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Abstract: Large cell neuroendocrine carcinoma of the prostate (LCNEC), de novo in particular, is an extremely rare 
entity that has only been described in the literature in case reports. Historically, the majority of the cases of LCNEC 
reported in the literature represent typical prostatic adenocarcinomas that transformed after long standing andro-
gen deprivation therapy (ADT). These cases were admixed with histological areas of usual adenocarcinoma and 
showed hybrid features of both neuroendocrine and usual adenocarcinoma. Here we present a case of an LCNEC 
without admixed areas of usual prostatic adenocarcinoma arising de novo in a patient without prior history of hor-
monal therapy. The tumor also shows morphologic evidence of neuroendocrine differentiation; composed of large 
sheets and nests of cells with moderate amphophilic cytoplasm with peripheral palisading, and vesicular clumpy 
chromatin with prominent nucleoli. The carcinoma’s prostatic origin is indicated by positive immunohistochemical 
staining for PSA, PAP, PSMA, racemase, and Nkx3.1. Diffusely positive staining for chromogranin and synaptophy-
sin, as well as the presence of secretory granules in the cytoplasm of the tumor cells demonstrated by electron 
microscopy supports the NE differentiation. NE prostate cancer usually does not express AR and is refractory to ADT 
therapy while AR and ERG are positive in this case. In summary, we report a de novo LCNEC of the prostate with 
review of literature, in particular, clinical implications.
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Introduction 

Prostate cancer is the most common noncuta-
neous cancer and the second leading cause of 
cancer death in men in the United States [1]. 
The annual incidence of prostate cancer contin-
ues to increase. In the United States, there will 
be an estimated 233,000 cases and 29,500 
deaths in 2014 [2].

The clinical behavior of prostate cancer ranges 
from microscopic, well-differentiated tumors 
that may never be clinically significant to aggre- 
ssive, high grade cancers ultimately cause 
metastases, morbidity, and death. The majority 
of prostate cancers are adenocarcinoma, which 
may, on rare occasions, demonstrate neuroen-
docrine differentiation.

A small subset of neuroendocrine cells is pres-
ent in normal prostate. They arise from a puta-

tive stem cell with a basal cell phenotype and 
lack androgen receptor. They are thought to 
play a regulatory role in the proliferative and 
secretory activity of prostatic glandular epithe-
lium [3]. Neuroendocrine cells have also been 
identified in prostatic neoplasms. In 2013, the 
Prostate Cancer Foundation developed a clas-
sification system for prostate cancer with neu-
roendocrine differentiation. It includes usual 
prostate adenocarcinoma with NE differentia-
tion, adenocarcinoma with Paneth cell NE dif-
ferentiation, carcinoid tumor, small cell carci-
noma, large cell carcinoma and mixed NE car- 
cinoma-acinar adenocarcinoma [4]. 

Neuroendocrine differentiation in prostatic car-
cinoma is most commonly seen in the form of 
scattered NE cells. There is a clear association 
between the numbers of neuroendocrine cells 
and the use of androgen-deprivation therapy 
(ADT), but the prognostic significance of this 
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finding remains incompletely understood [5]. 
The least common manifestation of neuroen-
docrine differentiation in prostate cancer is the 
development of neuroendocrine tumors, either 
pure neuroendocrine tumors or mixed neuroen-
docrine and typical adenocarcinoma [6]. Pure 
neuroendocrine prostate cancer is a rare entity 
and encompasses various clinical scenarios 
[6-8]. Overall, these tumors behave aggressive-
ly, associate with frequent distant metastasis 
and correlate with poor prognosis [9]. Small-
cell carcinoma is the most common neuroendo-
crine prostate cancer, whereas carcinoid and 
large-cell neuroendocrine prostate cancer (LCN- 
EC) are exceedingly rare [4, 10, 11]. To date, the 
few LCNEC cases published occurred almost 
exclusively in the context of long-standing treat-
ment with androgen deprivation therapy (ADT) 
[4, 6, 8, 12, 13]. Usually, neuroendocrine pros-
tate carcinoma does not express the androgen 
receptor and is considered clinically hormone 
refractory. The degree of neuroendocrine differ-

entiation of prostate adenocarcinoma increas-
es with tumor progression. 

De novo LCNEC is extremely rare. Until now, 
only three series of LCNEC have been published 
[6-8]. Evans et al described 7 cases of LCNEC, 
with only one pure de novo case. Azad et al 
studied two de novo LCNECs coexisting with 
poorly differentiated prostatic adenocarcino-
ma. Due to its rarity, it is important for patholo-
gists to be able to recognize and accurately 
diagnose these tumors in order to  be able to 
understand their prognostic and therapeutic 
implications. In this study, we present a rare 
case of pure de novo large cell neuroendocrine 
carcinoma of the prostate.

Case presentation

A 66-year-old African American man was evalu-
ated in 2012 for an elevated prostate specific 
antigen (PSA) of 48 ng/mL. At the time the 
patient refused a prostate biopsy. He present-

Figure 1. Histological features of the LCNEC of prostate. A. Cytological appearance of the large neuroendocrine 
cells from urine. B. Low power view showing diffuse solid sheets of infiltrating cells. C. High power view showing 
areas of poorly formed papillary structures. D. High power view of the cells showing sheets of cells with moderate 
amphophilic to pale cytoplasm and vesicular clumpy chromatin with prominent nucleoli.
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ed again in June of 2014 with bilateral hydrone-
phrosis and was found to have a PSA level of 97 
ng/mL. The ultrasound revealed a tumor cover-
ing the bladder neck, trigone, and floor with 
complete obstruction of the ureteral orifices. 
He underwent a channel transurethral resec-
tion of the prostate (TURP) to manage his symp-
toms suspected to be due to adenocarcinoma 
of the prostate. A subsequent non-contrast CT 

showed bulky retroperitoneal and pelvic lymph-
adenopathy, consistent with metastatic disea- 
se.

Pathological findings

A urine cytology sample was evaluated prior to 
TURP. The thin prep slide showed tumor cells in 
single cells and groups of three-dimensional 

Figure 2. Molecular profile of the LCNEC. The carcinoma is positive for: PSAP (A), Synaptophysin (B), AR (C), ERG (D), 
Nkx3.1 (E) and negative for Pten deleteion (F). 
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cell clusters of variable size with the cell size 
ranging from medium-to-large, up to 22 µm 
(Figure 1A). The majority of the cells had a high 
nuclear cytoplasmic ratio with some cells dem-
onstrating naked nuclei. Nuclear pyknosis, 
molding and mitosis were frequently present. 
These features are inconsistent with a usual 
urothelial carcinoma or prostatic adenocarci-
noma. A diagnosis of large cell neuroendocrine 
carcinoma was rendered because of a combi-
nation of morphological features including 
pleomorphism, nuclear molding, pyknosis, high 
nucleocytoplasmic ratio, apoptosis and mito- 
sis.

The hematoxylin and eosin slides of the TURP 
specimen showed a high grade neoplasm com-
posed of solid sheets and nests of polygonal 
cells diffusely infiltrating the prostatic paren-
chyma (Figure 1B-D). The nests of cells showed 
peripheral palisading focally. The cells were 
large in size with abundant amphophilic to pale 
cytoplasm. The nuclei showed vesicular clu- 
mped chromatin with prominent nucleoli. There 
were areas of necrosis and high mitotic count 
(up to 35/10 hpf). These features present in 
the current specimen are similar to the histo-
logic description of LCNEC given by Evans et al 
in the largest series ever published on LCNEC. 
There are no areas of conventional adenocarci-
noma throughout the specimen. 

and prominent nucleoli. The cytoplasm of the 
cells demonstrated abundant secretory gran-
ules, providing ultrastructural evidence of their 
neuroendocrine differentiation.

We further characterized the cancer with andro-
gen receptor (AR) and ERG expression as pros-
tate cancer is regulated by the androgen signal-
ing pathway. ERG is positive when fused to 
TMPRSS gene, regulated by androgen and 
estrogen [14]. Both AR (Figure 2C) and ERG 
(Figure 2D) were diffusely and strongly positive. 
Homeobox protein Nkx3.1, a prostate specific 
tumor suppressor with its expression in castra-
tion-resistant prostate cancer (Nkx3-1-expre- 
ssing cells, CARNs) and implicated in stem cell 
function [15], was strongly positive (Figure 2E) 
in this case. Myc oncoprotein is often overex-
pressed in high grade prostate cancer, howev-
er, it was negative in our case. TTF-1 is some-
times positive in NE carcinoma other than lung 
cancer and was negative in this case.

Finally, we performed FISH studies to deter-
mine whether there was either hetero- or homo-
zygotic deletion for Pten. Of 100 cells exam-
ined, there was no evidence of Pten deletion 
(Figure 2F).

Discussion

LCNEC is an exceedingly rare entity, especially 
when arising de novo. This entity is so rare that 

Table 1. Results summary for molecular tests
Marker Test Results
PSA IHC Focally positive
PAP IHC Diffusely positive
PSMA IHC Diffusely positive
AMACR IHC Diffusely positive
AR IHC Diffusely positive (nuclear)
ERG IHC Diffusely positive (nuclear)
Nkx3.1 IHC Diffusely positive (nuclear)
Chromogranin IHC Diffusely positive
Synaptophysin IHC Diffusely positive
CD56 IHC Diffusely positive
Ki67 IHC Up to 35%
CK7 IHC Negative
CK20 IHC Negative
TTF-1 IHC Negative
p63 IHC Negative
GATA-3 IHC Negative
Pten FISH Negative for hetero- and homozygotic deletion

Immunohistochemistry (IHC) (Table 
1) was performed to determine the 
origin of the cancer and the extent 
of neuroendocrine differentiation. 
IHC was diffusely positive for PSAP 
(Figure 2A), PSMA, racemase and 
focally positive for PSA. We also 
performed IHC for CK20, p63 and 
GATA-3 to rule out bladder cancer 
as some of the cancer areas 
showed ill-defined papillary struc-
tures (Figure 1C). CK20, p63 and 
GATA-3 were negative, ruling out a 
bladder urothelial origin of the can-
cer. We stained the tumor cells 
with NE markers including chromo-
granin (Figure 2B), synaptophysin 
and CD56. IHC showed strong dif-
fuse cytoplasmic staining for all NE 
markers. Electron microscope 
images of the carcinoma cells 
showed medium to large cells (up 
to 20 µm) with clumpy chromatin 
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there are just a few case reports in the litera-
ture (Table 2). The largest series of LCNEC 
described only seven cases. These cases were 
identified using the histologic criteria of LCNEC 
of the lung described by Travis et al: large polyg-
onal cells with low nuclear to cytoplasmic ratio, 
nuclei with prominent nucleoli and coarse chro-
matin, mitotic count greater than 10 mitosis 
per 10 high power fields, and evidence of neu-
roendocrine differentiation by immunohisto-
chemistry or ultrastructurally. Six of these sev- 
en cases began their natural histories as typi-
cal adenocarinomas of the prostate and then 
progressed after long standing androgen depri-
vation therapy. Pathologic evaluation of all six 
of these cases demonstrated LCNEC admixed 
with typical adenocarinoma of the prostate. 
Only one case in this series arose de novo and 
demonstrated pure LCNEC on pathologic exam-
ination. All seven cases showed diffuse immu-
nopositivity with at least one neuroendocrine 
marker (chromogranin, CD56, or synaptophy-
sin) with variable expression of PSA, PSAP, CK7, 
and CK 20. Proliferation rate in the series was 
usually above 50% and all five cases tested for 
AR immunoreactivity were negative. 

Since all but one case in the series by Evans et 
al some component of usual prostatic adeno-
carcinoma and arose in the setting of ADT, the 
authors suggested that NE carcinomas in the 
prostate arise from usual type adenocarcino-
mas through clonal outgrowth associated with 
the selective pressure of ADT. This theory was 
challenged by Azad et al. who presented two 

cases of LCNEC arising de novo with no prior 
history of ADT. Both cases were diagnosed on 
TRUS-guided prostate needle biopsy in patients 
with advanced, metastatic disease, at diagno-
sis with metastases and lymphadenopathy, 
and both pathologic specimens were admixed 
with areas of usual prostatic adenocarcinoma. 
Both patients responded well to treatment with 
ADT and remained alive without evidence of 
disease progression at 15 and 30 months. The 
authors concluded that LCNEC can arise de 
novo, independent of ADT, and may retain some 
level of AR expression and androgen depen-
dence, although neuroendocrine prostate car-
cinoma is usually AR and PSA negative. 

In 2013, the Prostate Cancer Foundation set 
out to better characterize and refine the diag-
nostic terminology of NE tumors and NE differ-
entiation in the prostate. Their goal was to 
arrive at relevant pathological diagnoses that 
would encourage further molecular and clinical 
studies to identify improved treatments. They 
concluded that, since poorly differentiated us- 
ual prostatic adenocarcinoma (Gleason score 5 
+ 5 = 10) can diffusely express NE markers, the 
definition of LCNEC should be more restrictive 
than the one proposed by Evans et al. The 
Foundation’s panel reached the consensus 
that for a diagnosis of LCNEC to be rendered, 
the tumor cells should express at least one NE 
marker by IHC and should show morphologic 
evidence of NE differentiation characterized by 
large nests with peripheral palisading. Given 
these criteria, the diagnosis of LCNEC should 
be rare, and some LCNEC diagnosed in the past 

Table 2. Literature review of LCNEC of the prostate
Study Clinicopathological features
Large Cell Neuroendocrine Carcinoma of Prostate: 
A Clinicopathologic Summary of 7 Cases of a Rare 
Manifestation of Advanced Prostate Cancer (6)

7 cases were presented with 6 arose from prostatic adenocarcinoma following hormone 
therapy and one case as de novo. 6 of the 7 cases had foci of admixed conventional 
adenocarcinoma. The LCNEC component was comprised of sheets and ribbons of cells with 
areas of necrosis, abundant amphophilic cytoplasm, large nuclei with coarse chromatin and 
prominent nucleoli, and high mitotic activity. They proposed that LCNEC arises through clonal 
outgrowth associated with the selective pressure of ADT

Metastatic Large-Cell Neuroendocrine Prostate 
Carcinoma: Successful Treatment with Androgen 
Deprivation Therapy (7)

Two cases of metastatic poorly differentiated prostatic adenocarcinoma with coexisting foci 
of LCNEC were included. The NE component was composed of sheets of large hyperchromat-
ic cells with prominent nucleoli, abundant amphophilic cytoplasm, and high mitotic activity. 
The NE component was strongly positive for synaptophysin and chromogranin. Both patients 
were treated with ADT with marked and durable response at 1 and 2 years after diagnosis. 
They concluded that although prostate cancer with NE differentiation is usually associated 
with more aggressive disease and failure of hormonal therapy, LCNEC can respond to ADT

Large-Cell Neuroendocrine Carcinoma of Prostate: 
A Case Report (8)

LCNEC that arose in a patient previously diagnosed prostatic adenocarcinoma and after 5 
years of ADT. 5 years after diagnosis patient presented with rapidly progressive metastatic 
disease. Re-biopsy of the prostate at this time, showed LCNEC positive for TTF-1 and chro-
mogranin. The Travis criteria for LCNEC of the lung were used for the morphologic diagnosis. 
They propose that LCNEC arises from clonal outgrowth associated with the selective pres-
sure of ADT
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may represent poorly differentiated adenocar-
cinomas with diffuse NE expression. 

Our case shows diffuse immunoreactivity for 
the NE markers chromogranin and synaptophy-
sin with ultrastructural evidence of NE differen-
tiation by electron microscopy and morphologi-
cal evidence of NE differentiation characterized 
by the large nest of cells with moderate amount 
of amphophilic cytoplasm, vesicular clumpy 
chromatin with prominent nucleoli, high mitotic 
count, and focal peripheral palisading. No 
areas of usual prostatic adenocarcinoma were 
identified in the histologic sections and the 
patient had no prior history of hormonal thera-
py. The strong AR positivity was unusual, but 
the report by Azad et al. does suggest that de 
novo LCNEC may retain androgen dependence.

In conclusion, LCNEC is an extremely rare, poor-
ly-studied tumor. The overwhelming majority of 
prior case reports suggest that LCNEC is often 
associated with long standing ADT. Generally, 
NE differentiation in the prostate has been 
associated with poor prognosis and aggressive 
disease. Molecular characterization of the de 
novo LCNEC may shed light into the biology of 
this rare tumor so that appropriate therapies 
can be identified.
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