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Background: Previous studies revealed that patients with early-stage metaplastic breast cancer (MBC)
underwent mastectomy more often than breast-conserving therapy (BCT) mainly due to the larger tumor
size. This study was performed to compare the survival outcomes following BCT versus mastectomy for
patients with early-stage MBC.
Methods: Surveillance, Epidemiology, and End Results (SEER) database was used to identify women
diagnosed with early-stage MBC (T1-3N0-3M0) between 2001 and 2016, who were treated with either
BCT or mastectomy. We assessed overall survival (OS) and breast cancer-specific survival (BCSS) using the
Kaplan-Meier method and hazard ratios using Cox proportional hazards models.
Results: A total of 2412 MBC patients were identified, 881 (36.5%) of whom underwent BCT and
1531(63.5%) underwent mastectomy. The median follow-up time was 73 months. Most of patients had
older age (�50 years old), larger tumor size, higher American Joint Committee on Cancer (AJCC) stage
and hormone receptor negativity. After adjustment for confounding variables, patients who underwent
BCT had significantly improved OS (5-year OS: 84.3% vs 62.5%; 10-year OS: 73.0% vs 52.1%; adjusted
HR ¼ 0.76, 95%CI: 0.59e0.97, p ¼ 0.028) and BCSS (5-year BCSS: 89.1% vs 70.8%; 10-year BCSS: 83.9% vs
67.5%; adjusted HR ¼ 0.72, 95%CI: 0.53e0.96, p ¼ 0.026) than those who underwent mastectomy, and
this improvement remained significant for all T and N stages of MBC except for N2-3 stage.
Conclusion: BCT conferred improved OS and BCSS compared with mastectomy for patients with early-
stage MBC, and the improvement persisted in almost all of the subgroups of different T and N stages.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Surgical therapy of the primary breast cancer, including breast-
conserving therapy (BCT, lumpectomy with whole breast radiation)
and mastectomy, is currently thought to be one of the most
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important treatments for early-stage breast cancer. The relation-
ship between the surgical options and survival outcomes for early-
stage breast cancer patients has been explored for decades. NSABP
B06 Trial and Milan Trial demonstrated BCT was equivalent to
mastectomy with respect to survival [1,2]; subsequently, several
randomized clinical trials (RCTs) also reported the similar results
[3e5]. However, all of these studies were launched approximately
30 years ago. In the past decades, systemic treatment and locore-
gional radiation of breast cancer have been notably improved,
which significantly contributed to better survival for breast cancer
patients, consequently influencing doctors’ choice of surgical
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Fig. 1. Flow diagram for creation of the study cohort. Abbreviations: SEER, Surveil-
lance, Epidemiology, and End Results; AJCC, American Joint Committee on Cancer.
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approaches on local treatment. Recently, a series of large
population-based studies were conducted to investigate the impact
of surgical treatment (BCT or mastectomy) on survival outcomes
and found BCT had better survival than mastectomy for patients
with early-stage breast cancer [6e12].

Metaplastic breast cancer (MBC), accounting for 0.2e5.0% of all
breast cancer, is clinically aggressive and associated with poor
prognosis [13e19]. Compared to invasive ductal carcinoma (IDC),
the most common subtype of breast cancer, MBC typically presents
with larger tumor size, higher American Joint Committee on Cancer
(AJCC) stage, higher tumor grade as well as hormone receptor
negativity and occurs in female older than 50 years old, which are
related to dismal outcomes on survival [19e21]. Since the majority
of MBC were triple-negative, hormonal therapy and targeted
therapy were usually ineffective for patients with MBC [16,18,22].
Furthermore, MBC was more resistant to chemotherapy and had
worse prognosis than triple negative breast cancer (TNBC)
[17,19,23e25]. As MBC is typically aggressive and resistant to sys-
temic therapy, surgery treatment of the primary site is closely
associated with survival outcomes. Currently, MBC is treated with
the principles that are applied to more common breast cancers. For
surgical treatment of the primary breast cancer, the National
Comprehensive Cancer Network (NCCN) guidelines recommend
that mastectomy is equivalent to BCT with respect to survival.
Several retrospective studies revealed that patients with MBC were
treated more often with mastectomy mainly due to the larger tu-
mor size [16,18,19]. However, one of the studies mentioned that
breast-conserving surgery led to superior 3-year overall survival
compared with mastectomy regardless of stage at presentation, but
did not clarify the result or conduct the stratified analysis [18].
Therefore, the relationship between surgical approaches and sur-
vival outcomes for MBC patients has yet to be elucidated.

The present study was performed to investigate the impact of
surgical approaches (BCT or mastectomy) on the survival outcomes
of early-stage MBC patients using the Surveillance, Epidemiology,
and End Results (SEER) database. To eliminate the influence of
clinical stage, which was considered one of the most important
factors that may influence the choice of primary breast local
treatment, our study also conducted subgroup analysis according to
AJCC T and N stage.

2. Materials and methods

2.1. Study population

All data was extracted from the Surveillance, Epidemiology, and
End Results (SEER) database that updated in November 2016. The
SEER database, including 18 tumor registries and representing
approximately 28% of the population across the United States,
contained detailed information about demographics, tumor char-
acteristics, nodal staging, surgery type, survival months and vital
status [18,19]. Since the World Health Organization (WHO) did not
recognize MBC as a distinct pathologic subtype until 2000 [19,26],
we identified 4509 women diagnosed with MBC (International
Classification of Diseases for Oncology, third edition (ICD-O-3)
morphology code 8052, 8070, 8071, 8072, 8074, 8560, 8571, 8572,
8575, and 8980) [18] from January 2001 to November 2016, and
only those with early-stage breast cancer (T1-3N0-3M0) were
selected according to the 6th edition of the AJCC system for cases
between 2001 and 2009, and the 7th edition for cases between
2010 and 2016. Patients who had bilateral breast cancer, whose
breast cancer was not first primary tumor, who did not undergo
breast-conserving therapy or mastectomy and who did not receive
radiation along with breast conserving surgery were excluded. The
entire cohort was further divided into two groups according to their
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surgical approach: breast-conserving therapy (BCT) and mastec-
tomy. Finally, 2412 cases were included in our study (Fig. 1).
2.2. Statistical analysis

Pearson’s chi-square test was used to compare the patients’
characteristics between BCT and mastectomy group. Survival out-
comes, including overall survival (OS) and breast cancer-specific
survival (BCSS), were examined using the Kaplan-Meier method
and compared between the two groups using Log-rank tests.
Furthermore, the survival outcomes between BCT and mastectomy
group were also analyzed in subgroups according to AJCC T and N
stage. The Cox proportional hazard model was used to calculate the
hazard ratios (HRs) with 95% confidence intervals (CIs) for both OS
and BCSS of the two groups. All tests were two-sided and a P
value < 0.05 was applied to indicate statistical significance. All
analyses were performed using Statistical Product and Service So-
lutions (SPSS) software (version 26.0).
3. Results

3.1. Patient characteristics

2412 patients with early-stage MBC (T1-3N0-3M0) were
analyzed in our study, among which 881(36.5%) underwent BCT
and 1531(63.5%) underwent mastectomy. The median follow-up
time was 73 months. Patients’ baseline characteristics are showed
in Table 1, including patient demographics, tumor characteristics,
age of diagnosis, surgery approach, radiation, and chemotherapy.
Most patients were White people [27] (78.1% in mastectomy group
vs 78.7% in BCT group) and older than or equal to 50 years old
(76.3% in mastectomy group vs 78.7% in BCT group), had poorly
differentiated or undifferentiated tumor (71.1% in mastectomy
group vs 67.7% in BCT group), were in AJCC stage II (72.4% in mas-
tectomy group vs 57.5% in BCT group) and hormone receptor-
negative (72.4% in mastectomy group vs 71.2% in BCT group). The
mastectomy group had a higher percentage of larger tumor size
(>2 cm) than BCT group (83.6% vs 57.0%, p < 0.001).



Table 1
Comparison of baseline characteristics of early-stage MBC between BCT and mas-
tectomy group.

Characteristics Patients, No. (%) P value

Mastectomy
N ¼ 1531(63.5)

BCT
N ¼ 881(36.5)

Race 0.074
White 1195(78.1) 693(78.7)
Black 218(14.2) 140(15.9)
Others/Unknown 118(7.7) 48(5.4)

Age(years) 0.182
18-49 363(23.7) 188(21.3)
�50 1168(76.3) 693(78.7)

Marital status 0.042
Married 786(51.3) 493(56.0)
Unmarried 690(45.1) 351(39.8)
Unknown 55(3.6) 37(4.2)

Grade 0.026
Well differentiated 62(4.0) 53(6.0)
Moderately differentiated 204(13.3) 125(14.2)
Poorly differentiated 1016(66.4) 572(64.9)
Undifferentiated/Anaplastic 73(4.8) 24(2.7)
Unknown 176(11.5) 107(12.1)

AJCC stage <0.001
I 211(13.8) 352(40.0)
II 1108(72.4) 507(57.5)
III 212(13.8) 22(2.5)

T stage <0.001
T1 251(16.4) 379(43.0)
T2 855(55.8) 449(51.0)
T3 425(27.8) 53(6.0)

N stage <0.001
N0 1139(74.4) 776(88.1)
N1 269(17.6) 90(10.2)
N2-3 123(8.0) 15(1.7)

HR status 0.234
Negative 1109(72.4) 627(71.2)
Positive 326(21.3) 209(23.7)
Borderline/Unknown 96(6.3) 45(5.1)

LN status <0.001
Negative 1096(71.6) 732(83.1)
Positive 368(24.0) 99(11.2)
No examined 67(4.4) 50(5.7)

Radiation <0.001
No 1111(72.6) 0(0.0)
Yes 420(27.4) 881(100.0)

Chemotherapy ＜0.001
No/Unknown 601(39.3) 272(30.9)
Yes 930(60.7) 609(69.1)

Abbreviations: BCT, breast-conserving therapy; AJCC, American Joint Committee on
Cancer; HR, Hormone receptor; LN, lymph node.
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3.2. Survival outcomes between mastectomy group and BCT group
in overall and subgroup analysis

OS and BCSS of patients in the entire cohort and subgroups
Table 2
OS and BCSS stratified by T and N stage between BCT and mastectomy group.

Stage All patients Mastectomy group BCT group

Overall 2412 1531 881
T stage
T1 630 251 379
T2 1304 855 449
T3 478 425 53

N stage
N0 1915 1139 776
N1 359 269 90
N2-3 138 123 15

Abbreviations: OS, overall survival; BCSS, breast cancer-specific survival; BCT, breast-con
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stratified by AJCC T and N stage were showed in Table 2. Patients
who underwent BCT had significantly improved OS (5-year OS:
84.3% vs 62.5%; 10-year OS: 73.0% vs 52.1%; HR ¼ 0.43, 95%CI:
0.37e0.50, p < 0.001) and BCSS (5-year BCSS: 89.1% vs 70.8%; 10-
year BCSS: 83.9% vs 67.5%; HR ¼ 0.38, 95%CI: 0.32e0.46,
p < 0.001) than those who underwent mastectomy (Fig. 2). The
superiority of BCT in survival outcomes remained significant for all
T and N stages of MBC except for N2-3 stage (Figs. 3 and 4).
3.3. Impact of various factors on survival outcomes

Univariate analysis showed that older age (�50 years old), un-
married status, lager tumor size (>2 cm), higher tumor grade
(poorly differentiated or undifferentiated) and clinically positive
lymph node are associated with lower OS, while both of radiation
and chemotherapy contributed to higher OS (Table 3). In addition,
patients with unmarried status, lager tumor size (>2 cm), higher
tumor grade (poorly differentiated or undifferentiated tumor) or
clinically positive lymph node had lower BCSS, but receiving radi-
ation and chemotherapy were protective factors from breast
cancer-related death. Furthermore, patients who underwent BCT
had better OS and BCSS compared with those who underwent
mastectomy (HR ¼ 0.43, 95%CI: 0.36e0.51, p < 0.001; HR ¼ 0.38,
95%CI: 0.31e0.48, p < 0.001; respectively).

In adjusted multivariate analysis, older age (�50 years old) and
unmarried status were independent risk factors for OS (HR ¼ 1.49,
95%CI: 1.21e1.83, p < 0.001; HR¼ 1.32, 95%CI: 1.13e1.54, p < 0.001;
respectively) but not for BCSS (HR ¼ 1.19, 95%CI: 0.95e1.49,
p ¼ 0.129; HR ¼ 1.18, 95%CI: 0.98e1.43, p ¼ 0.090; respectively).
Tumor size and clinically positive lymph node were independent
risk factors for OS and BCSS. Specifically, patients with T2 and T3
stage had higher risk of death from any cause (HR ¼ 1.54, 95%CI:
1.23e1.92, p < 0.001; HR ¼ 3.63, 95%CI: 2.84e4.64, p < 0.001;
respectively) compared with those with T1 stage, as well as higher
risk of death from breast cancer (HR ¼ 1.95, 95%CI: 1.42e2.67,
p < 0.001; HR ¼ 4.96, 95%CI: 3.55e6.93, p < 0.001; respectively);
patients with N1 and N2-3 stage had significantly lower OS
(HR ¼ 1.48, 95%CI: 1.21e1.81, p < 0.001; HR ¼ 2.93, 95%CI:
2.30e3.74, p < 0.001; respectively) and BCSS (HR ¼ 1.73, 95%CI:
1.37e2.19, p < 0.001; HR ¼ 3.01, 95%CI: 2.28e3.98, p < 0.001;
respectively) compared with those with N0 stage. Receiving
chemotherapy regimen was a protective factor for both OS and
BCSS (HR ¼ 0.48, 95%CI: 0.40e0.57, p < 0.001; HR ¼ 0.69, 95%CI:
0.56e0.85, p < 0.001; respectively). Concerning the surgical ap-
proaches, BCT was favorable to OS and BCSS compared with mas-
tectomy (HR¼ 0.76, 95%CI: 0.59e0.97, p¼ 0.028; HR¼ 0.72, 95%CI:
0.53e0.96, p ¼ 0.026; respectively).
OS BCSS

HR (95%CI) P value HR (95%CI) P value

0.43(0.37e0.50) <0.001 0.38(0.32e0.46) <0.001

0.64(0.44e0.94) 0.019 0.50(0.28e0.88) 0.012
0.59(0.48e0.73) <0.001 0.69(0.53e0.91) 0.012
0.35(0.25e0.50) <0.001 0.27(0.18e0.41) <0.001

0.48(0.40e0.57) <0.001 0.45(0.36e0.57) <0.001
0.36(0.25e0.53) <0.001 0.31(0.20e0.48) <0.001
0.81(0.42e1.59) 0.569 0.89(0.42e1.87) 0.760

serving therapy; HR, hazard ratios; CI, confidential interval.



Fig. 2. Kaplan-Meier survival curves of all patients. A. OS between mastectomy and BCT group in the entire cohort; B. BCSS between mastectomy and BCT group in the entire cohort.
Abbreviations: OS, overall survival; BCSS, breast cancer-specific survival; MAS, mastectomy; BCT, breast-conserving therapy; HR, hazard ratios.
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4. Discussion

Our study investigated the survival outcomes of patients with
MBC treated with BCT or mastectomy in a population of 2412
women from the Surveillance, Epidemiology, and End Results
(SEER) database, which contained follow-up information from 18
cancer registries with more than 3 million, covering about 28% of
the U.S. people. It revealed that BCT had improved 5-year and 10-
year OS and BCSS than mastectomy for patients with early-stage
MBC after adjustment for confounding variables. Our study found
that BCT is better to mastectomy for patients with early-stage MBC
with respect to OS and BCSS.

Metaplastic breast cancer (MBC), a rare histologic subtype
which accounts for 0.2e5.0% of all breast cancer diagnoses, is
clinically aggressive and related to poor prognosis [13e19]. MBC
typically presents with larger tumor size, higher AJCC stage, higher
tumor grade, less nodal involvement as well as hormone receptor
negativity and occurs in female older than 50 years old [16,19,21].
With these aggressive clinical behaviors, MBC tends to have worse
outcomes than IDC and even TNBC; studies reported that the 5-year
OS of patients with MBC ranges from 54% to 69% compared with
89% for IDC and 73% for TNBC [20,28,29]. As most of MBC were
triple-negative, human epidermal growth factor receptor 2 (HER2)
targeted therapy was usually ineffective for patients with MBC as
well as hormonal therapy [16,18,22]. Given the increased risk of
distant metastasis due to larger tumor size, higher tumor grade and
triple-negative propensity, combined with lack of hormonal ther-
apy and targeted therapy as adjuvant treatments, patients with
MBC are more often treated with systemic chemotherapy than IDC
[16,18,19]. However, several studies implicated MBC had lower
response to chemotherapy. Rayson et al. identified 27 patients with
MBC at Mayo Clinic between 1976 and 1997, whowere treated with
10 different chemotherapy regimens, and found only one partial
response [30]. They presumed that systemic therapy was less
effective in patients with MBC. More recent studies demonstrated
that MBC was more resistant to chemotherapy and had worse
prognosis than TNBC [23e25]. The chemotherapy-refractory nature
and poor survival outcomes of MBC were correlated to the
Epithelial-to-Mesenchymal transition (EMT) and stem cell-like
features, which promote tumor invasion, migration and develop-
ment of distant metastases [31,32]. Since MBC was less responsive
to systemic treatment, surgical treatment of primary breast cancer
appears to be closely related to the survival of patients with MBC.
Several retrospective studies revealed that MBC patients under-
went mastectomy more often than breast-conserving surgery
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mainly due to the larger tumor size [16,18,19]. For example, Chris-
topher et al. [16] revealed that MBC patients were treated with
mastectomy more frequently than IDC patients (55.6% vs 38.3%,
p < 0.001) because of the larger tumor size; however, after
adjustment for tumor size, no significant difference was observed
in the percentages of mastectomy between the two cohorts. Simi-
larly, two population-based studies using the SEER database also
reported patients with MBC were treated with mastectomy more
frequently [18,19].

Given the rarity of MBC, there are few studies regarding the
choice of surgical approaches for patients with MBC. Up to now,
MBC is treated with the principles that are developed for more
common breast cancers. For surgical treatment of the primary
breast cancer, the National Comprehensive Cancer Network (NCCN)
guidelines recommend that mastectomy is equivalent to BCT with
respect to survival based on several randomized clinical trials
[1e5]. However, these trials were launched in 1970s and early
1980s. In the past decades, systemic treatment as well as radio-
therapy of breast cancer has been significantly improved, resulting
increased survival of breast cancer patients and consequently
influencing doctors’ choice of surgical approaches for primary
breast cancer. Recently, several large population-based studies
from various countries suggested BCT had superior survival out-
comes compared with mastectomy for patients with early-stage
breast cancer [7e12]. Marissa et al. [12] conducted an observa-
tional study inwhich 37,207 women diagnosed with primary early-
stage breast cancer from Netherlands were included, and reported
that BCT conferred improved 10-year OS compared with mastec-
tomy after stratified analysis for disease stage and adjustment for
confounding variables. A study from Canada [10], which included
14,939 patients with stage I-III breast cancer, demonstrated that the
patients treated with BCT achieved better OS and BCSS than those
with mastectomy, firstly providing the knowledge that BCT
conferred survival advantage specifically in stage III patients.
Similarly, two other studies from Netherlands [9,11] included pa-
tients with T1-2N2 stage breast cancer, and suggested that BCTmay
be a better surgical option than mastectomy for breast cancer pa-
tients. However, most of the patients included into these studies
had IDC, which failed to provide convincing evidence for the
choices of surgical approaches in patients with MBC.

To our knowledge, this study is the first to investigate the impact
of different surgical approaches (BCT or mastectomy) on OS and
BCSS of patients with early-stage MBC and conduct subgroup
analysis according to AJCC T and N stage. Consequently, we found
BCT had better OS and BCSS than mastectomy in all T and N stages



Fig. 3. Kaplan-Meier survival curves of subgroups stratified by T stage. A. OS, T1 stage; B. BCSS, T1 stage; C. OS, T2 stage; D. BCSS, T2 stage; E. OS, T3 stage; F. BCSS, T3 stage.
Abbreviations: OS, overall survival; BCSS, breast cancer-specific survival; MAS, mastectomy; BCT, breast-conserving therapy; HR, hazard ratios.
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except for N2-3 stage. Rebecca et al. [19] conducted a population-
based analysis by identifying 1011 MBC patients and 253,818 IDC
patients from SEER database, and revealed that BCT conferred
improved disease-specific survival (DSS) compared to mastectomy
with or without radiation after adjustment for confounding vari-
ables; however, most of the patients in the study had IDC other
than MBC. Similarly, another study [18] using the SEER database,
including 1516MBC patients and 220,375 IDC patients from 2010 to
2014, showed that patients treated with breast-conserving surgery
had superior 3-year OS compared with those treated with mas-
tectomy regardless of the stage at presentation, but did not report
the long-term survival outcomes; meanwhile, whether or not the
patients who underwent breast-conserving surgery received
radiotherapy was unclear. Both of these two studies did not inter-
pret the result or conduct subgroup analysis to further investigate
14
the relationship between survival outcomes and surgical ap-
proaches for patients with MBC. In our study, BCT had significantly
improved OS and BCSS compared with mastectomy for patients
with MBC after adjustment for various confounding factors, and
this improvement persisted in all subgroups of T and N stages
except for N2-3 stage. The reason why BCT did not show better
survival than mastectomy in patients with N2-3 stage might be
attributed to the inadequacy of cases; another explanationwas that
the surgery approaches may be less likely to influence the survival
outcomes of this subset of patients, who suffered local advanced
MBC and subsequently had very poor prognosis.

In our study, multivariate analysis demonstrated that older age,
unmarried status, larger tumor size (>2 cm) and positive lymph
node were associated with decreased overall survival, while hor-
mone receptor positivity, breast-conserving therapy and



Fig. 4. Kaplan-Meier survival curves of subgroups stratified by N stage. A. OS, N0 stage; B. BCSS, N0 stage; C. OS, N1 stage; D. BCSS, N1 stage; E. OS, N2-3 stage; F. BCSS, N2-3 stage.
Abbreviations: OS, overall survival; BCSS, breast cancer-specific survival; MAS, mastectomy; BCT, breast-conserving therapy; HR, hazard ratios.
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chemotherapywere related to improved overall survival. This study
also showed that breast cancer T and N stagewere independent risk
factors of BCSS in patients with MBC, and BCT and chemotherapy
were associated with superior BCSS compared with mastectomy
and non-chemotherapy, respectively. Patients with larger tumor
size and positive lymph node were considered to be clinically
aggressive and have poorer prognosis, thus having lower overall
survival. Eskander et al. [33] found that being married was related
to superior OS for patients with breast cancer, which is consistent
with our finding. A National Cancer Data Base (NCDB) analysis [34]
showed that chemotherapy was an independent predictive factor
of overall survival for non-metastatic MBC. He et al. [25] conducted
a population-based study from SEER database and confirmed that
15
chemotherapy had survival benefit in the entire MBC cohort;
however, no association was detected concerning the subset of
triple-negativeMBC, which accounted for most of the entire cohort.
Because most of MBC patients were triple-negative, the survival
benefit of chemotherapy for MBC patients in clinical practice might
need further investigation.

A great advantage of our study is the usage of a population-
based cancer registry; unlike studies from single institution that
had referral bias unavoidably, this study provides a more general-
izable clinical practice environment as the SEER database contained
information from all levels of healthcare institutions. Investigation
of such a rare subtype of breast cancer within a non-selected
population is significant for evaluating the choice of surgical



Table 3
Univariate and multivariate analysis of OS and BCSS of patients with early-stage MBC diagnosed between 2001 and 2016.

Characteristics OS BCSS

Univariate Analysis Multivariate Analysis* Univariate Analysis Multivariate Analysis*

HRa (95%CI) P value HRa (95%CI) P value HRa (95%CI) P value HRa (95%CI) P value

Race
White Reference e Reference e Reference e Reference e

Black 1.07(0.87e1.32) 0.50 1.09(0.88e1.34) 0.444 1.23(0.96e1.56) 0.097 1.14(0.88e1.46) 0.321
Others/Unknown 0.92(0.67e1.25) 0.58 1.04(0.76e1.43) 0.809 0.95(0.64e1.39) 0.779 0.99(0.67e1.46) 0.967

Age(years)
18-49 Reference e Reference e Reference Reference e

�50 1.63(1.34e1.98) <0.001 1.49(1.21e1.83) <0.001 1.05(0.85e1.30) 0.657 1.19(0.95e1.49) 0.129
Marital Status
Married Reference e Reference e Reference e Reference e

Unmarried 1.61(1.39e1.87) 0.001 1.32(1.13e1.54) <0.001 1.37(1.14e1.65) 0.001 1.18(0.98e1.43) 0.090
Unknown 1.05(0.68e1.61) 0.832 0.96(0.62e1.48) 0.853 0.84(0.48e1.47) 0.549 0.86(0.49e1.51) 0.597

T Stage
T1 Reference e Reference e Reference e Reference e

T2 1.62(1.31e2.01) <0.001 1.54(1.23e1.92) <0.001 2.27(1.67e3.07) <0.001 1.95(1.42e2.67) <0.001
T3 4.38(3.50e5.47) <0.001 3.63(2.84e4.64) <0.001 7.03(5.16e9.57) <0.001 4.96(3.55e6.93) <0.001

N Stage
N0 Reference e Reference e Reference e Reference e

N1 1.44(1.19e1.75) <0.001 1.48(1.21e1.81) <0.001 1.93(1.54e2.42) <0.001 1.73(1.37e2.19) <0.001
N2-3 3.28(2.61e4.13) <0.001 2.93(2.30e3.74) <0.001 4.14(3.19e5.39) <0.001 3.01(2.28e3.98) <0.001

Grade
Well differentiated Reference e Reference e Reference e Reference e

Moderately differentiated 1.48(0.93e2.36) 0.099 1.18(0.74e1.89) 0.486 1.23(0.65e2.35) 0.523 0.90(0.47e1.72) 0.740
Poorly differentiated 1.60(1.04e2.46) 0.031 1.37(0.88e2.12) 0.161 2.12(1.19e3.77) 0.011 1.40(0.78e2.53) 0.258
Undifferentiated/Anaplastic 2.09(1.25e3.50) 0.005 1.54(0.91e2.60) 0.108 3.26(1.69e6.29) <0.001 1.80(0.92e3.51) 0.086
Unknown 2.18(1.38e3.44) 0.001 1.71(1.08e2.71) 0.023 2.45(1.32e4.52) 0.004 1.62(0.87e3.00) 0.130

HRb status
Negative Reference e Reference e Reference e Reference e

Positive 0.83(0.69e1.01) 0.066 0.80(0.66e0.98) 0.028 0.87(0.68e1.09) 0.226 0.87(0.68e1.10) 0.238
Borderline/Unknown 1.27(0.98e1.65) 0.068 1.02(0.78e1.33) 0.875 1.42(1.04e1.95) 0.028 1.32(0.95e1.82) 0.096
Surgery
Mastectomy Reference e Reference e Reference e Reference e

BCT 0.43(0.36e0.51) <0.001 0.76(0.59e0.97) 0.028 0.38(0.31e0.48) <0.001 0.72(0.53e0.96) 0.026
Radiation
No Reference e Reference e Reference e Reference e

Yes 0.60(0.52e0.70) <0.001 0.89(0.73e1.10) 0.282 0.68(0.57e0.82) <0.001 0.92(0.72e1.17) 0.491
Chemotherapy
No Reference e Reference e Reference e Reference e

Yes 0.49(0.42e0.57) <0.001 0.48(0.40e0.57) <0.001 0.78(0.65e0.94) 0.010 0.69(0.56e0.85) 0.001

Abbreviations: OS, overall survival; BCSS, breast cancer-specific survival; HRa, hazard ratios; CI, confidential interval; BCT, breast-conserving therapy; HRb, hormone receptor.
*With adjustment for race, age, marital status, T stage, N stage, histological grade, hormone receptor status, surgery, radiation and chemotherapy.
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approaches for MBC patients in clinical practice. Although a pro-
spective trial would be ideal, it is almost impossible for another
such trial to be conducted due to the resource limitations. Besides,
we were able to adjust for various confounding factors, including
demographics, tumor-related factors and important treatments
received. However, there are several limitations in our study. Firstly,
as the SEER database is a large database that included 18 tumor
registries across the United States, there might existed data-entry
errors in our study. Secondly, some patient-related data including
geographic location, tumor-related information such as multi-
focality or multicentricity, molecular genetic features, and surgery
of regional lymph nodes could not be accessible, whichwas another
weakness of our study. Thirdly, information concerning local
recurrence, distant metastasis and disease-free survival were not
routinely reported in the SEER database, thus we could not recog-
nize the patients with breast cancer recurrence who needed more
advanced treatments. Forthly, the HER2 status was not mentioned
in this study because it was not registered until 2010 [18]. Because
most of MBC are HER2-negative, targeted therapy is thought be less
likely to influence the survival.

In conclusion, by using the SEER database which contained in-
formation from a widespread population throughout the United
States, we investigated the relationship between survival outcomes
and surgical approaches for patients with early-stage MBC. Our
16
study demonstrated that BCT conferred superior OS and BCSS
compared with mastectomy for patients with early-stage MBC, and
the improvement persisted in almost all of the subgroups of AJCC T
and N stages, providing the knowledge in decision-making of sur-
gical options for patients with early-stage MBC.
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