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Machine learning predicts the prognosis of breast cancer patients with initial bone metastases
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Background: Bone is the most common metastatic site of patients with advanced breast cancer and the survival time is their primary concern; however, we lack accurate predictive models in clinical practice. In addition to this, primary surgery for breast cancer patients with bone metastases is still controversial.

Method: The data used for analysis in this study were obtained from the SEER database (2010–2019). We made a COX regression analysis to identify prognostic factors of patients with bone metastatic breast cancer (BMBC). Through cross-validation, we constructed an XGBoost model to predicting survival in patients with BMBC. We also investigated the prognosis of patients treated with neoadjuvant chemotherapy plus surgical and chemotherapy alone using propensity score matching and K–M survival analysis.

Results: Our validation results showed that the model has high sensitivity, specificity, and correctness, and it is the most accurate one to predict the survival of patients with BMBC (1-year AUC = 0.818, 3-year AUC = 0.798, and 5-year survival AUC = 0.791). The sensitivity of the 1-year model was higher (0.79), while the specificity of the 5-year model was higher (0.86). Interestingly, we found that if the time from diagnosis to therapy was ≥1 month, patients with BMBC had even better survival than those who started treatment immediately (HR = 0.920, 95%CI 0.869–0.974, P < 0.01). The BMBC patients with an income of more than USD$70,000 had better OS (HR = 0.814, 95%CI 0.745–0.890, P < 0.001) and BCSS (HR = 0.808 95%CI 0.735–0.889, P < 0.001) than who with income of < USD$50,000. We also found that compared with chemotherapy alone, neoadjuvant chemotherapy plus surgical treatment significantly improved OS and BCSS in all molecular subtypes of patients with BMBC, while only the patients with bone metastases only, bone and liver metastases, bone and lung metastases could benefit from neoadjuvant chemotherapy plus surgical treatment.

Conclusion: We constructed an AI model to provide a quantitative method to predict the survival of patients with BMBC, and our validation results indicate that this model should be highly reproducible in a similar patient population. We also identified potential prognostic factors for patients with BMBC and suggested that primary surgery followed by neoadjuvant chemotherapy might increase survival in a selected subgroup of patients.
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Introduction

Breast cancer (BC) now is the first most diagnosed cancer (11.7% of the new cancer cases) worldwide, accounts for a quarter of all female cancer cases and BC is also the leading cause of cancer death among female patients (1). With significant treatment advances, the survival of patients with BC was improved dramatically. However, distant metastases remain the leading cause of death in patients with BC (2) and a major challenge for clinicians.

Overall, the average proportion of all breast cancer patients with an initial diagnosis of bone metastases is about 5% (3), and bone metastases usually lead to skeletal-related events, namely, pain, pathological fractures, spinal cord compression, hypercalcemia, and other complications (4). Current treatments for bone metastases are limited and merely palliative; standard anti-osteoporotic agents, chemotherapy, and radiotherapy can delay or lessen skeletal-related events, but they cannot cure bone metastases (5), the 5-year overall survival rate is only 22.8% (6). Thus, the survival time is the most important concern for patients with bone metastatic breast cancer (BMBC) and clinicians. However, there is no accurate prediction model for them. The most used model for predicting the survival rate is nomogram, but its accuracy rate is only about 70% (7–12). As a result, a more accurate and powerful model is needed.

Nowadays, machine learning methods can create an artificial intelligence (AI) model to predict the survival of patients with cancer, which significantly increases the accuracy rate (13). However, machine learning algorithms also have drawbacks and need to be improved in practice. For example, a support-vector machine (SVM) is not good at handling large numbers of samples and variables, K-nearest neighbor (KNN) is not very interpretable, and decision trees are easy to train quickly, but not complex enough (14, 15). Whereas extreme gradient boosting (XGBoost) is created iteratively to minimize the loss function, which makes it perform well in many areas (16–18). But it is rarely applied in clinical patient prognosis prediction. Through inter-model comparison, we found that XGBoost also performed well on such prognostic problems.

This study examined the prognosis of patients with BMBC from the Surveillance Epidemiology and End Results (SEER) database. And we created a high-precision AI model to predict the 1-, 3-, and 5-year survival of patients with BMBC. This work provides insight into the factors that influence the prognosis of patients with BMBC and contributes to the development of a clinical model to improve the long-term follow-up of patients with BMBC.



Materials and methods


Data source and study design

The workflow of our study design and analyses is shown in Figure 1. As the information on distant metastases was included from 2010, the data used for analysis in this study were obtained from the Surveillance, Epidemiology, and End Results (SEER) database [SEER 17 Regs study data (changes 2010–2019); version 8.4.0]. Because the data are publicly available and do not include personally identifiable patient information, this retrospective cohort study was approved by the Institutional Review Board of the Second Affiliated Hospital of Xi'an Jiaotong University, which decided to waive informed consent. From this database, data were collected on women with BC. Inclusion criteria were as follows: (1) BC was only cancer diagnosed in the patient; (2) all patients with cancer had evidence of the International Classification of Cancer Diseases Edition III (ICD-O-3) morphological and histopathology diagnosis; (3) patient had bone metastases at initial diagnosis. Exclusion criteria was that patients were diagnosed with more than one primary cancer. In this study, patients were followed up until death, loss to follow-up or December 31, 2019.


[image: Figure 1]
FIGURE 1
 The flowchart described the process of conducting the study and statistical analysis. SEER, the Surveillance, Epidemiology, and End Results database; BMBC, bone metastatic breast cancer; PSM, propensity score matching; COX, concordance index; ROC curve, receiver operating characteristic curve; AUC, area under the curve; K–M, Kaplan–Meier; XGBoost, extreme gradient boosting.




Statistical analysis

We did univariate COX regression models to analyze the relationship between various clinical and pathological characteristics and patient survival. Further multifactorial COX analysis was done to compare the risk of death of patients and to identify independent factors of prognosis. To investigate the impact of neoadjuvant chemotherapy plus surgical treatment on the prognosis of patients with BMBC, patients receiving neoadjuvant chemotherapy plus surgical and chemotherapy alone, respectively, were matched on a 1:1 propensity score (PSM) based on statistically significant variables in multifactorial COX analysis. A Kaplan–Meier (K–M) survival analysis stratified by metastatic modality and molecular subtype was also performed on the PSM-adjusted population. All statistical analyses were performed using R software (version 4.0.2). A bilateral tail value of < 0.05 was considered statistically significant.



XGBoost model

XGBoost is a modification of the gradient boosting algorithm, using Newton's method when solving for the extreme values of the loss function, Taylor expansion of the loss function to the second order, and additionally a regularization term is added to the loss function. The objective function at training time consists of two parts, the first part being the gradient boosting algorithm loss and the second part being the regularization term. The principle of the XGBoost algorithm can be summarized as follows: feature vector with the corresponding (output) category yi:

[image: image]

Feature selection: univariate and multivariate COX analyses were performed on the clinical characteristics extracted from the SEER database, and statistically significant characteristics, namely, age at diagnosis, race, marital status, months from diagnosis to therapy, T stage, N stage, grade, breast subtype, median household income, distant sites of metastases, and treatment information were incorporated into the machine learning model to predict 1-, 3-, and 5-year overall survival for patients with BMBC. These analyses were performed before the exclusion of patients who were alive but survived less than 1, 3, or 5 years at the follow-up cut-off date. Before running the training program, a response variable was obtained for survival information, in which 1 = survival and 0 = death. Patients were randomly divided into train data and test data according to 7:3. And we compared the performance of SVM, decision tree (ID3), K-Nearest Neighbor (KNN), and extreme gradient boosting (XGBoost) on test data. Receiver operating characteristic (ROC) analysis, area under the ROC curve (AUC), and confusion matrix were used for the evaluation of the model. The main evaluation indicators in the confusion matrix include sensitivity, specificity, and correctness.




Results


Clinical characteristics of patients with BMBC

Ultimately, we extracted the information of 15,129 eligible patients with BMBC in the SEER database from 2010 to 2019. The clinic-pathological characteristics of BC patients with bone metastases are shown in Table 1 and summarized as follows. The mean age of patients was 61.39 years, with 1,113 (7.36%) patients younger than 40 and 1,752 (11.58%) patients older than 80. Five thousand six hundred nine (37.07%) patients received treatment immediately after diagnosis, while 7,271 (48.06%) patients received treatment more than 1 month after diagnosis. The molecular subtype of HR+/HER2– accounted for 57.19%, followed by HR+/HER2+ (14.22%) and HR–/HER2– (7.86%), and HR–/HER2+ only accounted for 6.05%. In terms of race, 76.70% of the patients were white. The most common histological type was infiltrating ductal carcinoma (IDC) (63.68%). In terms of marital status, 42.44% of the patients were married and 23.46% were single. The staging T1–T4 was 11.78, 28.72, 14.93, and 29.49%; and the percentages of N0–N3 were 21.13, 43.75, 9.72 and 20.26%, respectively. About 30.98% of the patients had a grade III or IV tumor grade pathology, while only 6.70% had a grade I. About 38.35% of the patients had a good family financial situation with an annual income of more than US$70,000. In terms of treatment, 20.37% of patients received surgical treatment, 34.15% received radiotherapy, 53.06% received chemotherapy, and 7% received neoadjuvant chemotherapy. Brain metastases, liver metastases, lung metastases, distant lymph nodes, and other distant organs metastases accounted for 7.31, 24.39, 26.75, 9.83, and 6.46% of patients, respectively.


TABLE 1 Baseline characteristics of patients with bone metastatic breast cancer (BMBC) included from SEER data cohort.
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Univariable and multivariable COX regression analyses

We performed univariate COX regression to identify significant variables affecting overall survival (OS) and breast cancer-specific survival (BCSS) in patients with BMBC, namely, age at diagnosis, months from diagnosis to therapy, molecular subtype, race, histological type, marital status, T stage, N stage, grade, household income (inflation-adjusted), treatment, and distant metastases information (Table 2).


TABLE 2 Univariate and multivariate COX analyses of characteristics extracted from the SEER database.
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To identify independent variables associated with OS and BCSS, we then conducted multivariable COX regression (Table 2). We found that patients older than 50 years old, < 1 month from diagnosis to therapy, black race, ILC, T Stage>T3, Stage N3, moderately or high Grade, and visceral metastases (brain, liver, lung, or other) were significantly related to worse OS and BCSS. Compared with patients with HR+/HER2–, the HR+/HER2+ subtype revealed improved OS and BCSS, while HR–/HER2– subtype showed the worst outcome, and there was no difference between HR+/HER2– and HR–/HER2+. For treatment, primary tumor surgery, chemotherapy, and neoadjuvant chemotherapy could prolong OS and BCSS; however, radiotherapy showed the opposite effect in multivariable COX regression analysis. Some social factors like marital status and income situation were also associated with survival, married status, and annual household income of more than USD$70,000 were significantly related to better survival.



Benefits of neoadjuvant chemotherapy plus surgical treatment in BMBC patients subdivided by molecular subtypes and metastatic sites

Neoadjuvant chemotherapy data were just opened by SEER; thus, we explored the role of this factor in the prognosis of patients with BMBC. We compared baseline characteristics between neoadjuvant chemotherapy plus surgical treatment and chemotherapy alone groups (Table 3). Patients in the neoadjuvant chemotherapy plus surgical group were younger, later T, N stages, and worse pathology grade, more likely to be married, hormone receptor negative and received surgery, and radiotherapy and chemotherapy. In addition, the neoadjuvant chemotherapy plus surgical group also included fewer liver, lung, brain and other distant metastases. Propensity score matching (PSM) was used to adjust for the observed imbalance. And no significant differences were seen in baseline characteristics after PSM adjustment (Table 3).


TABLE 3 Comparison of patient characteristics according to the use of neoadjuvant chemotherapy before and after propensity score matching (PSM).
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The PSM-adjusted data showed about a 50% reduction in the overall risk of death in the neoadjuvant chemotherapy plus surgical group (p < 0.001, HR: 0.50; 95% CI: 0.43–0.59), which were similar to the results of multifactorial COX and allayed our concerns about selection bias in the PSM process (Figures 2A,B). Stratified K–M survival analysis showed that compared with chemotherapy alone, neoadjuvant chemotherapy plus surgical treatment significantly improved OS and BCSS in all molecular subtypes of patients with BMBC (Figures 3A–H; Supplementary Table 1). In addition to this, neoadjuvant chemotherapy plus surgical treatment significantly improved the OS and BCSS of patients with BMBC suffering from bone metastases only (Figures 4A,F), bone and liver metastases (Figures 4B,G), and bone and lung metastases (Figures 4C,H). In contrast, there was no significant difference in OS and BCSS of patients with BMBC who suffered from both liver and lung metastases (Figures 4D,I) or combined with brain metastases (Figures 4E,J; Supplementary Table 1).


[image: Figure 2]
FIGURE 2
 PSM-adjusted OS and BCSS of BMBC patients with neoadjuvant chemotherapy plus surgical treatment and chemotherapy alone. Kaplan–Meier (K–M) survival analysis: (A) OS of BMBC patients with neoadjuvant chemotherapy plus surgical treatment and chemotherapy alone; (B) BCSS of BMBC patients with neoadjuvant chemotherapy plus surgical treatment and chemotherapy alone. PSM, Propensity score matching OS, overall survival; BCSS, breast cancer-specific survival; BMBC, bone metastatic breast cancer; HR, hazard ratio; CI, confidence interval.
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FIGURE 3
 PSM-adjusted OS and BCSS of BMBC patients with neoadjuvant chemotherapy plus surgical treatment and chemotherapy alone (stratified by molecular subtype). Kaplan–Meier (K–M) survival analysis: (A) OS of BMBC patients with HR+/HER2- subtype; (B) OS of BMBC patients with HR+/HER2+ subtype; (C) OS of BMBC patients with HR–/HER2+ subtype; (D) OS of BMBC patients with HR–/HER2– subtype; (E) BCSS of BMBC patients with HR+/HER2– subtype; (F) BCSS of BMBC patients with HR+/HER2+ subtype; (G) BCSS of BMBC patients with HR–/HER2+ subtype; (H) BCSS of BMBC patients with HR-/HER2- subtype. OS, overall survival; BCSS, breast cancer-specific survival; BMBC, bone metastatic breast cancer; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; PSM, propensity score matching.
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FIGURE 4
 PSM-adjusted OS and BCSS of patients with BMBC in the neoadjuvant chemotherapy plus surgical treatment and chemotherapy alone groups (stratified by metastatic modality). Kaplan–Meier (K–M) survival analysis: (A) OS of patients with bone metastases only; (B) OS of patients with bone and liver metastases; (C) OS of patients with bone and lung metastases; (D) OS of patients with bone and liver and lung metastases; (E) OS of patients with BMBC combined with brain metastases; (F) BCSS of patients with bone metastases only; (G) BCSS of patients with bone and liver metastases; (H) BCSS of patients with bone and lung metastases; (I) BCSS of patients with bone and liver and lung metastases; (J) BCSS of patients with BMBC combined with brain metastases. OS, overall survival; BCSS, breast cancer-specific survival; PSM, Propensity score matching; BMBC, bone metastatic breast cancer.




Establishing and evaluating predictive models for estimating the prognosis of patients with BMBC

Given these results, we sought to build an XGBoost prediction model to estimate the OS of patients with BMBC at 1, 3, and 5 years. We divided the patients into train and test data according to 7:3, and to ensure the stability of the model, 10-fold cross-validation was used in the train set to assess the optimal number of subtrees. As shown in the figure, the logarithmic loss function was minimized at a number of 25 subtrees (Figure 5). From this, the “nrounds” parameter is determined and the model is then iteratively tested and adjusted to confirm other main hyperparameters to obtain the best model. We constructed predicted ROC curves for both the train and validation sets and calculated the corresponding AUCs. Our XGBoost model was highly effective in predicting the survival of patients with BMBC at 1 year (test set: AUC = 0.818; train set AUC = 0.845), 3 years (test set: AUC = 0.798; train set AUC = 0.839), and 5 years (test set: AUC = 0.791; train set AUC = 0.853) (Figure 6). Compared to traditional machine learning algorithms, SVM (1 year: AUC = 0.604; 3 years: AUC = 0.678; 5 years: AUC = 0.545), ID3 (1 year: AUC = 0.655; 3 years: AUC = 0.710; 5 years: AUC = 0.668) and KNN models (1 year: AUC = 0.607; 3 years: AUC = 0.664; 5 years: AUC = 0.596), XGBoost model performed significantly better (Table 4).


[image: Figure 5]
FIGURE 5
 10-fold cross-validation in the train set to determine the optimal number of subtrees.
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FIGURE 6
 XGBoost model evaluation. (A) ROC curve for the 1-year prognostic model (test data); (B) ROC curve for the 1-year prognostic model (train data); (C) ROC curve for the 3-year prognostic model (test data); (D) ROC curve for the 3-year prognostic model (train data); (E) ROC curve for the 5-year prognostic model (test data); (F) ROC curve for the 5-year prognostic model (train data); ROC, receiver operating characteristic curve; AUC, area under the curve; XGBoost, extreme gradient boosting.



TABLE 4 Performance of prognostic models built by machine learning algorithms on the test data (area under the ROC curve).
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Then, the accuracy of our XGBoost model was further evaluated by the confusion matrix. The 1-year survival prediction model was calculated to have a sensitivity of 0.79, a specificity of 0.72, and a correctness of 0.77 (Supplementary Figure 1A); the 3-year survival model had a sensitivity of 0.66, a specificity of 0.76, and a correctness of 0.74 (Supplementary Figure 1B); and the 5-year survival model had a sensitivity of 0.57, a specificity of 0.86, and a correctness of 0.85 (Supplementary Figure 1C). The 1-year model seemed more sensitive and the 3 and 5-year models were more specific. Overall, our models performed well.

We also assessed the ranking of clinical characteristics in terms of importance in the model. The results showed that molecular subtype, surgical treatment, age, liver metastases, and chemotherapy were the top five determinants of patient survival. Among them, the molecular subtype is the most important factor. In addition, chemotherapy was an important factor for short-term survival (1 year) (Supplementary Figure 2A), while surgery was more important for medium- to long-term patient survival (3 and 5 years) (Supplementary Figures 2B,C).




Discussion

Breast cancer exhibits metastatic properties, including bone, lung, liver, and brain, which leads to varied responses to treatment and patient prognosis (2). Bone metastases account for approximately 75% of metastatic cases (19), for these largest group patients of BMBC, who are considered incurable, the survival time is the most important concern. However, there is a lack of accurate prediction models in the clinic. Recently, some studies used nomograms to make several survival prediction models for patients with BMBC (7–12), but their accuracy rate is only about 70%. As a result, a more accurate and powerful model is needed. To our knowledge, the current study is the largest one to analyze the clinical characteristics and prognosis of patients with BMBC. The 1-, 3-, and 5-year OS of patients with BMBC is 66.39, 34.78 and 15.28%, respectively. Moreover, this study is the first to create an AI prognostic model for patients with BMBC and the model we made is the most accurate one to predict the survival of patients with BMBC.

In this analysis, several factors associated with improved outcomes were identified, including age < 50 years old, HR+/HER2+ subtype, white race, lower grade, lower T stage (T ≤ T2), no concurrent visceral metastases, ≥ 1 month from diagnosis to therapy, married, and income more than USD$70,000. Previous studies showed patients with BMBC of age < 40 years old were prone to better OS (6), while another one indicated the age < 60 years old was a protective factor (11), we analyzed more age groups, and found age < 50 years old was a feature for better OS and BCSS and the HR was increased with older age. The patients of the HR+/HER2+ subtype, rather than HR+/HER2– which usually present a preferred prognosis, showed the best survival among all subtypes in our analysis. This finding was similar to several previous studies (6, 11), and it might attribute to the progress of HER2 targeted therapy. Interestingly, we found if the time from diagnosis to treatment start was more than 1 month, the survival of patients with BMBC was even better than those with immediate treatment start. Of course, this does not mean the later treatment is better, if patients extended treatment delay indefinitely, they would die sooner. Treatment delays have a measurable impact on outcomes. Optimal times from diagnosis are < 90 days for surgery, < 120 days for chemotherapy, and < 365 days for radiotherapy (20). In large-scale hospitals, there can be more choices of systemic treatment, and the possible selection of optimal clinical trials can also have benefits for later-stage patients. Moreover, some previous studies have reported that shorter treatment delays are associated with poorer survival, because urgent treatment may be preferentially offered to patients who exhibit a higher symptom burden, which might lead to a worse prognosis (21–24). In addition, the treatment options also affect the time from diagnosis to treatment (25), for example, patients receiving chemotherapy alone or forgoing systemic therapy may have a shorter time from diagnosis to treatment. Our results imply that patients should not be worried about needing immediate treatment after diagnosis with BMBC, waiting for some relevant genetic or laboratory test to assess comprehensively their condition, and even searching for some appropriate clinical trials to enroll in could improve the therapeutic effect and prolong the survival time. It is reported that family income could affect the survival of patients with breast cancer (26); usually, patients with higher incomes have a better prognosis. We found that BMBC patients with an income of more than USD$70,000 had better OS and BCSS than those with income < USD$50,000, this income level dividing line was not reported before in this population, which could reflect their degree of cooperation with doctors in treatment.

For treatment, we found that primary tumor surgery, chemotherapy, and neoadjuvant chemotherapy could prolong OS and BCSS of patients with BMBC; however, radiotherapy showed an opposite effect in our analysis. Some studies showed that radiotherapy was not an independent prognostic factor of patients with BMBC (8, 10, 12), while other analyses reported that radiotherapy was associated with a significant survival advantage in patients with de novo Stage IV Breast Cancer (27, 28). These contradictory results may be due to different populations and clinical characteristics; we still need more detailed analysis to identify what kinds of patients would benefit from radiotherapy. Another controversial topic is whether surgical therapy for the primary site improves survival in patients presenting with de novo metastatic breast cancer. Many retrospective analyses of large cohort or mono-centric databases have shown a better prognosis of primary surgery in selected patients (11, 29–34); however, several randomized controlled trials indicated conflicting evidence (35–37), and a multicenter Turkish trial MF07-01 showed no difference in surgery arm of 3-year follow-up, but a statistically significant improvement in surgery arm of 4- to 10-year follow-up (38). We know that retrospective results are usually undermined for selection bias (women receiving surgery were younger and had biologically favorable tumors) (37), while prospective trials were also questioned for insufficient chemotherapy, deviation from contemporary practice, insufficient adapted p-value, and so on (11). Although each method has limitations and shows contradictory results, current studies imply that in well-selected patients, primary surgery might be a treatment option.

In this study, due to the SEER data of neoadjuvant chemotherapy therapy being first to open in April 2022, we are the first one to analyze the survival of patients with BMBC under surgery after neoadjuvant chemotherapy by SEER data, which could segment patients more precisely. We found that compared with chemotherapy alone, neoadjuvant chemotherapy plus surgical treatment significantly improved OS and BCSS in all molecular subtypes of patients with BMBC; however, this survival benefit depended on the metastatic burden. Only the patients with bone metastases only, bone and liver metastases, and bone and lung metastases could benefit from neoadjuvant chemotherapy plus surgical treatment, which indicated that the increase of metastatic burden, especially brain metastases reduced the effect of comprehensive treatment.

Despite the promising findings of the present study, there are some limitations of this research. First, although the SEER database covers about 30% of the USA population, clinical data on tumor subtypes and distant metastatic sites were collected only after 2010 in the SEER database and therefore limited the sample size of this study. Second, the SEER database offers a high representation of a general situation, but on the other side, not necessarily are suitable for applying to the Asian and Chinese populations on the basis of ethnic differences. Third, information about disease recurrence or subsequent sites of metastases was not collected in the SEER database. Thus, we could not investigate patients who developed bone metastases later in their remaining years, which may lead to bias in the results. Fourth, detailed treatment information for patients with bone metastases is not recorded in the SEER database, we cannot evaluate more on this. Even though the machine learning prognostic model achieved a higher accuracy rate, it lacked external validation to further enforce the reliability.

In summary, we constructed a machine learning prognostic model to provide a quantitative method to predict the survival of patients with BMBC, and our validation results indicate that this model should be highly reproducible in a similar patient population. We also identified potential prognostic factors for patients with BMBC and suggested that primary surgery followed by neoadjuvant chemotherapy therapy might increase survival in a selected subgroup of patients.
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SUPPLEMENTARY FIGURE 1
 Confusion matrix of the XGBoost model's predicted results in the test set. (A) Confusion matrix in the 1-year prognostic model. (B) Confusion matrix in the 3-year prognostic model. (C) Confusion matrix in the 5-year prognostic model. TP, true positive; TN, true negative.

SUPPLEMENTARY FIGURE 2
 The ranking of clinical characteristics in terms of importance in the XGBoost prognostic model. (A) The ranking of clinical characteristics in terms of importance in the 1-year prognostic model. (B) The ranking of clinical characteristics in terms of importance in the 3-year prognostic model. (C) The ranking of clinical characteristics in terms of importance in the 5-year prognostic model. XGBoost, extreme gradient boosting.

SUPPLEMENTARY TABLE 1
 Results of the COX regression analysis [hazard ratio (HR), 95% CI, p-value].
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