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ABSTRACT

This retrospective study aimed to investigate the clinical value of local surgery 
in stage IV BC and determined whether the survival outcomes were affected by 
the breast cancer subtype (BCS). Women with de novo stage IV BC from 2010 to 
2013 were included using the Surveillance Epidemiology and End Results database. 
Univariate and multivariate Cox regression analyses were performed to evaluate the 
prognostic factors for breast cancer-specific survival (BCSS) and overall survival (OS). 
Among 9,256 patients were identified, 3,130 (33.8%) were received local surgery. 
Patients with hormone receptor (HR)+/human epidermal growth factor receptor 2 
(HER2)- subtype were less likely to receive local surgery, while HR-/HER2- tumors 
were more likely to receive surgery. Multivariate analyses revealed that local surgery 
improved survival, surgical intervention was an independent favorable prognostic 
factor for BCSS (P < 0.001) and OS (P < 0.001). Patients who receipt of surgery had 
better survival outcomes compared with the non-surgery group, and the survival 
benefits of local surgery were not affected by the BCS status. Local surgery was 
improved survival for patients with stage IV BC regardless of the BCS status.

INTRODUCTION

Breast cancer (BC) is the most common malignancy 
diagnosed in women worldwide [1–4]. The majority of 
BC patients are diagnosed as having an early disease 
stage. However, 2.4-6% of patients had metastatic 
disease at initial presentation, which was associated with 
poor survival [2, 5, 6]. Patients with de novo metastatic 
disease have a longer median survival time compare with 
patients with relapsed BC (39.2 months vs. 27.2 months) 
[7]. This difference may be due to better responses to 

systemic therapy for BC patients with de novo stage IV 
disease, while patients had distant relapse might present 
with therapeutic resistance. There may also be biological 
differences between synchronous and metachronous 
metastases dictated by the induction of resistant clones 
in tumors [8]. Patients with de novo stage IV BC may 
present with a particular metastatic subtype, requiring the 
development of a distinct treatment approach.

Treatment strategies for stage IV breast cancer have 
significantly advanced in the last two decades due to a 
better understanding of the heterogeneity of the disease. 

www.impactjournals.com/oncotarget/              Oncotarget, 2017, Vol. 8, (No. 40), pp: 67851-67860

                                                        Research Paper



Oncotarget67852www.impactjournals.com/oncotarget

Treatment approaches include endocrine therapies, 
targeted therapies, and different types of chemotherapy, 
which are based upon the identification of breast cancer 
subtype (BCS) based on the hormone receptor (HR) and 
human epidermal growth factor receptor 2 (HER2) status 
[9]. The clinical value of local surgery in stage IV BC 
remains controversial [10, 11]. An increasing number of 
studies have found that local treatment including surgery 

or radiotherapy significantly prolongs the survival in BC 
patients with de novo stage IV disease [12–18]. However, 
most of these studies spanned a long period of time, and 
the value of BCS in predicting the survival of patients 
treated with surgery is still limited [19, 20]. In the current 
study, we performed a population-based analysis to 
evaluate the clinical value of local surgery of BC patients 
with de novo stage IV disease.

Table 1: Patient characteristics

Characteristic n (%) No surgery (%) Surgery (%) P value

Age (years)

 <35 336 (3.6) 189 (3.1) 147 (4.7) < 0.001

 35-50 1926 (20.8) 1129 (18.4) 797 (25.5)

 >50 6994 (75.6) 4808 (78.5) 2186 (69.8)

Race (n = 9,217)

 White 6936 (75.3) 4603 (75.5) 2333 (74.7) 0.134

 Black 1570 (17.0) 1046 (17.2) 524 (16.8)

 Other 711 (7.7) 446 (7.3) 265 (8.5)

Grade (n = 7,665)

 Well differentiated 569 (7.4) 386 (8.2) 183 (6.2) < 0.001

 Moderately differentiated 3169 (41.3) 2145 (45.4) 1024 (34.8)

 Poorly/undifferentiated 3927 (51.2) 2195 (46.4) 1732 (58.9)

Tumor size (cm) (n = 7,504)

 ≤2 1264 (16.8) 810 (17.6) 454 (15.6) 0.017

 >2-5 3567 (47.5) 2193 (47.8) 1374 (47.2)

 >5 2673 (35.6) 1588 (34.6) 1085 (37.2)

Nodal stage (n = 8,431)

 N0 1893 (22.5) 1365 (25.4) 528 (17.3) < 0.001

 N1 4006 (47.5) 2831 (52.7) 1175 (38.5)

 N2 1094 (13.0) 496 (9.2) 598 (19.6)

 N3 1438 (17.1) 684 (12.7) 754 (24.7)

Breast cancer subtype

 HR+/HER2- 5566 (60.1) 3837 (62.6) 1729 (55.2) < 0.001

 HR+/HER2+ 1532 (16.6) 995 (16.2) 537 (17.2)

 HR-/HER2+ 847 (9.2) 527 (8.6) 320 (10.2)

 HR-/HER2- 1311 (14.2) 767 (12.5) 544 (17.4)

Marital status (n = 8,751)

 Unmarried 4751 (54.3) 3292 (56.9) 1459 (49.1) < 0.001

 Married 4000 (45.7) 2490 (43.1) 1510 (50.9)

HER2, human epidermal growth factor receptor; HR, hormone receptor.
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RESULTS

Patient characteristics

In total, 9,256 patients diagnosed with stage IV BC 
from 2010 to 2013 were identified including 3,130 (33.8%) 
patients received local surgery. The patient characteristics are 

showed in Table 1. Patients who chose local surgery tended 
to be younger, larger tumor sizes, poorly/undifferentiated 
disease, advanced nodal stage, and married. Patients with 
HR+/HER2- tumors were less likely to received local 
surgery, while patients with HR-/HER2- tumors were more 
likely to undergo local surgery. There was no difference for 
performing surgery among the race groups.

Table 2: Patient characteristics according to different breast cancer subtypes

Characteristic

HR+/HER2- HR+/HER2+ HR-/HER2+ HR-/HER2-

No 
surgery 

(%)

Surgery 
(%) P value No surgery 

(%)
Surgery 

(%) P value No surgery 
(%)

Surgery 
(%) P value

No 
surgery 

(%)

Surgery 
(%) P value

Age (years)

 <35 94 (2.4) 52 (3.0) < 0.001 47 (4.7) 45 (8.4) < 0.001 21 (4.0) 26 (8.1) 0.009 27 (3.5) 24 (4.4) 0.031

 35-50 636 
(16.6) 424 (24.5) 216 (21.7) 145 (27.0) 120 (22.8) 86 (26.9) 157 

(20.5)
142 

(26.1)

 >50 3107 
(81.0) 1253 (72.5) 732 (73.6) 347 (64.6) 386 (73.2) 208 

(65.0)
583 

(76.0)
378 

(69.5)

Race

 White 2977 
(78.0) 1346 (78.1) 0.373 735 (74.5) 402 (74.9) 0.373 378 (72.1) 221 

(69.5) 0.231 513 
(67.0)

364 
(67.0) 0.863

 Black 562 
(14.7) 237 (13.7) 180 (18.2) 89 (16.6) 98 (18.7) 56 (17.6) 206 

(26.9)
142 

(26.2)

 Other 279 (7.3) 141 (8.2) 72 (7.3) 46 (8.6) 48 (9.2) 41 (12.9) 47 (6.1) 37 (6.8)

Grade

  Well 
differentiated

354 
(12.2) 169 (10.4) < 0.001 17 (2.1) 8 (1.6) < 0.001 1 (0.2) 3 (1.0) 0.042 14 (2.3) 3 (0.6) < 0.001

  Moderately 
differentiated

1547 
(53.5) 733 (45.2) 339 (42.1) 162 (32.1) 123 (29.2) 67 (22.3) 136 

(22.3) 62 (12.1)

  Poorly/
undifferentiated

989 
(34.2) 719 (44.4) 450 (55.8) 334 (66.3) 297 (70.5) 230 

(76.7)
459 

(75.4)
449 

(87.4)

Tumor size (cm)

 ≤2 534 
(18.5) 261 (16.0) 0.074 128 (17.1) 82 (16.6) 0.074 50 (13.2) 53 (18.5) 0.164 98 (17.3) 58 (11.6) 0.018

 >2-5 1401 
(48.4) 794 (48.6) 375 (50.0) 241 (48.9) 175 (46.1) 127 

(44.3)
242 

(42.7)
212 

(42.4)

 >5 959 
(33.1) 578 (35.4) 247 (32.9) 170 (34.5) 155 (40.8) 107 

(37.3)
227 

(40.0)
230 

(46.0)

Nodal stage

 N0 948 
(28.5) 290 (17.1) < 0.001 208 (23.4) 90 (17.2) < 0.001 76 (16.1) 47 (15.1) < 0.001 133 

(19.3)
101 

(19.1) < 0.001

 N1 1721 
(51.7) 637 (37.6) 483 (54.5) 210 (40.2) 264 (55.9) 115 

(37.0)
363 

(52.8)
213 

(40.3)

 N2 304 (9.1) 345 (20.4) 93 (10.5) 104 (19.9) 51 (10.8) 65 (20.9) 48 (7.0) 84 (15.9)

 N3 356 
(10.7) 420 (24.8) 103 (11.6) 119 (22.8) 81 (17.2) 84 (27.0) 144 

(20.9)
131 

(24.8)

Marital status

 Unmarried 2064 
(57.1) 800 (48.8) < 0.001 528 (56.2) 241 (47.1) < 0.001 274 (55.4) 140 

(47.3) 0.028 426 
(58.2)

278 
(53.2) 0.076

 Married 1551 
(42.9) 838 (51.2) 412 (43.8) 271 (52.9) 221 (44.6) 156 

(52.7)
306 

(41.8)
245 

(46.8)

HER2, human epidermal growth factor receptor; HR, hormone receptor.
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The patient characteristics according to various 
BCSs are summarized in Table 2. In HR+/HER2-, HR+/
HER2+, and HR-/HER2+ stage IV BC, patients who chose 
local surgery were younger, had poorly/undifferentiated 
disease, advanced nodal stage, and married. In HR-/
HER2- subtype, patients who received local surgery were 
more likely to have younger age, poorly/undifferentiated 
disease, larger tumor size, and advanced nodal stage.

Survival

The median follow-up period was 13 months. Among 
them, there were 3,723 deaths, including 3,239 (87.0%) died 
with breast cancer related disease. The median breast cancer-
specific survival (BCSS) time was 34 months, and the 1, 
2, and 3-year BCSS rates were 75.0%, 59.8%, and 47.7%, 
respectively. The median overall survival (OS) time was 
29 months, and the 1, 2, and 3-year OS rates were 71.7%, 
55.4%, and 43.0%, respectively.

Prognostic analysis

Univariate and multivariate Cox analysis indicated 
that local surgery improved survival. Surgical treatment 
was an independent favorable prognostic factor for BCSS 
(hazard ratio [HR], 0.451; 95% confidence interval [CI], 
0.409-0.498; P < 0.001) and OS (HR, 0.457; 95% CI, 
0.416-0.501; P < 0.001) in the multivariate analysis. The 
3-year BCSS was 61.1% and 39.8% in the surgery group 
and the non-surgery group, respectively. The median 
BCSS time was significantly increased in the surgery 
group compared with the non-surgery group; the median 
BCSS time was not reached in the surgery group and was 
27 months in the non-surgery group (log rank P < 0.001; 
Figure 1A). The 3-year OS was 57.5% and 34.6% in the 

surgery group and the non-surgery group, respectively, and 
the median OS time was also prolonged (44 months vs. 
23 months, log rank P < 0.001; Figure 1B). Age, race, 
grade, tumor size, nodal stage, BCS, and marital status 
were also significantly associated with BCSS and OS in 
the multivariate analysis (Table 3 and Table 4).

Effects of surgery on survival according to BCS

The clinical value of surgery on survival based on 
BCS were examined. The results showed that those who 
received surgery also had better BCSS and OS compared 
with the non-surgery group regardless of the BCS status 
(all P < 0.001) (Figure 2).

DISCUSSION

Using a population-based analysis from the 
Surveillance Epidemiology and End Results (SEER)  
database, we sought to evaluate the role of surgical 
treatment for the intact primary breast tumor in de novo 
stage IV BC patients. We further assessed the clinical 
value of surgery in patients with various BCS. Our 
results indicated that patients who receipt of surgery was 
associated with better survival, and the survival benefits of 
local surgery were not affected by BCS.

Currently, the role of local treatment for stage IV BC 
is still controversial. In a multicenter prospective registry 
study of 112 stage IV BC patients, the 3-year OS were 
77% and 76% (P = 0.85), and the median OS time were 77 
and 71 months in patients with and without local surgery 
(P = 0.85), respectively [21]. However, in a randomized 
prospective Turkish study of 274 stage IV BC, at median 
40 months follow-up, the surgery group had statistically 
significant improvement in median survival compared to 

Figure 1: Impact of surgery on breast cancer-specific survival (A) and overall survival (B) in stage IV breast cancer.
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Table 3: Univariate Cox regression analysis of prognostic factors influencing the survival of stage IV breast cancer 
patients

Characteristic
BCSS OS

HR 95% CI P value HR 95% CI P value

Age (years)

 <35 1 1

 35-50 1.280 1.003-1.633 0.047 1.320 1.044-1.671 0.021

 >50 1.900 1.506-2.398 < 0.001 2.065 1.649-2.585 < 0.001

Race

 White 1 1

 Black 1.279 1.172-1.396 < 0.001 1.295 1.194-1.405 < 0.001

 Other 0.848 0.737-0.975 0.021 0.851 0.747-0.969 0.015

Grade

 Well differentiated 1 1

  Moderately 
differentiated 1.445 1.202-1.738 < 0.001 1.328 1.125-1.566 0.001

  Poorly/
undifferentiated 2.078 1.735-2.489 < 0.001 1.863 1.585-2.189 < 0.001

Tumor size (cm)

 ≤2 1 1

 >2-5 1.042 0.928-1.171 0.487 1.003 0.902-1.116 0.952

 >5 1.315 1.168-1.481 < 0.001 1.229 1.102-1.371 < 0.001

Nodal stage

 N0 1 1

 N1 0.946 0.862-1.039 0.246 0.864 0.793-0.941 0.001

 N2 0.831 0.731-0.945 0.005 0.777 0.690-0.876 < 0.001

 N3 0.920 0.819-1.034 0.164 0.846 0.759-0.943 0.002

Breast cancer subtype

 HR+/HER2- 1 1

 HR+/HER2+ 0.856 0.770-0.952 0.004 0.840 0.761-0.928 0.001

 HR-/HER2+ 1.185 1.047-1.342 0.007 1.187 1.057-1.331 0.004

 HR-/HER2- 2.534 2.324-2.763 < 0.001 2.491 2.298-2.701 < 0.001

Marital status

 Unmarried 1 1

 Married 0.701 0.652-0.754 < 0.001 0.678 0.633-0.725 < 0.001

Surgery

 No 1 1

 Yes 0.480 0.443-0.520 < 0.001 0.478 0.444-0.515 < 0.001

BCSS, breast cancer-specific survival; CI, confidence interval; HER2, human epidermal growth factor receptor; HR, 
hormone receptor; HR, hazard ratio; OS, overall survival.
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Table 4: Multivariate Cox regression analysis of prognostic factors influencing the survival of stage IV breast cancer 
patients

Characteristic
BCSS OS

HR 95% CI P value HR 95% CI P value

Age (years)

 <35 1 1

 35-50 1.193 0.896-1.589 0.227 1.272 0.961-1.684 0.092

 >50 1.674 1.274-2.200 < 0.001 1.871 1.432-2.445 < 0.001

Race

 White 1 1

 Black 1.112 0.989-1.251 0.075 1.121 1.004-1.250 0.041

 Other 0.858 0.714-1.031 0.102 0.878 0.740-1.042 0.137

Grade

 Well differentiated 1 1

  Moderately 
differentiated 1.426 1.137-1.787 0.002 1.270 1.040-1.551 0.019

  Poorly/
undifferentiated 2.032 1.620-2.550 < 0.001 1.774 1.452-2.169 < 0.001

Tumor size (cm)

 ≤2 1 1

 >2-5 1.010 0.880-1.158 0.891 0.993 0.875-1.126 0.908

 >5 1.220 1.060-1.406 < 0.001 1.166 1.023-1.328 0.021

Nodal stage

 N0 1 1

 N1 0.827 0.735-0.931 0.002 0.752 0.675-0.837 < 0.001

 N2 0.881 0.751-1.034 0.120 0.820 0.708-0.951 0.008

 N3 0.866 0.746-1.005 0.058 0.793 0.691-0.911 0.001

Breast cancer subtype

 HR+/HER2- 1 1

 HR+/HER2+ 0.859 0.746-0.989 0.034 0.855 0.749-0.977 0.021

 HR-/HER2+ 1.132 0.954-1.342 0.155 1.227 1.050-1.434 0.010

 HR-/HER2- 2.618 2.324-2.950 < 0.001 2.602 2.327-2.910 < 0.001

Marital status

 Unmarried 1 1

 Married 0.749 0.682-0.824 < 0.001 0.715 0.654-0.782 < 0.001

Surgery

 No 1 1

 Yes 0.451 0.409-0.498 < 0.001 0.457 0.416-0.501 < 0.001

BCSS, breast cancer-specific survival; CI, confidence interval; HER2, human epidermal growth factor receptor; 
HR, hormone receptor; HR, hazard ratio; OS, overall survival.
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the systemic therapy group (46 months vs. 37 months, P = 
0.005), for a 9-month overall advantage [22]. In addition, 
an increasing number of retrospective studies support the 
clinical value of surgery in stage IV BC [14-18, 23, 24]. 
In our study, patients who received local surgery appear to 
have a better survival. We hypothesize, along with others 
that local surgery could improve survival outcomes by 
providing locoregional control, eliminating potential seed 
sources, possibly a stimulant of metastatic disease sites, 
and potentially modulate the immune response [25, 26].

BCS according to HR and HER2 status are widely 
used to evaluate prognosis, predict treatment effects and 
guide treatment. Results from a meta-analysis have shown 
that there were no statistically significant differences on 
survival between patients with and without local surgery 
with regards to HR status in BC patients with stage IV 
disease [15]. In our study, fewer HR+/HER2- patients were 
received surgery, while patients with HR-/HER2- tumors 
were more likely to undergo surgery. The main reason for 
this difference is unclear. Our survival analysis showed 
that the survival of patient with HR+/HER2+ tumors was 
improved compared with HR+/HER2- subtype patients, 
while patients with HR-/HER2- subtype had the worst 
survival. Therefore, it can be assumed that there are more 
systemic treatment strategies available for HR positive 
and HER2 positive patients, whose long-term survivals 
are significantly superior to those of HR+/HER2- and 
HR-/HER2- subtype patients. However, studies based on 
neoadjuvant therapy have found that there were relatively 
higher rates of pathological complete response in HR-/
HER2- patients [27, 28], which would likely influence the 
choice of surgery in stage IV BC.

Studies focusing on the role of BCS on surgical 
outcome in BC patients with stage IV disease are limited. 
A study by Chen et al. found that local treatment including 
surgery or radiotherapy improved survival in patients with 
HR+/HER2- (P = 0.0001) and HR±/HER2+ subtypes 
(P = 0.0012), but survival did not improve in HR-/HER2- 
tumors after local treatment (P = 0.9575) [19]. Neuman 
et al. also found that local surgery was associated with 
better survival in patients with HR+ or HER2+ disease (P 
= 0.004), but was not associated with improved survival 
in HR-/HER2- disease, where nearly 90% of patients 
who were eligible for endocrine therapy or trastuzumab 
related therapy [20]. The Turkish study also found that 
local surgery significantly improved OS in HR+ (P = 
0.01) disease and HER2- disease (P = 0.01) compared 
with the non-surgery group [22]. However, there was no 
survival benefit of surgery in retrospective or prospective 
randomized studies according to HR and HER2 status 
[21, 23, 24]. The number of HR-/HER2- patients in 
the studies by Chen et al. and Neuman et al. was only 
45 and 35, respectively [19, 20]. Therefore, we cannot 
conclusively establish the value of surgical intervention 
for HR-/HER2- patients. In our study, we identified 9,256 
patients including 1,311 patients with HR-/HER2-. Our 
results found that surgical intervention improved survival 
regardless of the BCS status. The survival benefit was 
greatest in HR+/HER2-, HR+/HER2+, and HR-/HER2+ 
subtypes, while HR-/HER2- patients also experienced a 
significantly improved survival (24.7% vs. 7.7%).

With progress in early detection and comprehensive 
treatment, the survival outcomes of stage IV BC 
patients have shown a gradual increase. A similar trend 

Figure 2: Impact of surgery on breast cancer-specific survival (A, HR+/HER2-; B, HR+/HER2+; C, HR-/HER2+; D, HR-/HER2-) and 
overall survival (E, HR+/HER2-; F, HR+/HER2+; G, HR-/HER2+; H, HR-/HER2-) in stage IV breast cancer according to different breast 
cancer subtypes.
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in increased survival was also observed in patients 
undergoing surgery, with a 3-year OS of approximately 
50% in patients undergoing surgery between the years 
2006 and 2009 [16]. The 3-year OS reached 57.5% in 
the surgery group in our study, which included patients 
diagnosed between 2010 and 2013. In a study by Badwe 
and colleagues, no HER2+ patients in the non-surgery 
group received targeted therapy, while only 2% of HER2+ 
patients underwent targeted therapy in the surgery group 
[23]. In a study by the National Comprehensive Cancer 
Network Breast Cancer Outcomes Database, 42% and 
30% of HER2+ patients in the non-surgery group and 
the surgery group received targeted therapy, respectively. 
However, the enrolled patients were receipt local 
surgery and followed by systemic therapy, therefore the 
therapeutic effect of systemic therapy was unclear [24]. 
In the study by Neuman et al., most HR+ and HER2+ 
patients received the corresponding targeted therapy, and 
the results indicated that surgery improved the survival 
of HR+ and HER2+ patients [20]. Anti-HER2 therapy 
is standard treatment approach in the United States and 
influences survival [29]. However, due to the limitations of 
the SEER database, we could not determine the sequential 
order of surgery and systemic therapy, chemotherapy 
regimes, targeted therapy and endocrine therapy. In the 
era of precision medicine, it is possible to establish the 
treatment regimen for stage IV breast cancer for each 
patient based on genetic and biological markers. With 
the progress in comprehensive treatments, there are more 
therapeutic regimens available for advanced breast cancer 
to prolong survival and local surgical treatment may 
provide additional benefits.

Our study also found that the probability of 
unmarried patients undergoing surgery was significantly 
lower than married patients, and multivariate analysis 
results showed that there were significant differences in 
survival outcomes based on marital status, married patients 
had better CSS and OS compared to unmarried patients. 
Severe psychological and socioeconomic stress have been 
proposed to contribute to the breast cancer diagnosis and 
being unmarried was significantly associated with serious 
psychological distress among breast cancer patients 
[30]. Previous studies have found that unmarried status 
was an important predictor of outright refusal of surgery 
and radiation, early discontinuation, and non-adherence 
to adjuvant therapy [31, 32]. In addition, the complex 
multimodal treatment of stage IV BC requires intense 
psychosocial support. Therefore, marriage may be having 
a protective effect on survival in stage IV BC. We need 
to acknowledge several limitations in our study. First, 
retrospective studies have an inherent bias. Second, the 
SEER database lacks information on the curative effect 
evaluation after corresponding systemic therapy. Third, 
the SEER database also lacks information on the specific 
type of systemic therapy, targeted therapy and endocrine 

therapy, the sequential order and specific indications of 
surgery and systemic therapy. In addition, the median 
follow up was only 13 months, this may due to that the 
BCS was started collecting in SEER after 2010. Therefore, 
long-term follow-up is an important need for the further 
survival analysis.

In conclusion, according to our results, local surgery 
was associated with better survival for BC patients with 
stage IV disease regardless of the BCS status. However, 
the study is a retrospective observational study and 
selection bias can not be excluded. Further randomized 
clinical trials will be essential to understanding our 
observed association between the receipt of local surgery 
and improved survival outcomes.

MATERIALS AND METHODS

Patients

Female patients diagnosed with stage IV BC from 
2010 to 2013 were included using the SEER program [33]. 
Patients were identified if they met the following inclusion 
criteria: 1) stage IV BC at initial presentation; 2) BC as 
the primary cancer diagnosis; 3) local treatment strategies 
including surgery (mastectomy or breast-conserving 
surgery) or non-surgery were available; 4) complete 
results of estrogen receptor, progesterone receptor, and 
HER2 status. This study was based on the public-use data 
from the SEER program and we have got permission to 
access the database (reference number: 10269-Nov2015). 
This study was approved by the ethics committee of the 
Xiamen Cancer Hospital, the First Affiliated Hospital of 
Xiamen University and Sun Yat-sen University Cancer 
Center.

Demographic and clinicopathological features

The demographic and clinicopathological 
characteristics were collected as follows: age, race, tumor 
size, tumor grade, lymph node status, HR status, HER2 
status, marital status, and local treatment. The BCS status 
were started collecting after 2010 in SEER database, 
which defined as four major subtypes as follows: HR+/
HER2-, HR+/HER2+, HR-/HER2+ and HR-/HER2-. The 
primary study endpoints of this study were BCSS and OS.

Statistical analysis

The qualitative parameters were compared between 
the different subgroups using the exact chi-square test 
and Fisher’s exact probability tests. Survival rates were 
calculated using the Kaplan-Meier method and compared 
using the log-rank test. Univariate and multivariate Cox 
regression analyses were used to determine the risk factors 
for BCSS and OS. All statistical analyses were performed 
using the SPSS statistical software package (version 
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20.0; IBM Corporation, Armonk, NY, USA). A P-value 
< 0.05 was considered to be statistically significant in all 
analyses.
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