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Background: Bone is the most common metastasis site of breast cancer. The prognosis of bone metastasis 
is better than other distant metastases, but patients with skeletal related events (SREs) have a poor quality 
of life, high healthcare costs and low survival rates. This study aimed to establish an effective nomogram for 
predicting risk of bone metastasis of breast cancer.
Methods: The nomogram was built on 4,895 adult/female/primary invasive breast cancer patients with 
complete clinicopathologic information, captured by the Surveillance, Epidemiology, and End Results (SEER) 
database from 2010 to 2015. Five biological factors (age, grade, histologic type, surgery of breast lesions and 
subtypes) were assessed with logistic regression to predict the risk of bone metastases. The predictive accuracy 
and discriminative ability of the nomogram were determined by the Receiver Operating Characteristic (ROC) 
curves and the calibration plot. Results were validated on a separate 2,093 cohort using bootstrap resampling 
from 2010 to 2015 as an internal group and a retrospective study on 120 patients in the First Affiliated Hospital 
of China Medical University from 2010 to 2014 at the same situation as an external group.
Results: On multivariate logistic regression of the primary cohort, independent factors for bone metastases 
were age, grade, histologic type, surgery of breast lesions and subtypes, which were all selected into the 
nomogram. The calibration plot for probability of incidence showed good agreement between prediction 
by nomogram and two observations. The ROC curves presented a good statistical model for risk of bone 
metastasis, and the corresponding AUC value of the development group, internal validation group and 
external validation group were 0.678, 0.689 and 0.704 respectively.
Conclusions: The proposed nomogram resulted in more-accurate prognostic prediction for breast cancer 
patients with bone metastases.
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Introduction

Breast cancer has the highest incidence of female cancer 
in the world (1). Bone is the most common metastatic site 
associated with breast cancer, which accounts for 65–75% 
of distant metastases among breast cancer patients (2). 
Bone metastases may occur independently or with visceral 
metastases, with best survival reported in patients with 
bone-only metastases (3,4). Median survival for bone-only 
metastases has been reported to be as high as 72 months in 
one study (4), but can be substantially less (4-6), and only  
20–30% of patients with breast cancer are expected to 
achieve 5 year survival post diagnosis of bone metastases (2,7). 

The burden of bone metastases for patients is considerable, 
those patients are prone to develop SREs in the first 
year that could seriously lower the quality of life, 
increase healthcare costs, decrease survival rates, and 
even lead to death (2,8). In recent years, several clinical 
trials demonstrated that, bone targeting agents (i.e., 
bisphosphonates, denosumab) were the most effective 
for SREs prevention in solid tumors, while significantly 
delaying the time to first SRE and improving patients’ 
quality of life (9). However, the current treatment for 
bone metastases is palliative (9). Our study aimed to select 
the patients with high propensity for breast cancer bone 
metastasis through existing methods, in order to take 
appropriate intervention measures in time to prevent or 
delay the occurrence of SREs and prolong their survival 
time.

We found that there have been few studies involving the 
correlation between breast cancer metastases with biological 
factors at present. Moreover, the reported results were 
contradictory (10-12), remaining some uncertain clinical 
issues. Press and Wei’s studies suggested that luminal A 
breast cancer was more prone to bone metastasis (10,11), 
while Otto thought luminal B breast cancer had the highest 
risk of incidence of bone metastasis (12). Further research 
will be needed to identify effective factors for predicting 
risk of bone metastases. Currently, nomograms have 
been developed in most cancer types (13-15). It has been 
proposed as an alternative or even as a new standard for 
diagnosis and/or prediction (16-18). Therefor we attempt to 
establish a nomogram for breast cancer patients with bone 
metastases based on clinicopathologic data from SEER 
database and 120 patients in the First Affiliated Hospital 
of China Medical University, to determine whether this 
model provides more-accurate prediction of risk of bone 
metastases.

Based on the comprehensive treatment and good 
prognosis, the population of patients diagnosed with stage 
IV breast cancer is relatively low. It is difficult to collect 
data of stage IV breast cancer patients, which limits further 
research. The SEER database, which represents 30% of the 
information about cancer patients in the United States (19), 
is more reliable to show the real situation of most patients. 
The aim of the nomogram is to predict high-risk of bone 
metastases and take an effective intervention during follow-
up, so that increase the survival rate and even benefit a few 
patients clinical cure. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at http://dx.doi.org/10.21037/tcr-20-2379).

Methods

Patients and study design

We obtained population-based data from the SEER 18 
registry research database (SEER*Stat Version 8.3.6). 
With the SEER database, we identified 446,807 cases of 
breast cancer, of which 6,988 eligible patients with distant 
metastases from January 2010 to December 2015. The time 
frame was selected because information on specific distant 
metastatic sites and detailed molecular subtypes from 
SEER were available only for those who were diagnosed 
after 2010. Inclusion criteria included: (I) stage IV breast 
cancer with distant metastases; (II) intact clinicopathologic 
characteristics; (III) primary invasive breast cancer; (IV) 
intact metastatic sites; (V) adults (>18 years old); (VI) single-
source breast cancer; (VII) active follow-up; (VIII) female.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This article 
does not contain any studies with human participants or 
animals performed by any of the authors. All procedures 
performed in study involving human data were extracted 
freely from the SEER Research Data available to the public 
online (https://seer.cancer.gov/data/access.html).

 The primary cohort of 4,895 breast cancer patients were 
in the inclusion criteria selected from the SEER database 
between 2010 and 2015. Those patients were eligible 
for univariate and multivariate logistic analysis. Internal 
validation of the developing group was performed using 
the bootstrap validation approach on 1,000 cases. The 
internal validation group consisted of 2,093 patients. From 
2020 to 2014, an external validation group of 120 patients 
diagnosed with distant metastases of breast cancer in the 
First Affiliated Hospital of China Medical University was 
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retrospectively studied, using the same inclusion criteria.

Biological factors

The information including age, surgery of primary site, 
histologic grade, histologic types, tumor (T), lymph nodes 
(N), estrogen receptor (ER), progesterone receptor (PR), 
human receptor epidermal growth receptor-2 (HER-2) and 
metastatic sites were obtained from the SEER database 
between 2010 to 2015. The current American Joint 
Committee on Cancer (AJCC) staging systems: TNM 
system (versions 6.0 and 7.0) are prognostic systems that 
stratify cancer patients into different risk groups (20). T0 
patients are defined as not having evidence of a primary 
tumor, according to the TNM system, in both AJCC 
versions 6 and 7. Patients were stratified as four subtypes: 
HR+/HER-2−; HR+/HER-2+; HR−/HER-2+ and HR−/
HER-2−. HR+ represents ER+ and/or PR+, while HR− 
represents ER− and PR−. According to AJCC guidelines 
for breast cancer and the Scarff-Bloom-Richardson system, 
histologic grade was divided into three groups: grade I  
(3–5 points); grade II (6–7 points) and grade III (8–9 points). 
The absolute numbers were calculated for breast cancer 
patients with bone metastases identified at the time of 
diagnosis. Absolute numbers were also calculated after 
stratification by age, histologic type, histologic grade, 
surgery of the primary site, and other factors.

Statistical analysis

The statistical analyses to identify risk factor were 
performed using SPSS (version 21.0 for Mac; SPSS, Inc., 
Chicago, IL, USA). Table 1 presented the clinicopathologic 
characteristics of developing cohort and validation cohort. 
Univariate logistic regression was used to determine the 
biological factors associated with the incidence of bone 
metastases and those statistically significant variables were 
included in the multivariate logistic regression analysis. P 
value <0.05 was considered statistically significant.

A nomogram was formulated based on the results of 
multivariate analysis using forward stepwise method to 
select the independent variables and by using the package 
of ‘rms’ in R (version 3.5.2, USA). The performance of 
the nomogram was evaluated by the area under the curve 
(AUC) value of ROC curve. With the AUC value closer to 1, 
the risk prediction became more accurate. The calibration 
plot of prediction model was used to assess the agreement 
between observed outcome frequencies and predicted 

probabilities. The calibration plot was designed to descript 
the relationship between the predicted probability of 
bone metastasis and the observed frequencies of bone 
metastasis in the validation set by fitting a polynomial 
logistic function. And it also calculates the 95% confidence 
interval (95% CI) through 1,000 repeated bootstrapping. 
When the 95% CI does not cross the bisector, statistically 
significant deviation from the bisector vector occurs. 
Wider confidence intervals are considered as a higher 
degree of uncertainty, for tiny proportion of patients is at 
the specific risk interval. Small P value (P<0.05) provides 
evidence that the prediction model’s calibration is not 
perfect. Large P value of calibration test suggests that 
there is not strong evidence of model’s lack of fit. 

Results 

We selected 446,807 breast cancer patients from SEER 
database (19), and the breast cancer metastatic rate was 
4.912%, which was in agreement to the 6% reported 
by Hagberg (21). Moreover, breast cancer with bone 
metastases accounted for 63.9% of metastatic breast cancer 
cases, which is consistent with 65–75% incidence of bone 
metastases among breast cancer patients worldwide (2). The 
overall median follow-up time was 22 and 47.4 months for 
SEER data and clinical data. Breast cancer patients with 
bone-only metastases had a better prognosis than other 
metastatic breast cancer patients. There were substantive 
differences in overall survival (OS) (χ2=274.0, P<0.001) 
among the three metastatic groups of SEER database. The 
median OS time was 43, 22 and 31 months respectively 
in bone-only, bone + visceral and extraskeletal metastatic 
groups. 

The study involved 7,108 cases of breast cancer (4,895 
cases in the SEER development group, 2,093 cases in 
the SEER validation group and 120 cases in the clinical 
validation group). The demographic and clinicopathologic 
characteristics of patients in the primary and validation 
cohorts are listed in Table 1. 

Nomogram development

The results of the univariate and multivariate logistic analysis 
were listed in Table 2. Upon univariate and multivariate 
analysis of the developing group, the independent prognostic 
factors for bone metastasis were age, surgery of the primary 
site, histologic grades, histologic types and breast cancer 
subtypes (P<0.001), while the T and N were not correlated 
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Table 1 Demographic and clinicopathologic characteristics of the development group and the validation groups

Characteristic SEER development group (n=4,895) SEER validation group (n=2,093) clinical validation group (n=120)

Age

18–39 430 (8.8) 188 (9.0) 18 (15.0)

40–59 2,093 (42.8) 913 (43.6) 78 (65.0)

60–79 1,916 (39.1) 806 (38.5) 24 (20.0)

>80 456 (9.3) 186 (8.9) 0

Grade

Grade I 462 (9.4) 214 (10.2) 6 (5.0)

Grade II 2,089 (42.7) 879 (42.0) 97 (80.8)

Grade III 2,344 (47.9) 1,000 (47.8) 17 (14.2)

Histologic type

IDC 4,003 (81.8) 1,735 (82.9) 99 (82.5)

ILC 446 (9.1) 168 (8.0) 0

IDC + ILC 235 (4.8) 94 (4.5) 2 (1.7)

Others 211 (4.3) 96 (4.6) 19 (15.8)

T 

T0 3 (0.1) 1 (0.0) 2 (1.7)

T1 587 (12.0) 246 (11.8) 31 (25.8)

T2 1711 (35.0) 727 (34.7) 67 (55.8)

T3 908 (18.5) 401 (19.2) 12 (10.0)

T4 1,686 (34.4) 718 (34.3) 6 (5.0)

Unknown 0 0 2 (1.7)

N 

N0 968 (19.8) 453 (21.6) 26 (21.7)

N1 2,309 (47.2) 995 (47.5) 31 (25.8)

N2 707 (14.4) 260 (12.4) 28 (23.3)

N3 911 (18.6) 385 (18.4) 29 (24.2)

Unknown 0 0 6 (5.0)

Surgery of primary site

No 2,737 (55.9) 1,187 (56.7) 18 (15.0)

Yes 2,158 (44.1) 906 (43.3) 102 (85.0)

Subtypes

HR+/HER-2+ 871 (17.8) 383 (18.3) 21 (17.5)

HR+/HER-2− 2,840 (58.0) 1,178 (56.3) 58 (48.3)

HR−/HER-2+ 481 (9.8) 193 (9.2) 15 (12.5)

HR−/HER-2− 703 (14.4) 339 (16.2) 26 (21.7)

Metastatic sites

Bone-only 1,898 (38.8) 766 (36.6) 34 (28.3)

Bone + visceral 1,243 (25.4) 560 (26.8) 40 (33.3)

Extraskeletal* 1,754 (35.8) 767 (36.6) 46 (38.3)

*, extraskeletal metastatic sites indicate metastases of lung, brain, liver or distant lymph nodes. IDC, infiltrative ductal carcinoma; ILC, 
infiltrative lobular carcinoma; T, tumor; N, lymph nodes; HR, hormone receptor; HER-2, human epidermal growth receptor-2; − denotes 
negative, + denotes positive.
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Table 2 Univariate and multivariate logistic regression models in the development group

Variable
Univariate analysis Multivariate analysis

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

Age 0.035 <0.001

>80 1 (reference) 1 (reference)

60–79 1.363 (1.106–1.679) 1.494 (1.198–1.862)

40–59 1.26 (1.025–1.549) 1.566 (1.257–1.951)

18–39 1.231 (0.939–1.613) 1.734 (1.299–2.314)

Grade <0.001 <0.001

Grade I 1 (reference) 1 (reference)

Grade II 1.001 (0.798–1.254) 1.083 (0.858–1.367)

Grade III 0.465 (0.373–0.579) 0.744 (0.587–0.943)

Histologic type <0.001 <0.001

IDC 1 (reference) 1 (reference)

ILC 2.259 (1.783–2.861) 1.501 (1.169–1.927)

IDC + ILC 1.841 (1.359–2.493) 1.444 (1.056–1.974)

Others 0.722 (0.547–0.954) 0.768 (0.573–1.03)

T 0.531

T0 NA NA

T1 1.117 (0.918–1.36) NA

T2 1.128 (0.98–1.297) NA

T3 1.086 (0.918–1.285) NA

T4 1 (reference) NA

N 0.02 0.857

N0 1 (reference) 1 (reference)

N1 0.906 (0.773–1.062) 0.935 (0.79–1.106)

N2 0.83 (0.677–1.017) 0.975 (0.785–1.211)

N3 0.752 (0.623–0.909) 0.934 (0.763–1.144)

Surgery of primary site <0.001 <0.001

No 1 (reference) 1 (reference)

Yes 0.605 (0.538–0.681) 0.643 (0.566–0.731)

Subtypes <0.001 <0.001

HR+/HER-2+ 1 (reference) 1 (reference)

HR+/HER-2− 1.542 (1.312–1.811) 1.413 (1.196–1.67)

HR−/HER-2+ 0.522 (0.416–0.654) 0.558 (0.443–0.703)

HR−/HER-2− 0.381 (0.311–0.468) 0.442 (0.359–0.545)

IDC, infiltrative ductal carcinoma; ILC, infiltrative lobular carcinoma; T, tumor, N, lymph nodes; HR, hormone receptor; HER-2, human 
epidermal growth receptor-2; − denotes negative; + denotes positive.
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statistically significant to bone metastases. 

Risk predictive nomogram 
The individualized nomogram prediction model that 
integrated all significant independent factors for bone 
metastases in the developing group is shown in Figure 1. Based 
on the nomogram, we can get the score corresponding 
to each prediction indicator, and the total score is 
corresponding to the probability of risk prediction of bone 
metastases.

As shown in Figure 1, the highest probability of subtype 
is HR+/HER-2− (100 points), it Intuitively shows that 
HR+/HER-2− breast cancer is more prone to bone 
metastasis than triple-negative breast cancer, followed by 
the HR+/HER-2+ subtype (61 points). The susceptible 
factors associated with increasing incidence of bone 
metastases: young patients, HR+ subtype, low histological 
grade, infiltrative lobular carcinoma (ILC), and primary 
breast site without surgery.

Nomogram validation
The validation of the model was based on discrimination 
and calibration. We drew the ROC curves of predicted 
probability and calculated the AUC values in the 
development and validation group. The AUC values for 
the nomogram established in the development group 
internal validation group and external validation group were 
0.678, 0.689 and 0.704 (Figure 2A,B,C), suggesting that the 
nomogram was a useful predictive model.

The 95% CI of calibration belt in both development and 
validation groups did not cross the diagonal bisector line, 

and the P value were 0.982, 0.662 and 0.245 respectively 
(Figure 3A,B,C). Therefore, the calibration plot showed 
good agreement between prediction and observation in the 
probability of bone metastases.

Discussion

Bone metastasis is not life-threatening, but the SREs can 
lead to a poor prognosis for breast cancer patients and even 
a decrease of their survival time (5). We developed a helpful 
nomogram based on common clinicopathologic factors 
available from pathology reports. We aim to filter out high-
risk patients and take effective treatment timely, which 
will make it possible for clinical benefit. Although some 
models have been recently developed to risk prediction, the 
population studied in academic cancer centers with breast 
cancer is relatively small compared with SEER database, 
which limits the veracity of the model (22). Ouldamer 
has verified that the MDACC model failed to confirm its 
generalizability to predict the risk of bone metastasis in 
an independent stage I–III breast cancer population (22).  
External and internal statistics validated the nomogram 
(AUC value was 0.689 and 0.704), attesting to the strength 
of our model built on the large number of patients.

A multivariate logistic regression analysis of the 
nomogram revealed that HR+ subtypes was a significant 
predictor for a high-risk bone metastasis. Yann Delpech 
published a model without molecular subtypes classification, 
but our prediction model made it more comprehensive (23).  
We identified that HR+/HER-2− subtypes and HR+/
HER2+ subtypes were more susceptible to bone metastasis, 

Figure 1 Nomogram to predict the probability of bone metastasis in the patient with breast cancer.
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Figure 2 ROC curves for validating the discrimination power of the nomogram. (A) SEER development group; (B) Seer validation group;  
(C) clinical validation group. AUC =0.678 vs. 0.689 vs. 0.704.

Figure 3 Calibration plots of the nomogram for the probability of bone metastatic patients with breast cancer in the development group and 
validation groups. (A) SEER development group; (B) SEER validation group; (C) clinical validation group. P value =0.982 vs. 0.662 vs. 0.245.

which was consistent with the rule of subtypes distribution 
reported by Yang (24). HR−/HER-2+ and triple-negative 
breast cancer more often metastasize to visceral organs, 
it may explain that those patients have died of visceral 
metastases before bone metastases were noted (21,25).

The nomogram showed that ILC was more likely to 
develop bone metastasis than infiltrative ductal carcinoma 
(IDC). In the United States, ILC accounts for 10–15% of 
all breast cancer, while in China accounts for 2.1–2.6% of 
all breast cancer. Because of deficient research data, the 
mechanism of tumor metastasis has not been thoroughly 
studied. Previous study reported that comparing to IDC, 
ILC was usually diagnosed in an advanced stage, with 
larger tumor size and more positive lymph nodes (26,27). 
Some studies showed different prognosis of ILC (28,29). 
It is reported that 80% of ILC cells have completely lost 
the expression of E-cadherin causing reduce intercellular 

adhesion, and P120 staining showed a deficiency of cell 
membrane expression (30). Aromatase inhibitors were 
recommended for postmenopausal ILC patients (31), but 
the high-risk performance of tumor indicated that we 
need to consider stronger endocrine therapy and/or other 
comprehensive treatment for bone metastases of ILC.

Age and histologic grades were independent prognostic 
factor for the occurrence of bone metastases. Purushotham 
and James (32,33) have reported age and grade also were 
significant predictors results in different prediction models. 
We demonstrated that young/low histologic grades patients 
were more prone to develop bone metastases. There are few 
studies on this issue at present, and additional experimental 
data are needed.

 In our study, young age and HR+/HER-2− subtype 
were prognostic factors for increasing incidence of bone 
metastases. According to the results of the TAILORx 
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trial, early breast cancer patients with HR+/HER2−, 
negative axillary lymph nodes, less than 50 years old and 
a recurrence score of 11–15 could benefit from adjuvant 
chemotherapy (34). Although it was a trial based on 
early breast cancer patients, it still inspired us that those 
advanced HR+/HER2− young breast cancer patients  
(<50 years old) with moderate risk of recurrence detected 
by 21 genes test would benefit from adjuvant chemotherapy 
to reduce the risk of bone metastasis. In addition, taking 
the joint experiment of Text/soft into account, young breast 
cancer patients with HR+ should not only strengthen 
chemotherapy, but also strengthen adjuvant endocrine 
therapy to prolong disease free survival. Besides, the 
systemic treatment regimens for bone metastases will be 
more precise with the refinement of biological factors. 
Further researches will be expected.

As shown in Figure 1, surgery could significantly 
reduce the risk of bone metastasis compared with those 
without surgery. In addition, it has been known that 
resection of the tumor with negative surgical margin 
will reduce the tumor burden and improve prognosis of 
patients (35). A recent phase III trial (E2108) reported 
the meaningful results that there was no significant 
difference for stage IV breast cancer in OS (P=0.63) or 
progression-free survival (P=0.40) comparing optimal 
systemic therapy (OST) and locoregional treatment (LRT) 
with OST alone arm. However, there were much likelihood 
of locoregional recurrence/progression and the worse 
health-related quality of life both in the OST (36). This 
provided us with a new therapeutic idea for decreasing 
the risk of incidence of breast cancer bone metastasis and 
relieving the SREs. For young/HR+/HER2− patients who 
can tolerate surgery and in whom the resectable tumor 
with negative resection margin, surgery may be not only a 
treatment to relieve local complications, but also would be 
a method to reduce tumor burden. As for prolonging the 
survival of patients with distant metastases, there will need 
more sufficient evidence to prove. The SEER database 
lacks patient basic data, lifestyle, genetic testing, and 
other information, which are important factors causing 
the difference in survival rates. Furthermore, a nomogram 
needs to contain more risk variables to increase credibility.

Conclusions

The nomogram as proposed in this study objectively and 
accurately predicted the risk of breast cancer patients 
with bone metastases. In this study, young patients, 

HR+ subtype, low histological grade, ILC, and primary 
breast site without surgery were susceptibility factors 
for the incidence of skeletal metastases. For these high-
risk patients, we should take early identification and 
effective measures during the follow-up and treatment to 
control tumor growth and prolong the survival time of 
patients, and delay progression of SREs at the same time. 
Additional studies are required to determine whether it 
can be applied to other patient groups.
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