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distant metastases include bone, lung and liver [4], although 
the incidence at each site is uncertain. Among patients with 
advanced breast cancer 7–70% develop liver metastases, 
the incidence increasing with disease duration [5–7]. Whilst 
bone metastases may remain stable for years with palliative 
treatment, liver metastases frequently result in early death. 
The mean survival after diagnosis of liver metastasis is 2–3 
years with treatment and less than a year without treatment 
[6, 8].

Breast cancer is conventionally staged based on the tumor 
size (T), nodal involvement (N) and development of distant 
metastases (M), resulting in a TNM-stage [10]. The intrinsic 
subtypes of breast cancer, luminal A-like, luminal B-like, 
HER2-enriched and basal-like, are based on gene expres-
sion by PAM50 analysis [11]. The St Gallen Classification 
is a consensus-based subtype proxy that involves immuno-
histochemistry for expression of human epidermal growth 
factor receptor 2 (HER2); progesterone receptor (PgR) and 
estrogen receptor (ER). It also includes proliferation index 

Introduction

Breast cancer is the most common cancer among women 
[1]. Prognosis has improved significantly in recent years 
due to early detection by screening and novel systemic 
treatments [2]. However, advanced breast cancer with dis-
tant metastases remains incurable [3]. Prevalent sites of 
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Abstract
The aim was to determine the frequency of altered receptor expression between primary breast cancer and liver metastases, 
and to examine the impact of receptor expression on survival. The conversion frequency of estrogen- (ER), progesterone- 
(PgR) and human epidermal growth factor receptor 2 (HER2) was investigated. The prognostic value of the receptor status 
in the primary tumor versus the metastases was estimated. Data on a population-based regional cohort of 7292 breast 
cancer patients from 2009 to 2018 were collected from the National Breast Cancer Register. Biomarker expression and 
intrinsic subtype was studied among those who developed liver metastases with available histopathological records. The 
study included 311 patients with liver metastases. Conversion of ER, PgR and HER2 occurred in 16%, 47% and 12% of 
patients, respectively. The subtype converted in 26%. HER2 amplification in the primary tumor or metastases was associ-
ated with improved survival. Positive ER and PgR in breast cancer and positive ER in liver metastases were beneficial for 
survival. A combined primary tumor and metastasis receptor evaluation had the highest prognostic value. Receptor conver-
sion from primary tumor to liver metastases is common. HER2 amplification and positive ER or PgR are associated with 
improved survival. Accordingly, luminal HER2 positive tumors have improved survival compared to other intrinsic sub-
types. To personalize treatment for each patient, a liver biopsy is warranted at diagnosis of breast cancer liver metastases.
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by expression of antigen Kiel 67 (Ki-67). The classification 
system combines these factors into five subtypes: luminal 
A-like; luminal B-like; luminal HER2 positive; non-luminal 
HER2 positive and triple negative breast cancer [12, 13]. 
In the Swedish national guidelines for breast cancer Not-
tingham histologic grade is also included for subtyping, dis-
tinguishing luminal A-like and luminal B-like tumors from 
each other [10].

The classification holds predictive and prognostic value 
for patients diagnosed with breast cancer and is crucial for 
choice of therapy [13, 14]. Preserved expression of ER or 
PgR is associated with improved survival, and the effect of 
endocrine therapy correlates significantly to ER positivity 
[15, 16]. HER2 amplification leads to more aggressive dis-
ease [17], however it is also predictive for response to tar-
geted anti-HER2 therapies [18].

Receptor conversion in breast cancer refers to a change 
in receptor status in cancer cells during disease development 
and occurs frequently from primary tumor to distant metas-
tases. This potentially indicates a need to redirect tailored 
treatment [19–22]. We recently [23] reported that conver-
sion of receptor status from primary tumor to liver metasta-
ses is common, and that HER2 amplification appears to be a 
positive prognostic factor in these patients. Yet, these results 
have not been validated in a secondary cohort and there is 
limited knowledge about receptor conversion in breast can-
cer liver metastases specifically.

Here, we analyze the frequency of receptor conversion 
between the primary tumor and corresponding liver metas-
tases in a regional population-based cohort. We further 
investigate whether the receptor status of the metastasis is 
a superior prognostic biomarker compared to the receptor 
status of the primary tumor. Finally, we examine if a specific 
receptor expression is associated with increased survival, 
and if HER2 amplification [23] can be validated as a posi-
tive prognostic factor.

Materials and methods

Study population

This study is based on data from the Swedish National breast 
cancer registry (NBCR). NBCR is linked to the population 
register and the national cancer registry, which includes 
99% of all breast cancer patients in Sweden [10]. In this 
population-based study, 7292 patients were included dur-
ing 2009–2018 from a population of approximately 900.000 
inhabitants in the counties of Västernorrland, Jämtland, 
Västerbotten and Norrbotten. The cohort is called the North 
Sweden breast cancer cohort (NSBCC).

The dataset includes information about age at BC diag-
nosis, date of diagnosis, vital status (alive/dead), date of 
death, TNM-stage, NHG, cell proliferation rate by Ki-67 
and receptor expression status in the primary tumor. NBCR 
data were complemented by individual case report forms to 
add information about metastases since these are not well 
registered in the NBCR. Liver metastases were identified 
by review of radiology records in medical charts. In those 
patients, histopathological reports were analyzed to regis-
ter receptor status and proliferation rate in the metastases. 
Number and size of liver metastases were retrieved from 
medical records. Oligometastases, were defined as 1–5 liver 
metastases [24]. Synchronic liver metastases were defined 
as patients who were reported as M1 in the NBCR at the 
time of breast cancer diagnosis and their first site of metas-
tasis included the liver. Last dates of follow up were Octo-
ber 9, 2022; December 16, 2022; November 23, 2023 and 
January 27, 2023 for the Jämtland, Norrbotten, Västerbotten 
and Västernorrland regions, respectively. Vital status was 
assessed on August 18th 2020. In patients diagnosed with 
liver metastasis by August 18th 2020 or later, vital status 
was reassessed on December 12, 2024; December 17, 2024 
and January 5, 2024 for the Västerbotten, Västernorrland 
and Norrbotten regions, respectively.

Inclusion and exclusion criteria

Patients from the NSBCC who developed liver metastases 
were included in the study. Patients with missing histopath-
ological records from both primary tumor and liver metas-
tases and/or patients with bilateral tumors were excluded. 
Patients who moved to another county were censored after 
their relocation.

Subtype, receptor expression and Ki-67

Tumor classification was based on the St Gallen Classifica-
tion and the Swedish national guidelines [10, 13]. Recep-
tor status of ER and PgR were considered positive if the 
expression was stated as ≥ 10% in immunohistochemical 
analysis (IHC), in accordance with classification guide-
lines [10]. HER-2 expression was regarded positive when 
pathological records read 3 + in the IHC or when stated 
as amplified in the fluorescence or silver-enhanced in situ 
hybridization analysis [25]. Ki-67 was divided into low (< 
10%), intermediate (10–40%) and high (> 40%) based on 
scoring protocols used during 2009–2018 in the regions that 
the cohort was based on [26]. Due to NHG not being used 
in liver metastases, a revised form of the Swedish classi-
fication system was applied, excluding NHG, and thereby 
limiting the distinction between luminal A-like and luminal 
B-like tumors (Fig. 1).
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Breast cancer subtype classification

Statistical methods

Descriptive statistics were used to present the cohort. Con-
versions of receptors and molecular subtypes were analyzed 
in openepi.com to determine a 95% confidence interval (CI) 
by a Wilson score for the difference in proportions [27]. 
For survival analyses, Cox regression was used. The PH 
(proportional hazards) assumption was tested by compar-
ing estimated -ln(-ln) survival curves. The univariate Cox 
regression analyses included the variables presented in 
Table 2. Age and time from primary tumor to liver metas-
tases was divided in two groups respectively, each divided 
by the median. Prognostic factors were entered into the 
multivariable analysis if the p-value was < 0.05 in the uni-
variate analysis. To analyze survival in relation to receptor 
expression and subtype in breast cancer and liver metasta-
ses, Kaplan-Meier plots with log rank tests were conducted. 
Kaplan-Meier plots were also conducted for variables that 
did not meet the PH assumption, including TNM, NHG and 
number of liver metastases. Number of metastases were 
divided into two groups, 1–5 and > 5 [3].

Harrel’s C index was used to determine the prognostic 
value of the receptor expression in:

(a)	 Breast cancer.
(b)	 Liver metastases.

(c)	 Breast cancer and liver metastases combined.

Results with a p-value < 0.05 were considered statistically 
significant. Data analysis was conducted using IBM Corp. 
IBM SPSS Statistics for Mac. Version 29.0.2 (Armonk, NY: 
IBM Corp; 2023).

Results

Cohort characteristics

The cohort included 7292 patients diagnosed with breast 
cancer in the Norrbotten, Västerbotten, Västernorrland and 
Jämtland regions during 2009–2018. In total, 345 patients 
with liver metastases were identified through the review of 
radiology records. Of these, four patients were doublets and 
six patients were excluded due to bilateral cancer. Out of 
the remaining cohort, histopathological reports were avail-
able from the primary tumor in 309 patients, from the liver 
metastases in 84 patients, and from both sites in 82 patients. 
Patients with a report from either site were included, result-
ing in a total cohort of 311 patients (Fig. 2). For the receptor 
conversion analysis, only the patients with a report from both 
sites were included (n = 82). The mean age at breast cancer 
diagnosis was 62 years (95% CI 60.8–64.0) and the mean 
time to liver metastases was 39 months (95% CI 34.8–42.5) 
(Table  1). Adjuvant treatment of the primary tumor was 

Fig. 1  Breast cancer subtypes based on the St Gallen classification. 
In case of missing NHG, luminal A-like and luminal B-like cannot be 
distinguished from one another, resulting in a luminal HER2-negative 

subtype. Estrogen receptor (ER); Progesterone receptor (PgR); Human 
epidermal growth factor receptor (HER2)
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Fig. 2  Consort diagram of inclusion
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Descriptive statistics
n (%)

Cohort 311
Sex (female/male) 307/4 (98.7/1.3)
Mean age at primary breast cancer (years) 62.38 95% CI 60.77–63.98
Mean age at liver metastasis (years) 65.598 95% CI 64.014–67.181
T-stage
 T0 20 (6.4)
 TIS 2 (0.6)
 T1 79 (25.4)
 T2 131 (42.1)
 T3 51 (16.4)
 T4 27 (8.7)
 No data 1 (0.4)
N-stage
 0 172 (55.3)
 1 116 (37.3)
 2 15 (4.8)
 3 4 (1.3)
 No data 4 (1.3)
M-stage
 0 211 (67.8)
 1 63 (20.3)
 No data 37 (11.9)
Subtype (primary tumor)
 Luminal HER2 negative 182 (62.5)
 Luminal HER2 positive 31 (10.7)
 Non-luminal HER2 positive 24 (8.2)
 Triple negative 54 (18.6)
 no data 20 (6.0)
ER (primary tumor)
 Negative 86 (27.6)
 Positive 221 (71.1)
 No data 4 (1.3)
PgR (primary tumor)
 Negative 130 (41.8)
 Positive 177 (56.9)
 No data 4 (1.3)
HER2 (primary tumor)
 Not amplified 241 (77.5)
 Amplified 55 (17.7)
 No data 15 (4.8)
Ki-67 (primary tumor)
 Low 38 (12.2)
 Intermediate 52 (16.7)
 High 209 (67.2)
 No data 12 (3.9)
NHG
 1 9 (2.9)
 2 73 (23.5)
 3 133 (42.8)
 No data 96 (30.8)
Extrahepatic metastases at time of liver metastasis 254 (81.7)
Surgery for liver metastasis 3 (1.3)
Mean time to liver metastasis (months) 38.663 95% CI 34.830–42.497

Table 1  Descriptive statistics of the cohort. Estrogen receptor (ER); progesterone receptor (PgR); human epidermal growth factor receptor 2 
(HER2); Nottingham histologic grade (NHG)
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Tumor intrinsic subtypes by proxy were classified 
using the St Gallen Classification, but without discrimina-
tion between the luminal A-like and luminal B-like sub-
types due to missing data on NHG in the liver metastases 
(Fig. 1). Overall, subtype changed from the primary tumor 
to the liver metastasis in 18 of 70 patients (25.7%, 95% 
CI 0.17–0.37) (Fig.  4). Luminal HER2 negative cancer 
(n = 58) changed to luminal HER2 positive in the metas-
tases of four patients (6.9%), to non-luminal HER2 posi-
tive in two patients (3.4%) and to triple negative in eight 
patients (13.8%) (Fig.  4). Luminal HER2 positive breast 
cancer (n = 4), converted to non-luminal HER2 positive 
metastases in two patients (50.0%) (Fig.  4). Non-luminal 
HER2 positive tumors (n = 3), converted to triple negative 
in one patient (33.3%) (Fig. 4). Finally, triple negative pri-
mary tumor (n = 5), changed into non-luminal HER2 posi-
tive metastasis in one patient (20.0%) (Fig. 4).

Subtype conversion

Survival analysis and prognostic value

Mean survival time from primary breast cancer diagno-
sis and liver metastasis diagnosis was 61 months (95% CI 
55.5–66.8) and 20 months (95% CI 15.6–24.6), respec-
tively. For survival analyses, time from liver metastasis 
diagnosis to death or end of the study was used. The sur-
vival analysis was conducted using Cox regression analyses 
and Kaplan-Meier plots. The proportional hazards assump-
tion was overall tested successfully for the Cox regression 
analysis comparing estimated -ln(-ln) survival curves [28]. 
Biopsy of liver metastasis, TNM-status and NHG however 
had nonparallel curves and were thus excluded from the 
Cox regression analysis. They were instead analyzed with 
Kaplan-Meier plots. Neither TNM nor NHG were statisti-
cally significant risk factors for worse survival. However, 
patients with a biopsy from their liver metastasis had better 

registered in all counties except one. In the counties where 
treatment data were available, adjuvant treatment was over-
all given according to the Swedish guidelines. However, out 
of 36 HER2 positive patients within the counties providing 
data regarding treatment, 10 received adjuvant trastuzumab, 
seven did not receive trastuzumab and 19 had missing data. 
Further patient characteristics are presented in Table 1.

Receptor and subtype conversion

Patients with information on receptor status from both pri-
mary tumor and metastasis were included in the analysis of 
receptor and subtype conversion. We calculated the conver-
sion rate and the status of ER, PgR and HER2 frequently 
changed between primary tumor and liver metastasis. ER 
status changed from primary tumor to metastasis in 12 of 77 
patients (16%, 95% CI 0.09–0.25). Out of patients with ER 
positive primary breast cancer (n = 67), 12 were ER negative 
in the metastasis (Fig. 3). None of the ER negative cancers 
(n = 10), converted to an ER positive expression pattern in 
the metastases. PgR status converted from primary tumor to 
metastasis in 36 of 76 patients (47%, 95% CI 0.37–0.58). 
PgR positive tumors (n = 58) changed most frequently, with 
35 turning PgR negative in the metastasis. PgR negative 
cancers (n = 18), changed to positive in one case (Fig.  3). 
HER2 status changed from primary tumor to metastasis in 
nine of 77 patients (12%, 95% CI 0.06–0.21). HER2 ampli-
fication in primary tumor (n = 9) converted to negative in 
two patients (Fig. 3). HER2 negative breast cancer (n = 68), 
changed to positive in seven metastases (Fig.  3). Out of 
these, two patients had IHC from the primary tumor that 
read 2 + but the FISH analysis classified them as not ampli-
fied. In the remaining five patients there were no detailed 
data on the IHC HER2 status and they were only stated as 
not amplified.
Receptor conversion

Descriptive statistics
n (%)

Adjuvant endocrine therapy
 Yes 115 (37.0)
 No 46 (14.8)
 No data 150 (48.2)
Adjuvant chemotherapy
 Yes 92 (29.6.8)
 No 69 (22.2)
 No data 150 (48.2)
Adjuvant trastuzumab
 Yes 11 (3.5)
 No 149 (47.9)
 No data 151 (48.6)

Table 1  (continued) 
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metastases were associated with worse survival (HR 1.49; 
CI 1.16–1.91 and HR 1.59; CI 1.13–2.24, respectively) 
(Table  2). Patients with six or more liver metastases had 
worse survival than those with oligometastases (HR 1.37; 
95% CI 1.06–1.77) (Table  2). Patients with ER and PgR 
negative primary tumors had increased HRs compared to 

survival during the first 4 years, compared to those without 
(not shown).

Univariate Cox regression analyses were carried out 
on receptor status and possible confounders (Table  2). In 
the univariate analyses, high age at liver metastasis and 
occurrence of extrahepatic metastases at diagnosis of liver 

Fig. 3  Receptor conversion from primary tumor to liver metastases. Estrogen (ER); Progesterone (PgR); Human epidermal growth factor receptor 
(HER2)

 

1 3

Page 7 of 14      8 



Clinical & Experimental Metastasis            (2026) 43:8 

patients with other breast cancer subtypes, with luminal 
HER2 positive breast cancer patients having the longest 
survival. A Kaplan-Meier plot with a log rank test was con-
ducted, comparing luminal HER2 negative tumors to lumi-
nal HER2 positive tumors, showing a significant longer 
survival for patients with luminal HER2 positive cancers. 
Comparing subtypes in the liver metastases showed similar 
results but the analysis was hampered by having only few 
patients in each subtype category.
Kaplan-Meier of breast cancer subtype

To determine the prognostic value, Harrel’s C index was 
calculated, including the same variables as in the multivari-
able Cox regression analysis. The index was calculated 
based on three models. The first based on receptor expres-
sion in the primary tumor, the second on receptor expression 
in the liver metastasis and the third based on both combined. 
Preferably, the index should be as close to 1 as possible. 
Harrel’s C index was 0.631 and 0.668, when using data from 
the primary tumor and liver metastases, respectively. Com-
bining data from both gave the highest index, 0.686.

Discussion

This study showed that conversion of ER, PgR and HER2 
status is common during disease progression from primary 
breast cancer to breast cancer liver metastasis. This aligns 
with previous research [19–23] and emphasizes the aspects 
of tumor progression that is also seen in ductal adenocar-
cinoma of pancreas [29] and colorectal cancer [30]. The 
receptor expression holds prognostic value in patients 
developing liver metastases. Receptor conversion occurred 
mainly as loss of PgR or ER expression, hence leading to 
breast cancer group with worse prognosis. HER2 changed 
from negative to positive in 10% of patients, and in this 
study, HER2 amplification in both primary tumor and liver 
metastases was associated with a more beneficial prognosis. 
For molecular subtyping, we applied a classification system 

patients with ER and/or PgR positive cancers (HR 1.41; 
CI 1.07–1.85 and HR 1.47; CI 1.14–1.89) (Table 2). There 
was no statistically significant association between ER and 
PgR status in the liver metastases and survival. On the other 
hand, HER2 positivity, in both the primary tumor and in 
liver metastases, was associated with decreased mortality 
compared to patients with no HER2 amplification (HR 0.44; 
CI 0.30–0.63 and HR 0.37; CI 0.16–0.89). The variables 
with a p-value < 0.05 were further included in the multivari-
able analysis (Table 2). In this analysis, HER2-status in the 
liver metastases was excluded since it would have limited 
the number of events from 206 to 46. In total, 288 patients 
were included in the multivariate regression analysis, which 
showed that higher age (HR 1.36 (1.04–1.77); 0.02) and 
occurrence of extrahepatic metastases was associated with 
worse survival (HR 1.80 (1.24–2.62); 0.002) (Table  2). 
Again, patients with more than five metastases had worse 
survival than those who had oligometastases (1–5) in the 
liver (HR 1.66 (1.26–2.20); <0.001). Furthermore, patients 
with negative PgR primary tumors had decreased survival 
(HR 1.75 (1.21–2.53); 0.003) and amplification of HER2 in 
primary tumor was associated with better survival (HR 0.40 
(0.27–0.59); < 0.001) (Table 2).

Kaplan-Meier plots and log rank tests were conducted 
comparing hormonal receptor status and subtypes of pri-
mary tumor and metastases. Positive ER status in both 
the primary tumor and metastases was associated with 
increased survival (p = 0.01; p = 0.046) (Fig.  5). Positive 
PgR in the primary tumor was also related to enhanced sur-
vival (p = 0.002), although, PgR status in the metastases did 
not (p = 0.367) (Fig. 5). Amplifications of HER2 in primary 
tumor and metastases were both associated with increased 
survival (p < 0.001; p = 0.02 respectively) (Fig. 5).
Kaplan-Meier plots of receptor status in primary breast 
cancer and liver metastases

There was a significant difference in survival time among 
the different breast cancer subtypes (Fig. 6). Patients with 
triple negative breast cancer had shorter survival than 

Fig. 4  Subtype conversion from breast cancer to liver metastasis. Human epidermal growth factor receptor (HER2)
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treatment in those patients. The limited number of patients 
with luminal HER2 positive, non-luminal HER2 positive 
and triple negative subtypes made it difficult to come to any 
reliable conclusions regarding those patients. The results 
regarding receptor and subtype conversion mainly align 
with the results from Sundén et al. [23].

In the present material, positive ER, PgR or HER2 
expression in primary tumor, and positive ER or HER2 
expression in liver metastasis were beneficial for overall 
survival compared to those with negative receptors. These 
results show similar patterns to Sundén et al. [23], although 

that most closely corresponded to the one in use in Sweden 
during the study period. Subtype conversion occurred fre-
quently within the study cohort in line with the described 
receptor conversion. No distinction between luminal A-like 
and luminal B-like tumors could be made, likely leading to 
an underestimated number of subtype conversions. These 
were thus combined into luminal HER2 negative tumors, 
that most frequently turned into triple negative in the liver 
metastases. However, 7% of the patients with luminal HER2 
negative subtype developed amplification of HER2 in the 
liver metastases, leading to an opportunity of trastuzumab 

Cox regression analysis
Prognostic factor Univariate analysis Multivariable analysis

HR (95% CI); p-value HR (95% CI); p-value
Age at liver metastasis
 Below median (< 68 years) REF: 1.00 REF: 1.00
 Above median 1.49 (1.16–1.91); 0.002 1.36 (1.04–1.77); 0.023
Time to liver metastasis
 Below median (< 30 months) REF: 1.000
 Above median 1.01 (0.78.-1.30); 0.934
Extrahepatic metastases at breast cancer diagnosis
 No REF: 1.000
 Yes 1.14 (0.79–1.64) 0.478
Extrahepatic metastases at liver metastasis diagnosis
 No REF: 1.00 REF: 1.00
 Yes 1.59 (1.13–2.24); 0.008 1.80 (1.24–2.62); 0.002
Number of liver metastases
 1–5 REF: 1.00 REF: 1.00
 > 5 1.36 (1.06–1.74); 0.016 1.66 (1.26–2.20); <0.001
Synchronic liver metastasis
 No REF: 1.00
 Yes 0.82 (0.60–1.11); 0.198
ER in primary tumor
 Negative 1.41 (1.07–1.85); 0.014 1.43 (0.96–2.12); 0.080
 Positive REF: 1.00 REF: 1.00
PgR in primary tumor
 Negative 1.47 (1.14–1.89); 0.003 1.75 (1.21–2.53); 0.003
 Positive REF: 1.00 REF: 1.00
HER2 in primary tumor
 Not amplified REF: 1.00 REF: 1.00
 Amplified 0.44 (0.30–0.63); < 0.001 0.40 (0.27–0.59); < 0.001
Ki-67 in primary tumor
 Low REF: 1.00; 0.66
 Intermediate 1.02 (0.68–1.78); 0.711
 High 1.19 (0.80–1.75); 0.391
ER in liver metastasis
 Negative 1.74 (1.00–3.05); 0.052
 Positive REF: 1.00
PgR in liver metastasis
 Negative 0.77 (0.43–1.37); 0.377
 Positive REF: 1.00
HER2 in liver metastasis
 Not amplified REF: 1.00
 Amplified 0.37 (0.16–0.89); 0.026

Table 2  Survival analysis of the 
cohort. Estrogen (ER); proges-
terone (PgR); human epidermal 
growth factor receptor (HER2). 
Statistically significant variables 
are highlighted in bold.
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Fig. 5  Kaplan-Meier survival plots of receptor expression in breast cancer and liver metastases. Survival time is measured from diagnosis of liver 
metastasis to end. Estrogen receptor (ER); Progesterone receptor (PgR); Human epidermal growth factor receptor 2 (HER2)
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more extensive than patients not receiving endocrine ther-
apy. This is most likely due to low performance status or 
high age. A big proportion of patients however had missing 
data regarding medical treatment, making it difficult to draw 
any conclusions. In this study, 341 patients developed liver 
metastases, of whom 311 had biopsy from either primary 
tumor or metastasis. Patients lacking these were excluded 
from all analyses, which could have impacted the mean sur-
vival. These patients likely had synchronous other distant 
metastases and were ineligible for primary tumor surgery. 
Biopsy of suspected liver metastases is recommended for 
diagnosis confirmation in international guidelines [3, 32]. 
The number of patients undergoing a liver biopsy with 
receptor status analyses was lower than expected in this 
material, given that the proportion of patients who under-
went liver biopsy in Sundén et al. [23] was about twice as 
high. However, patients who had a liver biopsy likely had 
better performance state than those without tissue confirma-
tion, as a biopsy is generally feasible for patients in a bet-
ter condition. Indeed, biopsy was associated with improved 
survival (not shown). Besides the somewhat low proportion 
of patients that underwent liver biopsy and the risk of selec-
tion bias, the distribution regarding breast cancer subtype 
and receptor expression in both primary tumor and metasta-
ses in this population-based cohort is highly representative 
for the breast cancer population overall.

The difference in prognostic value of receptors status 
between primary tumor and liver metastasis is marginal 
and does not pose enough evidence to say that either one 
is superior to the other. However, as shown here, the value 
is most accurate when combining receptor status from both 
the primary tumor and liver metastases in the Harrel’s C 
index. Hence, there is reasonable to suggest that receptor 
expression in liver metastases contributes to an estimation 
of prognosis in breast cancer patients. In Sundén et al. [23] 
the prognostic value was also most accurate when data was 
combined from the primary tumor and liver metastases. Due 
to the low number of defined cases within each subtype in 
liver metastases, Harrel’s C index could not be calculated 
for intrinsic breast cancer subtypes.

In conclusion, in patients who develop breast cancer 
liver metastasis, HER2 amplification in both the primary 
tumor and the metastasis is associated with improved sur-
vival. Further, that positive PgR in the primary tumor and 
positive ER in both primary tumor and liver metastasis are 
favourable prognostic biomarkers. Accordingly, patients 
with luminal HER2 positive breast cancer have improved 
survival compared to patients with other subtypes. The 
prognostic value is most accurate when combining informa-
tion about receptor expression status from both the primary 
breast cancer and the metastasis. Receptor and subtype con-
version from primary tumor to liver metastasis is common 

expression of PgR in the metastases in this study and ER 
expression in the metastases in Sundén et al. [23] did not 
reach statistical significance. While PgR and ER expression 
have long been recognized as prognostic factors, the role of 
HER2 amplification remains more uncertain. The previous 
study from our group [23] indicated that positive HER2 is a 
favourable prognostic marker in patients with liver metasta-
ses, a finding validated by this research.

Given the oncogenic nature of HER2 amplification, it 
stands to reason that therapies targeting this receptor, may 
confer significant advantages in the management of liver 
metastases. However, earlier research has found HER2 
positive primary tumors to be a risk factor for developing 
liver metastases in the first place, which is a prognostic 
disadvantage compared to other common metastatic sites, 
such as bone [31]. Hence, although HER2 amplification 
may be beneficial in patients diagnosed with breast cancer 
liver metastases, the role of HER2 in development of liver 
metastasis remains to be explored.

Neither NHG nor TNM at diagnosis had any impact on 
survival in the studied material. Arguably, a higher NHG 
and a higher TNM, with nodal or even metastatic spread at 
diagnosis, should generally entail a more aggressive cancer. 
Hence, the lack of impact on survival observed here is per-
plexing. This may be due to selection of patients with liver 
metastases and analysis of survival after diagnosis of those. 
There were 20 patients that were classified as T0 and two as 
carcinoma in situ in the primary tumor. This is perplexing, 
given that they are not invasive and thus should not be able 
to metastasize. Some of these may be explained by diagnosis 
of a breast cancer metastasis on a biopsy without finding of 
a primary tumor. It could also be occult breast cancer. One 
additional explanation could be misclassification in NBCR.

Patients with occurrence of extrahepatic metastases at 
diagnosis of liver metastasis had a decreased overall sur-
vival. One possible explanation is that breast cancer patients 
with isolated liver metastases, have a lower tumor burden 
and a better performance score thus enabling more intense 
systemic treatment when compared to patients with general-
ized cancer spread. This also implies that these patients may 
benefit from local therapies.

One limitation to this study is that receptor expression 
in the liver metastases was not included in the multivari-
able analysis due to a limited number of events. Further, 
there was missing data regarding systemic therapy given 
at diagnosis of breast cancer, mainly regarding frequency 
and doses given. However, when comparing the number of 
ER and PgR positive patients and the number of patients 
receiving endocrine therapy, they are approximately equal. 
During the study period treatment with trastuzumab was 
well established in all four regions. The proportion of HER2 
positive patients not receiving trastuzumab was slightly 

1 3

Page 11 of 14      8 



Clinical & Experimental Metastasis            (2026) 43:8 

 

1 3

    8   Page 12 of 14



Clinical & Experimental Metastasis            (2026) 43:8 

Epidemiol Biomarkers Prev 25:16–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​8​​/​1​
0​​5​5​-​​9​9​6​​5​.​E​P​​I​-​​1​5​-​0​5​7​8

3.	 Cardoso F, Paluch-Shimon S, Senkus E, Curigliano G, Aapro MS, 
André F (2020) 5th ESO-ESMO international consensus guide-
lines for advanced breast cancer (ABC 5). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​
/​j​.​​a​n​n​o​n​c​.​2​0​2​0​.​0​9​.​0​1​0

4.	 Gerratana L, Fanotto V, Bonotto M, Bolzonello S, Minisini 
AM, Fasola G et al (2015) Pattern of metastasis and outcome in 
patients with breast cancer. Clin Exp Metastasis 32:125–133. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​5​8​5​-​0​1​5​-​9​6​9​7​-​2

5.	 Gong Y, Liu YR, Ji P, Hu X, Shao ZM (2017) Impact of molecular 
subtypes on metastatic breast cancer patients: a SEER popula-
tion-based study. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​r​​e​p​4​5​4​1​1

6.	 Wang R, Zhu Y, Liu X, Liao X, He J, Niu L (2019) The clini-
copathological features and survival outcomes of patients with 
different metastatic sites in stage IV breast cancer. BMC Cancer 
19:1091. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​8​8​5​-​0​1​9​-​6​3​1​1​-​z

7.	 Cummings MC, Simpson PT, Reid LE, Jayanthan J, Skerman 
J, Song S et al (2014) Metastatic progression of breast cancer: 
insights from 50 years of autopsies. J Pathol 232:23–31. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​p​a​​t​h​.​4​2​8​8

8.	 Zuo Q, Park NH, Lee JK, Madak E (2022) Liver metastatic breast 
cancer: Epidemiology, dietary Interventions, and related metabo-
lism. Nutrients ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​n​u​​1​4​1​2​2​3​7​6

10.	 Samverkan RCI (2023) Nationellt vårdprogram för bröstcancer; 
version 4,3 Stockholm: Regionala Cancercentrum i Samverkan. 
Accessed 30 Jan 2024 ​h​t​t​p​​s​:​/​​/​k​u​n​​s​k​​a​p​s​​b​a​n​k​​e​n​.​​c​a​n​​c​e​r​​c​e​n​​t​r​u​m​​.​s​​e​/​
d​​i​a​g​n​​o​s​e​​r​/​b​​r​o​s​t​c​a​n​c​e​r​/​v​a​r​d​p​r​o​g​r​a​m​/

11.	 Cancer Genome Atlas Network (2012) Comprehensive molecular 
portraits of human breast tumours. Nature 490:61–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​3​8​​/​n​a​​t​u​r​e​1​1​4​1​2

12.	 Tan PH, Ellis I, Allison K, Brogi E, Fox SB, Lakhani S et al (2020) 
The 2019 world health organization classification of tumors of the 
breast. Histopathology 77:181–185. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​h​i​​s​.​1​
4​0​9​1

13.	 Vasconcelos I, Hussainzada A, Berger S, Fietze E, Linke J, Sie-
dentopf F et al (2016) The St. Gallen surrogate classification for 
breast cancer subtypes successfully predicts tumor presenting 
features, nodal involvement, recurrence patterns and disease free 
survival. Breast 29:181–185. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​r​e​a​s​t​.​2​0​1​
6​.​0​7​.​0​1​6

14.	 Orrantia-Borunda E, Anchondo-Nuñez P, Acuña-Aguilar LE, 
Gómez-Valles FO, Ramírez-Valdespino CA (2022) Subtypes of 
breast cancer. In: Mayrovitz HN (ed) Breast Cancer. Brisbane 
(AU): ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​6​2​5​​5​/​e​​x​o​n​​-​p​u​​b​l​i​c​​a​t​​i​o​n​​s​-​b​r​​e​a​s​​t​-​c​​a​n​c​e​r​-​
s​u​b​t​y​p​e​s

15.	 Early Breast Cancer Triatlists’ Collaborative Group (2005) 
Effects of chemotherapy and hormonal therapy for early breast 
cancer on recurrence and 15-year survival: an overview of the 
randomised trials. Lancet 365:1687–1717. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​S​0​​1​4​0​-​6​7​3​6​(​0​5​)​6​6​5​4​4​-​0

16.	 Yadav N, Sunder R, Desai S, Dharavath B, Chandrani P, Godbole 
M et al (2022) Progesterone modulates the DSCAM-AS1/miR-
130a/ESR1 axis to suppress cell invasion and migration in breast 
cancer. Breast Cancer Res 24:97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​5​8​
-​0​2​2​-​0​1​5​9​7​-​x

17.	 Bose R, Kavuri SM, Searleman AC, Shen W, Shen D, Koboldt 
DC et al (2013) Activating HER2 mutations in HER2 gene ampli-
fication negative breast cancer. Cancer Discov. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​1​5​8​​/​2​1​​5​9​-​8​2​9​0​.​C​D​-​1​2​-​0​3​4​9

18.	 Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Baja-
monde A et al (2001) Use of chemotherapy plus a monoclonal 
antibody against HER2 for metastatic breast cancer that overex-
presses HER2. N Engl J Med 344:783–792. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
5​6​​/​N​E​​J​M​2​0​0​1​0​3​1​5​3​4​4​1​1​0​1

and can lead to an opportunity to redirect treatment. Thus, a 
liver biopsy with receptor analysis is warranted at diagnosis 
of liver metastasis.
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