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Background: Lung metastasis (LM) is an independent risk factor for survival in patients with endometrial cancer (EC).



Methods: We reviewed data on patients diagnosed with EC between 2010 and 2015 from the Surveillance, Epidemiology, and End Results (SEER) database. The independent predictors of LM in patients with EC were identified using univariate and multivariate logistic regression analyses. A nomogram for predicting LM in patients with EC was developed, and the predictive model was evaluated using calibration and receiver operating characteristic (ROC) curves.



Results: Univariate and multivariate logistic regression analyses showed that high grade; specific histological type; high tumor and node stages; larger tumor size; and liver, brain, and bone metastases were positively associated with LM risk. A new nomogram was developed by combining these factors to predict LM in patients newly diagnosed with EC. Internal and external verification of the calibration charts showed that the nomogram was well calibrated. The areas under the ROC curves for the training and validation cohorts were 0.924 and 0.913, respectively.



Conclusion: We performed a retrospective analysis of 42,073 patients with EC using the SEER database, established a new nomogram for predicting LM based on eight independent risk factors, and visualized the model using a nomogram for the first time.
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Introduction

Endometrial cancer (EC) is one of the most serious epithelial malignancies that threatens women's health, ranked fourth in terms of incidence among malignancies affecting women (1). Although surgery and adjuvant radiation therapy have significantly improved disease-free and overall survival in patients with early EC (2), the prognosis in patients with metastases is poor, with a 5-year survival rate of only 17% (1, 3), respectively. EC mainly spreads via intra-abdominal and lymph node metastases (4), while distant organ metastasis is rare. The most common distant metastatic sites of EC are the lungs, followed by the liver, bone, and brain (5). However, compared with other gynecological malignancies, such as cervical cancer and ovarian cancer, EC has the highest frequency of lung metastasis (LM), with a 20%–25% incidence in patients with relapse (6). Although distant metastasis is a rare event in EC (7), it has a significant impact on patient survival. The survival time of patients with EC with LM is only 11 months (8). Especially for early-stage patients, doctors' insufficient judgment on the risk of distant metastasis affects the formulation of treatment and follow-up plans, resulting in decreased patient survival time. Although analysis and modeling of risk factors affecting survival and distant metastasis in EC patients have been carried out, the visualization and evaluation of predictive models for metastasis risk factors are still lacking, which leads to inconvenience in clinical application. In this study, we aimed to evaluate patients with EC registered in the SEER database from 2010 to 2015, and to develop a validated LM nomogram with high accuracy for the first time. In this way, the prognosis can be accurately made and appropriate management strategies can be selected, making it more convenient for clinical management.



Materials and methods


Study population

Data were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. SEER *Stat 8.3.5 software (https://seer.cancer.gov/data/) was used to access the database. As details of metastases were not recorded before 2010, patients with primary EC who were ≥18 years of age at diagnosis and between 2010 and 2015 were analyzed. The site code ICD-O-3 (International Classification of Diseases Oncology-3) is limited to C54.0–C54.9 and C55.9, and the exclusion criteria for patient selection were: unknown histological type classification, unknown American Joint Committee on Cancer (AJCC) tumor (T) and node (N) staging, unknown exact tumor size, and unknown metastatic information. The patient selection flowchart is shown in Figure 1. Histological types of ECs were classified according to ICD-0-3 site/histology (endometrioid: 8380–8383/3, 8140/3, 8210/3, 8211/3, 8560/ 3, 8260/3, 8262/3, 8263/3, 8570/3, 8261/3, 8480–8482/3; serous: 8441/3, 8460/3, 8461/3; carcinosarcoma: 8950/3, 8951/3, 8980/3, 8981/3; clear cells: 8310/3 and mixed epithelial cells: 8323/3, 8255/3).


[image: Figure 1]
FIGURE 1 | The flowchart of patient selection.


Data on clinical and pathological characteristics, including age, ethnicity, marital status at diagnosis, histological type, grade, AJCC T and N stage, tumor size, and metastatic status, were collected from the SEER database. Based on the inclusion and exclusion criteria, 42,073 EC patients were enrolled in this study. We split all populations into training and validation cohorts in a 7/3 ratio. Because all personally identifiable information in the SEER database was withheld, informed consent was not required for the use of SEER data. This research project complied with the 1964 Declaration of Helsinki and its subsequent amendments or similar ethical standards.



Statistical analysis

Statistical analysis was performed using the SPSS 21 software. The Kolmogorov–Smirnov test was used to verify the normality of the variables. Categorical data are presented as frequency (%) and analyzed using the chi-square test. Normally distributed variables are expressed as mean ± standard deviation, whereas non-normally distributed variables are expressed as median (interquartile range). Univariate and multivariate logistic regression analyses were used to identify the risk factors. Simultaneously, 95% confidence intervals (CIs) and hazard ratios were calculated. Factors with p values <0.05 were included in the multivariate regression model.

The LM nomogram was also based on the results of a multivariate logistic analysis using the rms package in R version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria; www.r-project.org). A receiver operating characteristic (ROC) curve was drawn, and the area under the ROC curve (AUC) was calculated to assess the discriminative ability of the nomogram. Finally, we evaluated the stability of the LM nomogram through internal validation of 1,000 bootstrap samples. A calibration plot was drawn to analyze the agreement between the observed and predicted probabilities.




Results


Characteristics of the study population

Based on the selection process, 42,073 patients were included in our study. Specifically, 29,451 patients were included in the training cohort, and the remaining 12,622 patients were included in the test cohort. The incidence of LM was 1.4% (n = 603). The baseline of 42,073 patients are shown in Tables 1, 2. Among patients with and without LM, age (p = 0.002); tumor grade (p < 0.001), AJCC T stage (p < 0.001) and N stage (p < 0.001), and histological type (p < 0.001); race (p < 0.001); insurance status (p = 0.001); tumor size (p < 0.001); and the occurrence of bone (p < 0.001), brain (p = 0.017), and liver metastases (p < 0.001) were significantly different. There were no statistically significant differences in terms of the marital status (p = 0.236).


TABLE 1 | Demographical and clinical characteristics between endometrial carcinoma patient with the lung metastases and without the lung metastases.
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TABLE 2 | Demographical and clinical characteristics between patient with the primary cohort and the validation cohort.
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Risk factors for LM in patients with EC

Among the 42,073 patients, 603 (1.4%) had LM at the first visit, and 41,470 (98.6%) did not. Univariate logistic analysis was used to analyze 11 predictors to determine LM-related variables in patients with EC. The results showed that eight predictors were related to LM in patients with EC: tumor size (p < 0.001), grade (p < 0.001), histological type (p < 0.001), and AJCC T stage (p < 0.001) and N stage (p < 0.001); and bone (p < 0.001), liver (p < 0.001), and brain (p < 0.001) metastases (Table 3). Then, statistically significant factors of the univariate logistic analysis were included in the multivariate logistic regression analysis, and the results showed that higher grade (p < 0.001); larger tumor (p < 0.001); higher T stage (p < 0.001); higher N stage (p < 0.001); specific histological type (p < 0.001); and the occurrence of bone (p < 0.001), liver (p < 0.001), and brain metastases (p < 0.001) were risk factors for LM. These predictors were evaluated for newly diagnosed patients with EC (Table 3).


TABLE 3 | Univariable and multivariable logistic regression for analyzing the associated factors for developing liver metastases in endometrial carcinoma cancer patients.
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Development and verification of the LM diagnostic nomogram for newly diagnosed patients with EC

Based on the eight independent LM-related variables, a diagnostic nomogram was established for LM risk assessment in newly diagnosed patients with EC (Figure 2). Simultaneously, the ROC curves of the training and validation cohorts were established. The AUC of the nomogram in the training cohort was 0.924, sensitivity was 0.903, and specificity was 0.792 (Figure 3A). The AUC of the nomogram in the validation cohort was 0.913, with a sensitivity of 0.892 and specificity of 0.779 (Figure 3B). In addition, to test the performance of the nomogram, 1,000 bootstrap resampling cycles were performed for internal verification. The calibration curves showed good agreement between the training and validation cohorts (Figures 3C,D).


[image: Figure 2]
FIGURE 2 | Nomogram predicting the probability of LM. The first line shows the point assignment of each variable. Lines 2–9 show the variables included in the model. When using a nomogram for a single patient, a point is assigned to each variable based on clinicopathological characteristics, and all points are added. Each score in the total score in row 9 will correspond to the probability of risk in the last row.
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FIGURE 3 | Identification and calibration of the nomogram in the training and validation cohorts. (A,B) ROC curve used to distinguish between training and validation cohorts. The area under the curve (AUC) is 0.924 and 0.913, indicating that the model has good performance. (C,D) Calibration curve of training cohort and validation cohort. The x-axis shows the predicted probability of the model, and the y-axis shows the actual probability.





Discussion

Approximately 15%–25% of patients with EC are already at an advanced stage at the time of diagnosis. Surgery, chemotherapy, and radiotherapy are the main treatments for patients with EC (9), which can improve the survival rate of patients. Studies have found that the early detection of metastases and surgery at the primary site play an important role in improving the survival rate of patients. The median cancer-specific survival time of patients with solitary LM undergoing surgery and those not undergoing surgery is 23 months and 9 months, respectively (10). LM-directed radiotherapy can control local tumors and improve the survival rate of patients (11). Therefore, the early detection of LM from EC and appropriate clinical measures are critical for patient survival. Regarding LM in EC, there are only studies on its risk factors (12), and no predictive model has been developed to depict the risk of LM more intuitively (8) so that it can be conveniently applied in clinical management. Therefore, a clinical model for predicting LM is urgently required to guide clinical strategies and improve the survival rate of patients with LM. This study was the first to develop a nomogram using the SEER database to predict concurrent LM in patients with EC. The total score can be calculated by obtaining data on several variables on the nomogram for each patient with EC. The risk of LM can then be easily identified using the nomogram, providing guidance for further clinical management.

Our study found that the incidence of LM was 1.4%, which is similar to that in previous studies (8). We found that a high tumor grade; large tumor size; higher T and N stages; specific histological type; and presence of bone, liver (p < 0.001), and brain metastases (p < 0.001) were risk factors for LM and were included in the prediction model. Adachi et al. also found that LM is associated with stage IV disease and deep muscle infiltration (13). Jiang et al. found that large tumor size and deep muscle invasion may be risk factors for LM in patients with stage I endometrioid EC (14). Mao's clinical case study on EC found that tissue type is a risk factor for LM, and carcinosarcoma is more prone to LM (8, 13). We also found that different histological types could affect the occurrence of LM. Compared with endometrioid histology, serous and clear cells are less prone to LM, and carcinosarcoma is more prone to LM (15). In Guo's retrospective study of 730 patients, poor differentiation was an independent high-risk factor for extraperitoneal metastasis and has been widely accepted by clinicians as a feature of high-risk EC (10). Once distant metastasis occurs, it indicates that there has been extraperitoneal diffusion and cervical interstitial infiltration, therefore LM is also more likely to occur. We verified the nomogram internally and externally. There was consistency between the predicted results and those observed during verification. The ROC curve's AUC in the training cohort was 0.924 and the AUC of the line graph was 0.913 in the validation cohort. Through this predictive model, obstetricians and gynecologists will be able to estimate the likelihood of LM in patients with EC. For patients with a higher likelihood of LM, a closer follow-up should be performed. The nomogram can be used to evaluate patients with EC before chest computed tomography (CT) to determine whether the patient requires CT. If the patient's first CT evaluation cannot determine whether metastasis is present, CT follow-up should be encouraged for patients with a high risk of LM shown on the nomogram.

This study had some limitations. First, this was a retrospective study, and there are inherent biases associated with this type of study design. Additionally, only patients with LM at their first visit were analyzed. LMs occurring later in the disease were not analyzed because they may not have been recorded in the SEER database. Third, the nomograms in our study were only validated in the same population, and there may be biases in the validation of the model performance. Therefore, more clinical data should be collected for external validation of this model in the future.



Conclusion

In conclusion, this study performed a retrospective analysis of 42,073 patients with EC using the SEER database and established for the first time a new nomogram for predicting LM based on eight independent risk factors. The verification of the model proved that it has good performance. Although predictive models have certain limitations, nomograms can reveal the relationship between clinicopathological features and LM risk in patients with EC. Through this predictive model, physicians will be able to estimate the likelihood of developing LM in patients with EC, providing guidance for further clinical management.
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