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Background: A retrospective study was performed to summarize the clinicopathological characteristics 
of breast cancer patients with bone metastasis, to clarify the metastasis sites, and to explore the risk factors 
affecting prognosis.
Methods: Breast cancer patients with bone metastasis diagnosed in our hospital from January 2008 to 
January 2019 were included. Through follow-up by telephone call or return visit, the metastasis sites and 
clinicopathological characteristics were summarized. The risk factors influencing prognosis were analyzed by 
univariate and multivariate regression analyses.
Results: Multifocal bone metastases were dominant in the 150 patients, and the metastatic rates in the 
spine, chest, pelvis, limbs, and skull were 75.3%, 74.0%, 56.0%, 46.7%, and 28.7%, respectively, with 
significant differences (P<0.01). Kaplan-Meier univariate analysis showed that age, menstrual status, number 
of metastatic lymph nodes, clinical stage, endocrine therapy, alkaline phosphatase level, visceral metastasis, 
and number of bone metastasis sites affected the overall survival. Cox multivariate regression analysis 
revealed that endocrine therapy, number of metastatic lymph nodes, visceral metastasis, number of bone 
metastasis sites, and c-erbB-2 expression were independent prognostic factors. 
Conclusions: Middle-aged and elderly patients with breast cancer, mainly aged 40–60 years old, are prone 
to bone metastasis. The incidence rate of bone metastasis is high within 3 years after surgery, involving the 
spine, chest, pelvis, limbs, and skull in descending order. The number of metastatic lymph nodes, endocrine 
therapy, visceral metastasis, number of bone metastasis lesions at the first onset, and c-erbB-2 expression are 
independent prognostic factors influencing the survival rate of breast cancer patients with bone metastasis.
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Introduction

Breast cancer, as a malignant tumor seriously harming 
women’s health, is known as the number one killer of 
females. With the development of medical treatments, the 
quality of life and survival of breast cancer patients have 
been improved. However, the morbidity and mortality rates 
of breast cancer remain high. Though the morbidity rate 
of breast cancer in China is not as high as that in western 
countries, it has shown a younger trend in urban areas on 

a larger scale, causing great harm to patients as well as 
society. Bone metastasis of breast cancer is mainly found in 
axial bones, of which spinal metastasis is most common (1,2). 
The bone metastasis of breast cancer is related to the age at 
the onset. With aging, the incidence rate of bone metastasis 
keeps rising (3).

With the continuous improvement of early diagnosis 
methods and comprehensive treatments for breast cancer, the 
disease-free survival and overall survival have significantly 
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increased. Nevertheless, distant metastasis is still a major 
cause for the high mortality rate of breast cancer (4). 
About 20–85% of breast cancer patients suffer from distant 
metastasis within 5 years after initial diagnosis (5), and around 
6–10% of cases are diagnosed with distant metastasis at the 
first visit (6). Bone metastasis is the second most common 
type of advanced breast cancer metastasis following lung 
metastasis (7). Sundquist et al. reported that approximately 
70% of advanced breast cancer patients suffered from bone 
metastases in the spine, sternum, ribs, pelvis, limbs, and  
skull (8). The autopsy report showed that up to 90% of 
deaths had bone metastasis (9). Bone pain and osteoporosis 
are typical first symptoms of bone metastasis. Severe bone 
pain is often the main reason and purpose of treatment for 
bone metastasis patients. Some cases suffer from pathological 
fractures, spinal cord compression, or hypercalcemia, 
seriously affecting quality of life, as well as being mainly 
responsible for deaths. However, the currently available 
studies regarding the bone metastasis of breast cancer did 
not include sufficient factors (e.g. influence of treatment 
regimens on the prognosis), and most of them did not 
consider the impact of ethnicity.

Hence, in this study, the clinical characteristics of breast 
cancer patients with bone metastasis were summarized, and 
the factors affecting prognosis were analyzed, aiming to 
provide evidence for the early prediction of prognosis and 
prompt treatment. As a result, the life span of patients can 
be extended, and their quality of life can be improved. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4052).

Methods

Baseline clinical data

Breast cancer patients with bone metastasis diagnosed 
in our hospital from January 2008 to January 2019 were 
included. According to the diagnostic criteria of breast 
cancer bone metastasis (10), those who met 1 or more of the 
following three criteria were diagnosed: (I) a definite breast 
cancer history; (II) clinically suspected bone metastasis with 
obvious symptoms such as local bone pain, cachexia, and 
high serum alkaline phosphatase (ALP) level; (III) multiple 
lesions revealed by bone imaging; (IV) bone metastasis 
detected by X-ray and/or MRI examination. Patients 
included in the study met all of the following three criteria: 
(I) pathologically diagnosed with breast cancer. For those 

undergoing surgery in other hospitals, a clear pathological 
diagnosis was confirmed; (II) bone metastasis detected 
for the first time after breast cancer was diagnosed; (III) 
complete clinical and pathological data. The exclusion 
criteria were as follows: (I) breast cancer patients with 
other malignant tumors; (II) those with incomplete 
clinicopathological data. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The patients or their families agreed with the 
study and signed the informed consent, and this study was 
approved by the Ethics Committee of our hospital (approval 
No. PUFH200801013).

Distribution of bone metastasis sites

All included patients were definitely diagnosed with bone 
metastasis by a radionuclide whole-body scan, X-ray, 
CT, MRI, or other examinations. Referring to Wilson’s  
method (11), human bones were divided into 5 regions 
(15 parts in total) to analyze the metastasis sites, namely 
chest: ribs, collarbone, sternum, and scapula; spine: cervical 
vertebra, thoracic vertebra, and lumbar vertebra; pelvis: 
sacrum, ischium, pubis, sacrum, and sacroiliac joint; limbs: 
upper and lower limbs; skull.

Detection methods

The expression levels of carbohydrate antigen 15-3 
(CA15-3) and carcinoembryonic antigen (CEA) of the 150 
patients were measured using the ACS:180SE automated 
chemiluminescence analyzer. The normal range of serum 
CA15-3 is 0–28.0 U/mL and the normal range of CEA 
is 0–5.2 ng/mL. Therefore, a serum CA15-3 level of 
≥28 U/mL and a CEA level of ≥5.2 ng/mL indicated a 
positive result. Serum ALP level was determined by the 
4-nitrophenol phosphate rate method using an automatic 
biochemical analyzer. The normal range is 38–110 U/L. 
Therefore, a serum ALP level of ≥110 U/L suggested a 
positive result. The expression levels of estrogen receptor 
(ER), progesterone receptor (PR), and c-erbB-2 were 
detected with the immunohistochemical SP method 
and evaluated based on immunohistochemical results: 
the number of ER+ and PR+ cells of >10% (+) indicated 
a positive result, while that of <10% (+) or (−) indicated 
a negative result. C-erbB-2 (−) and weakly positive (+) 
indicated a negative result, and (+++) indicated a positive 
result, but further c-erbB-2 detection was needed 
by carrying out fluorescence or chromogenic in situ 
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hybridization in cases of (++) and (++ to +++). According 
to the TNM staging system in the sixth edition of the 
AJCC Cancer Staging Manual (2002), breast cancer is 
divided into 3 stages, namely primary tumor size of ≤2 cm: 
T1; 2.1–5 cm: T2; >5 cm: T3. No lymph node metastasis 
pathologically diagnosed after surgery: N0; 1–3 metastatic 
lymph nodes: N1; ≥4 metastatic lymph nodes: N2 or N3. 

Follow-up

All included patients were followed up by telephone call or 
return visit, and the survival status was recorded. Survival 
without bone metastasis referred to the duration from 
breast cancer surgery to the occurrence of bone metastasis. 
Overall survival referred to the duration from diagnosis 
of bone metastasis to death. The surviving patients were 
followed up until January 2020, and the time of last follow-
up was recorded (months). Patients who died of causes 
other than breast cancer were recorded as loss to follow-
up (time of last follow-up). Lost and surviving cases were 
statistically analyzed as censored data.

Establishment of the database

The sites and characteristics of breast cancer bone metastasis 
were analyzed. For the survival analysis, the relationships 
between various clinicopathological parameters and 
prognosis were evaluated. 

Statistical analysis

All data were statistically analyzed by SPSS 17.0 software. 
The quantitative data were expressed as mean ± standard 
deviation, and intergroup comparisons were performed 
by the nonparametric test. The Kaplan-Meier method 
was used for univariate survival analysis, and the survival 
rates of different groups were compared with the log-rank 
method. Multivariate survival analysis was conducted by 
the Cox proportional hazards regression model. P<0.05 was 
considered statistically significant.

Results

Baseline clinical data

The 150 patients were aged 17–70 years old, with a median 
age of 47.0 years old, among which 7.3% (11/150) were aged 
17–30 years old, 23.3% (35/150) were aged 31–40 years old,  

33.3% (50/150) were aged 41–50 years old, 28.7% (43/150) 
were aged 51–60 years old, and 7.3% (11/150) were aged 
above 60 years old. The incidence of bone metastasis 
reached the peak at the age of 40–60 years old. Among the  
150 patients, Han people accounted for 84.67% (127/150), 
Hui people for 12.0% (18/150), Mongolian people for 1.33% 
(2/150), and Manchu people for 2.0% (3/150). There were 
64 premenopausal cases (42.67%) and 86 postmenopausal 
cases (57.33%).

Among the 150 patients, the primary breast cancer 
occurred in the left breast in 81 cases (54.0%) and in the right 
breast in 69 cases (46.0%). The mass was in the upper outer 
quadrant of the breast in 70 cases (46.7%), the lower outer 
quadrant in 25 cases (16.7%), the upper inner quadrant in 
18 cases (12.0%), the lower inner quadrant in 8 cases (5.3%), 
and at other sites (around the areola, multiple quadrants) 
in 29 cases (19.3%). Among all patients, invasive ductal 
carcinoma accounted for 76.0% (114/150), invasive lobular 
carcinoma for 7.3% (11/150), early non-invasive or invasive 
cancer for 12.7% (19/150), and other types for 4.0% (6/150).

 Surgical treatment was performed for 135 out of the 
150 patients. The tumor size was ≤2 cm (T1) in 39 cases, 
2.1–5 cm (T2) in 79 cases, and >5 cm (T3) in 17 cases. After 
surgery, it was pathologically confirmed that there was no 
lymph node metastasis (N0) in 43 cases, 1–3 metastatic 
lymph nodes (N1) in 32 cases, and ≥4 metastatic lymph nodes 
(N2 and N3) in 60 cases. The number of metastatic lymph 
nodes and tumor size were unknown in 15 cases who did not 
undergo surgery. There were 71 cases in stage I–II, 64 cases 
in stage III, and 15 cases in stage IV. Moreover, there were 
50 ER-negative cases and 100 ER-positive cases, 48 PR-
negative cases and 102 PR-positive cases, and 70 c-erbB-2-
negative cases and 46 c-erbB-2-positive cases (34 cases were 
eliminated).

Treatment methods

Surgical treatment was performed for 135 out of the  
150 patients, including 90 cases of modified radical surgery, 
30 cases of radical surgery, 1 case of breast-conserving 
surgery, and 14 cases of tumor resection. The remaining 
15 cases did not undergo surgery. A total of 107 patients 
underwent adjuvant chemotherapy, while 28 patients 
did not. The chemotherapy regimen was mainly CAF 
(cyclophosphamide + adriamycin + fluorouracil) or CMF 
(cyclophosphamide + methotrexate + fluorouracil) and 
AT (adriamycin + paclitaxel). Among the 135 patients,  
52 cases received radiotherapy, while the remaining 83 cases 
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did not. Endocrine therapy was performed in 59 out of the  
150 patients, but was not adopted in the remaining 91 cases.

Bone metastasis-related data

Among the 150 patients with bone metastasis, 43.33% 
(65/150) were complicated with visceral metastasis, 56.67% 
(85/150) had no visceral metastasis, 30.67% (46/150) had 
single bone metastasis, 69.33% (104/150) had multiple 
bone metastases, 46.67% (70/150) were complicated with 
ostealgia, and 53.33% (80/150) had no ostealgia. Among the 
135 patients undergoing surgery, bone metastasis occurred 
in 60.74% (82/135) of cases within 3 years after surgery, and 
in 39.26% (53/135) of cases after 3 years.

Among the 150 breast cancer patients with bone 
metastasis, the metastasis occurred at a single site in  
46 cases and at multiple sites in 104 cases. Spinal metastasis 
was the most common [75.3% (94/150)], followed by chest 
metastasis [74.0% (93/150)]. The rates of skull metastasis, 
limb metastasis, and pelvic metastasis were 28.7%, 46.7%, 
and 56.0%, respectively. The metastasis rate had statistically 
significant differences at different sites (χ2=92.917, P=0.000).

Survival of breast cancer patients with bone metastasis

The median survival time of the 150 breast cancer patients 
with bone metastasis was 25±4.512 months. They were 
followed up until January 1, 2020, and there were 80 deaths 
and 70 censored cases. Among the 70 cases, 54 cases were 
still alive and 16 cases were lost to follow-up. The rate of 
loss to follow-up was 10.6% (16/150). The 1-, 3-, and 5-year 

survival rates were 72.4%, 43.2%, and 22.2%, respectively. 
The cumulative survival rate and survival curve of the  
150 breast cancer patients with bone metastasis are shown 
in Figure 1.

Univariate analysis of factors affecting prognosis

The Kaplan-Meier method was used for the survival 
analysis of 150 breast cancer patients with bone metastasis. 
Covariates included clinical parameters (age at the time 
of diagnosis with breast cancer, postoperative stage, 
pathological type, number of metastatic axillary lymph 
nodes, tumor size, hormone receptor status, visceral 
metastasis status, number of lesions at the onset of bone 
metastasis, and duration from bone metastasis to surgery), 
the levels of CA15-3, CEA, and ALP in peripheral blood 
at the time of bone metastasis, and treatment-related 
parameters (endocrine therapy for bone metastases).

Relationship of general information with prognosis
The results of the log-rank test revealed that there was 
no statistically significant difference in the survival rate of 
breast cancer patients with bone metastasis among different 
ethnic groups (P>0.05). The survival rate of patients 
at different ages and menstrual status had statistically 
significant differences (P<0.05) (Table 1 and Figure 2).

Relationship of clinicopathological characteristics with 
prognosis
The results of the log-rank test showed that the survival 
rate of breast cancer patients with bone metastasis had 
no statistically significant differences under different 
pathological types and tumor sizes (P>0.05), but had 
statistically significant differences under different numbers 
of metastatic lymph nodes and stages (P<0.05) (Table 2 and 
Figure 3).

Relationship of hormone receptors with prognosis
According to the results of the log-rank test, the survival 
rate of breast cancer patients with bone metastasis had no 
statistically significant differences between ER- and PR-
negative and positive groups (P>0.05), but had a statistically 
significant difference between c-erbB-2-negative and 
positive groups (P<0.05) (Table 3 and Figure 4).

Relationship between characteristics of bone metastasis 
in breast cancer and prognosis
Among the 150 breast cancer patients with bone metastasis, 
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70 cases experienced ostealgia, which did not occur in the 
remaining 80 cases. The results of the log-rank test showed 
that the survival rate had no statistically significant difference 
between the two groups (P>0.05). A total of 85 cases had bone 
metastasis alone, and the remaining 65 cases were complicated 
with visceral metastasis. The results of the log-rank test showed 
that the survival rate had a statistically significant difference 
between the two groups (P<0.05). Surgical treatment was 
performed for 135 out of the 150 patients, among which bone 
metastasis occurred in 53 cases within 3 years after surgery, 
and 82 cases after 3 years. The survival rate had no statistically 
significant difference between the two groups (P>0.05). 
Furthermore, metastasis occurred at a single site in 46 cases 
and at multiple sites in 104 cases, and the 2 groups had a 
statistically significant difference in the survival rate (P<0.05) 
(Table 4 and Figure 5).

Relationship of treatment methods with prognosis
Endocrine therapy was performed in 59 patients, while the 
remaining 91 patients did not undergo this treatment. The 
survival rate had a statistically significant difference between 
the two groups (P=0.025) (Table 5 and Figure 6).

Relationship between peripheral blood CA15-3, CEA, 
and ALP levels during bone metastasis and prognosis
The results of the log-rank test showed that among the  
150 patients with bone metastasis, the level of CA15-3 was 
≤100 U/mL in 111 cases and >100 U/mL in 39 cases, and 
the two groups had a statistically significant difference in the 
survival rate (P<0.05). The level of CEA was ≤5.2 ng/mL  
in 94 cases and >5.2 ng/mL in 56 cases, and the two groups 
had no statistically significant difference in the survival rate 
(P>0.05). The level of ALP was ≤110 U/L in 87 cases and 

Table 1 Relationship of general information with prognosis

Data n
Survival rate (%)

Survival time (month) 95% CI
Log-rank

1 year 3 years 5 years χ2 P

Age (year) 10.202 0.006

≤35 22 76.6 38.9 38.9 23±9.138 5.089–40.911

36–59 115 75.6 48.4 20.8 35±7.764 19.782–50.218

≥60 13 38.5 15.4 – 7±4.494 0–15.807

Nationality 0.614 0.433

Han 127 77.4 44.1 23.1 27±5.701 15.827–38.173

Others 23 64.1 39.3 19.7 25±6.133 12.980–37.020

Menstrual status 5.591 0.018

Postmenopausal 86 65.0 35.1 17.9 19±4.241 10.687–27.313

Non-postmenopausal 64 85.5 53.2 25.2 42±10.622 21.181–62.819
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Figure 2 Survival curves of patients with different ages, nationalities, and menstrual statuses.
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Table 2 Survival rate and clinicopathological characteristics of breast cancer patients with bone metastasis

Data n
Survival rate (%)

Survival time (month) 95% CI
Log-rank

1 year 3 years 5 years χ2 P

Case type 1.716 0.422

Invasive ductal carcinoma 114 78.5 42.8 22.1 26±3.546 32.887–51.211

Invasive lobular carcinoma 11 51.9 41.6 0.00 33±6.765 9.877–42.591

Invasive early cancer 19 57.9 47.4 – 14 –

Lymph node 11.733 0.003

0 43 90.2 45.3 22.7 42±8.866 24.622–59.378

>0 and ≤3 32 79.7 50.5 25.2 52±24.089 4.785–99.215

>3 60 55.7 28.7 17.2 15±3.127 8.871–21.129

Diameter (cm) 2.060 0.357

≤2 39 68.6 54.4 36.3 42±12.321 17.851–66.149

>2 and ≤5 79 75.3 38.7 14.5 22±3.418 15.301–28.699

>5 17 66.7 53.3 53.3 – –

Stage 4.536 0.033

I–II 71 82.2 56.4 17.1 51±15.636 20.353–81.647

III–IV 79 63.8 32.1 21.7 22±4.005 14.151–29.849

Figure 3 Survival curves of patients with different pathological types, numbers of metastatic lymph nodes, tumor sizes, and stages. 
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>110 U/L in 63 cases, and the survival rate had a statistically 
significant difference between the two groups (P<0.05)  
(Table 6 and Figure 7).

Cox regression analysis of factors affecting prognosis

According to the Cox regression analysis, the number of 
bone metastases, the number of metastatic lymph nodes, 
whether endocrine therapy was performed, whether visceral 
metastasis was complicated, and c-erbB-2 status were 
the influencing factors for the prognosis of breast cancer 
patients with bone metastasis (Table 7).

Discussion

As one of the most common malignant tumors in women, 

breast cancer has shown an increasing incidence rate in 
many countries in recent years. With the advances in 
medical treatments, the quality of life and survival time 
of patients have been improved to a large extent, but the 
morbidity and mortality rates of breast cancer remain high. 
Metastasis and recurrence are still the main culprits for the 
failed treatment of breast cancer. Distant metastasis is a 
major cause for death in breast cancer patients, mostly in the 
bone, lung, liver and brain. The recurrence and metastasis 
location of breast cancer are closely related to the prognosis. 
Visceral metastasis, especially liver metastasis, is an index for 
the poor prognosis of metastatic breast cancer (12). Geiger 
et al. reported that the median survival time of visceral 
involvement group at the first metastasis was significantly 
shorter than that of non-visceral involvement group, and 
visceral metastasis was an independent poor prognostic 

Table 3 Relationship of hormone receptors with prognosis

Data n
Survival rate (%)

Survival time (month) 95% CI
Log-rank

1 year 3 years 5 years χ2 P

ER 1.177 0.278

Negative 50 67.9 37.5 24.1 16±1.790 12.492–19.508

Positive 100 74.7 44.8 20.9 29±5.713 17.802–40.198

PR 0.160 0.689

Negative 48 72.4 38.1 21.2 23±4.334 14.505–31.495

Positive 102 76.7 45.3 23.3 27±6.331 14.590–39.410

C-erbB-2 3.991 0.046

Negative 70 77.1 50.6 27.6 42±10.852 20.730–63.270

Positive 46 62.4 35.9 9.0 15±5.240 4.730–36.556

ER, estrogen receptor; PR, progesterone receptor.
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Figure 4 Relationship of hormone receptors with prognosis.
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Table 4 Relationship between characteristics of bone metastasis in breast cancer and prognosis

Data n
Survival rate (%) Survival time 

(month)
95% CI

Log-rank

1 year 3 years 5 years χ2 P

Ostealgia 0.194 0.660

Yes 70 74.4 41.0 21.0 25±5.795 13.642–36.358

No 80 70.8 46.0 23.0 27±8.471 10.396–43.604

Visceral metastasis 4.993 0.025

Yes 65 66.8 35.0 13.2 18±3.944 10.269–25.731

No 85 76.6 49.8 34.2 30±13.020 4.481–55.519

Time from surgery to bone 
metastasis (years)

3.606 0.058

≤3 53 68.3 35.6 7.9 18±4.135 27.677–66.323

>3 82 75.2 51.0 30.9 47±9.858 9.895–26.105

Number of bone metastasis sites 9.027 0.003

Single 46 86.1 66.3 16.4 51±6.735 37.799–64.201

Multiple 104 66.6 31.4 20.9 19±2.588 13.928–24.072
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Figure 5 Relationship between characteristics of bone metastasis in breast cancer and prognosis.
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factor (13). Coleman et al. found that the median survival 
time of patients with multiple or visceral metastasis was 
>22 months, while such time of patients without visceral 
metastasis was >33 months. Among them, patients with 
bone metastases had the best prognosis (14). Liu et al. 
retrospectively analyzed 135 patients with metastatic breast 
cancer, and found that the 1-, 2- and 5-year survival rates 
were 53.3%, 25.2%, and 1.5%, respectively. Among them, 
ER status, disease-free survival, number of metastatic sites 
and liver metastasis were important factors affecting the 
prognosis (15). Besides, Er et al. retrospectively analyzed 
2193 patients with metastatic breast cancer from 1973 
to 2003. Among them, 132 cases of metastatic breast 
cancer were first found in the liver, with the range being 
significantly related to the prognosis (16).

Bone tissues are one of the most common sites for 
distant metastasis of breast cancer. The occurrence of 
skeletal-related events (SREs) causes great pain to patients 
and even threatens life, seriously affecting the quality of 
life and survival time of breast cancer patients. Therefore, 
early detection, early diagnosis, and early treatment of bone 
metastases are extremely important, and individualized 
treatment of patients with bone metastasis is crucial. 
Accordingly, the clinical characteristics of bone metastasis 

in breast cancer were summarized in this study, the patients’ 
survival statuses were followed up, and the factors affecting 
the prognosis of breast cancer patients with bone metastasis 
were analyzed, so as to guide clinicians to judge, predict, 
and evaluate the prognosis of patients and take active 
therapeutic measures as soon as possible. 

The distribution of bone metastases in breast cancer 
patients has certain characteristics and patterns. The results 
of most studies (17) have shown that bone metastasis in 
breast cancer is dominated by the axial skeleton, with spinal 
metastasis being the most common, followed by chest 
metastasis, while skull and limb metastases are relatively 
rare. In this study, the results showed that 94 out of the  
150 breast cancer patients (75.3%) with bone metastasis 
suffered from spinal metastasis, followed by chest metastasis 
(74.0%). The rates of pelvic metastasis, limb metastasis, 
and skull metastasis were 56.0%, 46.7%, and 28.7%, 
respectively. The metastasis rate had statistically significant 
differences at different sites (P<0.01). The reasons for such 
patterns for the sites of bone metastasis in breast cancer 
may include the following: (I) the sites of bone metastasis in 
breast cancer are related to Batson’s plexus (18). The spinal 
venous system has a wide range of branches and complex 
connections to the portal vein, vena cava, azygos vein, and 
pulmonary vein. Moreover, the spinal venous system is 
characterized by no venous valve and low venous pressure. 
Breast cancer cells invade the intercostal veins first and 
then flow directly into the superior vena cava via the azygos 
vein or accessory azygos vein, and they can also flow into 
the spinal venous system. In the case of elevated abdominal 
pressure, the blood between the spinal venous system and 
vena cava can flow into each other, so the spine is the most 
common site of metastasis. In addition, blood can reflow 
into the pelvis, causing pelvic metastasis. (II) Different 
metastasis sites are related to the blood supply of bones. 
Bones with abundant blood supply create a breeding ground 
for cancer cells, so they are more prone to metastasis. 

Both single lesion or multiple lesions can exist at the 
onset of bone metastasis in breast cancer, but multiple 
lesions are more dominant. Koizumi et al. found that among 

Table 5 Relationship of treatment methods with prognosis

Endocrine therapy n
Survival rate (%)

Survival time (month) 95% CI
Log-rank

1 year 3 years 5 years χ2 P

Yes 59 65.6 57.7 28.6 42±13.447 15.644–68.356 5.040 0.025

No 91 68.7 33.9 17.8 23±3.394 16.347–29.653
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Figure 6 Relationship of treatment methods with prognosis.
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703 breast cancer patients with bone metastasis, 414 cases 
(59.0%) had multiple lesions at the onset (19). Boxer et al. 
reported that the proportion of multiple lesions was higher, 
with up to 79.0% of 150 breast cancer patients with bone 

metastasis having multiple lesions at the onset, and they 
had a worse prognosis than those with a single lesion (20). 
In this study, multiple lesions were dominant among the  
150 breast cancer patients with bone metastasis (46 cases of 

Table 6 Relationship between peripheral blood CA15-3, CEA, and ALP levels during bone metastasis and prognosis

Data n
Survival rate (%)

Survival time (month) 95% CI
Log-rank

1 year 3 years 5 years χ2 P

CA15-3 (U/mL) 4.552 0.033

≤100 111 77.0 47.8 22.1 35±9.021 17.320–52.680

>100 39 59.2 29.6 22.2 16±1.875 12.324–19.676

CEA (ng/mL) 0.058 0.810

≤5.2 94 69.2 42.7 25.2 26±6.936 12.406–39.594

>5.2 56 77.3 43.2 16.8 24±4.435 15.307–32.693

ALP (U/L) 10.148 0.001

≤110 87 82.6 50.8 27.7 42±9.486 23.407–60.593

>110 63 58.7 31.6 13.6 15±2.407 10.281–19.719

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

0 100 12020 40 60 80 0 100 12020 40 60 80 0 100 12020 40 60 80

S
ur

vi
va

l r
at

e

S
ur

vi
va

l r
at

e

S
ur

vi
va

l r
at

e 

Time (month) Time (month) Time (month)

CA153 ≤100U/mL 
CA153 >100U/mL 
CA153 ≤100U/mL Delete 
CA153 >100U/mL Delete

CEA ≤5.2ng/mL 
CEA >5.2 ng/mL 
CEA ≤5.2ng/mL Delete 
CEA >5.2 ng/mL Delete

ALP ≤110U/L 
ALP >110U/L 
ALP ≤110U/L Delete 
ALP >110U/L Delete

Figure 7 Relationship between peripheral blood CA15-3, CEA, and ALP levels during bone metastasis and prognosis. ALP, Alkaline 
phosphatase; CA15-3, carbohydrate antigen 15-3; CEA, carcinoembryonic antigen.

Table 7 Cox regression analysis of factors affecting prognosis

Prognosis factors β SE Wald P Exp (β)
95% CI

Lower Upper

Number of metastasis sites 0.782 0.377 4.311 0.038 2.187 1.045 4.577

Number of metastatic lymph nodes 0.343 0.168 4.136 0.042 1.409 1.013 1.960

C-erbB-2 status 0.813 0.286 8.112 0.004 2.256 1.289 3.948

Endocrine therapy 0.645 0.297 4.706 0.030 1.905 1.064 3.412

Complication with visceral metastasis −0.780 0.296 6.965 0.008 0.458 0.257 0.818
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a single lesion and 104 cases of multiple lesions), similar to 
the above research results. There was a statistically significant 
difference in the survival rate between patients with a single 
lesion at the onset and those with multiple lesions at the 
onset (P<0.05). The results of Cox multivariate analysis 
confirmed that the number of bone metastases at the onset 
was an independent influencing factor for the prognosis of 
breast cancer patients with bone metastasis, and patients 
with a single lesion had a better prognosis than those with 
multiple lesions. 

The clinical manifestations of breast cancer patients 
with bone metastasis vary based on the bone metastasis 
site and the degree of bone damage. There are often no 
specific clinical manifestations at the early stage. Disease 
progression can manifest as ostealgia, pathological fractures, 
spinal cord compression, spinal nerve compression signs, 
and hypercalcemia. Ostealgia is one of the most common 
clinical manifestations of breast cancer patients with bone 
metastasis, which can be intermittent or continuous, and 
often becomes worse at night, seriously affecting the 
quality of life of patients. There are few reports regarding 
the association between ostealgia and the prognosis of 
breast cancer patients with bone metastasis. In this study, 
it was found that ostealgia had no significant effect on the 
prognosis of breast cancer patients with bone metastasis.

There are many influencing factors for the prognosis 
of breast cancer patients with bone metastasis, among 
which visceral metastasis is generally considered as an 
important factor affecting prognosis. It is believed by most 
researchers that the prognosis of breast cancer patients with 
bone metastasis and visceral metastasis is worse than that 
of patients with bone metastasis alone, and patients with 
bone metastasis alone have a longer course of disease and 
a slower progression of disease (21). In this study, among 
the 150 patients, 85 cases had bone metastasis alone, and 
the remaining 65 cases were complicated with visceral 
metastasis or other tissue metastases, including multiple 
visceral metastases in some cases. There was a statistically 
significant difference in the survival rate between patients 
with bone metastasis alone and those with bone metastasis 
and visceral metastasis or other tissue metastases (P<0.05). 
The results of Cox multivariate analysis showed that visceral 
metastasis was an independent influencing factor for the 
prognosis of breast cancer patients with bone metastasis. In 
other words, the prognosis of breast cancer patients with 
bone metastasis and visceral metastasis is worse than that of 
patients with bone metastasis alone. 

Bone metastasis in breast cancer is a systemic disease. 

The main goals of treatment are to prevent and treat 
SRE, relieve pain, improve quality of life, and prolong 
survival time, and systemic treatment-based individualized 
comprehensive therapy is adopted. Systemic chemotherapy, 
endocrine therapy, and molecular targeted therapy are 
the basic drug therapies for bone metastasis in breast 
cancer. Bisphosphonates are used to prevent and treat 
SRE, and surgery and radiotherapy are also performed 
to better control the local symptoms of bone metastasis. 
The relationship between treatment methods and the 
prognosis of breast cancer patients with bone metastasis 
currently remains controversial. In this study, 59 patients 
with a median survival time of 42±13.447 months received 
endocrine therapy, while the remaining 91 patients with 
a median survival time of 23±3.394 months did not. The 
survival rate had a statistically significant difference between 
the two groups (P=0.025). Furthermore, the results of the 
Cox multivariate analysis revealed that the relative risk 
was 1.682, and the difference was statistically significant 
between patients undergoing endocrine therapy and 
those not undergoing endocrine therapy (P=0.040). Thus, 
endocrine therapy is an independent influencing factor for 
the prognosis of breast cancer patients with bone metastasis, 
and the prognosis of patients receiving endocrine therapy is 
better. 

CA15-3 is a type of glycoprotein antigen closely related 
to breast cancer. It is released by cancer cells into the blood, 
and is used for breast cancer monitoring, screening, and the 
evaluation of prognosis (22). In this study, the survival rate 
had a statistically significant difference between patients with 
CA15-3 ≤100 U/mL and those with CA15-3 >100 U/mL  
(P=0.033), indicating that CA15-3 >100 U/mL in peripheral 
blood may be an adverse factor for the prognosis of breast 
cancer patients with bone metastasis. CEA is an acid 
glycoprotein with human embryonic antigen-specific 
determinants, and is a better tumor marker for efficacy 
determination, disease development and monitoring, and 
prognosis evaluation of colorectal cancer, breast cancer, 
and lung cancer. However, it has lower specificity and 
sensitivity (23,24). The correlation between the level of CEA 
in peripheral blood and the prognosis of bone metastasis 
in breast cancer has rarely been reported. In this study, the 
results showed that among all 150 patients, the positive rate 
of CEA was 37.33% (56/150), and its lowest, highest, and 
median values were 0.4, >839.2, and 3.31 ng/mL, respectively, 
which were all at normal levels (the normal value of serum 
CEA determined by radioimmunoassay is 5.2 ng/mL). There 
was no statistically significant difference in the survival rate 
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between patients with CEA ≤5.2 ng/mL and those with CEA 
>5.2 ng/mL (P>0.05), suggesting that the level of CEA in 
peripheral blood cannot serve as an independent index for 
predicting the prognosis of breast cancer patients with bone 
metastasis. 

ALP is widely present in various organs of the human 
body, and is most abundant in the liver followed by the 
kidneys, and is also common in bones, intestines, and 
placenta. Schindler et al. compared 62 patients with 
malignant tumors and 40 adults without a history of tumors, 
and concluded that the sensitivity and specificity of ALP 
in the diagnosis of bone metastasis were 52% and 100%, 
respectively, and the ALP level could be used as a good 
index for determining the presence or absence of disease 
progression in cancer patients with bone metastasis (25). In 
this study, the level of ALP was ≤110 U/L in 87 cases and 
>110 U/L in 63 cases, and the survival rate had a statistically 
significant difference between the two groups (P<0.05). It 
was confirmed by Cox regression analysis that serum ALP 
was not an independent influencing factor for the prognosis 
of breast cancer patients with bone metastasis.

At present, the bone metastasis of breast cancer is clinically 
treated by systemic therapy (chemotherapy, endocrine 
therapy or drug therapy) and local therapy (radiotherapy) (26). 
Concurrent radiotherapy and chemotherapy are commonly 
used to treat advanced breast cancer with bone metastasis, 
which can relieve the pain and reduce the incidence of 
pathological fractures. Nevertheless, this method induces 
a series of adverse reactions while killing cancer cells (27). 
Bisphosphonates can be selectively absorbed by osteoclasts, 
which inhibit their activity, induce the apoptosis and then 
suppress bone resorption. Zoledronic acid, which is currently 
the most pharmacologically active bisphosphonate, can 
effectively inhibit the precursor cells of osteoclasts and thus 
reduce the damage to bone trabeculae (28). Hence, it is now 
well-accepted that zoledronic acid combined with concurrent 
radiotherapy and chemotherapy have satisfactory therapeutic 
effects on the bone metastasis of advanced breast cancer.

The routine prognosis and recurrence predictors of 
breast cancer include ER, PR and HER2. Based on this 
and the molecular classification of breast cancer, endocrine 
therapy or targeted HER2 therapy is selected for patients. 
However, the above methods have disadvantages such 
as number of sampling, detection methods and strong 
subjectivity of diagnosis. Although micrometastatic cells 
in bone marrow, i.e. diffuse tumor cells, have independent 
prognostic value for breast cancer patients, more invasive 
bone marrow aspiration is required. In contrast, the 

detection of circulating tumor markers (including CTCs, 
ctDNA, ctDNA methylation, exosomes and TEP) is less 
traumatic, and many types of markers can be measured 
at the same time, providing more comprehensive disease 
information (29).

In conclusion, bone metastasis in breast cancer frequently 
occurs in middle-aged and elderly people, mainly at the age 
of 40–60 years old. The incidence rate of bone metastasis 
is high within 3 years after surgery, and the metastasis sites 
are mainly the spine, chest, pelvis, limbs, and skull. The 
number of metastatic lymph nodes, endocrine therapy, 
the presence of visceral metastasis, the number of bone 
metastases at the onset, and the expression of c-erbB-2 
are independent influencing factors for the survival rate of 
breast cancer patients with bone metastasis. Chen et al. also 
analyzed the clinicopathological factors related to the bone 
metastasis of breast cancer, but did not comprehensively 
analyze their effects on the prognosis of patients. In the 
meantime, they did not include factors such as ethnicity 
and treatment regimen (30). Since this is a respective study, 
there may be deviations in our results. Further multicenter 
studies with larger sample sizes are ongoing in our group to 
verify the conclusion.
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