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Prediction of bone metastasis
risk of early breast cancer
based on nomogram of
clinicopathological
characteristics and
hematological parameters

Zhaokun Tian, Chao Li, Xinzhao Wang, Haiyin Sun,
Pengyu Zhang and Zhiyong Yu*

Breast Cancer Center, Shandong Cancer Hospital and Institute, Shandong First Medical University and
Shandong Academy of Medical Sciences, Jinan, China
Objectives: The purpose of this study was to determine the independent risk

factors for bone metastasis in breast cancer and to establish a nomogram to

predict the risk of bone metastasis in early stages through clinicopathological

characteristics and hematological parameters.

Methods: We selected 1042 patients with breast cancer from the database of

Shandong Cancer Hospital for retrospective analysis, and determined

independent risk factors for bone metastatic breast cancer (BMBC). A BMBC

nomogram based on clinicopathological characteristics and hematological

parameters was constructed using logistic regression analysis. The

performance of the nomograph was evaluated using the receiver operating

characteristic (ROC) and calibration curves. The clinical effect of risk stratification

was tested using Kaplan-Meier analysis.

Results: BMBC patients were found to be at risk for eight independent risk factors

based on multivariate analysis: age at diagnosis, lymphovascular invasion,

pathological stage, pathological node stage, molecular subtype, platelet count/

lymphocyte count, platelet count * neutrophil count/lymphocyte count ratio,

Systemic Immunological Inflammation Index, and radiotherapy. The prediction

accuracy of the BMBC nomogram was good. In the training set, the area under

the ROC curve (AUC) was 0.909, and in the validation set, it was 0.926, which

proved that our model had good calibration. The risk stratification system can

analyze the risk of relapse in individuals into high- and low-risk groups.

Conclusion: The proposed nomogram may predict the possibility of breast

cancer bone metastasis, which will help clinicians optimize metastatic breast

cancer treatment strategies and monitoring plans to provide patients with

better treatment.

KEYWORDS

bone metastasis, nomogram, predictive model, breast cancer, clinicopathological
characteristics, hematological parameters
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1 Introduction

Breast cancer (BC) is the most common malignancy and the

leading cause of cancer-related deaths worldwide in women (1).

Despite remarkable developments in the systemic treatment of BC,

it remains an incurable disease at advanced stages, and the clinical

symptoms of metastatic breast cancer (MBC), which exhibit a high

degree of heterogeneity, are extremely diverse. The most frequent

metastatic location of BC is the bone. Seventy percent of patients

with stage IV BC have bone metastases (2), and 17–37% of patients

have only bone metastasis (3–5). Patients with bone metastatic

breast cancer (BMBC) have an average overall survival of 40 months

(6), a 3-year survival rate of 25%, and a 5-year survival rate of 13%

(7). Furthermore, adverse skeletal-related events such as

hypercalcemia, nerve root or spinal cord compression, fractures,

and pain, are frequently caused by bone metastases, and they have a

significant negative impact on BC (6).

Distant metastasis-free survival (DMFS) may be affected by

clinicopathological factors, including lymphovascular invasion

(LVI), Ki-67 expression, human epidermal growth factor receptor

2 (HER-2) status, estrogen (ER) or progesterone (PR) status, lymph

node stage, and tumor size. Moreover, hematological indicators,

such as platelet count/lymphocyte count ratio (PLR), neutrophil

count/lymphocyte count ratio (NLR), and monocyte count/

lymphocyte count ratio (MLR), have sufficient prognostic value

for the recurrence of several cancers, including gastric cancer (8–

10). The efficacy of treatment, and treatment biomarkers

(circulating immune cells) have been discussed in previous

research. Moreover, prognosis, and survival from cancer have

been studied (11–13). Furthermore, the Glasgow Prognostic Score

and Systemic Immunological Inflammation Index (SII), which

represent the patient ’s immune status and degree of

inflammation, have been proposed as predictive tools in patients

with cancer (14, 15). In clinical practice, it is generally believed that

an increase in inflammatory markers in the systemic circulation is a

prognostic indicator for many cancers (16).

Currently, the independent risk factors for bone metastatic

breast cancer (BMBC) are inconsistent, and a dedicated

prediction tool for BMBC is lacking. A nomogram is a reliable

and convenient prognostic tool, and it is widely used in oncology

prediction because of its incorporation of quantitative analysis of

risk variables (17–19). However, since the prognostic nomograms of

patients with MBC were created using mostly the Surveillance,

Epidemiology, and End Results (SEER) database, the possibility of

extending these nomograms to the Chinese population is unclear

(20, 21). Chinese women have various clinicopathological and

ethnic characteristics and health insurance plans. Thus, the

accurate prediction of DMFS in Chinese patients with BC may

improve their monitoring and treatment options. This study had

two purposes: first, to identify factors associated with bone

metastasis of breast cancer; and second, to establish a nomogram

predicting bone metastasis of early breast cancer through

clinicopathological features and hematological parameters.
Abbreviations: BMBC, bone metastatic cancer breast; DMFS, distant metastasis-

free survival.
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2 Methods

2.1 Patient population

From 2010 to 2020, we retrospectively evaluated the relationship

between hematological parameters, clinicopathological

characteristics, and MBC of BC patients at the Shandong Cancer

Hospital. We adopted the following inclusion criteria: (1) female

patients with BC, (2) the person receiving the operation; (3) patients

with available follow-up information; (4) no preoperative

chemotherapy or radiotherapy (5) no blood transfusion or other

anti-cancer treatment before blood examination; and (6) complete

analysis of hematological parameters from admission to the day

before surgery. The exclusion criteria were as follows: (1) bilateral

primary BC, (2) patients with primary or occult BC (T0), (3)

incomplete medical records, (4) patients with distant metastasis at

the first visit, and (5) patients with autoimmune diseases or aggressive

viral infections (such as HIV or hepatitis). A total of 1042 patients

were included in the study, and 730 were randomly assigned to the

training set and 312 to the validation set.
2.2 Clinical variables

The following clinical and pathological information were

obtained from medical records: surgery, age at diagnosis, LVI, body

mass index (BMI), pathological tumor grade, pathological (pT) stage

(T1, T2, T3), pathological node (pN) stage (N0, N1, N2, N3), ER

status, PR status, HER2 status, molecular subtype (Luminal A,

Luminal B(HER2-), Luminal B(HER2+), HER2-enriched, TNBC),

clinical treatment, timing of bone metastases, number of bone

metastasis sites and follow-up. Oligometastases of breast cancer

bone metastases are usually defined as the number of metastatic

sites ≤3 and no distant visceral metastases. Platelet, neutrophil,

monocyte, and lymphocyte counts are examples of obtained

hematological parameters. The correlation of hematological

indicators was described using the following terminology: NLR,

MLR, PLR, SII, and lymphocyte count/monocyte count ratio

(LMR). These parameters were taken from the last hematological

examination before surgery. Molecular subtype was performed

according to the 2021 St. Gallen Breast Cancer Guidelines. We

obtained postoperative pathological specimens from the patients

and performed immunohistochemical analysis. All analyses were

performed in the ancillary department of our institution.
2.3 Statistical analysis

The ideal cut off levels for NLR, MLR, PLR, SII, and LMR were

identified using ROC curve analysis. A ratio of 7:3 was used to

divide all patients into training and verification sets. In univariate

analysis, categorical variables were compared using the Pearson chi-

square test and Fisher’s exact probability test, while quantitative

data with normal or abnormal distributions were subjected to the

t-test or Wilcoxon rank test. Logistic regression was used to

perform a multivariate analysis, and factors with statistical
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significance (P< 0.05) were considered. The prediction model was

then created using binary logistic regression and significant

variables from multivariate analysis. In order to identify

independent risk factors for BMBC, a nomogram of BMBC was

established based on multivariate logistic regression (P< 0.05). ROC

curves were used to assess the area under the curve (AUC) of the

nomogram. An AUC value closer to 1 indicates more accurate risk

prediction. Calibration curves of the prediction model were drawn

to assess the compatibility between predicted BMBC probability

and observation probability. BMBC probability is displayed on the

y-axis of the calibration curve, while e x-axis of the calibration curve

shows the BMBC probability predicted by the training and

verification sets. R4.2.2 and SPSS version 26.0 (SPSS, Chicago,

Illinois, USA) were used to analyze the data (R Statistical

Computation Project, www.r-Project.org). Finally, a risk

classification model was developed based on the overall

nomogram score of each patient. To categorize the patients into

low- and high-risk groups, we used the nomogram’s median risk

score as the dividing line. BMBC probabilities for various risk

categories were compared using the Kaplan-Meier method. P<

0.05 was set as the threshold for statistical significance.
3 Results

3.1 Patient characteristics

A total of 1043 women with BC between 2010 and 2020 were

enrolled (training set, 730 patients; validation set, 312 patients). A

median follow-up time of 73 months was observed in the training

set and 71 months in the validation set. As shown in Table 1, the

training and validation sets have the following baseline clinical

characteristics. In the training set, the median age at diagnosis was
Frontiers in Oncology 03
45 years (range, 18–76 years), and the median BMI was 24.02 (range

13.93 to 34.77). Overall, 668 (91.51%) patients underwent modified

radical mastectomy, and 62 (8.49%) underwent breast-conserving

surgery. Vascular tumor thrombus infiltration was observed in 75

(10.27%) patients. In the T stage, 461 (63.15%), 247 (33.84%), and

22 (3.01%) cases corresponded to T1, T2, and T3, respectively. In

the N stage, N0, N1, N2, and N3 occurred in 449 (61.51%), 179

(24.52%), 52 (7.12%), and 50 (6.85%) cases, respectively. Regarding

molecular subtype, LuminalB(HER2-)patients accounted for the

highest proportion (40.82%), followed by LuminalA patients

(27.67%), LuminalB (HER2+) patients (14.11%), TNBC patients

(9.45%) and HER2-enriched patients (7.95%). ROC and cutoff

values for MLR, LMR, SII, NLR, and PLR in patients with BC

after surgery are presented in Figure 1 and Table 2. The best cutoff

point was used for subsequent statistical analysis.
3.2 Univariate and multivariate analysis

In univariate analysis, age at diagnosis, LVI, grade, pT stage, pN

stage, molecular subtype, PLR, NLR, SII, LMR, MLR, and

radiotherapy were correlated with BMBC. In multivariate logistic

regression analysis, age at diagnosis, LVI, pT stage, pN stage,

molecular subtype, PLR, SII and radiotherapy were found to be

independent predictors. These variables were used to construct the

nomogram. The results of the univariate and multivariate analysis

are shown in Table 3.
3.3 Nomogram development and validation

In the nomogram, the scores for each factor on the coordinate

axis were added to obtain the total BMBC recurrence risk score
TABLE 1 Demographic and clinicopathologic characteristics of the cohort with BMBC.

Variables Total cohort
(N=1,042)

Training cohort(N=730) Validation cohort(N=312) P Value

Total BCBM Total BCBM

Age <0.001

≤45 529(51.8%) 370 99(26.8%) 159 41(25.8%)

>45 513(49.2%) 360 66(18.3%) 153 32(20.9%)

BMI 0.108

≤24 525(50.4%) 359 65(18.1%) 166 32(19.3%)

>24 517(49.6%) 371 100(27.0%) 146 41(28.1%)

Surgery 0.754

MRM 952(91.4%) 668 150(22.5%) 284 66(23.2%)

BCS 90(8.6%) 62 15(24.2%) 28 7(25%)

LVI <0.001

Yes 115(11.0%) 75 46(61.3%) 40 26(65.0%)

No 927(89.0%) 655 119(18.2%) 272 47(17.3%)

(Continued)
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TABLE 1 Continued

Variables Total cohort
(N=1,042)

Training cohort(N=730) Validation cohort(N=312) P Value

Total BCBM Total BCBM

Grade <0.001

I 88(8.4%) 62 7(11.3%) 26 3(11.5%)

II 584(56.1%) 413 60(14.5%) 171 30(17.5%)

III 370(35.5%) 255 98(38.4%) 115 40(34.8%)

pT stage <0.001

T1 645(61.9%) 461 53(11.5%) 184 21(11.4%)

T2 361(34.6%) 247 91(36.8%) 114 40(35.1%)

T3 36(3.5%) 22 21(95.5%) 14 12(85.7%)

pN stage <0.001

N0 652(62.6%) 449 45(10.0%) 203 20(9.9%)

N1 244(23.4%) 179 49(27.4%) 65 21(32.3%)

N2 72(6.9%) 52 33(63.5%) 20 14(70.0%)

N3 74(7.1%) 50 38(76.0%) 24 18(75.0%)

ER 0.668

Positive 826(79.3%) 575 132(23.0%) 251 60(23.9%)

Negative 216(20.7%) 155 33(21.3%) 61 13(21.3%)

PR 0.769

Positive 754(72.4%) 533 119(22.3%) 221 51(23.1%)

Negative 288(27.6%) 197 46(25.7%) 91 22(24.2%)

Ki67 0.002

≤20 372(35.7%) 265 43(16.2%) 107 14(13.1%)

>20 670(64.3%) 465 122(26.2%) 205 59(28.8%)

Her-2 <0.001

Positive 402(38.6%) 161 53(32.9%) 71 25(35.2%)

Negative 640(61.4%) 569 112(19.7%) 241 48(19.9%)

Molecular subtype 0.001

Luminal A 285(27.4%) 202 31(15.3%) 83 9(10.8%)

Luminal B(HER2-) 426(40.9%) 298 67(34.0%) 128 32(25.0%)

Luminal B(HER2+) 153(14.7%) 103 39(37.9%) 50 20(40.0%)

HER2-enriched 79(7.6%) 58 14(24.1%) 21 5(23.8%)

TNBC 99(9.5%) 69 14(20.3%) 30 7(23.3%)

Chemotherapy 0.749

Yes 826(79.3%) 582 133(22.9%) 244 56(23.0%)

No 216(20.7%) 148 32(21.6%) 68 17(25.0%)

Radiotherapy 0.001

Yes 594(57.0%) 421 76(18.1%) 173 34(19.7%)

No 448(43.0%) 309 89(28.8%) 139 39(28.1%)

Bone metastasis

(Continued)
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(Figure 2). In our study, age, N stage, and T stage had the greatest

impact on the prediction results, followed by radiotherapy,

molecular subtype, LVI, PLR and SII. The nomogram of BMBC

shows excellent prediction accuracy. We validated our model using

calibration curves, and both the training set (Figure 3A) and the

verification set (Figure 3B) show that our model has good

calibration. Subsequently, we drew the ROC curve of the

prediction probability and calculated the AUC values of

the development and verification groups. The AUC values in the
Frontiers in Oncology 05
training (Figure 3C) and verification (Figure 3D) sets were 0.909

and 0.926, respectively. Thus, the nomogram predictions and actual

BMBC are in good agreement. According to the nomogram, all

patients were divided into two risk levels: a low-risk group (≤95.9),

and a high-risk group (>95.9). In addition, Kaplan Meier analysis

showed that risk stratification based on nomograms could

accurately distinguish BMBC with different DMFSs. The low-risk

patients had significantly better DMFS than the high-risk

patients (Figure 4). Even when stratified analyzed for different
TABLE 1 Continued

Variables Total cohort
(N=1,042)

Training cohort(N=730) Validation cohort(N=312) P Value

Total BCBM Total BCBM

Oligometastases 169(71.0%) – 117(70.9%) – 52(71.2%)

Multifocal metastasis 69(29.0%) – 48(28.1%) – 21(28.8%)
fron
HER2, Human epidermal growth factor receptor 2; MRM, Modified radical mastectomy; BCS, Breast-Conserving Surgery.
FIGURE 1

Receiver operating characteristic curves were generated to evaluate the cutoff value of the hematological parameters.
TABLE 2 The optimal cutoff point for BMBC.

Variables AUC Cutoff point P Value

MLR 0.7464 0.225 <0.001

LMR 0.7468 4.435 <0.001

SII 0.7113 576.26 <0.001

NLR 0.7053 2.33 <0.001

PLR 0.7218 167.07 <0.001
NLR, neutrophil count/lymphocyte count ratio; MLR, monocyte count/lymphocyte count ratio; PLR, platelet count/lymphocyte count ratio; SII, platelet count * neutrophil count/lymphocyte
count ratio; PLR, lymphocyte count/monocyte count ratio; AUC, area under the curve.
tiersin.org
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TABLE 3 Univariate and multivariate regression analysis based on variables for BMBC.

Variables Univariate Analysis Multivariate Analysis

OR(95%CI) P Value OR(95%CI) P Value

Age 0.957 (0.938, 0.979) <0.001 0.945 (0.918, 0.972) <0.001

BMI 1.045 (0.990, 1.102) 0.108 – –

Surgery

MRM Reference – –

BCS 1.102(0.599, 2.026) 0.754 – –

LVI

No Reference Reference

Yes 7.145(4.310, 11.843) <0.001 2.711 (1.202,6.112) 0.016

Grade

I Reference Reference

II 1.335(0.581, 3.071) 0.496 0.932(0.298,2.917) 0.903

III 4.904(2.147, 11.203) <0.001 2.687(0.842,8.570) 0.095

pT stage

T1 Reference Reference

T2 4.491(3.054,6.604) <0.001 3.172(1.855,5.422) <0.001

T3 161.660(21.308,1226.468) <0.001 119.651(7.086,2020.265) 0.001

pN stage

N0 Reference Reference

N1 3.384(2.157, 5.309) <0.001 2.526(1.391,4.584) 0.002

N2 15.593(8.197, 29.661) <0.001 15.868(6.422,39.207) <0.001

N3 28.430(13.860,58.313) <0.001 24.066(8.921,64.920) <0.001

Molecular subtype

Luminal A Reference Reference

Luminal B (HER2-) 1.600(1.001,2.558) 0.050 0.832(0.411,1.684) 0.608

Luminal B (HER2+) 3.361(1.935,5.839) <0.001 2.691(1.171,6.182) 0.020

HER2-enriched 1.755(0.860,3.580) 0.122 0.618(0.218,1.754) 0.366

TNBC 1.404(0.697,2.829) 0.342 0.650(0.215,1.966) 0.445

PLR

Negative Reference Reference

Positive 5.226(3.613,7.559) <0.001 1.986(1.007,3.917) 0.048

NLR

Negative Reference Reference

Positive 4.214(2.918,6.084) <0.001 1.003(0.504,1.998) 0.993

SII

Negative Reference Reference

Positive 4.707(3.242,6.835) <0.001 2.225(1.011,4.90) 0.047

LMR

(Continued)
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subtypes of patients, the Kaplan-Meier curve showed significant

differences in metastasis rates between the high-risk and low-risk

groups (Figure 5).
4 Discussion

This study aimed to identify risk factors associated with BC with

bone metastasis and establish a nomogram predicting bone

metastasis of early BC through clinicopathological features and

hematological parameters. We found that age at diagnosis, LVI,

grade, pT stage, pN stage, molecular subtype, PLR, NLR, SII, LMR,

MLR, and radiotherapy were correlated with BMBC. Furthermore,

age, LVI, pT stage, pN stage, molecular subtype, PLR, SII and

radiotherapy were found to be independent predictors of BMBC by
Frontiers in Oncology 07
multivariate regression analysis. Although some tools, such as the

AJCC-TNM staging system, can be used to predict the prognosis of

patients with BC, they ignore some important variables, such as

hematological indicators (22). In addition, the AJCC-TNM staging

system was developed using data obtained from Western women

who differ from Chinese women in terms of their biological

characteristics. Therefore, it is necessary to develop a more

comprehensive model that can better predict individualized

patient outcomes to improve the predictive power of BMBC.

Through multivariate analysis, we identified independent risk

factors for patients with BMBC. Previous studies have also shown

that age, tumor size, tumor grade, and molecular subtype may be

risk factors for MBC, which is consistent with the results of our

study (21, 23–25). Our study indicates that pN stage, which reflects

the status of the axillary lymph nodes, is an important independent
TABLE 3 Continued

Variables Univariate Analysis Multivariate Analysis

OR(95%CI) P Value OR(95%CI) P Value

Negative Reference Reference

Positive 6.123(4.195,8.937) <0.001 4.332(0.984,19.072) 0.053

MLR

Negative Reference Reference

Positive 5.961(4.057,8.757) <0.001 0.948(0.213,4.211) 0.944

Chemotherapy

No Reference – –

Yes 1.074(0.694,1.662) 0.749 – –

Radiotherapy

No Reference Reference

Yes 0.545(0.384,0.773) 0.001 0.248(0.143,0.428) <0.001
FIGURE 2

Nomogram to predict the probability of bone metastasis in a patient with non-metastatic breast cancer. Draw a line from each variable’s position to
the point axis; calculate the points of different variables and add them to generate a total score, and convert them into BMBC prediction probability
according to the nomogram.
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risk factor for BMBC with a significant prognostic impact. Patients

with advanced pN stage may still have a risk of persistent residual

cancer cells after systemic treatment, and the tumor has the

characteristics of adjacent lymph node metastasis, resulting in a

higher risk of recurrence and metastasis. In our study, LuminalB

(HER2+) patients were more likely to develop bone metastasis. On

the one hand, the incidence of bone metastases in HR+ patients was

higher than in HR−patients, which is consistent with previous

studies by Shi and Xiao et al. (26, 27). On the other hand, the
Frontiers in Oncology 08
distant metastasis-free interval was shorter in breast cancer HER2+

patients. LuminalB (HER2+)tumors have a better prognosis than

other subtypes (27), and we found that patients with these subtypes

were more prone to bone metastases. In addition, independent risk

factors for BMBC, such as young age (23, 24), advanced T stage (24,

25), positive LVI (28), and no radiation therapy (29), were

consistent with those reported for other breast cancers.

With the development of research on the tumor

microenvironment, an important intermediary exists between the
A B

DC

FIGURE 3

BMBC nomogram evaluation (A–D). Nomogram calibration curves for the training set (A) and validation set (B). Receiver operating characteristic
curves for the training set (C) and validation set nomograms (D). The areas under the curves for the training cohort and the validation cohort were
0.909 and 0.926, respectively.
A B

FIGURE 4

Kaplan-Meier curves for low and high risk bone metastatic cancer breast based on the nomogram of the training set (A) and validation set (B).
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inflammatory response and cancer progression (30, 31). Studies have

shown that massive release of inflammatory factors in the circulatory

system adversely affects the prognosis of patients with BC (32).

Systemic inflammatory factors increase cancer cell invasion and

proliferation, thereby promoting tumor growth and progression. We

further analyzed the correlations between PLR, NLR, SII, LMR, MLR,

and BMBC. The results showed that the incidence of bone metastases

was higher in patients with high SII and PLR than in those with low SII

and PLR. The data validated the value of the SII and PLR as BMBC

prognostic biomarkers, and this was consistent with the results of

previous studies (33, 34). Moreover, changes in inflammatory factors

can promote tumor growth and metastasis (35, 36). During tumor

progression, platelets promote angiogenesis, mainly by adhering to

tumor vessels and releasing granules containing platelet-derived

endothelial growth factor (37). In the local tumor inflammatory

environment, greater infiltration of neutrophils and platelets and less

infiltration of lymphocytes can be observed. Lymphocytes contribute to

the destruction of residual malignant tumor cells and associated

micrometastases in host cells, and play an important role in the

immune regulation of host cells (38). Studies have shown that the

markers we used such as SII and PLRmay be considered risk factors for

BMBC. The SII takes into account the combined effects of platelet,

neutrophil, and lymphocyte counts. In a study of patients with BC,

Zhang et al. found that an elevated SII predicted lower survival

outcomes and was correlated with clinicopathological features

indicative of tumor progression (39). Another meta-analysis of the

prognostic value of PLR in BC showed that PLR is an effective

prognostic biomarker (33). This is consistent with our study findings.

To the best of our knowledge, this study is the first to

simultaneously compare clinicopathological features and

inflammatory markers of BC (PLR, NLR, SII, LMR, and MLR)

and establish a BMBC nomogram that includes SII and PLR to
Frontiers in Oncology 09
predict the incidence of bone metastases in patients. The nomogram

we developed showed a satisfactory predictive effect. Unlike the

TNM staging system model, in which the C-indices range from

0.678 to 0.775 (23–25), our model achieves more accurate

predictions and is economical and convenient. However, this

study has some limitations. It is a single-center retrospective

study; thus, there are some uncertain biases, and the study has

not been validated in other centers or databases. Therefore, the

influencing factors and prediction models of BMBC require further

verification. Despite these limitations, we found that age at

diagnosis, LVI, pT stage, pN stage, molecular subtype, PLR, SII,

and radiotherapy were significantly associated with BMBC.

Furthermore, young age, positive LVI, late pT stage, late pN

stage, LuminalB (HER2+) subtype, high PLR, high SII, and no

radiotherapy were predisposing factors for the incidence of bone

metastases. These findings can be used to identify high-risk patients

to improve follow-up plans by raising early suspicion of relapse, in

addition to helping clinicians optimize BMBC treatment strategies

and surveillance plans to provide better treatment for patients.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

Written informed consent was obtained from the individual(s)

for the publication of any potentially identifiable images or data

included in this article.
A B

D E

C

FIGURE 5

Based on patients with various nomogram subtypes, the Kaplan-Meier curve shows low and high risk BMBC. (A) DMFS in patients who have
LuminalA tumors; (B) DMFS in patients who have LuminalB(HER2-) tumors; (C) DMFS in patients who have LuminalB(HER2+) tumors; (D) DMFS in
patients who have HER2-enriched tumors; and (E) DMFS in patients who have TNBC tumors.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1136198
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Tian et al. 10.3389/fonc.2023.1136198
Author contributions

ZY designed this research. ZT and CL conducted analyses of the

statistics and drafted the manuscript. XW, HS, and PZ carried out

collection of data and processed the figures or tables. All of the

authors reviewed the manuscript. All authors contributed to the

article and approved the submitted version.
Funding

The only funds used were those provided by the

authors’ institution.
Frontiers in Oncology 10
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Bray F. Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

2. Ibrahim T. A new emergency in oncology: bone metastases in breast cancer
patients (Review). Oncol Lett (2013) 6(2):306–10. doi: 10.3892/ol.2013.1372

3. Sherry MM. Metastatic breast cancer confined to the skeletal system. an indolent
disease. Am J Med (1986) 81(3):381–6. doi: 10.1016/0002-9343(86)90286-x

4. Scheid V. Clinical course of breast cancer patients with osseous metastasis treated
with combination chemotherapy. Cancer (1986) 58(12):2589–93. doi: 10.1002/1097-
0142(19861215)58:12<2589::aid-cncr2820581206>3.0.co;2-o

5. Plunkett TA. Risk of complications from bone metastases in breast cancer.
implications management. Eur J Cancer (2000) 36(4):476–82. doi: 10.1016/s0959-
8049(99)00331-7

6. Kuchuk I. Incidence, consequences and treatment of bone metastases in breast
cancer patients-experience from a single cancer centre. J Bone Oncol (2013) 2(4):137–
44. doi: 10.1016/j.jbo.2013.09.001

7. Svensson E. Survival after bone metastasis by primary cancer type: a Danish
population-based cohort study. BMJ Open (2017) 7(9):e016022. doi: 10.1136/bmjopen-
2017-016022

8. Elyasinia F. Neutrophil-lymphocyte ratio in different stages of breast cancer. Acta
Med Iran (2017) 55(4):228–32.

9. Ma JY. Prognostic significance of the lymphocyte-to-Monocyte ratio in bladder
cancer undergoing radical cystectomy: a meta-analysis of 5638 individuals. Dis Markers
(2019) 2019:7593560. doi: 10.1155/2019/7593560

10. Chen L. Peripheral venous blood platelet-to-Lymphocyte ratio (PLR) for
predicting the survival of patients with gastric cancer treated with SOX or XELOX
regimen neoadjuvant chemotherapy. Technol Cancer Res Treat (2019)
18:1533033819829485. doi: 10.1177/1533033819829485

11. Karin M. NF-kappaB: linking inflammation and immunity to cancer development
and progression. Nat Rev Immunol (2005) 5(10):749–59. doi: 10.1038/nri1703

12. McMillan DC. The systemic inflammation-based Glasgow prognostic score: a
decade of experience in patients with cancer. Cancer Treat Rev (2013) 39(5):534–40.
doi: 10.1016/j.ctrv.2012.08.003

13. Saito K. C-reactive protein as a biomarker for urological cancers. Nat Rev Urol
(2011) 8(12):659–66. doi: 10.1038/nrurol.2011.145

14. Leitch EF. Comparison of the prognostic value of selected markers of the
systemic inflammatory response in patients with colorectal cancer. Br J Cancer (2007)
97(9):1266–70. doi: 10.1038/sj.bjc.6604027

15. Cupp MA. Neutrophil to lymphocyte ratio and cancer prognosis: an umbrella
review of systematic reviews and meta-analyses of observational studies. BMC Med
(2020) 18(1):360. doi: 10.1186/s12916-020-01817-1

16. Nøst TH. Systemic inflammation markers and cancer incidence in the UK
biobank. Eur J Epidemiol (2021) 36(8):841–8. doi: 10.1007/s10654-021-00752-6

17. Zhang C. Nomogram based on homogeneous and heterogeneous
associated factors for predicting bone metastases in patients with different
histological types of lung cancer. BMC Cancer (2019) 19(1):238. doi: 10.1186/
s12885-019-5445-3

18. Wang X. The incidence, associated factors, and predictive nomogram for early
death in stage IV colorectal cancer. Int J Colorectal Dis (2019) 34(7):1189–201.
doi: 10.1007/s00384-019-03306-1
19. Xu Y. The nomogram for early death in patients with bone and soft tissue
tumors. J Cancer (2020) 11(18):5359–70. doi: 10.7150/jca.46152

20. Li S. Development and validation of a nomogram predicting the overall survival of
stage IV breast cancer patients. Cancer Med (2017) 6(11):2586–94. doi: 10.1002/cam4.1224

21. Wang Z. Novel prognostic nomograms for female patients with breast cancer
and bone metastasis at presentation. Ann Transl Med (2020) 8(5):197. doi: 10.21037/
atm.2020.01.37

22. Plichta JK. Implications for breast cancer restaging based on the 8th edition AJCC
staging manual. Ann Surg (2020) 271(1):169–76. doi: 10.1097/SLA.0000000000003071

23. Liu D. Breast subtypes and prognosis of breast cancer patients with initial bone
metastasis: a population-based study. Front Oncol (2020) 10:580112. doi: 10.3389/
fonc.2020.580112

24. Ye LJ. Nomogram for predicting the risk of bone metastasis in breast cancer: a
SEER population-based study. Transl Cancer Res (2020) 9(11):6710–9. doi: 10.21037/
tcr-20-2379

25. Hou N. Development and validation of a risk stratification nomogram for
predicting prognosis in bone metastatic breast cancer: a population-based study. Med
(Baltimore) (2021) 100(6):e24751. doi: 10.1097/MD.0000000000024751

26. Shi D. Predicting the incidence and prognosis of bone metastatic breast cancer: a
SEER-based observational study. BioMed Res Int (2020) 2020:1068202. doi: 10.1155/
2020/1068202

27. Xiao W. Breast cancer subtypes and the risk of distant metastasis at initial
diagnosis: a population-based study. Cancer Manag Res (2018) 10:5329–38.
doi: 10.2147/CMAR.S176763

28. Wang Y, Yang Y, Chen Z, Zhu T, Wu J, Su F, et al. Development and validation
of a novel nomogram for predicting distant metastasis-free survival among breast
cancer patients. Ann Transl Med (2019) 7(20):537. doi: 10.21037/atm.2019.10.10

29. Cardoso F. Early breast cancer: ESMO clinical practice guidelines for diagnosis,
treatment and follow-up. Ann Oncol (2019) 30(8):1194–220. doi: 10.1093/annonc/
mdz173

30. Grivennikov SI. Immunity, inflammation, and cancer. Cell (2010) 140(6):883–
99. doi: 10.1016/j.cell.2010.01.025

31. Hanahan D. Hallmarks of cancer: the next generation. Cell (2011) 144(5):646–
74. doi: 10.1016/j.cell.2011.02.013

32. Mills RC3rd. Breast cancer survivors, common markers of inflammation, and
exercise: a narrative review. Breast Cancer (Auckl) (2017) 11:1178223417743976.
doi: 10.1177/1178223417743976

33. Zhu Y. Platelet-lymphocyte ratio acts as an indicator of poor prognosis in
patients with breast cancer. Oncotarget (2017) 8(1):1023–30. doi: 10.18632/
oncotarget.13714

34. Krenn-Pilko S. The elevated preoperative platelet-to-lymphocyte ratio predicts
poor prognosis in breast cancer patients. Br J Cancer (2014) 110(10):2524–30.
doi: 10.1038/bjc.2014.163

35. Moon G. Prediction of late recurrence in patients with breast cancer: elevated
neutrophil to lymphocyte ratio (NLR) at 5 years after diagnosis and late recurrence.
Breast Cancer (2020) 27(1):54–61. doi: 10.1007/s12282-019-00994-z

36. Coffelt SB. Neutrophils in cancer: neutral no more. Nat Rev Cancer (2016) 16
(7):431–46. doi: 10.1038/nrc.2016.52

37. Franco AT. Platelets at the interface of thrombosis, inflammation, and cancer.
Blood (2015) 126(5):582–8. doi: 10.1182/blood-2014-08-531582
frontiersin.org

https://doi.org/10.3322/caac.21492
https://doi.org/10.3892/ol.2013.1372
https://doi.org/10.1016/0002-9343(86)90286-x
https://doi.org/10.1002/1097-0142(19861215)58:12%3C2589::aid-cncr2820581206%3E3.0.co;2-o
https://doi.org/10.1002/1097-0142(19861215)58:12%3C2589::aid-cncr2820581206%3E3.0.co;2-o
https://doi.org/10.1016/s0959-8049(99)00331-7
https://doi.org/10.1016/s0959-8049(99)00331-7
https://doi.org/10.1016/j.jbo.2013.09.001
https://doi.org/10.1136/bmjopen-2017-016022
https://doi.org/10.1136/bmjopen-2017-016022
https://doi.org/10.1155/2019/7593560
https://doi.org/10.1177/1533033819829485
https://doi.org/10.1038/nri1703
https://doi.org/10.1016/j.ctrv.2012.08.003
https://doi.org/10.1038/nrurol.2011.145
https://doi.org/10.1038/sj.bjc.6604027
https://doi.org/10.1186/s12916-020-01817-1
https://doi.org/10.1007/s10654-021-00752-6
https://doi.org/10.1186/s12885-019-5445-3
https://doi.org/10.1186/s12885-019-5445-3
https://doi.org/10.1007/s00384-019-03306-1
https://doi.org/10.7150/jca.46152
https://doi.org/10.1002/cam4.1224
https://doi.org/10.21037/atm.2020.01.37
https://doi.org/10.21037/atm.2020.01.37
https://doi.org/10.1097/SLA.0000000000003071
https://doi.org/10.3389/fonc.2020.580112
https://doi.org/10.3389/fonc.2020.580112
https://doi.org/10.21037/tcr-20-2379
https://doi.org/10.21037/tcr-20-2379
https://doi.org/10.1097/MD.0000000000024751
https://doi.org/10.1155/2020/1068202
https://doi.org/10.1155/2020/1068202
https://doi.org/10.2147/CMAR.S176763
https://doi.org/10.21037/atm.2019.10.10
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1177/1178223417743976
https://doi.org/10.18632/oncotarget.13714
https://doi.org/10.18632/oncotarget.13714
https://doi.org/10.1038/bjc.2014.163
https://doi.org/10.1007/s12282-019-00994-z
https://doi.org/10.1038/nrc.2016.52
https://doi.org/10.1182/blood-2014-08-531582
https://doi.org/10.3389/fonc.2023.1136198
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Tian et al. 10.3389/fonc.2023.1136198
38. Wang HF. Progression of different cell ratios in the peripheral blood for breast
cancer. Chin J Cancer Prev Treat (2019) 26(08):598–602. doi: 10.16073/
j.cnki.cjcpt.2019.08.016
Frontiers in Oncology 11
39. Zhang Y. Prognostic value of the systemic immune-inflammation index in
patients with breast cancer: a meta-analysis. Cancer Cell Int (2020) 20:224. doi: 10.1186/
s12935-020-01308-6
frontiersin.org

https://doi.org/10.16073/j.cnki.cjcpt.2019.08.016
https://doi.org/10.16073/j.cnki.cjcpt.2019.08.016
https://doi.org/10.1186/s12935-020-01308-6
https://doi.org/10.1186/s12935-020-01308-6
https://doi.org/10.3389/fonc.2023.1136198
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Prediction of bone metastasis risk of early breast cancer based on nomogram of clinicopathological characteristics and hematological parameters
	1 Introduction
	2 Methods
	2.1 Patient population
	2.2 Clinical variables
	2.3 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Univariate and multivariate analysis
	3.3 Nomogram development and validation

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


