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Abstract

OBJECTIVE—To evaluate the efficacy of surgery for patients with isolated breast cancer liver 

metastases (BCLM).

BACKGROUND—Single-arm retrospective studies have demonstrated promising results 

associated with surgery for isolated BCLM, but this treatment remains controversial and its role is 

not well-defined.

METHODS—A review of 2150 patients with BCLM who underwent treatment in a single 

institution was performed, and 167 (8%) patients with isolated BCLM were identified. A case-

control study was performed to compare outcomes in patients with isolated BCLM who underwent 

surgery and/or ablation to patients who underwent conventional medical therapy.

RESULTS—A total of 167 patients were included (surgery/ablation: 69; medical: 98) with a 

median follow-up for survivors of 73 months. Patients in the surgical cohort more frequently had 
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ER positive tumors and received adjuvant chemotherapy and radiotherapy for their primary breast 

tumor. Hepatic tumor burden was less and the interval from breast cancer diagnosis to BCLM was 

significantly longer (53 vs. 30 months) in the surgical cohort. Patients undergoing surgical 

treatment had a median recurrence-free interval of 28.5 months (95%CI: 19-38) with 10 patients 

(15%) recurrence free after 5 years. There was no significant difference in overall survival(OS) 

between the surgical and medical cohorts (median OS: 50 vs. 45 months; 5-year OS: 38 vs. 39%).

CONCLUSION—Hepatic resection and/or ablation was not associated with a survival advantage. 

However, significant recurrence-free intervals can be accomplished with surgical treatment. 

Surgical intervention might be considered in highly selected patients with the goal of providing 

time off of systemic chemotherapy.

Introduction

Breast cancer is the most frequent potentially life-threatening cancer among women.
1,2 In 

the United States, it is estimated that the incidence of invasive breast cancer is over 230,000 

and more than 40,000 patients will die from it in 2014.
3
 It has been estimated that in about 

5-10% of patients with metastatic breast cancer, liver metastases are the only sign of 

disseminated disease.
4-6

The standard of care for patients with metastatic breast cancer is palliative therapy consisting 

of the sequential application of hormonal agents and/or cytotoxic chemotherapy agents (with 

or without anti-HER2 agents).
1,7 It is well established that tumor resistance to palliative 

therapy is inevitable and the results of systemic therapy for metastatic breast cancer have 

been disappointing with a 5-year relative survival of approximately 24%, depending on the 

molecular subtypes (i.e., hormone sensitive, HER2 status, or triple negative).
8-12

Despite the limitations of systemic therapies, many physicians have been reluctant to refer 

patients with BCLM for surgical evaluation since there is no convincing evidence of a 

survival advantage. Although promising results reporting 5-year survival of up to 61% after 

hepatic resection or ablation have been published in recent case series these studies are 

limited by their retrospective nature, small cohorts and lack of controls.
4,13-18

The aim of this study was to analyze long-term results of patients with isolated BCLM 

treated with liver resection and/or ablative techniques as compared to a control cohort of 

medically treated patients. We also sought to define and identify factors associated with 

survival in order to potentially optimize selection of patients for surgical therapy.

Methods

A retrospective review of consecutive patients with isolated BCLM from January 1991 to 

January 2014 treated at Memorial Sloan Kettering Cancer Center (MSKCC) was performed 

from the prospective MSKCC Breast Medicine service and Hepatopancreatobiliary surgery 

service databases. Patients were identified from these databases using a designated query in 

combination with ICD-9 code for liver metastases (197.7). Patient demographics, 

clinicopathologic variables and survival data were obtained from these databases, verified 

and supplemented with additional chart review when necessary. All pathological specimens 
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were reviewed and confirmed by MSKCC pathologists. Staging is based on the American 

Joint Committee on Cancer 7th edition.
1
 The hormonal [estrogen receptor (ER) progesterone 

receptor (PR)] and HER2 status were based on the primary breast cancer. Cumulative size of 

BCLM was defined as the largest diameter of each liver metastases added together. 

Synchronous presentation of BCLM was defined as a time interval between the diagnosis of 

the primary breast cancer and development of BCLM of 6 months or less. Patients with 

isolated BCLM treated with liver resection and/or ablation (surgical cohort) and those 

receiving medical therapy alone (medical cohort) were analyzed and compared. Approval for 

the study was obtained from the MSKCC institutional review board.

Preoperative Assessment and Surgery

Prior to treatment, the diagnosis of BCLM was confirmed by percutaneous liver biopsy 

and/or radiological criteria combined with clinical history. Surgical cases were discussed on 

a case-by- case basis at a multidisciplinary meeting where consensus concerning 

resectability and appropriateness of liver resection were determined. All liver resections 

were performed using a standard technique as reported previously.
19

 Major resections were 

defined as those consisting of 3 or more liver segments.
20

 Some patients underwent a 

combination of surgery and intraoperative ablation at the same setting. Percutaneous 

ablation techniques, such as radiofrequency and microwave ablation, were performed as 

previously reported.
21,22

Postoperative morbidity and mortality were defined as complications or deaths within 90 

days of surgery. For the patients who underwent resection, morbidity events were recorded 

prospectively into a departmental database and graded in severity with a score of 1 to 5, 

consistent with the “Common Terminology Criteria for Adverse Events Version 4.0”.
23 

Morbidity events for patients who underwent ablation only were retrospectively reviewed 

from charts and electronic medical records.

Statistical Analysis

Continuous variables were compared using the Student's t-test or Mann-Whitney test, as 

appropriate by the type of distribution. Categorical variables were compared using χ2 or the 

Fisher exact test depending on the number of observations. A p-value ≤0.05 was considered 

significant. Overall survival (OS) and recurrence-free interval (RFI) were calculated from 

the date of diagnosis of BCLM to the time of death and recurrence (only for surgical cohort), 

respectively. Chemotherapy-free interval was calculated from the date of BCLM resection or 

ablation to the time that the first chemotherapy was administered. Patients who did not 

experience the event of interest by the end of the study were censored at the time of last 

follow- up. Survival outcomes were estimated using the Kaplan-Meier method and were 

compared using a stratified log-rank test. A Cox regression model was used to adjust for 

confounders. Parameters with p<0.1 on univariate analysis and clinically relevant were 

included in the regression model.

A propensity score analysis was utilized to control for selection bias, which resulted in 

uneven distribution of covariates among the surgical and medical cohorts.
24

 The matching 

algorithm was based on logistic regression and included the following covariates: ER status, 
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adjuvant chemotherapy after breast surgery, adjuvant radiotherapy after breast surgery, 

trastuzumab (Herceptin, Roche) treatment, number of BCLM, time from breast cancer 

diagnosis to BCLM, and type of breast surgery. The impact of surgery/ablation on OS was 

assessed with Cox regression model adjusting for the propensity score as a linear variable. In 

addition, 3 subcohorts were generated with high (0.71-1), intermediate (0.4-0.7), and low 

(0-0.39) propensity scores. Differences in survival were further analyzed between the 

matched sub-cohorts to assess the impact of surgery/ablation on OS independent of 

confounders. All statistical analyses were performed using statistical software (Statistical 

Package for the Social Sciences, Inc., Chicago, IL, SPSS software version 21).

Results

Clinicopathologic characteristics of the study population

There were 2150 consecutive patients with BCLM who received treatment at MSKCC 

between January 1991 and January 2014, and the prevalence of isolated BCLM was 8% 

(n=167). These 167 patients constituted the study cohort; 41% (n=69) underwent a partial 

hepatectomy and/or ablation (surgical cohort), and 59% (n=98) received medical treatment 

(medical cohort). The percentage of patients who underwent partial hepatectomy and/or 

ablation declined from 54% (25 patients) in the earlier half of the study period (1991-2002) 

to 36% (44 patients) in the latter half (2003-2014). For the entire study population (n=167) 

the median follow-up for survivors from primary breast cancer diagnosis and from BCLM 

was 73 months [Interquartile range (IQR):46-135] and 26 months (IQR: 12-48), respectively. 

Patient, primary and BCLM tumor characteristics of the entire study population are 

summarized in Table 1. Sixty-nine patients underwent liver resection and/or ablation 

(resection only, n=48; percutaneous ablation only, n= 18; combination, n=3). Their median 

follow-up for survivors from primary breast cancer diagnosis and from BCLM was 89 

months (IQR: 55-190) and 31 months (IQR: 18-63), respectively. Of the patients who 

underwent resection ± ablation (n=51), major liver resections were performed in 24 (47%). 

A margin negative liver resection was achieved in 84% of the patients (n=43) and was not 

associated with overall survival.

Comparison of surgical and medical cohorts

The median time interval from breast cancer diagnosis to BCLM was significantly longer in 

the surgical cohort (53 vs. 30 months, p=0.001). Patients in the surgical cohort more 

commonly had ER positive tumors (78 vs. 59%, p=0.02) and more frequently received 

adjuvant chemotherapy after breast surgery (81 vs. 60%, p=0.008) and adjuvant radiotherapy 

after breast surgery (68 vs. 53%, p<0.001). There was no significant difference between the 

surgical and medical cohort in HER2 positivity (45 vs. 35% respectively, p=0.2) but fewer 

surgical patients received trastuzumab (16 vs. 31%, p=0.03) during the course of their 

treatment. All of the patients in the surgical cohort had some form of breast surgery for their 

primary tumor while 28% in the medical cohort did not have any breast surgery (p<0.001). 

With regard to the characteristics of BCLM in the 2 cohorts, there was a lower incidence of 

synchronous disease (10 vs. 29%, p=0.004); fewer liver metastases (1 vs. 3, p<0.001), fewer 

patients with more than 5 liver metastases (10 vs. 34%, p<0.001), more unilobar distribution 
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(69 vs. 52%, p=0.03) and solitary liver disease (64 vs. 30%, p<0.001) in the surgical cohort. 

These results are summarized in Table 1.

Survival outcome

The median and predicted 5-year OS, as measured from the time of BCLM treatment, for the 

entire study population was 43 months (95%CI: 26-60) and 37% (95% CI: 27-47), 

respectively (Figure 1). In the surgical cohort, the median RFI after resection was 28.5 

months (95% CI: 19-38) and the median chemotherapy-free interval was 25 months (95%CI 

17-34). Disease recurrence was observed in 42 patients (63%): liver recurrence in 16 

patients and extrahepatic recurrence in 26 patients. There were 10 patients (15%) recurrence 

free for more than 5 years (one percutaneous ablation only). Of these 10 patients, only 3 

patients have recurred at a median follow-up of 6.6 years (range: 5.4-9.8). There were no 

significant differences in the median and predicted 5-year OS between the surgical and 

medical cohorts (median OS: 50 vs. 45 months, p=0.5; 5-year OS: 38 vs. 39%, p=0.98, 

respectively)(Table 1 and Figure 2). In multivariate analysis, absence of lymph node 

metastases in the primary tumor, presence of trastuzumab therapy and solitary BCLM were 

independently associated with an improved OS (Table 3).

Within the resection group, no differences in OS or RFI were observed between the patients 

who were treated with ablation alone and the patients who underwent liver resection (Figure 

S1, S2). Seven patients who underwent BCLM resection had more than 5 lesions. The 

median age of these patients at the diagnosis of the primary breast cancer and BCLM was 38 

(range: 26-55) and 42 years (range: 38-57), respectively. The median interval between breast 

surgery and BCLM surgery was 47 months (range: 18-164). From BCLM resection, the 

median OS was 34 months (95%CI: 29-39) and the median RFI was 19 months (95%CI: 

6-31) with 4 patients experiencing recurrence at last follow-up.

Propensity score match analysis

Forty-five patients in the medical cohort were matched with another 49 patients in the 

surgical cohort. In a Cox regression model, which accounted for the propensity score as a 

linear variable and the surgical intervention, no survival differences were found [(OR: 0.3, 

CI: 0.06-1.2, p=0.09; OR: 0.8, CI:0.4-1.5, p=0.5;respectively]. Subcohort analysis of 

patients with low, intermediate, and high propensity scores that were stratified by surgical 

intervention did not demonstrate survival advantage (Figure 3).

Discussion

The first report of a liver resection for BCLM was from MSKCC and the patient survived for 

20 months.
25

 Currently, it is not clear if surgery should have a role in the treatment of 

isolated BCLM as there are no level 1 or convincing natural history data to support 

it.
1,7,15,26,27

There are several theoretical reasons to consider metastasectomy for BCLM. The presence 

of oligometastases could represent a state of limited metastatic spread, when potential cure 

may be achieved by locally directed therapy.
15,28,29 Limited and resectable BCLM may be 

either an intermediate state in the evolution of metastatic disease, the consequence of 
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indolent natural history due to either tumor or host factors, or the result of an excellent 

response to systemic treatments.
28

 This phenomenon may also be explained in part by a 

genetic basis for metastatic tropism.
30,31 Furthermore, unique metastatic clones have 

successfully negotiated the metastatic cascade and may not respond as well to systemic 

treatment as the primary cancer.
32

 Resecting chemotherapy-resistant clones and necrotic 

tumor poorly accessible to drugs, may improve the efficacy of systemic therapy.
29,33 Studies 

have also demonstrated that the hormonal/HER2 status of BCLM does not always 

correspond to the primary breast cancer.
34-36

 Conversion of hormonal/HER2 status in 

BCLM occurs mainly from positive to negative, and can occur up to 13% of the time for ER, 

41% for PR and 10% for HER2. It must be highlighted that these hormonal/HER2 status 

changes may be attributed to and are also inherently confounded by a significant rate of 

discordant laboratory testing of ER, PR and HER2 status.
34,35,37 As much as a third of 

BCLM are triple negative (ER-/PR-/HER2-). This phenomenon provides another rationale 

for surgical treatment of BCLM as there is no effective systemic therapy for triple negative 

breast cancer.
29,34

Hepatic resection is now an established part of the treatment of colorectal and 

neuroendocrine liver metastasis because of an associated prolonged survival and curative 

potential.
38,39 This fact coupled with the improved safety of liver surgery in high volume 

centers has resulted in an increasing number of hepatic resections and/or ablations for non-

colorectal non-neuroendocrine (NCNN) liver metastases and specifically BCLM.
39-47

 The 

median survival for this heterogeneous group of NCNN liver metastases patients has been 

reported to range from 27 to 49 months.
16-18,39-47

 In a large multi-institutional study by 

Adam et al., 460 patients with isolated BCLM who underwent resection experienced a 

median survival of 45 months and a 5- and 10-year OS of 41% and 22%, respectively.
42 

These results were comparable to those obtained with resection of colorectal and 

neuroendocrine liver metastases.
38,39 In a recent systematic review of liver resection for 

isolated BCLM consisting of 19 studies and 553 patients, the median overall survival was 40 

months (range: 15–74) and the median 5-year survival rate was 40%(range: 21–80%).
48

 As a 

result, some have advocated that liver resection for selected patients with isolated BCLM 

should follow a similar management guideline for colorectal liver metastases.
15,49-53 

However, these published series and promising results are significantly limited by their 

retrospective nature, selection bias and the lack of a comparable cohort of patients treated 

with best medical therapy. Further, there are no prospective randomized data to answer if 

resection of isolated BCLM is beneficial.
7,15,27 It is noteworthy that in contrast to colorectal 

and neuroendocrine liver metastasis, breast cancer metastases are not confined to the portal 

venous drainage system and thus, in theory, should rarely be confined to the liver without 

other systemic metastases. Interestingly, these previously published results are comparable 

to the results of our surgical cohort. Our study, however, is the first to perform a case-control 

comparison of patients with isolated BCLM treated with liver resection and/or ablation to 

conventional medical therapy.

The survival figures demonstrated by previous single-arm surgical case series may be 

attributed to better medical therapy rather than surgery alone. In a recent meta-analysis of 

1361 patients with metastatic breast cancer, survival stratified according to four different 4-

year time periods significantly improved over time
54

. The median and 3-year survival rate 
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improved from 15 months and 18% to 31 months and 42%, respectively. This improvement 

in survival was attributed to the use of newer and more effective systemic therapies and not a 

more liberal use of surgical therapy. Although these figures were not as favorable as those 

reported in surgical series, this study included all patients with metastatic breast cancer as 

compared to the highly selected patients chosen for surgery. It is, however, difficult to 

differentiate the impact of surgical treatment from that of the improved systemic therapies 

for BCLM.

The patients who underwent hepatectomy for BCLM in our series were highly selected for 

favorable biologic characteristics from a much larger cohort of patients. Most presented as 

metachronous disease, had one or two liver metastases, unilobar in distribution, and a longer 

interval between breast cancer detection to BCLM diagnosis as compared to the medical 

cohort. Even with cautious and stringent selection criteria the surgical cohort had nearly 

identical survival characteristics to those of the medical cohort. Based on the propensity 

score match, surgical intervention was not associated with improved survival (p=0.5). Even 

for the patients in the subcohort most likely to receive surgery, survival was not associated 

with surgical intervention (p=0.2). These data suggest that the previous seemingly promising 

results of hepatic resection for isolated BCLM cannot be attributed to surgery alone and may 

be more likely due to the favorable tumor biology and improving systemic therapies. 

Notably, at our institution, the percentage of patients treated with resection/ablation has 

decreased over time, reflecting the evolving medical therapies and lack of associated 

survival benefit.

Despite the lack of improved survival, an important potential benefit of surgical treatment 

for oligometastatic BCLM could be the potential to provide patients with a significant period 

of time free of detectable disease during which they might avoid palliative systemic therapy. 

This is important because it can provide time off cytotoxic chemotherapy in particular. In 

our surgical cohort, over half the patients were free of recurrent disease and off 

chemotherapy for 2 years. Moreover, there were 10 patients (15%) free of disease for more 

than 5 years. Of these 10 patients, only 3 patients have recurred at a median follow-up of 6.6 

years. This “treatment-free holiday” can potentially have significant improvements in quality 

of life and cost of therapy. It is important to also note in this context that surgery and 

ablation are now safe therapies associated with short lived and manageable morbidity.

As a single institution retrospective cohort analysis, this study has inherent limitations such 

as selection bias and limited sample size. These patients were treated over a very long period 

of over 2 decades during which many current treatments were not yet available. This is one 

of several unavoidable confounders for our survival results. Moreover, combining resection 

and ablation therapies can be interpreted as a potential weakness; however, their outcomes 

were not different. Ideally, the question of how to manage isolated BCLM would be 

answered in a randomized prospective trial. However, given the low incidence, relatively 

indolent course, as well as the strongly held preferences of groups that manage these 

patients, such a trial is unlikely to be performed. However, this is the only case-control 

study, which matches patients with isolated BCLM based on clinicopathologic factors and 

attempts to elucidate the additive effect of liver metastasectomy over systemic therapy alone.
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Conclusion

Surgical therapy for BCLM is safe and in a subset of carefully selected cases may provide a 

substantial period of time free of recurrent disease during which systemic chemotherapy 

might be avoided. This does not appear to compromise overall survival. At the same time, 

there are no associated overall survival benefits in these selected patients when compared to 

patients receiving standard medical care. Surgical intervention should only be considered in 

highly selected patients with the goal of providing time off systemic therapy and this may be 

most appropriate for patients requiring cytotoxic chemotherapy.
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Figure 1. 
Overall survival curve for all patients with isolated breast cancer liver metastasis (n=167) as 

measured from the time of initial BCLM treatment.
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Figure 2. 
Overall survival for the surgical and medical cohort as measured from the time of initial 

BCLM treatment.
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Figure 0003
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Figure 0004
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Figure 0005

Figure 3. 
Overall survival of the different propensity score subgroups stratified by surgical 

intervention.
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Table 1

Clinicopathologic characteristics and Survival in patients with isolated Breast cancer liver metastases

Variable All patients (n=167) BCLM surgery (n=69) BCLM medical (n=98) P
*

Demographics

Age at diagnosis of primary breast tumor, years 47 (39-57) 47 (39-56) 47( 40-59) 0.2

Age at diagnosis of BCLM, years 52 (43-61 ) 51 (43-59) 52 (42-62) 0.7

Follow-up period
1
 (primary breast to last follow-up), 

months

73 (46-135) 89 (55-190) 62 (42-100) 0.09

Follow-up period
1
 (From BCLM to last follow-up), 

months

26 (12-48) 31 (18-63) 24 (10-43) 0.1

Time interval from breast cancer diagnosis to BCLM 
diagnosis, months

42(16-82) 53(27-94) 30(8-46) 0.001

Breast Cancer

Primary tumor, T 0.5

1 53(43%) 29(45%) 24(41%)

2 59(48%) 29(45%) 30(52%)

3 8(7%) 4(6%) 4(7%)

4 2(2%) 2(3%) 0

Nodal status -negative 66(46%) 29(43%) 37(49%) 0.5

American Joint Committee on Cancer (AJCC) 
staging (7th edition)

0.07

1 24(19%) 7(21%) 17(19%)

2 38(31%) 16(47%) 22(25%)

3 28(23%) 6(18%) 22(25%)

4 33(27%) 5(15%) 28(31%)

Tumor grade 0.1

1 0 0 0

2 32(24%) 15(31%) 17(20%)

3 104(76%) 34(69%) 70(80%)

Histologic subtype 0.06

-Intraductal carcinoma 143(93%) 65(98%) 84(89%)

-Intralobular carcinoma 4(2%) 1(2%) 3(3%)

-Others e.g. mixed 7(5%) 0 7(7%)

Estrogen Receptor(ER) status positive 97(66%) 42(78%) 55(59%) 0.02

Progesterone Receptor(PR) status 78(53%) 32(59%) 46(50%) 0.3
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Variable All patients (n=167) BCLM surgery (n=69) BCLM medical (n=98) P
*

Human epidermal growth factor receptor 2 status 

positive
§

47(38%) 19(45%) 28(34%) 0.2

Adjuvant chemotherapy after breast surgery
# 91(71%) 52(81%) 39(60%) 0.008

Adjuvant hormonal therapy after breast surgery
# 74(46%) 31(51%) 43(61%) 0.4

Adjuvant radiotherapy after breast surgery
# 81(50%) 44(68%) 37(53%) <0.001

Trastuzumab (Herceptin) treatment
§ 41(25%) 11(16%) 30(31%) 0.03

Type of breast surgery <0.001

-None 27(16%) 0 27(28%)

-Breast Conservation Surgery 65(39%) 35(51%) 30(31%)

-Mastectomy 73(45%) 33(49%) 40(41%)

Breast cancer liver metastases

Synchronous presentation 35(21%) 7(10%) 28(29%) 0.004

Number of liver metastases 2(1-4) 1 (1-2) 3 (1-6) <0.001

Number of liver metastases >5 39(24%) 7(10%) 32(34%) <0.001

Unilobar distribution 95(59%) 46(69%) 49(52%) 0.03

Solitary 73(44%) 44(64%) 29(30%) <0.001

Largest size, cm 2.6 (1.7- 4.4) 3(2-5) 2.5(1.4- 4.1) 0.04

Largest tumor Size>5cm 36(22%) 18(26%) 18(19%) 0.3

Cumulative size, cm 4 (2.1-7) 3.8(2-5.5) 4.5(2.2-8) 0.1

Cumulative size>5cm 69(43%) 42(63%) 51(54%) 0.3

Survival

Overall survival from BCLM diagnosis , months 
median; 95%CI

43(26-60) 50(32-67) 45(21-68) 0.5

5 -year Overall survival from BCLM diagnosis, 
months %; 95%CI

37%(27-47) 38%(25-52) 39%(24-53) 0.98

Continuous variables are reported as median(IQR) and continuous variables as number (%); BCLM: Breast cancer liver metastasis

#
Only for patients who underwent breast surgery

*
p value is for analysis between the medical and surgical cohorts only, not for the entire study population

1
Follow-up calculated for survivors

§
The discrepancy in HER2 status and Herceptin treatment can be explained by patient refusing treatment, Herceptin not in clinical use yet or in 

some patients, HER2 was positive only in the liver metastasis but not in primary breast cancer.

Ann Surg. Author manuscript; available in PMC 2017 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sadot et al. Page 18

Table 2

Perioperative variables for patients undergoing surgerv and/or ablation

Variable BCLM surgery n (%)

No. of patients – Total 69

- Resection only 48 (70)

- Percutaneous ablation only 18 (26)

- Combination (resection and operative ablation) 3 (4)

Ablation technique (n=21)

- Radiofrequency Ablation 18 (86)

- Microwave Ablation 3(14)

Surgery (n=51)

- Major resection 24(47)

- Minor resection 27 (53)

Operative time, mins, median 181 (160-226)

Estimated blood loss, mls, median 300 (150-550)

R0 resection 43 (84)

Length of Hospital stay, days, median 6 (5-8)

90- day mortality 0

90- day morbidity 12 (23)

≥ Grade 3 complications 5 (10)

90- day readmissions 2 (3)

Morbidity- Patients undergoing resection (n=51)
*

Grade 1 and 2 7 (14)

Grade 3 5 (10)

Grade 4 and 5 0

Morbidity- Patients undergoing percutaneous ablation only (n=18)
*

Grade 1 and 2 3 (17)

Grade 3 1 (6)

Grade 4 and 5 0

Continuous variables are reported as median (IQR) and continuous variables as number(%).

*
Grade 1 are mild and asymptomatic observations requiring only oral medication or bedside medical care; Grade 2 are moderate or minimal 

complications that requires intravenous medical therapy with resolution, antibiotics or total parenteral nutrition; Grade 3 are severe or medically 
significant but not immediately life-threatening complications, requiring radiologic, endoscopic, or operative intervention; Grade 4 are life-
threatening consequences resulting in chronic deficit or disability. Grade 5 pertains to death related to adverse events.
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Table 3

Predictors of Overall Survival in all patients with isolated Breast cancer liver metastases (n=167)

Variable Category No. of patients Median survival (95%CI) p Multivariate analysis 
OR (95%CI); p-value

Demographics

Age at BCLM, years < 50
≥ 50

68
99

46(36-56)
41(20-62)

0.5 NA

Breast Cancer

Primary tumor, T T1
T2
T3
T4

53(43%)
59(48%)
8(7%)
2(2%)

58(38-78)
43(31-55)
31(12-51)
25(24-NR)

0.2 NA

Nodal Negative
Positive

66(46%)
78(54%)

46(28-64)
40(31-49)

0.02 2 (1.1-3.3); 0.01

Tumor grade/ differentiation Grade 1
Grade 2
Grade 3

0
32(24%)
104(76%)

0
58(38-77)
45(27-62)

0.7 NA

American Joint Committee on Cancer 
(AJCC) staging (7th edition)

1
2
3
4

24(19%)
38(31%)
28(23%)
33(27%)

34(30-38
50(28-71)
26(10-41)
NR

0.07 NA

Estrogen Receptor(ER) status Negative
Positive

50(34%)
97(66%)

58(32-83)
50(33-66)

0.8 NA

Progesterone Receptor(PR) status Negative
Positive

69(47%)
78(53%)

43(16-71)
58(31-86)

0.1 NA

Human epidermal growth factor receptor 
2 (HER2) status

Negative
Positive

78(62%)
47(38%)

40(32-49)
60(47-72)

0.04 NA

Adjuvant chemotherapy after breast 
surgery

Without
With

38(29%)
91(71%)

33(16-50)
43(28-59)

0.2 NA

Adjuvant hormonal therapy after breast 
surgery

Without
With

59(44%)
74(56%)

40(31-49)
46(26-66)

0.7 NA

Adjuvant radiotherapy after breast 
surgery

Without
With

55(40%)
81(60%)

46(25-67)
42(27-56)

0.6 NA

Trastuzumab (Herceptin) treatment No
Yes

126(75%)
41(25%)

40(33-47)
69(52-86)

0.04 0.5 (0.3-0.9); 0.02

Liver metastases

Number Solitary
Multiple

73(44%)
92(56%)

50(22-77)
41(31-52)

0.02 1.2 (1.06-1.4); 0.006

Site of BCLM Unilobar
Bilobar

95(59%)
67(41%)

58(39-77)
34(22-46)

0.01 1.04 (0.6-2); 0.9

Largest size <5 cm
≥ 5cm

128(78%)
36(22%)

45(30-60)
36(5-69)

0.8 NA

Cumulative size <5 cm
≥ 5cm

93(57%)
69(43%)

50(32-67)
36(25-47)

0.07 1.3 (0.7-2.2); 0.4

Presentation of BCLM Synchronous
Metachronous

35(21%)
132(79%)

NR
42(30-53)

0.1 NA

Time interval of breast cancer diagnosis 
to BCLM diagnosis

<5 years
≥ 5 years

100(70%)
42(30%)

42(34-49)
58(30-87)

0.1 NA

Continuous variables are reported as median (IQR) and continuous variables as number; BCLM: Breast cancer liver metastasis; CI: Confidence 
interval; OR: Odds ratio; NR - not reached.
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