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Background: The tumor biology of neuroendocrine prostate cancer (NEPC) is different from that of ordinary prostate cancer, herefore, existing clinical prognosis models for prostate cancer patients are unsuitable for NEPC. The specialized individual situation assessment and clinical decision-making tools for NEPC patients are urgently needed. This study aimed to develop a valid NEPC prognostic nomogram and risk stratification model to predict risk associated with patient outcomes.



Methods: We collected 340 de-novo NEPC patients from the SEER database, and randomly selected 240 of them as the training set and the remaining 100 as the validation set. Cox regression model was used to screen for risk factors affecting overall survival (OS) and cancer-specific survival (CSS) and construct a corresponding nomogram. The receiver operating characteristic (ROC) curves, calibration curves, C-indexes, and decision curve analysis (DCA) curves are used to verify and calibrate nomograms.



Results: NEPC prognosis nomograms were constructed by integrating independent risk factors. The C-indexes, ROC curves, calibration curves, and DCA curves revealed excellent prediction accuracy of the prognostic nomogram. Furthermore, we demonstrated that NEPC patients in the high-risk group had significantly lower OS and CSS than those in the low-risk group with risk scores calculated from nomograms.



Conclusions: The nomogram established in this research has the potential to be applied to the clinic to evaluate the prognosis of NEPC patients and support corresponding clinical decision-making.
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Introduction

Prostate cancer (PCa) is one of the most common malignant tumors in men worldwide, ranking the first in morbidity and the second in mortality among men in the United States (1). In recent years, the incidence of prostate cancer in China has also continued to rise. As a subspecies of hormone-refractory prostate cancer, neuroendocrine prostate cancer (NEPC) is highly aggressive, lacks effective treatments and has a poor prognosis. In addition, NEPC patients have the following clinical characteristics: rapid deterioration and often accompanied by visceral metastasis and lytic bone lesions, obvious prostate hypertrophy, but low prostate-specific antigen levels (2). NEPC can be diagnosed after conventional adenocarcinoma therapy or as a de-novo entity. The former is mainly due to the inevitable development of castration-resistant prostate cancer after androgen deprivation therapy (ADT), and further expression of neuroendocrine markers to develop NEPC (2). However, the rate of neuroendocrine (NE) differentiation in prostate cancer after ADT is difficult to assess correctly, and many patients die from PCa without biopsy confirmation of NE differentiation, so cases are limited (3). De-novo NEPC is a rare and highly malignant disease that can be effectively diagnosed by biopsy (3). Based on this, we hope to study the prognostic factors of de-novo NEPC based on SEER, a database with a large sample size.

The tumor biology of NEPC is different from that of ordinary prostate cancer, which means that traditional prostate cancer treatments have limited efficacy in treating NEPC, so the existing clinical prognosis models for prostate cancer patients are not suitable for NEPC. We need to establish specialized individual situation assessment and clinical decision-making tools for NEPC patients.

Nomograms could integrate TMN staging and other key prognostic factors to assess patient prognosis, overall survival (OS), and cancer-specific survival (CSS). Nomograms are widely used to assess many types of cancers such as carcinoma of urinary bladder, inflammatory breast cancer, Non-Small-Cell lung cancer, and duodenal adenocarcinoma (4–7). It supports clinical decision making by predicting the prognosis of patients more accurately.

It is worth noting that although nomograms studies on prostate cancer have been reported, the independent prognostic factors of de-novo NEPC and ordinary prostate cancer are significantly different, we urgently need to establish a new prognostic model for de-novo NEPC instead of ordinary prostate cancer (8). Based on the SEER database, a de-novo NEPC-targeting nomogram prediction model was constructed to predict the OS and CSS of NEPC at 1-, 3-, and 5- year. This is the first nomogram model for assessing the patient prognosis of de-novo NEPC.



Materials and methods


Data collection and ethical statement

All data in our research were derived from the SEER database (https://seer.cancer.gov/). After obtaining the license, we collected information on the confirmed de-novo NEPC patients registered in the SEER database from 2010 to 2015. Since SEER is a public database with anonymous data, this study was waived from ethical review. By using the ICD-O-3 site code: C61.9 in combination with the histopathological code of neuroendocrine carcinoma: 8,012, 8,013, 8,020, 8,021, 8,041, 8,042, 8,240, 8,246 to screen NEPC cases. Inclusion criteria: (1) pathological diagnosis of pure NEPC; (2) de-novo NEPC; (3) Age ≥18; (4) The years of diagnosis were 2010–2015. Exclusion criteria: (1) absence of survival data; (2) non-primary tumors; (3) Cases recorded as T0; (4) patients with NE differentiation.



Research factors

The patient's race, gender, marital status, age at diagnosis, AJCC TNM stage, treatment plan (surgery, radiotherapy, and chemotherapy), distant metastasis (bone, brain, liver, lung), and survival status and time were collected. The X-tile version 3.6.1 was used to determine the optimal threshold for age and nomogram points. The OS and CSS were identified as the study endpoints. OS was defined as the time from the NEPC diagnosis date to the date of death (event occurred) or last contact (censor). CSS was defined as the time from the NEPC diagnosis date to the date of death due to NEPC (event occurred) or last contact (censor).



Statistical analysis

SPSS 26.0 software was used for data analysis, and the chi-square test or Fisher's exact test was used to compare categorical variables. Univariate and multivariate analyses were performed using Cox proportional hazards regression models to screen independent risk factors for OS and CSS in NEPC patients. Variables with significant differences in multivariate analysis were considered prognostic variables affecting patient survival, and a nomogram was drawn. The accuracy of the nomogram was assessed by C-index, calibration curve, DAC curve, ROC curve, and their corresponding AUC. Survival analysis between groups was performed using the Kaplan-Meier method and log-rank test. R 3.4.3 software is used to construct nomogram and generate ROC curve, calibration curve and DCA curve. P < 0.05 was considered significant difference.




Results


Characteristics of patients

340 patients were chosen from the SEER database. We randomly selected 240 patients as the training group, and the remaining 100 cases were selected to be included in the validation group (7:3 ratio). The details of patient selection were summarized in Figure 1. The Clinicopathological date of 340 cases of NEPC are shown in Table 1. The majority of patients in the training and validation cohorts were white (77.5% and 84.0%, respectively) and married (64.2% and 66.0%, respectively). In addition, the majority of patients in both cohorts were in AJCC stage III–IV (78.3% and 79.0%, respectively). Among the training set, 98 (40.8%) patients aged < 69 years, 111 (46.3%) patients were among 69–83 years, 31 (12.9%) patients aged > 83 years. In validation group, 27 (27.0%) patients with liver metastasis, 3 (3.0%) patients with brain metastasis, 52 (52.0%) patients received chemotherapy. All variables were not statistically significantly different between the training and validation set.


[image: Figure 1]
FIGURE 1
The flow chart of patient selection and data analysis.



TABLE 1 The clinicopathological features of the patients in training cohort and validation cohort.
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The risk factors of OS and CSS for NEPC

The univariate analysis indicated that race, age, AJCC stage, N or M stage, liver or lung metastasis were closely correlated with OS and CSS, and radiotherapy was associated with OS (P < 0.05) (Tables 2, 3). Further analysis showed that race, age, AJCC stage, T stage, chemotherapy, and liver metastasis were related to OS in the multivariate analysis (Table 2). In addition, six risk factors, including race, age, T stage, chemotherapy, brain metastasis, and liver metastasis, were closely associated with CSS (P < 0.05) (Table 3).


TABLE 2 Univariate and multivariate analyses of OS risk factors for NEPC.
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TABLE 3 Univariate and multivariate analyses of CSS risk factors for NEPC.
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Construction of a prognostic nomogram for OS and CSS for NEPC

We constructed nomograms of 1-, 3-, and 5-year OS (Figure 2A) and CSS (Figure 2B) using risk factors determined by multivariate analysis. Each risk factor corresponds to the value on the points scale, and all the risk factor points are added up to calculate the corresponding points. By drawing a line perpendicular to the total score axis, 1-, 3-, and 5-year probability of OS or CSS can be predicted for a single patient.


[image: Figure 2]
FIGURE 2
Nomograms to predict 1-, 3-, and 5-year OS or CSS of NEPC patients. (A) Nomogram for OS; (B) Nomogram for CSS.




Verification of the accuracy of the prognostic nomogram for OS and CSS

In the training group, the C-index for OS was 0.684 (95%CI: 0.648–0.721). After calculation, the C-index was 0.689 (95%CI: 0.654–0.725) for the CSS. This meant that the nomograms we constructed had high prediction accuracy. In the validation group, the C-index for OS and CSS were 0.702 (95%CI: 0.647–0.757) and 0.686 (95%CI: 0.624–0.748), respectively. Moreover, the ROC curves also showed the models had good prediction accuracy whether in the training set or the validation set (Figure 3). For the OS, the AUCs for the 1-, 3-, and 5-year survival were 0.734 (Figure 3A), 0.722 (Figure 3B) and 0.738 (Figure 3C) in the training cohort. Beyond this, in the validation group, the AUCs for the 1-, 3-, and 5-year survival were 0.706 (Figure 3D), 0.738 (Figure 3E) and 0.777 (Figure 3F). Similar to the OS, the model showed a good accuracy to predict CSS in both training group (1-,3-, and 5-years AUC: 0.762, 0.701, and 0.711) (Figures 3G–I) or the validation group (1-,3-, and 5-years AUC: 0.708, 0.756 and 0.787) (Figures 3J–L) over a period of 5 years. To go a step further, the calibration curves were established to assess the agreement between the estimated value of the nomogram and the actual value. This result showed that no matter in training cohort (Figures 4A,C,E) or validation cohort (Figures 4B,D,F), the estimated value of the nomogram and the actual value showed excellent consistency in the OS of 1-, 3-, and 5-year. And this consistency was also well reflected in the training set (Figures 5A,C,E) and the validation set (Figures 5B,D,F) of CSS. In addition, the DCA curve in (Figures 6, 7) showed that the established NEPC nomogram has better clinical applicability than the classic TNM tumor staging.


[image: Figure 3]
FIGURE 3
ROC curves to analyze the accuracy of the nomogram for 1-, 3-, and 5-year OS and CSS. ROC for OS at 1-year (A), 3-year (B), 5-year (C) in training group; ROC for OS at 1-year (D), 3-year (E), 5-year (F) in validation group; ROC for CSS at 1-year (G), 3-year (H), 5-year (I) in training group; ROC for CSS at 1-year (J), 3-year (K), 5-year (L) in validation group.
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FIGURE 4
Calibration curves of the 1-, 3-, and 5-year OS of NEPC patients. 1-year (A), 3-year (C), 5-year (E) OS in training group; 1-year (B), 3-year (D), 5-year (F) OS in validation group.
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FIGURE 5
Calibration curves of the 1-, 3-, and 5-year CSS of NEPC patients. 1-year (A), 3-year (C), 5-year (E) CSS in training group; 1-year (B), 3-year (D), 5-year (F) CSS in validation group.
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FIGURE 6
DCA curves of the 1-, 3-, and 5-year OS of NEPC patients. 1-year (A), 3-year (B), 5-year (C) OS in training group; 1-year (D), 3-year (E), 5-year (F) OS in validation group.
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FIGURE 7
DCA curves of the 1-, 3-, and 5-year CSS of NEPC patients. 1-year (A), 3-year (B), 5-year (C) CSS in training group; 1-year (D), 3-year (E), 5-year (F) CSS in validation group.




Predict the probability of OS or CSS by risk

Based on the nomogram, the patients were divided into two groups according to the degree of risk based on the threshold values obtained by the X-tile software. For OS, patients were divided into low-risk group (total score <193.28) and high-risk group (total score ≥193.28). For CSS, patients were divided into low risk group (total score <129.92) and high risk group (total score ≥129.92). In training cohort, by analyzing the survival curve generated by Kaplan-Meier survival analysis, it was indicated that the prognosis of the two groups was significantly different in OS or CSS (Figures 8A,C). In the validation cohort, the results further demonstrated significant differences in the prognosis of OS or CSS between patients in the low-risk group and the high-risk group (Figures 8B,D).


[image: Figure 8]
FIGURE 8
Kaplan–meier curves of OS and CSS of NEPC patients by different risk levels. OS in training set (A) and validation set (B); CSS in training set (C) and validation set (D).





Discussion

At present, medical data mining is more and more applied in clinical practice (9). Clinical big data plays an important role in the establishment of prognostic models, assessment of risk factors, diagnosis and treatment of diseases, and benefits patients a lot (10, 11). Today, the nomogram has become an important decision-making tool in modern medicine to predict disease risk or long-term survival outcomes (12, 13). The nomogram visualizes the probability of disease or death for each patient by quantifying the impact of various individual risk factors on the outcome event (14, 15). Given that NEPC is a rare and highly aggressive malignancy, the prognosis of patients with NEPC remains a challenging issue for physicians, yet most NEPC investigations are based on case reports or retrospective studies limited by small sample sizes (16–20). Therefore, this study examined a cohort of prostate cancer patients based on a large population from the SEER registry between 2010 and 2015. We aim to investigate the prognostic value of NEPC based on various clinicopathological features and construct a survival prognosis nomogram.

Various factors such as age, race, marital status, and TNM stage have been shown to be independent prognostic factors for prostate cancer (21, 22). In contrast to their study, we developed a prognostic model for NEPC patients only, which is essential to exclude the heterogeneity of common prostate cancer and NEPC. In our study, race, age, AJCC stage, T stage, chemotherapy, and liver metastasis were strongly associated with OS, whereas race, age, T stage, chemotherapy, brain metastasis, and liver metastasis were independent prognostic factors for CSS. Interestingly, radiotherapy was not correlated with OS or CSS in NEPC. Age and race have long been identified as predictors of survival in prostate cancer patients (23, 24). As age increases, the risk of death is higher. Surprisingly, we found that other ethnic groups such as American Indians /AK Natives and Asian/Pacific Islanders had worse survival probabilities compared to whites, contrary to the conclusion of the general prostate cancer study(25, 26), but consistent with the results of other NEPC studies (27). Akoto et al. noted that most deaths associated with PCa are caused by metastatic disease characterized by prostate tumor cells metastasizing to various distant organs (28). Similarly, we found that NEPC patients with liver or brain metastases had a higher risk of death, especially for liver metastases. Regarding clinical staging, they are widely considered to be robust prognostic predictors and are used in combination to analyze the risk of death in patients with NEPC (29).

The TNM staging system is considered the standard method for staging prostate patients (30). However, the inherent limitations of the TNM staging system are unavoidable, as it only emphasizes the primary tumor site, regional lymph node involvement, and distant metastasis in assessing patient prognosis, without considering other factors that affect patient prognosis, such as age, race, surgery, and chemoradiotherapy (31, 32). The advantage of establishing prognostic assessment tools is that they provide intuitive initial survival expectations on which clinicians and patients can jointly determine treatment options. However, predictive tools are not a substitute for clinical judgment, and clinicians need to make trade-offs based on individual differences, such as severity of comorbidities and physical conditions. This is the first column graph to evaluate survival in patients with NEPC and may therefore provide new clues for clinical transformation.

Our study had some limitations. First, the incidence of NEPC is too low and easy to be ignored, resulting in only 340 eligible cases in the database we eventually included. In addition, the low incidence made it difficult for us to collect enough external cases for external verification, so we could only use internal verification. Secondly, since our study was a retrospective case study based on the SEER database, related prognostic factors such as PSA and Gleason score for prostate cancer were not available. However, we have included basic variables such as age, stage, metastatic status and other important prognostic factors and will not cause devastating deviations. Lastly, as a retrospective study, the model we have established still needed some prospective clinical trials to verify it.



Conclusion

In conclusion, in our research, we identified the risk factors of NEPC through univariate and multivariate analyses and constructed the nomogram of OS and CSS for 1-, 3-, and 5-year. We further conducted ROC analysis and established calibration curves and DCA curves to verify the accuracy of the nomogram of OS and CSS. To the best of our knowledge, our study applied a nomogram on the basis of the SEER database to NEPC for the first time. Therefore, the nomogram has the potential to be broadly applied to NEPC patients for specialized individual situation assessment and clinical decision-making.
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