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Background: The role of local treatment for liver oligometastases in breast cancer patients has been 
controversial. The aim of the study was to evaluate the prognostic factors for overall survival (OS) and 
progression-free survival (PFS) after hepatic local treatment and to explore appropriate therapy strategy in 
breast cancer patients with liver oligometastases.
Methods: A cohort of 91 patients with oligometastatic liver lesions identified from around 34,000 breast 
cancer patients between 2002 and 2018 were retrospectively reviewed. We collected and analyzed their 
clinicopathologic and outcome data.
Results: With a median follow up of 20.6 months [standard deviations (SD): 35.4], median OS and median 
PFS were 75.1 months [95% confidence interval (CI): 14.3–135.9  months] and 7.4 months (95% CI: 4.4– 
10.4  months), respectively. N3 stage, triple-negative breast cancer (TNBC) subtype, progressive disease (PD) 
after preoperative systemic therapy and older age of operation were associated with worse OS and PFS while 
postoperative systemic therapy alone, preoperative [partial response (PR)/stable disease (SD)] combined 
with postoperative systemic therapy indicated improved OS and PFS by univariate analysis. On multivariate 
analysis, N3 stage [hazard ratios (HR) 23.567; 95% CI: 1.751–317.277; P=0.017] and TNBC subtype (HR 
10.758; 95% CI: 1.120–103.301; P=0.040) were related to worse OS. Likewise, N3 stage (HR 3.324; 95% CI 
1.604–6.890; P=0.001) and TNBC subtype (HR 3.134; 95% CI: 1.015–9.674; P=0.047) remained associated 
with worse PFS. The postoperative mortality and morbidity were 0% and 1.099%, respectively. 
Conclusions: In well-selected patients, local treatment of breast cancer liver oligometastases is safe and 
achieves relatively long OS, except patients with advanced N stage or aggressive subtype. Postoperative 
systemic treatment and effective preoperative systemic therapy combined with postoperative systemic 
therapy are the recommended treatment strategies.
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Introduction 

Breast cancer is the most common malignant tumor in 
women. There were approximately 269,000 cases and about 
70,000 deaths of breast cancer in China in 2015, accounting 
for 15% and 7% of female morbidity and mortality, 
respectively (1). Around 30% of breast cancer patients will 
eventually develop distant metastatic disease (2). Current 
guidelines suggest breast cancer patients with distant 
metastases receive palliative systemic treatment. Although 
systemic therapy for metastatic breast cancer has made great 
progress in recent years, metastasis is still related to poor 
prognosis.

The concept of an oligometastatic disease was first 
proposed by Hellman et al. (3,4). In the 4th ESO-ESMO 
International Consensus Guidelines for Advanced Breast 
Cancer (ABC4), oligo-metastatic disease is defined as low 
volume metastatic disease with limited number and size 
of metastatic lesions (up to five and not necessarily in the 
same organ), potentially amenable for local treatment, 
aimed at achieving a complete remission status. Only 
5–25% of distant metastatic breast cancer patients will 
develop isolated liver metastases and be eligible for liver-
directed local treatment (5). For these patients, a recent 
meta-analysis reported a median 5-year survival of 39% 
following aggressive surgical resection of breast cancer 
liver metastases (BCLM) (6). The poor results achieved 
by systemic treatment alone and the potential benefit of 
local treatment have become the driving force behind the 
advocates for local treatment of oligo-metastatic lesions, 
especially when they respond well to systemic therapy. 
However, liver metastases of colorectal cancer are the most 
commonly resected liver metastases and the indication for 
BCLM is less well defined (7,8). Current guidelines don’t 
mention hepatic local treatment combined with systemic 
therapy as an option for liver oligometastases of breast 
cancer. In present, few studies have been done to compare 
the effect of local treatment and systemic therapy on liver 
oligometastases of breast cancer. The present study aims 
to identify possible prognostic factors of local treatment 
in breast cancer patients with liver oligometastases. 
Furthermore, we focused on breast cancer patients with 
liver oligometastases who underwent local treatment 
combined with systemic treatment to explore better 
treatment options for these patients. 

Methods

Patient population 

Data of around 34,000 patients with breast cancer at our 
institution between January 2002 and September 2018 were 
retrospectively reviewed after Institutional Review Board 
approval. Only breast cancer patients with histologically 
confirmed diagnosis of liver oligometastases undergoing 
hepatic local treatment were included. A total of 91 patients 
were finally enrolled in this study. For each patient, we 
collected age, gender and clinicopathologic data on the 
primary tumor including TNM stage, type of surgery, 
receptor status, and adjuvant/neoadjuvant treatment, as 
well as information on the BCLM, systemic therapy before/
after hepatic local treatment and response to preoperative 
systemic therapy. 

Statistical analysis 

Categorical variables were reported as whole numbers and 
percentages, while continuous variables were described as 
medians with standard deviations (SD). Overall survival 
(OS) was defined as the time from the date of hepatic local 
treatment to the date of death or date of last available 
follow-up. Progression-free survival (PFS) was the time 
from the date of hepatic local treatment to the date of 
progression or date of last available follow-up. The OS and 
PFS were estimated using the Kaplan-Meier method and 
compared using the log-rank test. To identify independent 
predictors of OS and PFS, factors with a univariate 
significance of P<0.10 and potential clinical significance 
were entered into Cox proportional hazard models. Results 
from the Cox proportional hazards models were reported 
as hazard ratios (HR) with corresponding 95% confidence 
intervals (95% CI). All tests were two-tailed and statistical 
significance was set at P≤0.05. All statistical analyses were 
performed with SPSS version 24.0 (IBM, New York, USA). 

Results

Demographic and clinicopathologic features 

Between March 2002 and September 2018, a total of 91 
breast cancer patients who underwent local therapy for 
BCLM were enrolled in this retrospective study. The 
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clinicopathologic characteristics of all the patients are 
summarized in Table 1. Median patient age was 46.0 years 
old and 90 patients were female. Primary breast tumors 
of 42 patients were classified as either T1 or T2 (n=42, 
75.0%) while 14 (25.0%) patients had an advanced T3 or 
T4 primary breast cancer; 15.1% of patients (n=11) had a 
primary breast tumor with lymph node stage of N3. The 
surgical approach of primary tumors used most was modified 
radical mastectomy (n=64, 76.2%). Forty-eight (65.8%) 
patients had a tumor with positive estrogen receptor status, 
while 48 (67.6%) patients had a progesterone receptor-
positive tumor. Twenty-five (38.5%) patients had a HER2/
neu positive tumor and 5 (7.7%) patients had a tumor of 
triple-negative breast cancer (TNBC) subtype. Primary 
tumor of 40 (81.6%) patients is Ki-67 >14%. Most patients 
(n=60, 67.4%) accepted ablation of liver oligometastases. As 
for the systemic treatment of BCLM, 57 patients received 
chemotherapy, 22 patients received hormonal therapy and 
19 received biological therapy. Twenty-one (63.6%) patients 
achieved partial response (PR)/stable disease (SD) among 
39 patients who accepted preoperative systemic therapy. 

The median disease-free survival (DFS) between primary 
tumor and BCLM were 21.5 months. The median number 
of BCLM was 1.0 while the median maximum tumor size 
was 2.6 cm. The majority of BCLM located in unilateral 
lobe (n=66, 76.2%). The median age of patients at local 
therapy of BCLM was 48 years old. At the time of local 
treatment of BCLM, 31 (73.8%) patients had an estrogen 
receptor-positive tumor, while 21 (50%) patients had a 
tumor with positive progesterone receptor status. After the 
operation of BCLM, 57 patients accepted systemic therapy. 

Long-term overall and PFS 

Median OS was 75.1 months (95% CI: 14.3–135.9)  
(Figure 1A) with a median follow-up of 20.6 months (SD: 
35.4). During the follow-up, a total of 23 (25.3%) patients 
died. Sixteen (17.6%) patients are alive more than 5 years 
since the operation of liver metastases with a longest 
survival of almost 16.6 years (198.6 months). Following 
local treatment of BCLM, recurrence occurred in 68 
(79.1%) patients with a median PFS of 7.4 months (95% 
CI: 4.4–10.4) (Figure 1B).

Tables 2 and 3 showed the univariate and multivariate 
Cox regression analysis for predicting OS and PFS 
following local therapy of BCLM, respectively. On 
univariate analysis, N3 stage of primary tumor (HR 3.784; 
95% CI: 1.16–12.343; P=0.027), TNBC subtype (HR 8.514; 

95% CI: 2.158–33.600; P=0.002), progressive disease (PD) 
after preoperative systemic therapy (HR 7.874; 95% CI: 
1.544–40.166; P=0.013) and older age of operation (HR 
1.039; 95% CI: 1.003–1.076; P=0.031) were associated 
with worse OS while DFS of primary tumor surgery more 
than one year (HR 0.318; 95% CI: 0.112–0.905; P=0.032) , 
postoperative systemic therapy alone (HR 0.152; 95% CI: 
0.034–0.679; P=0.014) and preoperative (PR/SD) combined 
with postoperative systemic therapy (HR 0.083; 95% CI: 
0.009–0.798; P=0.031) indicated improved OS (Table 2). 
Meanwhile, N3 stage of primary tumor (HR 3.325; 95% 
CI: 1.670–6.622; P=0.001), TNBC subtype (HR 3.517; 95% 
CI: 1.182–10.461; P=0.024), PD after preoperative systemic 
therapy (HR 2.421; 95% CI: 1.029–5.694; P=0.043), older 
age of operation (HR 1.033; 95% CI: 1.012–1.054; P=0.002) 
were associated with worse PFS following local therapy of 
BCLM while systemic therapy (HR 0.359; 95% CI: 0.188–
0.685; P=0.002), postoperative systemic therapy alone (HR 
0.256; 95% CI: 0.123–0.535; P<0.001) and preoperative 
(PR/SD) combined with postoperative systemic therapy 
(HR 0.214, 95% CI: 0.088–0.517, P=0.001) indicated 
improved PFS (Table 3). 

On multivariate analysis, N3 stage of primary tumor 
(HR 23.567; 95% CI: 1.751–317.277; P=0.017) and TNBC 
subtype (HR 10.758; 95% CI: 1.120–103.301; P=0.040) 
were found to be significant predictors of worse OS. 
Likewise, N3 stage of primary tumor (HR 3.324; 95% CI: 
1.604–6.890; P=0.001) and TNBC subtype (HR 3.134; 95% 
CI: 1.015–9.674; P=0.047) remained associated with worse 
PFS following operation of BCLM. 

Short-term outcome 

As for the safety, there were no related deaths of local 
treatment and only one patient (1.099%) experienced a 
complication of needle-track bleeding among all series.

Discussion

Although metastatic breast cancer is a systemic disease, the 
effects of systemic treatment are not satisfactory. Despite 
the rapid development of systemic therapy for breast cancer 
patients over the past few decades, the 5-year survival 
rate of BCLM patients remains low, which is only 4–12%  
(9-11). According to the previous findings, the 5-year 
survival rate of patients receiving local treatment of BCLM 
is 27–50% (12). A systemic review analyzed 19 studies 
with 553 cases of BCLM and reported the median OS of 



1228 Jiang et al. Local treatment for liver oligometastases

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(2):1225-1234 | http://dx.doi.org/10.21037/tcr.2019.12.93

Table 1 Clinicopathologic characteristics of primary breast cancer and breast cancer liver metastases

Characteristics Number (n=91) Percentage (%)

Age (yr), median ± SD 46±10

Sex: female 90 98.9

Primary breast tumor

T stage primary tumor

T1-T2 42 75.0

T3-T4 14 25.0

N stage primary tumor

N0 30 41.1

N1/2 32 43.8

N3 11 15.1

M stage primary tumor

M0 80 87.9

M1 11 12.1

Primary tumor surgery

MRM 64 76.2

Radical mastectomy 13 15.5

Breast-conserving surgery 5 6.0

Total mastectomy + sentinel node biopsy 1 1.2

Lumpectomy + sentinel node biopsy 1 1.2

Receptor status of primary tumor

ER positive 48 65.8

PR positive 48 67.6

Her2/neu positive 25 38.5

Ki67 >14% 40 81.6

Triple negative (ER, PR, Her2/neu) 5 7.7

Systemic treatment

Adjuvant/neoadjuvant chemotherapy 62/22 69.7/24.7

Adjuvant hormonal treatment 51 69.9 

Adjuvant biological therapy 9 10.8

Adjuvant radiotherapy 34 44.2

Breast cancer liver metastases

Systemic treatment of BCLM 70 85.4

Chemotherapy 57 87.7

Hormonal treatment 22 33.8

Biological therapy 19 29.2

Table 1 (continued)
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Table 1 (continued)

Characteristics Number (n=91) Percentage (%)

Preoperative systemic therapy 39 47.6

Response to preoperative systemic therapy (PR+SD/PD) 21/12 63.6/36.4

Median interval months between primary and BCLM ± SD 21.5±52.1

Median number of BCLM ± SD 1.0±0.7

Median maximum tumor size ± SD (cm) 2.6±2.1

Distribution

Unilateral 66 76.7

Bilateral 20 23.3

Median age at local treatment of BCLM ± SD (yr) 48±11

Type of local treatment

Ablation 60 67.4

Surgery 29 32.6

Receptor status of BCLM

ER positive/ER negative 31/11 73.8/26.2

PR positive/PR negative 21/21 50.0/50.0

HER2 positive/HER2 negative 11/27 28.9/71.1

Post operation systemic therapy 57 71.2

BCLM, breast cancer liver metastases; PR, partial response; SD, stable disease; PD, progressive disease.
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patients receiving local treatment of liver metastases was 
40 months (15-74 months) with the median 5-year survival 
rate of 40% (21–80%) (13). Charalampoudis et al. found 
that the median OS of BCLM patients undergoing surgery 
for liver metastases was 41 months, with a median PFS of 
11.5 months in a recent meta-analysis (6). The results of a 

multicenter retrospective study showed the median survival 
time of 67 BCLM patients who underwent hepatectomy 
was 57.59 months and suggested that an interval of more 
than 2 years between breast cancer surgery and liver 
metastasis might be an indication of liver surgery in BCLM 
patients (14). A case-control study by Sadot et al. focused on 

Table 2 Univariate and multivariate analysis of overall survival after local treatment of BCLM

Variables
Univariable Multivariable

HR 95% CI P HR 95% CI P

T stage primary tumor

T1-T2 Ref – –

T3-T4 0.249 0.031–1.983 0.189

N stage primary tumor

N0-N2 Ref – –

N3 3.784 1.16–12.343 0.027* 23.567 1.751–317.277 0.017*

Breast cancer subtypes of primary tumor

TNBC 8.514 2.158–33.600 0.002* 10.758 1.120–103.301 0.040*

Others Ref – –

Vascular invasion 2.340 0.444–12.322 0.316

Response to preoperative systemic therapy

PR + SD Ref – –

PD 7.874 1.544–40.166 0.013*

Systemic therapy 0.330 0.104–1.046 0.060 709255.538 0.977

Treatment strategy

No systemic therapy Ref – –

Preoperative systemic therapy alone (PR/SD) 0.775 0.138–4.341 0.771

Preoperative systemic therapy alone (PD) 1.136 0.197–6.548 0.887

Postoperative systemic therapy alone 0.152 0.034–0.679 0.014*

Preoperative (PR/SD) combined with postoperative 
systemic therapy

0.083 0.009–0.798 0.031*

Preoperative (PD) combined with postoperative 
systemic therapy

1.277 0.316–5.156 0.732

Age of operation 1.039 1.003–1.076 0.031*

DFS of primary tumor surgery

≤1 year Ref – –

>1 year 0.318 0.112–0.905 0.032* 0.543 0.068–4.306 0.563

Diameter of BCLM 1.027 0.751–1.406 0.866

*, P<0.05 denotes statistical significance. BCLM, breast cancer liver metastases; PR, partial response; SD, stable disease; PD, progressive 
disease; TNBC, triple-negative breast cancer.
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Table 3 Univariate and multivariate analysis of progression-free survival after local treatment of BCLM

Variables
Univariable Multivariable

HR 95% CI P HR 95% CI P

T stage primary tumor

T1-T2 Ref – –

T3-T4 0.621 0.297–1.298 0.205

N stage primary tumor

N0-N2 Ref – –

N3 3.325 1.670–6.622 0.001* 3.324 1.604–6.890 0.001*

Breast cancer subtypes of primary tumor

TNBC 3.517 1.182–10.461 0.024* 3.134 1.015–9.674 0.047*

Others Ref – –

Vascular invasion 2.644 0.999–6.999 0.0503

Response to preoperative systemic therapy

PR+SD Ref – –

PD 2.421 1.029–5.694 0.043*

Systemic therapy 0.359 0.188–0.685 0.002* 0.477 0.215–1.055 0.067

Treatment strategy

No systemic therapy Ref – –

Preoperative systemic therapy alone (PR/SD) 1.146 0.396–3.313 0.802

Preoperative systemic therapy alone (PD) 1.309 0.415–4.130 0.646

Postoperative systemic therapy alone 0.256 0.123–0.535 <0.001*

Preoperative (PR/SD) combined with 
Postoperative systemic therapy

0.214 0.088–0.517 0.001*

Preoperative (PD) combined with postoperative 
systemic therapy

0.587 0.227–1.514 0.270

Age of operation 1.033 1.012–1.054 0.002*

DFS of primary tumor surgery

≤1 year Ref – –

>1 year 1.004 0.474–2.127 0.992

Diameter of BCLM 1.100 0.983–1.231 0.097

*, P<0.05 denotes statistical significance. BCLM, breast cancer liver metastases; PR, partial response; SD, stable disease; PD, progressive 
disease; TNBC, triple-negative breast cancer.

the benefits of surgery for isolated BCLM (15). This study 
has shown no significant difference in OS between the 
surgical and medical cohorts (median OS: 50 vs. 45 months; 
5-year OS: 38% vs. 39%). However, 69 patients undergoing 
surgical treatment had a median recurrence-free interval 
(RFI) of 28.5 months. Therefore, the authors concluded 

that although hepatic local treatment was not associated 
with survival advantages, longer RFI achieved by surgery 
could potentially provide patients with a period of time 
during which they might avoid systemic therapy. Another 
recent study by Spolverato et al. constructed a decision-
analytic Markov model and found that liver resection of 
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BCLM was cost-effective compared to systemic therapy 
alone, especially in estrogen receptor-positive tumors or 
when using modern drugs (16).The evidence to support 
stereotactic ablative radiotherapy (SABR) as an effective 
treatment for oligometastatic disease mainly comprises of 
retrospective series and single-arm prospective trials. There 
were increasing prospective randomized controlled trials to 
evaluate the efficacy and safety of SABR as oligometastasis-
directed treatment (17). From the multi-national SABR-
COMET randomized phase II screening trial of 99 
oligometastatic patients (n=18 with breast cancer), the use 
of SABR versus standard of care therapy alone, significantly 
increased the median PFS (12 vs. 6 months) and the median 
OS difference (41 vs. 28 months) (18). Besides, the use of 
SABR was not associated with a quality of life detriment (19). 
Another prospective clinical trial indicated that in selected 
breast cancer patients with bone-only oligometastatic 
disease, SABR could be a feasible, well-tolerated and 
effective treatment option (20). Long-term results of a 
recent phase II study suggest the efficacy and safety of 
SBRT for unresectable liver metastases and univariate 
analysis showed that favorable primary site (breast, 
colorectal and gynecological) of metastases improved 
survival (21). In conclusion, current studies suggested that 
local treatment of BCLM in carefully selected patients 
should be considered.

Our study showed a median OS of 75.1 months and 
the median PFS was 7.4 months. The difference could be 
due to the following reasons. The first and foremost, the 
fact that the participants were all oligometastatic breast 
cancer patients with relatively low tumor load might explain 
the relatively longer OS. Besides, the repetition of local 
treatment and subsequent systemic therapy could also lead 
to survival benefit. In addition, PFS in our study refers to 
the period between the date of the first hepatic operation 
and the date of progression or last follow-up while other 
studies might set it from the time of the last hepatic 
operation. We set PFS in this way to avoid the influence of 
systemic therapy because patients would receive systemic 
treatment between the intervals of hepatic operations. 
Approximately 9% of patients received more than one local 
treatment in the present study. Furthermore, tumors of 
a significant proportion of patients (19, 8 and 2 patients, 
respectively) had not progressed during the follow-up of 
20, 40 and 100 months, as shown in Figure 1B. It suggested 
that the median PFS might not reflect the full picture of the 
PFS in our study.

According to the historical published studies, prognostic 

factors related to surgical outcome of liver metastases of 
breast cancer were axillary lymph node status, hormone 
receptor status, surgical margin, number of liver metastases, 
and disease-free interval (DFI) (22-25). The purpose of 
this study is to provide some suggestions for how to select 
appropriate breast cancer patients of liver oligometastases 
for local treatment. We found that patients whose primary 
breast cancer with lymph node stage of N3 and TNBC 
subtypes have worse OS and PFS after operation of liver 
lesions. It’s suggested that oligo-metastatic patients with 
advanced N stage or aggressive subtype of the primary 
breast tumor might not be recommended to receive local 
treatment of liver lesions. 

At present, there are many unresolved questions related 
to local treatment in breast cancer patients with liver 
oligometastases. Which therapy strategy is more beneficial 
among local treatment alone, systemic treatment alone or 
systemic treatment combined with local treatment? Is there 
any difference between systemic therapy before or after local 
treatment? Does the response to systemic therapy before 
local treatment affect the prognosis? Our study collected 
data of breast cancer patients with liver oligometastases 
trying to answer the above questions. On univariate analysis, 
we found that patients receiving local treatment combined 
with systemic treatment achieved significantly longer PFS 
than those undergoing local treatment alone while there 
was a nearly significant difference (P=0.060) in OS. In 
addition, we compared the clinical outcome of patients 
who accepted different treatment strategies. As a result, OS 
and PFS of patients underwent post-operational systemic 
therapy alone were significantly better than those received 
local therapy alone. We further compared the outcome of 
patients with different response to systemic therapy before 
hepatic treatment and revealed that the OS and PFS of the 
PR/SD group were significantly improved than the PD 
group. Besides, if patients with good response (PR or SD) 
to preoperative systemic therapy also received postoperative 
systemic therapy, the OS and PFS were significantly 
improved than the local therapy alone group. By contrast, if 
patients with poor response (PD) to preoperative systemic 
therapy accepted postoperative systemic therapy, the OS 
and PFS were not significantly different from the local 
therapy alone group. Furthermore, despite of different 
responses, the two preoperative systemic therapy alone 
groups both have no OS and PFS advantages. Unexpectedly, 
the presence of systemic therapy with local treatment was 
not an independent predictor of prognosis on multivariate 
analysis, probably on account of the small sample size of 
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our study. Studies with large sample exploring these issues 
might get more satisfactory results. Nevertheless, we 
inferred from our results that breast cancer patients with 
liver oligometastases should consider two types of treatment 
strategies. One is to receive effective preoperative systemic 
therapy combined with postoperative systemic treatment 
and the other is to accept postoperative systemic therapy. 
These results also remind us to avoid the absence of 
systemic therapy after local treatment when treating these 
oligo-metastatic patients in the clinical practice.

The current study is a retrospective, single-center, small-
sample study with highly selected patients. However, our 
results should not be dismissed as selection bias since they 
are rarely achieved by conventional systemic treatment. 
We not only investigated the prognostic factors of local 
treatment for oligometastases in breast cancer patients 
but also innovatively explored the appropriate treatment 
strategy for them. Further study in a larger population and 
randomized controlled trials are necessary to validate our 
results and find a way out of current dilemma of treatment 
for oligometastases in breast cancer patients. Furthermore, 
constructing a prognostic model and performing genetic 
testing on patients of oligometastatic breast cancer might 
achieve precise and individualized treatment in the future.

In conclusion, local treatment of breast cancer liver 
oligometastases is safe and achieves relatively long OS in 
well-selected patients. However, patients with advanced N 
stage or aggressive subtype of the primary tumor might not 
be appropriate to receive local treatment of liver lesions. 
Postoperative systemic treatment and effective preoperative 
systemic therapy combined with postoperative systemic 
therapy are the recommended treatment strategies.
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