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Abstract

Metastatic neuroendocrine prostate cancer (NEPC) is a rare, aggressive disease with limited data 

on second-line treatment. In this retrospective, multi-institutional study, clinical and treatment 

data were collected for 58 patients with NEPC who received second-line systemic therapy after 
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first-line platinum. Treatments were highly varied but uniformly poor in improving survival. 

Further study and consensus are needed for second-line NEPC treatment.

Background: De novo neuroendocrine prostate cancer (NEPC) and treatment-emergent 

neuroendocrine prostate cancer (T-NEPC) are rare diseases with a poor prognosis. After first-line 

platinum chemotherapy, there is no consensus on second-line treatments.

Patients and Methods: Patients with a pathologic diagnosis of de novo NEPC or T-NEPC 

between 2000 and 2020 who received first-line platinum and any second-line systemic therapy 

were selected and standardized clinical data was collected via the electronic health record at 

each institution. The primary endpoint was overall survival (OS) based on second-line therapy. 

Secondary endpoints included objective response rate (ORR) to second-line therapy, PSA 

response, and time on treatment.

Results: Fifty-eight patients (32 de novo NEPC, 26 T-NEPC) from 8 institutions were 

included. At de novo NEPC or T-NEPC diagnosis, the overall cohort had a median age of 

65.0 years (IQR 59.2–70.3) and median PSA of 3.0 ng/dL (IQR 0.6–17.9). Following first-line 

platinum chemotherapy, 21 patients (36.2%) received platinum chemotherapy, 10 (17.2%) taxane 

monotherapy, 11 (19.0%) immunotherapy, 10 (17.2%) other chemotherapy, and 6 (16.2%) other 

systemic therapy. Among 41 evaluable patients, the ORR was 23.5%. The mOS after start of 

second-line therapy was 7.4 months (95% CI 6.1–11.9).

Conclusions: In this retrospective study, patients with de novo NEPC or T-NEPC who received 

second-line therapy were treated with wide variety of treatment regimens, reflecting the lack 

of consensus in this setting. Most patients received chemotherapy-based treatments. Overall 

prognosis was poor and ORR was low in the second line regardless of treatment choice.

Keywords

Small cell; Chemotherapy

Background

Neuroendocrine prostate cancer (NEPC), also referred to as small cell prostate carcinoma, 

is a rare but lethal disease with a poor prognosis.1 NEPC is a varied clinical entity that can 

present as de novo disease or develop during treatment of prostate adenocarcinoma in the 

metastatic castrate-resistant prostate cancer (mCRPC) setting.

NEPC can be diagnosed as pure small cell neuroendocrine carcinoma in the prostate 

gland or as focal neuroendocrine differentiation admixed with prostate adenocarcinoma.2–4 

NEPC is morpho-logically similar to the oat cell or intermediate cell appearance small 

cell lung cancer, and nearly 90% of cases are positive for a neuroendocrine marker. NEPC 

has historically been diagnosed based on classic morphologic and immunohistochemical 

profiles.5 However, advances in molecular analysis such as single-cell sequencing has 

demonstrated early development of neuroendocrine features in CRPC cells.6, 7 Improved 

understanding of the genomics and pathogenesis of NEPC reflects the changing standards 

for how the disease is defined.5 For our study, we subcategorized histologically-diagnosed 

NEPC into 2 clinical groups: de novo NEPC and treatment-emergent NEPC (T-NEPC).
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De novo NEPC is an uncommon histologic subtype (estimated < 1% of prostate cancer 

cases) often presenting with a low PSA and metastatic disease at diagnosis.8, 9 De novo 

NEPC is also a clinically aggressive disease with a survival rate of 14.3% at 5 years and 

median OS of less than 1 year.8 T-NEPC occurs with relative frequency (17%−30%) over 

the course of treatment with androgen deprivation therapy (ADT) and is associated with 

shortened survival.2, 10 T-NEPC cells terminally differentiate via lineage plasticity to lack 

expression for the androgen receptor (AR), conferring resistance to ADT and AR targeted 

therapy.10–12

The mainstay of NEPC treatment is platinum-based chemotherapy, similar to small cell lung 

cancer (SCLC) regimens.13 However, the Advanced Prostate Cancer Consensus Conference 

(APCCC) 2017 illustrates the lack of agreement regarding first-line therapy with 58% 

favoring standard mCRPC treatment and 42% favoring platinum-based chemotherapy.14 For 

metastatic NEPC, patients often receive a combination of ADT and platinum chemotherapy 

in the first line. Similar to SCLC, NEPC is often responsive to initial treatment. However, 

most patients relapse with resistant disease and short survival. In the second-line setting, 

there are no current standard treatments for NEPC and treatment is often extrapolated from 

those used for SCLC.

NEPC patients are often excluded from clinical trials for SCLC and prostate 

adenocarcinoma. As such, treatment decisions rely on individual clinician preference and 

prior experiences in the treatment of SCLC. In this retrospective study, we aim to gather 

real-world data on clinical practice patterns among oncologists and evaluate the treatment 

and outcomes of patients in the second-line setting with de novo NEPC and T-NEPC.

Patients and Methods

Study Design and Patients

This retrospective, multi-institutional study collected secondary-use clinical data. Following 

local scientific review and institutional review board (IRB) approval at the University of 

Colorado Cancer Center, the protocol was distributed to participating partner institutions 

for approval by their respective IRBs. At each site, institutional electronic health records 

(EHR) and databases were queried for patients with metastatic disease and a histologically 

confirmed diagnosis of small cell prostate cancer, neuroendocrine prostate cancer, or 

prostate cancer with neuroendocrine differentiation.

Male patients aged 18 years or older with de novo NEPC were defined as having 

histologically confirmed metastatic neuroendocrine prostate cancer at diagnosis. Molecular 

confirmation was not required. Patients could have pure small cell neuroendocrine 

carcinoma of the prostate or prostate adenocarcinoma admixed with any component of 

neuroendocrine differentiation. Patients with T-NEPC were defined as those with mCRPC 

who have biopsy-proven neuroendocrine differentiation after a prior diagnosis of prostate 

adenocarcinoma. Prior chemotherapy for prostate adenocarcinoma was allowed, but not 

required. Patients in both the de novo NEPC and T-NEPC cohorts must have received at 

least first-line and second-line systemic therapy for de novo NEPC or T-NEPC. First-line 

systemic therapy must be platinum-based chemotherapy, meaning cisplatin plus etoposide, 
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carboplatin plus etoposide, carboplatin plus docetaxel, or carboplatin plus cabazitaxel.13 

Consecutive patients were diagnosed with de novo NEPC or T-NEPC between January 1, 

2000 to December 31, 2020.

Demographic, clinical, pathologic, molecular, radiographic, laboratory, treatment, and 

outcomes data were extracted by investigators from the EHR at each institution. 

Standardized data collection templates were used to minimize inter-observer variation. Only 

de-identified data was shared.

Outcomes

Patients were evaluated in the overall cohort and stratified by diagnosis of de novo NEPC 

or T-NEPC. The primary endpoint of this study was OS from start of second-line therapy to 

death from any cause or censoring at date of last follow-up. For all participating sites, data 

for response, and survival were collected using a cutoff date of June 30, 2021.

Secondary endpoints of this study include objective response rate (ORR) to second-line 

therapy, PSA response ≥50%, and time on treatment. ORR was based on local physician 

assessment, guided by modified Response Evaluation Criteria in Solid Tumors (RECIST) 

1.1 principles. Time on treatment was defined as time from initiation of second-line therapy 

to discontinuation for any reason including progressive disease, toxicity, patient preference, 

or death.

Statistical Analysis

Descriptive statistics are presented for baseline characteristics of the entire patient 

population, by cohort, and by second-line therapy. For continuous variables, the median 

and interquartile range (IQR) were reported, and nonparametric Kruskal-Wallis tests were 

conducted to compare baseline characteristics among stratification groups. For categorical 

variables, the frequencies and the percentages were calculated, and Fisher’s exact tests 

were conducted to compare baseline characteristics among stratification groups. For OS, 

the survival probability (Kaplan-Meier survival curve) was calculated by the Kaplan-Meier 

method, and the median survival time was reported with the corresponding 2-sided 95% 

Brookmeyer-Crowley’s Confidence Interval (CI) if feasible. The median and IQR were 

calculated for time on treatment. The cumulative frequencies, estimated proportions for each 

second-line treatment therapy, were calculated for ORR, PSA response, or best responses. 

The median time and IQR were reported for the time on second-line therapy. The analyses 

for OS, ORR, PSA response, time on second-line therapy, and best response were conducted 

for aggregated population and by cohorts if feasible. All statistical analyses were performed 

by an independent statistician to ensure unbiased data review. Statistical analyses were run 

on R version 4.1.0.

Results

A total of 58 patients, 32 patients with de novo NEPC and 26 patients with T-NEPC, from 8 

institutions were included. At de novo NEPC or T-NEPC diagnosis, the overall cohort had a 

median age of 65.0 years (IQR 59.2–70.3) and a median PSA of 2.6 ng/dL (IQR 0.6–17.9) 

(Table 1). Median PSA was significantly higher in patients with de novo NEPC at 3.6 ng/dL 
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(IQR 1.2–21.7) compared to 0.8 ng/dL (IQR 0.1–8.2) for patients with T-NEPC (P = .030). 

The patients were predominantly white (49 patients, 84.5%) and non-Hispanic (54 patients, 

93.1%). Patients with de novo NEPC were more likely than patients with T-NEPC to have 

mixed neuroendocrine and adenocarcinoma histology (71.0% vs. 30.4%, respectively; P 
= 0.007), although the amount of mixed and pure neuroendocrine histology was roughly 

equal in the overall cohort. The most common sites of metastasis at diagnosis were lymph 

node (75.6%), bone (48.3%), and liver (44.8%). Nearly half (28 patients, 48.3%) received 

treatment to the prostate most often with surgery (9 patients, 15.5%) or radiation (14 

patients, 24.1%).

During first-line treatment with platinum-based chemotherapy, 5 patients (8.6%) also 

received immunotherapy and 43 patients (74.1%) received concurrent ADT. Thirty-eight 

patients (65.5%) had a CR or PR to first-line therapy and 52.3% achieved a PSA response 

≥50%. Patients remained on first-line chemotherapy for a median of 3.8 months (IQR 3.0–

4.9).

Second-line therapies were subcategorized as platinum-based chemotherapy, taxane 

monotherapy, immunotherapy, other chemotherapy, or other systemic therapy. Platinum-

based chemotherapy was the most used treatment in the second line for all patients and 

within the individual de novo NEPC and T-NEPC cohorts (Table 2). Half of patients (10 

total patients) retreated with platinum-based chemotherapy had a treatment-free interval 

of ≥6 months after the first line (8 of 11 patients with de novo NEPC, 2 of 9 patients 

with T-NEPC). Of the 41 total patients evaluable for response, the ORR was 23.5%. A 

PSA response ≥50% occurred in 6 of 37 patients (16.2%). Patients treated with further 

platinum-based chemotherapy were more likely to have an objective response (9 patients, 

50.0%, P=.016). Only 1 patient who received platinum-based chemotherapy had a CR. 

Second-line therapy was primarily discontinued due to PD (43 patients, 75.4%).

At last follow-up, 48 patients were dead, 6 patients were alive, and 4 patients were censored. 

The mOS was 7.4 months (95% CI 6.1–11.9) and median follow-up time was 6.9 months 

(Figures 1 and 2). Median OS was shortest for patients treated with immunotherapy at 2.4 

months (95% CI, 1.8-NR) (Table 3). The overall 1-year survival probability was 31.9% 

(95% CI, 21.2–47.9). Median OS was 10.0 months (95% CI 7.3–15.1) for patients with de 

novo SCPC and 5.8 months (95% CI, 2.4–15.0) for patients with T-NEPC with a HR 5.6 

(1.1–27.6, P=.034).

Discussion

Using clinical and treatment data from 8 North American cancer centers, this study 

examines outcomes of second-line therapy in one of the largest cohorts of patients with 

histologically defined NEPC.15 Median OS for patients with NEPC remained poor at 7.39 

months with heterogenous second-line treatment choices by clinicians and no clear benefit 

for 1 option over another. Consistent with survey data from the APCCC 2017, platinum 

chemotherapy plus etoposide or a taxane (docetaxel or cabazitaxel) were commonly used 

second-line treatments by oncologists.14
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While prior studies have shown platinum-based chemotherapy and docetaxel to be modestly 

effective treatments for NEPC, there is a dearth of information related to the comparative 

effectiveness of treatment regimens, particularly in the second line. Taxane chemotherapy 

is a standard of care treatment for mCRPC, and docetaxel has activity in SCLC.16, 17 

The addition to carboplatin plus docetaxel has been shown to improve clinical efficacy in 

treating mCRPC.18 The use of platinum-based chemotherapy in NEPC is based on data from 

early phase clinical trials with varied definitions of the disease. In a phase II trial of 40 

patients with mCRPC with neuroendocrine features, carboplatin plus etoposide was given as 

a second-line therapy after docetaxel.19 The median PFS was 2.1 months, and median OS 

was 19 months. The phase II French Genito-Urinary Tumor Group (GETUG) P01 trial also 

studied the carboplatin plus etoposide combination in 60 patients with mCRPC with visceral 

metastasis or elevated neuron-specific enolase (NSE) and/or chromogranin A.20 Median 

PFS was 2.9 months, and median OS was 9.6 months. Another phase II trial evaluated 

the combination of carboplatin and docetaxel for 4 cycles, followed by salvage cisplatin 

plus etoposide, in 120 mCRPC patients with clinically aggressive variant prostate cancer.21 

Median PFS was 2.9 months, and median OS was 9.6 months. Overall survival rates from 

these studies were similar to ours, and the mPFS rates were comparable to the median TOT 

of 2.0 months (IQR 1.0–3.9) in our cohort.

In our cohort, re-treatment with platinum-based chemotherapy yielded the highest ORR of 

50.0%. Taxane monotherapy had no objective responses in the second line yet had a slightly 

higher but not significant mOS of 10.0 months compared to a mOS of 7.3 months with 

platinum-based chemotherapy. Immunotherapy as second-line treatment had the lowest mOS 

of 2.37 months. Previous sensitivity to a platinum or taxane chemotherapy in mCRPC or 

the first line likely would promote retreatment with these agents. However, only 2 patients 

who received a second-line taxane monotherapy had been treated with a taxane prior to the 

development of T-NEPC. Additionally, the ORR to first-line platinum-based chemotherapy 

was 66.7% in patients retreated with a platinum regimen in the second line. This is similar 

to the ORR of 65.5% to first-line platinum-based chemotherapy in the overall cohort. 

Nonetheless, patients may not be candidates for second-line platinum chemotherapy and 

taxanes given the risk of cumulative and overlapping toxicities. In the first line, patients 

with de novo NEPC or T-NEPC were unlikely to receive immunotherapy in addition to 

platinum-based chemotherapy. However, the improvement in OS and PFS with the addition 

of atezolizumab to carboplatin plus etoposide in extensive-stage SCLC was more recently 

described and is not included in the current NCCN Guidelines for prostate cancer.13, 22 

Combination immunotherapy has previously been shown to have activity in NEPC and is an 

area of ongoing study.23

Between the de novo NEPC and T-NEPC cohorts, more patients with T-NEPC underwent 

prior locoregional treatment to the prostate. By definition, T-NEPC arises during treatment 

of prostate adenocarcinoma, which can include localized or low-volume disease. Despite an 

increased frequency of mixed histology with an adenocarcinoma component, patients with 

de novo NEPC received ADT less often than those with T-NEPC. The role of ADT in de 

novo NEPC has never been tested. The frequency of mixed histology, however, presents the 

rationale that components of AR driven disease may exist such that the addition of ADT 

could confer benefit to patients with a minimal increase in toxicity. Meanwhile, patients with 
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T-NEPC have already received treatment for mHSPC and mCRPC, which includes ADT. 

The longer mOS of de novo NEPC on second-line therapy may in part be due to the longer 

treatment history of T-NEPC with its cumulative toxicity.

Limitations

As a retrospective study of rare disease subtypes, this study is limited by a small sample 

size, no central pathology review, lack of molecular biomarkers, and by confounding due 

to unquantified variables. Lack of clinical trials and clear treatment guidelines in this space 

translate into a heterogenous group of systemic treatments that were categorized in broad 

subgroups. Disease response or progression was not confirmed via central review, relying 

instead on physician interpretation locally. Patients who did not receive second-line therapy 

were excluded, potentially biasing results in favor of more chemotherapy-sensitive disease 

in a clinically robust patient population. Nevertheless, this study provides valuable insight 

into the real-world decisions of clinicians as they navigate treatment in the absence of large, 

randomized controlled trials.

Conclusions

In this multi-institutional, retrospective study, the various second-line therapies used by 

clinicians to treat patients with de novo NEPC or T-NEPC were unified in their limited 

benefit. NEPC-specific clinical trials are ongoing to evaluate second- and subsequent-line 

treatment options for de novo NEPC and T-NEPC after platinum-based chemotherapy, 

including various immune checkpoint inhibitors as well as antibody-drug conjugates, novel 

enzymatic pathway inhibitors, and conventional chemotherapy.1 As the understanding of 

NEPC continues to evolve, improved diagnostic strategies and a clearer definition of the 

disease would allow more patients with NEPC to be identified and, in turn, promote drug 

and clinical trial development for this disease. This study illustrates the need for further 

clinical trials of novel agents and novel combinations in the second-line as current practices 

are disparate and the prognosis for de novo NEPC and T-NEPC remains very poor.
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Clinical Practice Points

• Neuroendocrine prostate cancer (NEPC) is a rare and aggressive variant of 

prostate cancer, which can present as de novo disease or more commonly 

during treatment for castrate-resistant prostate cancer.

• After first-line platinum-based chemotherapy for metastatic NEPC, there is 

limited data and no consensus for second-line treatment.

• In this retrospective, multi-institutional study, the clinical characteristics, 

treatment data, and outcomes were collected for 58 patients with NEPC who 

received second-line systemic therapy after first-line platinum chemotherapy.

• Second-line treatments were heterogenous but uniformly poor in improving 

overall survival.

• Platinum chemotherapy rechallenge had the highest overall response rate of 

50.0%.

• Median overall survival for patients with NEPC was poor at 7.4 months (95% 

CI, 6.1–11.9) from start of second-line therapy.

• These findings demonstrate the ongoing lack of consensus for NEPC 

treatment in the second line and illustrate the need for further clinical trials of 

novel agents and novel combinations.
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Figure 1. 
Kaplan-Meier survival curve of overall patient cohort.
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Figure 2. 
Kaplan-Meier survival curves of overall cohort stratified by second-line therapy.
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