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Background: Uveal melanoma (UM) is the most frequent primary intraocular tumor in adults. This study aims to develop a nomogram and an individualized web-based calculator to predict the overall survival (OS) of elderly patients with UM.

Methods: Patients aged more than 60 years and diagnosed with UM were derived from the Surveillance, Epidemiology, and End Results (SEER) database during 2004–2015. The selected patients were randomly divided into training and validation cohorts. In the training cohort, the univariate and multivariate Cox analyses were carried out to determine the independent prognostic factors, and the predictors were integrated to establish a nomogram for predicting the 1-, 2-, and 3-year OS of elderly patients with UM. The discrimination of the nomogram was validated by receiver operating characteristic (ROC) curves and the area under the curve (AUC). The clinical practicability and accuracy of the nomogram were evaluated by the calibration curves and decision curve analysis (DCA). A web-based survival calculator was then constructed using a fitted survival prediction model (https://yuexinupup.shinyapps.io/DynNomapp/).

Results: A total of 1,427 patients with UM were included in this study. Age, T stage, N stage, M stage, marital status, sex, and radiotherapy (RT) were identified as independent prognostic factors. Based on the abovementioned factors, the nomogram was then constructed. The AUC values of the nomogram predicting 1-, 2-, and 3-year OS were 0.841, 0.801, and 0.768 in the training cohort, and 0.745, 0.717, and 0.710 in the validation cohort, respectively. The calibration curves and DCA also indicated the good performance of the predictive model.

Conclusion: This study established and validated a novel nomogram risk stratification model and a web-based survival rate calculator that can dynamically predict the long-term OS for elderly patients with UM.
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BACKGROUND

Uveal melanoma (UM) is the most prevalent primary intraocular malignancy in adults, accounting for 5% of all melanoma cases and mainly originating from the choroid (90%), followed by the ciliary body (7%) and the iris (2%) (1). Approximately 5–10 individuals per million suffer from UM worldwide each year (2). Over one-third of patients with UM will evolve into metastatic disease with a median survival of less than 1 year (3). It has been reported that UM is an age-associated disease and the incidence increases with age. Shields et al. confirmed that the incidence of UM was lower among younger children and teenagers (4, 5). Compared with other age groups, elderly patients with UM had significantly increased mortality, with a hazard ratio (HR) of 1.679 (6). Considering the aging trend of the population around the world, the number of elderly patients with UM is likely to constantly increase in the future. Studying the prognostic factors and a comprehensive prognostic model may provide some references for personalized medical decisions of elderly patients with UM (7, 8).

A number of clinical and histopathological features have been investigated in order to predict the prognosis for patients with UM; age and tumor size have been identified to be prognostic indicators for patients with UM (9). In addition, light iris color is one of the established risk factors for UM (10), and another study conducted by Lemke AJ et al. has examined the association between light iris color and the risk of death from UM (11, 12). Moreover, among the subtypes of UM, iris melanoma is associated with a better prognosis than ciliochoroidal melanoma (13). To the best of our knowledge, the prognostic study exclusive to elderly patients with UM has not been reported. With the integration of various important factors, a nomogram can individually quantify the probability of a certain clinical event of patients, including the survival rate or recurrence. Therefore, the nomogram has become a convenient clinical tool facilitating clinical decision-making and risk stratification (14). Although the nomogram can improve predictive accuracy, it may be difficult to use in clinical practice due to the need of performing manual calculation. The web-based calculator based on nomogram allows to enhance the accuracy and practicality of survival prediction based on the nomogram. This study aimed to develop a predictive nomogram and a web-based survival rate calculator that can dynamically predict the long-term overall survival (OS) for elderly patients with UM based on a population-based retrospective cohort study using the data from the Surveillance, Epidemiology, and End Results (SEER) database.



MATERIALS AND METHODS


Study Population

The SEER database, supported by the National Cancer Institute, constituted approximately 27.8% of the US population. The research data of patients with UM were downloaded from the SEER database by the SEER*Stat software version 8.3.5 during 2004–2015. We used the International Classification of Disease for Oncology third edition (ICDO-3) to identify UM cases, namely, C69.3 (choroid) and C69.4 (ciliary body and iris). The inclusion criteria of patient selection were as follows: (a) patients were diagnosed with UM during 2004–2015; (b) patients older than 60 years; and (c) patients with complete follow-up. The exclusion criteria of patient selection were as follows: (a) patients whose selected variables were unknown; (b) UM was not the patient’s first primary tumor; and (c) patients were diagnosed with autopsies or death certificates. Selected variables included age, marital status, insurance status, sex, race, primary site, laterality, histologic type, T stage, N stage, M stage, surgery, radiotherapy (RT), chemotherapy, and historic stage. X-tile software provides the best cutoff point and changes continuous variables into categorical variables; therefore, the age of patients is divided into three groups, including <70 years, 70–82 years, and >82 years (15). The study endpoint was OS, which was defined as the time between the date of disease diagnosis and the date of death from any disease cause. Figure 1 shows the workflow for the study. Patients were pathologically categorized by the 7th edition of the TNM staging system of the International Union Against Cancer/American Joint Commission on Cancer (UICC/AJCC).
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FIGURE 1. Flow diagram of filtering and selecting patient records from the SEER database. SEER: Surveillance, Epidemiology, and End Results.




Institutional Review Board Approval

This study was strictly abide by the Declaration of Helsinki and exempted from Institutional Review Board oversight from Lanxi People’s Hospital for the reason that patient information in the SEER program is de-identified and publicly available.



Statistical Analysis

In our study, the statistical method was performed using SPSS version 25.0 and R software (version 3.5.1). Differences in baseline characteristics were examined using the chi-square test. Elderly patients with UM were randomized into training and validation cohorts at a ratio of 7:3. The univariate Cox regression analysis was first used to explore OS-related variables. Those variables with p < 0.05 were further analyzed by the multivariate analysis. Then, the variables with p < 0.05 in the multivariate Cox analysis were finally determined as the independent prognostic factors of elderly patients with UM. Later, we developed a prognostic nomogram for predicting the 1-, 2-, and 3-year OS. This study performed internal and external validation of the model and plotted the time-dependent receiver operating characteristic (ROC) curves, and the value of area under the curve (AUC) was used to estimate the performance of the nomogram. The calibration curves and decision curve analysis (DCA) curves were also generated. Besides, we calculated the total point of all patients based on nomogram and divided them into three subgroups at different risks of mortality according to an optimal cutoff value determined by X-tile, including high-, medium-, and low-risk groups. The Kaplan-Meier survival analysis with the log-rank tests was conducted to compare the survival difference among the three subgroups. The value of p < 0.05 was considered statistically significant.




RESULTS


Baseline Data of Elderly Patients With Uveal Melanoma

In this study, we finally included 1,427 elderly patients diagnosed with UM. The study population were randomly allocated into two cohorts, namely, the training cohort (n = 1,000) and the validation cohort (n = 427). Patients in the age groups of <70 years (50.3%) and 70–82 years (38.7%) made up the majority of the study sample. The number of married patients (63.3%, 918 cases) was nearly twice than that of unmarried patients (35.7%, 509 cases). Almost all patients had insurance coverage (99.0%, 1,412). In the distribution of race, most of the patients (98.2%, 1,401 cases) were white. Both the male-to-female ratio and the right eye-to-left eye ratio were close to 1:1. The most common primary site of UM was choroid (89.7%, 1,280 cases), while another common site was ciliary body (10.3%, 147 cases). According to the 7th AJCC/TNM staging system, 1,124 cases were staged as T1–T2, while 303 cases were staged as T3–T4. In terms of the N and M stages, 1,398 cases were staged as N0, 29 cases as N1, 1,408 cases as M0, and another 19 cases as M1. In terms of treatment information, only a quarter of patients (25.7%) underwent surgery, while the other cases weren’t. Most of the patients received RT (1,092 cases, 76.5%). The detailed demographic and clinicopathological information of the two cohorts are listed in Table 1.


TABLE 1. Baseline demographic and clinicopathologic data of elderly patients with UM.
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Independent Predictors for Overall Survival of Elderly Patients With Uveal Melanoma

The univariate Cox analysis suggested that age, marital status, sex, primary site, histologic type, T stage, N stage, M stage, surgery, RT, and historic stage were statistically significant OS-related variables (all p-values <0.05) (Table 2). All these variables were then incorporated into the multivariate Cox analysis; age, marital status, sex, T stage, N stage, M stage, and RT were finally identified as the independent prognostic factors for elderly patients with UM (Table 2).


TABLE 2. Univariate and multivariate Cox regression analysis for elderly patients with UM.
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Construction and Validation of the Nomogram

We constructed a nomogram to predict the 1-, 2-, and 3-year OS of elderly patients with UM based on the abovementioned factors (Figure 2). Based on this model, we could select the subcategories of each predictor according to individual characteristics and get specific points by drawing a vertical line to the point axis at the upper end. Then, the total points could be calculated by adding up the points of all predictors together to estimate the 1-, 2-, and 3-year survival probability. Furthermore, the nomogram was validated in the training cohort and the validation cohort. In the training cohort, the AUC values of the nomogram predicting the 1-, 2-, and 3-year OS were 0.841, 0.801, and 0.768, respectively. In the validation cohort, the AUC values of the nomogram predicting the 1-, 2-, and 3-year OS were 0.745, 0.717, and 0.710, respectively (Figure 3). We further compared the difference of predictive performance between each independent predictor and the comprehensive model and found that the AUC of the nomogram was higher than the AUCs of all independent predictors at different time points (Figure 4). The calibration curves showed an optimal agreement between 1-, 2-, and 3-year predictions by nomogram and an actual observation in the two cohorts (Figure 5). As shown in Figure 6, the nomogram showed great positive net benefits across wide ranges of death risk in both cohorts, indicating its favorable clinical utility in predicting 1-, 2-, and 3-year OS.
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FIGURE 2. Prognostic nomogram for predicting 1-, 2- and 3-year OS of elderly patients with UM.
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FIGURE 3. The ROC (receiver operating characteristic) curves of the training cohort (A) and validation cohort (B).
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FIGURE 4. Comparison of ROC curves between the nomogram and independent predictors at 1 (A), 2 (B), and 3 years (C) in the training cohort and at 1 (D), 2 (E), and 3 year (F) in the validation cohort.
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FIGURE 5. The calibration curves of 1- (A), 2- (B), and 3-year (C) overall survival (OS) in the training cohort and 1- (D), 2- (E), and 3-year (F) OS in the validation cohort.
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FIGURE 6. The decision curve analysis of 1- (A), 2- (B), and 3-year (C) OS in the training cohort and 1- (D), 2- (E), and 3-year (F) OS in the validation cohort.


Besides, based on optimal cutoff values obtained using X-tile software, patients in the two cohorts were classified into three subgroups, each of which contained patients with different risk of death, including low-risk group (score <166), medium-risk group (score 166–233), or high-risk group (score >233). The Kaplan–Meier survival curves showed that patients who were assigned to the high-risk group had a worst survival outcome in both cohorts (p < 0.05) (Figure 7). Patients with poorer prognosis (those who are at high risk of death) tend to have clinical characteristics of older age, no RT, unmarried status, men, and advanced TNM stage.
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FIGURE 7. The Kaplan-Meier survival curves of three mortality risk subgroups in the training cohort (A) and validation cohort (B).




Development of a Dynamic Web-Based Calculator for This Nomogram

Based on the model, we developed a dynamic web-based calculator to simplify the application of this nomogram, which can be accessible via https://yuexinupup.shinyapps.io/DynNomapp/ (Figure 8). It is convenient to predict survival probability and its 95% confidence interval (CI) by inputting their clinical features. For instance, for an unmarried 76-year-old male patient with T1, N0, and M0, after receiving radiation, the 5-year OS rate was approximately 62.0% (95% CI, 54.0–72.0).
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FIGURE 8. Operation interface of web-based calculator. After inputting a patient’ s age, sex, T stage, N stage, M stage, marital status, radiotherapy status on the web, and ascertaining time point of survival prediction (A). Then, survival probability (B), graphical summary predicting 1-year (black), 3-year (blue), and 5-year (red) OS and 95% CIs (C), and a numerical summary showing the actual values of probability and 95% CIs (D) will be available. OS, overall survival; CI, confidence interval.





DISCUSSION

The UM may occur at any age, yet it is quite rare among children and young adults (16). The incidence increases with age, reaching a constant level at the age of 75 years, whereas the average age at the diagnosis of this cancer ranges from 59 to 62 years (17, 18). Despite the efforts regarding prognostic assessment of patients with UM made by a previous study (6), the complexity and high incidence of elderly patients make their targeted management and further research particularly important. We performed a current retrospective analysis using data from the SEER program. This study was the first to develop a well-validated nomogram for elderly patients with UM. By obtaining the data of several easily accessible variables on the nomogram of each individual, the total score can be easily calculated. Later, the 1-, 2-, and 3-year OS for elderly patients with UM can be easily estimated on the nomogram, which can provide guidance for further clinical management. Furthermore, to make it more flexible in practical application, the web-based survival calculator was further developed. It can produce a target patient’s survival rate at a particular time point by inputting the value of each independent prognostic factor with a single mouse click, thereby improving the model efficiency dramatically.

In our study, seven easily accessible variables were identified as independent prognostic factors, including age, sex, marital status, T stage, N stage, M stage, and RT. Similar to the previous report, age was also confirmed as an independent prognostic factor (19). The result indicated that patients in the age group of >82 years faced the worst OS (HR: 3.681, 95% CI 2.600–5.212) and patients in the age group of <70 years enjoyed the most satisfying survival outcome. This finding is in accordance with the previous study conducted by Krantz B (3). One possible explanation is that elderly patients were often associated with decreased immune function, and they may have multiple comorbidities that affect the choice of treatment and tolerance to treatment. As a result, the challenge of reducing the burden of disease attributable to UM is enormous among this population.

In addition, it was found that marital status could significantly influence the survival outcome of elderly patients with UM. Loya et al. reported that harmonious marriage had a positive effect on patients with ocular and periocular malignancies (20). Common symptoms of UM included blurred vision and proptosis; without timely treatment, it can make the eye blind, inflamed, and painful. Such symptoms can attract the early attention of partners or spouses, who may urge patients to receive timely diagnosis and treatment. Besides, those patients who are married tend to have more powerful financial resources and more psychological support (21). It has also been documented that patients who are married display less depression and anxiety than those who are unmarried after the diagnosis of UM, since a partner can share the emotional burden and provide appropriate social support (22). Therefore, clinical doctors are supposed to pay more attention to assessing and relieving the psychological stress of unmarried elderly patients with UM as well as maximizing their treatment adherence. It has been reported that male patients generally have poorer survival than female patients in various types of cancer (23). A similar situation is also presented in our study; among these patients, the mortality risk is higher for male patients than for female patients; this may be attributable to behavioral habits differences and intrinsic changes following aging. Besides, men are more attracted by tobacco and alcohol than women. The behaviors made pathophysiological characteristics in the two sexes significantly change. In addition, the intrinsic sex hormones modulating immune responses, oxidative regulation, and DNA repair played an important role in cellular activities (24). Nevertheless, the detailed mechanism of the phenomenon has not been clearly established, and further investigation was needed. The AJCC/TNM staging system on the basis of the invasion extent of primary tumor (T stage), lymph node status (N stage), and distant spread (M stage) was widely accepted to differentiate patients in the clinical working environment. In this study, T stage, N stage, and M stage were also determined as independent prognostic factors for OS in elderly patients with UM. In contrast, differing points between the results of this study and the traditional AJCC/TNM staging system may lie in visualization and quantification of the extent to which different variables contribute to the prognosis, which is valuable for precision medicine. An interesting point to note is that the greatest risk of death had been exhibited by the patients with distant metastases at the initial diagnosis. It is almost an established fact that the presence of metastatic disease is the leading cause of death in patients with UM; patients experience an increased mortality rate in parallel with the occurrence of metastasis, and this challenge will be much tougher among the elderly population with declining physical function. It is, therefore, important to evaluate the distant metastases in patients with a primary diagnosis of UM. Several reports have indicated that in UM, the risk of metastases increases with increased tumor pigmentation (25, 26). Moreover, some potential non-invasive biomarkers in sera could be used to predict the metastasis and prognosis of melanoma, and miR-23a has been reported to suppress the expression of raf kinase inhibitor protein (RKIP), which was a metastasis inhibitor and inversely correlated with metastases in UM (27–29).

However, despite increasing knowledge in the biology of UM, the therapeutic strategy is still disputed. This study found that only RT can significantly improve the survival rate of elderly patients with UM. In the 1970s, enucleation was considered the only therapy option in the treatment of UM. It is currently reserved for cases with the worst visual prognosis, such as patients with large UM (tumoral thickness greater than 8 mm), with choroidal melanoma surrounding the optic nerve, or presenting with severe hemorrhage, retinal detachment, or vitreous hemorrhage (30). Zimmerman et al. reported that the patients undergoing surgery had worse clinical outcome than those undergoing RT treatment, which may be related to distant metastasis caused by the dissemination of the tumor emboli due to the surgery invasiveness (31). Nowadays, as a form of localized RT, plaque brachytherapy has become the most popular method and an important treatment modality for the majority of UM. It was reported that the treatment mainly depended on a radioactive implant which could provide an apex RT dose of 80–100 Gy by inserting into the episcleral tissue (32, 33). The study further showed the significant effects of RT on elderly patients with UM, instead of surgery. This may also be partly associated with the higher risk of surgery among elderly patients.

There are still several limitations to this study. First, it is difficult to avoid selection bias because this study was designed in a retrospective way. Second, there is a lack of external data from different regions due to the rarity of UM; therefore, further validation with external data is needed to verify whether these results are generally applicable. Third, we are unable to consider other clinical factors and biomarkers not collected in the database that may have affected the outcomes, such as target therapy, postoperative complications, gene expression, and chromosomal alteration.



CONCLUSION

This study determined that age, sex, marital status, T stage, N stage, M stage, and RT were independent predictors for OS of elderly patients with UM. A nomogram and a web-based survival calculator were developed to distinguish the high-risk elderly patients with UM, which might help ophthalmologist to develop better clinical management and treatment strategies.
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