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Abstract
Introduction: Population- based data on the incidence and prognosis of bone metas-
tases at diagnosis of breast cancer are currently limited. Hence, we conducted this 
study to analyze the incidence proportions and prognostic factors of patients with 
breast cancer and bone metastases at the time of cancer diagnosis.
Materials and methods: Patients with primary invasive breast cancer and bone metas-
tases at initial diagnosis between 2010 and 2014 were identified using the Surveillance, 
Epidemiology, and End Results (SEER) dataset and Fudan University Shanghai Cancer 
Center (FUSCC) cohort. Multivariable logistic regression was performed to identify 
predictors of the presence of bone metastases at diagnosis. Univariate and multivariate 
analyses were performed to determine the effects of each variable on survival.
Results: Of 229, 195 patients from SEER database included in the analysis, 8295 pa-
tients had bone metastases at initial diagnosis, reflecting 3.6% of the entire study popu-
lation, and 65.1% of the subset with metastatic disease to any distant site. Patients with 
hormone receptor (HR)- positive human epidermal growth factor receptor 2 (HER2)- 
negative represented the highest incidence proportions among patients with metastatic 
disease (73.9%). Among entire cohort, multivariable logistic regression identified eight 
factors as predictors of the presence of bone metastases at diagnosis. Median OS for the 
patients with bone metastases in SEER and FUSCC cohorts was 30.0 and 68.2 months, 
respectively. Patients with HR- positive HER2- positive subtype had the longest median 
OS, and patients with triple- negative subtype showed the shortest median OS. 
Multivariable Cox model in SEER cohort confirmed age, histology, grade, tumor sub-
type, extraosseous metastatic sites, history of primary surgery, insurance status, marital 
status, and income as independent prognostic factors for both OS and BCSS.
Conclusions: The findings of this study provide population- based estimates of the 
incidence and prognosis for patients with bone metastases at initial diagnosis of 
breast cancer.
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1 |  INTRODUCTION

Breast cancer is the most common cancer in women and is the 
leading causes of cancer- related death in women. Globally, it 
accounted for approximately 1.67 million cases in 2012 and 
0.52 million deaths, and both numbers have continued to in-
crease.1 Approximately 5% of patients present with distant 
metastases at their initial diagnosis of breast cancer, with 
bone being the most common site.2,3 Of those patients who 
die of breast cancer, approximately 70% will have evidence 
of bone metastases.4

Bone metastases are associated with lower survival in pa-
tients with advanced breast cancer and an increased risk of 
serious complications during the patients’ disease course.5-7 
The sites and extent of metastases determine the complica-
tions, which are called skeletal- related events (SREs); these 
include pathological fractures, severe bone pain, bone mar-
row infiltration, spinal cord compression, and hypercalce-
mia.8,9 The median time from bone metastases diagnosis to 
first SRE among breast cancer patients with bone metasta-
ses is only 1.8 months, and the 1- year incidence of SREs is 
as high as 40%.2 Studies have demonstrated that nearly 50% 
of breast cancer patients with bone metastases experience at 
least one of these SREs, resulting in the reduced quality of 
life.2,7,10

There is growing evidence indicating that patterns of 
metastases vary between different hormone receptor (HR) 
and human epithelial growth factor receptor 2 (HER2) sta-
tuses of breast tumors.11-18 Patients with HR- positive breast 
cancer are at increased risk for the development of bone 
metastases, whereas bone metastases are less frequent in 
cases of triple- negative tumors.15-21 Previous studies also 
indicated that tumor subtype is an important prognostic fac-
tor for the survival of patients with bone metastases, where 
worse survival was seen in patients with triple- negative 
breast cancer.22,23

An early diagnosis of bone metastases is necessary to start 
intervention early and reduce complications. However, cur-
rent guidelines do not recommend routine screening of bone 
metastases in patients with localized breast cancer only if di-
rected by signs or symptoms.24 Among patients with bone 
metastases at initial diagnosis of breast cancer, there is a lack 
of data regarding patient characteristics and the clinical and 
sociodemographic predictors of outcome at a population 
level, which needs to be supplemented and studied.

In this study, we used the Surveillance, Epidemiology, and 
End Results (SEER) database to survey the incidence of bone 
metastases when breast cancer was initially diagnosed. We 
also attempted to investigate the influence of tumor subtype 
and other prognostic factors on the survival of patients with 
bone metastases at the time of cancer diagnosis using both 
SEER cohort and another independent cohort from Fudan 
University Shanghai Cancer Center (FUSCC).

2 |  MATERIALS AND METHODS

2.1 | Study population
We obtained data from the current SEER database, which 
consists of 18 population- based cancer registries. This da-
tabase collects and publishes cancer incidence and survival 
data covering approximately 28% of the total population in 
the United States. SEER*Stat Version 8.3.4 (http://www.
seer.cancer.gov/seerstat) from the National Cancer Institute 
was used to identify eligible patients in this study.25

Because the SEER database began collecting information 
on the presence or absence of bone metastases at the time 
of diagnosis in 2010, we included adult patients (≥18 years 
of age) diagnosed with microscopically confirmed invasive 
breast cancer between 1 January 2010 and 31 December 
2014. We selected patients with only one primary malig-
nancy in their lifetime. In total, 229 195 patients were eli-
gible for inclusion in the incidence analyses. Among whom 
8295 were diagnosed with bone metastases. We subsequently 
removed patients with an unknown follow- up, leaving 7482 
patients eligible for survival analyses.

To validate the preliminary findings obtained from the 
SEER database, we used data from 198 breast cancer patients 
with bone metastases at first diagnosis who were treated 
between January 2004 and December 2017 at FUSCC. All 
patients included in the analysis were histopathologically 
reconfirmed independently by two experienced pathologists 
according to the ASCO/CAP 2010 criteria. The cutoff for es-
trogen receptor or progesterone receptor positivity was ≥1% 
of tumor cells with nuclear staining.26 Cytoplasmic staining 
was ignored.27 Pathologic HER2 status was defined accord-
ing to the ASCO/CAP guidelines.28

This study was conducted with approval from the Ethical 
Committee Review Board of Fudan University Shanghai 
Cancer Center and all patients provided written informed 
consent.

2.2 | Statistical analysis
Descriptive statistics were used to examine the baseline 
characteristics of the patient population. These variables 
were stratified by breast cancer subtype: HR- positive HER2- 
negative, HR- positive HER2- positive, HR- negative HER2- 
positive, and triple- negative (HR- negative HER2- negative). 
Residence type, median household income, and education 
level (percentage of adults ≥25 years with a high school edu-
cation) were estimated with county attributes from the US 
Census 2010- 2014 American Community Survey 5- year data 
files, which were provided through the SEER*Stat software. 
Patient characteristics were compared among the subgroups 
with the chi- square test and Fisher’s exact test for categorical 
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variables and with the Kruskal- Wallis test for continuous 
variables. Within each variable, patients with unknown data 
were excluded from the comparative analysis.

Absolute numbers and incidence proportions were calcu-
lated for patients with bone metastases at the time of their 
breast cancer diagnosis. Patients were also stratified by breast 
cancer subtype. Incidence proportion was defined as the per-
centage of breast cancer patients diagnosed with bone metas-
tases among either the entire study cohort or the patients with 
metastatic disease to any distant site.

Multivariable logistic regression was used to determine 
predictors of the presence of bone metastases at diagnosis. 
Information regarding the presence of brain, lung, and liver 
metastases at diagnosis is available in the SEER database and 
FUSCC cohort and was used to calculate the number of ex-
traosseous metastatic sites in this study.

Overall survival (OS) and breast cancer- specific survival 
(BCSS) were the primary study outcomes. OS was defined 
as the date of diagnosis to the date of death due to any cause 
or the date of last follow- up. BCSS was calculated as the 
time from the date of diagnosis to the date of death attributed 
to breast cancer or the date of last follow- up. We used the 
Kaplan- Meier method to obtain survival probabilities and an-
alyzed the differences between groups using the log- rank test. 
Univariate and multivariate Cox proportional hazard models 
were applied to assess the independent association of several 
variables with BCSS and OS, which were reported as hazard 
ratios and their 95% confidence intervals (95% CIs).

All statistical analyses were performed using R software, 
version 3.4.3 (http://www.r-project.org) and SPSS software, 
version 22.0 (SPSS, Chicago, IL, USA). All P values re-
ported were two- sided, and P values <0.05 were considered 
statistically significant.

3 |  RESULTS

3.1 | Patient characteristics
A total of 229 195 patients in the United States were diag-
nosed with breast cancer between 2010 and 2014 and were 
included in the incidence analysis. Table S1 shows the dis-
tribution of patient characteristics according to tumor sub-
type. Most patients had HR- positive HER2- negative tumors 
(66.7%) while the fewest patients had HR- negative HER2- 
positive tumors (4.4%). Within this cohort, 7482 patients 
had bone metastases at their initial diagnosis and complete 
survival data; thus, they were included in the survival anal-
ysis, and their demographic and clinical characteristics are 
shown in Table 1. Among the cohort for the survival anal-
ysis, 59.5%, 5.9%, 14.9%, 8.2%, and 11.4% of patients had 
HR- positive HER2- negative, HR- negative HER2- positive, 
HR- positive HER2- positive, triple- negative, and unknown 
subtypes, respectively. At the time of diagnosis, bone 

was the only site of metastases in 4078 patients (54.5%). 
Compared with other patients, patients with bone metastases 
from HR- positive/HER2- negative breast cancer were older 
(P < 0.001), were more likely to be white (P < 0.001), had 
a higher rate of lobular histology (P < 0.001), had a lower 
tumor grade (P < 0.001), and had a higher household income 
(P < 0.001). In contrast, patients with HR- negative/HER2- 
positive patients were younger (P < 0.001), were less likely 
to be white (P < 0.001), had fewer extraosseous metastatic 
sites to the lung, liver, and brain (P < 0.001), and were more 
likely to live in urban area (P = 0.006). The basic character-
istics of the patients in the FUSCC cohort are presented in 
Table S2.

3.2 | Incidence analysis
Figure 1 shows the number and incidence proportions of pa-
tients with breast cancer and bone metastases at diagnosis ac-
cording to tumor subtype in the SEER cohort. A total of 8295 
patients presented with bone metastases, reflecting 3.6% of 
the entire cohort and 65.1% of the subset with metastatic 
breast cancer. Patients with the HR- positive HER2- negative 
(3.2% of the entire cohort, 73.9% of the metastatic subset) 
and HR- positive HER2- positive (5.2% of the entire cohort, 
64.1% of the metastatic subset) subtypes had the highest in-
cidence proportions.

Multivariable logistic regression was performed among 
the entire cohort and the subset with metastatic disease in 
the SEER cohort (Table 2). Among the entire cohort, age 50- 
64 years (P = 0.003), male sex (P = 0.003), infiltrating lob-
ular carcinoma (P < 0.001) and other histology (P < 0.001), 
grade II (P < 0.001) and III/IV (P < 0.001), metastatic 
disease to 1 extraosseous site (P < 0.001), 2 extraosseous 
sites (P < 0.001) and 3 extraosseous sites (P < 0.001), un-
insured status (P < 0.001), unmarried status (P < 0.001), 
and higher education level (P < 0.001) were associated 
with significantly increased risk of bone metastases at di-
agnosis. Hispanic (P = 0.001) and Asian (P < 0.001) race, 
HR- negative HER2- positive (P < 0.001) and triple- negative 
subtypes (P < 0.001), higher median household income 
(P < 0.001) were associated with significantly reduced risk 
of bone metastases at diagnosis. Residence type was not as-
sociated with a risk of bone metastases at diagnosis in the 
multivariable model. Among patients with metastatic cancer, 
age, race, histology, grade, tumor subtype, extraosseous met-
astatic sites, and education level were identified as predictors 
of the presence of bone metastases at diagnosis.

3.3 | Survival analysis
The median OS of the SEER cohort and FUSCC cohort 
included in the survival analysis was 30 and 68.2 months, 
respectively (Figure 2A,B). Significant differences were 

http://www.r-project.org
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observed from the OS analysis according to tumor sub-
type (Figure 2C,D; log- rank P < 0.001). Patients with the 
HR- positive HER2- positive subtype experienced the long-
est median survival in both SEER cohort and FUSCC co-
hort (41.0 months and not reached, respectively), whereas 

patients with the triple- negative subtype experienced the 
shortest median survival (11.0 and 15.1 months, respec-
tively). Survival estimates stratified by extraosseous meta-
static sites are displayed in Figure 2E,F; and patients with 
more extraosseous metastatic sites showed worse OS (log- 
rank P < 0.001 in the SEER cohort and log- rank P = 0.002 
in the FUSCC cohort).

The impact of the presence of extraosseous metastases 
on OS in the SEER cohort is shown in Figure 3. Patients 
with metastases to the bone and other sites had significantly 
shorter survival (median OS: 21.0 months) than those with 
metastases to the bone only (median OS: 38.0 months, log- 
rank P < 0.001). There were also significant differences in 
OS between patients with liver metastases vs those without 
liver metastases (median OS: 18.0 vs 35.0 months, log- rank 
P < 0.001), patients with lung metastases vs those without 
lung metastases (median OS: 21.0 vs 34.0 months, log- rank 
P < 0.001), and patients with brain metastases vs those with-
out brain metastases (median OS: 12.0 vs 32.0 months, log- 
rank P < 0.001).

We used univariate and multivariate Cox proportional 
hazard models to determine the prognostic factors of breast 
cancer patients with bone metastases at diagnosis in the 
SEER cohort, the results of which are shown in Table 3. In 
the univariate analysis, age, tumor grade, tumor subtype, 
extraosseous metastatic sites, history of surgery, insurance 
status, marital status, residence type, median household 
income, and high school education level were significantly 
associated with OS and BCSS (P < 0.05). Multivariable 
Cox analysis confirmed that age, histology, tumor grade, 
tumor subtype, extraosseous metastatic sites, history of 
primary surgery, insurance status, marital status, and me-
dian household income are independent prognostic factors 
for both OS and BCSS (P < 0.05). Sex, race, residence 
type, and education level did not reach significance in the 
multivariable test. We also found that there is no signif-
icant difference of survival time between patients with 
de novo osseous and extraosseous metastatic disease, ex-
cept for patients with liver metastases at initial diagnosis 
(Table S3).

4 |  DISCUSSION

This study analyzed recently available data from the SEER 
database on the incidence proportion and survival of pa-
tients with metastatic breast cancer who had bone metasta-
ses at their initial diagnosis. We also validated the results 
of survival analysis in another independent cohort from 
FUSCC. Some studies have evaluated the epidemiology 
and prognosis of breast cancer patients with bone metas-
tases at the population level, but most of the patients in 
these studies presented bone metastases after a diagnosis 

F I G U R E  1  The Incidence Proportion of Patients with Breast 
Cancer and Bone Metastases at the Time of Initial Diagnosis 
According to Tumor Subtype in the SEER Cohort. A, The incidence 
proportion of patients among entire cohort. B, The incidence 
proportion of patients among subset with metastatic disease. The 
number above the histogram denotes the incidence proportion of 
patients with bone metastases. HER2, human epidermal growth factor 
receptor 2; HR, hormone receptor
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T A B L E  2  Multivariable logistic regression for the presence of bone metastases at diagnosis of breast cancer in the SEER cohort

Patient characteristics

Among entire cohort Among subset with metastatic disease

OR (95% CI) P- value OR (95% CI) P- value

Age at diagnosis

18- 49 Reference Reference Reference Reference

50- 64 1.109 (1.036- 1.188) 0.003 1.000 (0.899- 1.112) 0.996

≥65 1.000 (0.931- 1.073) 0.993 0.826 (0.740- 0.922) 0.001

Sex

Female Reference Reference Reference Reference

Male 1.450 (1.136- 1.850) 0.003 1.207 (0.835- 1.744) 0.317

Race

White Reference Reference Reference Reference

Black 0.989 (0.915- 1.068) 0.773 0.808 (0.725- 0.901) <0.001

Hispanic 0.864 (0.792- 0.942) 0.001 0.893 (0.783- 1.019) 0.093

Asian 0.775 (0.699- 0.859) <0.001 0.874 (0.747- 1.021) 0.090

Othersa 0.798 (0.564- 1.130) 0.203 0.897 (0.549- 1.466) 0.666

Histology

IDC Reference Reference Reference Reference

ILC 1.996 (1.840- 2.165) <0.001 1.243 (1.065- 1.451) 0.006

Othersb 1.238 (1.157- 1.325) <0.001 0.927 (0.837- 1.026) 0.143

Grade

I Reference Reference Reference Reference

II 2.449 (2.219- 2.702) <0.001 1.125 (0.928- 1.365) 0.229

III/IV 2.872 (2.587- 3.187) <0.001 0.712 (0.587- 0.863) 0.001

Unknown 7.576 (6.770- 8.478) <0.001 0.992 (0.813- 1.212) 0.940

Tumor subtype

HR+/HER- Reference Reference Reference Reference

HR- /HER2+ 0.618 (0.548- 0.698) <0.001 0.390 (0.338- 0.450) <0.001

HR+/HER2+ 1.063 (0.981- 1.151) 0.136 0.737 (0.656- 0.828) <0.001

Triple- negative 0.470 (0.426- 0.519) <0.001 0.340 (0.301- 0.384) <0.001

Unknown 0.780 (0.624- 0.788) <0.001 0.669 (0.591- 0.756) <0.001

Extraosseous metastatic sites, No.

0 Reference Reference Reference Reference

1 44.896 (41.868- 48.143) <0.001 0.391 (0.358- 0.426) <0.001

2 89.690 (78.928- 101.919) <0.001 0.814 (0.709- 0.934) 0.003

All 3 192.634 (130.771- 283.765) <0.001 1.895 (1.286- 2.792) 0.001

Unknown 4.906 (4.396- 5.475) <0.001 0.494 (0.423- 0.577) <0.001

Marital status

Married Reference Reference Reference Reference

Unmarriedc 1.367 (1.296- 1.443) <0.001 1.049 (0.966- 1.139) 0.258

Unknown 0.959 (0.852- 1.079) 0.483 0.894 (0.755- 1.060) 0.197

Insurance

Insured Reference Reference Reference Reference

Uninsured 1.592 (1.387- 1.827) <0.001 1.069 (0.887- 1.289) 0.483

Unknown 0.571 (0.476- 0.683) <0.001 0.743 (0.577- 0.955) 0.021

(Continues)
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Patient characteristics

Among entire cohort Among subset with metastatic disease

OR (95% CI) P- value OR (95% CI) P- value

Residence type

Urban Reference Reference Reference Reference

Rural 0.992 (0.906- 1.086) 0.863 0.908 (0.792- 1.042) 0.169

Median household income (per $10 000 
annual increase)

0.951 (0.931- 0.972) <0.001 0.977 (0.946- 1.010) 0.173

High school education (per 10% 
increase)

1.066 (1.024- 1.111) 0.002 1.081 (1.016- 1.151) 0.015

CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma.
Unknown age and unknown race removed from model owing to nonconvergence (n = 1798).
aIncluding American Indian/Alaskan native and Pacific Islander.
bIncluding other histology of invasive breast cancer except IDC and ILC.
cIncluding divorced, separated, single (never married), and widowed.

T A B L E  2  (Continued)

F I G U R E  2  Kaplan- Meier curves for Overall Survival Among Patients with Breast Cancer and Bone Metastases at the Time of Initial 
Diagnosis in both SEER and FUSCC Cohorts. A- B, The whole population included in the survival analysis in the (A) SEER and (B) FUSCC 
cohort, respectively. C- D, According to the tumor subtype in the (C) SEER and (D) FUSCC cohort, respectively. E- F, According to the number of 
extraosseous metastatic sites to lung, liver, and brain in the (E) SEER and (F) FUSCC cohort, respectively. HER2, human epidermal growth factor 
receptor 2; HR, hormone receptor
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of early- stage breast cancer.2,20,29-33 However, limited data 
have been reported in the specific group of patients with 
bone metastases upon their initial diagnosis of breast can-
cer.34 Because early detection and systemic treatment of 
bone metastases in patients with breast cancer may mod-
ify the natural progression of bone metastases, reduce the 
probability of SREs, and improve progression- free sur-
vival, quality of life and cost- effective care, it is important 
for us to study patients who present with de novo bone me-
tastases in a large independent cohort.

In this large retrospective study, we found that 3.6% of 
patients with invasive breast cancer had bone metastases at 
diagnosis, and 65.1% of those with any metastases at diag-
nosis had bone metastases. This result is slightly different 
from that of a previously published meta- analysis.35 Body 
et al included and analyzed observational studies and clinical 
trials published between 1999 and 2013. The median (range) 
proportion of patients who had bone metastases was 14.7% 
(1.4%- 61.8%) in the breast cancer cohort and 58.3% (18.2%- 
91.7%) in the metastatic cohort. This difference is possi-
bly since consensus guidelines for patients with early- stage 
breast cancer do not recommend a bone scan unless signs or 
symptoms have developed. As a result, the incidence propor-
tion of bone metastases in patients with breast cancer in our 
study is likely underestimated.

We also observed significant differences in demo-
graphic and clinical characteristics of patients according 
to tumor subtype. Some of the relative high- risk features 

in patients with triple- negative breast cancer included 
black race, higher tumor grade, more extraosseous met-
astatic sites, and lower rate of primary tumor surgery. In 
addition, our study demonstrated that different tumor sub-
types showed a different tendency to bone metastases. 
The incidence proportion of bone metastases was highest 
among patients with the HR- positive HER2- negative and 
HR- positive HER2- positive subtypes, which are in accor-
dance with other publications describing the patterns of 
metastatic breast cancer.11,12,36 The multivariable logistic 
regression indicated that patients with the HR- positive 
HER2- negative subtype had significantly greater odds of 
having bone metastases at diagnosis than patients with 
other subtypes, whether among the entire cohort or within 
the subset with metastatic disease. Previous findings have 
confirmed that patients with an HR- positive status are more 
likely to have bone metastases than those with HR- negative 
status. The absence of WNT/β- catenin signaling and the 
involvement of transforming growth factor β and fibroblast 
growth factor signaling have been found to promote HR- 
positive breast cancer metastases to bone.12,37

We identified predictors of the presence of bone me-
tastases at diagnosis with the use of multivariate logistic 
regression to distinguish patients at increased risk of bone 
metastases. Our results could serve as a basis for future 
studies to evaluate the utility of a bone scan among these 
high- risk patients. Among the entire cohort, we found that 
patients who were uninsured (vs insured, OR, 1.592; 95% 

F I G U R E  3  Kaplan- Meier curves for Overall Survival According to Individual Metastases in the SEER Cohort. A, Patients with bone- only 
metastases vs those with bone and other metastases. B, Patients with brain metastases vs those without brain metastases. C, Patients with liver 
metastases vs those without liver metastases. D, Patients with lung metastases vs those without lung metastases
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CI, 1.387- 1.827; P < 0.001), were unmarried (vs mar-
ried, OR, 1.367; 95% CI, 1.296- 1.443; P < 0.001) and had 
a higher school education (per 10% increase, OR, 1.066; 
95% CI, 1.024- 1.111; P = 0.002) had a significantly greater 
likelihood of presenting bone metastases at diagnosis, but 
these associations were not observed among the cohort 
with metastatic breast cancer at diagnosis (except for the 
education level). Patients with uninsured status and unmar-
ried status are more likely to ignore symptoms or signs and 
be diagnosed at late stage. However, there is no research 
studying this association and further study for this finding 
is warranted.

The median OS was 30 and 68.2 months from initial 
diagnosis in the SEER cohort and FUSCC cohort, respec-
tively, which is similar with the survival reported by previ-
ous authors.20,29,30,33 We assume that the longer survival in 
the FUSCC cohort was because the patients in this cohort 
were much younger and had less extraosseous metastatic 
sites. Notably, we found that the median survival for pa-
tients with breast cancer and bone metastases varied sig-
nificantly by tumor subtypes. Compared with HR- positive 
HER2- negative patients, HR- positive HER2- positive pa-
tients experienced a 25.1% reduction in the hazards of 
overall mortality while triple- negative patients experienced 
a 153.0% increase in the hazards of overall mortality. Our 
data are consistent with some previous retrospective stud-
ies.22,23,38,39 We found that HR status in patients who are 
HER2- positive is an important prognostic factor. Patients 
with bone metastases could be treated with chemotherapy, 
endocrine therapy or HER2- targeted therapy according to 
the tumor subtypes. HR- positive HER2- positive have the 
option to undergo endocrine therapy, which may improve 
OS; HR- negative HER2- positive patients do not have this 
option.40

The presence of extraosseous disease in patients with 
bone metastases had a worse impact on survival. A recent 
study showed that compared with patients with visceral 
metastases with or without bone metastases, patients with 
bone- only metastases at start of first- line therapy had an 
improved median OS (54 months vs 28 months).29 Other 
studies also found that the median survival of patients 
with bone- only metastases was approximately twofold to 
threefold that of patients with additional visceral metas-
tases.30,41-43 The results of our cohort study reached the 
same conclusion that patients with metastases to the bone 
only had better survival than those with metastases to both 
the bone and extraosseous sites. In addition, we found that 
patients with more extraosseous sites had worse survival, 
even after adjusting for other prognostic factors in the mul-
tivariate model. When we analyzed specific extraosseous 
metastatic sites by the log- rank test, we identified that the 
presence of metastases at another sites such as the brain, 

liver, or lung had a significant negative impact on OS. We 
speculate that the improved survival in patients with bone- 
only metastases patients is because bone is not a vital organ, 
and patients with bone- only metastases have a slower onset 
of vital organ dysfunction. In general, our findings under-
score that tumor subtypes and properties may be associated 
with the correlation between the clinical aggressiveness of 
the tumor and the metastases to specific sites.

Some limitations of our study should be acknowledged. 
First, information relating to recurrence or metastases after 
a diagnosis of breast cancer is not available in the SEER 
database. Therefore, we were unable to obtain and analyze 
the data on patients who showed progression in their disease 
course. Second, for patients with early- stage breast cancer, 
routine screening for bone metastases is recommended only 
if directed by signs or symptoms. However, a subset of pa-
tients with bone metastases do not present symptoms, result-
ing in an underestimation of the actual rate of patients with 
de novo bone metastases. Third, we do not have information 
about systemic treatment, such as endocrine therapy, HER2- 
targeted therapy, or chemotherapy, which may contribute to 
some bias in the survival analysis. Fourth, the SEER data-
base only provides information about four sites of metas-
tases at diagnosis: bone, brain, lung, and liver. Information 
on other sites of metastases such as the pleura and skin is 
lacking, which may influence the prognostic assessment of 
the extraosseous metastases group. Fifth, the finding of our 
analysis is limited to the United States, as some socioeco-
nomic factors such as insurance, income, and education level 
are different in other parts of the world. Finally, residence 
type, median household income, and education level were 
defined at the county level, not the patient level. This may 
cause deviations in the analysis.

To the best our knowledge, our study is the first population- 
based analysis of patients with bone metastases upon initial 
diagnosis of breast cancer. It provides important information 
for clinicians to consider conducting studies that evaluate 
the utility of a bone scan among patients at higher risk for 
bone metastases. Our study does not suffer from confound-
ing effects that systemic therapies might cause on the timing 
of development and potential drug resistance of bone metas-
tases, so the findings about the prognostic impact of tumor 
subtypes and extraosseous metastatic sites could be used for 
prognostic assessments and risk stratification of breast cancer 
patients with bone metastases at initial diagnosis. However, 
whether an earlier diagnosis of bone metastases may impact 
outcomes warrants further investigation.
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