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Abstract

Aim: Clinicopathologic characterization of contemporary series of neuroendocrine (NE) 

differentiation in the setting of prostatic carcinoma (PCa).

Methods & Results: We reviewed institutional databases for in-house cases with history of PCa 

and histopathologic evidence of NE differentiation during the disease course. 79 cases identified: 

32 primary and 47 metastases. Metastatic lesions were in liver [n=15], lymph node [n=9], bone 

[n=6], lung [n=3], brain [n=1], other sites [n=13]. 63 of 76 (82%) cases with NE differentiation 

and available history were post-therapy: 6 post-radiation therapy (RT), 24 post- androgen–

deprivation therapy (ADT) and 33 post-RT+ADT. Morphologic assessment [n=79]: a. 23 pure 

small cell/high-grade NE carcinoma (HGNEC): 20/23 metastatic; b. 10 combined high-grade PCa 

and small cell/HGNEC: 9/10 primary; c. 15 PCa with diffuse NE immunohistochemistry (IHC) 

marker positivity/differentiation, associated with nested to sheet-like growth of cells with abundant 

cytoplasm and prominent nucleoli, yet diffuse positivity for at least one prostatic and one NE IHC 

marker: all metastatic; d. 11 PCa with patchy NE differentiation, displaying more than single cell 

positivity for NE IHC: 5 primary / 6 metastatic; e. 9 PCa with focal NE marker positive cells: 4 

primary / 5 metastatic; f. 11 PCa with ‘Paneth cell-like’ change: all primary.
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Conclusions: In this contemporary series, the majority of NE differentiation in the setting of 

PCa was seen post-therapy. We highlight tendencies of small cell/HGNEC and PCa with diffuse 

NE differentiation by IHC to occur in metastatic settings, while morphologically combined high 

grade PCa+small cell/HGNEC and ‘Paneth cell-like’ change occur in primary disease.
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Introduction

Widespread adoption of next generation androgen deprivation therapy (ADT) for the 

oncologic management of metastatic and more recently, localized high-risk prostatic 

carcinoma (PCa), has increased treatment efficacy but led to emergence of treatment-

resistant phenotypes1–5. In metastatic castration resistant PCa, prolonged androgen receptor 

(AR) pathway inhibition can induce lineage switching or trans-differentiation1, resulting 

in histologic differentiation to neuroendocrine (NE) phenotypes2–3. This clinically termed, 

‘treatment-emergent small cell NE prostate cancer’, ‘NE prostate cancer’ or ‘aggressive 

variant’ has been reported in approximately 15% of cases3–5, in contrast to a reported 

incidence of <1% for de-novo small cell carcinoma in the setting of usual PCa6–7. A recent 

multi-institutional prospective study of post-treatment metastatic castrate resistant PCa has 

reported wide variability in AR transcriptional activity/protein expression, outcomes, and 

histological features, with some tumors displaying morphology of usual high grade acinar 

PCa and others having a spectrum of features suggestive of NE differentiation3, 8.

In parallel with this body of evidence, there have been attempts to refine histopathologic 

classification of NE differentiation in the setting of PCa. The two best recognized proposals 

are those set forth by a 2013 Prostate Cancer Foundation working group9, and by 

the 2016 World Health Organization classification of genitourinary tumors, which have 

significant overlap10. Despite providing a framework, some manifestations continue to 
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require elucidation, including tumors with indeterminate morphological features that do 

not fall neatly into binary categories of adenocarcinoma or small cell/NE carcinoma or 

that have variable NE marker expression, as well as PCa with so-called ‘Paneth cell-like 

neuroendocrine’ differentiation, a subset for which existing nomenclature may not best 

reflect the characteristics of the named cells. In this study, we report a consecutive 

case series of NE differentiation in the setting of PCa with detailed histopathologic 

characterization and annotation of therapeutic history.

Methods

We searched institutional databases (spanning a 5.5-year period) for patients with in-house 

tissue sampling, diagnosed with PCa and reported to have any form of NE differentiation at 

any time during their disease course. All available slides and charts were reviewed, including 

treatment history. Immunohistochemical (IHC) stains performed at the time of initial work-

up were reviewed, when available, but no additional IHC staining was performed. This study 

was approved by our Institutional Review Board.

At the time of diagnosis, all cases were categorized based on morphology and available IHC 

markers into one of the following groups:

1. Small cell carcinoma/high grade neuroendocrine carcinoma (HGNEC): as 

classically described in other organs11–13 [Figure 1]

2. Combined high grade PCa + HGNEC/small cell carcinoma: in which there was 

typically an abrupt transition between the components [Figure 2]

3. PCa with diffuse neuroendocrine marker positivity/differentiation: nested to 

sheet-like growth of cells with abundant cytoplasm and prominent nucleoli, yet 

diffuse positivity for at least one prostatic and one NE IHC marker [Figure 3], 

distinguishing these carcinomas from typical small cell carcinoma. Cytoplasm 

ranged from pale to eosinophilic to amphophilic, with some cases displaying 

occasional mitoses or apoptotic debris. A few cases showed foci with vague 

microacinar or ‘rosette-like’ appearance in a background of predominant nested 

and/or sheet-like architecture.

4. PCa with patchy neuroendocrine differentiation: adenocarcinoma histology 

displaying more than scattered single cell positivity for NE IHC marker(s) 

[Figure 4]

5. PCa with isolated neuroendocrine marker positive cells: adenocarcinoma 

histology displaying scattered rare or isolated single cell positivity for NE IHC 

marker(s)

IHC in categories 3, 4, and 5 was performed due to architectural features 

+/− cytoplasmic alterations (amphophilic or basophilic, granular cytoplasm) 

suggestive of NE features or by clinician request due to unusual clinical features 

or suboptimal response to ADT.

6. PCa with prominent neuroendocrine granules (so-called ‘Paneth cell-like 
change’): adenocarcinoma with a variable number of cells displaying bland 
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nuclei and coarse eosinophilic cytoplasmic granules present in usual acinar 

architecture or in cords / small clusters admixed with adenocarcinoma

Cases of prostatic well-differentiated neuroendocrine tumor (carcinoid tumor) have been 

rarely described in the literature [14-16], but no such cases were identified in the current 

consecutive cohort.

Results

85 consecutive cases were reported to have evidence of some NE differentiation. A complete 

set of slides were available for 79 cases, which constituted the cohort, including 32 primary 

and 47 metastatic tumors. Of the primary tumors, 14 were in needle biopsies, 16 in radical 

prostatectomies and two in transurethral resections. Metastatic tumors were located in liver 

(n=15), lymph node (n=9), bone (n=6), lung (n=3), brain (n=1), and other, including various 

visceral and soft tissue sites (n=13).

63 of 76 cases (82%) with available history had received prior therapy; 6 received radiation 

therapy (RT) alone, 24 received androgen deprivation therapy (ADT) alone, and 33 received 

a combination of RT+ADT. Therapeutic history was not available for 3 patients. Patients 

who received ADT (with or without RT) received Lupron/Casodex (30 patients), Lupron/

Casodex + Abiraterone or Enzalutamide (20 patients), or Abiraterone alone (3 patients). The 

type of ADT was not specified for four patients.

The incidence of each histologic category and breakdown of primary and metastatic location 

is summarized in Table 1. Notably, cases of pure small cell carcinoma/HGNEC (87%) 

and PCa with diffuse NE marker positivity/differentiation (100%) were overwhelmingly 

observed in the metastatic setting, while cases of combined PCa+small cell carcinoma/

HGNEC (90%) and PCa with prominent NE granules (so-called ‘Paneth cell-like’ change) 

(100%) were overwhelmingly observed in the primary setting.

Among cases of PCa with diffuse NE marker positivity/differentiation, in addition to 

morphologic features, all cases showed diffuse positivity for at least one prostatic and one 

NE IHC marker. PSA, PSMA, and NKX3.1 (androgen receptor-related markers) showed 

diffuse labeling in 9, 6, and 6 cases, respectively, while synaptophysin and chromogranin 

(NE markers) showed diffuse labeling in 14 and 10 cases, respectively.

Table 2 highlights the therapeutic history of each morphologic group by tumor site (primary 

or metastatic). 19/20 small cell carcinoma/HGNEC and 12/15 PCa with diffuse NE marker 

positivity/differentiation seen in the metastatic setting were post-therapy, 90% including 

ADT. Likewise, among 11 cases of primary PCa with prominent NE granules, 8/11 were 

post-therapy.

Discussion

Although NE manifestations in the setting of PCa are considered rare, the prostate gland 

represents one of the most frequent sites for carcinoma with NE differentiation outside 

the lung17. These phenomena have garnered increasing interest in the last decade due to 
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implementation of next generation AR pathway inhibitors which have been associated with 

increased survival rates in advanced PCa18–19. It has been postulated that sustained blockade 

of the AR pathway leads to a switch of the lineage identity of tumor cells – ‘phenotypic 

plasticity’ or ‘trans-differentiation’ –associated with treatment resistance3, 20–21. The 

resulting advanced disease, referred to as treatment emergent PCa, has been characterized 

by a constellation of findings: low/absent AR expression, increased incidence of small cell 

carcinoma/HGNEC morphology, and clinically by bulky tumor masses, and visceral or lytic 

(rather than typical blastic) bone metastases4.

This study represents the first consecutive series of cancers with NE features in the setting 

of PCa. Herein, we have detailed the incidence of various well-defined, as well as less well 

recognized manifestations, shown that the majority of cases – regardless of morphology 

– are associated with a therapeutic (RT +/− ADT) history, and noted the presentation of 

specific morphologies at either the primary or metastatic sites.

Small cell carcinoma/HGNEC comprised 30% of all NE differentiation in the setting of 

PCa in our study, 87% (20/23) in metastatic sites, with only 3 of 23 cases in primary 

tumors. These carcinomas histologically resembled the spectrum of HGNEC described at 

other sites11–12, 22, with more common features including diffuse sheets of round blue 

hyperchromatic cells with nuclear molding, scant cytoplasm and inconspicuous nucleoli, 

and high apoptotic and mitotic rates, to occasional tumors with large nested, trabecular, 

or palisaded architecture, large cells with abundant cytoplasm and prominent nucleoli, 

and rare geographic necrosis. The latter descriptor, which may fit criteria for large cell 

NE carcinoma, are exceedingly rare in the setting of PCa, with one small series showing 

strong association with palliative transurethral resection specimens in patients with prior 

ADT23. These tumors were classified as ‘small cell carcinoma/HGNEC’ in our series, given 

known associations between this range of histological features and aggressive biological 

behavior6, 23–25.

Prior studies have noted that up to one half of HGNEC of the prostate may exhibit an 

abrupt transition between the conventional acinar and the small cell carcinoma/HGNEC 

components24 and have been referred to as “mixed” NE carcinoma-acinar adenocarcinoma9. 

These have been shown to share loss of tumor suppressor genes TP53 and Rb1, despite 

exhibiting immunohistochemical differences corresponding to different lineages, including 

differences in AR expression26. Recent studies27 have found that loss-of-function of TP53 

and Rb1 may also confer lineage plasticity on AR dependent PCa, that may later gain 

multiple phenotypes, including small cell carcinoma/HGNEC.

In our cohort, all except one of the combined adenocarcinoma+small cell carcinoma/

HGNEC were seen in the primary setting, and typically showed an abrupt transition 

between the two components. In uncommon cases reported in the literature, merging of 

the two components is observed, with a continuum of morphology including sheet-like 

architecture and scant cytoplasm, yet visible nucleoli, a phenomenon that has been referred 

to as ‘prostate carcinoma with overlapping features of small cell carcinoma and acinar 

adenocarcinoma’9. Finding combined adenocarcinoma+ small cell carcinoma/HGNEC 

mostly in primary PCa may be partly attributed to the ability to evaluate the entire tumor 
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in radical prostatectomy specimens, as opposed to sampling bias encountered in metastatic 

biopsy material. Likewise, difficulty performing metastatic biopsies from bone and visceral 

sites28 may contribute to detection of this combined phenotype primarily in the prostate 

gland.

We have previously used the term prostatic adenocarcinoma with diffuse neuroendocrine 

marker positivity/differentiation to describe a subset of tumors do not fit neatly into 

contemporary classification schema29. It denotes tumors with nested to sheet-like growth 

of cells with abundant, often variegated, cytoplasm and prominent nucleoli, yet diffuse 

positivity for at least one prostatic and one NE IHC marker (often more than one 

of each). As noted, NE IHC was triggered in these cases due to architectural and/or 

cytoplasmic features. Prior studies have utilized other terminologies for tumors in this 

spectrum, including ‘amphicrine carcinoma’30 and ‘hybrid PCa with mixed luminal and NE 

phenotype’31, alluding to the histologic pliability of these tumors. Beyond nomenclature, the 

limited mention of this specific subset of tumors in the literature raises uncertainty about 

clinical characteristics/outcome, which may translate to a dilemma in selecting therapeutic 

options. Specifically, in these tumors in which the AR axis appears to be active, consonant 

with labeling for prostatic markers such as PSA, PSMA, and NKX3.1, the diffuse NE 

marker expression in the absence of small cell carcinoma/HGNEC morphology, raises the 

question of whether ADT alone or in combination with platinum-based chemotherapy is 

appropriate.

While a small number of presumed de novo cases of PCa with diffuse neuroendocrine 

marker positivity/differentiation have recently been described32–33, all 15 such cases in the 

current cohort were metastatic lesions; 12 were post-therapy, 11 of which received ADT. 

Possibly reflecting the dual marker positive nature of this lesions, metastases were noted 

in both sites common for PCa (lymph nodes, bone), as well as in visceral sites (liver, 

lung) in which NE manifestations are more typically seen4. Although outcome data is 

beyond the scope of this study, the overlapping morphologic and IHC features incorporating 

acinar and NE phenotypes, as well as the prevalence of this entity in metastatic sites and 

overwhelmingly in the post ADT setting, suggest that this represents a transient/intermediate 

state in the lineage plasticity continuum1, 20. For these reasons, we have adopted the clinical 

practice of appending the verbiage of ‘not small cell carcinoma/HGNEC’ as a note to the 

diagnosis when reporting this group of tumors. Thus, we aim to differentiate this state(s) 

from small cell carcinoma/HGNEC, which represents an extreme end of the continuum and 

for which the current standard is platinum-based therapy. We also emphasize the non-focal/

non-isolated cell nature of the NE marker positivity by using the term ‘diffuse’, further 

separating this from an entity with potentially less significant clinical ramifications for 

therapy.

In contrast to the diffuse expression of NE markers in the histologic subtypes described 

above, our series included eleven cases with typical morphology of adenocarcinoma yet 

displaying more than single cell positivity for NE markers. These were labelled as having 

‘patchy’ NE differentiation. Nine additional cases showed NE marker positivity in isolated 

tumor cells of adenocarcinoma. These morphologic groups were nearly equally seen in 

primary and metastatic lesions.

Gopalan et al. Page 6

Histopathology. Author manuscript; available in PMC 2023 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Prior studies34–37 have demonstrated that scattered NE cells are present in 10-100% of 

prostatic adenocarcinoma, varying with the number of NE markers performed, and the 

extent of tumor evaluated. When tumor grade is accounted for, there is no definitive 

data showing that extent of NE marker positive cells has an independent effect on 

survival34, 38–43, and therefore routine staining of all PCa for NE markers is not 

recommended. In metastatic sites, older studies suggest that the specific ADT utilized 

influences the presence of NE marker-positive cells, but no correlation with extent of disease 

and disease specific survival is seen42. In pathology reports from such cases with more 

limited – patchy or isolated cell – NE IHC marker positivity, it is crucial to distinguish 

from small cell carcinoma/HGNEC manifestations, as there is no current indication for 

platinum-based therapy in the former.

There is a subset of PCa with cells displaying prominent NE granules on routine H&E 

stains, that has been termed ‘Paneth cell-like (neuroendocrine)’44. Such cells have been 

reported across the spectrum of grades of prostate cancer. When present as cords, nests, or 

single cells they may recapitulate high grade PCa; however, in reported series, pathologic 

and clinical outcomes are dependent on grading, quantitation, and staging features of 

conventional adenocarcinoma areas45–47. PCa with prominent NE granules comprised ~ 

15% of all cases in this series, exclusively in primary disease, and with over 70% (8/11) seen 

in the post-therapy setting. Since these cells more closely resemble intestinal NE cells (NE 

markers positive and lack of lysozyme) rather than true Paneth cells (which are NE marker 

negative and contain lysozyme)45, and may express AR48, an alternative nomenclature, such 

as “PCa with prominent NE granules”, may be warranted, which also distinguishes this NE 

manifestation from small cell carcinoma/HGNEC.

Conclusions

In this contemporary case series of NE differentiation in the setting of prostate cancer, we 

found that most NE manifestations, not only small cell carcinoma/HGNEC, are seen after 

therapy. We highlight 15 cases of PCa with diffuse NE marker positivity/differentiation 

in metastatic sites, an under-recognized phenotype which may well fall along the lineage 

plasticity spectrum. We further demonstrate a propensity for detection of small cell 

carcinoma/HGNEC and PCa with diffuse NE differentiation in metastatic settings, and 

conversely, detection of combined high grade PCa+small cell carcinoma/HGNEC and PCa 

with prominent NE granules (‘Paneth cell-like’) in primary disease. These findings expand 

current knowledge regarding NE differentiation in PCa and await molecular and further 

clinical outcome correlation.
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Figure 1. 
Small cell/ high grade neuroendocrine carcinoma at 20x magnification demonstrating high 

N-C ratio, hyperchromatic nuclei with nuclear molding and indistinct nucleoli and a high 

mitotic and apoptotic rate
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Figure 2: 
Combined (mixed) high grade prostatic adenocarcinoma and high-grade neuroendocrine 

carcinoma showing:

(A) Abrupt transition between the two components at 4x magnification

(B) Acinar adenocarcinoma component at 20x magnification highlighting intraluminal 

mucin, pale eosinophilic cytoplasm, and macronucleoli

(C) High-grade NE carcinoma component at 20x magnification highlighting basophilic 

cytoplasm, ‘salt and pepper’ nuclear chromatin, and 1-3 indistinct nucleoli
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Figure 3: 
Prostate cancer with diffuse neuroendocrine differentiation

Example 1: (A) H&E at 10x magnification highlighting nested/compartmentalized 
arrangement of cells with abundant amphophilic cytoplasm; (B) diffuse reactivity with 

NKX3.1, and (C) diffuse reactivity with synaptophysin

Example 2: (D) H&E at 10x magnification showing sheet-like growth of cells with abundant 

amphophilic cytoplasm; (E) diffuse reactivity with NKX3.1, and (F) diffuse reactivity with 

synaptophysin

Gopalan et al. Page 14

Histopathology. Author manuscript; available in PMC 2023 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4: 
Example of metastatic prostate cancer with patchy neuroendocrine differentiation in a penile 

biopsy showing

(A) H&E at 10x magnification displaying high grade prostatic adenocarcinoma with

(B) More than isolated reactivity for synaptophysin
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Table 1.

Breakdown of primary vs. metastatic cases for tumors with neuroendocrine differentiation in the setting of 

prostate cancer

Category Primary Metastatic

Pure small cell carcinoma / HGNEC 3/23 20/23

Combined adenocarcinoma + small cell carcinoma / HGNEC 9/10 1/10

PCa with diffuse neuroendocrine differentiation 0/15 15/15

PCa with patchy neuroendocrine differentiation 5/11 6/11

PCa with isolated neuroendocrine marker positive cells 4/9 5/9

PCa with prominent neuroendocrine granules (‘Paneth cell-like’) 11/11 0/11

Total 32 47

HGNEC: high-grade neuroendocrine carcinoma; PCa: prostate cancer
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Table 2.

Therapy history for each morphologic group by tumor site – primary/metastatic disease

Cancer Location Number of Cases 
(N=)

Therapy

RT ADT RT+ADT NONE

Small cell carcinoma / HGNEC

Total 23 3 5 12 3

Primary 3 1 0 0 2

Metastatic 20 2 5 12 1

Combined adenocarcinoma + small cell carcinoma / 
HGNEC

Total 10 0 6 3 1

Primary 9 0 6 2 1

Metastatic 1 0 0 1 0

PCa with diffuse NE marker positivity / differentiation

Total 15 1 3 8 3

Primary 0 0 0 0 0

Metastatic 15 1 3 8 3

PCa with patchy NE differentiation

Total 11* 0 3 5 2

Primary 5 0 2 1 2

Metastatic 6 0 1 4 0

PCa with isolated NE marker positive cells

Total 9* 0 4 2 1

Primary 4 0 2 1 1

Metastatic 5 0 2 1 0

PCa with prominent NE granules (‘Paneth cell-like’)

Total 11 2 3 3 3

Primary 11 2 3 3 3

Metastatic 0 0 0 0 0

*
One case of PCa with patchy NE differentiation and 2 cases of PCa with isolated NE marker positive cells had no therapy history available

HGNEC: high-grade neuroendocrine carcinoma; PCa: prostate cancer; NE: neuroendocrine; RT: radiation therapy; ADT: androgen deprivation 
therapy
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