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Background

This study aimed to construct a nomogram for Breast sarcoma (BS) to predict the prognosis of patients with BS accurately and provide a theoretical basis for individualized treatment.



Methods

Patients selected from the Surveillance, Epidemiology and End Results (SEER) database from 2000 to 2018 were assigned to a training group (TG, n = 696) and an internal validation group (IVG, n = 299) at a 7:3 ratio. Cox regression analysis was performed on the TG, and statistically significant factors were used to establish a nomogram to predict 3-, 5-, and 10-year overall survival (OS). The nomogram’s predictive power was validated using data from patients who attended our institution as the external validation group (EVG, n =79).



Results

Cox regression analysis identified five factors, which were used to construct the nomogram. Good prediction accuracy was demonstrated using calibration curves. The concordance (C) indices for TG = 0.804 (95% confidence interval (CI) 0.777–0.831) and IVG = 0.761 (0.716–0.806) were higher than those based on 8th American Joint Committee on Cancer (AJCC8) stage: TG = 0.695 (0.660–0.730), IVG = 0.637 (0.584–0.690). The EVG also had a high C-index: 0.844 (0.768–0.920). Decision curve analysis showed that nomogram has larger net benefits than the AJCC8. The Kaplan–Meier curves of the nomogram-based risk groups showed significant differences (p < 0.001).



Conclusions

The nomogram could accurately predict 3-, 5-, and 10-year OS and provided nomogram-based risk stratification, which could help physicians to personalize treatment plans for patients with BS.
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Introduction

Breast sarcoma (BS) is a rare malignancy derived from mesenchymal cells, which can be divided into primary and secondary BS. Compared with the more common breast carcinoma, the natural history, treatment, and prognosis of BS are unique (1). According to clinical statistics, primary BS represents < 1% of all breast tumors and < 5% of all sarcomas (2). Research on BS is limited because of its rarity, and comprises mostly small retrospective studies and case studies; moreover, treatment strategies for BS are mostly based on the extrapolated research data from soft tissue sarcomas of the extremities (1). Currently, BS staging principally relies on the 8th American Joint Committee on Cancer (AJCC8) for soft tissue sarcomas. The staging system is based on tumor size (T), lymph node involvement (N), metastasis (M), and histological grade (3). However, studies have shown that age (4), histological type (1), and treatment all have different effects on the prognosis of BS.

A nomogram is a tool that predicts a certain clinical outcome or the probability of a certain event based on the values of multiple clinical indicators or biological parameters. It predicts the probability of a specific outcome for patients at any given time by incorporating a variety of disease indicators. Nomograms have the advantages of convenience, simplicity, accuracy, reliability, and practicality. They have been used widely to predict prognosis in various tumors, e.g., oropharyngeal carcinoma (5), breast cancer (6), and cervical cancer (7). However, to the best of our knowledge, a nomogram to predict the survival of patients with BS has not been reported.

Therefore, this study aimed to develop a nomogram that could predict the overall survival (OS) of patients with BS using data from the Surveillance, Epidemiology, and End Results database (SEER). Further SEER data was used for internal validation and data from patients attending the Cancer Center of Sun Yat-sen University (SYSUCC) were used for external verification. Ultimately, we aimed to provide a nomogram that could assist clinicians to accurately predict patient prognosis and that formed a theoretical foundation to formulated individualized clinical treatment strategies.



Materials and methods


Patient selection and study variables

Data for the analysis were obtained from the SEER database from 2000 to 2018 and from SYSUCC patients’ data from 2000 to 2015.

The inclusion criteria for patients from the SEER database were: (1) IDC-O-3, malignant = 8800/3-9581/3; (2) site record = breast; (3) first malignant primary indicator = yes. The exclusion criteria comprised: (1) Diagnosed at autopsy or from a death certificate; (2) Follow-up time < 1 month or the patient died within one month; (3) Lack of necessary information including ethnicity, tumor size, lymph node status, and surgery type. (4) Tumors with sizes < 0.5 cm and > 40 cm were also excluded (because of the low incidence of tumors in this size range) (3). Finally, the study included 995 patients.

Variables analyzed included ethnicity, sex, age at diagnosis, marital status, histological subtype, grade, laterality, tumor size, lymph node status, metastasis, axillary lymph node surgery (biopsy or dissection), surgery, radiotherapy, chemotherapy, and follow-up time. To adjust the nonlinear relationship between age and death risks, the best cutoff value of age was determined using the restricted cubic spline (RCS) with five knots. The best cutoff of tumor size was determined using X-tile (Yale School of medicine, New Haven, CT, USA). According to the above information, N stage and AJCC stage were determined according to AJCC8 staging standards. The endpoint of the study was overall survival (OS).

A total of 95 patients with BS attended SYSUCC from 2000 to 2015, and after following the same inclusion/exclusion criteria used for the SEER data, 79 of these patients were assigned to the external validation group (EVG).



Nomogram development and risk stratification

The 995 patients from SEER were assigned randomly to the training group (TG, n = 696) and the internal validation group (IVG, n = 299) according to a ratio of 7:3. Univariate and multivariate Cox regression analyses were carried out on the TG data to identify statistically significant factors (P < 0.05). Next, backward stepwise regression was performed to calculate the Akaike information criterion (AIC): The lower the AIC value, the better the model (8). Finally, based on the selected variables, a nomogram to predict the OS of patients at 3, 5, and 10 years was constructed, and the IVG and EVG data were used to test the reliability and generalizability of the developed model. Based on the nomogram-derived scores of different variables, we calculated the total score for each patient. This allowed the patients to be assigned to three risk groups (low, middle, and high). X-tile was used to determine the optimal cut-off value of risk stratification, and for the three risk groups, Kaplan–Meier survival curves in the TG, IVG and EVG were drawn, respectively, and survival analysis was performed using the log-rank test.

The concordance index (C-index), receiver operating characteristic curve (ROC) analysis, and the area under the curve (AUC) of the nomogram and of the AJCC8 stage at 3, 5, and 10 years were calculated to assess the discriminative power of the nomogram. The correlation between the actual and predicted results was compared using calibration curves. After determining that the nomogram was accurate, the clinical utility of the nomogram was compared with that of AJCC8 using decision curve analysis (DCA).

All statistical analyses were performed using the R software v4.1.1. (https://www.R-project.org). P < 0.05 was considered to be a statistically significant difference.




Results


Patients characteristics

In the SEER database, after following strict inclusion and exclusion criteria, a total of 995 patients were included in the study and were randomized to the TG (n = 696) and IVG (n = 299). Cases from SYSUCC were classified as the EVG (n = 79). The median age at diagnosis of patients from the SEER database was 54 years old, (interquartile range (IQR), 43.5–64), the median tumor size was 4.6 cm (IQR 2.95–8), and the follow-up time was 81 months (range: 31–129 months). The median age at diagnosis, tumor size, and follow-up time of patients from the EVG were 43 years (37–53), 4 cm (3–7.5), and 84 months (34–128), respectively. The detailed demographic and disease characteristics of the patients are presented in Table 1.


Table 1 | Baseline demographic and clinical characteristics of the patients.





Nomogram variable screening

Univariate and multivariate Cox proportional hazards regression analysis identified five independent prognostic factors for OS in the TG, comprising age at diagnosis, histological subtype, tumor size, surgery, and M stage. As calculated using stepwise regression, the five variables produced the smallest AIC value; therefore, there was no need to eliminate the variables. Full details are provided in Table 2.


Table 2 | Analysis of overall survival using univariate and multivariate Cox analysis in the training set.





Nomogram construction and validation

Based on the screening results above, we established a nomogram to predict 3-, 5-, and 10-year OS (Figure 1). Each predictor was assigned a score, age < 43 years = 0 points; age ≥ 43 years = 50; malignant phyllodes tumor = 0; other histological subtype = 61; tumor size < 4.2 cm = 0; 4.2 ≤ tumor size < 6.7 cm = 29; tumor size ≥ 6.7 cm = 59; breast-conserving surgery = 0; mastectomy = 40; no surgery = 50; M0 stage = 0; M1 stage = 100. The scores for each variable were added to obtain the 3-, 5-, and 10-year OS probability of a patient.




Figure 1 | Nomogram that can predict the 3-, 5-, and 10-year overall survival of patients with primary breast sarcoma. M, metastasis.



The actual and predicted results showed good agreement based on calibration plots of the nomogram for 3-, 5-, and 10-year OS in the TG, IVG, and EVG (Figure 2).




Figure 2 | Calibration curves for overall survival (OS) at 3, 5, and 10 years in the training, internal-validation, and external-validation groups (A–C).



The C-indices to predict OS based on the nomogram were: TG = 0.804 (95% confidence interval (CI) 0.777–0.831) and IVG = 0.761 (95% CI 0.716–0.806), which were higher than those of the AJCC8 model: TG = 0.695 (95% CI 0.660–0.730), IVG = 0.637 (95% CI 0.5840.690), indicating the nomogram’s better discriminative ability. The results also showed an ideal predictive value in the EVG, with the C-index = 0.844 (95% CI 0.768–0.920). In addition, compared with the traditional AJCC8 staging model, the nomogram showed a better discrimination ability at different time points: the AUCs at 3, 5, and 10 years for the nomogram were 0.853, 0.855, and 0.827 in the TG; 0.776, 0.801, and 0.877 in the IVG. For the AJCC8 stage, the AUCs at 3, 5, and 10 years were 0.746, 0.723, and 0.675 in the TG; and 0.672, 0.655, and 0.673 in the IVG, respectively (Figure 3). These results suggested that the nomogram has a better power to predict OS than the AJCC8 stage. In addition, the AUCs at 3, 5, and 10 years for the nomogram to predict OS in the EVG were 0.863, 0.900, and 0.860, respectively (Figure 4), indicating that the nomogram model also has extremely high accuracy in practice (when AUC = [0.85, 0.95], the predicting effects are ideal).




Figure 3 | Receiver operating characteristic (ROC) curves for survival at 3, 5, and 10 years using the nomogram compared with AJCC8 data in the training and internal-validation groups. AUC, area under the curve; AJCC, American Joint Committee on Cancer.






Figure 4 | Receiver operating characteristic (ROC) curves for survival at 3, 5, and 10 years using nomogram in the external-validation group. AUC, area under the curve.



The benefits and clinical utility and benefits of the nomogram and AJCC8 were compared using DCA, and the areas under the DCA of the nomogram at 3, 5, and 10 years were larger than those of the AJCC8 staging, indicating that the nomogram can obtain a higher net benefit than the AJCC8 model (Figure 5).




Figure 5 | Decision curve analyses for survival at 3, 5, and 10 years using the nomogram compared with AJCC data in the internal-validation group. AJCC, American Joint Committee on Cancer.





Nomogram-based risk stratification

The total score calculated by the nomogram was used for risk stratification: the best cut-off value was obtained by calculating the total score of all patients using the X-tile software. A patient’s probability of OS could be divided into three nomogram-based risk groups: 0 ≤ low risk < 130; 130 ≤ medium risk < 180; and high-risk ≥ 280. Kaplan–Meier survival curves for the three nomogram-based risk groups were then drawn. The new risk model displayed significant stratification power (p<0.001). To further validate the risk stratification ability of the nomogram, Kaplan–Meier survival curves for risk stratification in the IVG and EVG were drawn, and good results were obtained (p > 0.001) (see Figure 6 and Table 3 for details.)




Figure 6 | Overall survival analysis using Kaplan-Meier curves from the nomogram-based risk stratification in the training, internal-validation, and external-validation groups (A–C).




Table 3 | 3-, 5-, and 10-year overall survival in high-, intermediate-, and low-risk groups for each cohort.






Discussion

Primary breast sarcoma is rare and has diverse histological differentiation; therefore, it is difficult to evaluate its prognosis. Currently, the principles of its diagnosis, treatment, and prognosis evaluation of malignancy mainly refer to soft tissue sarcoma occurring elsewhere in the body. Therefore, a reliable method to predict the prognosis of patients with primary BS and treatment guidance is urgently required. Currently, the most widely used tool to assess prognosis is the AJCC8 staging system; however, it lacks information on important predictors such as demographics and treatment. Nomograms are currently considered to be more scientific tools to predict prognosis; therefore, we constructed a nomogram to solve this clinical problem. To the best of our knowledge, this is the first study to construct a nomogram to predict the OS of patients with primary BS based on the big data SEER cohort, including validation of the accuracy of the model using retrospective data from an external single-center institution.

By analyzing variables such as demographics, clinicopathology, and treatment regimens, five variables were screened as predictors of OS, and the C-index, AUC, and DCA values of the nomogram were higher than those of the AJCC8 system, suggesting its superior discrimination ability and clinical significance. When using the nomogram to calculate the OS of EVG, it also showed a high C-index and AUC, demonstrating that the nomogram has high accuracy and practicability in predicting prognosis, and can help clinicians to personalize the evaluation of patient prognosis. Interestingly, over time, the AUC value and net benefit in the DCA of the nomogram increased compared with those of the AJCC8 system, suggesting the nomogram might useful to predict long-term survival. In addition, this study also calculated the total score of the five variables using the OS nomogram, used X-tile to calculate the best cut-off value, and then divided the patients’ probability of OS into three risk groups: high, medium, and low. Since high-risk patients may be at increased risk of tumor-related mortality, intense systemic therapy might be the preferred strategy for high-risk patients. This would aid clinicians to provide patients with personalized diagnosis and treatment methods and follow-up measures, which could avoid under- or over-treatment for patients with BS.

As with breast carcinoma of epithelial origin, the vast majority of patients with BS are female (9); however, patients with BS are generally younger (median 54 years old in SEER) and have larger tumors (median 4.6 cm in SEER) (10–12), and neither marital status nor ethnicity were independent prognostic factors (9, 13). Our study showed that age, tumor size, and metastasis are risk factors for OS in patients with BS, which is similar to other studies of sarcoma (12, 14–17). In addition, in this study, histological grade, although statistically significant in the univariate Cox analysis, was excluded in the multivariate Cox regression analysis (p ≥ 0.05), which was different from other studies (2, 12, 18, 19). Similarly, most previous studies reported that malignant phyllodes tumor (MPT) accounted for the most cases in BS, and in this study, MPT comprised 55.6% of cases in the TG and 69.6% in the EVG; angiosarcoma was the highest histological subtype after MPT (9% in the SEER database) (1, 20).

Although nearly half of the patients underwent axillary lymph node biopsy or dissection (43.2% in the SEER database and 36.7% in the EVG), our study showed that lymph node involvement was not an independent prognostic factor for OS, possibly because BS mainly metastasizes through blood, but rarely through lymph nodes. While most of the lymphadenopathy in clinical practice is reactive, lymph node dissection does not bring survival benefits to patients with BS (1, 11, 12, 21). Interestingly, although mastectomy is widely regarded as the gold standard for BS treatment (11), our study showed that patients receiving mastectomy did not have a better prognosis than those receiving conservative surgery, which was consistent with recent reports (1, 10, 14, 22). Therefore, more prospective studies are needed to explore whether mastectomy can provide additional benefits for patients with BS Studies suggest that adequate resection is an important factor for the long-term survival of patients, rather than the surgical method (1, 2, 23–26). In addition, like most studies (1, 27, 28), this study suggested that neither radiotherapy nor chemotherapy, or other adjuvant treatments, could significantly improve the OS of the patients; however, a study by Johnstone et al. showed that postoperative radiotherapy can improve the tumor specific survival of patients (20). Therefore, adjuvant radiotherapy is recommended for patients with BS with a large tumor volume or a particularly aggressive subtype (19, 29). Given the divergence in adjuvant therapy for BS, more prospective studies are needed to explore whether adjuvant therapy can improve patient outcomes.

The following limitations of the study need to be pointed out. First, although we randomly divided the SEER data into the TG and IVG and used an external data cohort as the EVG for validation, larger multicenter data are needed to confirm the results of the study. Second, some the SEER database lacked potentially important parameters and specific information associated with prognosis, including chemotherapy, radiotherapy, vascular invasion, and details of the surgical margin status. These important variables need to be considered in future studies. Furthermore, although research has demonstrated that histological grade is not an independent risk factor for the construction of nomograms, this information is lacking in the EVG patient data. In addition, the study was retrospective in nature and was thus inevitably biased.



Conclusion

In this study, we constructed and validated a nomogram to predict OS in patients with BS, the reliability and clinical applicability of which were higher than those of the currently used AJCC8 staging system. We also developed a universal risk stratification model for clinical use, which provides clinicians with an accurate prognostic evaluation tool and will help to formulate the best individualized treatment strategy for patients with BS.
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*SEER, Surveillance, Epidemiology and End Results database; SYSUCC, Cancer Center of Sun Yat-sen University; AJCC8, 8th American Joint Committee on Cancer; N, node; M, metastasis.
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