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Background

Breast cancer is the most commonly diagnosed cancer in 
women worldwide (1). The incidence rate increased rapidly 
in the past decades [an annual rate of increase: 6.1% (2-4)].  
The American Cancer Society estimated that 249,260 
Americans would be diagnosed with invasive breast 
cancer and 40,890 would die of the disease in the 
Uni ted  Sta tes  in  2016  (5 ) .  In  2012 ,  there  were 
around 190 thousand new cases and more than 47 

thousand deaths due to breast cancer in China (4).  
It is also estimated that, by 2021, there will be about 2.5 
million patients with breast cancer in China (6).

Around 3% to 8% of patients with newly diagnosed 
breast cancer were found with distant metastasis (7), which 
is the driving determinant in the prognosis of metastatic 
breast cancer (8). According to the “seed and soil” theory, 
the metastatic breast cancer should be recognized as 
a systemic disease (9). Systemic treatment (including 
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chemotherapy, endocrine therapy, and molecular targeted 
therapy), together with local treatment (surgery and/or 
radiotherapy), could significantly ameliorate symptoms and 
improve survival (10,11). 

Conventionally, the surgical removal of the primary lesion 
is not considered for metastatic breast cancer unless in the 
purpose of the palliative care, for instance, when complicating 
with pain, bleeding, ulcers, and fungation (10,12). During 
the past decade, accumulating evidence from retrospective 
studies have suggested that surgical resection of the primary 
lesion may improve the survival of patients with metastatic 
breast cancer (2.3–4.6 vs.1.2–2.6 years) (13-15). However, 
it is possibly explained by indication bias, namely patients 
opted for surgery were generally in better conditions (16). 
Recently, two randomized controlled trials (RCTs) landed on 
the opposite findings, suggesting comparable overall survival 
after surgery (10,17).

Motivated by the conflicting evidence, it is of paramount 
importance to assess the up-to-date evidence on surgical 
resection of the primary lesion for patients with metastatic 
breast cancer at initial presentation, or stage IV. In this 
review, we discuss the comparison between surgery and 
no surgery, risk modifiers, the type and timing of surgical 
procedures, Chinese and international guidelines, as well as 
the progress of clinical trials. 

Surgery vs. no surgery

Some experimental studies showed that surgical resection 
of primary lesion may promote distant metastasis (18), and 
the mechanisms involved in increased circulating tumor cell 
(CTC) adhesion (19), immune suppression (20), surgery-
induced angiogenic switch, and inflammation (21). However, 
the others lend support to the opposite. It was reported 
that primary lesion resection may lead to a reduction in 
CTCs and subsequently better prognosis (median OS 26.9 
vs. 15.3 months, P=0.0389) (22). Moreover, cancer stem 
cells exist in the primary lesion and are likely resistant to 
systemic therapy (23). The resection of primary lesion 
reduces the tumor burden including cancer stem cells, that 
may potentially delay the drug resistance induced by cancer 
stem cells (if any), as well as increase the efficacy of systemic 
treatment by reactivating immune regulation (24).

The conflicting results are also found in clinical studies. 
An RCT (MF07-01) revealed that the median survival was 
significantly superior among patients with metastatic breast 
cancer underwent surgery, as compared with no surgery 
(46 vs. 37 months, P=0.005) (25). In our previous work, 

compared with metastatic breast cancer without surgery, the 
median survival times were improved for patients received 
surgical resection of primary lesion (45.6 vs. 21.3 months, 
P<0.001) (26). Although in line with many retrospective 
studies (13-15,27-30), a handful retrospective studies 
showed that surgical resection of primary lesion was not 
associated with improved survival among patients with 
metastatic breast cancer (31-33) (Table 1).

However, recently published RCTs failed to confirm 
the potential benefit of surgical resection for metastatic 
breast cancer. TATA, an open-label RCT from India, 
enrolled 350 patients with newly diagnosed advanced 
breast cancer from 2005 to 2013. One hundred seventy-
three patients underwent surgical resection of the primary 
lesion, by means of modified radical mastectomy or breast-
conserving surgery. They found that the surgical resection 
was not significantly associated with improved overall 
survival (19.5 vs. 20.5 months, P=0.79, HR 1.04, 95% 
CI: 0.81–1.34) (10). Later, a multicenter RCT from USA 
(TBCRC 013), also assessed the effect of surgical treatment 
among patients with stage IV breast cancer. Leveraging 
112 patients with a median age of 51 years and a 3-year 
survival rate of 70%, TBCRC 013 found that surgical 
treatment for metastatic breast cancer was not associated 
with superior survival (35). No significant difference 
was noted for patients with different molecular types or 
responses to systemic therapies. In TBCRC 013, 39 patients 
received surgery among those who were well-responded 
to systematic treatment. Given the small number, it is not 
surprising that no significant survival benefit was detected 
as compared to their non-surgical counterpart (35).  
However, if patients with metastatic breast cancer patients 
were well-responded to systematic treatment and in a 
relatively well condition, the more active/aggressive 
treatment plan may be considered. However, the TBCRC 
013 trial questioned the indications of surgical resection of 
the primary lesion. Was the null association attributable to 
the nature of selection bias nature in RCTs (36)? Or was 
the follow-up too short to capture the altered trajectory in 
the later course of the disease (37)? It, therefore, calls for 
large-scale RCTs with longer follow-up to further assess 
the potential survival benefits from resection of the primary 
lesion for patients with metastatic breast cancer.

It is also important to know, beyond the potential 
benefits on prognosis, whether the primary lesion resection 
entails side effects and impacts on the quality of life (QoL) 
in patients with metastatic breast cancer. To the best of 
our knowledge, there are however very few reports specific 
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to metastatic breast cancer. Several studies suggest that 
containing primary tumor is associated with increased 
QoL among patients with metastatic breast cancer (32,38). 
Further studies are therefore warranted to evaluate the risks 
of side effects and benefits on QoL after the primary tumor 
resection among patients with metastatic breast cancer.

Risk modifiers

It is not clear that which subpopulation will benefit from 
resection of primary lesion in patients with metastatic 
breast cancer. In order to better carry out clinical work, we 

need to find the risk modifiers more accurately. In 2006, 
American Society of Clinical Oncology (ASCO) reported 
a population study based on the Geneva Cancer Registry, 
which included 300 patients with metastatic breast cancer. In 
this study, the surgical group could reduce the risk of death 
by 40% compared with the nonsurgical group, especially the 
patients with negative surgical margins. Further subgroup 
analysis found that the metastatic breast cancer patients 
with only bone metastases benefit more from the surgical 
resection of primary lesion (39). Multivariate analysis 
showed that surgery, positive estrogen receptor, and smaller 
primary lesions were predictors of good prognosis, whereas 

Table 1 The association of surgical treatment with overall survival among patients with metastatic breast cancer: results from retrospective studies

Study Total (N) Surgery (%) vs. no surgery (%) Median overall survival (years) P

Thomas (14) 21,732 8,330 (39.0) 2.3 n/a

13,402 (61.0) 1.6

Tan (15) 10,441 272 (2.6 R0) 4.3 <0.001

5,735 (54.9) 2.3

Xie (26) 223 177 (79.4) 3.8 <0.001

46 (20.6) 1.8

Bafford (28) 147 61 (41.5) 3.5 0.093

86 (58.5) 2.4

Ruiterkamp (13) 728 288 (39.6) 2.6 <0.0001

440 (60.4) 1.2

Lane (34) 24,015 10,510 (43.8) 4.1–4.4 <0.001

13,505 (56.2) 3.1

Blanchard (30) 395 242 (61.3) 2.3 <0.0001

153 (38.7) 1.4

Fields (27) 409 187 (45.7) 2.2 <0.0001

222 (54.3) 1.1

Dominici (29) 609 54 (8.9) 3.5 0.29

236 (38.8) 3.4

Hazard (32) 111 47 (42.3) 2.2 0.52

64 (57.7) 2.4

Babiera (31) 224 82 (36.6) n/a 0.118

142 (63.4) n/a

Khan (33) 16,023 9,162 (57.2) 1.9 0.1035

6,861 (42.8) 0.99

N, number; n/a, not available.
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no difference was found in positive human epidermal 
growth factor receptor and triple negative receptor (40).  
However, there were also studies which demonstrated that 
oligo-metastasis (one-site metastasis), regardless of bone 
metastasis or visceral metastasis, was an independent predictor 
of better prognosis. However, estrogen receptor, progesterone 
receptor and human epidermal growth factor receptor status 
were not prognostic predictors. More interestingly, patients 
with positive axillary lymph nodes benefited significantly less 
from surgery and should not be recommended for surgical 
resection of the primary lesion (37). A Meta-analysis of 28,693 
patients found that surgery, smaller primary lesions (T0–T2), 
fewer complications, and lower metastatic tumor burden (one 
site metastasis) were predictors of better prognosis, whereas 
not related with metastatic sites, World Health Organization 
(WHO) grade, and receptor status (41). Real-world studies 
conducted by our team found that median overall survival and 
progression-free survival of advanced breast cancer patients 
with oligo-metastasis were 139.6 and 24 months, respectively, 
which were significantly different from those advanced breast 
cancer patients with two or more metastatic sites 34.9–42.1 
and 8.1 months (P<0.001) (unpublished data). Thomas et al. 
found that younger patients with metastatic breast cancer were 
more inclined to undergo surgical treatment and confirmed 
that age <45 years was an independent predictor of better 
survival (14). Thus, surgical resection of the primary lesion 
should be actively recommended in breast cancer patients 
younger than 45 years of age or with oligo-metastasis. To date, 
some patients are likely to benefit from surgical resection of 
the primary lesion, but there is no uniform standard to define 
this part of the patients. In clinical practice, multidisciplinary 
teams are needed to discuss together and formulate a treatment 
plan. It is also necessary to understand the patients’ willingness 
and balance the benefits and risks of surgical resection of the 
primary lesion. Therefore, we look forward to developing 
a prediction model combining molecular subtype and new 
biomarker to identify those subpopulation who may have a 
better survival  after surgical resection of the primary tumors 
among patients with metastatic breast cancer.

The type and timing of surgical procedures

Halsted radical surgery has pioneered the surgical treatment 
of early breast cancer since 1880 (42). For more than  
100 years, surgery has undergone the evolution of extended 
radical mastectomy, modified radical mastectomy, breast-
conserving surgery, and breast cancer sentinel lymph node 

biopsy (SLNB). Although surgical techniques have been very 
mature, are the surgical time and methods for patients with 
metastatic breast cancer same as the early breast cancer?

The timing of surgery

Surgery before or after the systemic treatment may affect 
the survival of metastatic breast cancer (34). It is generally 
believed that patients with metastatic lesions who benefit 
from systemic treatment should be recommended to 
consider surgical resection of the primary lesion following 
systemic treatment (43). So far, the timing of surgery in 
metastatic breast cancer has not been conclusive. Although 
many researchers want to clarify this issue, these studies 
come to a different conclusion (29,30,44,45). In the 
TBCRC 013 study, 85% patients (94 cases) benefited from 
first-line systemic therapy, among whom there were 43% 
(39 cases) then underwent surgery and 57% (51 cases) 
continued the systemic therapy. However, it concluded 
that the surgical resection of primary lesion didn’t improve 
the survival of primary stage IV breast cancer (35). In the 
TATA study, patients who benefited from systemic therapy 
were treated surgically or non-surgically at random, and 
surgical resection of primary lesion did not result in survival 
benefit either (10). In contrast, in the study of MF07-01, the 
trial group was treated with systemic treatment following 
surgery, and the control group was treated with systemic 
treatment throughout. The 5-year OS was 41.6% and 
24.4%, respectively, in the trial group and the control group 
(P=0.005). Stratified analysis showed that the trial group had 
a survival advantage compared with the control group among 
the patients with estrogen receptor positive (ER+), human 
epidermal growth factor receptor 2 negative (HER2−), less 
than 55 years of age and single bone metastasis. However, 
there was no statistically significant difference between the 
two groups among patients with multiple lungs or liver 
metastases (25). A prospective, controlled study SUBMIT, 
comparing head-to-head first surgery follow-up systemic 
treatment with first systemic treatment follow-up surgery, 
was to answer the question of the timing of surgical resection 
of primary lesion in advanced breast cancer (46), but it was 
terminated due to low accrual rate.

The type of surgical procedures

Patients with early breast cancer are still mainly treated with 
modified radical mastectomy and breast-conserving surgery. 
The technology is very mature. Which surgical technique 
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is optimal for the patients with metastatic breast cancer? 
Modified radical mastectomy, breast-conserving surgery, or 
back to the previously extended radical mastectomy? Some 
scholars believed that breast-conserving surgery should 
be used as much as possible in patients with primary stage 
IV breast cancer due to its fewer complications and rapid 
recovery. These advantages might allow patients to receive 
systemic treatment as soon as possible (31). In the TATA 
study, modified radical mastectomy and breast-conserving 
surgery combined with axillary lymph node dissection 
were performed in patients with metastatic breast cancer, 
and some patients received supraclavicular lymph node 
dissection (10). However, the authors did not describe any 
difference among surgical procedures. A retrospective study 
from the Surveillance, Epidemiology, and End Results 
program (SEER) found that 4,578 (47%) of the 9,734 
patients with primary IV breast cancer who underwent 
surgical resection of the primary lesion. Among them, 
1,844 (40.3%) underwent partial mastectomies, and 2,485 
(54.3%) underwent mastectomies (47). Taken together, 
several surgical modalities are currently applied for patients 
with metastatic breast cancer. Partial modified radical 
mastectomy and breast-conserving surgery are the most 
common choices. However, surgeons should minimize the 
risk of the complications associated with surgery and ensure 
a negative surgical margin regardless of surgical modalities.

The Chinese and International Guidelines

The surgical procedures of the primary tumor recommended 
by the guidelines for metastatic breast cancer in different 
countries are not uniform, and even show obvious differences. 
The 2013 Austrian Arbeitsgemeinschaft für Gynäkologische 
Onkologie (AGO) guidelines suggested modified radical 
mastectomy for the primary tumor (48). In China, the 
correlation between survival and surgery of the primary 
tumor in patients with stage IV disease still remains not clear, 
according to the Chinese Guideline for Advanced Breast 
Cancer 2015 (49). The guideline only indicates that surgery 
could be considered if the patients had good responses to 
initial systemic therapy. According to The Third International 
Consensus Conference for Advanced Breast Cancer (ABC3), 
the resection of the primary tumor for de novo stage IV breast 
cancer patients usually might not improve an advance in 
survival unless for patients with only bone metastasis (50).  
Moreover, the 2017 National Comprehensive Cancer 
Network (NCCN) Clinical Practice Guidelines in Oncology 
(NCCN Guidelines) for Breast Cancer suggest that systemic 

therapy should be the predominant treatment for de novo 
stage IV breast cancer. Surgery should be recommended 
only after systemic management to relieve symptoms and 
eliminate complications such as ulcers, bleeding, pain, and 
fungal infection (51).

The progress of ongoing clinical trials

The effect of surgical removal for primary breast cancer 
in metastatic breast cancer is currently being investigated 
further in prospective clinical studies. Four clinical trials are 
currently underway.

Local surgery for metastatic breast cancer (NCT00557986)

A phase III randomized controlled trial was carried out 
to compare the outcome of de novo stage IV breast cancer 
patients who receive locoregional treatment for intact 
primary tumor with those who do not receive such treatment. 
This study was done by Turkish Federation of the National 
Societies for Breast Diseases. The primary objective is 
to assess whether locoregional treatment of the primary 
tumor provides a better overall survival. And the secondary 
objectives include progression-free survival, quality-of-life, 
and morbidity related to locoregional treatment. The trial 
has now been completed and the results were published by 
ASCO in 2016. It showed that the 5-year OS was 41.6% 
and 24.4% (P=0.005) for the trial and control groups (26). 
It concluded that the surgical resection of primary lesion 
improved the survival of primary stage IV breast cancer.

Early surgery or standard palliative therapy in treating 
patients with stage IV breast cancer (NCT01242800)

This randomized phase III trial aims to see how well early 
surgery works compared to standard palliative therapy in 
treating patients with stage IV breast cancer. The principal 
investigators in the study are Seema A. Khan and Robert 
H from the Lurie Cancer Center. The experimental group 
included stage IV breast cancer patients with early surgical 
resection of the primary tumor, while the control group 
included those with standard palliative surgery or radiation 
therapy. The primary endpoint was overall survival. And the 
secondary objectives contained the time to uncontrolled chest 
wall disease, health-related quality of life (HRQL) and the 
CTCs burden. Now, the study is ongoing, and participants 
are receiving an intervention or being examined, but potential 
participants are not currently being recruited or enrolled.
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Assessing impact of loco-regional treatment on survival in 
metastatic breast cancer at presentation (NCT00193778)

A one open-label and randomized controlled trial was 
promoted to compare the effect of locoregional treatment 
with no treatment on outcome in women with metastatic 
breast cancer at initial presentation. The primary endpoint 
was overall survival analyzed by intention to treat. And 
secondary objectives included the evaluation of locoregional 
treatment level and the change in expression of VEGF, 
bFGF, angiostatin, and endostatin. The trial was also called 
TATA, and the primary results were published in Lancet 
in 2015. Now, the trial is still ongoing and the expected 
completion time is December 2019.

The effect of primary surgery in patients with stage IV 
breast cancer with bone metastasis only (NCT02125630)

A prospective, randomized phase III study, is carried out 
by Istanbul scholars of Turkey University. The majority of 
researchers in this study are the same to MF 07-01. The test 
group is given surgical treatment, while the control group 
use the systemic treatment. Furthermore, the primary 
endpoint is the overall survival. And the secondary endpoint 
is progression-free survival. 

A randomized controlled trial comparing primary tumor 
resection plus systemic therapy with systemic therapy alone 
in metastatic breast cancer (PRIM-BC): Japan Clinical 
Oncology Group Study JCOG1017 

The JCOG1017 is an ongoing randomized controlled trial 
comparing primary tumor resection plus systemic therapy 
with systemic therapy alone in patients with stage IV breast 
cancer based on response to primary systemic therapy (52). 
It was commenced in May 2011 and planned to enroll 410 
patients over a 5-year recruitment period. The primary 
endpoint is overall survival. We expect the results of JCOG 
1017 to address primary tumor resection challenges in stage 
IV breast cancer.

In addition, there was also a randomized controlled study 
to determine benefits of surgery for the primary in patients 
with stage IV breast cancer from Thailand (NCT01906112). 
But it was terminate due to slow enrolment.

Summary

The relationship between primary lesion resection and 

survival remains a subject of debate for patients with 
metastatic breast cancer at initial presentation. Partial 
modified radical mastectomy and breast-conserving 
surgery are by far the most common choices for those 
patients. Survival benefits from primary lesion resection are 
suggested for those patients younger than 45 years of age 
or with oligo-metastasis. The clinical practice guidelines 
for timing and procedures of surgery for metastatic 
breast cancer are different across countries. Forthcoming 
evidence from the ongoing clinical trials might help close 
the knowledge gaps in surgical treatment for patients with 
metastatic breast cancer and aid the decision-making in 
clinical practice.
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