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Purpose: To construct a breast cancer bone-only metastasis (BCBM) risk and prognostic 
model for Asian females and provide a reference for treatment selection in breast cancer 
(BC) patients with bone-only metastasis (BM).
Patients and Methods: The data for newly diagnosed female patients of Asian Pacific 
Islander (API) ethnicity between 2010 and 2018 were obtained from the Surveillance, 
Epidemiology, and End Results database. A total of 16,972 patients were identified. 
Logistic regression analyses were used to establish a risk model for BCBM. Cox proportional 
hazards regression analyses were used to construct nomograms for the prognosis of BC and 
BCBM. Subsequently, the degree of discrimination of the nomogram was evaluated using the 
consistency index (C-index) and receiver operating curve.
Results: The main independent risk factors of BM in Asian females with BC were primary 
site surgery (p<0.0001), ER (p=0.0015), and T-stage (p=0.0046). The C-index values in the 
training and validation cohorts were 0.933 and 0.941, respectively. The main independent 
risk factors of the prognosis of BC were age (p<0.001), summary stage (p<0.001), and grade 
(p=0.002). The C-index values of 5-year overall survival (OS) in the training and validation 
cohorts were 0.823 and 0.804, respectively. The risk factors of the prognosis of Asian 
females with BCBM were subtype (p<0.001), histology (p<0.001), and grade (p=0.033). 
The C-index values of 5-year OS in the training and validation cohorts were 0.793 and 0.723, 
respectively.
Conclusion: Using population-based analysis, this study constructed a prediction model for 
the risk and prognosis of BM in Asian females with BC. Another newly constructed model 
was effective in predicting OS in BCBM patients. These models can help prevent skeletal- 
related events and weigh the risks and benefits of surgery for metastatic lesions in BCBM 
patients.
Keywords: breast cancer, bone metastasis, prognosis, nomogram, SEER

Introduction
More than 1.6 million people are diagnosed with breast cancer (BC) every year in 
China, and 1.2 million people die from this disease.1 Distant metastasis is a major 
cause of death in patients with BC. It is currently recognized that the most common 
sites of BC metastasis are the lungs, bone, liver, and brain.2 Among them, bone is 
the most frequent metastatic site of advanced BC, and bone metastases accounting 
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for 70% of distant BC metastases.3 Tumor cells can spread 
from the primary BC site and metastasize to the bone 
microenvironment. Irf7-mediated immune escape and 
CD137-related migration and osteoclast differentiation of 
monocytes/macrophages may be important mechanisms 
that promote the occurrence of bone metastases in BC.4–6 

Breast cancer bone metastases can easily cause skeletal- 
related events (SREs) that seriously affect the quality of 
life of patients and increase the social burden.7 Early 
detection of bone metastases is very important to prevent 
SREs. In general, systematic conservative treatment is 
preferred when dealing with multiple distant metastases 
of breast cancer, but whether patients with single bone 
metastasis can be surgically treated for metastatic lesions 
is still inconclusive.8 When choosing a treatment, the 
patient’s expected survival time is one of the most impor-
tant factors that must be considered. Therefore, exploring 
the relevant factors affecting the prognosis of patients with 
BCBM is important to the formulation of subsequent treat-
ment strategies. Previous studies have shown that race is 
an independent risk factor that affects the occurrence and 
prognosis of breast cancer bone metastases.9,10 Therefore, 
the establishment of risk and prognostic models for Asian 
females with BCBM is conducive to more precise and 
individualized prevention and treatment of this disease.

A nomogram is a graphical tool developed in the 19th 
century. By integrating different prognostic and determi-
native variables, individual probabilities of clinical events 
are generated to aid clinical decision-making and realize 
the pursuit of personalized medicine.11 Currently, nomo-
grams are widely used in oncology and medical practice 

and have achieved good results.12,13 There are many pre-
diction models for the risk and prognosis of breast cancer 
bone metastasis, but these models were either not based on 
Asian females or did not exclude multiple organ 
metastases.9,14 However, to our knowledge, there is cur-
rently no specific prediction model or nomogram for the 
risk of bone-only metastasis nor for the prognostic value 
of BCBM in Asian females.

In this study, we extracted complete data on 16,972 
Asian breast cancer patients from the Surveillance, 
Epidemiology, and End Results (SEER) database and 
established prediction models for BCBM and BC prog-
nosis in the training cohort. The prediction models were 
validated in the validation cohort to determine their pre-
dictive capability. Furthermore, the same method was used 
to establish and validate a prognostic prediction model for 
the BCBM cohort.

Materials and Methods
Data Collection
The SEER database is an authoritative cancer statistical 
database in the United States, covering about 28% of 
cancer registrations in the United States and containing 
records of the morbidity, mortality, and other information 
of millions of cancer patients in the United States.15 

Before starting this research, we submitted a data usage 
agreement to the SEER project and gained formal access 
to the database. Because the database is open and this was 
a retrospective study, this study did not require the 
approval of the institutional research ethics committee, 
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nor did it require additional informed consent. We used the 
SEER*Stat software (version 8.3.9, user name: 11,532- 
Nov 2020) to extract data from the SEER database. The 
data included females who were newly diagnosed with BC 
between 2010 and 2018 and were of the Asian/Pacific 
Islander (API) ethnicity. The inclusion criteria were: (1) 
BC as the first primary tumor; (2) patients diagnosed with 
BC using histology or cytology; and (3) patients with 
complete clinicopathological characteristics, demographic 
information, and follow-up information. The exclusion 
criteria were patients with: (1) multiple organ metastasis; 
(2) patients with T0 or unknown T_stage status; (3) 
patients with autopsy or death certificate;or (4) patients 
with follow-up time <6 months. A total of 16,972 patients 
were included in the study, of which 11,918 cases were 

used as a training cohort to construct prediction models 
and nomograms, and 5054 as a validation cohort to verify 
the constructed prediction models and nomograms. 
Subsequently, extracted patients with bone-only metastasis 
(n=223 cases) were used to constructed and validated the 
Cox proportional hazard model and nomogram according 
to the aforementioned method. A flowchart of this process 
is shown in Figure 1A.

Variable Selection
In this study, the following parameters were included: the 
patient’s age, primary tumor site, laterality, histology, 
tumor grade, summary stage, T- and N-stage, tumor size, 
and breast cancer subtype; bone, lung, liver, and brain 
metastasis; estrogen receptor (ER), progesterone receptor 

Figure 1 The flow chart and the screening of BCBM related variables. (A) The flow chart. There are 16,972 patients included in this study based on the inclusion and 
exclusion criteria. (B and C) LASSO regression is used to screen variables. (D) Forest plots are used to delineate the independent risk factors of BCBM. 
Abbreviations: API, Asian, Pacific Islander; ER, estrogen receptor.
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(PR), and human epidermal growth factor receptor 2 
(HER2) status; whether to undergo surgery at the primary 
site; survival time; and life status. The cutoff age was 
determined using the X-Tile software (version 3.6.1, 
https://medicine.yale.edu/lab/rimm/research/software/), 
and three age groups were formed (< 64, 64–76, > 76 
years). The primary breast tumor site was divided into 
six categories according to the International 
Classification Code of Tumor Diseases (nipple/central 
part, upper inner quadrant, lower inner quadrant, upper- 
outer quadrant, and lower outer quadrant, and other parts 
of the breast). Histology types were divided into four 
categories: ductal carcinoma, lobular carcinoma, ductal 
carcinoma + lobular carcinoma, and others). The grade 
of tumor differentiation was divided into four groups: 
grade I, grade II, grade III, and grade IV. Tumor size 
was divided into 3 groups (< 2 cm, 2–5 cm, > 5 cm). 
Breast cancer subtypes include four types (hormone recep-
tor (HR)-/HER2-, HR-/HER2+, HR+/HER2-, HR+/HER2 
+). All cases in this study were staged according to the 
seventh edition of the TNM staging system.

Statistical Analysis
Using R (version 3.6.3, https://www.r-project.org/) for sta-
tistical analysis, a p-value of <0.05 was considered statis-
tically significant. First, the study cohort was randomly 
divided into training cohort and validation cohorts at a 
ratio of 7:3, and a chi-square test was performed on the 
categorical variables between the training and validation 
cohorts. The “rms“ package and “glmnet” package were 
used to perform univariate logistic regression analysis and 
least absolute shrinkage and selection operator (LASSO) 
regression in the training cohort16 to screen out variables 
that may be related to BCBM. Then the ”MASS” package 
was used to perform backward stepwise regression, the 
Akaike information criterion (AIC) as a stopping rule, to 
determine the variables that will eventually be included in 
the regression model.17 The selected variables were 
included in the multivariate logistic regression analysis to 
determine the independent risk factors for BCBM and 
construct a nomogram. The C-index and ROC were used 
to evaluate the discrimination of the nomogram, and boot-
straps with 1000 resample were used to verify the calibra-
tion of the nomogram and draw the calibration curve.18 

The same method was used to construct a Cox propor-
tional hazard model for Asian female BC patients, and to 
evaluate the performance of the model. Overall survival 
(OS) that referred to the period from random assignment 

to death due to any reason, was estimated by Kaplan– 
Meier survival curves. A Log rank test was used to com-
pare the survival curves.

A total of 233 BC patients with bone-only metastases were 
extracted, and the same method was used to establish and 
validate the prognostic prediction model based on this cohort.

Result
Baseline Characteristics
All patients with BC were female, and their ethnicity was 
API. The median age of the entire cohort was 59.00 
(49.00, 68.00) years. The most common tumor site was 
upper-outer (n=5575; 32.8%). The incidences of the left 
and right breasts were almost the same: 8465 (49.9%) and 
8507 (50.1%), respectively. The most common type of 
histology was infiltrating duct carcinoma (n=14,467; 
85.2%). Tumor grade II was the most common at 7803 
(46%), followed by grade III at 5030 (29.6%). In the 
tumor summary stage, local tumors accounted for 11,925 
patients (70.3%). The most frequent TNM stages were T1 
10,128 (59.7%) and N0 12,252 (72.2%). Primary tumor 
surgeries were performed on 16,370 patients, accounting 
for 96.5%. There were 9558 patients with a tumor size < 
2 cm, accounting for 56.3%. Bone metastases occurred in 
223 patients in the entire cohort, with an incidence rate of 
1.3%. Among the BC subtypes, HR+/HER2- was the most 
common type (n=12,866; 75.8%). The ratio of ER and PR 
positivity was far higher than that of negativity, whereas 
the status of HER2 was the opposite. The baseline data of 
the training and validation cohorts were balanced and 
comparable (Table 1).

Among the 223 patients with bone metastases, the 
median age was 56.00 (45.00, 65.00). The most common 
tumor site was “others” (n=106; 47.5%). The most com-
mon TNM stages were T2 82 (36.8%) and N1 117 
(52.5%). There were 145 cases without primary site sur-
gery, accounting for 65% of the cases. There were 101 
cases with tumor sizes of 2–5 cm, accounting for 45.5%. 
The characteristics of the remaining variables were similar 
to those of the entire cohort. The baseline data of the 
training and validation cohorts were balanced and compar-
able (Table 2).

Independent Predictors for BCBM in the 
Training Cohort
In univariate analysis, tumor site, histology, grade, T-stage, 
N-stage, primary site surgery, tumor size, BC subtype, and 
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Table 1 Clinical and Pathological Features of Patients in the Study Cohort

Variables Total Cohort Training Cohort Validation Cohort p

n=16,972 n=11,918 n=5054

Age (%)

<64 years 10,656 (62.8) 7477 (62.7) 3179 (62.9) 0.521

64–76 years 4532 (26.7) 3205 (26.9) 1327 (26.3)

>76 years 1784 (10.5) 1236 (10.4) 548 (10.8)

Tumour site (%)

Npple/central 959 (5.7) 676 (5.7) 283 (5.6) 0.766

Upper-inner 2620 (15.4) 1857 (15.6) 763 (15.1)

Lower-inner 945 (5.6) 659 (5.5) 286 (5.7)

Upper-outer 5575 (32.8) 3883 (32.6) 1692 (33.5)

Lower-outer 1271 (7.5) 909 (7.6) 362 (7.2)

Others 5602 (33.0) 3934 (33.0) 1668 (33.0)

Laterality (%)

Left 8465 (49.9) 5898 (49.5) 2567 (50.8) 0.125

Right 8507 (50.1) 6020 (50.5) 2487 (49.2)

Histology (%)

Duct 14,467 (85.2) 10,135 (85.0) 4332 (85.7) 0.631

Lobular 1136 (6.7) 803 (6.7) 333 (6.6)

Duct+lobular 564 (3.3) 400 (3.4) 164 (3.2)

Others 805 (4.7) 580 (4.9) 225 (4.5)

Grade (%)

Grade1 4106 (24.2) 2867 (24.1) 1239 (24.5) 0.217

Grade2 7803 (46.0) 5500 (46.1) 2303 (45.6)

Grade3 5030 (29.6) 3533 (29.6) 1497 (29.6)

Grade4 33 (0.2) 18 (0.2) 15 (0.3)

Summary stage (%)

Local 11,925 (70.3) 8355 (70.1) 3570 (70.6) 0.66

Regional 4645 (27.4) 3274 (27.5) 1371 (27.1)

Distant 402 (2.4) 289 (2.4) 113 (2.2)

T_stage (%)

T1 10,128 (59.7) 7096 (59.5) 3032 (60.0) 0.939

T2 5426 (32.0) 3818 (32.0) 1608 (31.8)

T3 949 (5.6) 672 (5.6) 277 (5.5)

T4 469 (2.8) 332 (2.8) 137 (2.7)

N_stage (%)

N0 12,252 (72.2) 8592 (72.1) 3660 (72.4) 0.852

N1 3576 (21.1) 2526 (21.2) 1050 (20.8)

N2 716 (4.2) 496 (4.2) 220 (4.4)

N3 428 (2.5) 304 (2.6) 124 (2.5)

Surg prim site (%)

No 602 (3.5) 425 (3.6) 177 (3.5) 0.873

Yes 16,370 (96.5) 11,493 (96.4) 4877 (96.5)

(Continued)
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ER were related to BCBM (p < 0.05). In LASSO regres-
sion, 1se was selected as the optimal lambda value to 
screen out age, histology, primary site surgery, ER, and 
N-stage (Figures 1B and C). Considering the results of 
backward stepwise regression and the clinical significance 
of the variables, histology, T-stage, N-stage, primary site 
surgery, and ER were finally included in the multivariate 

logistic regression model. Multivariate logistics regression 
analysis of the training cohort also showed that the inde-
pendent risk factors for BCBM were histology (lobular vs 
duct, OR = 1.976, 95% CI = 1.074–3.480, p = 0.0226), 
T-stage (T4 vs T1, OR = 2.514, 95% CI = 1.326–4.757, p 
= 0.0046), N-stage (N1 vs N0, OR = 4.193, 95% CI = 
2.646–6.747, p < 0.0001; N2 vs N0, OR = 9.778, 95% CI 

Table 1 (Continued). 

Variables Total Cohort Training Cohort Validation Cohort p

n=16,972 n=11,918 n=5054

Tumour size (%)

<2 cm 9558 (56.3) 6689 (56.1) 2869 (56.8) 0.719

2~5 cm 6070 (35.8) 4285 (36.0) 1785 (35.3)

>5 cm 1343 (7.9) 943 (7.9) 400 (7.9)

Bone_metastasis (%)

No 16,749 (98.7) 11,759 (98.7) 4990 (98.7) 0.779

Yes 223 (1.3) 159 (1.3) 64 (1.3)

Brain_metastasis (%)

No 16,966 (100.0) 11,912 (99.9) 5054 (100.0) 0.251

Yes 6 (0.0) 6 (0.1) 0 (0.0)

Liver_metastasis (%)

No 16,948 (99.9) 11,902 (99.9) 5046 (99.8) 0.875

Yes 24 (0.1) 16 (0.1) 8 (0.2)

Lung_metastasis (%)

No 16,922 (99.7) 11,882 (99.7) 5040 (99.7) 0.904

Yes 50 (0.3) 36 (0.3) 14 (0.3)

Subtype (%)

HR-/HER2- 1396 (8.2) 991 (8.3) 405 (8.0) 0.503

HR-/HER2+ 869 (5.1) 607 (5.1) 262 (5.2)

HR+/HER2- 12,866 (75.8) 9003 (75.5) 3863 (76.4)

HR+/HER2+ 1841 (10.8) 1317 (11.1) 524 (10.4)

ER (%)

Negative 2399 (14.1) 1698 (14.2) 701 (13.9) 0.535

Positive 14,573 (85.9) 10,220 (85.8) 4353 (86.1)

PR (%)

Negative 4092 (24.1) 2876 (24.1) 1216 (24.1) 0.936

Positive 12,880 (75.9) 9042 (75.9) 3838 (75.9)

HER2 (%)

Negative 14,262 (84.0) 9994 (83.9) 4268 (84.4) 0.348

Positive 2710 (16.0) 1924 (16.1) 786 (15.6)

Month (median [IQR]) 47.00 [25.00, 72.00] 46.00 [24.00, 72.00] 48.00 [25.00, 73.00] 0.039

Abbreviations: HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor.
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Table 2 Clinical and Pathological Features of BCBM Patients in the Study Cohort

Variables Total Cohort Training Cohort Validation Cohort p

n=223 n=161 n=62

Age (%)

<64 years 151 (67.7) 106 (65.8) 45 (72.6) 0.234

64–76 years 56 (25.1) 45 (28.0) 11 (17.7)

>76 years 16 (7.2) 10 (6.2) 6 (9.7)

Tumour site (%)

Npple/central 21 (9.4) 16 (9.9) 5 (8.1) 0.808

Upper-inner 26 (11.7) 21 (13.0) 5 (8.1)

Lower-inner 7 (3.1) 5 (3.1) 2 (3.2)

Upper-outer 48 (21.5) 34 (21.1) 14 (22.6)

Lower-outer 15 (6.7) 9 (5.6) 6 (9.7)

Others 106 (47.5) 76 (47.2) 30 (48.4)

Laterality (%)

Left 110 (49.3) 87 (54.0) 23 (37.1) 0.034

Right 113 (50.7) 74 (46.0) 39 (62.9)

Histology (%)

Duct 173 (77.6) 125 (77.6) 48 (77.4) 0.855

Lobular 27 (12.1) 19 (11.8) 8 (12.9)

Duct+lobular 7 (3.1) 6 (3.7) 1 (1.6)

Others 16 (7.2) 11 (6.8) 5 (8.1)

Grade (%)

Grade1 21 (9.4) 13 (8.1) 8 (12.9) 0.496

Grade2 111 (49.8) 80 (49.7) 31 (50.0)

Grade3 88 (39.5) 65 (40.4) 23 (37.1)

Grade4 3 (1.3) 3 (1.9) 0 (0.0)

Summary stage (%)

Regional 1 (0.4) 1 (0.6) 0 (0.0) 1

Distant 222 (99.6) 160 (99.4) 62 (100.0)

T_stage (%)

T1 40 (17.9) 30 (18.6) 10 (16.1) 0.849

T2 82 (36.8) 61 (37.9) 21 (33.9)

T3 37 (16.6) 26 (16.1) 11 (17.7)

T4 64 (28.7) 44 (27.3) 20 (32.3)

N_stage (%)

N0 44 (19.7) 27 (16.8) 17 (27.4) 0.328

N1 117 (52.5) 87 (54.0) 30 (48.4)

N2 28 (12.6) 22 (13.7) 6 (9.7)

N3 34 (15.2) 25 (15.5) 9 (14.5)

Surgprimsite (%)

No 145 (65.0) 109 (67.7) 36 (58.1) 0.232

Yes 78 (35.0) 52 (32.3) 26 (41.9)

(Continued)
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= 5.096–18.519, p < 0.0001; N3 vs N0, OR = 9.348, 95% 
CI = 4.675–18.516, p < 0.0001), primary site surgery (yes 
vs no, OR = 0.022, 95% CI = 0.015–0.033, p < 0.0001), 
and ER (positive vs negative, OR = 2.617, 95% CI = 
1.4867–4.886, p = 0.0015) (Table 3, Figure 1D).

The Established and Validated Nomogram 
for BCBM in Asian Females
The nomogram was constructed based on variables pre-
viously screened in the training cohort. It can be seen from 
the nomogram that when surgery was performed at the 
primary site, it had the greatest impact on the occurrence 
of BCBM, followed by the N-stage (Figure 2). We can 
sum the scores of each variable and draw a straight line to 
obtain the probability of BCBM for each patient. The 
C-index was used to evaluate the degree of discrimination 
of the nomogram in the training and validation cohorts. 
The C-indexes in the training and validation cohorts were 
0.933 (95% CI = 0.911–0.955) and 0.941 (95% CI = 
0.917–0.965), respectively. In visualizing the results with 

ROC, the abscissa represents the false positive rate, the 
ordinate the true positive rate, and the area under the curve 
the C-index (Figures 3A and B). A calibration curve was 
used to evaluate the calibration of the nomogram in the 
training and validation cohorts. The abscissa represents the 
nomogram-predicted probability of bone metastasis, and 
the ordinate represents the actual bone metastasis. The 
closer the curve is to the dashed line with a slope of 45°, 
the higher the calibration of the nomogram. It can be seen 
that the actual probability and predicted probability of 
bone metastasis are in agreement in both the training and 
validation cohorts (Figures 3C and D).

The Established and Validated Prediction 
Model for the Prognosis of BC
According to the aforementioned variables, age, grade, 
summary stage, T-stage, N-stage, primary site surgery, BC 
subtype, and ER were finally included in the multivariate 
Cox proportional hazard model (Figures 4A and B). The 
results showed that these variables were independent risk 

Table 2 (Continued). 

Variables Total Cohort Training Cohort Validation Cohort p

n=223 n=161 n=62

Tumoursize (%)

<2 cm 41 (18.4) 27 (16.8) 14 (22.6) 0.565

2~5 cm 102 (45.7) 74 (46.0) 28 (45.2)

>5 cm 80 (35.9) 60 (37.3) 20 (32.3)

Subtype (%)

HR-/HER2- 12 (5.4) 10 (6.2) 2 (3.2) 0.069

HR-/HER2+ 10 (4.5) 5 (3.1) 5 (8.1)

HR+/HER2- 167 (74.9) 126 (78.3) 41 (66.1)

HR+/HER2+ 34 (15.2) 20 (12.4) 14 (22.6)

ER (%)

Negative 22 (9.9) 15 (9.3) 7 (11.3) 0.848

Positive 201 (90.1) 146 (90.7) 55 (88.7)

PR (%)

Negative 52 (23.3) 40 (24.8) 12 (19.4) 0.489

Positive 171 (76.7) 121 (75.2) 50 (80.6)

HER2 (%)

Negative 179 (80.3) 136 (84.5) 43 (69.4) 0.019

Positive 44 (19.7) 25 (15.5) 19 (30.6)

Month (median [IQR]) 29.00 [16.00, 46.00] 30.00 [16.00, 46.00] 24.00 [16.00, 49.00] 0.649

Abbreviations: HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor.
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Table 3 Univariate and Multivariate Logistic Regression Analysis of Risk Factor of Bone Metastasis in Training Cohort

Variables Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI P OR 95% CI P

Age (years)

<64 Reference

64–76 0.865 0.597–1.252 0.442

>76 0.701 0.385–1.278 0.246

Tumour site

Npple/central Reference

Upper-inner 0.504 0.245–1.034 0.062

Lower-inner 0.545 0.216–1.375 0.199

Upper-outer 0.415 0.217–0.795 0.008

Lower-outer 0.627 0.279–1.409 0.259

Others 0.975 0.538–1.767 0.934

Laterality

Left Reference

Right 1.094 0.797–1.501 0.578

Histology

Duct Reference

Lobular 2.147 1.33–3.465 0.002 1.976 1.074–3.480 0.0226

Duct+lobular 0.834 0.306–2.27 0.722 0.805 0.214–2.268 0.7145

Others 1.66 0.89–3.095 0.111 1.7 0.753–3.545 0.1774

Grade

Grade1 Reference

Grade2 2.403 1.419–4.071 0.001

Grade3 2.904 1.691–4.986 <0.001

Grade4 17.734 3.828–82.146 <0.001

Summary stage

Local Reference

Regional 1 0-Inf 1

Distant 2.0284E+10 0-Inf 0.978

T_stage

T1 Reference

T2 3.515 2.266–5.454 <0.001 1.349 0.820–2.241 0.242

T3 9.44 5.57–15.999 <0.001 1.641 0.874–3.042 0.118

T4 34.849 21.578–56.283 <0.001 2.514 1.326–4.757 0.005

N_stage

N0 Reference

N1 7.678 5.103–11.552 <0.001 4.193 2.646–6.747 <0.001

N2 11.726 6.805–20.208 <0.001 9.777 5.096–18.519 <0.001

N3 22.84 13.525–38.571 <0.001 9.348 4.675–18.516 <0.001

Surg prim site

No Reference

Yes 0.014 0.01–0.02 <0.001 0.022 0.015–0.035 <0.001

(Continued)
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factors for BC prognosis (Table 4, Figure 4C). A nomogram 
based on these variables was constructed to predict the 
prognosis of BC in the training cohort. It can be seen from 
the nomogram that age, grade, tumor stage, and surgery at 
the primary site had the greatest impact on BC prognosis 
(Figure 4D). We can obtain the survival probability of each 
patient at 1, 3, and 5 years. The C-indexes of the 1-year, 3- 
year, and 5-year OS in the training cohort were 0.856 (95% 
CI = 0.814–0.898), 0.846 (95% CI = 0.828–0.865), and 
0.823 (95% CI = 0.800–0.846). The C-indexes of 1-year, 
3-year, and 5-year OS in the validation cohort were 0.855 
(95% CI = 0.793–0.917), 0.811 (95% CI = 0.779–0.844), 

and 0.804 (95% CI = 0.776–0.832). The ROCs were used to 
evaluate the discrimination of the nomogram (Figures 5A 
and B). Calibration curves were used to evaluate the cali-
bration of the nomogram in the training and validation 
cohorts. The abscissa represents the nomogram-predicted 
probability of the OS, and the ordinate represents the actual 
OS. In the training cohort, the nomogram had high calibra-
tion in predicting the 3-year OS, whereas in the validation 
cohort, the nomogram had high calibration in predicting the 
1-, 3-, and 5-year OS (Figures 5C–H). Survival analyses 
based on each variable in the BC cohort showed significant 
differences between the groups (Figure S1).

Table 3 (Continued). 

Variables Univariate Logistic Regression Multivariate Logistic Regression

OR 95% CI P OR 95% CI P

Tumour size (cm)

<2 Reference

2~5 3.667 2.416–5.567 <0.001

>5 12.18 7.785–19.056 <0.001

Brain_metastasis

No Reference

Yes 0 0-Inf 0.979

Liver_metastasis

No Reference

Yes 0 0–6.782e+304 0.975

Lung_metastasis

No Reference

Yes 0 0-Inf 0.976

Subtype

HR-/HER2- Reference

HR-/HER2+ 1.468 0.563–3.826 0.432

HR+/HER2- 1.406 0.711–2.781 0.327

HR+/HER2+ 2.112 0.981–4.544 0.056

ER

Negative Reference

Positive 1.884 1.061–3.328 0.03 2.617 1.487–4.886 0.002

PR

Negative Reference

Positive 1.074 0.738–1.562 0.709

HER2

Negative Reference

Positive 1.398 0.949–2.059 0.09

Abbreviations: HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor.
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The Established and Validated Prediction 
Model for the Prognosis of BCBM
To study the prognostic factors of patients with BCBM, 
223 patients were included in the study cohort (Table 4). 
Univariate analysis and LASSO regression (Figures 6A 
and B) were performed, and histology, primary site sur-
gery, T-stage, N-stage, BC subtype, and PR were included 
in the multivariate Cox proportional hazard model. The 
results showed that the above variables were independent 
risk factors for the prognosis of BCBM (Table 5, 
Figure 6C). The nomogram based on these variables 
showed that both BC subtype and histology had a signifi-
cant impact on the prognosis of BCBM (Figure 6D). We 
have calculated the survival probability of each patient at 
1, 3, and 5 years. The C-index was used to evaluate the 
discrimination of the nomogram. In the training cohort, the 
C-indexes of 1-, 3-, and 5-year OS were 0.804 (95% CI = 
0.696–0.912), 0.761 (95% CI = 0.688–0.834), and 0.793 
(95% CI = 0.709–0.877), respectively. In the validation 
cohort, the C-indexes of 1-, 3-, and 5-year OS were 0.706 
(95% CI = 0.516–0.896), 0.633 (95% CI = 0.462–0.804), 
and 0.723 (95% CI = 0.544–0.902). It can be seen that the 

prediction model had a better predictive performance for 
1- and 5-year OS, but the prediction accuracy of the 3-year 
OS was poor. The ROCs were used to evaluate the dis-
crimination of the nomogram (Figures 7A and B). 
Calibration curves were used to calibrate the nomogram. 
It can be seen that in the training cohort, the nomogram 
had a high prediction accuracy for the 3-year OS, but the 
prediction accuracy for the 1- and 5-year OS was poor. 
However, in the validation cohort, the nomogram had 
higher accuracy in predicting 1-, 3-, and 5-year OS 
(Figures 7C–H). Survival analyses based on each variable 
in the BCBM cohort showed significant differences 
between the groups (Figure S2).

Discussion
With the advancement of local and systemic treatment 
techniques, the mortality rate of breast cancer has shown 
a downward trend.8,19,20 In this study, we describe the 
survival characteristics of patients with newly diagnosed 
breast cancer. We found that in the entire study cohort, the 
median survival time of patients with breast cancer was 
more than 100 months. This finding is consistent with the 

Figure 2 The nomogram to predict BCBM. Five independent risk factors were used to construct the nomogram; the total point can be obtained by summing the scores of 
each variable, and the probability of BCBM for each patient can be predicted. 
Abbreviation: ER, estrogen.
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epidemiological characteristics of the disease. We also 
found that the patient’s age, tumor stage, tumor grade, 
and whether or not to undergo surgery at the primary site 
was performed are all important factors affecting the prog-
nosis of breast cancer patients. In addition, T-stage, 
N-stage, and ER status are also factors that affect the 
prognosis of breast cancer. This result is consistent with 
the results reported in the previous literature.21–23

With the prolongation of survival time, the prevention 
and treatment of distant metastasis of BC have received 
more attention. Currently, bone metastasis accounts for 
70% of distant BC metastases. Although we excluded 
patients with multiple distant metastases, there was a 
selection bias. However, in this study, 223 patients with 
bone metastasis accounted for 73.6% of all BC patients 
with distant metastasis; this is similar to previous reports. 
Breast cancer bone metastases not only lead to the occur-
rence of SREs but also seriously affect the median life 
expectancy of the patients.24 Therefore, identifying the 

risk factors for breast cancer bone metastasis is of great 
significance for the early detection and treatment of bone 
metastasis and improving patient prognosis.

The mechanisms underlying breast cancer bone metas-
tasis have not been fully elucidated. Various factors such 
as omega-3 long-chain polyunsaturated fatty acids, BC 
subtypes, race, and age play important roles in this pro-
cess. Ethnicity is an independent risk factor of the occur-
rence of breast cancer bone metastasis and affects the 
prognosis of BC.25–28 This suggests that the bone metas-
tasis and prognosis of breast cancer are race heteroge-
neous. Therefore, the risk and prognostic prediction 
module based on a specific race were more accurate and 
individualized in predicting the outcome for that race. In 
this study, we selected Asian females as the research 
participants and excluded cases of multiple organ 
metastases.

Through the prediction model of BCBM, we found that 
histology, T_stage, N_stage, primary site surgery, and ER 

Figure 3 The evaluation of the nomogram to predict BCBM. The ROC curve in the training cohort (A) and the validation cohort (B). The C-index is represented by the 
area under the curve. The calibration curve in the training cohort (C) and the validation cohort (D). The C-index is represented by the area under the curve. The closer the 
curve is to the dashed line with a slope of 45°, the higher the calibration of the nomogram.
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were all independent risk factors for BM in BC. The nomo-
gram that was constructed based on our prediction model 
revealed that surgery of the primary site and N-stage were 
the main risk factors for BM in BC. The risk of bone 
metastases is much higher in patients without primary site 
surgery and in patients with the N3 stage disease. Therefore, 
we recommend that surgery of the primary site be per-
formed as far as possible for resectable breast cancer as 
this may reduce the incidence of bone metastasis. By histo-
logical type, the model predicts infiltrating lobular carci-
noma to be more likely to have bone metastasis; this is 

consistent with previous research results.29 It has been 
reported that ER+ and ER- breast cancers have different 
biological pathways in the development of BCBM. 
Compared with ER- breast cancer, ER+ breast cancer is 
more likely to metastasize to the bone; this may be related 
to the activation of different signaling pathways.30,31 

However, there are also reports in the literature that in the 
process of breast cancer bone metastasis, the homing of 
breast cancer cells is unrelated to their ER status.32 

Therefore, further clinical and experimental studies are 
required to confirm the role of ER in the BCBM process.

Figure 4 The screening of the prognostic variables of BC and the construction of the nomogram. (A and B) LASSO regression was used to screen variables. (C) Forest 
plots were used to delineate the prognostic factors of BC. (D) The nomogram to predict the prognosis of BC in 1, 3, and 5 years. 
Abbreviations: HER2, human epidermal growth factor receptor 2; ER, estrogen receptor.
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Table 4 Univariate and Multivariate Cox Regression Analysis of Breast Cancer in Training Cohort

Variables Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P HR (95% CI) P

Age (years)

<64 Reference

64–76 1.708 (1.465–1.991) <0.001 2.065 (1.767–2.414) <0.001

>76 5.103 (4.392–5.929) <0.001 5.756 (4.914–6.742) <0.001

Tumour site

Npple/central Reference

Upper-inner 0.604 (0.457–0.799) <0.001

Lower-inner 0.75 (0.534–1.054) 0.097

Upper-outer 0.586 (0.456–0.752) <0.001

Lower-outer 0.643 (0.465–0.888) 0.007

Others 0.815 (0.641–1.038) 0.098

Laterality

Left Reference

Right 0.971 (0.856–1.101) 0.644

Histology

Duct Reference

Lobular 1.091 (0.849–1.403) 0.495

Duct+lobular 1.019 (0.719–1.443) 0.916

Others 1.376 (1.06–1.784) 0.016

Grade

Grade1 Reference

Grade2 1.428 (1.177–1.733) <0.001 1.142 (0.936–1.394) 0.189

Grade3 2.575 (2.13–3.114) <0.001 1.626 (1.306–2.024) <0.001

Grade4 5.09 (2.381–10.879) <0.001 3.3 (1.533–7.105) 0.002

Summary stage

Local Reference

Regional 2.52 (2.201–2.886) <0.001 1.916 (1.399–2.624) <0.001

Distant 15.318 (12.618–18.596) <0.001 4.784 (3.274–6.988) <0.001

T_stage

T1 Reference

T2 2.324 (2.009–2.688) <0.001 1.58 (1.344–1.857) <0.001

T3 4.848 (3.966–5.925) <0.001 2.555 (2.036–3.206) <0.001

T4 9.676 (7.797–12.007) <0.001 1.822 (1.374–2.417) <0.001

N_stage

N0 Reference

N1 2.054 (1.774–2.379) <0.001 0.899 (0.662–1.222) 0.499

N2 4.004 (3.242–4.945) <0.001 1.739 (1.235–2.450) 0.002

N3 7.15 (5.788–8.833) <0.001 1.695 (1.212–2.370) 0.002

Surg prim site

No Reference

Yes 0.109 (0.092–0.129) <0.001 0.304 (0.244–0.377) <0.001

(Continued)
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It can be seen from the prognosis model of breast 
cancer that age, grade, summary stage, T_stage, 
N_stage, primary site surgery, BC subtype, and ER 
are all independent risk factors that affect the OS of 
BC patients. Our results were consistent with findings 
presented in the existing literature:33–35 the older the 
patient, the higher the tumor grade, and the worse the 
prognosis. The BC subtype is significantly related to 

the prognosis of breast cancer, and the survival rate of 
triple negative breast cancer (TNBC) patients is sig-
nificantly lower than that of non-TNBC patients.23,25 

Therefore, we suggest that treatment should be care-
fully selected for patients with TNBC. Surgery can be 
applied to the primary site, but the decision must be 
considered carefully when it comes to metastatic 
lesions.

Table 4 (Continued). 

Variables Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P HR (95% CI) P

Tumour size (cm)

<2 Reference

2~5 2.33 (2.016–2.692) <0.001

>5 5.685 (4.779–6.764) <0.001

Bone_metastasis

No Reference

Yes 9.578 (7.503–12.228) <0.001

Brain_metastasis

No Reference

Yes 19.134 (6.15–59.531) <0.001

Liver_metastasis

No Reference

Yes 13.659 (7.535–24.76) <0.001

Lung_metastasis

No Reference

Yes 9.049 (5.6–14.624) <0.001

Subtype

HR-/HER2- Reference

HR-/HER2+ 0.497 (0.372–0.665) <0.001 0.443 (0.329–0.597) <0.001

HR+/HER2- 0.368 (0.312–0.434) <0.001 0.941 (0.549–1.612) 0.832

HR+/HER2+ 0.402 (0.316–0.512) <0.001 0.761 (0.441–1.309) 0.327

ER

Negative Reference

Positive 0.455 (0.395–0.525) <0.001 0.51 (0.303–0.859) 0.011

PR

Negative Reference

Positive 0.526 (0.462–0.599) <0.001

HER2

Negative Reference

Positive 1.007 (0.851–1.193) 0.933

Abbreviations: HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor.
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Figure 5 The evaluation of the nomogram to predict the prognosis of BC. The ROC curve in the training cohort (A) and the validation cohort (B) in 1, 3, and 5 years. The 
C-index is represented by the area under the curve. The calibration curves in the training cohort (C–E) and the validation cohort (F–H) in 1, 3, and 5 years. The C-index 
was represented by the area under the curve. The closer the curve is to the dashed line with a slope of 45°, the higher the calibration of the nomogram.
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Patients with multiple distant metastases tend to be 
treated using relatively conservative methods such as che-
motherapy, endocrine therapy, and immunotherapy. 
However, it remains controversial which treatment method 
should be used for patients with bone-only metastases. 
Therefore, for breast cancer patients with bone-only 
metastases, it is important to clarify the prognostic risk 
factors and predict survival time because this is related to 
the choice of treatment. The accurate prognosis of BCBM 
is important for subsequent treatment selection. For exam-
ple, under the premise of meeting the surgical indications, 
relatively aggressive treatment measures are adopted for 
patients who are expected to have a long survival time and 
relatively conservative treatment methods for patients who 
have a short survival time. In this study, we found that 

histology, primary site surgery, T_stage, N_stage, BC sub-
type, and PR were independent risk factors for OS in 
BCBM. The proportion of infiltrating ductal carcinoma in 
breast cancer is high, but the prognosis of infiltrating 
lobular carcinoma is worse than that of infiltrating ductal 
carcinoma. This may be related to the fact that infiltrating 
lobular carcinoma being hormone-mediated, common in 
the elderly, polycentric, and often found at advanced 
stages. In addition, invasive lobular carcinoma is mostly 
ER/PR positive and HER2 negative that often presents as 
large tumors with ill-defined boundaries and a unique 
metastasis pattern involving the gastrointestinal tract and 
peritoneum.36 Consistent with previous studies, N3-stage 
tumors, no primary site surgery, and TNBC are also factors 
for poor prognosis. In addition, the prognosis of breast 

Figure 6 The screening of the prognostic variables of BCBM and the construction of the nomogram. (A and B) LASSO regression was used to screen variables. (C) Forest 
plots were used to delineate the prognostic factors of BCBM. (D) The nomogram to predict the prognosis of BCBM in 1, 3, and 5 years. 
Abbreviations: HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.
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Table 5 Univariate and Multivariate Cox Regression Analysis of BCBM in Training Cohort

Variables Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P HR (95% CI) P

Age (years)

<64 Reference

64–76 1.691 (1.033–2.768) 0.037

>76 1.783 (0.799–3.979) 0.158

Tumour site

Npple/central Reference

Upper-inner 0.526 (0.208–1.334) 0.176

Lower-inner 3.142 (0.839–11.774) 0.089

Upper-outer 0.799 (0.366–1.746) 0.574

Lower-outer 0.859 (0.269–2.746) 0.798

Others 0.781 (0.383–1.59) 0.495

Laterality

Left Reference

Right 1.631 (1.029–2.585) 0.037

Histology

Duct Reference

Lobular 1.974 (1.077–3.617) 0.028 2.547 (1.444–4.491) 0.001

Duct+lobular 0.788 (0.192–3.234) 0.741 0.533 (0.162–1.751) 0.3

Others 0.256 (0.062–1.05) 0.058 0.472 (0.210–1.064) 0.07

Grade

Grade1 Reference

Grade2 1.38 (0.489–3.893) 0.543 1.718 (0.731–4.037) 0.214

Grade3 1.78 (0.629–5.033) 0.277 2.764 (1.1530–6.629) 0.022

Grade4 4.674 (1.041–20.997) 0.044 4.593 (1.127–18.722) 0.033

Summary stage

Local Reference

Regional 18.042 (2.281–142.721) 0.006

Distant NA (NA-NA) NA

T_stage

T1 Reference

T2 0.954 (0.469–1.94) 0.896

T3 1.161 (0.526–2.56) 0.712

T4 1.61 (0.788–3.29) 0.192

N_stage

N0 Reference

N1 0.679 (0.366–1.261) 0.22

N2 0.562 (0.235–1.342) 0.195

N3 1.418 (0.684–2.942) 0.348

Surg prim site

No Reference

Yes 0.518 (0.307–0.875) 0.014 0.421 (0.262–0.677) <0.001

(Continued)
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cancer with PR- is also poor, which may be related to the 
insensitivity of this type of breast cancer to chemotherapy. 
Therefore, these factors should be fully considered when 
making subsequent treatment plans based on the nomo-
gram to develop a more accurate and individualized treat-
ment for patients.

Limitations
This study has certain limitations. First, the informa-
tion on the operation provided by the SEER database is 
not sufficiently comprehensive because it does not pro-
vide detailed operation-related information such as sur-
gical indications, specific surgical procedures, and 
complications. Second, there is no detailed information 
about the location of the metastasis such as whether 
bone metastasis occurs in the axial bone or the limb 
bone, which may lead to a bias in the study. Third, 
some patients were excluded due to missing data, 

which may have led to selection bias. Finally, this 
study lacks validation from external data, and we will 
use our data to validate these prediction models in 
further studies.

Conclusion
In summary, this study constructed a prediction model 
for bone metastasis in Asian females with breast cancer 
through population-based analysis, determined inde-
pendent risk factors for bone metastasis in breast can-
cer, and constructed a nomogram. An important and 
effective model for predicting OS in patients with 
breast cancer has also been constructed to clarify the 
prognostic factors of patients with BCBM. This study 
provides the basis for clinicians and patients to prevent 
SREs and provides a new approach for BCBM patients 
to weigh the risks and benefits of surgery for metastatic 
lesions.

Table 5 (Continued). 

Variables Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P HR (95% CI) P

Tumour size (cm)

<2 Reference

2~5 1.018 (0.502–2.063) 0.96

>5 1.238 (0.605–2.534) 0.559

Subtype

HR-/HER2- Reference

HR-/HER2+ 0.043 (0.005–0.356) 0.004 0.074 (0.015–0.365) 0.001

HR+/HER2- 0.165 (0.072–0.378) 0 0.36 (0.149–0.868) 0.023

HR+/HER2+ 0.12 (0.043–0.338) 0 0.168 (0.062–0.456) <0.001

ER

Negative Reference

Positive 0.599 (0.287–1.25) 0.172

PR

Negative Reference

Positive 0.635 (0.385–1.047) 0.075 0.512 (0.294–0.892) 0.018

HER2

Negative Reference

Positive 0.57 (0.292–1.113) 0.1

Abbreviations: HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor.
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Figure 7 The evaluation of the nomogram to predict the prognosis of BCBM. The ROC curve in the training cohort (A) and the validation cohort (B) in 1, 3, and 5 years. 
The C-index is represented by the area under the curve. The calibration curve in the training cohort (C–E) and the validation cohort (F–H) in 1, 3, and 5 years. The 
C-index if represented by the area under the curve. The closer the curve is to the dashed line with a slope of 45°, the higher the calibration of the nomogram.
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