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Objective: According to statistics, patients with high-risk prostate cancer (PC) account for about 15% of prostate cancer diagnoses, and high-risk patients usually have a poor prognosis due to metastasis and recurrence and have a high mortality rate. Therefore, the accurate prediction of prognostic-related risk factors in middle-aged high-risk PC patients between 50 and 65 can help reduce patient mortality. We aimed to construct new nomograms for predicting cancer-specific survival (CSS) and Overall survival (OS) in middle-aged high-risk PC patients.

Methods: Data for patients aged between 50 and 65 years old and diagnosed with high-risk PC were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. Univariate and multivariate Cox regression models were used to identify independent risk factors for CSS and OS in patients. Nomograms predicting CSS and OS were developed based on multivariate Cox regression models. The concordance index (C-index), the area under the receiver operating characteristic curve (AUC), and the calibration curve are used to detect the accuracy and discrimination of the model. Decision curve analysis (DCA) is used to detect the potential clinical value of this model.

Results: Between 2010 and 2018, 1,651 patients diagnosed with high-risk PC and aged 50–65 years were included. In this study, the training group (n = 1,146) and the validation group (n = 505) were randomly assigned in a ratio of 7:3. The results showed that M stage, Gleason (GS) and surgical mode were independent risk factors for CSS; marital status, T stage, M stage, surgical mode, and GS were independent risk factors for OS. The C-index for predicting CSS in the training and validation groups are 0.84 and 0.811, respectively; the C-index for predicting OS in the training and validation groups are 0.824 and 0.784, respectively. The AUC and the calibration curves also showed good accuracy and discrimination.

Conclusions: We constructed new nomograms to predict CSS and OS in middle-aged high-risk PC patients. The prediction tools showed good accuracy and reliability, which can help clinicians and patients to make better clinical decisions.
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Background

Prostate cancer (PC) is the second most common malignancy in men after non-melanoma skin cancer (1). In 2022, there will be 2,608,490 new cases of prostate cancer in the US (2). Due to PSA detection technology's popularity, the PC detection rate is still increasing (3). In the past few decades, the incidence of prostate cancer in patients under 50 years old has increased by 5-fold (4), but PC is still at a high incidence over 50 years of age. The European Association of Urology (EAU) also recommends PSA testing for (5) in men over 50 years. According to statistics, patients with high-risk prostate cancer account for about 15% of (6) prostate cancer diagnoses. Moreover, high-risk patients usually have a poor prognosis due to metastasis and recurrence and have a high mortality (7). Therefore, it is crucial to find the influencing factors associated with overall survival (OS) and cancer-specific survival (CSS) in high-risk PC patients.

In the past, the traditional TNM staging system was mostly used for tumor evaluation, but it lacked many clinicopathological factors associated with cancer prognosis, such as surgical method, age, chemotherapy, etc. Although the D'Amico risk stratification system includes important indicators such as PSA and Gleason score (GS) for PC patients than the traditional TNM staging system, it still lacks key information such as patient marital status, race, age, etc. Risk stratification for PC patients currently relies on D'Amico: low risk (clinical stage T1-T2a, PSA<10 ng/mL and GS≤6), moderate risk (T2b or 10<PSA ≤20 ng/mL or GS 7), or high-risk (stage≥ T2c or PSA>20 ng/mL or GS≥8) (8). According to the literature, T stage, PSA and GS scores are all closely related to the prognosis of PC patients, so the prognosis of PC patients with different risks must be heterogeneous. High-risk PC patients have a poor prognosis due to their high PSA, GS and T stages, so it is particularly important to find factors related to the prognosis of high-risk PC patients.

The nomogram is essentially a graphical computational tool, it based on staging systems such as the American Joint Committee on Cancer (AJCC) and other key risk factors associated with prognosis to estimate the risk of disease (9). At present, more and more researchers develop nomograms based on SEER database to predict the survival and prognosis of various cancers. For example, Jiang et al. (10) developed the prognosis and nomogram to predict postoperative survival of duodenal adenocarcinoma, Zuo et al. (11) developed and constructed the survival nomogram for patients with stage IB non-small cell lung cancer, and Tang et al. (12) developed a novel nomogram to predict cancer-specific survival of patients initially diagnosed with metastatic oesophagal cancer. The incidence of PC is age-related, with more than 60% of patients over the age of 65 years old (13). However, it has been reported that 50 years is the most common cut-off age to distinguish between younger and older patients, with a median incidence of younger patients being 8.3%. Compared with the elderly patients in these consecutive cohorts, the younger group of patients below 50 consistently showed significantly more favorable clinicopathological features and a better oncological prognosis (14). Zheng et al. (15) suggested that age 50 may be a practical and meaningful cut-off value for when studying the effect of age on PC progression and considering treatment options. Unfortunately, to the best of our knowledge, no investigator have constructed nomograms for middle-aged high-risk PC patients between 50 and 65 years. Based on this, we constructed nomograms that can predict CSS and OS based on data from the SEER database, which underwent internal cross-validation to provide better guidance for clinicians.



Methods


Data source and extraction

Data on patients diagnosed with high-risk prostate cancer from the periods between 2010 and 2018, aged between 50 and 65 years, were downloaded from the SEER database. The SEER database contains data from 18 cancer medical centers and 30% of the population. The data in the SEER database are publicly available, and the patient information is hidden, so neither ethical approval nor informed consent from the patients is required. We followed the guidelines published in the SEER database for this study.

The SEER database includes many variables, such as race, age, marital status, surgical method, TNM stage, radiation therapy, tumor grade, chemotherapy, GS, and PSA. In addition, patient survival status, survival time, and cause of death were also obtained from the SEER database. The race of patients were classified as African American, Caucasian, and other. Marital status included married, single, divorced, and widowed. Surgical methods mainly include radical prostatectomy and local tumor resection. The inclusion criteria for this study were: (1) patients aged between 50 and 65 years; (2) a pathological diagnosis of prostate cancer; (3) PC patients with high-risk risk stratification by D'Amico. Exclusion criteria: (1) patients <50 or older than 65 years; (2) unknown marital status; (3) unknown tumor grade; (4) T stage below T3a or T stage unknown; (5) N stage unknown; (6) M stage unknown; (7) unknown surgical method; (8) PSA < 20 ng/ml or unknown; (9) GS score <8 or unknown; (10) survival time <1 month or unknown survival time. A flowchart of patient inclusion and exclusion is shown in Figure 1.
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FIGURE 1
 Flowchart for inclusion and exclusion of middle aged high-risk prostate cancer.




Development and validation of the nomograms

In this study, a total of 1,651 middle-aged high-risk PC patients were included. We set a random number and randomly divided all patients into training and validation groups in a ratio of 7:3. Independent risk factors for patients in the training set were analyzed using univariate and multivariate Cox proportional regression models. Univariate Cox regression analysis was performed on all variables to screen for prognostic factors. Multivariate Cox stepwise backward regression analysis was then used to identify independent risk factors. Nomograms were constructed based on the results of the multivariable Cox regression analysis and were used to predict the CSS and OS at 3-, 5-, and 8- years in middle-aged high-risk PC patients. In addition, we used a calibration curve of 1,000 bootstrapped samples to validate the prediction accuracy of the nomogram at 3, 5, and 8 years. Finally, we used the area under the receiver operating characteristic curve (AUC) test and the concordance index (C-index) to test the accuracy and discrimination of the model.



Clinical application

The potential clinical value of nomograms were assessed using decision analysis curves (DCA). In addition, the risk scores for each patient was calculated. Based on the receiver operating characteristic (ROC) curve, we used the Youden index to choose the best cutoff value. Based on this cutoff value, patients were divided into high-risk and low-risk groups. Using log-rank test and Kaplan-Meier (K-M) curve, we tested the differences in survival between high-risk and low-risk patients. We analyzed the CSS and OS of patients between different surgery, GS, and metastasis. In addition, we analyzed differences in OS for T stage and marital status between high- and low-risk groups.



Statistical analysis

Continuous variables are described using mean ± standard deviation. Comparisons between groups were performed using the chi-square or non-parametric U-test. Frequency (%) was used to describe categorical variables and chi-square test was used to compare differences between groups. Cox regression model was used to analyze the prognostic factors of patients, and survival differences were analyzed by K-M curve and log-rank test. R software version 4.1.0 and SPSS 26.0 were used for statistical analysis. R packages include “survival,” “ggdca,” “dynnom” and “rms.” A p-value < 0.05 were considered statistically significant.




Results


Clinical features

In total, 1,651 patients with patients with PC were included in this study by the inclusion exclusion criteria. These patients were all aged between 50 and 65 years old, and were diagnosed as high-risk. The training group consisted of 1,146 patients and the validation group consisted of 505 patients. The mean age of all patients was 58.7 ± 3.94 years, with 71.3% Caucasian and 61.0% married. The tumor grade was dominated by grade III (99.7%). The T stages were T3a (28.0%), T3b (43.8%), and T4 (23.2%). The N stages were N0 (53.1%) and N1 (46.9%). The majority of the patients were mainly M0 (74.2%). Patients with radical prostatectomy were 51.7%, and 43.4% without surgery. Patients who did not receive chemotherapy accounted for 99%. While 37.8% of patients did not receive radiotherapy, the majority of patients received radiotherapy, including beam radiation (0.42%), radioactive implants or isotopes (1.76%), and combined radiotherapy (60.0%). The GS score of eight points was 39.6%, GS 9 points 51.5% and GS 10 points 8.90%. There were 53.8% of patients with PSA ≥20 ng/ml and <50 ng/ml, 20.5% with PSA≥50 ng/ml and <98 ng/ml, and 25.6% with PSA≥98 ng/ml. Table 1 shows the clinical characteristics of the two groups of patients, and the results showed no significant statistical bias.


TABLE 1 Clinicopathological characteristics of patients with high-risk PC in middle age.
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Cox regression analysis

We first used a univariate Cox regression model to analyze the influencing factors of the training group related to CSS and OS. The results showed that surgery, TNM stage, chemotherapy, marital status, combined radiotherapy, GS, and PSA were prognostic factors affecting patients' CSS. While race, marital status, surgery, chemotherapy, TNM stage, combined radiotherapy, GS, and PSA were the influencing factors patients' OS. Then, independent risk factors associated with patients' CSS and OS were identified using multivariate Cox regression analysis. The results showed that M stage, surgery, and GS were independent risk factors for CSS. Whereas, T stage, marital status, M stage, surgery, and GS were independent risk factors for OS. The results are shown in Tables 2, 3.


TABLE 2 Univariate and multivariate analyses of CSS in training cohort.
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TABLE 3 Univariate and multivariate analyses of OS in training cohort.
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Development and validation of the nomograms

We constructed two nomograms based on a multivariate Cox regression analysis model to predict the 3-, 5-, and 8-year CSS (and OS) in middle-aged high-risk prostate cancer patients (Figure 2). As can be seen from the figure, M stage, surgical mode, and GS are independent risk factors for patients' CSS; marital status, T stage, M stage, surgical mode, and GS are independent risk factors affecting patients' OS.


[image: Figure 2]
FIGURE 2
 The nomograms for predicting 3-, 5-, and 8-year CSS and OS in middle aged high-risk prostate cancer. (A) The nomogram for predicting CSS. (B) The nomogram for predicting OS.


The accuracy and discriminant of nomograms were evaluated by internal cross-validation. C-indexes for training and validation groups for predicting CSS are 0.84 (95% CI: 0.816–0.864) and 0.811 (95% CI: 0.772–0.85), respectively. C-indexes for training and validation groups for predicting OS are 0.824 (95% CI: 0.8–0.848) and 0.784 (95% CI: 0.741–0.827), respectively. It shows that the prediction models have good recognition ability. The results of calibration curves showed that the predicted values of the nomograms were highly consistent with the actually observed values (Figure 3), indicating that the nomograms have good accuracy. In the training group, AUC of the nomogram for CSS are 86.9, 81.6, and 86.6 at 3-, 5-, and 8-year. In the validation group, AUC of the nomogram for CSS are 83.6, 81.3, and 83.8. In the training group, AUC of the nomogram for OS are 84.8, 80.9, and 83.8. In the validation group, AUC of the nomogram for OS are 83.2, 80.7, and 84.7 (Figure 4).


[image: Figure 3]
FIGURE 3
 Calibration curve of the nomograms for predicting 3-, 5-, and 8-year CSS and OS in middle aged high-risk prostate cancer. (A) Calibration curve of the nomograms for predicting 3-, 5-, and 8-year CSS in the training set. (B) Calibration curve of the nomograms for predicting 3-, 5-, and 8-year CSS in the validation set. (C) Calibration curve of the nomograms for predicting 3-, 5-, and 8-year OS in the training set. (D) Calibration curve of the nomograms for predicting 3-, 5-, and 8-year OS in the validation set. The horizontal axis is the predicted value in the nomogram, and the vertical axis is the observed value.
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FIGURE 4
 AUC for predicting 3-, 5-, and 8-year CSS (A,B) and OS (C,D) in middle aged high-risk prostate cancer.




Clinical application of the nomograms

The DCA results showed that the nomograms for predicting CSS and OS had good clinical potential values in both training and validation groups (Figure 5). Furthermore, we calculated the optimal cutoff using the Youden index of ROC curve. Patients were divided into the high-risk group (total score ≥69.75) and the low-risk group (total score < 69.75) for the CSS analysis. In addition, 95.8 as a cut-off value divided patients into high-risk and low-risk groups for OS analysis. The K-M curve showed that the CSS and OS rates were significantly higher in low-risk group (Figure 6). In the low-risk group, The CSS rates at 3, 5, and 8 years were 98.1, 93.4, and 85.4%, respectively. In the low-risk group, the 3-, 5-, and 8-year OS rates were 96.8, 90.3, and 77.4%, respectively. We found that most patients underwent radical prostatectomy, followed by non-surgery. Patients undergoing radical prostatectomy have highest CSS and OS rates (Figures 7A,B). However, the higher the GS score, the lower the CSS and OS (Figures 7C,D). We analyzed differences in survival among patients with different T stages, the higher the T stage, the lower the OS (Figures 8A,B). The low-risk and high-risk groups showed that the married patients had the highest OS rate (Figures 8C,D). In addition, patients with distant metastases had lower CSS and OS than those without distant metastases (Figure 9).


[image: Figure 5]
FIGURE 5
 DCA of the nomograms for predicting CSS (A,B) and OS (C,D) of the training set and validation set.
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FIGURE 6
 Kaplan-Meier curves for predicting CSS (A,B) and OS (C,D) of patients in the low-risk and high-risk groups.
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FIGURE 7
 Kaplan-Meier curves for predicting CSS and OS in patients with different surgery (A,B) and GS (C,D).
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FIGURE 8
 Kaplan-Meier curves for predicting OS in patients with different T stage (A,B) and marital status (C,D).



[image: Figure 9]
FIGURE 9
 Kaplan-Meier curves for predicting CSS (A) and OS (B) in PC patients with distant metastases.





Discussion

As a senile disease, the onset of PC is closely related to age. The age of onset of PC is mostly concentrated in people over 65 years old (13). However, when PSA was first used for PC screening, it was not performed on patients of all ages, but primarily on patients over the age of 50. There are many studies on PC in the elderly patients, but few on PC in middle-aged patients of 50–65 years. Because middle-aged patients have fewer comorbidities, the prognosis is often better than older patients. However, high-risk PC patients often have a poor prognosis due to their vulnerability to metastatic recurrence. Therefore, the prognosis of middle-aged high-risk PC patients is worth our exploration. This study analyzed the risk factors in middle-aged high-risk PC patients and developed nomograms that could predict both OS and CSS.

High-risk PC was defined by the D'Amico risk stratification system as a patient with a T stage≥T2c, or PSA> 20 ng/mL, or GS≥8 (16). Thus, it shows that the high-risk patients have higher PSA, GS, and TNM stages. Clinically, in addition to traditional TNM staging, age, race, marital status, surgical method, radiotherapy and chemotherapy, PSA, and GS also affect the prognosis of patients. However, our study showed that for high-risk PC in middle age, independent risk factors affecting CSS mainly included GS, surgery and M stage, while independent risk factors affecting OS included GS, surgery, M stage, T stage, and marital status.

GS has been revised several times since it was proposed as an important influencing factor for evaluating the prognosis of patients with prostate cancer. The D'Amico risk stratification system is the most common risk stratification system for prostate cancer, divides the Gleason score into three groups (2–6, 7, and 8–10). Patients with the same GS score can have significant differences in prognosis. For example, studies have shown that patients with GS 4+3 scores have a worse prognosis than patients with 3+4 scores (17). Kryvenko et al. (18) proposed that patients with GS score 5+3, 4+4, 3+5 had significantly different. The prognosis of PC patients with different GS is more different, and a study shown that the prognosis of PC patients with GS 9-10 is worse than that of PC patients with GS 8, which is consistent with our results (19).

Surgery is one of the main treatment modalities for PC patients. At present, the main treatment methods for high-risk PC include radical prostatectomy plus long-term (2–3 years) androgen deprivation therapy (ADT) and radical prostatectomy plus pelvic lymph node dissection (PLND) (20, 21), indicating that radical prostatectomy is the main surgical method for high-risk PC. Our study also showed that it did confirm that the majority of middle-aged high-risk patients underwent radical prostatectomy. The K-M curve showed that middle-aged high-risk PC patients undergoing radical prostatectomy have the best prognosis. The study by Stephenson et al. (22) also showed that high-risk patients could benefit from radical prostatectomy, which is consistent with our conclusion. Middle-aged patients have fewer complications and better prognosis after radical prostatectomy. However, high-risk patients have a high risk of metastasis, and simple local tumor resection has no obvious benefit to patient survival.

High-risk patients have high mortality of due to risks such as recurrence and metastasis (23). The M stage refers to the distant metastasis of the tumor. At the same time, almost all cases of PC death have previously had metastasis, especially bone metastasis (24). Miyoshi et al. (25) developed a nomogram to predict overall survival in Japanese patients with metastatic prostate cancer in the bone. A novel nomogram to predict survival in prostate cancer was constructed by Liu et al. (26). The current nomograms of prostate cancer prognosis mostly include the traditional TNM stage (17, 27). These nomograms show that patients with higher T stage have a worse prognosis than those with distant metastases, which is consistent with our findings.

The relationship between marital status and oncological prognosis has been widely concerned. A trend-adjusted SEER database analysis by Chen et al. (28) confirms that marital status independently predicts NSCLC survival. The study by Ai et al. (29) showed that married patients with medullary thyroid carcinoma had better outcomes than unmarried patients. A population-based study showed that marital status was an independent predictor of laryngeal cancer survival, with widowed patients having lower survival (30). All the above studies have shown that marital status is an independent risk factor for the prognosis of cancer patients. A Meta-analysis by Guo et al. (31) on PC showed that unmarried status was associated with poorer mortality and survival outcomes in PC patients, especially in divorced and unmarried patients, which is consistent with our findings. This study showed that married patients had best outcomes for middle-aged high-risk PC patients. It may be because married patients receive more financial support and social attention. In addition, married patients may cooperate more actively and may receive more psychological comfort.

This study explored the risk factors affecting CSS and OS in middle-aged high-risk PC patients, and we constructed nomograms based on these risk factors. The internally validated model showed good accuracy that can assist clinicians and patients in decision-making. For example, in clinical practice, the highest CSS and OS rates are obtained with radical prostatectomy. In addition, if the 3-year survival rate is predicted to be low based on the nomogram, the patient can be guided for more intensive follow-up.

However, the research based on the SEER database itself has some limitations. First, for many PC patients, the main treatment modalities are active detection and ADT treatment, while the SEER database lacks data on active monitoring and ADT data. Secondly, the SEER data also lack information about patient BMI, smoking and drinking, and these factors may also be associated with the prognosis of PC patients. Thirdly, some patients were excluded because of incomplete information, so there may be some bias that is difficult to adjust for. Prospective studies are therefore necessary to confirm these findings. Finally, this study is a retrospective study and will be subject to certain bias. However, many key clinicopathological factors were still included and crossed internally so that the results were not subject to large error.



Conclusions

We explored factors affecting CSS and OS in middle-aged high-risk PC patients, and we found that GS, surgery, M stage, marital status, and T stage were independent risk factors for OS. In addition, GS, surgery, and M stage were independent risk factors for CSS. We have developed nomograms to predict CSS and OS in middle-aged high-risk PC patients, and these models showed good accuracy and reliability through internal cross-validation, hoping to help clinicians and patients make better decisions.
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