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Abstract

Introduction: The role of surgery for breast cancer liver metastases (BCLM) remains
controversial. This study aimed to analyze survival in patients treated with hepatectomy plus
systemic therapy or systemic therapy alone for BCLM and to determine selection factors to guide
surgical therapy.

Materials and Methods: Patients who underwent hepatectomy plus systemic therapy (n=136)
and systemic therapy alone for isolated BCLM (n=763) were compared. Overall survival (OS) was
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analyzed after propensity score matching. Intrinsic subtypes were defined as: luminal A (estrogen
receptor [ER]+ and/or progesterone receptor positive [PR]+, human epidermal growth factor
receptor 2 [HER2]-), luminal B (ER and/or PR+, HER2+), HER2-enriched (ER and PR-,
HER2+), and basal-like (ER, PR, HER2-).

Results: After hepatectomy, independent predictors of poor OS were number and size of liver
metastases, and intrinsic subtype (hazard ratios, 1.11, 1.16, and 4.28, respectively). Median OS
was 75 and 81 months among patients with luminal B and HER2-enriched subtypes, compared
with 17 and 53 months among patients with basal-like and luminal A subtypes (/A<.001). Median
progression-free survival (PFS) was 60 months with the HER2-enriched subtype, compared with
17, 16, and 5 months with luminal A, luminal B, and basal-like subtypes, respectively (£<.001).
After propensity score matching, 5-year OS rates were 56% vs. 40% in the surgery vs. systemic
therapy alone groups (P=.018).

Conclusion: Surgical resection of BCLM yielded higher OS compared with systemic therapy
alone and prolonged PFS among patients with the HER2-enriched subtype. These findings support
the use of surgical therapy in appropriately selected patients, based on intrinsic subtypes.
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INTRODUCTION

Breast cancer is the leading cause of cancer-related mortality among women worldwide.
Most deaths in breast cancer are caused by distant metastases, which occur in approximately
20% of all patients with breast cancer [1]. Up to 70% of patients with metastatic breast
cancer develop liver metastases, which represent a frequent source of morbidity and
mortality [2]. Systemic therapy is the mainstay of treatment for metastatic breast cancer, and
advances in cytotoxic chemotherapy and hormonal therapy have led to substantial
improvements in survival. Indeed, median overall survival (OS) for metastatic breast cancer
has nearly tripled from 13 months in 1985 to 33 months in 2016 [3].

The liver represents the sole site of distant metastases in 10% of patients; thus, liver
resection has had a limited role in treatment [4, 5]. Prior studies have shown conflicting
results on the survival benefit of hepatic resection for metastatic breast cancer isolated to the
liver [6, 7]. Traditional prognostic factors used to select patients for surgical therapy have
included size and number of liver metastases [8, 9]. Beyond these anatomical prognostic
factors, molecular classifications have been established in metastatic breast cancer that
predict response to therapy and survival [10]. Intrinsic subtypes, defined by gene expression
profiling, are used to stratify prognosis and guide systemic therapy [10, 11]. Due to the
higher cost and limited availability of molecular profiling, immunohistochemical
classification of intrinsic subtypes by estrogen and progesterone receptor (PR) and human
epidermal growth factor receptor 2 (HER2) status is recommended to approximate intrinsic
subtypes [12-14]. The purpose of this study was to compare the survival outcomes of
patients with breast cancer liver metastases (BCLM) treated with hepatic resection plus
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systemic therapy or systemic therapy alone by using a propensity score analysis and to
assess the role of intrinsic subtypes in the selection of patients for hepatic resection.

2 MATERIALS AND METHODS

2.1 Database and Patient Population

Patients diagnosed with BCLM from April 1997 to December 2016 were identified from
prospectively managed Breast Medical Oncology and Surgical Oncology institutional
databases at The University of Texas MD Anderson Cancer Center. Patients with unknown
hormone receptor status and those who underwent liver ablation only were excluded. Among
patients treated with systemic therapy alone, those with non-osseous extrahepatic metastases
were excluded. Clinical tumor stage was determined at presentation by physical examination
and standard-of-care imaging modalities. Synchronous BCLM were defined as liver
metastases diagnosed within 6 months after the primary breast cancer [6]. The number of
BCLM and size of the largest metastasis were evaluated at the time of diagnosis of BCLM
and from the surgical pathology report for patients undergoing hepatic resection. Major
hepatectomy was defined as resection of 3 or more contiguous Couinaud liver segments
[15].

Tumor stage was determined using the seventh edition of the American Joint Committee on
Cancer guidelines [16]. Systemic treatment in the metastatic setting was prescribed
according to physician’s choice and/or enrollment in clinical trials. Response to systemic
therapy was classified according to RECIST, version 1.1 [17].

This study was approved by the MD Anderson Cancer Center Institutional Review Board
with a waiver of individual informed consent.

2.2 Assignment of Intrinsic Subtype

Intrinsic subtype classification was based on hormone receptor and HER2 status as
previously reported: luminal A (estrogen receptor [ER] and/or PR+, HER2-), luminal B (ER
and/or PR+, HER2+), HER2-enriched (ER and PR-, HER2+), and basal-like (ER, PR,
HER2-) [18-20].

ER, PR, and HER?2 status of tumors was determined by immunohistochemical analysis or
fluorescence in situ hybridization using institutional laboratory thresholds and following
standard current guidelines [21, 22]. When the hormone receptor or HER2 status was
discordant between the primary tumor and BCLM, the BCLM status was used for analysis.

2.3 Statistical Analysis

Categorical variables were compared using the chi-square test, and continuous variables
were compared using the Mann-Whitney test. OS was calculated from date of liver
metastasis diagnosis or metastasectomy to the date of death or last follow-up. Progression-
free survival (PFS) was calculated from date of liver metastasectomy to date of first disease
relapse, death, or last follow-up. OS and PFS rates were estimated using the Kaplan-Meier
method, and group comparisons performed by the log-rank test. Univariable and
multivariable Cox proportional hazards regression models were assessed to determine
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factors associated with survival. Pvalues < .05 were considered statistically significant; all
tests were two-sided.

Propensity score analysis was performed to control for potential confounding factors and
selection bias between patients who underwent surgery versus systemic therapy alone.
Patients with incomplete data on systemic therapy regimens and lack of available cross-
sectional imaging before and after first-line systemic therapy were excluded. From the
systemic therapy alone group, patients with more than 10 or technically unresectable liver
metastases and follow-up time < 1 year were excluded. A logistic regression model that
predicts the probability of undergoing hepatic resection was constructed and used as the
propensity score. The following variables were used for matching: primary tumor stage,
grade, and histology; ER, PR, and HER2 status, resected primary tumor, BCLM number,
size, and year of diagnosis; synchronous BCLM, and best RECIST response to first-line
systemic therapy. A 1-to-1 matching (without replacement) by propensity score was
performed using nearest neighbor method with a caliper width equal to 0.2 standard
deviations. The balances of matched covariates were evaluated with standard differences.

All statistical analyses were performed using SPSS statistical software (Windows version
24.0; IBM Corp., Chicago, IL).

3 RESULTS

3.1 Patient Population

Table 1 shows patient and tumor characteristics of 136 patients who underwent resection of
liver metastases plus systemic therapy and 763 patients treated with systemic therapy alone
for isolated liver metastases from breast cancer. All patients were female. Among the 136
patients in the surgery group, 31 patients had metastases at extrahepatic sites, including bone
(n=18), abdominal lymph nodes (n = 8), lung (n = 3), stomach (n = 1), and contralateral
supraclavicular lymph node (n = 1). Median follow-up from date of liver metastasis
diagnosis was 57 months (range, 9 to 229 months) in the surgical group and 18 months
(range, 0 to 213 months) in the systemic therapy alone group.

3.2 Hormonal Status

In the liver resection group, 43 of the 47 patients with HER2-positive cancers received
HER2-directed therapy. Twenty-two patients had change in receptor status between the
breast primary and liver metastases. The most frequent receptor conversion was PR status
from positive to negative in 13 patients.

3.3 Recurrence after Liver Resection

After liver resection, 103 of the 136 patients (76%) suffered disease relapse after median of
14 months (range, 1 to 89 months). The most common sites of recurrence were liver-only (n
= 52), liver and extrahepatic site (n = 15), bone (n = 10), and brain (n = 9).
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3.4 Survival

In the surgical group, 5-year and median OS rates from date of BCLM diagnosis were 53%
and 69 months (range, 55 to 83 months). From date of liver metastasectomy, 5-year and
median OS rates were 45% and 57 months (range, 47 to 68 months). In the non-surgical
group, 5-year and median OS rates from date of BCLM diagnosis were 21% and 28 months
(range, 25 to 31 months).

Variations in univariable hazard ratios for OS and PFS after hepatic metastasectomy were
analyzed (Figure 1). HER2 positivity was significantly associated with improved OS (P
=.01) and PFS (P=.001). The basal-like subtype was strongly associated with OS and PFS,
with hazard ratios of 3.89 and 2.83 compared with the luminal A subtype (P < .001).

On multivariable analysis, independent factors for OS were number of liver metastases (HR,
1.11; 95% ClI, 1.01 to 1.22; P=.024), size of liver metastases (HR, 1.16; 95% ClI, 1.01 to
1.32; P=.032), and intrinsic subtype (HR 4.28; 95% Cl, 2.44 to 7.51; P< .001).
Independent factors for PFS were number of liver metastases (HR, 1.16; 95% CI, 1.05 to
1.28; P=.003) and intrinsic subtype (HR, 3.42; 95% ClI, 1.96 to 5.97; £<.001).

Figure 2 summarizes OS and PFS rates according to intrinsic subtypes. Among patients
undergoing surgery, median OS after hepatic metastasectomy was 81 months (95% ClI, 40 to
122 months) among the 25 patients with HER2-enriched tumors and 75 months (95% Cl, 41
to 109 months) among the 22 patients with luminal B tumors, compared with 53 months
(95% Cl, 42 to 64 months) among the 62 patients with luminal A tumors and 17 months
(95% Cl, 12 to 22 months) among the 23 patients with basal-like tumors (P < .001; Figure
2A). Similar results were observed for OS from date of BCLM diagnosis (Figure 2B).
Median PFS was 60 months (95% ClI, 9 to 111 months) with HER2-enriched tumors,
compared with 17 months (95% ClI, 12 to 22 months) luminal A, 16 months (95% ClI, 0 to
40 months) luminal B, and 5 months (95% CI, 3 to 7 months) basal-like (P < .001; Figure
2C).

Among patients treated with systemic therapy alone for isolated liver metastases, median OS
was 48 months (95% Cl, 29 to 67 months) among the 106 patients with luminal B tumors,
compared with 30 months (95% ClI, 26 to 34 months) among the 374 patients with luminal
A tumors, 30 months (95% ClI, 25 to 35 months) among the 122 patients with HER2-
enriched tumors, and 15 months (95% ClI, 12 to 18 months) among the 161 patients with
basal-like tumors (P < .001; Figure 2D).

3.5 Propensity Score Matching Analysis

Analysis was performed of patients who had complete data on systemic therapy regimens
and cross-sectional imaging before and after first-line systemic therapy available. The
unmatched data set comprised 110 of the 136 patients treated with hepatic resection and 113
of the 763 patients treated with systemic therapy alone. Among the unmatched cohort,
patients treated with systemic therapy alone were more likely to have higher grade primary
tumors and more liver metastases (Table 2). After propensity score matching, 72 (53%)
patients who underwent liver resection and systemic therapy were matched with 72 (64%)
patients who received systemic therapy alone. Distribution of baseline covariates was
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adequately balanced in the matched data set. Patients who underwent surgery for BCLM
demonstrated a statistically significant survival benefit, with 5-year OS of 56% versus 40%
with medical therapy alone (P=.018; Figure 3).

4 DISCUSSION

Metastatic breast cancer is considered an incurable disease with median and 5-year OS rates
of 3 years and 25% [23]. Systemic therapy is the mainstay of treatment with goals of
prolonging survival and palliating symptoms. A small subset of patients have oligometastatic
disease confined to the liver, and retrospective series of hepatic resection have reported 5-
year OS rates of 50% to 54% [4, 7]. However, matched cohort studies comparing outcomes
after hepatic resection versus systemic therapy alone have shown discordant results [4, 6].
Thus, the role of surgery in the management of isolated BCLM remains controversial. The
survival outcomes reported in retrospective surgical series may reflect patient selection
rather than a therapeutic benefit of surgery. To reduce patient selection bias, we performed
propensity score matching by the probability of undergoing hepatic resection. Other
selection criteria for the systemic therapy alone group were follow up time = 1 year and
availability of cross-sectional imaging before and after first-line therapy to assess response.
In our matched analysis, hepatic resection plus systemic therapy was associated with higher
5-year OS of 56% compared with 40% among patients treated with systemic therapy alone.

Traditionally, patient selection for hepatic resection has been guided by anatomical and
temporal factors, including size and number of liver metastases, disease-free interval, and
absence of extrahepatic disease [8, 9]. In addition, response to systemic therapy has been
shown to be an important prerequisite for liver resection [24, 25]. Previously, we showed
that response to systemic therapy, measured histologically by the residual tumor thickness at
the tumor-normal tissue interface in resected liver metastases, correlated with recurrence-
free survival after BCLM resection [26]. Importantly, all patients in this study, including
those in the hepatectomy group, received systemic therapy. Improvements in survival are
attributable to the increased efficacy of systemic treatment, particularly targeted therapies for
HER2-positive disease. In this study, response to systemic therapy was included as a
variable for propensity score matching, and most patients in both the surgery and non-
surgery groups demonstrated partial or complete response to first-line therapy.

A secondary objective of this study was to assess biologic factors to guide selection of
patients for surgical therapy. Intrinsic subtype was strongly predictive of OS and PFS after
BCLM resection. Patients with luminal B and HER2-enriched subtypes had median OS rates
exceeding 6 years, compared with 53 months in patients with the luminal A subtype. Despite
the prolonged OS, 76% of all patients suffered disease relapse after hepatic resection, and
most recurrences involved the liver, with or without extrahepatic disease. Importantly,
patients with the HER2-enriched subtype achieved a durable median PFS of 60 months.
Outcomes were poor after hepatic resection for patients with the basal-like subtype, with a
hazard ratio for death of 3.89. These data support resection of BCLM for patients with
HER2-enriched and luminal B subtypes but not the basal-like subtype. Selection of patients
with luminal A tumors, the most prevalent subtype, should be made on an individual basis.
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The survival advantage with hepatic resection observed in HER2-positive disease is relevant
because HER2 positivity has been shown to confer tropism of breast cancer cells to the liver
[2, 27]. Furthermore, HER2-enriched is the most prevalent subtype among patients whose
metastatic disease is isolated to the liver [18]. Comparing unmatched cohorts in our study,
the survival benefit with surgery was greatest among patients with HER2-enriched tumors,
whose median OS rates were 81 and 30 months, with and without surgery, respectively. In
earlier-stage breast cancer trials, the HER2-enriched subtype predicted complete pathologic
response to HER2 blockade [28, 29]. The higher response with HER2-positive, hormone
receptor-negative tumors is attributed to high expression of epidermal growth factor receptor
and/or HER?2 pathway genes. In addition, potential crosstalk between HER2 and hormone
receptor pathways may lead to resistance to targeted therapies in hormone receptor-positive
disease [30, 31]. Extrapolating from early stage breast cancer to BCLM, we hypothesize that
the prolonged PFS in the HER2-enriched subtype reflects the additive effects of surgical
removal of macroscopic disease and suppression of micrometastases through HER2
blockade.

This study has several limitations. First, immunohistochemical surrogates were used to
classify intrinsic subtypes. Given the limitations of microarray-based gene expression
studies in routine clinical practice, the combination of hormone receptors and HER2 status is
recommended to approximate molecular subtypes [14]. Second, receptor profiles of both the
primary breast cancer and liver metastases were not analyzed in every patient. Although
discordant expression of receptor profiles is observed, the biology of the primary tumor is
mostly preserved in distant metastases [18, 32]. Third, propensity score matching after
stratifying by intrinsic subtypes was not performed. The sample size in the matched analysis
was small, and the prognostic significance of intrinsic subtypes in the matched cohorts was
not evaluated. However, rates of hormone receptor and HER2 positivity were similar
between the matched surgery and non-surgery groups. Lastly, this study does not present
randomized data, and propensity score matching does not eliminate the selection bias for
patients with better biology and performance status to undergo hepatic resection.

5 CONCLUSIONS

In a propensity score matched analysis, liver resection following systemic therapy was
associated with a survival advantage over systemic therapy alone for isolated BCLM. In
particular, patients with the HER2-enriched subtype had durable PFS after surgery. These
results suggest that, similar to systemic therapy, surgical therapy for BCLM should be
guided by intrinsic subtypes, with liver resection considered for HER2-enriched and luminal
B subtypes and avoided in patients with basal-like tumors.
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Forest plot of hazard ratios (HR) for survival according to primary tumor, liver metastases,
and intrinsic subtypes. (A) Overall and (B) progression-free survival after liver
metastasectomy. *Luminal A subtype acts as the referent group. Cl = confidence interval;
ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth

factor receptor 2.
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Survival outcomes according to intrinsic subtypes. Among surgically treated patients, overall
survival from date of (A) surgery and (B) liver metastases diagnosis; (C) progression-free
survival. (D) Overall survival among patients treated with systemic therapy alone for
isolated breast cancer liver metastases. HER2 = human epidermal growth factor receptor 2.
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Survival after propensity score matching. Overall survival outcomes of patients after liver
resection versus systemic therapy alone for breast cancer liver metastases.
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TABLE 1.
Patients” Demographic and Clinical Characteristics
Variable Systemic therapy | Systemic therapy and P
alone (n = 763) surgery (n = 136)
Age at diagnosis of liver metastases, years, median (range) 52 (20-92) 49 (26-71) .025
Menopausal status at diagnosis of liver metastases 1.00
Pre 343 (45) 61 (45)
Post 420 (55) 75 (55)
Median body mass index, kg/m2 (range) 26 (14-570 25 (18-45) .16
Race / ethnicity 044
Non-Hispanic white 579 (76) 108 (79)
Hispanic 56 (7) 12 (9)
Black 89 (12) 5 (4)
Asian 28 (4) 7 (5)
Other or more than one 11 (1) 4(3)
ethnicity
Primary Breast Cancer
T status <.001
Tx 24.(4) 4(3)
T1 254 (42) 34 (26)
T2 234 (39) 65 (49)
T3 59 (10) 19 (14)
T4 29 (5) 11 (8)
N status .011
NO 228 (38) 40 (30)
N1 251 (42) 49 (37)
N2 74 (12) 23 (17)
N3 49 (8) 21 (16)
Histology 13
Ductal 684 (90) 122 (90)
Lobular 33 (4) 10 (7)
Mixed ductal-lobular 28 (4) 4(3)
Other 18 (2) 0
Grade .001
1 11 (2) 4(3)
2 209 (30) 57 (46)
3 483 (69) 64 (51)
Estrogen receptor status positive 454 (60) 88 (65) .25
Progesterone receptor status positive 341 (45) 51 (38) 12
Human epidermal growth factor receptor 2 status positive 242 (32) 47 (36) .38
Triple-negative breast cancer 161 (21) 23 (17) .33

Liver Metastases
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Variable Systemic therapy | Systemic therapy and P
alone (n =763) surgery (n = 136)
Time interval between diagnosis of primary breast cancer and liver metastases in 16 (0-289) 19 (0-305) 91
months
Synchronous presentation 248 (33) 56 (41) .049
Median number, by pathology (range) — 1(0-14) —
Size of largest metastasis in cm by pathology, median (range) — 2.2 (0-8) —
Year of diagnosis .001
1997-2003 182 (24) 38 (28)
2004-2009 232 (30) 58 (43)
2010-2016 349 (46) 40 (29)
Type of surgery — —
Major hepatectomy 57 (42)
Minor hepatectomy 79 (58)
Liver resection margin — —
Negative 114 (84)
Positive 22 (16)

Data are presented as No. (%) unless indicated otherwise.

The following data are missing in surgical group: T status (n = 3), N status (n = 3), tumor grade (n = 11), HER2 status (n = 4).

The following data are missing in non-surgical group: T status (n = 163), N status (n = 161), tumor grade (n = 60).
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