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Abstract

BACKGROUND—The oncologic benefit of resecting liver metastases in breast cancer patients is
unclear. This study was performed to identify predictors of survival after hepatectomy.

METHODS—From 1997-2010, 86 patients underwent resection of breast cancer liver metastases
(BCLM). Clinicopathologic characteristics of the primary tumor, timing of metastasis
development and treatment were recorded. Response to pre-hepatectomy chemotherapy was
evaluated according to RECIST criteria, and the best response to chemotherapy during treatment
and the response immediately before hepatectomy were noted. Univariate and multivariate
analyses were performed to identify predictors of disease-free (DFS) and overall survival (OS).

RESUL TS—Fifty nine patients (69%) had estrogen (ER) or progesterone receptor (PR) positive
primary tumors. Fifty-three patients (62%) had a solitary BCLM, and 73 (85%) had BCLM <5 cm.
Sixty five patients (76%) received pre-hepatectomy hormonal and/or chemotherapy. Four patients
(6%) had progressive disease (PD) as best response and 19 patients (30%) had PD prior to
hepatectomy (p < 0.001). 70% of patients who received pre-operative chemotherapy or hormonal
therapy demonstrated either response or stable disease immediately prior to hepatectomy. No post-
operative deaths were observed. At a 62 month median follow-up, the DFS and OS were 14 and
57 months, respectively. On univariate analysis, primary tumor ER/PR status, best radiographic
response, and preoperative radiographic response were associated with OS. On multivariate
analysis, ER-negative primary disease (p=.009, HR 3.3, 95% CI: 1.4-8.2) and preoperative PD
(p=.003, HR 3.8, 95% CI: 1.6-9.2) were associated with decreased OS.

CONCLUSIONS—Resection of BCLM in patients with ER positive disease that is responding to
chemotherapy is associated with improved survival. The timing of surgical intervention is critical;
resection before progression is associated with better outcome.
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INTRODUCTION

Breast cancer is one of the most common malignancies in women, and with nearly 40,000
deaths attributable to the disease in 2010, it represents the second highest cause of cancer
mortality in women in the United States!. Because death is due primarily to metastatic
spread, strategies to treat extra-mammary disease are of utmost importance and interest.
Along with bone and lung, the liver represents a common site of metastatic disease. In
contrast to hepatic colorectal metastases, surgery for liver metastases from breast cancer is
often not considered as a therapeutic option due to systemic disease involving multiple sites.
Therefore, the majority of patients with hepatic metastases are treated with systemic
chemotherapy without surgical intervention. The evolution of chemotherapeutic agents has
resulted in improved survival for many patients with metastatic disease? 3. However, even
in cases of significant response, definitive cure of breast cancer metastatic to the liver is
rarely achieved using systemic chemotherapy alone.

Due to this lack of curative effectiveness by chemotherapeutic regimens, there continues to
be interest in surgical intervention for appropriately selected patients. While extended
survival in this patient population is unusual, surgical extirpation has been associated with
long-term survival 46 and 5-year survivors of resection of breast cancer liver metastases
(BCLM) have been reported’-12. The clinical challenge has been to discern preoperatively
which patients will experience long-term survival following hepatic metastasectomy from
those who will experience recurrence early in their post-operative course, mitigating the
potential benefits of surgery.

Previous studies reporting on hepatic metastasectomy have suggested that patients with a
long (>2 year) disease-free interval between treatment of the primary tumor and diagnosis of
liver metastases, favorable tumor marker status, response to chemotherapy and negative
margins at hepatectomy are all favorable prognostic factors in patients with metastases to the
liver? 13-16_ These small studies included patients with various different primary
malignancies, and in many cases the breast cancer cohort within the overall study group was
quite modest. In 2004 we published The University of Texas MD Anderson Cancer Center
experience with resection of liver metastases from breast cancer in 31 patients, and while we
reported encouraging survival data, we were not able to define specific patient or tumor
variables that predicted for improved outcomes?’.

The current study was undertaken to update our institutional experience with resection for
BCLM. The primary aims were to document overall and disease free-survival in our patient
population and to identify predictors of survival that could be assessed pre-operatively to
optimize patient counseling, risk/benefit analyses and outcome.

PATIENTS AND METHODS

Patient selection

Women undergoing hepatic resection for pathologically confirmed BCLM between 1997
and 2010 at MD Anderson were prospectively entered into a database. Patients with extra-
hepatic disease that was treated, and deemed stable or improving, were included. Patients
with hepatic disease deemed unresectable on the basis of pre-operative three-dimensional
imaging or intra-operative evaluation were excluded. Radiofrequency ablation (RFA) was
considered as definitive therapy, and these patients were included in the final analysis if
RFA was used in conjunction with resection; cases of RFA only were not included. The
study was approved by the MD Anderson Institutional Review Board.
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Response to pre-operative systemic therapy

Demographic information, tumor specific variables, clinical outcomes, and imaging
characteristics from each patient were reviewed. Synchronous disease was defined as
hepatic metastases diagnosed at the time of the primary breast tumor. Metachronous disease
was defined as hepatic metastases diagnosed after completion of therapy for the primary
breast tumor. When chemotherapy was administered prior to hepatic resection, computed
tomography or magnetic resonance imaging was performed every 3-4 cycles and
immediately prior to surgical intervention. Radiographic responses of liver metastases were
measured, not of the primary tumor or extra-hepatic disease. The Response Criteria in Solid
Tumors (RECIST) criteria as outlined by the World Health Organization was used to
characterize radiologic response to chemotherapy. RECIST definitions are as follows:
complete response (CR) is 100% decrease in maximum diameter of lesion, partial response
(PR) is 230% decrease in maximum diameter of lesion, progressive disease (SD) is = 20%
increase from maximum response in lesion, and stable disease (SD) is neither PR or PD18,
Best RECIST response was defined as the best interval radiographic response between any
two 3-dimensional imaging studies, while preoperative RECIST response was defined as the
radiographic response observed immediately prior to resection of BCLM.

Surgical procedure

All operations were performed with curative intent. Radiofrequency ablation was rarely
used, but employed in conjunction with hepatic resection for small tumors not otherwise
resectable (i.e. tumor in a small liver remnant). Intra-operative ultrasound was carried out to
define the portal and hepatic vein anatomy and its relationship to the metastases. Major
hepatic resections were defined as those in which 3 or more Couinaud segments were
removed. Surgical specimens were evaluated for size, grade, margin, and hormone receptor
status (both the primary tumor and the metastasis were assessed when possible). Post-
operative mortality was defined as death within 30 days of hepatectomy. Complications
were divided into minor (requiring no invasive intervention) and major (invasive maneuver
required for resolution).

Statistical analysis

Continuous variables were expressed as mean (standard deviation) or median (range) and
categorical variables as number and frequency. SPSS statistical software v17.0 (SPSS, Inc.,
Chicago, IL) was used for all statistical analyses. Overall survival (OS) and disease-free
survival (DFS) were calculated from the date of surgery to date of death or recurrence,
respectively. OS and DFS curves were calculated using the Kaplan-Meier method and
differences between patient subgroups were compared using the log-rank test. Univariate
analysis was performed to assess the following variables for their association with OS and
DFS: age>50, administration of neoadjuvant therapy for breast cancer, breast surgery type,
pre-hepatectomy hormonal and chemotherapy, post-hepatectomy hormonal and
chemotherapy, administration of trastuzumab as adjuvant therapy following breast surgery
or before metastasectomy, tumor histology, primary tumor status, nodal status, metastasis
sites and number, tumor grade, hormone receptor status, timing of detection of liver
metastasis, number of liver metastases pre-operatively, maximal metastasis size >5 cm,
hormone receptor status of metastasis, hepatic resection type, hepatectomy margin, best
RECIST response to chemotherapy, immediate pre-operative RECIST response to
chemotherapy, and sites of extra-hepatic disease. All patients receiving trastuzumab were
treated after FDA approval in 1998. A p-value of <.05 was considered statistically
significant. Clinicopathologic variables that were unknown were not included in the
analysis. Clinically and/or statistically significant variables were included in multivariate
analysis and evaluated by backward stepwise Cox regression analysis for OS.
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RESULTS

Breast tumor characteristics

Eighty six patients were identified that underwent hepatic resection for BCLM from
1997-2010. All 86 patients were female, and a majority of the patients, 52(60%), were 50
years of age or younger (Table 1). Mastectomy was performed in 60 (70%) patients and 26
(30%) underwent breast-conserving surgery for treatment of their primary tumor. The
majority of the primary tumors were T1 or T2 (76%) and NO or N1 (62%). There were 27
(31%) patients who had M1 disease at the time of diagnosis of their primary breast tumor.
Nearly 90% of the primary tumors were infiltrating ductal carcinoma. Most tumors were
poorly differentiated (53%), and most tumors were positive for estrogen receptor (ER) and/
or progesterone receptor (PR) (69%). A total of 32 (37%) patients had tumors that were
identified as HER-2/-neu (HER2) positive; 15 of these patients had synchronous BCLM,
while 17 had metachronous disease. Of the 15 patients with HER2-positive tumors and
synchronous BCLM, 14 received neoadjuvant chemotherapy with trastuzumab. Of the 17
patients diagnosed with metachronous BCLM, 13 received chemotherapy prior to
hepatectomy, and trastuzumab was included in the regimen in 10 (77%) patients.

Characteristics of the liver metastases and hepatic metastasectomy

The majority (62%) of the BCLM were solitary, and most (85%) were 5 cm or smaller.
Sixty two percent of the hepatic resections were major (= 3 Couinaud segments). The mean
estimated blood loss was 211.5 ml, and the mean length of hospital stay was 6.2 days (Table
2). There was no post-operative mortality. Complications occurred in 18 of 86 patients for
an overall rate of 21%. Of these, two were related to anesthesia (pneumothorax after central
line placement and cerebrospinal fluid leak following epidural removal). Thirteen
complications were minor and required no invasive intervention. Three complications
required invasive diagnostic or therapeutic maneuvers for definitive treatment (percutaneous
drain/ERCP or chest tubes). Of the patients who had their liver metastases evaluated by
immunohistochemistry, 74% had metastases positive for ER, 39% had metastases positive
for PR, and 38% had metastases positive for HER2. The resection margins were
microscopically negative (RO) in 90% of the patients and microscopically positive (R1) in
9%. There was 1 case of a macroscopically positive resection margin (R2). A total of 65
(76%) of the patients received chemotherapy and/or hormonal therapy prior to hepatectomy.
Of the 32 patients with HER?2 positive disease, 24 (75%) were treated with trastuzumab
prior to hepatectomy.

Imaging characteristics

For patients who received pre-hepatectomy chemotherapy, hepatic metastases were assessed
radiographically following each course of treatment. Best response was complete response
in 10 patients (16%), partial response in 39 (62%), stable disease in 10 (16%) and
progressive disease in 4 (6%). To better characterize tumor response to chemotherapy just
prior to surgery, RECIST response immediately preceding surgery was identified, regardless
of RECIST responses recorded previously. Responses were generally less favorable when
compared to best RECIST response. Only 4 patients (6%) had a complete response
immediately before hepatectomy, while 19 (30%) had progressive disease.

Overall and disease-free survival data

The median follow-up time was 62 months (range 0.3-100). Median DFS for all patients was
14.2 months and median actuarial OS was 57 months. Factors found to be associated with
DFS on univariate analysis are listed in table 3. Partial response as best response and partial
response immediately before hepatectomy were associated with significantly extended DFS
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(31.1 and 48.8 months, respectively). Progressive disease immediately prior to hepatectomy
portended shorter DFS (median 6.4 months versus 26.3 months for those without
progressive disease before surgical intervention) (P=.001). Patients with ER positive
primary tumors had significantly longer median DFS than those with ER-negative primary
tumors (19.8 versus 7.8 months, P=.031).

Factors determined to be associated with OS on univariate analysis are shown in table 4.
Similar to DFS, patients with a partial response to chemotherapy as best response and a
partial response immediately before hepatectomy were associated with improved OS.
Patients with a partial response to chemotherapy had a median survival of nearly 80 months,
compared to approximately 30 months for patients with less than a partial response. Patients
with progressive disease immediately prior to hepatectomy had a median survival of 22.9
months compared to 79.4 months for those with at least a partial response (P<.001) (Figure
1). Likewise, patients with ER-positive and those with PR-positive primary tumors had
median OS of 76.8 and 61.8 months, respectively, while patients with primary tumors
negative for both ER and PR had a median OS of only 28.3 months. Figure 2 demonstrates
the survival curves for patients based on ER status. Patients who underwent RO resection
had a median OS of 57 months, versus 33.6 months for those with R1 or R2 resections (P=.
17). For patients with metachronous BCLM, a disease-free interval of greater than two years
was associated with significantly longer OS (100.7 versus 47.5 months, p<.001). Finally, in
the cohort ofHER2 positive patients, those treated with trastuzumab demonstrated a longer,
but not statistically significant, OS of 74.2 versus 64.6 months (p=.17).

On multivariate analysis (Table 5), two factors were significantly associated with decreased
OS: ER-negative primary tumor (hazard ratio [HR] 3.3; 95% confidence interval [CI]
1.4-8.2, P=.009) and disease progression immediately before hepatectomy (HR 3.8; 95% CI
1.6-9.2, P=.003).

DISCUSSION

To our knowledge this study represents the largest single-institution experience to date of
hepatic resection for patients with BCLM, and our data demonstrate that metastasectomy for
BCLM is safe and associated with prolonged survival in selected patients. There were no
post-operative deaths in our series and the patients experienced an acceptable rate of
complications (21%). Additionally, we found that assessment of tumor response in the
hepatic metastases with cross-sectional imaging just prior to resection was the strongest
predictor of survival.

In our study, women with BCLM undergoing hepatic resection demonstrated a 43.6% 5-year
actuarial OS rate. Those with ER and/or PR-positive tumors had improved OS, confirming
the findings of previous investigators®. This is consistent with other reports suggesting a
survival advantage in hormone receptor positive breast cancer, due to both favorable tumor
biology and the administration of hormonal therapy. Of note, a majority of the patients in
our study cohort did not receive hormonal therapy prior to surgical intervention for their
liver metastases even though a majority of patients (69%) were candidates for such an
approach-i.e., their primary tumor and/or metastatic disease were positive for ER and/or
PR. We would therefore hypothesize that a more liberal use of pre-operative hormonal
therapy in these patients could further improve the survival outcomes in patients undergoing
resection of BCLM.

During the timeframe of our study there was a change in management of patients with
HER2-positive disease. Specifically, trastuzumab became used routinely for the treatment of
metastatic disease in those with HER2-positive tumors in 200119, Of the 32 patients that had
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HER2-positive disease, 24 (75%) received trastuzumab therapy after diagnosis of BCLM
and prior to hepatectomy. Of these 24 patients, 11 (46%) demonstrated a pathologic
complete response (CR) in the liver. While this rate is not as high as the 60% pathologic CR
rate reported for treatment of primary breast tumors with concurrent chemotherapy and
trastuzumab in the neoadjuvant setting, the results are striking and confirm previous reports
of the efficacy of trastuzumab for HER2-positive disease in the metastatic setting19-21,
Additionally, we noted that these patients had longer survival on univariate analysis—79
versus 52 months, although this did not reach statistical significance (p=.17) This may be
due in part to the relatively small number of patients with HER2-positive disease receiving
trastuzumab that were included in the current study. We would expect that if more patients
with HER2 positive disease were included in the analysis, this would result in a statistically
significant survival advantage.

Importantly, the most reliable predictor of survival in patients undergoing resection of
BCLM was radiologic response of liver metastases to chemotherapy immediately prior to
surgical intervention. A majority of patients undergoing resection for BCLM do receive
chemotherapy prior to resection, and many patients demonstrate an objective response.
However, some patients develop chemoresistance and progress following their initial
response 2223, In our series, the cohort of patients who underwent resection following
progression of disease seen on imaging experienced shortened survival. The poor outcome
observed in this group of patients indicates the need for careful evaluation of response to
chemotherapy and consideration for alternate treatment strategies. The timing of hepatic
resection is critical and it is important for the surgeon to choose the optimal window of
opportunity for surgical resection, before evidence of disease progression in the liver. If
patients demonstrate a radiographic response to chemotherapy and/or hormonal therapy, we
recommend continuing pre-hepatectomy systemic therapy. When metastases no longer
demonstrate radiographic response, hepatectomy should be considered.

Our study has several limitations that are inherent to a retrospective analysis of a
prospectively collected database. This study was limited to a cohort of patients undergoing
surgical intervention and therefore represents a highly selected population; 86 patients met
selection criteria for this study, while approximately 2000 patients with stage IV breast
cancer were treated at MD Anderson during the same time period. We did not compare this
cohort who had operative intervention with a matched patient population receiving
chemotherapy only. Such an approach is not feasible, as a majority of patients with limited,
resectable hepatic disease will be referred for surgical resection, and finding a truly
“matched” cohort of patients treated with only chemotherapy would be difficult. In the
absence of a prospective, randomized trial-which is unlikely for this relatively rare and
heterogeneous patient population— findings such as those presented in this large series serve
as the best available data.

When evaluating patients with BCLM for hepatic resection, surgeons must use multiple
criteria to determine appropriate operative candidates. In the setting of multi-modality
treatment, surgical resection should be viewed as complementary to chemotherapy and/or
hormonal therapy. To maximize survival and minimize unnecessary surgical morbidity, our
study suggests that hormone receptor status, response to systemic therapy and timing of
operative intervention are critical factors that must be taken into account.
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Figure 1.
Overall actuarial survival based on immediate pre-operative progression of hepatic disease
by RECIST criteria.
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Table 1

Breast cancer specific clinicopathologic data of 86 patients undergoing hepatic resection for breast cancer liver

metastases (BCLM); ER=estrogen receptor, PR=progesterone receptor)

Variable

Age, years
<50
>50
Tumor histology
Infiltrating ductal carcinoma

Infiltrating lobular carcinoma

Mixed tumor
Primary tumor status
T1-2
T3-4
Nodal status
NO/1
N2/3
Metastasis status at breast cancer diagnosis
MO0
M1
Timing of detection of liver metastasis
Synchronous
Metachronous
Grade
1
2
3
Neoadjuvant therapy prior to breast surgery
Yes
No

Breast surgery type
Breast conserving surgery
Mastectomy
Hormone receptor status
ER and/or PR+
ER-/PR -
Unknown
Her-2/-neu status

Positive
Negative

Unknown

No. of
patients
(n=86)

52
34

73

61
19

52
32

58
27

25
61

26
34

28
58

26
60

59
21

32
40
14

%

60
40

89

76
24

62
38

68
32

29
71

41
53

33
67

30
70

69
24

37
47
16
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Table 2

Clinicopathologic data of hepatic metastases and operative intervention (CR=complete response, PR=partial
response, SD=stable disease, PD=progression of disease)

No. of
Variable patients = %
(n=86)
Number of liver metastases (prior to surgery)
Solitary 53 62
Multiple 33 38
Maximal liver metastasis size (final pathology)

<5cm 73 85
>5cm 13 15

Pre-hepatectomy hormonal and/or

chemotherapy
Yes 65 76
No 21 24
Pre-hepatectomy trastuzumab therapy (in
HER2 positive patients)

Yes 24 75
No 8 25

Post-hepatectomy chemotherapy
Yes 30 35
No 56 65

Hepatic resection
Minor (<3) 33 38
Major (=3) 53 62
Pathology margin

RO 7 90
R1 8 9
R2 1 1

Best radiographic response to pre-

hepatectomy chemotherapy and/or hormonal
therapy
CR 10 16
PR 39 62
SD 10 16
PD 4 6
Immediate pre-hepatectomy radiographic
response to chemotherapy and/or hormonal
therapy

CR 4 6
PR 31 49
SD 9 14
PD 19 30

Sites of extra-hepatic disease at or prior to
hepatectomy
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Variable

Disease free interval

Estimated blood loss, ml, mean

Length of hospital stay for hepatic resection,
days, mean

Bone
Nodal disease
Other
< 2 years

>2 years

No. of
patients
(n=86)

7

62
24
2115

6.2

%

46
29
25
72
28
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Significant predictors of disease-free survival on univariate analysis (CR=complete response, PR=partial

response, SD=stable disease, PD=progression of disease, ER=estrogen receptor)

Variable Disease-free survival (median,

mo)

All 14.2
Best RECIST response CR 185vs. 4.1
Best RECIST response PR 31.1vs. 6.4
Pre-operative RECIST response PR 48.8vs. 8.5
ER+ primary tumor 19.8vs. 7.8
Metastasis size >5cm 16.6 vs. 9.7
Post-hepatectomy chemotherapy 20.7 vs. 12.2

0.02
<.001
.001

.001

.031
.023
.008
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Significant predictors of overall survival on univariate analysis (CR=complete response, PR=partial response,

SD=stable disease, PD=progression of disease, ER=estrogen receptor, PR=progesterone receptor)

Variable

All
Best RECIST response PR
Pre-operative RECIST response
ER+ primary tumor
PR+ primary tumor
ER-/PR- primary tumor

Disease free interval >2 years

Overall survival (median,
mo)

57
79.4vs. 31.9
PR 79.4 vs. 29.0
76.8vs. 23.1
61.8vs. 31.9
28.3vs.76.8
100.7 vs. 47.5

0.049
0.016
<.001
0.026
<.001
<.001
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Table 5
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Significant predictors of overall survival on multivariate analysis (PR=partial response, PD=progression of
disease, ER=estrogen receptor)

Variable Hazard ratio P 95% confidenceinterval
Best RECIST response PR 1.63 A7 4-6.2
R1 or R2 hepatectomy 2.53 123 .8-8.3
Pre-operative RECIST response PD 3.8 .003 1.6-9.2
ER negative primary tumor 3.3 .009 1.4-8.2
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