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Purpose: The prognosis of patients with metastatic breast cancer usually varies greatly among individuals. At present, the application of nomogram is very popular in metastatic tumors. The present study was conducted to identify independent survival predictors and construct nomograms among young women with breast cancer bone metastasis (BCBM).

Patients and Methods: We searched the Surveillance, Epidemiology, and End Results (SEER) database to identify young women diagnosed with BCBM between 2010 and 2016. We first analyzed the potential risk factors of overall survival (OS) and cancer-specific survival (CSS) by applying univariate Cox regression analysis. Then we conducted multivariate Cox analysis to identify independent survival predictors. Based on significant independent predictors, we developed and validated novel prognostic nomograms by using the R version 4.1.0 software.

Results: We finally identified 715 eligible young women with BCBM for survival analysis, of which 358 patients were in the training set, and 357 patients in the validation set. Approximately four-fifths of patients are between 31 and 40 years old. The 5-year OS and CSS rates of this research population were 41.9 and 43.3%, respectively. Multivariate analysis revealed seven independent predictors of both OS and CSS, including race, tumor subtype, tumor size, surgical treatment, brain metastasis, liver metastasis, and lung metastasis. Based on these predictors, we developed and validated OS and CSS nomograms. The C-index of the OS nomogram reached 0.728 and 0.73 in the training and validation sets, respectively. The C-index of the CSS nomogram reached 0.743 and 0.695 in the training and validation sets, respectively. Meanwhile, high quality calibration plots were revealed in both OS and CSS nomograms.

Conclusion: The current novel nomograms can provide an individualized survival evaluation of young women with BCBM and instruct clinicians to treat them appropriately.
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INTRODUCTION

Although female breast cancer (BC) under the age of 40 accounts for about 7–10% of all BCs (1), it is the most common malignant tumor among young patients (2). Moreover, young BC is the leading cause of cancer death in this age group (3). Previous studies have shown that young BC patients present with more aggressive clinical characteristics and poor outcome compared with elderly (2, 4, 5). However, young metastatic BC patients might have better prognosis than elderly patients (6). BC most often metastasizes to the bone, which not only negatively affects the quality of life of patients, but also affects the longevity of patients (7). Although the diagnosis and treatment of BC has made great progress, bone metastasis is still a significant challenge for clinicians. Currently, there are limited studies on the clinical features and prognosis of young women with breast cancer bone metastasis (BCBM).

Currently, driven by the clinical needs, more and more researchers focus on establishing clinical models for predicting the outcome and guiding the clinical management (8, 9). Nomogram as a popular quantitative predictive model, has been successfully applied to calculate and predict the survival of cancer patients (10, 11). More importantly, nomograms can ensure the accuracy of prognostic prediction and visually display patients’ prognosis prediction results. To the best of our knowledge, there are limited studies on the clinical characteristics and survival prediction of women patients with BCBM under age 40. This is the first presentation of developing and validating novel nomograms of young women patients with BCBM by using the Surveillance, Epidemiology, and End Results (SEER) database.



MATERIALS AND METHODS


Patients Selection

Clinical data from the SEER database on young BCBM were obtained by using the case-listing session on the SEER*Stat version 8.3.9 software. We selected the primary tumor sites of BC by using the Site recode ICD-O-3/WHO 2008 “Breast.” Meanwhile, we set the Age at diagnosis to be ≤40 years and SEER Combined Mets at DX-bone (2010+) to be YES. As a result, we obtained clinical information on all young BC patients with bone metastasis. Male patients and patients with other unknown variables were excluded. This study collected patients’ information from a public database and did not contain any patient-identified information. Thus, this study was exempted from medical ethics review.

We obtained data from the SEER database, including race, age at diagnosis, gender, laterality, tumor grade, histological type, tumor subtype, tumor size, surgery, radiotherapy, chemotherapy, visceral metastasis, vital status, survival time, and cause of death. The “young breast cancer” was defined as women aged under 40 years. Surgery or radiotherapy in the present study refers to treatment for breast cancer. According to previous studies (12, 13), overall survival (OS) and cancer-specific survival (CSS) were defined as the time from diagnosis to the time of death attributed to any cause and breast cancer, respectively. Both OS and CSS were used as endpoints of the present study.

All eligible patients were randomly divided into two groups in a 1:1 ratio, which consisted of the training set and validation set. We used the training set for constructing nomograms and the validation set for validating nomograms.



Statistical Analysis

Univariate Cox regression analysis was first performed to analyze potential risk factors. Then we conducted multivariate Cox regression analysis to identify independent survival predictors. Meanwhile, hazard ratio (HR) and their 95% confidence interval (95% CIs) were presented in both univariate and multivariate analysis. Two-sided p value less than 0.05 was considered of significance. The above statistical analyses were carried out using the SPSS 23.0 software.

Nomograms were constructed and validated by using the R version 4.1.0 software1 through comprehensive analysis of all independent predictors. We used the concordance index (C-index) and calibration plots to assess the prognostic performance of the nomograms.

To achieve this purpose, bootstraps with 1,000 resamples were performed in both training and validation sets.




RESULTS


Clinicopathologic Characteristics

Ultimately, we identified 715 eligible young patients with BCBM from 2010 to 2016 in SEER, which consisted of 358 patients in the training set, and 357 patients in the validation set. The clinicopathologic characteristics of this special population were summarized in Table 1. White cases accounted for approximately 70%. Most patients were found in the 31-40 years age group (82.5%), with 20–30 years age group accounting for 17.5%. The distribution ratio of left and right tumor sites was similar. 47.5% of all cases were pathologically graded as Grade I or II, and 54.3% were graded as Grade III or IV. The most common histological subtype was infiltrating duct carcinoma, NOS (84.3%). More than half of patients (53.0%) were Luminal A. Of this study population, 44.8% received surgery, 47.6% received radiotherapy, and 83.6% received chemotherapy. The proportions of these patients with brain metastasis, liver metastasis and lung metastasis were 5.2, 29.9, and 18.3%, respectively. It should be noted that the majority of patients (82.2%) had lymph node metastasis. The 3- and 5-year OS rates were 61.5 and 41.9%, respectively. The 3- and 5-year CSS rates were 62.6 and 43.3%, respectively.


TABLE 1. Demographics of 715 young breast cancer bone metastasis.
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Cox Regression Analyses

As shown in Table 2, nine significant variables of OS were identified by using univariate Cox regression analysis, including race, tumor grade, tumor subtype, tumor size, surgery, radiotherapy, brain metastasis, liver metastasis, and lung metastasis. Race, tumor grade, tumor subtype, tumor size, surgery, brain metastasis, liver metastasis, and lung metastasis were shown to be significantly associated with CSS. Only significant survival predictors generated in univariate analysis were included in multivariate analysis. The detailed results of the multivariate analysis from the training set were summarized in Table 3. Seven independent predictors of both OS and CSS were identified, including race, tumor subtype, tumor size, surgery, brain metastasis, liver metastasis, and lung metastasis.


TABLE 2. Univariate Cox analysis of survival in the training set.
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TABLE 3. Multivariate Cox regression analysis of survival in the training set.
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Nomogram Construction and Validation

Seven independent survival predictors revealed by multivariate analysis from the training set were incorporated in constructing nomograms of OS (Figure 1) and CSS prediction (Figure 2). The C-index of the OS nomogram reached 0.728 and 0.73 in the training and validation sets, respectively. The C-index of the CSS nomogram reached 0.743 and 0.695 in the training and validation sets, respectively. The above results showed that these models had better discrimination ability. Then we further validated performance of nomograms by using calibration plots. As shown in Figures 3, 4, calibration plots showed high consistency between observed and predicted survival.
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FIGURE 1. The graph shows the nomogram predicting 3- and 5-year overall survival of young women with breast cancer bone metastasis. The nomogram summed the points identified on the scale for each predictor. The total points projected on the bottom scales indicate the probabilities of 3- and 5-year overall survival.
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FIGURE 2. The graph shows the nomogram predicting 3- and 5-year cancer-specific survival of young women with breast cancer bone metastasis. The nomogram summed the points identified on the scale for each predictor. The total points projected on the bottom scales indicate the probabilities of 3- and 5-year overall survival.
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FIGURE 3. Calibration curves for 3-year (A) and 5-year (B) overall survival; and 3-year (C) and 5-year (D) cancer-specific survival in the training set. The X axis represents the nomogram predicted survival rate, whereas the Y axis represents the actual survival rate.
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FIGURE 4. Calibration curves for 3-year (A) and 5-year (B) overall survival; and 3-year (C) and 5-year (D) cancer-specific survival in the validation set. The X axis represents the nomogram predicted survival rate, whereas the Y axis represents the actual survival rate.


The nomogram summed the scores identified on the scale for each predictor. The total points projected on the bottom scales indicate the 3-year and 5-year survival rates of each patient. The specific scores assigned to each predictor were summarized in Table 4.


TABLE 4. Point assignment for each variable included in the nomograms.
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DISCUSSION

Although the diagnosis and treatment of BC has made great progress, the occurrence of bone metastasis brings great challenges to clinicians. Young patients diagnosed as BCBM are a rare group, and insufficient attention has been paid to them in the past. In the present study, we first defined the clinicopathological features and prognosis of this special population. More importantly, we developed an insightful and applicable tool to accurately predict the survival of them.

Young BCBM and overall BCBM have multiple similar clinicopathologic characteristics, such as distribution of race, laterality, tumor grade, histological type, tumor subtype (12, 14, 15). Interestingly, the prognosis of BC in young women is usually poor, but for BC patients who developed bone metastasis, young women had a survival advantage. Our study showed the 5-year OS and CSS rates were 41.9 and 43.3%, respectively, which was higher than those of previous studies on BCBM (<34%) (12, 15). Notably, the proportion of young women with BCBM receiving various treatments (surgery, 44.8%; radiotherapy, 47.6%; chemotherapy, 83.6%) was higher than that of the overall BCBM patients (surgery, 36.4%; radiotherapy, 42.4%; chemotherapy, 62.3%) (12), indicating that they were more inclined to receive active therapies.

In the current study, we confirmed seven independent risk factors of both OS and CSS, including race, tumor subtype, tumor size, surgery, brain metastasis, liver metastasis, and lung metastasis, through both univariate analysis and multivariate Cox analysis. Based on these independent survival predictors, we constructed reliable graphical representation models to predict the survival of each young women with BCBM. To our knowledge, this was the first study to establish nomograms for predicting the prognosis of young patients with BCBM, which was of great significance in decision-making given the long survivorship period.

In recent years, the clinical application of nomograms has gradually increased, not only for predicting the prognosis of tumors, but also for predicting the outcome of non-tumor diseases (16–18). Many previous studies indicated that cancer nomograms with C-index values ranging from 0.6 to 0.7, revealed good prognostic accuracy and clinical applicability (19, 20). The minimum C value of the nomogram in this study was 0.695, and the other three C values were all greater than 0.7, which indicated a better prognostic accuracy. In addition, the calibration curves showed the predicted probabilities produced by the nomograms in the training and validation sets were compared with the actual probabilities.

There are some shortcomings of this study. First, the study was a retrospective study based on SEER database, which has certain bias. Second, we cannot obtain all prognostic factors comprehensively from the SEER database. Third, due to the rarity of young BCBM, external validation was not conducted to further evaluate our nomograms. Even though nomogram-based clinical modeling is quite user-friendly, which can accurately calculate and predict the survival rate of each patient.



CONCLUSION

Our nomograms provide an effective approach for clinicians to assess the prognosis of young BCBM individually. However, further validation by multicenter clinical trials is needed to refine our models and promote its clinical application.
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