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ABSTRACT
Objectives Although primary tumour surgery could 
prolong survival for patients with stage IV breast cancer, 
how to select candidates for primary tumour surgery is still 
a challenging problem for medical oncologists.
Design This study is a retrospective database study.
Setting and participants In this study, we aimed at 
evaluating the primary site surgery effect and select the 
beneficial subgroups. 13 618 patients with stage IV breast 
cancer, diagnosed between 2010 and 2015, were collected 
from SEER*Stat database.
Interventions Based on the local surgery at primary 
tumour site, patients were categorised into three groups: 
primary tumour surgery performed group, recommended 
for primary tumour surgery but refused (RBR) group and 
surgery not recommended (NR) group.
Primary and secondary outcome measures All- cause 
survival and breast cancer- specific survival (BCSS).
Results Univariate Cox regression analyses showed 
that, compared with surgery group, patients in non- 
surgery (RBR and NR) groups tend to be older, T4, N0/
NX, triple- negative and visceral metastatic. For both 
all- cause survival and BCSS, non- surgery, advanced T 
stage, triple- negative BC (TNBC) and visceral metastases 
were significant risk factors. Primary tumour surgery 
showed benefits for both all- cause survival (HR=0.44, 
95% CI=0.39–0.49, p<0.0001) and BCSS (HR=0.43, 95% 
CI=0.38–0.49, p<0.0001). However, after propensity score 
matching, primary tumour surgery failed to demonstrate 
significant benefits for TNBC (HR=0.96, 95% CI=0.60–
1.53, p=0.851) and patients with visceral metastases 
(HR=0.90, 95% CI=0.60–1.36, p=0.62).
Conclusion Surgery was associated with prolonged 
survival in stage IV breast cancers, but not in patients with 
TNBC and visceral metastases.

INTRODUCTION
Although the 5- year survival rate of patients 
with breast cancer (BC) has reached 90% 
in 2010s, BC is still the leading cause of 
tumour- related death among women.1 Specif-
ically, metastatic BC (MBC) is a devastating 
cause of morbidity and mortality in women. 

Clinically, MBCs are treated with systematic 
therapy, including local surgery, systematic 
chemotherapy, targeting therapy and immu-
notherapy. Although early study suggested 
that chemotherapy and targeting therapies 
with local management improve survival 
outcomes,2 3 there is no standard local 
treatment strategy for MBC. Therefore, for 
patients with MBC who were first diagnosed 
as stage IV with an intact primary breast 
tumour, how to select the appropriate treat-
ment of the primary tumour in patients with 
BC with brain metastasis remains a problem 
for oncologists.

This problem has been studied for years. 
Based on Surveillance, Epidemiology, and 
End Results Programme (SEER) registry data 
from 1988 to 2011, Thomas et al suggested 
that primary tumour surgery is associated with 
improved survival.4 Based on a single- centre 
data, Kim’s group found that the removal of 
primary breast tumours was a significant inde-
pendent beneficial predictor for survival.5 

Strengths and limitations of this study

 ► Surveillance, Epidemiology, and End Results (SEER) 
database is a large database of US patients with 
cancer, but no chemotherapy information was in-
cluded in this database.

 ► In SEER database, non- surgery patients were divid-
ed into recommended but refuse group and not rec-
ommended group, which subdivided patients more 
precisely.

 ► Propensity score matching analysis was performed 
to eliminate the effect of unbalanced variables be-
tween surgery group and surgery recommended but 
refused group.

 ► Stratified analysis was performed to evaluate the 
effect of primary surgery on patients with specific 
clinical features.
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However, in the open- label randomised controlled trial, 
only patients with bone and visceral MBC were included.6 
These work provided controversial findings which could 
be caused by patient heterogeneity. Therefore, it is 
important to study the potential subgroup patients who 
had favourable features and might be beneficial from 
locoregional treatment of the primary breast tumours. 
Even if the routine local therapy is not recommended for 
all patients with MBC, it is likely that the selected individ-
uals could still benefit from it.7

In this study, in order to identify the subgroup patients 
who might benefit from primary tumour surgery, we 
collected 13 618 patients diagnosed with MBC from 
January 2010 to December 2015 using SEER data-
base. Among them, 4112 patients underwent primary 
BC surgery, 9020 patients were not recommended for 
surgery, and 486 patients were recommended for surgery 
but refused eventually.

METHODS
Data collection
To evaluate the treatment outcome of primary site surgery 
in MBC, we used the SEER*Stat database, which was 
released by the Surveillance Research Program at NCI in 
2019.8 Patients diagnosed with MBC (site: breast (C50.0–
C50.9); AJCC stage 7th ed (2010+)=‘IV’, ‘IVNOS’, ‘IVA’, 
‘IVA1’, ‘IVA2’, ‘IVB’, ‘IVC’) between 2010 and 2015 were 
identified in the SEER 18 Regs Research Data+Hurricane 
Katrina Impacted Louisiana Cases, Nov 2018 Sub (1973–
2016 varing) incidence database. Patients with a history 
of any type of cancer or non- BC- specific mortality were 
excluded from this study. Patients who received primary 
site surgery were compared with both patients who were 
recommended for surgery but refused, and patients who 
were not recommended for surgery and also did not 
receive surgery.

As shown in online supplemental figure S1, the exclu-
sion criteria are: (1) patients with unknown bone or 
visceral metastatic information; (2) patients with unknown 
cancer- directed surgery information, or patients died 
before recommended surgery; (3) patients were not 
recommended for surgery due to other unknown condi-
tion; (4) patients with unknown death cause.

Cohort description
Based on the surgery status at primary site, the patients 
were categorised into three groups: patients with primary 
tumour surgery performed (SP), patients who were 
recommended for primary tumour surgery but not 
performed due to refusal (or other unknown reason) 
(RBR), and patients who were not recommended for 
primary tumour surgery and surgery was not performed. 
The primary outcome measure was all- cause mortality, 
and the secondary outcome measure was BC- specific 
mortality. The candidate risk factors for overall survival 
(OS) included cancer- directed surgery, age, year of diag-
nosis, race, T stage, N stage, human epidermal growth 

factor receptor 2 (HER2) status, oestrogen receptor (ER) 
and progesterone receptor (PR) status, and metastatic 
sites.

Statistic methods
Numeric variable age was summarised as the mean (SD) 
and median (IQR). Categorical variables were reported 
as counts (%). An analysis of variance was used to 
compare age among three local treatment subgroups. 
Mentel- Haenszel χ2 tests or Fisher’s exact tests (n<5) were 
used to compare categorical variables between the three 
subgroups. The Cox proportional hazards regression was 
performed to estimate the HR to identify the risk factors 
for BC- specific mortality and all- cause mortality.

Stratified Cox regression
In order to search for patients who might benefit from 
primary tumour surgery, the stratified Cox proportional 
hazards regression analysis was performed to evaluate the 
effect of primary surgery on patients with specific clinical 
features. For example, based on patients’ metastatic sites, 
patients with stage IV BC were categorised into levels: (1) 
lymph node mets- only, (2) bone mets- only, (3) visceral 
mets (one organ), (4) bone+visercal mets (one organ), 
visceral mets (≥2 organs) with/without bone metastatic.

For patients who were recommended for primary 
tumour surgery, they were supposed to benefit from local 
primary tumour surgery. But a small group of them refused 
surgery or surgery was not performed due to unknown 
reasons. If this small group of patients received surgery, 
they might have a better prognosis. Thus, to evaluate the 
effect of surgery on survival and search for patients who 
might benefit from surgery, patients who were recom-
mended for surgery but refused were compared with the 
patients who received surgery for each clinical feature by 
using stratified Cox model.

Propensity score matching
However, there were still unbalanced variables between 
primary surgery performed group and RBR group. 
Thus, a 1:1 propensity score matching (PSM) analysis 
was performed to reduce the potential bias between the 
two groups. Propensity scores were calculated through 
logistic regression for each patient in compared groups. 
The covariates in the logistic regression included diag-
nosis year, race, T stage, N stage, metastasis site, HER2/
HR status and radiation. Patients in the two groups 
were matched based on the propensity score. Covariate 
balance between two groups was examined by standard 
differences. Survival comparison was then performed for 
the matched patients using the same methods as those in 
the unmatched patients.

For both raw dataset and PSM dataset, the Kaplan- 
Meier method was used to plot the survival distributions, 
and the logrank test was used to assess the differences in 
survival experience between the subgroups. The strati-
fied Cox regression was used to illustrate the treatment 
variance among subgroups. Because of the heterogeneity 

https://dx.doi.org/10.1136/bmjopen-2021-054135
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Table 1 Patient cohort (n=13 618)

Covariates Levels Overall (13 618)

Group

Surgery performed 
(n=4112)

Recommended but 
refused (n=486)

Not recommended 
(n=9020) P value

Age at 
diagnosis*

61.2±14.4, 61 (51, 71) 58.0±14.2, 58 (48, 67) 67.3±14.4, 66.5 (58, 79) 62.2±14.1, 62 (53, 72) <0.0001

Year of 
diagnosis

2010 2086 (15.3%) 765 (18.6%) 114 (23.5%) 1207 (13.4%) <0.0001

2011 2209 (16.2%) 737 (17.9%) 89 (18.3%) 1383 (15.3%)

2012 2197 (16.1%) 758 (18.4%) 71 (14.6%) 1368 (15.2%)

2013 2392 (17.6%) 679 (16.5%) 76 (15.6%) 1637 (18.2%)

2014 2367 (17.4%) 610 (14.8%) 59 (12.1%) 1698 (18.8%)

2015 2367 (17.4%) 563 (13.7%) 77 (15.8%) 1727 (19.2%)

Race White 10 192 (74.8%) 3056 (74.3%) 371 (76.3%) 6765 (75.0%) 0.96

Black 2323 (17.1%) 699 (17.0%) 74 (15.2%) 1550 (17.2%)

Other race 1049 (7.7%) 349 (8.5%) 40 (8.2%) 660 (7.3%)

Unknown 54 (0.4%) 8 (0.2%) 1 (0.2%) 45 (0.5%)

T stage T0 303 (2.2%) 9 (0.2%) 9 (1.9%) 285 (3.2%) <0.0001

T1 1332 (9.8%) 452 (11.0%) 27 (5.6%) 853 (9.5%)

T2 3731 (27.4%) 1500 (36.5%) 110 (22.6%) 2121 (23.5%)

T3 2016 (14.8%) 735 (17.9%) 59 (12.1%) 1222 (13.6%)

T4 4219 (31.0%) 1276 (31.0%) 162 (33.3%) 2781 (30.8%)

TX 2017 (14.8%) 140 (3.4%) 119 (24.5%) 1758 (19.5%)

N stage N0 3070 (22.5%) 678 (16.5%) 136 (28.0%) 2256 (25.0%) <0.0001

N1 5769 (42.4%) 1565 (38.1%) 184 (37.9%) 4020 (44.6%)

N2 1453 (10.7%) 777 (18.9%) 47 (9.7%) 629 (7.0%)

N3 1972 (14.5%) 974 (23.7%) 45 (9.3%) 953 (10.6%)

NX 1354 (9.9%) 118 (2.9%) 74 (15.2%) 1162 (12.9%)

Metastasis 
site

Distant lymphnode mets only 763 (5.6%) 442 (10.8%) 29 (6.0%) 292 (3.2%) <0.0001

Bone only 5136 (37.7%) 1677 (40.8%) 162 (33.3%) 3297 (36.6%) <0.0001

Brain only 194 (1.4%) 57 (1.4%) 4 (0.8%) 133 (1.5%) 0.008

Liver only 966 (7.1%) 381 (9.3%) 28 (5.8%) 557 (6.2%) <0.0001

Lung only 1372 (10.1%) 512 (12.5%) 77 (15.8%) 783 (8.7%) <0.0001

Bone+Liver 1183 (8.7%) 222 (5.4%) 38 (7.8%) 923 (10.2%) <0.0001

Bone+Lung 1313 (9.6%) 260 (6.3%) 43 (8.9%) 1010 (11.2%) <0.0001

Bone+Brain 242 (1.8%) 38 (0.9%) 7 (1.4%) 197 (2.2%) <0.0001

Brain+Liver 31 (0.2%) 3 (0.07%) 2 (0.4%) 26 (0.3%) 0.02

Brain+Lung 99 (0.7%) 15 (0.4%) 3 (0.6%) 81 (0.9%) 0.002

Liver+Lung 355 (2.6%) 85 (2.1%) 15 (3.1%) 255 (2.8%) 0.09

Brain+Lung+Liver 37 (0.3%) 4 (0.1%) 1 (0.2%) 32 (0.4%) 0.02

Bone+Lung+Liver 744 (5.5%) 96 (2.3%) 40 (8.2%) 608 (6.7%) <0.0001

Bone+Brain+Liver 98 (0.7%) 4 (0.1%) 2 (0.4%) 92 (1.0%) <0.0001

Bone+Brain+Lung 151 (1.1%) 25 (0.6%) 6 (1.2%) 120 (1.3%) 0.53

Bone+Brain+Lung+Liver 170 (1.3%) 11 (0.3%) 6 (1.2%) 153 (1.7%) <0.0001

Number of 
Met sites*

0 1527 (11.2%) 722 (17.6%) 52 (10.7%) 753 (8.4%) <0.0001

1 7668 (56.3%) 2627 (63.9%) 271 (55.8%) 4770 (52.9%)

2 3223 (23.7%) 623 (15.2%) 108 (22.2%) 2492 (27.6%)

3 1030 (7.6%) 129 (3.1%) 49 (10.1%) 852 (9.4%)

4 170 (1.3%) 11 (0.2%) 6 (1.2%) 153 (1.7%)

HER2/HR 
status

HR+/HER2− 6912 (58.7%) 2064 (53.4%) 225 (61.8%) 4623 (61.2%) <0.0001

HR+/HER2+ 2042 (17.3%) 688 (17.8%) 61 (16.8%) 1293 (17.2%)

HR−/HER2+ 1123 (9.5%) 411 (10.6%) 32 (8.8%) 680 (9.0%)

Triple negative 1702 (14.5%) 701 (18.1%) 46 (12.6%) 955 (12.7%)

Continued
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in patient characteristics, PSM was applied to adjust for 
baseline differences and reduce confounding. PSM was 
performed to compare patients with surgery performed 
and surgery recommended but patients refused. Propen-
sity matching was assessed using balance diagnostics and 
standardised differences. All tests of hypotheses were two- 
sided and conducted at 0.05 level of significance. Statis-
tical analyses were conducted using SAS, V.9.4. Random 
forest tree plots were drawn by suing ‘forestplot’ package 
in R V.3.6.0.

Patient and public involvement statement
Patients and public were not involved in the study.

RESULTS
Demographic and clinical characteristics
Of 13 618 patients with stage IV BC who were diagnosed 
from January 2010 to December 2015, 4112 patients 
underwent primary BC surgery, 9020 patients were not 
recommended for surgery and 486 patients were RBR 
surgery. Treatment characteristics across groups are 
shown in table 1. Patients with SP were younger (58.0±14.2 
years old) than patients who are not recommended for 
surgery (62.2±14.1 years old) and patients who are RBR 
for surgery (67.3±14.4 years old). There was no racial 
disparity and diagnosis year difference among treat-
ment subgroups. The number of patients who received 
surgery gradually decreased from 765 in 2010 to 563 in 
2015, while the patients who were not recommended for 
surgery gradually increased from 1207 in 2010 to 1727 in 
2015.

For these stage IV patients, both the primary tumour (T) 
stage and the local lymphnode (N) stage varied among 
three subgroups. The percentage of T0–T2 patients in 
SP subgroup (47.7% (n=1961)) was higher than that in 
RBR subgroup (30.1% (n=146)) and Surgery not recom-
mended (NR) subgroup (36.2% (n=3259)) patients. But 
the percentage of N0 patients in SP group (16.5%) was 

lower than RBR and NR subgroups (28.0% and 25.0%, 
respectively). These data suggested that patients who 
received surgery were more likely have an intact primary 
tumour at early T stage, but would develop lymphnode 
metastases (table 1). As for the metastatic lesions, the 
proportions of patients with bone- only metastasis are 
40.8% (n=895) in SP subgroup, higher than those in RBR 
subgroup (33.3%) and NR subgroup (36.6%). Patients 
with visceral metastases with/without bone metastases 
(number of metastatic organs ≥2) were more likely not 
to be recommended for primary tumour surgery. Among 
four HER2/HR status categories, the proportion of HR+/
HER2- subtype was higher in RBR and NR groups (61.8% 
and 61.2%, respectively) than SP group (53.4%). The 
proportion of triple- negative subtype was higher in SP 
group (18.1%) than RBR and NR groups (12.6% and 
12.7%, respectively).

Risk factors for all-cause mortality and BC-specific mortality
Univariate Cox regression analyses was performed to eval-
uate the risk factors for all- cause mortality and BC- specific 
mortality (ACMBCM). As shown in figure 1, the hazards 
of ACMBCM among patients who were RBR surgery were 
2.28 times (95% CI: 2.04–2.55) and 2.31 times (95% CI: 
2.06–2.60), respectively, higher than that among those 
with surgery performed. The hazards of ACMBCM among 
patients who were not recommended for surgery were 
1.91 times (95% CI: 1.81–2.00) and 1.92 times (95% CI: 
1.82–2.02), respectively, higher than that for patients 
with surgery performed. Based on these results, surgery 
was associated with improved survival in the unmatched 
cohorts.

Risk factors, including old age, black race and advanced 
T stage were significant for both all- cause mortality and 
BC- specific mortality. TNBC was also a significant risk 
factor. Besides, the visceral metastases (with/without bone 
metastases) was also related to a worse OS. In addition, 
compared with no bone or visceral metastases, patients 

Covariates Levels Overall (13 618)

Group

Surgery performed 
(n=4112)

Recommended but 
refused (n=486)

Not recommended 
(n=9020) P value

HER2 Negative 8688 (70.9%) 2771 (70.0%) 272 (71.4%) 5643 (71.3%) 0.001

Positive 3190 (26.0%) 1101 (27.8%) 96 (25.2%) 1993 (25.2%)

Borderline 376 (3.1%) 86 (2.2%) 13 (3.4%) 277 (3.5%)

ER Negative 3154 (25.0%) 1211 (30.2%) 87 (21.7%) 1856 (22.7%) <0.0001

Positive 9439 (74.9%) 2803 (69.8%) 312 (77.8%) 6324 (77.2%)

Borderline 11 (0.09%) 2 (0.05%) 2 (0.5%) 7 (0.1%)

PR Negative 4978 (39.9%) 1758 (43.9%) 146 (36.9%) 3074 (38.1%) <0.0001

Positive 7471 (59.9%) 2245 (56.0%) 247 (63.3%) 4979 (61.7%)

Borderline 28 (0.2%) 5 (0.1%) 3 (0.6%) 20 (0.2%)

*Age at diagnosis was continuous varible and was compared by using ANOVA analysis among three local treatment subgroups.
†Number of met sites represented the number of metastatic lesions which existed at bone, liver, lung, brain or distant lymphnodes. This variable did not include the number of 
metastatic lesions at other distant sites.
ER, oestrogen receptor; PR, progesterone receptor.

Table 1 Continued
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with bone or visceral metastases (in one to four organs) 
had significant poor prognosis. ER- positive, PR- positive 
and HER2- positive were all protective factors against both 
all- cause mortality and BC- specific mortality.

Effect of primary tumour surgery stratified by candidate 
variables
To evaluate the effect of surgery on survival and search 
for patients who might benefit from surgery, patients 
who were recommended for surgery but refused were 
compared with the patients who received surgery in 
subgroups, stratified by the significant candidate variables 
discussed previously. As shown in figure 2, in unmatched 
raw dataset (blue), compared with patients who were RBR 
surgery, primary tumour surgery was beneficial to both 

all- cause survival and BCSS in all stratified subgroups 
(blue line).

However, the distribution of patients between SP and RBR 
group was unbalanced. Therefore, 1:1 PSM was performed. 
After PSM, all candidate variables, including age at diag-
nosis, year of diagnosis, race, T stage, N stage, distant 
metastatic sites, and HR/HER2 subtypes, were balanced 
between surgery- performed group and surgery- RBR group 
(online supplemental table S1). In PSM dataset, primary 
tumour surgery still show significant beneficial effect for 
all- cause survival in most stratified subgroups (figure 2, 
yellow line). But for patients with visceral metastases, 
surgery showed minimal benefit. In addition, for patients 
with TNBC, surgery also did not improve BCSS.

Figure 1 HRs (with 95% CI) of clinical candidate variables for all- cause mortality (left panel) and breast cancer- specific 
mortality (right panel).

https://dx.doi.org/10.1136/bmjopen-2021-054135
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Kaplan-Meier curves and survival analyses
Survival analysis showed that, before PSM, the median 
all- cause survival and BCSS for patients who were recom-
mended for surgery but refused were both 16 months. 
After PSM, the medians were 18 and 19 months, respec-
tively. The median all- cause survival and BCSS for patients 
who received primary tumour surgery were 44 and 46 
months, respectively (Logrank p<0.0001, figure 3 left 
panel). After PSM, the medians were 31 and 33 months, 
respectively (Logrank p<0.0001, figure 3 right panel). 
PSM results seemed to confirm the benefit of primary 
surgery on patients with stage IV BC.

However, in the subgroup of patients with visceral 
metastases, the benefit of primary surgery on all- cause 
survival and BCSS was not significant. Figure 4 (left panel) 
demonstrated that in raw dataset, the median all- cause 
OS for surgery- performed patients with bone- only metas-
tases, one organ visceral metastases, one organ visceral 
metastases plus bone metastases, and two organs’ visceral 
metastases with or without bone metastases were 53, 34, 
34, and 18 months, respectively. For all- cause OS for 
surgery RBR patients, the medians were 20, 15, 15, and 
8 months, respectively. Surgery significantly improved all- 
cause OS and BCSS (online supplemental figure S2, left 
panel) in raw dataset. However, in PSM dataset, surgery 
improved neither the all- cause OS (figure 4, right panel) 

nor BCSS (online supplemental figure S2, right panel) 
in patients with one organ visceral metastases, one organ 
visceral metastases plus bone metastases, and two organs’ 
visceral metastases with or without bone metastases. The 
median all- cause OS for surgery- performed patients with 
one organ visceral metastases, one organ visceral metas-
tases plus bone metastases, and two organs’ visceral 
metastases with or without bone metastases were 20, 25, 
and 15 months, respectively. For surgery RBR patients, 
the medians were 20, 15, 15, and 8 months, respectively

DISCUSSION
In this study, we collected 13 618 patients with stage IV BC 
who were diagnosed between 2010 and 2015 from SEER 
database. We confirmed that primary tumour surgery 
improved both all- cause OS and BCSS. However, we found 
that patients who received surgery were younger, and 
tended to be in T1/T2 stage and have bone- only metas-
tases. Therefore, we applied PSM method to address for 
the differences. After PSM, we found that compared with 
patients who were recommended for surgery but refused, 
patients who received surgery did not survival longer if 
they had visceral metastases (liver, lung or brain metas-
tases, figures 2 and 4). Patients with bone- only metastases 

Figure 2 HRs (with 95% CI) of primary tumour surgery versus surgery recommended but not performed for all- cause mortality 
(left panel) and breast cancer- specific mortality (right panel) in patients with specific clinical features (stratified Cox regression 
analyses) in raw dataset (blue line) and propensity- score matched (PSM) dataset (yellow line).

https://dx.doi.org/10.1136/bmjopen-2021-054135
https://dx.doi.org/10.1136/bmjopen-2021-054135
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still had significant OS benefit from primary tumour 
surgery after PSM.

Oligometastatic tumours are characterised by soli-
tary or few metastatic lesions that are usually limited to 
a single organ.9 Patients with oligometastatic BC often 
have controllable symptoms, and larger chance to cure. 
Technical improvements in surgery and radiotherapy 
have introduced the option of metastasis- directed abla-
tive therapies as an adjunct or alternative to standard- 
of- care systemic therapies.10 In this study, we found that 
most patients with MBC have benefited from locolre-
gional primary tumour surgery (figure 2). In propensity 
score (PS)- matched dataset, only patients with bone- 
limited MBC have significantly benefited from locolre-
gional primary tumour surgery (figure 2). The HR values 
suggested a protective effect of surgery, especially for all- 
cause OS. But p values were not significant due to the 
relatively small sample size after PSM.

Partial or total mastectomy with radiotherapy (RT) 
performed best in prolonging BCSS in patients with MBC 
with different HR/HER2 subtype. TNBC is considered as 
the most aggressive subtype among all four HR/HER2 
subtypes, with rapid metastatic rate.11–13 Due to the lack 
of effective therapy after metastasis, TNBC is associated 
with a poor prognosis.14 Currently, multiple targeting 
therapy strategies are under clinical research or preclin-
ical research, including poly ADP- ribose polymerase 
(PARP) inhibitor,15 vascular endothelial growth factor 
receptor (VEGR) inhibitor,16 fibroblast growth factor 
receptor (FGFR) inhibitor17 and so on. Here, we found 
that primary tumour surgery did not benefit patients 
with TNBC in prolonging BCSS in PSM dataset. But for 

all- cause OS, the HR value of 0.70 still indicated a protec-
tive effect of surgery.

SEER database is a unique public resource, allowing 
the examination of patient characters and experiences 
of treatments among a large US population of individ-
uals diagnosed with malignancies. This study serves as a 
complementary part to the previous studies18 19 by using 
SEER dataset. Since SEER dataset only include HR/
HER2 subtype information from 2010, this study used 
SEER data from 2010 to 2015. Localregional treatment 
techniques, including the surgical and RT techniques, 
have improved significantly after 2000. Thus the survival 
rate of BC increased from 70% in 1970s to 90% in 2000s. 
The prognosis of patients diagnosed in 2010 cannot be 
compared with the prognosis of patients diagnosed in 
1980. Therefore, in this study, we only included patients 
who diagnosed from 2010 to 2015. Such a selection might 
decrease the number of patients in study, but this group 
of patients is more representative to the current treat-
ment experience and techniques.

This study still has several limitations. First, since the 
RBR group had relatively small sample size (n=486), after 
1:1 PSM, only about 12% of patients in surgery group 
remained. Therefore, propensity- score matched dataset 
might miss some features of surgery patients. Second, 
due to the missing information of radiotherapy in SEER 
database, the effect of radiation therapy was not consid-
ered in this study. Third, SEER dataset does not have 
the chemotherapy information. But patients in SEER 
database who were registered in hospital should have 
received standardised chemotherapy according to clinical 
guidelines. So, in this study, we suppose that all patients 

Figure 3 Kaplan- Meier curves of all- cause survival (upper) and breast cancer- specific survival (lower) in raw dataset (left panel) 
and propensity- score matched (PSM) dataset (right panel).
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received standard treatment, including chemotherapy. 
In this study, we use propensity score match to balance 
the important clinical variables that are available in SEER 
database, including age, T stage, N stage, metastatic site 
and so on. These variables are also influential variables 
for chemotherapy. Even there is no chemotherapy infor-
mation in SEER database, the variables in SEER database 
could still reflect most clinical features of patients.

Further large- populational clinical observational study 
would be needed to comprehensively investigate the effect 
of surgery on patients with stage IV BC. In conclusion, not 
all patients with stage IV primary BC would benefit from 

primary tumour resection. Instead, subgroup of patients 
with specific clinical features (bone- only metastases, small 
primary tumour size, HR- positive, HER2- positive and so 
on) would benefit from primary tumour resection.
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