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Background

Neuroendocrine carcinoma (NEC) is a rare and highly malignant variation of prostate adenocarcinoma. We aimed to investigate the prognostic value of NEC in prostate cancer.



Methods

A total of 530440 patients of prostate cancer, including neuroendocrine prostate cancer (NEPC) and adenocarcinoma from 2004 to 2018 were obtained from the national Surveillance, Epidemiology, and End Results (SEER) database. Propensity score matching (PSM), multivariable Cox proportional hazard model, Kaplan‐Meier method and subgroup analysis were performed in our study.



Results

NEPC patients were inclined to be older at diagnosis (Median age, 69(61-77) vs. 65(59-72), P< 0.001) and had higher rates of muscle invasive disease (30.9% vs. 9.2%, P < 0.001), lymph node metastasis (32.2% vs. 2.2%, P < 0.001), and distal metastasis (45.7% vs. 3.6%, P < 0.001) compared with prostate adenocarcinoma patients. However, the proportion of NEPC patients with PSA levels higher than 4.0 ng/mL was significantly less than adenocarcinoma patients (47.3% vs. 72.9%, P<0.001). NEPC patients had a lower rate of receiving surgery treatment (28.8% vs. 43.9%, P<0.001), but they had an obviously higher rate of receiving chemotherapy (57.9% vs. 1.0%, P<0.001). A Cox regression analysis demonstrated that the NEPC patients faced a remarkably worse OS (HR = 2.78, 95% CI = 2.34–3.31, P < 0.001) and CSS (HR = 3.07, 95% CI = 2.55–3.71, P < 0.001) compared with adenocarcinoma patients after PSM. Subgroup analyses further suggested that NEPC patients obtained significantly poorer prognosis across nearly all subgroups.



Conclusion

The prognosis of NEPC was worse than that of adenocarcinoma among patients with prostate cancer. The histological subtype of NEC is an independent prognostic factor for patients with prostate cancer.
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Introduction

Prostate cancer, has the highest incidence of malignancy among men in the United States in 2021, which accounts for 26% of diagnoses (1, 2). Furthermore, it is also the second leading cause of cancer related deaths, only behind lung cancer (1). The predominant pathological type of prostate cancer is adenocarcinoma, and the assessment regarding incident rates, survival outcomes and therapeutic methods for prostate cancer are primarily according to this single histology (3). Neuroendocrine carcinoma (NEC) is a rare histological type, accounting for approximately 1% of newly diagnosed prostate cancer (4). Neuroendocrine prostate cancer (NEPC) possesses highly malignant characteristics such as poorly differentiated and high-grade (3, 5). In recent years, the incidence of NEPC has been rising and arouse wide concern (6, 7). Long-tern androgen-deprivation therapy (ADT) for prostate adenocarcinoma could contribute to castration resistant prostate cancer (CRPC), which may eventually develop to NEPC due to heterogeneity and evolution of prostate adenocarcinoma during therapy (8–11). Therefore, the extended application of ADT could partly explain the cause of the rising incidence of NEPC. Notably, the molecular mechanism by which NEPC transforms from prostate adenocarcinoma remains to be elucidated. Besides, as an increasingly recognized histologic subtype of prostate cancer, early diagnosis and effective treatment targeting specific biological characteristics for NEPC has not been developed.

Due to its rarity and a lack of associated published researches, NEPC is prone to be under-recognition and even neglected (12).However, given the upward incidence rates of NEPC in recent years as well as its refractory to medication, NEPC is attracting more attention worldwide increasingly. Currently, studies about NEPC were mainly case reports or retrospective researches based on small sample data. Therefore, our study compared NEPC with prostate adenocarcinoma comprehensively based on large population, aiming to overcome the remarkable challenges in the clinical treatment of patients with the rare subtype of prostate cancer. We utilized the national Surveillance, Epidemiology, and End Results (SEER) database (2004–2018) to compare the clinicopathological characteristics and survival outcomes between NEPC and prostate adenocarcinoma, the most common histological type of prostate cancer. Furthermore, we investigated the prognostic value of NEPC for patients with prostate cancer.



Materials and Methods


Patients

This retrospective cohort study was conducted via the SEER database of the National Cancer Institute (http://seer.cancer.gov/). A total of 530440 patients of prostate cancer, including NEC and adenocarcinoma from 2004 to 2018 were obtained from the latest version of the SEER 18 database, as released in November 2020, using the SEER*Stat software (version 8.3.9). We identified prostate cancer according to the International Classification of Diseases for Oncology (Third Edition, ICD‐O‐3). NEPC, a generalized NEC of prostate, are classified by the American Joint Committee on Cancer (AJCC) as four histological subtypes, mainly including large cell neuroendocrine carcinoma (LCNE, ICD-0-3 codes 8013/3), small cell carcinoma (SCC, ICD-0-3 codes 8041/3), neuroendocrine carcinoma not otherwise specified (NEC NOS, ICD-0-3 codes 8246/3), and neuroendocrine differentiation (NED, ICD-0-3 codes 8574/3). And adenocarcinoma (ICD-0-3 code 8140/3) were included for comparison. All patients included were diagnosed by positive histology. Meanwhile, the exclusion criteria of patients were: (1) the information of age, race, marital status, survival time, surgery, radiotherapy, chemotherapy is unknown; (2) not the first tumor; (3) survival time < 1 month; (4) age at diagnosis < 18 years old; (5) with multiple primary tumor sites; (6) autopsy or death certificate only.



Clinical Variables

Variables covered demographic information (e.g., race, age at diagnosis, marital status and year of diagnosis), tumor characteristics [e.g., grade, tumor-node-metastasis (TNM) stage, lymph nodes and prostate‐specific antigen (PSA)], treatment (e.g., surgery, radiation and chemotherapy), and survival information (survival months and vital status). In the SEER database, age is code as 18-59 years old, 60-74 years old and ≥75 years old. Race is coded as white, black, or other (e.g., American Indian/Alaskan native or Asian/Pacific Islander). Marital status is coded as married and not married. Between 2004 and 2018, patients were categorized according to 6th editions of the TNM classification. PSA was divided into four levels including 0-4.0 ng/ml, 4.1-10.0 ng/ml, 10.1-20 ng/ml, >20 ng/ml and unknown. We also enrolled treatment modality including surgery, chemotherapy, and radiation therapy information, which were divided with “Yes” and “No”. The main outcome in this study were overall survival (OS) and cancer specific survival (CSS) according to data in the SEER database. OS was defined as the time interval from diagnosis to death for any cause or last follow-up. CSS refer to death from NEPC or prostate adenocarcinoma based on the recorded cause of death.



Statistical Analysis

Baseline demographic and clinicopathologic characteristics were performed to assess whether the distribution of the study population had significant differences between NEPC and prostate adenocarcinoma. Pearson’s chi-square tests were adopted to calculate the differences in the distribution. We used Kaplan‐Meier method and log‐rank test to compare OS and CSS among patients with the two histological subtypes of prostate cancer. In order to overcome the effect of patient confounding bias, propensity score matching (PSM) method was adopted to remove the potential impact. Covariates of the two histological subtypes groups were matched with a ratio of 1:1 (R package “MatchIt”). The multivariable Cox proportional hazard model was performed to calculate hazard ratios (HR) and 95% confidence intervals (95% CI) according to histological types. We established two adjusted models in Cox regression analysis, in which covariates including age at diagnosis, marital status, lymph nodes examined, lymph nodes positive, PSA and TNM stage were adjusted. We stratified the two histological subtypes groups based on the covariates into subgroups and applied stratified analyses to determine the subgroups that contribute to survival disadvantage of NEC. Interaction between the subgroups was calculated by R studio. The forest plot was applied to compare the impact of NEC and adenocarcinoma to survival outcomes of prostate cancer patients. Multivariate regression analysis was used to conduct subgroup analyses. Statistical analyses were performed using IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA) and R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). Two-sided P values < 0.05 were considered as the threshold to define statistical significance.




Result


Patient Characteristics

This study enrolled 530440 eligible prostate cancer patients including 556 patients with NEPC and 529884 patients with prostate adenocarcinoma from SEER database between 2004 and 2018 (Figure 1). Table 1 summarize the baseline demographic and clinicopathologic characteristics of these patients. The age at diagnosis of NEC patients were inclined to be older compared with adenocarcinoma patients, median age at diagnosis 69(61-77) vs. 65(59-72), age≥75 years (29.5% vs. 16.3%). The incidence of NEC in patients newly diagnosed were increasing roughly during our study period whereas the incidence of adenocarcinoma remained stable. Significantly, the NEC patients formed a higher proportion with a more advanced stage than the adenocarcinoma patients (59.6% vs. 12.2%, P<0.001), as displayed by a higher proportion of muscle invasive disease (30.9% vs. 9.2%, P<0.001), lymph node metastasis (32.2% vs. 2.2%, P<0.001), and distal metastasis (45.7% vs. 3.6%, P < 0.001). Lymph nodes were more likely to be examined in adenocarcinoma patients (11.2% vs. 24.7%, P<0.001) whereas positive lymph nodes were more common in the NEC patients (9.2% vs. 1.6%, P <0.001). Additionally, NEC patients with PSA levels higher than 4.0 ng/mL accounted for 47.3%, compared with 72.9% of adenocarcinoma patients. Furthermore, NEC patients had a lower rate of receiving surgery treatment compared with adenocarcinoma patients (28.8% vs. 43.9%, P<0.001). However, NEC patients were prone to receiving chemotherapy treatment, which accounted for 57.9% compared with 1.0% of adenocarcinoma patients. There was no significant difference of radiation between NEC and adenocarcinoma patients.




Figure 1 | Flowchart of patient selection steps.




Table 1 | Baseline demographic and clinicopathologic characteristics of patients with prostate adenocarcinoma compare to NEPC.



NEPC are defined by AJCC as different histological subtypes, including LCNE, SCC, NEC NOS, and NED. The first three are de novo NEPC while NED originated from the trans-differentiation of adenocarcinoma during the process of resistance to ATD or androgen receptor pathway inhibitors (ARPIs) treatment. The results of comparison among the four histological subtypes of NEPC and prostate adenocarcinoma are summarized in Table 2. The four histological subtypes patients all had higher proportions of muscle invasive disease (LCNE 50.0% vs. SCC 30.7% vs. NEC NOS 31.0% vs. NED 30.4%), lymph node metastasis (LCNE 50.0% vs. SCC 31.4% vs. NEC NOS 34.1% vs. NED 31.2%), and distal metastasis (LCNE 66.7% vs. SCC 46.6% vs. NEC NOS 45.7% vs. NED 42.4%), as compared to prostate adenocarcinoma patients (9.2%, 2.2%, 3.6%) respectively. Three histological subtypes of NEPC patients had low rates to receiving surgery treatment (SCC 25.0% vs. NEC NOS 31.0% vs. NED 32.8%) than that of adenocarcinoma (43.9%) except for LCNE (83.3%). However, the proportions of receiving radiation treatment of SCC (38.5%), NEC NOS (36.4%), and NED 33.6%) had no significant difference as compared to adenocarcinoma (35.2%) except for LCNE (66.7%). Additionally, the proportions of receiving chemotherapy treatment of LCNE (50.0%), SCC (67.9%) and NEC NOS (55.0%) patients were obviously higher than that of adenocarcinoma patients (1.0%) while NED patients (37.6%) were between de novo NEPC and prostate adenocarcinoma patients. Notably, NED patients with PSA levels higher than 4.0 ng/mL accounted for 72.0%, which was significantly higher than that of the other three histological subtypes of NEPC patients (LCNE 50.0%, SCC 36.9%, NEC NOS 47.3%). We speculated that it may attributed to the mixed adenocarcinoma and NEC components of NED.


Table 2 | Baseline demographic and clinicopathologic characteristics of patients with prostate adenocarcinoma compare to four histological subtypes of NEPC.





Survival Analyses

We performed Kaplan‐Meier curves to compare the OS and CSS between the four histological subtypes of NEC and adenocarcinoma patients (Figure 2). The LCNE patients had the worst OS and CSS among all histological subtypes, followed by SCC, NEC NOS, NED, and adenocarcinoma patients. Intriguingly, these results suggested that the OS and CSS of NED patients were better than that of de novo NEC patients but worse than that of adenocarcinoma patients. Furthermore, we performed the survival analysis of 1-, 2-, 3-, 4- and 5-year OS and CSS rates of patents with the four histological subtypes of NEPC and prostate adenocarcinoma (Table 3). The LCNE patients had the worst 5-year OS rate among all histological subtypes, followed by SCC, NEC NOS, NED, and adenocarcinoma patients. Compared with the four histological subtypes of NEPC, the 1-, 3- and 5-year OS rate of adenocarcinoma (97.7%, 92.7%, 88.0%) roughly remained stable. The 1-, 2-, 3-, 4- and 5-year CSS revealed the similar outcomes.




Figure 2 | Survival analysis of OS and CSS for patients with four histological subtypes of NEPC and prostate adenocarcinoma. (A) Kaplan-Meier analysis of OS; (B) Kaplan-Meier analysis of CSS. NEPC, neuroendocrine prostate cancer; LCNE, large cell neuroendocrine carcinoma; SCC, small cell carcinoma; NEC NOS, neuroendocrine carcinoma not otherwise specified; NED, neuroendocrine differentiation; OS, overall survival; CSS, cancer-specific survival.




Table 3 | Overall survival and cancer specific survival of patients with NEPC and prostate adenocarcinoma.



Due to the imbalanced basic demographic and clinicopathologic characteristics, we conducted PSM via R software to minimize confounding factors. All the covariates in the present study were matched between the two groups. The baseline after PSM was shown in Table 4. We matched 401 NEPC patients with 401 prostate adenocarcinoma patients with a ratio of 1:1. After eliminating the selection bias, all variables were matched as defined by the P value >0.05. We performed multivariable Cox proportional hazard regression based on a non-adjusted model and three adjusted models (Table 5). Adjusted I model adjusts for age, marital status, lymph nodes examined and lymph nodes positive and adjusted II model adjusted for age, marital status, lymph nodes examined and lymph nodes positive, T stage, N stage, M stage, PSA level. NEPC patients faced a remarkably worse OS (HR = 2.78, 95% CI = 2.34–3.31, P < 0.001) and CSS (HR = 3.07, 95% CI = 2.55–3.71, P < 0.001) compared with prostate adenocarcinoma patients. These findings emphasized the worse survival outcomes for the histological subtype of NEC.


Table 4 | Propensity score matching for baseline factors.




Table 5 | Multivariable Cox proportional hazard model.





Subgroup Analyses

After discovering the shortened survival of NEPC patients, we next aimed to evaluate the prognostic consistency and difference in diverse subgroups of prostate cancer patients between NEC and adenocarcinoma patients (Figure 3). According to the baseline demographic and clinicopathologic characteristics, NEC and adenocarcinoma patients were divided into subgroups, respectively. The results demonstrated that NEC patients obtained significantly poorer prognosis than adenocarcinoma patients across all subgroups except for G2 (HR = 3.25, 95%CI=0.68–15.4, P=0.1371), stage II (HR = 2.56, 95%CI=0.64–10.2, P=0.1831) and lymph nodes negative (HR = 3.57, 95%CI=0.94–13.4, P=0.0602) subgroups. We suspected that the insufficient sample size may contribute to no statistic difference of the three subgroups above. Nonetheless, the general tendency for the worse survival outcomes were existing in NEPC patients. Similar results were shown in subgroup analysis for CSS (Figure 4).




Figure 3 | Forest plot of the subgroup analysis for NEPC and prostate adenocarcinoma in OS. NEPC, neuroendocrine prostate cancer; OS, overall survival.






Figure 4 | Forest plot of the subgroup analysis for NEPC and prostate adenocarcinoma in CSS. NEPC, neuroendocrine prostate cancer; CSS, cancer-specific survival.



Furthermore, we performed subgroup analysis to test the interaction after adjusting for the potential covariates (Figure 5). No significant difference was found for age at diagnosis, race, marital status, grade, T stage, N stage, lymph nodes examined, lymph nodes positive, radiation in both OS and CSS. The results uncovered that NEPC patients had a poorer survival outcome out of all subgroups. These results indicated that among patients with prostate cancer, the histological subtype of NEC had poorer prognosis than adenocarcinoma, which was not affected by other potential variates. Especially, it was reasonable to speculate that the histological subtype of NEC was an independent prognostic factor for patients with prostate cancer.




Figure 5 | Subgroup analysis for interaction between NEPC and potential covariates in both OS and CSS. NEPC, neuroendocrine prostate cancer; OS, overall survival; CSS, cancer-specific survival.






Discussion

Our study is the most representative and comprehensive of the latest primary survival information of NEC compared with the most common histological type of prostate cancer. Given that NEPC is a rare and highly aggressive malignancy, majority of investigations are based on case reports or retrospective studies limited by small sample sizes (13–17). Consequently, the present study performed an investigation of a prostate cancer patient cohort based on large population from SEER registries between 2004 and 2018. We aimed to compare the survival outcomes of NEC with adenocarcinoma among prostate cancer patients according to clinicopathologic characteristics and explore the prognostic values in NEPC. Several meaningful conclusions could be obtained from our study. Among patients with prostate cancer, NEC had a worse prognosis than adenocarcinoma, even after adjustment for potential covariates. Moreover, subgroup analysis suggested that NEC patients obtained significantly poorer survival outcomes than adenocarcinoma patients across almost all subgroups. Last but not the least, there was no interaction among age at diagnosis, race, marital status, year of diagnosis, grade, T stage, N stage, lymph nodes examined, lymph nodes positive, radiation and the histological subtype of NEC was an independent prognostic factor for prostate cancer.

Although NEPC is a rare entity, the incidence rates of it maintained an upward trend in recent years (18). It had risen by approaching 6.8% per year, which could be mainly attributed to advanced medical technology and improved diagnostic methods (10, 18). Specially, the incident rates of small cell carcinoma (SCC) had a similar increasing trend of nearly 7.0% per year (18). Previous studies revealed that it was quite possible that the rise in incidence of NEPC was driven by SCC (19–21). On the other hand, several studies hold the view that the utilization of ADT was related to the incidence of NEPC (22–24). ADT was a primary therapy for prostate cancer targeting the androgen axis, which was first put forward by Huggins and Hodges in 1941 (11). Recently, the incidence rates of NEPC rose accompanied by the utilization of highly potent ADT, such as abiraterone and enzalutamide before or after chemotherapy for CRPC (25, 26). Long-term androgen deprivation could promote adenocarcinoma cells lose androgen receptor (AR) expression and eventually developed to NEC cells, which was called treatment-related NEPC (t-NEPC) (10, 27). However, it was reported that the utilization of ADT obviously decreased in 2004 and 2005 while the incident rates of NEPC, by contrast, displayed an increasing trend (19). Hence, such hypothesis is still not exactly elucidated. The upward incident trend of NEPC were supposed to be highlighted and the issue of long-term exposure to ADT in the clinic was warranted to be resolved in the coming years.

In the present study, NEC patients with PSA levels higher than 4.0 ng/mL accounted for 43.7%, compared with 72.9% of adenocarcinoma patients. This result suggested that except for loss of AR, NEPC patients are typically manifested by the downregulation of PSA (28). Our investigation was consistent with previous studies, which demonstrated that the PSA marker was usually expressed in adenocarcinoma while SCC, large cell carcinoma, or mixed adenocarcinoma neuroendocrine histology were scarcely expressed PSA (29). Hence, the low or non-rising serum PSA levels in tumor cells may indicate a relatively poorer prognosis (30). It also implied that serum PSA screening may not be effective for detection of NEPC in the clinic (7). The US Preventive Services Task Force (USPSTF) has recommended against PSA screening first in 2008 for men aged 75 years and older and then in 2012 for all men. However, since USPSTF’s 2012 recommendation, the incidence of advanced-stage prostate cancer has continued to rise though rates of localized disease have declined (6). Currently, the diagnosis of NEPC is mainly according to metastatic tumor biopsy confirming tumor morphology. Although there were no standard criteria for the best opportunity to conduct tumor biopsy, the NCCN guidelines recommended performing metastatic biopsy in suspected patients with particularly atypical spread, aggressive characteristics, and/or development with low serum PSA levels (30). Serum NE markers like CgA and NSE levels as well as synaptophysin (SYP), chromogranin and CD56 were classic biomarkers of NE cell, which were frequently upregulated in NEPC by immunohistochemistry (IHC), but neither of them was necessary for the diagnosis of NEPC in the clinic (31, 32). In order to achieve early diagnosis and effective treatment, it will be crucial to confirm feasible biomarkers that can detect the emergence of NEPC transformation during sequential therapies. A further investigation of biological characteristics of NEPC is indispensable to overcome the obstacle of this highly malignant prostate cancer.

The prevalent therapeutic modalities for prostate adenocarcinoma patients mainly include surgical removal of the prostate (radical prostatectomy), or radiation therapy with or without ADT. For early-stage or localized tumors, radical prostatectomy or radiation therapy is potentially effective and safe treatment option (33). ADTs is still first-line treatment for metastatic prostate cancer. However, after initial response to ADT, the tumor develops an androgen-insensitive form known as CRPC (34). ARPIs including abiraterone, enzalutamide, apalutamide and darolutamide have been developed for CRPC treatment. Nevertheless, partial ARPI- resistant CRPC may eventually develop NEPC due to AR- independent mechanisms in prostate cancer.

Our study suggested that the median OS of NEPC patients was only 12 months compared with 42 months of prostate adenocarcinoma patients. The severe invasiveness and the delayed diagnosis contributed to the final poor survival outcomes of NEPC. For example, we found that NEPC patients had an extremely high rate of metastasis, accounted for 45.4% of the group. In addition, the proportion of receiving surgery treatment for NEPC patients was significantly lower than prostate adenocarcinoma patients due to patients in advanced stage missing optimal opportunity for surgery. Until now, radical resection and palliative resection are the primary treatment for early NEPC without distal metastasis (35). Currently, the first- line treatment for NEPC is platinum- based chemotherapy, such as a combination of cisplatin and etoposide (36, 37). Cisplatin‐or etoposide‐based systemic chemotherapies, combined with surgery or radiation is the main therapy for NEPC with metastasis currently (38). The initial response of NEPC to chemotherapy is considerable. Unfortunately, its limitations are obvious: high and short response duration owing to acquired drug resistance (36). However, the effect of systemic treatment is not so satisfactory. Accurate assessment, early diagnosis and timely treatment of NEPC is critical for enhancing the clinical effect and thereby improving the prognosis.

Considering that the poor prognosis of NEPC is overwhelming, the novel effective therapeutic methods aiming at specific targets is warranted to be explored. Currently, emerging molecular targets with in the landscape of NEC differentiation put insight into individual therapy for NEPC. Rearrangement of TMPRSS2–ERG in NEPC was a crucial finding to prove that NEPC is evolved from conventional prostate adenocarcinoma (39). In the progression of evolution, several underlying molecular mechanism function, including loss of AR and tumor suppressors (TP53, PTEN, RB1) and induction of neural programs (39, 40). Especially, activation of mitotic programs such as Aurora kinase A (AURKA) upregulation and MYCN amplification are involved. AURKA, associated with MYCN amplification could regulates the assembly of mitotic spindle apparatus and eventually influences chromosome separation (41, 42). In addition, epigenetics regulation changes play an important role as well. Transcription factor RE1-silencing transcription factor (REST), suppressing neuronal differentiation, was found to be downregulated in 50% NEPC (43). Furthermore, microenvironment changes including endogenous IL-6 expression (44), MMP-9 production and other pro-inflammation cytokines upregulation fulfil complicated and comprehensive function in the process of adenocarcinoma transdifferentiating into NEC (45). Correspondingly, AURKA inhibitor PHA-739358 (danusertib) was confirmed to be effective on the growth of NE tumor cells and mouse xenograft models (46). This kinase inhibitor is being evaluated in phase II clinical trials and is expected to be applied for individual therapy prospectively in the clinic (46). Besides, other promising therapeutic targets for NEPC are also currently undergoing investigation in clinical trials, such as rocalpituzumab tesirine (DLL3 inhibitor) (47), GSK126 (EZH2 inhibitor) (48), and avelumab (immune-checkpoint PDL1 inhibitor) (49). Therefore, the remarkable progress in the molecular mechanism of NEPC established the foundation for the new effective treatment.

Peptide receptor radionuclide therapy (PRRT) is considered a curative and safe treatment option for NEPC (50). NEC cells have a higher expression of somatostatin receptors (SSTRs) than normal cells, which renders SSTR2 a potential target for NEPC treatment. The radiolabelled (Lutetium-177 or Yttrium-90) somatostatin analogues (SSAs) can target SSTR subtypes on the tumor cell surface and cause DNA damage in the cell nucleus which subsequently leads to cell death (51). Currently, 177Lu-DOTATATE or 177Lu-oxodotreotide is registered for the treatment of progressive and advanced grade 1–2 NEPC (50). On the other hand, 177Lu-PSMA-617 targets prostate-specific membrane antigen (PSMA), a cell-surface protein enriched in prostate cancer, which is used to treat metastatic prostate cancer (52). Besides, Radium-223 (223Ra) is another radiopharmaceutical treatment for patients with metastatic castration resistant prostate cancer patients (mCRPC) with symptomatic bone metastases and no known visceral metastatic disease (53). However, no research has showed that 223Ra could be performed in the treatment of NEPC.

De novo NEPC is a rare clinical entity, accounting for approximately 1% of all prostate cancers. Correspondingly, t-NEPC occurs in 10–17% of patients with CRPC by developing resistance to ADT and/or APRI treatment (54). The managements for the two types of NEPC are not identical and the difference in the details should attract enough attention (55). For locally advanced de novo NEPC, radiation therapy and radical resection are usually recommended. Given that majority of de novo NEPC patients present with distal metastatic disease at diagnosis, platinum-based chemotherapy should be adopted rather than ADT or APRI treatment (56). Previous researched suggested that t-NEPC occur in approximately 30% of metastatic CRPC, which suggests a strong possibility of distal metastasis at diagnosis. Thus, radiation therapy or radical resection is not recommended generally for t-NEPC. Considering prostate adenocarcinoma admixed with extensive neuroendocrine differentiation in t-NEPC, a trial of ADT in combination with cytotoxic chemotherapy is recommended. The chemotherapy regimens for de novo NEPC are usually platinum plus etoposide combinations. However, t-NEPC is frequently treated with docetaxel or a combination of carboplatin plus docetaxel rather than etoposide. Because docetaxel is an effective chemotherapeutic agent both for neuroendocrine and the adenocarcinoma components (56).

Due to the rarity of NEPC, our study conducted a retrospective study enrolling 482 patients with NEPC from the SEER. Thus, based on a large population, we had sufficient cases to make more credible and valuable analyses. Moreover, we provided the latest and comprehensive clinicopathological information of NEPC according to the recent released database. Nevertheless, our study had several limitations. Firstly, the detailed information such as chemotherapy regimens and operational styles were not available from the SEER, which was a severe obstacle for us to estimate the effect of treatment and assess the survival outcomes. Secondly, the retrospective nature of the study caused unavoidable selection biases, although PSM was performed. Thirdly, the ADT exposure history can’t be provided by the SEER. This factor is a critical variable for investigating the issue about adenocarcinoma transdifferentiates into NEC.



Conclusion

The results of our study suggested that the prognosis of NEC was worse than that of adenocarcinoma among prostate cancer patients, even after adjustment for demographic and clinicopathological characteristics by PSM. Subgroup analysis further demonstrated that NEPC patients obtained significantly poorer prognosis than prostate adenocarcinoma patients across nearly all subgroups. Besides, the histological subtype of NEC was an independent prognostic factor for prostate cancer.
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4.1-10.0 265323(50.1) 1(16.7) 47(15.9) 17(13.2) 27(21.6)
10.1-20.0 66929(12.6) 0(0) 18(6.1) 13(10.1) 11(8.8)
>20.0 53942(10.2) 2(33.3) 44(14.9) 31(24.0) 52(41.6)
Unknown 86179(16.3) 2(33.3) 106(35.8) 36(27.9) 22(17.6)
Surgery <0.001
No 297267(56.1) 1(16.7) 222(75.0) 89(69.0) 84(67.2)
Cryoprostatectomy 4875(0.9) 0(0) 0(0) 0(0) 0(0)
Laser ablation 1202(0.2) 000) 1(0.3) 0(0) 2(1.6)
TURP 25297(4.8) 5(83.3) 58(19.6) 29(22.5) 24(19.2)
Partial prostatectomy 1123(0.2) 0(0) 2(0.7) 0(0) 0(0)
Radical prostatectomy 200120(37.8) 0(0) 13(4.4) 11(8.5) 15(12.0)
Radiation <0.001
No 343592(64.8) 2(33.3) 182(61.5) 82(63.6) 83(66.4)
Beam radiation 128148(24.2) 4(66.7) 109(36.8) 46(35.7) 40(32.0)
Radioactive implants 34974(6.6) 00) 3(1.0) 00) 00)
Combination of beam with implants or isotopes 20895(3.9) 0(0) 0(0) 0(0) 1(0.8)
Radioisotopes 871(0.2) 0(0) 0(0) 0(0) 0(0)
Radiation method unknown 1404(0.3) 0(0) 2(0.7) 1(0.8) 1(0.8)
Chemotherapy <0.001
No 524571(99.0) 3(50.0) 95(32.1) 58(45.0) 78(62.4)
Yes 5313(1.0) 3(50.0) 201(67.9) 71(55.0) 47(37.6)
Overall mortality <0.001
Alive 431549(81.4) 1(16.7) 48(16.2) 21(16.3) 43(34.4)
Dead 98335(18.6) 5(83.3) 248(83.8) 108(83.7) 82(65.6)
Cause special mortality <0.001
Alive 495892(93.6) 1(16.7) 65(22.0) 31(24.0) 53(42.4)
Dead 33992(6.4) 5(83.3) 231(78.0) 98(76.0) 72(57.6)

PSA, prostate-specific antigen; NEPC, neuroendocrine prostate cancer; TURP, Transurethral resection of prostate; LCNE, large cell neuroendocrine carcinoma; SCC, small cell
carcinoma; NEC NOS, neuroendocrine carcinoma not otherwise specified: NED, neuroendocrine differentiation.
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Characteristics Prostate Adenocarcinoma (n = 484) NEPC (n = 484) P value
Age at diagnosis, y, n (%) 0.722
18-59 92 (19.0) 101 (20.9)
60-74 249 (51.4) 248 (51.2)
275 143 (29.5) 135 (27.9)
Race, n (%) 0.222
White 382 (78.9) 396 (81.8)
Black 74 (15.3) 56 (11.6)
Other 28 (5.8) 32 (6.6)
Marital status, n (%) 0.500
Married 310 (64.0) 321 (66.3)
Not married 174 (36.0) 163 (33.7)
Year of diagnosis, n (%) 0.006
2004-2006 127 (26.2) 97 (20.0)
2007-2009 137 (28.3) 180 (37.2)
2010-2012 220 (45.5) 207 (42.8)
Grade, n (%) 0.004
G1 2(0.4) 1(0.2)
G2 23 (4.8) 12 (2.5)
G3 234 (48.3) 237 (49.0)
G4 1 (2.3 33 (6.8)
Unknown 214 (44.2) 201 (41.5)
Stage, n (%) NaN
| 0(0.0) 0(0.0
1 50 (10.3) 45 (9.3)
i 20 (4.1) 7(1.4)
\% 210 (43.4) 270 (55.8)
Unknown 204 (42.1) 162 (33.5)
T stage, n (%) 0.011
T 56 (11.6) 48 (9.9)
T2 83(17.1) 76 (15.7)
T3 50 (10.3) 42 (8.7)
T4 58 (12.0) 99 (20.5)
Unknown 237 (49.0) 219 (45.2)
N stage, n (%) <0.001
NO 172 (35.5) 127 (26.2)
N1 88(18.2) 149 (30.8)
Unknown 224 (43.9) 208 (49.1)
M stage, n (%) 0.006
MO 137 (28.3) 106 (21.9)
M1 168 (34.7) 214 (44.2)
Unknown 179 (37.0) 164 (33.9)
Lymph nodes examined, n (%) 0.245
None 405 (83.5) 405 (83.5)
More than one 47 (9.7) 57 (11.8)
Unknown 32 (6.6) 22 (4.5)
Lymph nodes positive, n (%) 0.188
None 19 (3.9) 16 (3.3)
More than one 31 (6.4) 46 (9.5)
Unknown 434 (89.7) 422 (87.2)
PSA, ng/mL, n (%) 0.012
0-4.0 65 (13.4) 83 (17.1)
4.1-10.0 90 (18.6) 76 (15.7)
10.1-20.0 43(8.9) 37 (7.6)
5200 160(33.1) 125 (25.8)
Unknown 126 (26.0) 163 (33.7)
Surgery 0.003
No 367 (75.8) 339 (70.0)
Cryoprostatectomy 2(04) 0(0)
Laser ablation 0(0) 2(0.4)
TURP 64(13.2) 106(21.9)
Partial prostatectomy 2(0.4) 1(0.2)
Radical prostatectomy 49(10.1) 36(7.4)
Radiation 0.046
No 327 (67.6) 310 (64.0)
Beam radiation 139 (28.7) 166 (34.3)
Radioactive implants 8(1.7) 3(0.6)
Combination of beam with implants or isotopes 7(1.4) 1(0.2)
Radioisotopes 1(0.2) 0(0)
Radiation method unknown 2(0.4) 4(0.8)
Chemotherapy 0.479
No 246 (50.8) 234 (48.3)
Yes 238 (49.2) 250 (51.7)
Overall mortality <0.001
Alive 241 (49.8) 105 (21.7)
Dead 243 (50.2) 379 (78.9)
Cause special mortality <0.001
Alive 294 (60.7) 141 (29.1)
Dead 190 (39.3) 343(70.9)

PSA, prostate-specific antigen; TURP, Transurethral resection of prostate; NEPC, neuroendocrine prostate cancer.
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Year Prostate

Adenocarcinoma

1 o7.7
(97.7-97.8)
2 952
(95.1-95.2)
3 927
(92.7-92.8)
4 903
(90.2-90.4)
5 88.0
(87.9-88.1)

NEPC
LCNE scc NEC NOS NED
0 38.1 54.0 70.4
(32.8-44.3)  (46.0-635)  (62.6-79.2)
0 19.1 323 57.4
(14.9-24.5)  (24.9-41.9)  (48.9-67.3)
0 1.7 220 389
(83-16.5)  (164-31.4)  (30.4-49.7)
0 108 15.1 288
(7.5-155)  (95-24.1)  (20.9-39.8)
0 97 116 256
66-144)  (67-202)  (17.8-36.8)

Prostate
Adenocarcinoma

988
(98.8-98.9)
975
(97.5-97.6)
96.4
(96.4-96.5)
955
(95.4-95.6)
947
(94.6-94.8)

NEPC
LCNE scc NEC NOS NED
0 39.9 57.6 735
(34.4-462)  (49.6-67.0)  (65.8-82.0)
0 205 37.7 59.9
(160262)  (29.8-479)  (51.4-69.8)
0 13.8 257 432
(10.0-19.1)  (183-36.1)  (34.2-54.5)
0 127 177 356
©.0-179)  (11.2:27.8)  (26.7-47.4)
0 115 136 316
(7.94166)  (7.9-234)  (22.7-44.0)

NEPC, neuroendocrine prostate cancer; LCNE, large cell neuroendocrine carcinoma; SCC, small cell carcinoma; NEC NOS, neuroendocrine carcinoma not otherwise specified; NED,

neuroendocrine differentiation.
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Black —— 2.27(1.42,3.63) Black i 2.20(1.36,3.58)
Other — 4.35(2.25,8.43) Other —®&— 6.88(3.08,15.36)
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Grade 0.2669 Year of diagnosis 0.0545
G2 —— & 3.25(0.68,15.41) 2004-2008 - 221(1.57,3.11)
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G4 ——— 2.00(1.05,3.80) 2014-2018 —— 3.91(2.78,5.50)
Unknown L ol 2.62(2.03,3.38) Grade 0.0719
T stage 0.4056 G2 L ] 1.00(1.00,1.00)
T1 —— 2.99(1.77,5.07) G3 —— 3.76(2.856,4.97)
T2 e o 2.24(1.50,3.34) G4 . 2.04(1.047,3.97)
12 —— 3.19(1.80,5.63) Unknown s ] 2.92(2.229,3.86)
T4 i 2.49(1.76,3.52) T stage 0.3822
Unknown - 3.46(2.60,4.59) T —— 3.44(1.94,6.08)
N stage 0.0817 T2 —— 2.62(1.68,4.09)
NO s o 2.74(2.04,3.69) T3 —.— 3.42(1.87,6.26)
N1 - 2.19(1.61,3.00) T4 i 2.52(1.75,3.62)
Unknown —— 3.55(2.65,4.74) Unknown —a— 3.91(2.863,5.33)
Lymph nodes examined 0.5556 N stage 0.0533
None - 2.88(2.39,3.48) NO —.— 3.11(2.262,4.29)
More than one — 3.90(2.08,7.32) N1 - 2.28(1.64,3.17)
Unknown — 2.39(1.17,4.88) Unknown —— 4.00(2.91,5.49)
Lymph nodes positive 0.4827 Lymph nodes examined 0.7141
None & 3.57(0.94,13.48) None s ol 3.18(2.59,3.89)
More than one —_— .- 4.37(2.14,8.93) More than one —— < 4.09(2.08,8.01)
Unknown L 2.85(2.37,3.42) Unknown —— 2.74(1.24,6.05)
Radiation 0.487 Lymph nodes positive 0.616
No il 2.94(2.38,3.65) None —— 5.19(1.10,24.50)
Yes 2_m 2.59(1.93,3.48) More than one —— 4.23(1.99,8.97)
0 2 4 6 8 10 Unknown 2l 3.15(2.59,3.83)
Radiation 0.1881
No - 3.41(2.70,4.31)
Yes i 2.634(1.92,3.59)
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Characteristics NEPC (n = 556) Prostate Adenocarcinoma (n = 529884) P value
Median age, y (IQR) 69(61-77) 65(59-72) <0.001
Age at diagnosis, n (%) <0.001
18-59 115(20.7) 138473(26.1)

60-74 281(50.5) 304879(57.5)

>75 160(28.8) 86532(16.3)

Race, n (%) 0.001
White 464(83.5) 414093(78.1)

Black 57(10.3) 86273(16.3)

Other 35(6.2) 29518(5.6)

Marital status, n (%) <0.001
Married 377(67.8) 395936(74.7)

Not married 179(32.2) 133948(25.3)

Year of diagnosis, n (%) <0.001
2004-2008 117(21.0) 181794(34.3)

2009-2013 203(36.5) 178887(33.8)

2014-2018 236(42.5) 169203(31.9)

Grade, n (%) <0.001
G1 10.2) 40933(7.7)

G2 12(2.2) 213722(40.3)

G3 240(43.2) 226212(42.7)

G4 41(7.4) 876(0.2)

Unknown 262(47.1) 48141(9.1)

Stage, n (%) <0.001
| 0(0.0) 1478(0.3)

Il 45(8.1) 340943(64.3)

i 7(1.9) 35235(6.6)

v 324(58.3) 29774(5.6)

Unknown 180(32.4) 122454(23.1)

T stage, n (%) <0.001
T1 52(9.4) 161210(30.4)

T2 92(16.5) 203640(38.4)

T3 50(9.0) 41566(7.8)

T4 122(21.9) 7284(1.4)

Unknown 207(43.2) 116184(21.9)

N stage, n (%) <0.001
NO 152(27.3) 393696(74.3)

N1 179(32.2) 11647(2.2)

Unknown 225(40.5) 124541(23.5)

M stage, n (%) <0.001
MO 122(21.9) 394657(74.5)

M1 254(45.7) 18815(3.6)

Unknown 180(32.4) 116412(22.0)

Lymph nodes examined, n (%) <0.001
None 471(84.7) 393040(74.2)

More than one 62(11.2) 130720(24.7)

Unknown 23(4.1) 6124(1.2)

Lymph nodes positive, n (%) <0.001
None 16(2.9) 122138(23.0)

More than one 51(9.2) 8448(1.6)

Unknown 489(87.9) 399298(75.4)

PSA, ng/mL, n (%) <0.001
0-4.0 127(22.8) 57511(10.9)

4.1-10.0 92(16.5) 265323(50.1)

10.1-20.0 42(7.6) 66929(12.6)

>20.0 129(23.2) 53942(10.2)

Unknown 166(29.9) 86179(16.3)

Surgery <0.001
No 396(71.2) 297267(56.1)

Cryoprostatectomy 0(0) 4875(0.9)

Laser ablation 3(0.5) 1202(0.2)

TURP 116(20.9) 25297(4.8)

Partial prostatectomy 2(0.4) 1123(0.2)

Radical prostatectomy 39(7.0) 200120(37.8)

Radiation <0.001
No 349(62.8) 343593(64.8)

Beam radiation 199(35.8) 128148(24.2)

Radioactive implants 3(0.5) 34974(6.6)

Combination of beam with implants or isotopes 1(0.2) 20895(3.9)

Radioisotopes 0(0) 871(0.2)

Radiation method unknown 4(0.7) 1404(0.3)

Chemotherapy <0.001
No 234(42.1) 524571(99.0)

Yes 322(57.9) 5313(1.0)

Overall mortality <0.001
Alive 113(20.3) 431549(81.4)

Dead 443(79.7) 98335(18.6)

Cause special mortality <0.001
Alive 150(27.0) 495892(93.6)

Dead 406(73.0) 33992(6.4)

PSA, prostate-specific antigen; NEPC, neuroendocrine prostate cancer; IQR, interquartile range; TURP, Transurethral resection of prostate.





OEBPS/Images/table5.jpg
Outcomes NEPC HR (95% Cl) P-value
Overall survival

Non-adjusted 23.20 (21.02-25.60) <0.001
Adjust | 19.24 (17.43-21.23) <0.001
Adjust I 6.35 (5.75-7.02) <0.001
PSM 2.78 (2.34-3.31) <0.001
Cancer specific survival

Non-adjusted 48.08 (43.38-52.29) <0.001
Adjust | 34.65 (31.24-38.43) <0.001
Adjust I 7.70 (6.94-8.56) <0.001
PSM 3.07 (2.55-3.71) <0.001

PSM, propensity score matching; NEPC, neuroendocrine prostate cancer. HR, hazard ratios.





