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Background: Surgical therapy of breast cancer and bone metastasis can effectively
improve the prognosis of breast cancer. However, after the first operation, the relationship
between preoperative indicators and outcomes in patients who underwent metastatic
bone surgery remained to be studied. Purpose 1. Recognize clinical and laboratory
prognosis factors available to clinical doctors before the operation for bone metastatic
breast cancer patients. 2. Develop a risk prediction model for 3-year postoperative
survival in patients with breast cancer bone metastasis.

Methods: From 2014 to 2020, patients who suffered from breast cancer bone metastasis
and received therapeutic procedures in our institution were included for analyses (n=145).
For patients who underwent both breast cancer radical surgery and bone metastasis
surgery, comprehensive datasets of the parameters of interest (clinical features, laboratory
factors, and patient prognoses) were collected (n=69). We performed Multivariate Cox
regression to identify factors that were associated with postoperative outcome. 3-year
survival prediction model and nomograms were established by 100 bootstrapping. Its
benefit was evaluated by calibration plot, C-index, and decision curve analysis. The
Surveillance, Epidemiology, and End Results database was also used for external validation.

Results: Radiotherapy for primary cancer, pathological type of metastatic breast cancer,
lymph node metastasis, elevated serum alkaline phosphatase, lactate dehydrogenase
were associated with postoperative prognosis. Pathological types of metastatic breast
cancer, multiple bone metastasis, organ metastases, and elevated serum lactate
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dehydrogenase were associated with 3-year survival. Then those significant variables and
serum alkaline phosphatase counts were integrated to construct nomograms for 3-year
survival. The C-statistic of the established predictive model was 0.83. The calibration plot
presents a graphical representation of calibration. In the decision curve analysis, the
benefits are higher than those of the extreme curve. The receiver operating characteristic
of the external validation of the model was 0.82, indicating a favored fitting degree of the
two models.

Conclusion: Our study suggests that several clinical features and serological markers can
predict the overall survival among the patients who are about to receive bone metastasis
surgery after breast cancer surgery. The model can guide the preoperative evaluation and
clinical decision-making for patients. Level of evidence Level III, prognostic study.
Keywords: breast cancer, bone metastasis, prognosis, surgeries, Cox regression, nomogram
INTRODUCTION

Breast cancer (BC) is the most common malignancy among
women (1, 2), and bone is the most common location of
metastasis in BC patients. There are about three-quarters of stage
IV BC patients developing skeletal metastases (3, 4). Poor survival,
skeletal-related events (SREs) (regarded as the demand for surgery
and radiotherapy to the bone, intractable pain, pathological
fracture, hypercalcemia, and spinal cord compression), reduced
quality of life, and considerable morbidity are the consequences of
BC bone metastasis (5).

The median overall survival (OS) of BC patients from bone
metastasis diagnosis is 40 months (5). The 3-year survival rate of
BC patients with bone metastasis was 25%, and the 5-year was
13% (6). While premature death is inevitable, remission is often
performed with surgery, chemotherapy, and the development of
hormone or bone-targeted drug therapies. The life quality of BC
patients, including bone metastasis BC patients, improved (2).

The primary site decides the prognosis of metastatic bone
disease, with breast and prostate cancers associated with survival
measured in years compared with lung cancer. The average
survival is only a few months (7). Poorer mean survival was
found in the bone metastasis patients with non-small cell lung
cancer (NSCLC) (8). Besides, the presence of extraosseous
disease and the extent and tempo of the bone disease are
potent predictors of prognosis. The former is usually estimated
based on the features of the original tumor and common tumor
markers. Simultaneously, the latter is often evaluated based on
bone-specific markers and clinical manifestations of the bone.
Our better comprehension of prognosis and predictors may lead
to a more personalized treatment for each patient and more cost-
effective healthcare resources.

Some researchers reported that local surgery might obtain
advancement in the survival of metastatic BC (9, 10). Recently,
Hou et al. also proposed that surgery of the primary lesion could
help prolong the survival of patients and established a
nomogram for bone metastasis of breast cancer (11).
Nomogram is commonly used to predict the prognosis of
cancer patients and has been used in survival studies of
2

metastatic BC (11–14). Under such conditions, we are more
interested in the survival of patients who have bone metastases
and experience subsequent surgery. However, few similar studies
have been reported.

In the current study, we aimed to recognize clinical and
laboratory prognosis factors available to clinical doctors before
the operation for bone metastatic breast cancer patients and
construct a prognostic nomogram for BC bone metastasis.
METHODS

Study Design and Patients
Ethics Committee of the Second Affiliated Hospital of Zhejiang
University School of Medicine review board approved this
retrospective study, which was conducted in accordance with
the principles of the Helsinki Declaration. All medical record
data were collected at our medical centres. After surgery for
breast cancer, patients who had subsequent surgery for bone
metastases were included.

This was a retrospective study based on patients’ records.
From March. 2014 to August. 2020 we treated 145 BC patients
with bone metastasis in the institution. We excluded 67 patients
who received only conservative therapy, three patients diagnosed
with bone metastasis from renal carcinoma or lung cancer,
one patient who died in an accident, five patients of less than
six months follow-up or loss of contact. Patients with pathology
that might affect the assessment of risk factors, such as
liver dysfunction and other malignancies, were excluded.
The remaining 69 patients met the standards, including
metastatic bone events following radical breast cancer
surgery and completed surgery at our institution with a
minimum follow-up time of 6 months. Figure 1 shows
the detailed flow chart of the study. In these groups,
comprehensive data sets for the relevant parameters (including
clinical factors, laboratory factors, tumor markers, and survival
information) were provided. Five experienced surgeons
performed all operations.
September 2021 | Volume 11 | Article 693689
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The exclusion criteria for the study are as follows:

(1) No surgery was performed for the primary lesions and
metastases.

(2) Information on radiotherapy and chemotherapy was missing.

(3) Clinical features and preoperative laboratory examination
were missing.

(4) Visceral and brain metastases status was unclear.

(5) Other systemic diseases and accidental deaths.

(6) Follow-up time less than six months.
Description of Treatment
Due to the limitations of this retrospective study, we did not define
the surgical method preoperatively at that time. Tumor curettage
and internal fixation or extensive segment resection and
replacement were performed according to the Mirels’ scoring
system for long bone (15) and the Tomita scoring system for
the spine (16). Surgical indications involved a failure to improve
after several conservative treatments. Regarding indications,
pathological or impending limb fracture is a vital indicator of
Frontiers in Oncology | www.frontiersin.org 3
the quality of life recovery. Isolated metastasis patients in whom
prolonged survival is expected is also an indication for surgery.
Acute paralysis of the spinal cord due to the spinal metastases’
acute collapse would be one such implication.

All patients underwent radical surgery for breast cancer and
were confirmed to be primary breast cancer by histopathological
analysis of specimens obtained from surgery. Bone metastasis
can be diagnosed by a bone scan (Figure 2), and other organ
metastases can be diagnosed by plain radiographs, CT, or MRI.
We obtained the pathological specimens of these patients after
surgery in our hospital and performed immunohistochemistry
on them. All these examinations were completed in the auxiliary
department of our institution, including the examination of
blood indicators.

Variables, Outcome Measures, Information
Source, and Bias
Our primary outcome was overall patient survival after surgery.
Total survival (OS) was calculated from the initial surgery date to
tumor death or last follow-up. The date of death was collected
from the patient’s family through follow-up.
FIGURE 1 | Flow chart of the study.
September 2021 | Volume 11 | Article 693689
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Our secondary outcome was 3-year survival after surgery.
Based on the patients’ follow-up information, patients who were
followed for longer than three years and died within three years
were included (n=44).

We assessed clinical characteristics obtained from the patient’s
electronic medical record system. We were reconfirmed at follow-
up, which included the patients’ age at diagnosis of the prime
tumor and metastasis, disease-free interval (DFI), treatment for
BC (chemotherapy, radiotherapy, and endocrine therapy),
metastasis positions and number, surgery method (radical
surgery or palliative surgery). Radiological reports were
evaluated to assess the presence of bone, brain, lung, or liver
metastases and the event of pathological fractures. Again, we
authenticated this at follow-up. Pathological findings of bone
metastases such as molecular expression of metastasis (ER
status, PR status,her2 status), ER expression intensity(0-10%,10-
60%,60-100%) were obtained from Pathology Department. We
classified the metastases (LuminalA, LuminalB, her2-enriched,
triple-negative) according to the pathological results (17).
Although this could be different from the pathology of primary
cancer (18), it showed the pathology of bone metastases, which
might better conduct the therapy.

Blood routine examination, serum electrolytes, tumor
marker, were obtained from the Laboratory Department of our
hospital. All patients in this study were tested for blood markers
on admission and underwent immunologic analysis of the
specimens postoperatively to obtain these complete data. For
patients with multiple tests before the operation, the most recent
preoperative results were selected.

We chose patients from Surveillance, Epidemiology, and End
Results (SEER) database (https://seer.cancer.gov/) for external
verification. The same standard case (n=108) were selected as our
center for external verification. The indicators for verification
include organ metastasis, hormone receptor, age, radiotherapy
and chemotherapy of primary foci.

Statistical Analysis
We depicted survival curves using the Kaplan-Meier method and
compared them using the log-rank test to have an initial
Frontiers in Oncology | www.frontiersin.org 4
understanding of risk factors. We applied multivariate Cox
regression analysis of the patients stratified by the incidence of
postoperative death. First, the possible variables were selected
from the 41 variables (univariate analysis p < 0.1). According to
clinical significance, variables that may have a collinear
relationship were excluded, and the study’s unrelated variables
were excluded too. Multivariate Cox regression analysis was
performed on the selected variables, and a stepwise procedure
commanded confounding variables.

As for the establishment of a risk model, first, we combined it
with the Stepwise Logistic Regression method based on Akaike’s
Information Criterion (19) for the sake of the best model.
Secondly, we formulated a nomogram. The efficiency of the
nomogram was judged by concordance index (C-index), and the
discriminant performance of the model was measured using C-
statistics, which varies from 0.5 (random forecast) to 1.0
(excellent distinction) (20). In the calibration plot, calibration
could be envisioned. The prediction probability of the result is
overestimated when the correction intercept is less than 0. While
when the intercept is positive, the algorithm is underestimated
(21, 22). Meanwhile, we drafted a decision curve analysis to show
the net benefit of different models. The “None” line would show
the expected net benefit if the interference changes were not
performed. The “ALL” line presents the expected net benefit for
all patients with the intervention development (20).

Data analysis, curve drawing, and model establishment were
performed with Microsoft Excel (Redmond, WA, USA), the IBM
SPSS Statistics 23 (La Jolla, CA, USA), R version 4.0.3 (The R
Foundation, Vienna, Austria).
RESULT

Demographics, Description of
Study Population
We analyzed the electronic medical record systems of 69 enrolled
women patients (Table 1). All of them had experienced two
operations (surgery for breast cancer and surgery for bone
A B

FIGURE 2 | (A) As we can observe from the x-rays that a patient had bone metastases from breast cancer and a pathological fracture of the right femur.
(B) The patient underwent right hip replacement surgery.
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metastases). The median postoperative follow-up time was
24 months (IQR 12-31 months). The median age at the
diagnosis of breast cancer was 49 years (IQR, 44-55), and the
median age at the diagnosis of bone metastasis was 53 years
(IQR, 49-62), the median time from the primary diagnosis
to the operation of bone metastasis was 5 years (IQR, 2-8).
In total, 67% (46 patients) had multiple bone metastasis, and
28% (19 patients) had other organ metastasis. Meanwhile,
46% (32 patients) had a pathologic fracture. 54% (37 patients)
underwent palliative surgery, while 46% (32 patients) underwent
radical surgery.

Multivariate Cox Regression for
Postoperative Mortality
Thirty-three deaths were found in this time, and the 50% survival
rate is around 30 months (Figure 3). Among the probable
variables (p <0.1 in univariate analysis), we excluded the
associated collinearity factor and controlled for relevant
confounding variables. We found that radiotherapy for primary
cancer (hazard ratio [HR], 3.02; confidence interval [CI], 1.14-
8.01, p=0.027), subtype of BC (HR, 2.1; CI,1.4-3.2, p<0.001),
multiple bone metastases(HR, 1.55; CI, 0.92-2.60; p=0.098), LN
metastasis(HR, 2.80; CI, 1.08-7.22; p=0.034), higher serum ALP
(HR, 1.005; CI, 1.001-1.008; p=0.009), CA125(HR, 1.005; CI,
1.001-1.008; p=0.009), LDH(HR, 1.007; CI, 1.002-1.012;
p=0.003) were associated with postoperative death (Table 2).
Frontiers in Oncology | www.frontiersin.org 5
Kaplan-Meier curve showed that different subtypes of
metastatic BC, receptor molecules, and their expression had a
significant impact on the survival prognosis of patients
(Figures 4A–D).
TABLE 1 | Characteristics of participants.

Categorical variables Values (%) Continuous variables Median (interquartile range)

Chemotherapy for breast cancer 60 (87%) Age at primary cancer (years) 49 (44-55)
Radiotherapy for breast cancer 47 (68%) Age at metastasis cancer (years) 53 (49-62)
Endocrine therapy for breast cancer 25 (36%) Disease free interval (DFI) (years) 5 (2-8)
Luminal A 7 (10%)
LuminalB 35 (50%) CEA (U/L) 5.7 (2.5-44.4)
Her2-enhanced 8 (12%) CA125 (U/L) 17.3 (10.4-47)
Triple-negative 19 (28%) CA153 (U/L) 31.4 (16.7-53.6)
ER negative 27 (39%) WBC (10^9/L) 6.1 (4.8-7.2)
ER expression 0-10% 11 (16%) RBC (10^9/L) 4.02 (3.84-4.3)
ER expression 10-60% 7 (10%) HB (g/L) 120 (110-129)
ER expression 60-100% 24 (35%) Bilirubin, total (umol/L) 10.1 (8.7-12.3)
PR status 35 (51%) Total protein (g/L) 67.3 (65-70.1)
Her2 status 14 (20%) ALT(U/L) 15 (11-23)
Limb 29 (42%) ALP(U/L) 96 (75-124)
Pelvis 9 (13%) Total bile acid (umol/L) 3.9 (2.7-5.9)
Spine 31 (45%) AST (U/L) 22 (18-30)
Bone metastasis number≥4 31 (45%) LDH (U/L) 191 (172-233)
Pathological fracture 32 (46%) Total cholesterol (mmol/L) 4.6 (4.05-5.25)
Palliative surgery 37 (54%) Ca (mmol/L) 2.26 (2.19-2.32)
Radical surgery 32 (46%) Mg (mmol/L) 0.88 (0.82-0.92)
LN metastasis 11 (16%) Urea nitrogen (umol/L) 4.7 (3.7-5.8)
Brain metastasis 5 (7%) Creatinine (umol/L) 50 (43-55)
Liver metastasis 3 (4%) Uric acid (umol/L) 268 (220-334)
Lung metastasis 9 (13%) Glucose (mmol/L) 4.95 (4.49-5.25)
Other organ metastasis 2 (3%)
Chemotherapy for metastasis 44 (64%)
Radiotherapy for metastasis 33 (48%)
Endocrine therapy for metastasis 24 (35%)
September 2021
ER, estrogen receptor; PR, progesterone receptor; LN, lymph node; CEA, carcinoembryonic antigen; CA125, Carbohydrate antigen125; CA153, Carbohydrate antigen153; WBC, white
blood cell count; RBC, red blood cell count; HB, hemoglobin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, Aspartate aminotransferase; LDH, lactate dehydrogenase;
Ca, calcium; Mg, magnesium.
FIGURE 3 | This figure shows the overall survival of patients (N=69).
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3-Year Survival Risk Prediction Model
Table 3 summarizes the development of the 3-year survival risk
multivariate Cox regression. As shown in the table, each
prespecified predictor had a significant (P<0.01) univariable
linear relationship with the primary outcome. Considering the
small sample size, we performed 100 bootstrapping to establish
the risk prediction model.

For the possible continuous variables in the single factor, we
plot the receiver operating characteristic (ROC) curve. The area
under the ROC curve (AUC) of serum CA125 for 3-year survival
Frontiers in Oncology | www.frontiersin.org 6
was 0.699(95% CI, 0.52-0.87). At the cutoff value of 12.25,
sensitivity was 80.0%, and specificity was 64.3% (Figure 5A).
AUC of serum HB for 3-year survival was 0.590(95% CI, 0.41-
0.77). At the cutoff value of 108.5, sensitivity was 33.3%, and
specificity was 92.9% (Figure 5B). AUC of serum ALP for 3-year
survival was 0.758(95% CI, 0.58-0.93). At the cutoff value of 72.0,
sensitivity was 90.0%, and specificity was 64.3% (Figure 5C).
AUC of serum LDH for 3-year survival was 0.746(95% CI, 0.58-
0.91). At the cutoff value of 186.0, sensitivity was 73.3%, and
specificity was 71.4% (Figure 5D).
TABLE 2 | Multivariate Cox regression for postoperative mortality.

Categories Variables Univariate analysis Multivariate analysis

p value HR (95% CI) p value

Adjuvant therapy for primary cancer Chemotherapy 0.45
Radiotherapy 0.043 3.02 (1.14-8.01) 0.027
Endocrine therapy 0.9

Subtype (Luminal A=1, LuminalB=2, Her2-enhanced=3, Triple-negative=4) <0.001 2.1 (1.4-3.2) <0.001
location Limb 0.88

Pelvis 0.44
Spine 0.49

Bone condition multiple bone metastases
(1metastasis=1, 2-3metastases=2, ≥4metastases=3)

<0.001 1.55 (0.92-2.60) 0.098

Pathological fracture 0.035 – –

Surgery methods
(Palliative surgery=1, Radical surgery=2)

0.036 – –

Viscera metastasis LN metastasis 0.061 2.80 (1.08-7.22) 0.034
Brain metastasis 0.041 – –

Liver metastasis 0.002 – –

Lung metastasis 0.012 – –

Other organ metastasis 0.036 – –

Adjuvant therapy for metastasis Chemotherapy for metastasis 0.12
Radiotherapy for metastasis 0.71
Endocrine therapy for metastasis 0.98

Age Age at primary cancer
n ≤ 49 = 0, n>49 = 1

0.18

Age at metastasis
n ≤ 53 = 0, n>53 = 1

0.31

Disease free interval(DFI)
n ≤ 5 = 0, n>5 = 1

0.53

Tumor marker CEA 0.57
CA125 <0.001 1.005 (1.001-1.008) 0.009
CA153 0.98

Serum biomarkers WBC 0.28
RBC 0.15
Hemoglobin(HB) 0.004 – –

Bilirubin, total 0.28
Total protein 0.55
ALT 0.75
ALP 0.002 – –

Total bile acid 0.7
AST 0.37
LDH <0.001 1.007 (1.002-1.012) 0.003
Total cholesterol 0.33
Ca 0.52
P 0.33
Urea nitrogen 0.4
Creatinine 0.84
Uric acid 0.76
Glucose 0.85
September 20
21 | Volume 11 | Article
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Nomogram (Figure 6) based on these independent variables
and serum ALP level was established to maximize predictive
power. The optimism-corrected C-statistic (Figure 7A) of the
predictive model was 0.83(95% CI 0.56-1). Figure 7B presents a
graphical representation of calibration. We subsequently
demonstrate our model using decision curve analysis (Figure 7C).

Figure 8 represents the result of external validation. We drew
the survival curve (Figure 8A) and used the all input method to
verify the fitting of the two databases (Figure 8B). the AUC of
external validation was 0.82 (95%CI, 0.65-0.90).
DISCUSSION

Background and Rationale
The occurrence of metastatic bone disease indicates that cancer
has reached its final stage (3, 4). Surgical treatment of metastatic
disease aims to alleviate pain and restore biomechanical stability.
Besides, how to predict the prognosis of this group of people
accurately is rarely known by people. To contribute some valuable
insights into this challenging disease’s prognosis and treatment
strategies, we made a retrospective analysis about breast cancer
patients with postoperative bone metastases from our institution.
Frontiers in Oncology | www.frontiersin.org 7
Risk Factors for Postoperative Mortality
We classified several independent clinical factors associated with
postoperative mortality in patients with bone metastasis,
including the radiotherapy status of primary loci, the subtype
of metastatic BC, multiple bone metastases, presence of LN
metastasis, serum CA125 and LDH level.

Firstly, the primary site decides the prognosis of metastatic
bone disease. The subtype of the BC is the most significant
risk factor in this study (7).Hormone receptor status and her2
status have become significant factors in the classification of
breast cancer patients to assess prognosis and determine the
appropriate treatment (23). Studies pointed that Triple-negative
breast cancer leads to decreased worse overall survival than non-
triple-negative breast cancer. Although all breast cancer subtypes
are susceptible to bone metastasis, the luminal type is the most
common (24). Clinically, the biomarkers of the primary tumor
guide the treatment of patients with metastatic breast cancer.
Some studies had shown that there might be clinically significant
discordance of ER, PR, and her2 status when comparing primary
breast tumors with metastasis, which might impact overall
survival (18, 25, 26). Therefore, patients’ management and
survival may be improved by a biopsy of the metastatic lesions
before surgery potentially (25).
A B

DC

FIGURE 4 | (A–D) Kaplan-Meier survival curves were generated to evaluate the different subtypes of metastatic BC (A), receptor molecules (B, C), and their
expression (D) impacts on the survival prognosis of patients.
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In Addition, the presence of extraosseous disease and the
extent and tempo of the bone disease are potent predictors of
prognosis (7). The presence of multiple bone metastases is
associated with a poor prognosis (27). The survival was longer
for single bone metastasis compared to multiple bone metastases
Frontiers in Oncology | www.frontiersin.org 8
(28, 29). In patients with cancer, fractures often indicate a
worsening survival prognosis (30). We found that patients with
pathological fractures had a worse prognosis than those without
fractures. Since these patients often suffer from pain and limited
movement, pathological fractures indicate poor quality of life.
TABLE 3 | 3-year survival risk prediction model.

Univariable model Multivariable (final model)

HR (95% CI) p value HR (95% CI) p value

Subtype of metastatic BC 1.8 (1.2-2.7) 0.002 1.65 (1.11-2.46) 0.014
Multiple bone metastasis 5.1 (1.9-13.3) 0.001 2.94 (1.08-8.01) 0.035
Pathological fracture 2.1 (1.0-4.3) 0.05 – –

Organ metastasis 4.4 (2.1-9.4) 0.0001 3.75 (1.69-8.32) 0.001
Chemotherapy 0.54 (0.26-1.12) 0.09 – –

Age at primary cancer 1 (1-1.1) 0.06 – –

Age at metastasis cancer 1 (1.0-1.06) 0.02 – –

CEA 1 (0.99-1.01) 0.07 – –

CA199 1 (0.99-1.01) 0.08 – –

CA125 1 (1.0-1.01) 0.002 – –

Hemoglobin(HB) 0.97 (0.94-0.99) 0.005 – –

Bilirubin, total 1.1 (1.01-1.15) 0.02 – –

ALP 1 (1.0-1.01) 0.005 – – Included in the final model
LDH 1 (1.0-1.01) 0.0005 1.005 (1.001-1.009) 0.017
September 2021 | V
HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA125, Carbohydrate antigen125; CA153, Carbohydrate antigen153; WBC, white blood cell count; RBC, red
blood cell count; HB, hemoglobin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; Ca, calcium; Mg, magnesium.
A B

DC

FIGURE 5 | (A–D) ROC curves were generated to evaluate the cutoff value of serum CA125 (A), serum HB (B), serum ALP (C), serum LDH (D).
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Whenever possible, a multidisciplinary discussion should guide
treatment decisions for metastatic bone fractures to ensure that
the combination of surgery and medication is optimal (31–33).

It was broadly believed that receiving radiotherapy might
reduce pain and obtain reasonable local control. Several
researches have reported that breast radiation therapy
improves survival in patients with metastasis (34, 35). Our
study unveiled that BC patients with bone metastasis who
received radiotherapy could achieve survival benefits in the
same way. As for metastatic BC, chemotherapy was usually
applied because it decreased cancer-related complications,
improved life quality, and prolonged overall survival (36).
However, chemotherapy was not identified as an important
predictor in our multivariate analysis, which might be related
to the specific chemotherapy regimen. Due to the limitations of
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difficult follow-up and incomplete information, we did not
conduct further studies. Endocrine therapy is the main method
of early treatment for breast cancer for hormone receptor
positive patients (37). Our findings suggested that this might
not be an independent prognostic factor. Some studies showed
that the relationship between endocrine therapy for breast cancer
and survival outcomes and DFI remained to be further
investigated (38, 39). However, endocrine treatment for breast
cancer had also been shown to affect DFI rather than survival
(40, 41), consistent with our findings (Supplementary Material).

We cannot manage for this analysis, it is not clear if age is a
risk factor or linked to other diseases (42). However, we unveiled
an increased risk of mortality after operation for older patients
that the age at diagnosis of BC was related to poor prognosis in
the univariate analysis. Rüdiger J et al. (43) found that the age of
FIGURE 6 | This figure shows the nomogram of for 3-year survival for the patients undergoing BC surgery and bone metastasis surgery.
A B C

FIGURE 7 | (A–C) These figures show the ROC curves (A), calibration plot (B), and decision curve analysis (C) for 3-year survival for the patients undergoing BC
surgery and bone metastasis surgery. (N = 44).
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60 as the dividing line was statistically significant. The criteria for
age grouping may vary among study groups, but most revealed
that the advanced age at breast cancer diagnosis is an adverse
prognostic factor. The defined age remains unclear. Also, age at
diagnosis is a prognostic factor for metastatic breast cancer
patients (44). Shorter DFI was associated with worse overall
survival and shorter time to progression (45).

Among the current studies, the simple Cox analysis revealed
that the prognosis of patients with organ involvement metastases
is often worse than that of patients with solely skeletal
metastases. However, in the adjusted multiple analysis, this
covariate lost its significance in the adjusted multiple analysis.
The appearance of additional visceral metastases as a negative
predictor for survival was documented in other statements (46,
47). Consistent with these studies, patients with bone-only
metastasis had better overall survival than those with visceral
metastasis (48, 49).

Several laboratory test values before surgery were considerably
associated with patients’ OS. When patients are admitted for
surgery, series of preoperative examination will be performed. In
this study, low serum HB, elevated serum LDH, CA125, ALP levels
were adverse prognostic factors for OS. However, the mechanism of
the occurrence of SREs and laboratory test values has not been
proven. Elevated LDH level is an indicator of tumor burden in
patients with breast cancer. Elevated serum LDH is a poor
prognostic biomarker in cancer metabolism. It is a crucial enzyme
involved in cancer metabolism, allowing tumor cells to inhibit and
altering the tumor microenvironment to evade the immune system
simultaneously. (50) HB was not only a valuable marker for tumor
aggressiveness but also played an essential role in distant metastasis,
which had been suggested in previous studies (51, 52). In recent
studies, we recognized Hb concentration as an independent risk
factor associated with bone metastases. Serum total alkaline
phosphatase (ALP) exists in human tissues, reflecting osteoblastic
activity. It was more evident in patients with aggressive bone
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metastases (53). Clinically, there is often a significant difference
between normal people and patients with metastatic bone cancer. It
had been previously confirmed the value of especially bone-derived
ALP, a tumor formation marker in patients with bone metastasis.
Chen et al. believed that serum ALP > 100.5 U/L concentration was
recognized as a risk factor for bone metastasis in breast cancer
patients (53). Our study revealed that serum ALP as a hazard factor
for bonemetastasis in patients with BCwas consistent with previous
studies. CA125 is a tumor marker for ovarian cancer. However, it
rarely evaluated the prognosis of bone metastases in breast cancer
(54). In our study, CA125 concentrations were prominently higher
in patients with bonemetastases who died early after surgery than in
patients who survived. Berruti et al. (55) found that patients with
CA125 < 35 U/mL had a better prognosis, consisting of
our research.

3-Year Survival Prediction Model
We selected patients who survived for more than three years or
died within three years to construct the model (n=44). We
established the nomogram based on these independent
variables and serum ALP level to maximize predictive power.
Our nomograms can be referred by surgeons to promote the
appropriate strategy for those populations. Wang et al. (2)
developed a clinical nomogram for probability prediction of
female patients with breast cancer and bone metastasis based
on seven independent predictors. Marital status, race, age, T
stage, tumor grade, ER, PR, HER2, brain metastasis, liver
metastasis, lung metastasis, and breast surgery were
independent factors for BC bone metastasis, which were
revealed by Hou et al.They also constructed a nomogram
highly consistent with our results (14). Nomograms had been
extensively constructed to predict outcomes for different BC
populations and show a significant advantage in their clinical
management and strategy (56, 57). The optimism-corrected
C-statistic of the predictive model was 0.83(95% CI 0.56-1).
A B

FIGURE 8 | This figure represents the external validation result. (A) The survival curve from the Surveillance, Epidemiology, and End Results(SEER) database.
(B) The AUC curve for external validation of SEER database.
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The calibration plot shows excellent overall agreement between
the predicted and observed 3-year risk, which presented an
apparent correlation between prediction and actual observation.

To assess the implications of our model in clinical practice, we
subsequently demonstrate our model using decision curve
analysis. The effect of our model is quite excellent. Within an
extensive PT range, the benefits are higher than those of the
extreme curve, so the optional PT range is relatively extensive
and reliable.

External Validation
In the study of the SEER database, we found that only 108 cases
had matched the information of our enrolled patients. The
common reference indexes were organ metastasis, hormone
receptor, age, radiotherapy and chemotherapy of primary foci,
etc., which indicated that the database parameters used for
verification were relatively limited, not as detailed as our
database. When the external validation was modeled with
relevant independent factors, overfitting also occurred.
Therefore, we adopted the all-input (the common parameter)
method to verify the reliability of the data. The ROC was 0.82,
which reflected a reliable external validation result. Interestingly,
after plotting the survival curves using the SEER database, we
discovered that the overall survival trend in SEER database
matched the trend in our institutional data.

Limitation
This study had some unavoidable limitations. This is a single-
centre retrospective study with a limited sample size, so we need
a lot of prospective external data validation. The included
indicators of our Database research and the public Database
(SEER Database) were also limited. For instance, laboratory test
parameters were unavailable in the SEER Database. Although
external validation initially showed a good fit between the two
databases, further prospective clinical trials are still of
importance. Second, only a potential association between the
variables and prognosis was displayed in our study. However, the
mechanism could not be explained because the goal of our study
was to look for indicators that could predict patient survival.
Although many variables were estimated, there might be
variables not incorporated, such as the ECOG score table and
the specific chemotherapy regimens. Many patients underwent
breast cancer surgery in other hospitals years ago. The detailed
information of therapeutic strategy involving chemotherapy
regimens was not fully provided. As for the 3-year prediction
model, population selection may overestimate mortality,
resulting in bias. Additionally, it is unclear that the choice of
surgical method is an independent factor in determining patient
outcomes. We were inadequate to decide on any previous
surgical standards due to the retrospective nature of the study,
which may have contributed to selection bias. For example, some
patients choose palliative surgery because their overall health is
poor. Furthermore, our study involved patients who had
undergone surgery for breast cancer and surgery for bone
metastases. These prognostic factors may not be fully
applicable for patients with untreated bone metastases.
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CONCLUSIONS

In conclusion, we found radiotherapy for primary cancer,
metastatic tumor type, organ metastasis, multiple bone
metastasis, preoperative serum levels of CA125, LDH
associated with postoperative death. We were also able to
predict the risk of 3-year survival after surgery for breast
cancer bone metastasis by tumor type of metastatic site, organ
metastasis, multiple bone metastasis, and serum LDH and ALP
before surgery. Our study suggests that several clinical features
and serological markers can predict the overall survival among
the patients who are about to receive bone metastasis surgery
after BC surgery. The model can guide the preoperative
evaluation and clinical decision-making for patients. What’s
more, bone tumor doctors can focus more on these indicators
rather than the characteristics of the tempo of the bone disease,
which can preliminary judge the prognosis of breast cancer bone
metastases. In spite of the hazard factors for early death that need
to be confirmed by prospective researchers, non-operative
therapy or close monitoring after surgery should be considered
for high-risk preoperative patients.
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