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Abstract. Background/Aim: The aim of this study was to

determine the importance of surgical treatment, utility of
hormone receptor status and selected biomarkers in the
prognosis of patients with liver metastases from breast
cancer (BCLM). Patients and Methods: Thirty female
underwent surgery for BCLM between 1/2000 and 1/2019.
Results: The type of surgery (resection/radiofrequency
ablation) had no impact on overall survival (OS) (p=0.894). Having more than one BCLM (p=0.003),
expression of human epidermal receptor 2 in metastases
(p=0.034), as well as an elevated presurgical level of
carbohydrate antigen 19-9 (p=0.017) and postsurgical
thymidine kinase (p=0.034) were negative prognostics factor
for recurrence-free survival. The factors affecting OS
included the number of liver procedures (p=0.021), the
degree of proliferative activity (p=0.008) and elevated
postsurgical carcinoembryonic antigen level (p=0.038).
Conclusion: The type of surgery had no impact on OS.
This article is freely accessible online.
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Markers and hormonal status of liver metastases are
important factors affecting prognosis.

Liver metastases occur in approximately 50% of patients
who develop breast cancer metastases. Furthermore, liver
metastases have one of the worst prognoses of all types of
breast cancer metastases, with a 5-year survival rate of 0 to
12% (1). In the case of systemic treatment only, the median
survival rate ranges between 3 and 16 months (2).
However, there is growing evidence that survival increases
after a combination of chemotherapy and surgical
treatment, with 5-year survival rates exceeding 40% in
some studies (3). These survival rates are comparable to
those observed after resection of colorectal liver metastases
(CLM) (4).
Even though the hormone receptor status (HRS) is one of
the key factors taken into consideration when determining
breast cancer treatment, results from different studies are
heterogeneous and even conflicting. The majority of authors
reported shorter survival in the absence of expression of
progesterone (PR) and oestrogen receptors (ER), due to a
poorer response to hormonal therapy (5). Little information
is available, however, on whether survival is influenced by
ER and PR conversion in breast cancer metastases.
The present study was conducted to determine the
usability of HRS, human epidermal receptor 2 (HER2/neu)
expression and other selected biomarkers in the prognosis of
patients with breast cancer liver metastases (BCLM). We
paid particular attention to the conversion of the receptor
status between the primary tumour and metastases and to its
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impact on the recurrence-free (RFS) and overall (OS)
survival of the patients.

Patients and Methods

In the time period of January 2000 – January 2019, surgical treatment
of BCLM was performed on 30 women at the Department of Surgery,
University Hospital in Pilsen. Their clinical characteristics are
summarized in Table I. The postoperative (30 days) morbidity was
0.03% (one case of postoperative hematoma). There was no
postoperative mortality. The median duration of follow-up was 66.0
months.

Immunohistochemistry methods used. All immunohistochemical
staining was performed at a single laboratory (University Hospital
Pilsen) using a Ventana Benchmark XT automated stainer (Ventana
Medical System, Inc., Tucson, AZ, USA). The following primary
antibodies were used: ER (monoclonal, clone Sp1, RTU; Ventana),
PR (monoclonal, clone IE2; Ventana), Ki-67 (monoclonal, clone E3
ubiquitin-protein ligase MIB1; Ventana), HER2/neu (monoclonal,
clone 4B5; Ventana), and E-cadherin (monoclonal, clone EP6;
Biocare Medical, Concord, CA, USA). Primary antibodies were
visualized using a supersensitive streptavidin-biotin-peroxidase
complex (BioGenex, Fremont, CA, USA). Internal biotin was
blocked using the standard protocol for the Ventana Benchmark XT
automated stainer (hydrogen peroxide-based). Appropriate positive
and negative controls were also used. The percentage of positively
stained cells was estimated. For ER, PR and Ki-67, only nuclear
positivity was considered as positive staining. Any nuclear positivity
was considered as a positive result. For E-cadherin and HER2/neu,
only membranous positivity was considered a positive result. The
intensity of staining was compared with a positive external and
internal control (if available).
Immunoassays and instruments used. Peripheral venous blood using
the VACUETTE system (Greiner Bio-one Company, Kremsmünster,
Austria) was collected before and after the treatment of BCLM.
Serum tumour markers carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA 19-9) were determined using the
following immunochemical kits and instruments: Chemiluminescent
assays ACCESS CEA and ACCESS CA 19-9 (Beckman Coulter,
Brea, CA, USA) for DxI 800 (Beckman Coulter, Brea, CA, USA)
and enzymoradiometric assay TK REA (Immunotech, Prague, Czech
Republic) for Stratec SR 300 (Stratec SE, Birkenfeld, Germany).

RFS and OS definition and statistical methods used. RFS and OS
after surgery of BCLM were selected as indicators of treatment
outcome. RFS was defined from the time of BCLM surgery (the
first surgical treatment in the case of multi-stage surgery) to the time
of first recurrence, or death. OS was defined from the time of
BCLM surgery to the time of death. The following key factors and
their influence on RFS/OS were evaluated: Type of surgery [liver
resection/radiofrequency ablation (RFA) plus liver resection]; HRS,
ER and PR; HER2; E-cadherin; MIB1 status; CEA level; CA 19-9
level; thymidine kinase (TK) level.
The relationships between the evaluated factors and RFS/OS
were analysed using a univariable Cox proportional hazards model.
When the existence of a relationship was indicated, a cut-off level
for the continuous variable was determined by an automated
optimization process designed to find the cut-off level providing the
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Table I. Basic characteristics of the patients (n=30).
Characteristic

Age at breast surgery, years
Histology of primary
tumour, n (%)
TNM stage at diagnosis*,
n (%)

TTP, months
Size of metastasis, mm
Age liver surgery, years
RFS, months
OS, months

Median (range)
DIC
LIC
Other
Not available
T1
T2
T3
T4
Not available
N0
N1
Nx
M0
M1
Median (95% CI)
Median (range)
Median (range)
Median (95% CI)
Median (95% CI)

Value

47.6 (30.0-72.3)
24 (80.0%)
1 (3.3%)
1 (3.3%)
4 (13.3%)
10 (33.3%)
13 (43.3%)
0
3 (10.0%)
4 (13.3%)
9 (30.0%)
17 (56.7%)
4 (13.3%)
29 (96.7%)
1 (3.3%)
57.3 (35.9-72.8)
30 (7.0-75.0)
54.5 (33.1-73.2)
10.3 (5.8-20.7)
56.3 (31.4-78.6)

CI: Confidence intervaI; DIC: ductal invasive carcinoma; LIC: lobular
invasive carcinoma; RFA: radiofrequency ablation; TTP: time to
progression after breast surgery, RFS: recurrence-free survival (time to
progression after liver surgery); OS: overall survival. *According to the
eighth edition of the TNM Classification of Malignant Tumours (22).

lowest Cox-Mantel p-value after a Kaplan-Meier analysis.
Categorical factors were analysed using the Kaplan-Meier method.
Survival rates and medians at 3 and 5 years were calculated by
linear interpolation of the appropriate Kaplan-Meier survival curve
estimation; the median follow-up was determined by the inverse
Kaplan-Meier method for OS data. The entire statistical analysis
was performed using STATISTICA (version 11Cz; TIBCO Software
Inc., Palo Alto, CA, USA) and Matlab (version 2014b; The
MathWorks, Inc., Natick, MA, USA). All reported p-values are twotailed and the level of statistical significance was set at α=0.05.

Results

Receptor status, including the impact of receptor status
conversion, is summarized in Table II. We observed a
conversion in PR status between primary tumour and metastases
(using a 1% threshold) in a total of 10 cases, with six
conversions from positive to negative and four from negative
to positive. Similar conversion was also observed in ER status,
from positive to negative in seven, and from negative to positive
in three. Subsequently, we observed the conversion of
HER2/neu from positive to negative in one case and from
negative to positive in two. E-Cadherin status was converted to
negative in all seven positive cases. Analysis indicated a
borderline negative influence of ER conversion on RFS
(p=0.057).
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Table II. Comparison of the receptor expression between the primary tumour and metastases and the impact of conversions on recurrence-free
(RFS) and overall survival (OS).
Primary tumour, n (%)

ER
PR
HER2/neu
E-Cadherin

Positive
Negative
NA
Positive
Negative
NA
Positive
Negative
NA
Positive
Negative
NA

22 (73.3%)
7 (23.3%)
1 (3.33%)
18 (60.0%)
11 (36.7%)
1 (3.33%)
9 (30.0%)
17 (56.7%)
4 (13.3%)
27 (90.0%)
3 (10.0%)
0 (0%)

Metastasis, n (%)
15 (50.0%)
11 (36.7%)
4 (13.3%)
13 (43.3%)
13 (43.3%)
4 (13.3%)
9 (30.0%)
15 (50.0%)
6 (20.0%)
17 (56.7%)
10 (33.3%)
3 (10.0%)

RFS
0.057

p-Value

OS
0.278

0.678

0.650

0.501

0.912

0.207

0.886

NA: Not available; ER: estrogen receptor; PR: progesterone receptor; HER2/neu - human epidermal growth factor receptor 2; E-cadherin: epithelial
cadherin. RFS and OS p-values: Gehan-Wilcoxon test between patients with conversion (of either direction) and without conversion.

Three- and 5-year RFS were 15.1% and 6.2%,
respectively, whilst the corresponding OS rates were 67.6%
and 39.3%, respectively.
The results of the analysis of survival according to
selected prognostic factors are presented in Figure 1. A
statistically significant prognostic factor affecting RFS was
the type of surgery (RFA or RFA with resection versus
complete resection alone (p=0.016) but it had no impact on
OS (p=0.894) (Figure 1A). We found the following negative
prognostic markers for RFS: higher serum level of CA 19-9
before liver surgery (Cox model: p=0.017; Figure 1D), and
higher serum level of TK after liver surgery (Cox model:
p=0.034; Figure 1C). For OS, negative prognostic markers
were high MIB1 activity in breast tumour tissue (Cox model:
p=0.008; Figure 1D), and high serum CEA level (Cox
model: p=0.038; Figure 1E) after liver surgery.

Discussion

Breast cancer can no longer be considered a homogenous
disease. More than any other type of cancer, BCLM requires
a multidisciplinary approach and personalised treatment (3).
The results of previous studies are rather conflicting
regarding receptor status and prognosis. In a study by
Lubrano et al., negative HRS in both the primary tumour and
BCLM appeared to be strongly associated with an increased
survival rate (6). In contrast, Elias et al. reported that a
positive HRS was the most significant positive prognostic
factor in their study (7). According to Martinez et al., the
presence of ER and HER2 in BCLM was associated with
increased survival. Conversely, the PR status of the
metastatic site did not significantly impact survival (8).

Moreover, the occurrence of phenotypic discordance in
HRS between primary and recurrent breast cancer has been
reported (9). Previous studies used a 10% threshold for the
positivity of ER and PR. When using the new 1% ER and
PR threshold according to the American Society of Clinical
Oncology guidelines (10), the conversion rate is even higher.
While ER and PR conversion can be the result of discordant
laboratory testing (11), or the development of resistance to
specific treatment, this cannot be claimed for HER2/neu
expression. Nevertheless, in a few cases from our sample,
conversion from negative to positive occurred. This
phenomenon has also been documented (12) but is more
difficult to explain. Perhaps small receptor-positive clones
within the primary tumour preferentially metastasized in
these cases (13). Alternatively, this phenomenon might be a
result of genetic drift during tumour progression (14).
How does conversion affect prognosis? According to the
study by Hoefnagel et al., the OS of patients showing
conversion from positive to negative ER or PR, or from
negative to positive ER or PR, or remaining negative was
comparable, but was significantly worse than that of the
patients whose ER and PR expression remained positive
(15). We did not observe a statistically significant effect of
conversion on prognosis.
OS after BCLM surgery is considered to be the main
treatment outcome indicator. Adam et al. recommend
neoadjuvant chemotherapy for patients with planned liver
resection (16). Analysing this factor, we observed no impact
of neoadjuvant therapy on the survival outcome in our cohort.
The review by Yoo et al., which is currently the largest to
date, demonstrated acceptable 3-year OS (56%) and 5-year OS
(37%) among 1,686 patients who underwent liver resection of
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Figure 1. Prognostic value of surgical approach (A), carbohydrate antigen 19-9 (CA 19-9) level before liver surgery (B), thymidine kinase (TK)
level after surgery (C), E3 ubiquitin-protein ligase MIB1 (MIB1) in breast tumour (D), and carcinoembryonic antigen (CEA) after liver surgery
(E). Negative prognostic markers of recurrence-free (RFS) were an elevated presurgical CA 19-9 level and elevated TK level after liver surgery.
Negative prognostic markers of overall survival (OS) were high MIB1 activity and elevated CEA level after liver surgery. p-Values are not shown
in B-E as the threshold values used for the stratification producing the survival plots were optimized to provide the lowest p-value. Statistical
significance of the factors shown here was assessed by univariable Cox proportional hazards model and is presented in the Results section.
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BCLM (17). Our even slightly better results, of 3-year OS of
67.6% and 5-year OS of 39.3%, can be attributed to the
strictly individual use of both surgical techniques (resection
and RFA) as well as to the use of repeated surgery for
recurrent liver metastases, which has become standard practice
and which improves survival (16, 18).
We identified negative prognostic markers for RFS that
are in accordance with the existing literature: An elevated
presurgical CA 19-9 level and an elevated TK level after
liver surgery. Negative prognostic markers for OS were a
high MIB1 activity and an elevated CEA level after liver
surgery (19-21).
In conclusion, the outcome we observed for surgical
treatment of BCLM is similar to the results reported for
CLM. Surgical treatment for BCLM is an important part of
multimodal therapy and should be considered for all patients
when technically feasible. According to our results, repeated
surgery of BCLM provides a higher survival rate. It seems
that metastatic disease may change characteristics, and the
HRS should therefore always be investigated at the time of
diagnosis of metastatic disease before deciding on the course
of treatment. In most cases, our patients not only had
tumours with poor prognosis, but were often also mothers,
which certainly adds to the gravity of the situation.
The main limitations of our study are its retrospective
design and the limited sample size from a single centre.
Larger cohorts are necessary to precisely confirm our results.
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