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Abstract. Breast cancer is a highly heterogeneous disease 
at the molecular level and >90% of mortalities are due to 
metastasis and its associated complications. The present study 
determined the impact of molecular subtypes on metastatic 
behavior and overall survival (OS) of patients with metastatic 
breast cancer. The influence of molecular subtypes on the sites 
and number of metastases in 166 patients with metastatic breast 
cancer from a single center were assessed; and the influence of 
molecular subtypes on the sites and number of metastases and 
OS in 15,322 metastatic cases among 329,770 patients with 
primary breast cancer from the Surveillance, Epidemiology 
and End Results database were assessed. Analysis of both 
datasets revealed that different molecular subtypes exhibited 
differences in the prevalence of different metastatic sites and 
number of metastases. A larger proportion of bone metas‑
tasis was observed in the hormone receptor (HR)+/human 
epidermal growth factor receptor 2 (HER2)+ subtype than 
in other subtypes, more lung metastasis was observed in the 
HR‑/HER2+ subtype and more liver metastasis occurred 
in the HR+/HER2+ and HR‑/HER2+ subtypes. Single‑site 
metastasis was more common for the HR+/HER2‑ subtype 
than in other subtypes, while 2‑3 sites of metastases were 
more common for the HR+/HER2+ subtype and ≥4 sites 
of metastases were more frequent in the HR‑/HER2+ and 
HR‑/HER2‑ subtypes. The mean OS of patients with primary 

breast cancer in the HR+/HER2‑ subtype group was the 
longest (78.5 months), while the HR‑/HER2‑ group had the 
shortest mean OS (69.1 months). The mean OS of the meta‑
static HR+/HER2+ group was the longest (46.0 months), while 
the mean OS of the metastatic HR‑/HER2‑ group was the 
shortest (18.5 months). In conclusion, the results of the present 
study suggested that different molecular subtypes of breast 
cancer have different metastatic behavior, as well as mean OS.

Introduction

Breast cancer is the most common type of malignancy in 
females and >90% of mortalities are due to metastasis‑asso‑
ciated complications (1). An estimated 5‑10% of patients have 
metastasis at the time‑point of diagnosis and 20‑40% of those 
who did not have any metastasis at the time‑point of diag‑
nosis eventually experience recurrence after treatment and 
metastasis; once recurrence and metastasis occur, the overall 
prognosis is generally poor (2,3).

The status of hormone receptors (HRs) is closely linked to 
the treatment and prognosis of breast cancer. Certain studies 
have explored the association between molecular subtypes 
and sentinel lymph node metastasis and risk factors of metas‑
tasis (4‑14). However, breast cancer is a highly heterogeneous 
disease at the molecular level and the metastatic behavior of 
different subtypes of breast cancer, including metastatic sites 
and the number of metastases, as well as the prognosis differ‑
ence between primary and metastatic breast cancer patients of 
different subtypes, have remained to be fully defined.

In the present study, the possible association between 
molecular subtypes and metastatic behavior was retrospectively 
explored in a single‑center sample of 166 patients with metastatic 
breast cancer from Hunan Provincial People's Hospital 
(Changsha, China) between January 2012 and December 2018, 
and the results were further supported by analysis of a large 
dataset from the Surveillance, Epidemiology, and End Results 
(SEER) database with 15,322 cases of metastatic breast 
cancer among 329,770 patients with primary breast cancer. 
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Furthermore, differences in prognosis regarding overall 
survival (OS) of patients with primary and with metastatic breast 
cancer with different molecular subtypes were determined. 
The results of the present study may be valuable to inform 
improved monitoring for metastasis sites during follow‑up. An 
understanding of the patterns of metastatic spread will allow 
the clinician to make more efficient surveillance decisions and 
select appropriate examinations and therapies.

Materials and methods

Patients. The present study was a retrospective analysis. First, 
166 patients with metastatic breast cancer treated at Hunan 
Provincial People's Hospital (Changsha, China) between 
January 2012 and December 2018 were collected. All patients 
underwent primary tumor resection and the tumors were 
pathologically confirmed as breast cancer. The age at diagnosis 
was 25‑79 years. Each patient included had a complete medical 
record and preserved pathological specimens. The study 
protocol was approved by the Ethics Committee of Hunan 
Provincial People's Hospital and The First Affiliated Hospital 
of Hunan Normal University (Changsha, China).

Furthermore, data were extracted from the SEER 
database (https://seer.cancer.gov/) on 407,791 patients who 
were diagnosed with malignant breast cancer between 
2010 and 2016 and had known HR and human epidermal 
growth factor receptor 2 (HER2) statuses. After excluding 
non‑primary breast cancer cases, there were 329,770 primary 
breast cancer patients, of which 15,322 cases had metastatic 
breast cancer. The number of HR+/HER2‑ metastatic cases 
was 9,222, compared with 2,710 HR+/HER2+ metastatic 
cases,  1,406 HR‑/ HER2+ metast at ic  cases  and 
1,984 HR‑/HER2‑ metastatic cases. Bone metastasis was 
present in 11,299 cases, as compared with 5,207 cases with 
lung metastasis, 4,404 with liver metastasis, 1,201 with 
brain metastasis and 751 with distant lymph node (DLN) 
metastasis, as well as 453 cases that involved other metastatic 
sites (Fig. 1).

Characterization of specimens. Tumor specimen samples 
were processed by routine detection methods. First, tumor 
samples were fixed, after which they were consecutively sliced 
to a thickness of 4 µm and then stained with H&E, followed by 
immunohistochemistry (IHC) staining. Fluorescence in situ 
hybridization (FISH) was performed when necessary. After 
staining, the HR and HER2 statuses of all specimens were 
assessed by two senior pathologists based on the same criteria 
as those used by the hospital.

For evaluation, the following specific standards were used: 
A total of 5 high‑power fields were randomly selected to count 
>500 cells and the number of positive cells and staining inten‑
sity were used for scoring. Samples were considered HR+ if 
>1% of cells exhibited IHC staining (15). HER2 expression 
was only present on the cell membrane or in the cell plasma, 
and samples scored 3+ (overexpression) via IHC were classified 
as HER2+. For those samples scoring as HER2 1‑2+, 2+ and 
2‑3+ on IHC, FISH was further performed by hybridization 
of fluorescent DNA probes to the HER2 gene and chromo‑
some 17. The result was considered HER2+ status when the 
HER2/centromeric probe for chromosome 17 (Cep17) ratio was 

≥2 on average for 60 cells and detection of gene amplification 
was interpreted as HER2+ status (16).

Study design. The patients were divided into four groups 
according to molecular subtypes: HR+/HER2‑, HR+/HER2+, 
HR‑/HER2+ and HR‑/HER2‑. First, 166 patients with meta‑
static breast cancer with HR and HER2 expression data were 
assessed. The associations between molecular subtypes and 
the sites of and the number of metastases were examined.

Furthermore, 15,322 metastatic cases among 329,770 patients 
with primary breast cancer from the SEER database were 
analyzed. The possible impact of molecular subtypes on the sites 
and number of metastases was studied based on data from the 
SEER database. In addition, the possible impact of molecular 
subtypes on the OS of patients with primary and with metastatic 
breast cancer was evaluated. OS was defined as the time from the 
date of diagnosis to death from any cause.

Statistical analysis. All data were analyzed by using SPSS 
version 22.0 (IBM Corp.), where ratio variables were compared 
using the χ2 test or Fisher's exact test as appropriate. Survival 
rates were calculated with the Kaplan‑Meier method and 
survival curves were drawn. The log‑rank test was performed 
to perform univariate analysis. The statistical analyses were 
two‑sided and P<0.05 was considered to indicate statistical 
significance.

Results

Major characteristics of patients with different molecular 
subtypes of breast cancer. A total of 166 patients with meta‑
static breast cancer from the Hunan Provincial People's Hospital 
(Changsha, China) and 15,322 metastatic breast cancer cases 
from the SEER database were identified. The major baseline 
features of the breast cancer molecular subtypes are presented in 
Tables I and II. In 166 patients with metastases, the HR+/HER2‑, 
HR+/HER2+, HR‑/HER2+ and HR‑/HER2‑ cases accounted 
for 55.4, 15.7, 12.6 and 16.3%, respectively; all of the patients 
were female, with a mean age of 51.4 years (range, 25‑79 years). 
For the 15,322 metastatic breast cancer cases from the SEER 
database, the mean age was 60.7 years (range, 19‑103 years); 
the HR+/HER2‑, HR+/HER2+, HR‑/HER2+ and HR‑/HER2‑ 
cases accounted for 60.2, 17.7, 9.2 and 12.9%, respectively. In 
both datasets, HR+/HER2‑ accounted for the largest propor‑
tion of molecular subtypes, while HR‑/HER2+ had the smallest 
proportion. There was no statistically significant difference in 
the proportion of molecular subtypes between the two datasets 
(P=0.196; Table Ⅲ).

Molecular subtypes and distribution of metastatic sites 
in the two datasets. Among the 166 cases of the present 
single‑center study, the molecular subtypes were significantly 
associated with the prevalence of DLN metastasis (P=0.010), 
but not significantly associated with the prevalence of any 
other sites of metastasis. Bone metastasis was more common 
in the HR+/HER2+ and HR‑/HER2+ subtypes compared to 
the other subtypes and their rates of occurrence were 50.0 
and 42.9%, respectively. Lung metastasis was more common 
in the HR+/HER2‑ and HR‑/HER2+ subtypes, and their rates 
of occurrence were 23.9 and 23.8% respectively; furthermore, 
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pleural metastasis was more common in the HR+/HER2‑ and 
HR‑/HER2‑subtypes, and their rates of occurrence were 
19.6 and 18.5%, respectively. Liver metastasis was more 
common in the HR‑/HER2+ and HR+/HER2+ subtypes and 
their rates of occurrence were 33.3 and 30.8%, respectively. 
Brain metastasis was more common in the HR+/HER2+ and 
HR+/HER2‑ subtypes and their rates of occurrence were 11.5 
and 5.4% respectively; DLN metastasis was also more common 
in the HR‑/HER2‑ and HR‑/HER2+ subtypes and their rates 
of occurrence were 44.4 and 23.8%, respectively (Table Ⅳ).

Among the 15,322 metastatic cases from the SEER data‑
base, the metastasis sites were significantly different among 
the different molecular subtypes (bone, lung, liver, brain and 
DLN; P<0.001). Bone metastasis was more common in the 
HR+/HER2‑ and HR+/HER2+ than in the other subgroups, 
with rates of occurrence of 82.0 and 71.3%, respectively. 
Lung metastasis was more common in the HR‑/HER2+ and 
HR‑/HER2‑ subtypes and the rates of occurrence were 40.8 and 
47.7%, respectively. Liver metastasis was more common in the 
HR‑/HER2+ and HR+/HER2+ subtypes, with rates of occur‑
rence of 51.6 and 39.2%, respectively; brain metastasis was 
more common in the HR‑/HER2+ and HR‑/HER2‑ subtypes 
and the rates of occurrence were 12.7 and 12.9%, respectively. 
DLN metastasis was more common in the HR‑/HER2‑ and 
HR‑/HER2+ subtypes, with rates of occurrence of 6.4 and 
6.9%, respectively (Table Ⅴ).

In summary, bone metastasis was more likely to occur in the 
HR+/HER2+ subtype patients according to the single‑center 
data as well as the dataset from the SEER database. Lung metas‑
tasis was more likely to occur in patients of the HR‑/HER2+ 
subtype in both datasets. Liver metastasis was more likely to 

occur in the HR‑/HER2+ and HR+/HER2+ patients in both 
datasets. DLN metastasis was more likely to occur in the 
HR‑/HER2‑ and HR‑/HER2+ patients in both datasets.

Molecular subtypes and the number of metastatic sites in 
both datasets. In the 166 cases from the single‑center cohort, 
molecular subtypes were not significantly associated with 
the prevalence of the number of metastatic sites (P=0.221). A 
single site of metastasis was more frequent in the HR+/HER2‑ 
and HR‑/HER2+ patients than in the other subgroups, with 
frequencies of 59.8 and 57.1%, respectively. Furthermore, two 
sites of metastasis were more common in the HR‑/HER2‑ and 
HR+/HER2+ patients and the rates of occurrence were 37.0 and 
30.8%, respectively. In addition, three sites of metastasis were 
more frequent in HR+/HER2+ and HR+/HER2‑patients, with 
rates of occurrence of 19.2 and 10.9%, respectively. Finally, ≥4 
sites of metastasis were more frequent in the HR‑/HER2‑ and 
HR‑/HER2+ subtypes and the rates of occurrence were 14.8 
and 14.3%, respectively (Table Ⅵ).

Among the 15,322 metastatic cases from the SEER 
database, the molecular subtypes were significantly associ‑
ated with the prevalence of the number of metastatic sites 
(P<0.001). A single site of metastasis was more common in 
the HR+/HER2‑ and HR‑/HER2‑ patients than in the other 
subgroups, with rates of occurrence of 65.5 and 60.5%, 
respectively. Furthermore, two sites of metastasis were more 
frequent in the HR+/HER2+ and HR‑/HER2+ patients and 
the rates of occurrence were 28.6 and 28.4%, respectively. 
In addition, three sites of metastasis were more common in 
the HR‑/HER2+ and HR+/HER2+ subtypes, with rates of 
occurrence of 13.0 and 11.5%, respectively. Finally, ≥4 sites 

Figure 1. Flowchart of patient inclusion in the present cohort study based on the SEER database. SEER, Surveillance, Epidemiology and End Results; 
HR, hormone receptor; HER2, human epidermal growth factor receptor 2; DLN, distant lymph node.
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of metastasis were more common for the HR‑/HER2+ and 
HR‑/HER2‑subtypes (4.5 and 3.5%, respectively; Table Ⅶ).

The results of both datasets all suggested that the 
number of metastatic sites was diverse across the molecular 
subtypes. A single site of metastasis was more likely in 
HR+/HER2‑patients, while 2‑3 sites of metastases were more 
likely in HR+/HER2+ patients. Furthermore, ≥4 sites of 
metastasis were more likely in patients with the HR‑/HER2+ 
and HR‑/HER2‑ subtype.

Subsequently, the information on all combinations of 
different distant metastases was further analyzed in the subtypes 
of patients in both datasets. In both datasets, it was indicated 
that regarding single distant metastasis, bone‑only metastasis 
was more common in the HR+/HER2‑subtype (P<0.05) and 
liver‑only metastasis was more common in the HR+/HER2+ 
and HR‑/HER2+ subtypes (P<0.05), while DLN‑only metas‑
tasis was more common in HR‑/HER2‑ patients (P<0.05). 
Regarding the combinations of distant metastases to two 
different sites, bone + liver metastases were more common in 
the HR+/HER2+ subtype and bone + brain metastases were also 
more common in the HR+/HER2+ subtype, while lung + brain 
metastases were more common in the HR‑/HER2‑ subtype. 
For combinations of metastasis to three different distant sites, 

bone + lung + DLN metastases were more common in the 
HR+/HER2‑ subtype (Figs. 2 and 3; Tables SI and SII).

Molecular subtypes and the OS of patients with primary and 
metastatic breast cancer based on the SEER database. Based 
on the results discussed in the previous section, the influence 
of the molecular subtype on the OS of 329,770 primary breast 
cancer patients from the SEER database between 2010 and 
2016 was first analyzed. There was a statistical difference in 
OS among the molecular subtypes with primary breast cancer 
(P<0.001). The mean OS period of HR+/HER2‑ patients 
was 78.5 months and the mean OS period of HR+/HER2+, 
HR‑/HER2+ and HR‑/HER2‑ patients was 76.6, 72.9 and 
69.1 months, respectively (Fig. 4A).

Furthermore, the association between molecular subtypes 
of the 15,322 metastatic breast cancer patients from the 
SEER database between 2010 and 2016 and OS was deter‑
mined. There was a statistically significant difference in 
OS among the different molecular subtypes with metastasis 
(P<0.001). The mean OS of patients with metastasis of 
the HR+/HER2‑type was 40.2 months, while that of the 
HR+/HER2+, HR‑/HER2+ and HR‑/HER2‑types was 46.0, 
40.4 and 18.5 months, respectively (Fig. 4B).

Table I. Major characteristics of the patients with metastatic breast cancer from the present cohort study (n=166).

Main characteristics HR+/HER2‑ (n=92) HR+/HER2+ (n=26) HR‑/HER2+ (n=21) HR‑/HER2‑ (n=27)

Age (years)
  <40 19 (20.6) 5 (19.2) 2 (9.5) 1 (3.7)
  40‑49 26 (28.3) 8 (30.8) 3 (14.3) 9 (33.3)
  50‑59 26 (28.3) 6 (23.1) 9 (42.9) 11 (40.8)
  ≥60 21 (22.8) 7 (26.9) 7 (33.3) 6 (22.2)
Menopausal status    
  Premenopause 41 (44.6) 12 (46.2) 5 (23.8) 9 (33.3)
  Postmenopause 51 (55.4) 14 (53.8) 16 (76.2) 18 (66.7)
Tumor stage    
  T1 9 (9.8) 5 (19.2) 4 (19.1) 8 (29.6)
  T2 55 (59.8) 11 (42.3) 8 (38.1) 15 (55.6)
  T3 18 (19.6) 9 (34.6) 7 (33.3) 3 (11.1)
  T4 10 (10.8) 1 (3.9) 2 (9.5) 1 (3.7)
TNM stage    
  I 7 (7.6) 4 (15.4) 0 (0) 3 (11.1)
  II 34 (37.0) 7 (26.9) 6 (28.6) 12 (44.4)
  III 51 (55.4) 15 (57.7) 15 (71.4) 12 (44.4)
Lymph node status    
  Positive 65 (70.7) 19 (73.1) 19 (90.5) 16 (59.3)
  Negative 27 (29.3) 7 (26.9) 2 (9.5) 11 (40.7)
Histopathological type    
  Invasive ductal carcinoma 75 (81.5) 23 (88.5) 18 (85.7) 25 (92.6)
  Invasive lobular carcinoma 4 (4.3) 0 (0) 0 (0) 1 (3.7)
  Ductal carcinoma in situ 2 (2.2) 2 (7.7) 1 (4.8) 0 (0)
  Other 11 (12.0) 1 (3.8) 2 (9.5) 1 (3.7)

Values are expressed as n (%). HR, hormone receptor; HER2, human epidermal growth factor receptor 2.
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Discussion

In most cases, the generation of breast cancer metastatic 
lesions may last for months, years or even decades prior to 
becoming a clinically detectable metastasis (17). While the 
underlying mechanisms remain to be fully elucidated, it 
is known that metastasis is a process that begins with the 
detachment of tumor cells from the primary tumor (18). 
According to the St. Gallen International Expert Consensus 
on the Primary Therapy of Early Breast Cancer in 2011 (19), 
given the limitation of molecular profiling studies in routine 
clinical practice, the combination of the HR and HER2 status 

with or without an accompanying Ki‑67 proliferation index 
has been recently used as an indicator for molecular subtypes. 
Different molecular subtypes have distinctive biological 
features and clinical outcomes (20). Molecular subtypes 
remain the most important prognostic determinants in breast 
cancer (21). The goal of the present study was to explore 
the possible impact of molecular subtypes on metastatic 
behavior and OS in a single‑center study combined with a 
large cohort study from the SEER database. Monitoring the 
biological behavior of breast cancer may benefit a patient by 
allowing for the implementation of a personalized treatment 
strategy (22).

Table II. Major characteristics of patients with metastatic breast cancer from the Surveillance, Epidemiology and End Results 
dataset (n=15,322).

 HR+/HER2‑ HR+/HER2+ HR‑/HER2+ HR‑/HER2‑
Main characteristics (n=9,222) (n=2,710) (n=1,406) (n=1,984)

Age (years)    
  <40 553 (6.0) 298 (11.0) 169 (12.0) 160 (8.1)
  40‑49 1,193 (12.9) 430 (15.9) 227 (16.2) 289 (14.6)
  50‑59 2,178 (23.6) 765 (28.2) 411 (29.2) 512 (25.8)
  ≥60 5298 (57.5) 1,217 (44.9) 599 (42.6) 1,023 (51.5)
Sex    
  Female 9,107 (98.8) 2,673 (98.6) 1,403 (99.8) 1969 (99.2)
  Male 115 (1.2) 37 (1.4) 3 (0.2) 15 (0.8)
Tumor stage    
  T0 110 (1.2) 23 (0.8) 15 (1.1) 26 (1.3)
  T1 819 (8.9) 224 (8.3) 99 (7.0) 133 (6.7)
  T2 2,287 (24.8) 668 (24.6) 278 (19.8) 416 (21.0)
  T3 1,188 (12.9) 345 (12.7) 190 (13.5) 301 (15.2)
  T4 2,244 (24.3) 713 (26.3) 449 (31.9) 617 (31.1)
  Unknown 2,574 (27.9) 737 (27.3) 375 (26.7) 491 (24.7)
Lymph node status    
  Positive 8,919 (96.7) 2,563 (94.6) 1,296 (92.2) 1,819 (91.7)
  Negative 303 (3.3) 147 (5.4) 110 (7.8) 165 (8.3)
Grade    
  I 894 (9.7) 62 (2.3) 7 (0.5) 23 (1.2)
  II 3,855 (41.8) 891 (32.9) 310 (22.0) 296 (14.9)
  III 2,604 (28.2) 1,326 (48.9) 839 (59.7) 1,333 (67.2)
  IV 34 (0.4) 16 (0.6) 11 (0.8) 25 (1.3)
  Unknown 1,835 (19.9) 415 (15.3) 239 (17.0) 307 (15.4)
Radiation therapy    
  Prior to surgery 146 (1.6) 37 (1.4) 20 (1.4) 22 (1.1)
  After surgery 1,343 (14.6) 409 (15.1) 209 (14.9) 315 (15.9)
  Prior to and after surgery 39 (0.4) 8 (0.3) 7 (0.5) 7 (0.4)
  None  7,678 (83.3) 2,250 (83.0) 1,166 (82.9) 1,636 (82.4)
  Other 16 (0.1) 6 (0.2) 4 (0.3) 4 (0.2)
Chemotherapy    
  No 5,058 (54.8) 748 (27.6) 288 (20.5) 553 (27.9)
  Yes 4,164 (45.2) 1,962 (72.4) 1,118 (79.5) 1,431 (72.1)

Values are expressed as n (%). HR, hormone receptor; HER2, human epidermal growth factor receptor 2.
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The present study indicated that bone metastasis is more 
frequent in HR+/HER2+ patients, while metastasis to the lung 
is more frequent in the HR‑/HER2+ subtype as compared to 
the other molecular subtypes of patients with breast cancer. 
Smid et al (6) also determined that bone metastasis is most 
abundant in the luminal subtypes. Largely in accordance with 
these observations, tissue microarray analysis suggested that 
the HER2 subtype exhibited higher rates of lung metastasis 
compared with luminal A cancers (7). The luminal B subtype 
was less frequently associated with lung metastasis than the 
HER2 subtype (23). The liver was a common organ involved 
in breast cancer metastasis. A previous study reported that 
liver metastasis was more frequently observed in the HER2 

subtype than the luminal A and triple‑negative breast cancer 
(TNBC) subtypes (23). Similarly, the present study indicated 
that liver metastasis was more likely to be present in the 
HR‑/HER2+ and HR+/HER2+ subtypes from both datasets. 
However, only a small number of previous studies have investi‑
gated pleural metastases. One previous study reported that the 
luminal A and B subtypes were both less frequently associ‑
ated with pleural metastasis than the TNBC subtype (23). In 
the present study, the HR+/HER2‑ and HR‑/HER2‑ subtypes 
had an increased likelihood to have pleural metastasis in 
the single‑center cohort. Since the metastatic sites recorded 
in the SEER database did not include the pleura, it was not 
possible to use those big data to further support this result. 

Table III. Similarities and differences of molecular subtypes between the two datasets.

  Surveillance, Epidemiology
  and End Results
Molecular subtype Single‑centerdataset (n=166) dataset (n=15,322) χ2 P‑value

HR+/HER2‑ 92 (55.4) 9,222 (60.2) 4.605 0.196
HR+/HER2+ 26 (15.7) 2,710 (17.7)
HR‑/HER2+ 21 (12.6) 1,406 (9.2)
HR‑/HER2‑ 27 (16.3) 1,984 (12.9)

Values are expressed as n (%). HR, hormone receptor; HER2, human epidermal growth factor receptor 2. P‑value pertains to comparison 
among all groups.

Table Ⅳ. Molecular subtypes and metastatic sites in the patients with metastatic breast cancer from the present cohort study 
(n=166).

Metastatic site HR+/HER2‑ (n=92) HR+/HER2+ (n=26) HR‑/HER2+ (n=21) HR‑/HER2‑ (n=27) P‑value

Bone     0.165
  Metastasis 31 (33.7) 13 (50.0) 9 (42.9) 6 (22.2) 
  No metastasis 61 (66.3) 13 (50.0) 12 (57.1) 21 (77.8) 
Lung     0.779
  Metastasis 22 (23.9) 4 (15.4) 5 (23.8) 5 (18.5) 
  No metastasis 70 (76.1) 22 (84.6) 16 (76.2) 22 (81.5) 
Pleural     0.330
  Metastasis 15 (19.6) 1 (3.8) 2 (9.5) 5 (18.5) 
  No metastasis 77 (80.4) 25 (96.2) 19 (90.5) 22 (81.5) 
Liver     0.438
  Metastasis 18 (19.6) 8 (30.8) 7 (33.3) 6 (22.2) 
  No metastasis 74 (80.4) 18 (69.2) 14 (66.7) 21 (77.8) 
Brain     0.425
  Metastasis 5 (5.4) 3 (11.5) 0 (0.0) 1 (3.7) 
  No metastasis 87 (94.6) 23 (88.5) 21 (100.0) 26 (96.3) 
DLN     0.010
  Metastasis 18 (19.6) 2 (7.7) 5 (23.8) 12 (44.4) 
  No metastasis 74 (80.4) 24 (92.3) 16 (76.2) 15 (55.6)

Values are expressed as n (%). Pleural refers to the pleural space or sac. HR, hormone receptor; HER2, human epidermal growth factor 
receptor 2; DLN, distant lymph node. P‑value pertains to comparison among all groups. 
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The brain metastasis of breast cancer is not common (6); the 
present study indicated that metastasis to the brain was less 
common than metastasis to other organs. In the present study, 
the HR‑/HER2+ and HR‑/HER2‑subtypes were observed 
to have relatively more brain metastasis than the other two 
subtypes. This result is consistent with a previous study, which 
indicated that the HR‑/HER2+ subtype had a higher risk of 
brain metastasis (5).

There may be various reasons why different molecular 
subtypes of breast cancer exhibit differences in metastatic sites. 
A previous study reported that downregulation of E‑cadherin 
was crucial to the dissemination and invasion of cancer cells, 
which may augment breast cancer metastasis to the bone (24). 
Zhang et al (25) recently identified differentially expressed 
DEGs and signaling pathways that may make a contribution 
towards the understanding of the pathological mechanisms 

of bone metastasis from breast cancer. For example, integrin 
binding sialoprotein, matrix metallopeptidase, TNF α‑induced 
protein 6, dehydrogenase/reductase 3, receptor interacting 
serine/threonine kinase 4, and CD200 had a diagnostic value 
for patients with breast cancer bone metastasis. There was 
evidence that the ability of breast cancer cells to activate osteo‑
clasts is similar to that of normal glandular tissue of mammary 
epithelial cells during lactation; therefore, breast cancer cells 
have intrinsic properties that allow them to metastasize to 
bone tissue (26). Sphingosine kinase 1 (SPHK1) promoted lung 
metastasis by transcriptionally upregulating the expression of 
the metastasis‑promoting gene fascin actin‑building protein 1 
via NF‑κB activation, and targeting SPHK1 and NF‑κB using 
clinically‑applicable inhibitors significantly inhibited aggressive 
mammary tumor growth and spontaneous lung metastasis in 
orthotopic syngeneic HR‑/HER2‑ subtype mouse models (27). 

Table VI. Molecular subtypes and the number of metastatic sites in patients with metastatic breast cancer from the present cohort 
study (n=166).

Number of HR+/HER2‑ HR+/HER2+ HR‑/HER2+ HR‑/HER2‑
metastatic sites (n=92) (n=26) (n=21) (n=27) χ2 P‑value

1 55 (59.8) 12 (46.2) 12 (57.1) 13 (48.2) 11.328 0.221
2 20 (21.7) 8 (30.8) 4 (19.1) 10 (37.0)
3 10 (10.9) 5 (19.2) 2 (9.5) 0 (0)
≥4 7 (7.6) 1 (3.8) 3 (14.3) 4 (14.8)

Values are expressed as n (%). HR, hormone receptor; HER2, human epidermal growth factor receptor 2. P‑value pertains to comparison 
among all groups.

Table Ⅴ. Molecular subtypes and metastatic sites in patients with metastatic breast cancer from the Surveillance, Epidemiology 
and End Results dataset (n=15,322).

Metastatic sites HR+/HER2‑ (n=9,222) HR+/HER2+ (n=2,710) HR‑/HER2+ (n=1,406) HR‑/HER2‑ (n=1,984) P‑value

Bone     <0.001
  Metastasis 7,563 (82.0) 1,931 (71.3) 762 (54.2) 1,043 (52.6) 
  No metastasis 1,659 (18.0) 779 (28.7) 644 (45.8) 941 (47.4) 
Lung     <0.001
  Metastasis 2,787 (30.2) 901 (33.2) 573 (40.8) 946 (47.7) 
  No metastasis 6,435 (69.8) 1,809 (66.8) 833 (59.2) 1,038 (52.3) 
Liver     <0.001
  Metastasis 1,965 (21.3) 1,062 (39.2) 726 (51.6) 651 (32.8) 
  No metastasis 7,257 (78.7) 1,648 (60.8) 680 (48.4) 1,333 (67.2) 
Brain     <0.001
  Metastasis 542 (5.9) 226 (8.3) 178 (12.7) 255 (12.9) 
  No metastasis 8,680 (94.1) 2,484 (91.7) 1,228 (87.3) 1,729 (87.1) 
DLN     <0.001
  Metastasis 363 (3.9) 165 (6.1) 97 (6.9) 126 (6.4) 
  No metastasis 8,859 (96.1) 2,545 (93.9) 1,309 (93.1) 1,858 (93.6)

Values are expressed as n (%). HR, hormone receptor; HER2, human epidermal growth factor receptor 2; DLN, distant lymph node. P‑value 
pertains to comparison among all groups.
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The mechanism for the tendency of HER2+ tumors to appear 
in the liver remains elusive. C‑X‑C motif chemokine receptor 4, 
a chemokine receptor enhanced by HER2 activation, has been 
proposed to be involved in promoting invasion of these cells 
to visceral organs (28). In addition, a previous study indicated 
that hepatic steatosis may serve as an independent factor to 
decrease liver metastasis in patients with breast cancer (29). The 
biological mechanisms of brain metastasis are currently unclear 
in breast cancer. A study reported that the WNT pathway 
was associated with relapse of breast cancer or metastasis to 
the brain (6). Future studies should investigate the metastatic 

mechanism in breast cancer across the different subtypes and 
develop strategies of how to reduce the overall risk of metastasis.

To date, the association of molecular subtypes with the 
number of metastatic sites in patients with breast cancer has 
been rarely investigated. In the present study, analysis of the 
single‑center cohort and the SEER dataset both indicated that 
the the number of metastatic sites of the HR+/HER2‑ subtype 
patients was lower than in patients with the other three 
subtypes after those patients had experienced metastases, 
while the number of metastatic sites of the HR‑/HER2+ and 
HR‑/HER2‑ subtypes patients was higher. The present study 

Figure 2. Frequencies of metastasis locations in 166 patients with metastatic breast cancer of the present cohort study according to molecular subtype. 
Frequencies of different metastatic sites in patients with breast cancer with involvement of (A) one, (B) two, (C) three and (D) four metastatic sites by each 
breast cancer subtype. DLN, distant lymph node; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.

Table VII. Molecular subtypes and the number of metastatic sites in patients with metastatic breast cancer from the Surveillance, 
Epidemiology and End Results dataset (n=15,322).

Number of HR+/HER2‑ HR+/HER2+ HR‑/HER2+ HR‑/HER2‑
metastatic sites  (n=9,222) (n=2,710) (n=1,406) (n=1,984) χ2 P‑value

1 6,042 (65.5) 1,546 (57) 761 (54.1) 1,200 (60.5) 160.329 <0.001
2 2,289 (24.8) 774 (28.6) 399 (28.4) 541 (27.3)
3 722 (7.8) 312 (11.5) 183 (13.0) 173 (8.7)
≥4 169 (1.8) 78 (2.9) 63 (4.5) 70 (3.5)

Values are expressed as n (%). HR, hormone receptor; HER2, human epidermal growth factor receptor 2. P‑value pertains to comparison 
among all groups.
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lacks mechanistic evidence to explain why the molecular 
subtype affected the number of metastatic sites. Future work 
by our group will continue to explore the reasons for this and 
attempt to identify a possible mechanism.

Numerous studies have demonstrated different survival 
rates between molecular subtypes (30‑32). However, the differ‑
ence in prognosis between primary and metastatic tumors of 
different molecular subtypes remains to be fully elucidated. 
In the present study, there was a statistically significant 
difference in OS among the different molecular subtypes of 
patients with distant metastatic primary breast cancer between 

2010 and 2016 from the SEER database. The patients of the 
HR+/HER2‑ subtype had the longest mean OS compared with 
the other three subtypes. HR‑/HER2‑ was associated with 
a significantly poorer OS, whether in primary breast cancer 
or the subset of metastatic breast cancer patients. The Notch 
signaling pathway has emerged as a regulatory factor in the 
pathogenesis and tumor progression of TNBC (33). A previous 
study also reported that in a survival analysis of females 
diagnosed with de novo metastasis, the mortality risk relative 
to the HR+/HER2‑ subtype was twice as high for HR‑/HER2‑ 
and slightly lower for HR+/HER2+; HER2+ metastatic breast 

Figure 4. Influence of molecular subtypes on the OS of patients with primary breast cancer and with metastatic breast cancer based on the SEER database. 
(A) OS of 329,770 patients with primary breast cancer by molecular subtype; Log‑rank P<0.001. (B) OS of 15,322 patients with metastatic breast cancer by 
molecular subtype; Log‑rank P<0.001. OS, overall survival; SEER, Surveillance, Epidemiology and End Results; HR, hormone receptor; HER2, human 
epidermal growth factor receptor 2; Cum, cumulative survival. The definition of any censored datapoints: alive that their total time until death could not be 
determined; or dead of other cause; or missing.

Figure 3. Frequencies of metastasis locations in patients with metastatic breast cancer from the Surveillance, Epidemiology and End Results dataset (n=15,322) 
according to molecular subtype. Frequencies of different metastatic sites in patients with breast cancer with involvement of (A) one, (B) two, (C) three and 
(D) four metastatic sites by each breast cancer subtype. DLN, distant lymph node; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.
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cancers had relatively better survival in recent years (34). The 
present study also determined that the mean OS of meta‑
static patients of the HR+/HER2+ subtype was the longest 
(46.0 months). Previous studies have indicated that the median 
survival time of patients with metastatic breast cancer was 
~2‑4 years (3) and the 5‑year survival rate was only ~25% (35). 
This was consistent with the present study.

As a limitation of the present study, no Kaplan‑Meier 
analysis was performed for the present single‑center cohort. 
As a proportion of metastatic breast cancer patients enrolled 
in the present single‑center study between 2012 and 2016 
were initially treated at Hunan Provincial People's Hospital 
(Changsha, China), when they were diagnosed with metastases 
later here, then they went back to their local hospitals for final 
treatment and some of them were lost to follow‑up. In addition, 
some metastatic breast cancer patients enrolled in the present 
single‑center study between 2017 and 2018 were still alive at the 
end of the follow‑up that their total time until death could not 
be determined. Thus, considering the large amount of censored 
data in the present dataset, no corresponding prognostic 
survival analysis of the cases collected at Hunan Provincial 
People's Hospital (Changsha, China) was performed.

The present results may assist clinicians in the treatment 
of patients to select appropriate and standardized treatments. 
Although the results for the single‑center cohort were not 
always consistent with the results obtained with the SEER data 
due to limited samples in the single‑center cohort, the present 
results may be valuable for developing appropriate follow‑up 
strategies and to guide personalized care.

In conclusion, the present study indicated that different 
molecular subtypes of breast cancer have different metastatic 
behaviors. The subtypes exhibited differences regarding the 
sites and number of metastases. The survival was different 
among the different molecular subtypes with metastasis. 
These results may assist clinicians in the prediction of meta‑
static behavior of breast cancers and develop more efficient 
follow‑up monitoring strategies to further improve OS.
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