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AIM: The prognostic factors and a nomogram applicable to breast cancer (BC) patients with bone metastasis (BM) who received first-line
chemotherapy have not been extensively studied. This study aimed to identify prognostic factors and construct a prognostic nomogram
to predict overall survival (OS) in this population.
METHODS: Data for BC patients with BM undergoing first-line chemotherapy were retrieved from the Surveillance, Epidemiology, and
End Results (SEER) database from 2010 to 2016. A total of 2996 BC patients with BMundergoing first-line chemotherapy were included.
Age, tumor size, race, tumor grade, breast cancer subtype, brain metastasis, liver metastasis, lung metastasis, surgical intervention, and
marital status were identified as independent prognostic factors in the training cohort. Patients were randomly assigned into a training
cohort (n = 2100) and an internal validation cohort (n = 896). Prognostic variables were identified using univariate and multivariate Cox
Proportional Hazards (Cox) regression analysis. A nomogram was constructed and validated in both cohorts. The discrimination and
accuracy of the nomogram were evaluated using receiver operating characteristic (ROC) curves, calibration curves, and decision curve
analysis (DCA).
RESULTS: The areas under the curves (AUCs) for 1-, 2- and 3-year OS were 0.803 (95% confidence interval (CI): 0.752–0.854), 0.785
(95% CI: 0.756–0.814), and 0.767 (95% CI: 0.701–0.803), respectively, in the training cohort, and 0.793 (95% CI: 0.756–0.830), 0.791
(95% CI: 0.761–0.821), and 0.756 (95% CI: 0.719–0.793), respectively, in the validation cohort. The nomogram demonstrated excellent
discrimination, calibration, and clinical utility.
CONCLUSIONS: This study developed and validated a robust survival prediction model for breast cancer patients with bone metastasis
receiving first-line chemotherapy. The nomogram demonstrates strong predictive performance and can aid clinicians in formulating
individualized treatment strategies, thereby improving patient outcomes.
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Introduction
Breast cancer (BC) is the second leading cause of cancer-
related mortality among women worldwide [1]. Despite
advances in BC treatment, largely driven by the emer-
gence of endocrine and anti- human epidermal growth fac-
tor receptor-2 (HER2) therapies, the burden of metastasis
breast cancer (mBC) remains substantial. In developing
countries, up to 30% of BC patients present with de novo
metastases at diagnosis [2, 3]. Studies on BC patients with
distantmetastasis report amedian survival time of 1–3 years
[4, 5].
Bone is the most common site for BC metastasis, account-
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ing for 55–70% of mBC cases, with a 5-year survival rate
as low as 13% [6, 7]. Notably, patients with bone metasta-
sis (BM) frequently experience skeletal-related events, in-
cluding severe bone pain, pathological fractures, and spinal
cord compression, which significantly impact their quality
of life [8]. BM in advanced BC is associated with reduced
survival rates and the development of severe complications
[9, 10].
Generally, BC with BM is considered incurable, and treat-
ment primarily focuses on prolonging survival, alleviating
symptoms, and improving quality of life. According to the
5th ESO-ESMO International Consensus Guidelines for ad-
vanced BC, systemic palliative chemotherapy is the rec-
ommended first-line treatment for mBC rather than locore-
gional treatment [11]. Amulticenter study involving 22,000
women with mBC from the Epidemiological Strategy and
Medical Economics (ESME) cohort reported that 63.2%–
70.4% of patients received systemic chemotherapy as first-
line or adjuvant therapy [12]. However, survival outcomes
remain highly heterogeneous in this patient population.
Developing a prognostic model tailored for BC patients
with BM undergoing first-line chemotherapy is crucial for
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clinical decision-making. Such a model could provide indi-
vidualized survival predictions, assist clinicians in patient
counseling, and optimize follow-up strategies. Addition-
ally, these predictions could inform clinical management
and encourage further care for patients with specific prog-
nostic characteristics.
Nomogram-based predictive models have gained promi-
nence with the availability of publicly accessible tumor
databases. For instance, Liu et al. [13] (2017) devel-
oped a nomogram to predict survival in patients with non-
metastatic BC following preoperative radiation therapy.
However, no study has yet developed a prognostic nomo-
gram specifically for BC patients with BM receiving first-
line chemotherapy.
The present study aimed to address this gap by retrospec-
tively analyzing data from the Surveillance, Epidemiol-
ogy, and End Results (SEER) database. This study aimed
to identify independent prognostic factors for overall sur-
vival (OS) in BC patients with BM undergoing first-line
chemotherapy and to establish a visual nomogram to pre-
dict survival outcomes. This tool has the potential to fa-
cilitate personalized medical decision-making and improve
clinical management for this patient population.

Materials and Methods
Patient Selection
This study included patients identified from the Surveil-
lance, Epidemiology, and End Results (SEER) database
[14]. Maintained by the National Cancer Institute, the
SEER program is the largest publicly available cancer
dataset worldwide. Ethical review and informed consent
were exempted as the data did not include personally iden-
tifiable information. Since the documentation of specific
metastatic sites began in 2010, this retrospective study an-
alyzed patients from 2010 to 2016. A total of 2996 BC pa-
tients with BM who received chemotherapy were included
and randomly divided into a training cohort (n = 2100) and
a validation cohort (n = 896) using a 7:3 ratio.
Inclusion criteria for this study were as follows: (a) Patients
aged ≥18 years; (b) BM patients diagnosed histologically,
and patients received first-line chemotherapy [15, 16]. Ex-
clusion criteria included: (a) Patients with missing key clin-
icopathology variables; (b) Patients with BC not being the
first primary malignant tumor; (c) Patients whose survival
duration less than one month. Fig. 1 presents a flowchart
illustrating the study design.

Data Elements
Prognosis-related variables for all included patients were
retrieved using SEER*Stat software version 8.4.4 (Infor-
mation Management Service, Inc., Calverton, MD, USA)
for further analysis. The demographic factors included age,
race, sex, marital status, and insurance status, while tumor
characteristics encompassed primary site, laterality, histo-
logical type, tumor grade, T stage, N stage, and breast can-

cer subtype. Moreover, the metastatic sites included the
presence of brain, liver, or lung metastases, while treatment
factors were surgery, radiotherapy, and chemotherapy.
The primary tumor site was classified according to the In-
ternational Classification of Diseases for Oncology (ICD-
O) codes: central portion (C50.1), upper-inner quadrant
(C50.2), lower-inner quadrant (C50.3), upper-outer quad-
rant (C50.4), lower-outer quadrant (C50.5), and others
(C50.0, C50.6, C50.8, and C50.9).
Histological types were classified using the International
Classification of Diseases, 10th Revision (ICD-10) codes
into invasive ductal carcinoma (IDC), invasive lobular car-
cinoma (ILC), IDC and ILC, and others. Breast can-
cer molecular subtypes were stratified based on hormone
receptor (HR) status and human epidermal growth fac-
tor receptor-2 (HER2) status into Luminal A, Luminal B,
HER2+, and Triple-Negative categories. Surgical interven-
tions were classified as breast-conserving surgery (BCS) or
mastectomy, based on the approach to the primary tumor
site. Overall survival (OS), defined as the time from ini-
tial definite diagnosis to death or the last clinical follow-up,
was designated as the primary endpoint for this study.

Statistical Analysis
Baseline data were compared between the training and val-
idation cohorts using the Chi-squared (χ2) test for categor-
ical variables. Continuous variables, including age and tu-
mor size, were categorized using the X-tile program (3.6.1,
Yale University, New Haven, CT, USA) [17]. The optimal
cut-off values were 50 and 60 years for age and 42 mm and
84 mm for tumor size.
The construction and validation of the nomogram followed
a systematic process. Initially, univariate Cox Proportional
Hazards (Cox) regression analysis assessed the association
between each variable and OS. Variables with a p-value
< 0.05 were considered statistically significant. Subse-
quently, these significant variables were integrated into a
multivariate Cox regression analysis to identify indepen-
dent prognostic factors. Variables with a p-value < 0.05
in the multivariate analysis were selected as the final pre-
dictors. Hazard ratios (HR) and 95% confidence interval
(CI) were calculated for each independent prognostic fac-
tor.
A visual nomogramwas developed using the identified pre-
dictors to predict 1-, 2-, and 3-year OS. The performance
of the model was validated in the internal validation co-
hort using the following metrics: (a) Discrimination ability
that was measured using receiver operating characteristic
(ROC) curve and the area under the curve (AUC); (b) Cali-
bration that was evaluated using calibration curves to com-
pare predicted survival with observed outcomes; (c) Clini-
cal benefits that were assessed using decision curve analysis
(DCA) [18].
Additionally, Kaplan-Meier survival analysis was per-
formed, and log-rank tests were used to compare OS across
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Fig. 1. Patient screening and study design flowchart. BM, bone metastasis; BC, breast cancer; OS, overall survival; Cox, Cox
Proportional Hazards; ROC, receiver operating characteristic; AUC, area under the curve; DCA, decision curve analysis.

different risk subgroups. All statistical analyses were per-
formed using SPSS software (version 26.0, IBM Corp.,
Armonk, NY, USA), and figure plots were generated us-
ing R software (version 4.1.3, R Foundation for Statisti-
cal Computing, Vienna, Austria; available at https://www.r-
project.org). X-tile software was used to calculate optimal
cut-off values. A p-value < 0.05 was considered statisti-
cally significant for all tests.

Results
Patient Baseline Characteristics

A total of 2996 BC patients with BM receiving first-line
chemotherapy were included in this study. These patients
were divided into a training cohort (n = 2100) and a valida-
tion cohort (n = 896) at a 7:3 ratio. In the training cohort, a
significant majority of the patients were female (n = 2075,
98.8%) compared to male patients (n = 25, 1.2%). Based
on the age optimal cut-off values determined by the X-tile
program, patients were categorized into three age groups:
<50 years (n = 656, 31.2%), 50–60 years (n = 719, 34.2%),
and >60 years (n = 725, 34.5%). In terms of racial distri-
bution, the majority were White (n = 1547, 73.7%). Addi-
tional metastatic sites were observed in some patients, in-
cluding brain metastasis (n = 131, 6.2%), liver metastasis (n
= 585, 27.9%), and lung metastasis (n = 523, 24.9%). More
than a third of the patients received surgery and radiother-
apy as part of their treatment, with mastectomy being the

predominant surgical approach. Detailed clinicopathologi-
cal characteristics of patients are summarized in Table 1.

Independent Prognostic Factors for BC Patients with BM
Undergoing Chemotherapy
Univariate analysis identified several variables signifi-
cantly associated with OS, including age, tumor size, race,
tumor grade, breast cancer subtype, T stage, histological
type, liver metastasis, lung metastasis, brain metastasis,
surgery, radiotherapy, and marital status. These variables
were subsequently included in a multivariate Cox regres-
sion analysis. The results revealed that age, race, tumor
size, tumor grade, breast cancer subtype, brain metastasis,
liver metastasis, lung metastasis, surgery, and marital status
were independent prognostic factors for OS in BC patients
with BM receiving chemotherapy (all p < 0.05, Table 2).
A nomogram was constructed to predict 1-, 2-, and 3-year
OS for this population (Fig. 2). Each condition of the prog-
nostic variables was assigned a score on a graduated scale,
allowing the calculation of total points to estimate individ-
ual survival possibilities at specific points. Among the vari-
ables, the breast cancer subtype emerged as the most influ-
ential prognostic factor in BC patients with BM, with triple-
negative breast cancer carrying the highest risk (maximum
score of 100 points). The Luminal A and HER2+ subtypes
followed this, while the Luminal B subtype presented the
lowest risk. Additionally, our study revealed that marital
status had the least significant impact on prognosis.
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Table 1. Baseline data of BC patients with BM receiving first-line chemotherapy.

Variables
Initial cohort Training cohort Internal validation cohort

χ2 p-value
(2996 cases) (2100 cases) (896 cases)

Age (years) 1.109 0.574
<50 945 (31.5%) 656 (31.2%) 289 (32.3%)
50–60 1008 (33.6%) 719 (34.2%) 289 (32.3%)
>60 1043 (34.8%) 725 (34.5%) 318 (35.5%)

Tumor size 1.842 0.398
<42 1466 (48.9%) 1038 (49.4%) 428 (47.8%)
42–84 1103 (36.8%) 757 (36.0%) 346 (38.6%)
>84 427 (14.3%) 305 (14.5%) 122 (13.6%)

Race 3.586 0.166
Black 525 (17.5%) 362 (17.2%) 163 (18.2%)
Othera 254 (8.5%) 191 (9.1%) 63 (7.0%)
White 2217 (74.0%) 1547 (73.7%) 670 (74.8%)

Sex 2.974 0.085
Female 2953 (98.6%) 2075 (98.8%) 878 (98.0%)
Male 43 (1.4%) 25 (1.2%) 18 (2.0%)

Primary site 6.024 0.304
Central portion 200 (6.7%) 142 (6.8%) 58 (6.5%)
Lower-inner quadrant 123 (4.1%) 89 (4.2%) 34 (3.8%)
Lower-outer quadrant 172 (5.7%) 124 (5.9%) 48 (5.4%)
Upper-inner quadrant 216 (7.2%) 147 (7.0%) 69 (7.7%)
Upper-outer quadrant 808 (27.0%) 542 (25.8%) 266 (29.7%)
Others 1477 (49.3%) 1056 (50.3%) 421 (47.0%)

Laterality 1.261 0.262
Left 1535 (51.2%) 1090 (51.9%) 445 (49.7%)
Right 1461 4(8.8%) 1010 (48.1%) 451 (50.3%)

Histological type 0.069 0.995
IDC 2386 (79.6%) 1675 (79.8%) 711 (79.4%)
IDC and ILC 139 (4.6%) 97 (4.6%) 42 (4.7%)
ILC 238 (7.9%) 166 (7.9%) 72 (8.0%)
Others 233 (7.8%) 162 (7.7%) 71 (7.9%)

Tumor grade 1.476 0.688
Grade I 194 (6.5%) 141 (6.7%) 53 (5.9%)
Grade II 1274 (42.5%) 880 (41.9%) 394 (44.0%)
Grade III 1512 (50.5%) 1068 (50.9%) 444 (49.6%)
Grade IV 16 (0.5%) 11 (0.5%) 5 (0.6%)

Breast subtype 4.226 0.238
Luminal A 1613 (53.8%) 1107 (52.7%) 506 (56.5%)
Luminal B 696 (23.2%) 494 (23.5%) 202 (22.5%)
HER2+ 279 (9.3%) 200 (9.5%) 79 (8.8%)
Triple-negative 408 (13.6%) 299 (14.2%) 109 (12.2%)

T stage 0.942 0.815
T1 360 (12.0%) 248 (11.8%) 112 (12.5%)
T2 1073 (35.8%) 760 (36.2%) 313 (34.9%)
T3 612 (20.4%) 433 (20.6%) 179 (20.0%)
T4 951 (31.7%) 659 (31.4%) 292 (32.6%)

N stage 2.582 0.461
N0 535 (17.9%) 375 (17.9%) 160 (17.9%)
N1 1480 (49.4%) 1055 (50.2%) 425 (47.4%)
N2 454 (15.2%) 312 (14.9%) 142 (15.8%)
N3 527 (17.6%) 358 (17.0%) 169 (18.9%)

Surgery 1.856 0.395
BCS 343 (11.4%) 251 (12.0%) 92 (10.3%)
Mastectomy 919 (30.7%) 644 (30.7%) 275 (30.7%)
None 1734 (57.9%) 1205 (57.4%) 529 (59.0%)
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Table 1. Continued.

Variables
Initial cohort Training cohort Internal validation cohort

χ2 p-value
(2996 cases) (2100 cases) (896 cases)

Radiotherapy 0.490 0.484
No 1703 (56.8%) 1185 (56.4%) 518 (57.8%)
Yes 1293 (43.2%) 915 (43.6%) 378 (42.2%)

Brain metastasis 0.048 0.826
No 2811 (93.8%) 1969 (93.8%) 842 (94.0%)
Yes 185 (6.2%) 131 (6.2%) 54 (6.0%)

Liver metastasis 0.026 0.871
No 2164 (72.2%) 1515 (72.1%) 649 (72.4%)
Yes 832 (27.8%) 585 (27.9%) 247 (27.6%)

Lung metastasis 0.072 0.788
No 2254 (75.2%) 1577 (75.1%) 677 (75.6%)
Yes 742 (24.8%) 523 (24.9%) 219 (24.4%)

Insurance status 0.280 0.597
Insured 2877 (96.0%) 2014 (95.9%) 863 (96.3%)
Uninsured 119 (4.0%) 86 (4.1%) 33 (3.7%)

Marital status 1.601 0.206
Married 1561 (52.1%) 1110 (52.9%) 451 (50.3%)
Unmarried 1435 (47.9%) 990 (47.1%) 445 (49.7%)

Data notes: aIncludes: American Indian, Native Alaskan, and Asian, Pacific Islander; IDC, invasive
ductal carcinoma; ILC, invasive lobular carcinoma; BCS, breast-conserving surgery; HER2, human epi-
dermal growth factor receptor-2.

Construction and Validation of the Nomogram
The nomogram underwent internal validation using boot-
strap resampling and subsequently cross-validated with the
validation cohort. The predictive performance of the nomo-
gram is summarized in Table 3. Significant predictive ac-
curacy was observed at all time points (all p < 0.05). ROC
curves showed that the AUC values for the nomogram at
1-, 2-, and 3-year OS were 0.803, 0.785, and 0.767, re-
spectively, in the training cohort (Fig. 3A) and 0.793,
0.791, and 0.756, respectively, in the validation cohort (Fig.
3E). Additionally, the nomogram outperformed individual
prognostic factors, exhibiting the highest AUC values in
the training cohort (Fig. 3B–D) and the validation cohort,
demonstrating the strongest predictive ability (Fig. 3F–H).
Calibration curves confirmed excellent consistency be-
tween predicted and observed survival probabilities for BC
patients with BM undergoing chemotherapy (Fig. 4A,C).
The DCA also demonstrated the clinical utility of the nomo-
gram in survival prediction (Fig. 4B,D). A risk strati-
fication system was developed based on the nomogram
scores, dividing patients into high-risk (508–644 points),
intermediate-risk (432–507 points), and low-risk (312–431
points) groups. Kaplan-Meier survival curves and sur-
vival status analysis revealed that patients in the high-risk
group had significantly poorer OS compared to those in the
intermediate- and low-risk groups (Fig. 5).

Discussion
Previous studies have consistently demonstrated that the
bone is the most commonmetastatic site in BC patients [19,
20]. The prognosis for BC patients presenting with BM at
initial diagnosis is particularly poor. A recent retrospective
study by Tripathy et al. [21] reported that 89.7% of de novo
mBC patients with HER2-positive disease received first-
line chemotherapy. However, a reliable clinical model tai-
lored to BC patients with BM receiving chemotherapy has
not been established. To address this gap, we conducted a
real-world study to develop and validate a survival predic-
tion model for this population to guide prognosis and clini-
cal management.
In this study, ten variables were identified as independent
prognostic factors for OS in BC patients with BM undergo-
ing chemotherapy. Among these prognostic factors, breast
cancer subtype emerged as the most significant factor, fol-
lowed by tumor grade, liver metastasis, brain metastasis,
and surgery, which displayed moderate impacts. Age, race,
tumor size, lung metastasis, and marital status also con-
tributed but had relatively modest influences. A visual
prognostic nomogram incorporating these variables was
constructed and validated in the training and validation co-
horts. This nomogram exhibited robustness, accuracy, reli-
ability, and practical utility in patient counseling and risk-
adapted clinical-decision making. Notably, the parameters
included in the nomogram are routinely accessible in clini-
cal practice.
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Table 2. Cox regression analysis of BC patients with BM receiving first-line chemotherapy.
Variables Univariate analysis Multivariate analysis

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

Age
<50 Reference Reference
50–60 1.410 (1.210–1.643) <0.001 1.237 (1.058–1.445) 0.007
>60 1.622 (1.410–1.884) <0.001 1.514 (1.300–1.765) <0.001

Tumor size
<42 Reference Reference
42–84 1.150 (1.007–1.314) 0.040 1.022 (0.858–1.219) 0.804
>84 1.789 (1.517–2.109) <0.001 1.396 (1.128–1.729) 0.002

Race
Black Reference Reference
Othera 0.693 (0.544–0.883) 0.003 0.729 (0.569–0.934) 0.012
White 0.696 (0.600–0.808) <0.001 0.789 (0.677–0.920) 0.002

Sex
Female Reference
Male 1.252 (0.709–2.212) 0.439

Primary site
Central portion Reference
Lower-inner quadrant 1.239 (0.869–1.766) 0.237
Lower-outer quadrant 0.862 (0.604–1.232) 0.415
Upper-inner quadrant 1.122 (0.878–1.435) 0.357
Upper-outer quadrant 1.011 (0.731–1.398) 0.948
Others 1.101 (0.850–1.417) 0.467

Laterality
Left Reference
Right 1.049 (0.931–1.182) 0.431

Tumor grade
Grade I Reference Reference
Grade II 1.254 (0.942–1.669) 0.121 1.326 (0.992–1.774) 0.057
Grade III 1.808 (1.366–2.395) <0.001 1.685 (1.254–2.265) 0.001
Grade IV 4.441 (2.318–8.509) <0.001 2.304 (1.186–4.479) 0.014

Histological type
IDC Reference Reference
IDC and ILC 0.958 (0.722–1.271) 0.768 1.264 (0.947–1.687) 0.112
ILC 0.866 (0.687–1.092) 0.223 1.067 (0.832–1.367) 0.609
Others 1.264 (1.023–1.563) 0.030 1.141 (0.921–1.414) 0.229

T stage
T1 Reference Reference
T2 0.991 (0.802–1.224) 0.933 1.114 (0.895–1.386) 0.333
T3 1.364 (1.091–1.704) 0.006 1.199 (0.907–1.585) 0.203
T4 1.466 (1.189–1.809) <0.001 1.076 (0.839–1.380) 0.565

N stage
N0 Reference
N1 0.999 (0.847–1.176) 0.986
N2 0.972 (0.790–1.197) 0.789
N3 1.074 (0.889–1.322) 0.423

Breast cancer subtype
Luminal A Reference Reference
Luminal B 0.807 (0.687–0.948) 0.009 0.641 (0.541–0.759) <0.001
HER2+ 1.009 (0.811–1.255) 0.935 0.668 (0.530–0.841) 0.001
Triple-negative 2.959 (2.529–3.450) <0.001 2.516 (2.125–2.978) <0.001

Brain metastasis
No Reference Reference
Yes 2.266 (1.837–2.796) <0.001 1.676 (1.337–2.102) <0.001
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Table 2. Continued.
Variables Univariate analysis Multivariate analysis

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

Liver metastasis
No Reference Reference
Yes 2.157 (1.905–2.443) <0.001 2.100 (1.835–2.404) <0.001

Lung metastasis
No Reference Reference
Yes 1.896 (1.669–2.155) <0.001 1.396 (1.215–1.604) <0.001

Surgery
BCS Reference Reference
Mastectomy 1.376 (1.094–1.731) 0.006 1.213 (0.957–1.539) 0.111
No 2.401 (1.936–2.977) <0.001 1.993 (1.585–2.505) <0.001

Radiotherapy
No Reference Reference
Yes 0.882 (0.783–0.995) 0.041 1.053 (0.926–1.197) 0.434

Insurance status
Insured Reference
Uninsured 1.131 (0.851–1.502) 0.396

Marital status
Married Reference Reference
Unmarried 1.248 (1.108–1.406) <0.001 1.202 (1.063–1.358) 0.003

Data notes: aIncludes: American Indian, Native Alaskan and Asian, Pacific Islander;
IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; BCS, breast-conserving
surgery.

Fig. 2. Nomograms for predicting 1-, 2-, and 3-year OS in BC patients with BM receiving chemotherapy. The nomogram visually
represents independent risk factors and their respective scores on a points scale. The total score was calculated by summing the individual
scores and is then used to estimate the patient’s survival probability over 1, 2, and 3 years.

This study differs from previous research in several key as-
pects. For instance, Xiong et al. [22] investigated 634mBC
patients diagnosed from 2004 to 2011, with 36.9% having
bone or soft tissue metastases. However, their study was

not specifically designed for BC patients with BM who re-
ceived chemotherapy, and significant variables such as age,
tumor grade, race, insurance status, and marital status were
not included. Our findings align with evidence suggest-
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Table 3. The cut-off values, AUC (95% confidence interval (CI)), and p-values for ROC curves.
Cohort Time point Cut-off AUC (95% CI) p-value

Training cohort 12-month 0.225 0.803 (0.752–0.854) 0.031
24-month 0.214 0.785 (0.756–0.814) 0.042
36-month 0.211 0.767 (0.701–0.803) 0.029

Validation cohort 12-month 0.216 0.793 (0.756–0.830) 0.012
24-month 0.212 0.791 (0.761–0.821) 0.033
36-month 0.208 0.756 (0.719–0.793) 0.022

Fig. 3. Receiver operating characteristic (ROC) curves for the nomogram in the training cohort and validation cohort. (A–D)
(A) shows the ROC curve for the nomogram in the training cohort. Present ROC curves and comparisons of the area under the curve
(AUC) between the nomogram and individual independent prognostic factors at 1 year (B), 2 years (C), and 3 years (D) in the training
cohort. (E–H) (E) shows the ROC curve for the nomogram in the validation cohort. Corresponding analyses in the validation cohort at
1 year (F), 2 years (G), and 3 years (H).

ing that marital status provides robust psychological and fi-
nancial support, enhancing survival outcomes in advanced-
stage cancer patients [23, 24]. Married individuals benefit
from shared emotional burdens, which may contribute to
better prognoses [25, 26].
Poor survival outcomes in our cohort were also associated
with advanced age, poorer tumor histological differentia-
tion, and larger primary tumor size, consistent with previ-
ous studies [27, 28]. Moreover, our study uniquely differ-
entiates between de novo and recurrent mBC, as de novo
BM patients typically exhibit better prognoses compared to
those with recurrent BM following primary treatment [29,
30]. This may be due to factors such as solitary metas-
tases at the time of primary diagnosis and the absence of
chemotherapy resistance, which enhance therapeutic sensi-
tivity and improve outcomes. All these meant that accurate
survival prediction of de novo patients made more sense.
BC has long been considered an endocrine-related malig-
nancy, with seminal findings by Beatson [31] showing tu-

mor regression after oophorectomy in advanced BC pa-
tients. Additionally, the immunohistochemical expression
of HER2 has been established as a critical determinant in
therapeutic strategies [32, 33]. Patients with triple-negative
BC, which lacks specific therapeutic targets, exhibit the
poorest survival outcomes among all BC subtypes [34].
Consistently, our study showed that triple-negative BC had
the most significant negative impact on survival in BC pa-
tients with BM receiving chemotherapy.

Our findings also highlight the survival benefits of surgery
in BC patients with BM undergoing chemotherapy. Surgery
may reduce the source of new metastases and reverse
tumor-induced immunosuppression, improving outcomes
[35, 36]. To the best of our knowledge, this study is the
first to focus on survival prediction for BC patients with
BM presenting simultaneously with brain, liver, and lung
metastases. Patients with BM and additional metastases
had significant worse prognoses than those without such
metastatic diseases. These observations can be attributed
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Fig. 4. Calibration curves and decision curve analysis (DCA) of the nomogram. Calibration curves demonstrate the agreement
between predicted and observed outcomes in the training cohort (A) and validation cohort (C). DCA evaluates the clinical utility of the
nomogram in the training cohort (B) and validation cohort (D).
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Fig. 5. Kaplan-Meier survival curves and risk analysis. Kaplan-Meier curves show survival probabilities among high-risk,
intermediate-risk, and low-risk groups. Patients in the high-risk group demonstrated the poorest prognosis compared to intermediate-
and low-risk groups in the training cohort (A,C) and validation cohort (B,D).

to factors such as the blood-brain barrier, which limits the
efficacy of therapeutic agents, and hepatic failure caused
by liver involvement, further exacerbating disease progres-
sion.

Currently, effective survival prognostic tools for BC pa-
tients with BM, particularly those undergoing chemother-
apy, are lacking. The prognosis for this patient group is gen-
erally poor, and treatment decisions often pose significant
challenges. By integrating data from the SEER database,
we developed a survival prediction model designed to pro-
vide an objective and reliable prognostic tool for clinical
use. This model facilitates more precise and individualized
treatment planning for BC patients with BM, demonstrat-
ing superior predictive performance and significant clinical
applicability.

The nomogram developed in this study offers a standard-
ized approach to quantifying survival expectations, en-
abling physicians to make informed, evidence-based de-
cisions. By improving the accuracy of survival predic-

tions, the model minimizes unnecessary interventions and
enhances treatment outcomes. In multidisciplinary collab-
oration, this model assists clinicians in accurately identify-
ing suitable patients and making well-informed treatment
decisions. Moreover, it serves to reduce conflicts and alle-
viate patient anxiety associated with uncertain prognoses.
In clinical practice, the confidence of patients in treatment
and their involvement in decision-making are significantly
influenced by prognostic information. The findings of this
study provide patients with a clearer understanding of their
survival prospects, fostering greater confidence and encour-
aging proactive engagement in their treatment plans. Fu-
ture research should aim to integrate this model into exist-
ing clinical decision support systems to enable physicians
to assess patient risks more efficiently and optimize treat-
ment plans. Additionally, incorporating individual patient-
specific factors, such as socioeconomic status and psycho-
logical well-being, could enhance treatment outcomes, im-
prove patient adherence, and elevate quality of life.
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This study has several limitations. First, as a retrospective
clinical study, the potential for selection bias cannot be en-
tirely ruled out. Second, due to the constraints of the SEER
database, we were unable to assess the impact of other treat-
ment approaches, such as targeted therapy and endocrine
therapy. Third, while the nomogram provides a valuable
reference for clinicians, it does not encompass all factors
that could influence the prognosis of BC patients with BM
undergoing chemotherapy. Additionally, although machine
learning, a pivotal branch of artificial intelligence, is in-
creasingly used in medicine due to its ability to simulate
human learning, optimize computational efficiency, and en-
hance predictive accuracy, we opted for Cox regression
analysis to identify prognostic factors and develop the pre-
diction model. While machine learning offers distinct ad-
vantages, such as managing complex relationships among
variables, its limitations, such as insufficient interpretabil-
ity and the need for large datasets, make its application chal-
lenging in certain contexts. Future studies should address
these limitations by incorporating larger sample sizes and
exploring more sophisticated machine-learning approaches
to improve prediction capabilities. Moreover, complex
clinical factors encountered in routine practice should be in-
tegrated into treatment planning and prognostic evaluation
to better reflect real-world scenarios.

Conclusions
We constructed a predictive nomogram to predict 1-, 2-, and
3-year OS for BC patients with BM undergoing chemother-
apy. Additionally, we analyzed the survival benefits as-
sociated with various treatment strategies in different risk
groups. This study represents a significant advancement
in the pursuit of personalized medicine, offering a valu-
able reference to guide treatment planning and optimize
therapeutic strategies.
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