical treatment.

Since MRI has been shown to alter the surgical decision making
in favor of mastectomy, serious concern has been raised regarding
the routine use of MRI in the preoperative treatment of patients
without adequate long-term outcomes data to document improve-
ment in local recurrence or survival.23,24,40 A recent prospective study
(COMICE) demonstrated no reduction in re-operation rates for
women randomly assigned to receive preoperative MRI versus not.41

However, in agreement with our findings, the women randomly as-
signed to MRI in this study had significantly higher mastectomy rates
(7.1%) versus those without MRI (1.2%). Other groups have reported
no differences in local recurrence, distant recurrence, or overall
survival between patients who did or did not undergo a breast
MRI.23,24,40,42Another disadvantage of breast MRI is cost, ranging
from $2,000 to $4,000 per diagnostic evaluation. Despite these limita-
tions, breast MRI has gained widespread use and is increasingly ex-
pected by patients. A patient satisfaction survey conducted on 227
patients who underwent breast MRI at our institution demonstrated a
very high level of satisfaction with breast MRI, with 91% reporting that
it was reassuring to them and had a positive impact on their overall
care (unpublished data). Therefore, the routine use of MRI in breast
cancer patients remains a complex mire of medical, economic, and
political issues that result when new technology is utilized more rap-
idly than its evidence-based science can justify.

One important limitation to this study is that we cannot deter-
mine causality regarding the association of MRI and mastectomy.
Given that our data were retrospectively obtained, we are unable to
determine whether the MRI findings influenced the decision-making
process of the patient, physician, or both. Decision making by a
woman diagnosed with early-stage breast cancer is complex. In addi-
tion to the anxiety involved with diagnosis of cancer, many factors
may affect the decision making process, including age, family history,
personal experiences, risk of local recurrence, physical appearance,
social factors, concern about radiation exposure, and educational
status.32,34,43 Furthermore, the anxiety associated with additional test-
ing for false positive lesions detected by MRI may lead some women to
consider mastectomy to avoid future follow-up studies. Another lim-
itation is that the practice guidelines developed for obtaining MRI at
our institution were not routinely implemented by all clinicians. This
was evident based on the increasing number of MRIs obtained over
the 4-year time period. Finally, there is the possibility that the in-
creased rate of mastectomy among patients undergoing preoperative
breast MRI is due to confounding by indication, with women selected
to undergo MRI having characteristics associated with higher rates of
mastectomy (eg, stage and histology). For example, MRI use varied
significantly by histology and stage, and each was an independent
factor associated with mastectomy in our data set. However, in the
multivariate model which adjusted for histology as well as stage (Table
3), MRI remained significantly associated with mastectomy (OR, 1.7;
P � .0001).

In summary, this study demonstrates a change in the surgical
treatment of breast cancer at a single institution, with significantly
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higher rates of mastectomy in the three most recent years compared to
2003. While MRI was associated with higher rates of mastectomy, the
rise in mastectomy rates was most apparent in women who did not
undergo MRI. New studies will be necessary to evaluate whether these
changes in surgical management lead to improvements in quality of
life and/or patient satisfaction.
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