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Orbital rhabdomyosarcoma (RMS) is a relatively rare primary malignancy occurring in children. The objective of this study was to evaluate the cumulative incidence of cancer-specific death and competing risk of death among RMS patients after surgery and to build nomograms to predict overall survival (OS) and cancer-specific survival (CSS) based on a large population-based cohort. The records of 217 patients who were pathologically diagnosed with an orbital RMS between 1973 and 2015 from the Surveillance, Epidemiology, and End Results (SEER) database were retrospectively analyzed. The 10-, 20-, and 40-years OS rates and cancer-specific mortality were 82.5, 72.2, and 48.9%, respectively, and 14.8, 21.7, and 21.7%, respectively. The established nomograms were well-calibrated and validated, with a concordance index (C-index) of 0.901 and 0.944 for OS prediction, 0.923 and 0.904, for CSS prediction in the training and validation cohorts, respectively. The values of area under the receiver operating characteristic curve (AUC) for 10-, 20-, and 40-years OS and CSS prediction were 0.908, 0.826, and 0.847, and 0.924, 0.863, and 0.863, respectively. The established nomogram showed relatively good performances and could be convenient individualized predictive tools for prognostic prediction in RMS patients.
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INTRODUCTION

Rhabdomyosarcoma (RMS) represents a malignant tumor of skeletal muscle origin, accounting for 5–10% of childhood cancers and more than 50% of pediatric soft tissue sarcomas (1). In about 35% of cases, the head and neck are the main sites of RMSs, with most tumors located in the orbit, which contributes to 10% of all sites of RMSs (2). Orbital RMSs are the most common primary malignancy occurring in children, and patients with orbital RMSs have a relatively good prognosis after multimodality therapy, including surgery, chemotherapy, and radiotherapy (3, 4). Surgery plays an extremely important role in the treatment of orbital RMSs because the removal of most of the tumor burden is the foundation of local control of the disease and contributes to improved efficacy of chemotherapy and radiotherapy. However, due to the rarity of orbital RMSs, there are few published studies on the clinical and pathological factors associated with orbital RMSs. The existed ones provide only limited information due to the small numbers of the cohorts or single-center nature of the studies. Moreover, the tumor-node-metastasis (TNM) staging system, which is the most common cancer staging system, features no established criteria for anatomic staging of RMSs or prognostic prediction (5). In addition, the TNM staging system includes only tumor size, lymph node (LN) metastasis, and distant metastasis, ignoring age, gender, tumor pathological type, and tumor grade. Therefore, the establishment of a specific staging system is important to stratify the prognosis of patients with orbital RMSs after surgery.

The development of a treatment paradigm has resulted in improved survival, with many studies reporting that 5-years overall survival (OS) rates varied from 75 to 90% (3, 6, 7). The improved prognosis and prolonged survival have led to a greater focus on the increasing rates of comorbidities. Previous studies indicated that deaths due to causes other than the primary cancer may account for a significant proportion of all mortalities of patients with cancers (8, 9). Previous research emphasized that failure to recognize the presence of competing risks may lead to misleading conclusions. Studies also highlighted that it was essential to consider competing risks when evaluating the prognosis, especially for patients with long-term survival (10, 11).

In this study, a competing risk analysis was conducted in patients with orbital RMSs after surgery using a large, population-based cancer dataset. We also established simple nomograms for predicting both the OS and cancer-specific survival (CSS) of orbital RMS patients after surgery.



MATERIALS AND METHODS


Patient

The Surveillance, Epidemiology, and End Results (SEER) database was used in this study. Data on patients with orbital RMSs were extracted from the SEER database from 1973 to 2015. The following International Classification of Diseases for Oncology was adopted, Third Edition (ICD-O-3), histology code: 8,900, 8,901, 8,902, 8,910, 8,912, and 8,920; and the ICD-O-3 site code C69.6. The exclusion criteria were as follows: (1) patients with a second primary cancer, (2) patients not pathologically diagnosed, and (3) patients with missing or incomplete information on clinicopathological characteristics. Three-fourths of the patients were randomly selected to form a training cohort and to develop the nomograms, and the remaining patients were used as an internal validation cohort.



Data Collection

The following variables were selected from SEER database in this study: age at diagnosis, gender, tumor size, site, grade, pathological type, tumor (T) stage (8th), LN metastasis, distant metastasis, race, and surgery.



Statistical Analysis

Statistical analyses were conducted by R version 3.4.2 software (The R Foundation for Statistical Computing, Vienna, Austria. http://www.r-project.org). The OS was analyzed using Kaplan-Meier curves and compared with long-rank test. Fine and Grey's model were adopted to evaluate the cumulative incidence function (CIF) of the variables on cause-specific mortality (12, 13). Hazard ratio (HR) and the associated 95% confidence interval (CI) were calculated. A two tailed P < 0.05 was considered statistically significant.

Independent risk factors selected by the Cox regression and Fine and Grey's model were used to construct nomogram to predict OS and CSS, respectively. The main packages in this study were crprep and rms, which were used for construction of nomogram of CSS and OS. The predictive timepoints were set as 10, 20, and 40 years, respectively. Concordance index (C-index) and calibration curves (14, 15) were used to assess the discrimination and calibration power of the nomograms. Bootstraps with 1,000 resamples were used for the development of the nomogram and calibration curve to reduce the overfit bias and the area under receiver operating characteristic (ROC) curve (AUC) was used to evaluate the 10-, 20-, and 40-year, survival predictions.




RESULTS


Characteristics of the Patients

In this study, data on 217 patients with orbital RMSs were retrospectively collected. The median age of the whole study cohort was 6 years. One hundred-nineteen (54.8%) patients were males, most of whom were white (n = 165, 76%). Nearly half the patients (n = 109, 50.2%) had underwent surgical resection. Another 22 patients were advised surgery but they did not receive surgical resection, and 86 patients were not recommended to receive surgery. There were 163 patients in the training cohort and 54 patients in the validation cohort. Table 1 shows a summary of the baseline clinicopathological characteristics of the patients. Eighty-three (50.9%) patients in the training cohort, and 22 (40.7%) patients in the validation cohort were older than 6 years old, and surgical resection was performed in 50% of the patients in both the training and validation cohorts. The clinicopathological factors of the patients in the training and validation cohort were similar.


Table 1. The comparison of clinicopathological factors between training cohort and validation cohort.

[image: Table 1]



Analysis of OS and CSS

During the follow-up period, 36 (22.1%) and 13 (24.1%) deaths occurred in the training cohort and validation cohort, respectively. In the training cohort, 27 (75.0%) deaths were the direct results of orbital RMSs, and 9 (25.0%) deaths were due to competing risk events. Seven cancer-specific deaths and six competing-risk deaths occurred in the validation cohort. The comparisons of 10-, 20-, and 40-years OS rates, cancer-specific mortality, and non-cancer-specific mortality are shown in Table 2. Patients older than 6 years old did not have higher rates of cancer-specific mortality. Tumor larger than 4 cm, located in the left orbit, and poorly differentiated were associated with higher cumulative incidences of cancer-specific mortalities. In addition, similar to OS, higher numbers of cancer-specific deaths occurred among patients with more advanced T stages (8th), LN metastasis, and distant metastasis. There were no significant differences in non-cancer-specific mortality stratified by these factors, except for the presence of LN and distant metastasis, which was associated with higher non-cancer-specific mortalities (Figure 1).


Table 2. Overall survival rates and cumulative incidences of mortality among patients with orbital RMS.
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FIGURE 1. Cumulative cancer-specific and competing mortality according to patient characteristics: (A) Age, (B) Gender, (C) Tumor size, (D) Tumor size, (E) Tumor site, (F) Tumor grade, (G) Pathological type, (H) T stage (8th), (I) LN metastasis, (J) Metastasis, (K) Race, (L) Surgery. LN, lymph node.


The median OS for the whole study cohort was 488.0 months. Fewer than 50% deaths were due to the orbital RSS. The median CSS was unavailable. The 10-, 20-, and 40-years OS rates were 82.5, 72.2, and 48.9%, respectively, and the 10-, 20-, and 40-years CSS rates were 85.0, 77.8, and 77.8%, respectively. Kaplan-Meier curves of OS, stratified by the clinicopathological factors are shown in Figure 2. Smaller tumors, well-differentiated tumors, non-alveolar pathological types, earlier T stages (8th), no LN or distant metastasis, and surgery contributed to improved OS of these patients. There was no significance in survival according to age, gender, tumor site and race.
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FIGURE 2. Overall survival rates according to patient characteristics: (A) Age, (B) Gender, (C) Tumor size, (D) Tumor size, (E) Tumor site, (F) Tumor grade, (G), Pathological type, (H) T stage (8th), (I) LN metastasis, (J) Metastasis, (K) Race, (L) Surgery. LN, lymph node.




Construction and Validation of the Nomogram

Risk factors were identified by univariate analyses, which indicated that tumor size, tumor grade, pathological type, T stage, LN metastasis, distant metastasis, and surgery were significantly associated with OS. All these variables were entered into a multivariate analyses, The results of this analysis showed that tumor grade (HR = 2.28, 95% CI = 1.30–4.00, P = 0.004), pathological type (HR = 3.51, 95% CI = 1.67–7.37, P = 0.001), T stage (HR = 2.72, 95% CI = 1.83–4.06, P < 0.001), LN metastasis (HR = 3.14, 95% CI = 1.51–6.50, P = 0.002), distant metastasis (HR = 3.11, 95% CI = 1.29–7.51, P = 0.012), and surgery (HR = 2.43, 95% CI = 1.58–3.74, P < 0.001) remained significant prognostic factors for OS (Table 3). The proportional subdistribution hazard assumption also held for variables in the CSS analysis. The results showed that poorly differentiated (HR = 3.34, 95% CI = 1.39–8.05, P = 0.007) or alveolar pathological type (HR = 2.93, 95% CI = 1.17–7.34, P = 0.022) tumor, more advanced T stage (8th) (HR = 3.20, 95% CI = 1.89–5.41, P < 0.001), presence of metastasis (HR = 3.74, 95% CI = 1.40–9.97, P = 0.008) and no surgical resection (HR = 2.80, 95% CI = 1.60–4.92, P < 0.001) all contributed to decreased CSS of patients with orbital RMSs. Nomograms were constructed for predicting both OS and CSS on the basis of these independent factors (Figure 3). In these two nomograms, the tumor grade and T stage (8th) contributed most to the prognoses of the patients, followed by surgery, pathological type of tumor, and metastasis.


Table 3. Univariate and multivariate analyses of survival in patients with orbital RMS.
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FIGURE 3. Nomograms predicting 10-, 20-, and 40-years OS (A) and CSS (B) of patients with orbital RMS. OS, overall survival; CSS, cancer-specific survival; LN, lymph node; RMS, rhabdomyosarcoma.


The established nomograms were used to estimate 10-, 20-, and 40-years OS and CSS rates by calculating the sum of points corresponding to the patient's characteristics. The accuracy of the nomogram in predicting OS was good, with a C-index of 0.901 (95% CI, 0.866–0.936) for the training cohort and 0.944 (95% CI, 0.907–0.981) for the validation cohort. The accuracy of the model for CSS prediction was also good, with a C-index of 0.923 (95% CI, 0.892–0.954) for the training cohort and a C-index of 0.904 (95% CI, 0.831–0.977) for the validation cohort, which suggested relatively good nomogram discriminative ability. The C-indexes of TNM for OS and CSS prediction were 0.702 and 0.688, respectively. Compared with TNM stage system, the established nomogram showed significantly higher predictive efficacy in survival prediction (P < 0.001). Calibration plots for survival prediction also showed fair agreement between predicted and actual survival (Figure 4). In addition, optimal predictive power of prognoses was indicated by the prognostic ROC analysis, which showed the values of the AUC for 10-, 20-, and 40-years OS and CSS prediction were 0.908, 0.826, and 0.847, respectively and 0.924, 0.863, and 0.863, respectively.
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FIGURE 4. Calibration plots of the nomogram for 10-, 20-, and 40-years OS prediction (A–C) and CSS prediction (D–F). The X-axis represents the nomogram-predicted probability of survival, and the Y-axis represents the actual OS probability. In a perfectly accurate nomogram, the prediction model would result in a plot where the observed and predicted probabilities for the given groups fall along the 45-degree line. Dots with bars represent nomogram-predicted probabilities, along with the 95% CI. OS, overall survival; CSS, cancer-specific survival; CI, confidence interval.





DISCUSSION

RMSs, which are considered the most common soft-tissue sarcomas of childhood, with the most frequent site of occurrence in the orbit, affect children more commonly (16, 17). Although the annual incidence of RMSs continues to rise steadily, the rarity of these types of tumors and the compressive retrospectively studies based on small numbers of patients make it difficult to evaluate the clinical characteristics of patients and to make an accurate estimation of survival outcomes. Moreover, the TNM staging system functions more as a clinical classification than prognosis-predicting system due to unavailability of a specific staging system for RMCs. As the patients with orbital RMSs in the present study had a relatively good prognosis, non-cancer-specific mortality need to be taken into account when evaluating the prognosis of this disease. In this study, we aimed to evaluate the prognostic factors and establish staging systems specifically for estimating OS and CSS of patients with orbital RMSs. The established nomograms were derived from a large cohort from the SEER database, showing favorable discrimination and calibration.

Surgical resection has long been an important component of the multiple treatment approach to orbital RMSs. In this study, the 10-, 20-, and 40-years OS rates of the patients after surgery were 100, 85.8, and 59.1%, respectively, which were significantly higher than those of patients who had not undergone resection. The results showed that patients who were not advised to undergo surgical resection were 5.72 times more likely to have a lower survival time as compared with that of patients who underwent surgical resection. Interestingly, patients who were not advised to undergo surgery were 2.10 times more likely to have poor survival than patients who did not receive surgical treatment, despite surgery being recommended. However, the established nomograms indicated that the contribution to poor survival was similar among all patients who did not undergo surgical resection, irrespective of whether a surgical approach was recommended. These results showed that surgery played an extremely important role in improving the prognosis of patients with orbital RMSs. The data in the present study also showed that the involvement of adjacent periorbital structures, such as the eyelids, conjunctiva, sinuses, and brain, precluded radical resection. Radiotherapy and chemotherapy were helpful for local control of disease after surgery. A multidisciplinary-based approach including surgery might offer the best chance of obtaining a favorable prognosis among patients with orbital RMSs (18, 19).

In common with other kinds of cancers (11, 20, 21), routine clinical and pathological factors in the TNM staging system, including the T stage (8th), LN metastasis, and distant metastasis, were associated with the prognosis of the patients. The established nomograms illustrated that the T stage (8th) had the biggest influence on survival. The results showed that there were 12.94, 6.72, and 3.72 times for T4, T3, and T2 stage patients, respectively, to have decreased survival as compared with patients with T1 stage. In the present study, tumor size, which is an important component of the T stage, was not established as an independent prognostic factor when it was analyzed together with the T stage in the multivariate analysis, indicating that apart from tumor size, the involvement of the periorbital structures might be a potential prognostic factor in patients. Thus, attention should be paid to the surgical removal and local reinforcement by radiation and chemotherapy of the periorbital involvement of disease. LN metastasis and distant metastasis are indications of advanced-stage disease and are regarded as contraindications for surgery. In this study, LN metastasis was an independent prognostic factor for OS, and distant metastasis was a significant predictor of worse OS and CSS of patients with orbital RMSs.

Apart from common pathological factors, our staging system indicated that the magnitude of a poor prognosis as tumor grade changed from well to poorly differentiated. Moreover, the pathological type was an independent prognostic factor among orbital RMS patients, and the alveolar type represented a significantly worse prognosis compared with other types of orbital RMSs in this study. This finding was in accordance with that of other reports (3, 4, 22). The tumor grade and pathological type were the intrinsic nature of the tumor and were independent of other pathological factors, such as tumor size, LN metastasis, or distant metastasis. According to the established nomograms, patients with different tumor grades or histological types would be assigned different scores indicating different survival times, irrespective of whether they were classified as the same TNM stage. In current classification systems, the tumor grade and pathological type are used to assess long-term survival (5). The additional inclusion of the tumor grade and pathological type in the proposed system partly explains the differences in the prognosis predicted by the TNM stage system and the nomograms established herein. The inclusion of these parameters could enhance the predictive power of nomograms in estimating the prognosis in patients with orbital RMSs.

In our study, causes other than the primary orbital RMS contributed to 30.6% of the deaths. As far as we know, this is the first study to build competing risk nomograms for patients with orbital RMSs. The established nomograms were well-calibrated and showed relatively strong predictive power. The C-indexes of nomograms for OS and CSS prediction in both the training and validation cohorts were all higher than 0.90, showing that there was a >90% probability that earlier death would be observed in individuals with a higher nomogram score than those with a lower score. The well-fitted calibration plots and relatively high values of the AUC also indicated the good accuracy of the established nomograms. Additional strengths of this study were the large cohort size and long-time follow-up period. As the first competing risk nomogram based on the largest cohort and longest time follow-up, the findings can be promoted in clinical practice where they can be used to predict survival rates in patients orbital patients RMSs after surgery.

This study has several limitations that should be noted. A major limitation of the present study was that the variables used to construct the nomograms represented only some clinical and pathological features. Data on various important tumor pathological features, including surgical margin status and tumor necrosis, were unavailable in the SEER dataset. We acknowledge that certain additional variables (e.g., pathological factors or molecular biomarkers) might provide potential predictive information. Similarly, the absence of information on radiotherapy and chemotherapy in the SEER database limits the use of the established nomograms to a certain degree. A lack of external validation was also a limitation of this study. Due to the rarity of this disease, it was difficult for the inclusion of adequate external validation in this study. Although the established nomograms exhibited good discrimination and validity, further validation based on an external cohort is needed to determine their validity.

In conclusion, we evaluated cancer-specific deaths and non-cancer-specific deaths in patients with orbital RMSs and built the first nomograms to specifically predict 10-, 20-, and 40-years OS and CSS using a large population-based cohort from the SEER database. The established nomograms can be used to provide accurate and valuable information for both patients and doctors, allowing tailored treatments for patients with orbital RMSs after surgery.
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