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Neuroendocrine (NE) differentiation in tumors of the prostate or in the setting of prostate cancer (PCa) is rare. A
survey of these lesions is presented, including usual PCa with focal NE marker-positive cells, Paneth cell-like
change, prostatic ‘carcinoid’, high-grade NE carcinoma, as well as other tumors that do not fit neatly into these
categories. The most significant clinical and pathologic features, emerging molecular evidence and the
importance of differentiating NE tumors involving the prostate from secondary involvement are highlighted.
Modern Pathology (2018) 31, S122–S132; doi:10.1038/modpathol.2017.164

The current article is based upon a talk entitled
“Neuroendocrine Tumors of the Prostate”, delivered
at the 2017 United States and Canadian Academy of
Pathology Annual Meeting Long Course. It is
significant that this topic was allotted a talk of its
own, as looking back to the last Prostate Long Course
at USCAP 2003, prostatic neuroendocrine (NE)
tumors—that is, small cell carcinoma (SmCC)—were
subsumed within a talk regarding various unusual
subtypes of prostate cancer (PCa). Although NE
differentiation in the setting of PCa remains rare,
more recent descriptions of various NE phenomena
in PCa in the literature1–4 and as, if not more,
significantly, an interest from the genitourinary
oncology perspective, with the incidence of so-
called “neuroendocrine prostate cancer” thought to
be more common/rising in the setting of castrate-
resistant (post-anti-androgen therapy) prostate can-
cer (CRPC),5–8 have warranted an update.

NE cells in normal prostatic tissue

First described by Pretl in 1944,9 focal NE cells are
widely distributed in the prostate,10–11 are members
of the diffuse APUD cell system12 and are thought to
arise, with prostatic secretory cells, from
endodermal-derived pluripotent prostatic stem
cells.13 Although their exact function is unknown,
it is postulated that they are involved in prostatic
growth and differentiation, as well as in homeostatic
regulation of the secretory process.14 Their role may
be mediated through their morphology, which

includes both flask-shaped “open” cells with apical
processes extending to the lumen and “closed” cells,
which interdigitate with normal secretory cells and
contain long dendritic processes (Figure 1).14 On
H&E staining, however, these cells are typically
undetectable.

NE differentiation in prostatic tumors:
proposed classifications

Over the past 5 years, with clinical and molecular
data emerging from the study of PCa treated with
modern androgen deprivation therapies,7–8 attempts
to refine the terminology for NE lesions in the
prostate and/or in the setting of PCa have been
advanced. The two modern proposed
classifications15,16 are summarized in Table 1. They
are essentially similar, with the World Health
Organization 2016 classification16 adopting the
terminology “well-differentiated NE tumor (carci-
noid)” used in other organs17 and viewing the
category of “mixed NE carcinoma-acinar adenocar-
cinoma” from the Prostate Cancer Foundation meet-
ing classification15 as subsets of cases within the
“small cell” and “large cell” NE carcinoma cate-
gories. Although these classifications are an excel-
lent framework, a number of issues persist: (a) on a
practical level, the use of “neuroendocrine differ-
entiation” in usual PCa or Paneth cell-like change is
a potential source of confusion, as in undiscerning
hands it may be still be interpreted as high-grade NE
carcinoma; (b) there are a group of tumors discussed
within the publications, but not well-represented
within the tabular classifications, which show a
range of morphology not typical for either high-grade
acinar adenocarcinoma nor classic for small/large
cell high-grade NE carcinoma and which show
positivity for both prostatic and NE markers (often
diffuse); (c) much of the NE PCa referred to in recent
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publications7 in the setting of CRPC refers to patients
who present with a constellation of clinical features,
termed “small cell” or “anaplastic” by investigators,
but for which the spectrum of pathologic findings is
quite variable. The remainder of this article will
review the range of NE manifestations, with practical
suggestions about how to think about, identify,
diagnose and study these lesions.

Prostatic adenocarcinoma with focal NE
marker-positive cells

Thirty to 100% of primary conventional PCa contain
scattered NE cells,18–20 mostly resembling other
malignant prostatic secretory cells on light micro-
scopy. This finding can be seen in both primary and
metastatic sites. These cells can be focally detected
by immunohistochemistry (IHC) with markers such
as chromogranin and may also express prostatic
markers such as prostatic-specific antigen (PSA),20
indicating dual biologic potential. Whether focal NE
marker-positive cells in PCa have prognostic
import is controversial, with some early studies
suggesting correlation between increasing numbers
of chromogranin-positive cells and worse

prognosis.21–23 Conversely, most authors have corre-
lated the extent of NE marker-positive cells with
increasing tumor grade and failed to show an
independent effect on survival.24–28 Hence, routine
staining of PCa for NE IHC markers, in the absence of
architectural/cytologic evidence suggestive of NE
differentiation, is not recommended.

Similarly, there is evidence that metastatic PCa
contains a population of NE marker-positive cells,29
which do not express the androgen receptor
(AR)30–32 and hence may not be suppressed by
androgen ablation.29 This had led to conjecture that
NE cells possess the ability to “escape” usual
hormonal therapy in advanced PCa, with some
reports of increased NE marker-positive cells
in CRPC, as well as possible prognostic
significance.30,33 However, other reports argue
that these relationships depend on the agent used
in androgen deprivation and have demonstrated
no statistical correlation between quantity of NE
marker-positive cells and disease-specific survival.27
These varying results suggest that the often limited
and focal distribution of NE cells in PCa makes its
difficult to study their relevance, especially in
limited specimens, such as biopsies.34 Although
the true meaning of increased, focal NE marker-
positive cells remains elusive, a number of studies
have shown potential roles for these cells in PCa
progression by paracrine growth stimulation of non-
NE cells, inhibition of apoptosis and stimulation of
neo-angiogenesis.29,33,35

Prostatic adenocarcinoma with Paneth
cell-like change

Occasionally NE cells with bland nuclei and coarse
cytoplasmic eosinophilic granules are seen in a
patchy manner in both normal and cancerous speci-
mens, a phenomenon termed “Paneth cell-like”
change, because of their superficial resemblance to
Paneth cells in the GI tract.2,36 In reality, these cells
are more akin to intestinal NE cells, which express
NE markers and do not contain lysozyme, unlike true
Paneth cells.37 Paneth cell-like change may be seen
across the spectrum of PCa grades, as well as in PCa
previously treated with androgen deprivation/

Table 1 Existing Classifications of prostate cancer with neuroendocrine differentiation

Prostate Cancer Foundation working committee proposed
classification

2016 World Health Organization genitourinary tumor
classification

Usual prostate adenocarcinoma with NE differentiation NE cells in usual prostate cancer
Adenocarcinoma with Paneth cell NE differentiation Adenocarcinoma with Paneth cell-like NE differentiation
Carcinoid tumor Well-differentiated NE tumor (carcinoid)
Small cell carcinoma Small cell NE carcinoma
LCNEC Large cell NE carcinoma
Mixed (small or large cell) NE carcinoma-acinar adenocarcinoma

Abbreviations: LCNEC, large cell neuroendocrine carcinoma; NE, neuroendocrine.

Figure 1 Focal chromogranin immunoreactivity in benign pro-
static glands; note the dendritic quality of the NE marker-
positive cells.
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Figure 2 (a) PCa cells with Paneth cell-like change intermixed with cancer displaying bubbly cytoplasm/pyknotic nuclei, indicating
hormonal therapy effect; (b) Paneth cell-like change in cancer growing as cords/nests, mimicking pattern 5; (c) PCa showing extreme
Paneth cell-like change admixed with usual carcinoma and (d) higher magnification from same tumor showing features that may mimic
carcinoid, including pseudo-rosetting; diffuse chromogranin (e) and focal, yet discrete PSA (f) immunohistochemical labeling in the
cancer focus depicted in c and d.
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hormonal therapy (Figure 2a); these cells express
both PSA and NE markers.

Unusually, these cells may be observed as single
cells, cords or nests of tumor cells.2 Such cases, as
well as a more recently described variant, which
lacks the coarse eosinophilic granules on H&E, but
displays deeply amphophilic cytoplasm and NE
markers positivity,4 may present a diagnostic
dilemma, as grading them based on architecture
would likely result in assigning Gleason pattern 5
(Figure 2b). Follow-up in small series,2,4 however,
has suggested that these cases do not manifest
clinical progression commensurate with a high-
grade diagnosis and have outcome dependent on
standard grading (in the non-Paneth cell-like areas)
and staging parameters. It is suggested that only the
conventional carcinoma be graded, to avoid inaccu-
rate upgrading, and a notation made regarding this
finding.2 Consideration may be given in future
classifications to reserving the verbiage of “neuroen-
docrine differentiation” for the high-grade NE carci-
nomas and high-grade PCa with diffuse NE marker
positivity (an emerging group of tumors), rather than
for more focal NE findings (ie, focal NE marker-
positive cells or Paneth cell-like change), to avoid
any confusion regarding clinical and therapeutic
import.

Of additional note is a recent study of 25 PCa with
varying degrees of Paneth cell-like change, which
found that 45% showed amplification of the Aurora
Kinase A (AURKA) gene, a regulator of mitosis/
meiosis.38 When comparing histologically similar
cases with and without AURKA amplification, this
alteration was associated with a higher percentage of
Paneth cell-like cells and a higher overall Gleason
score.39 Although the true molecular and clinical
meaning of these findings remains for future study,
the high frequency of AURKA amplification and its
potential prognostic significance are interesting
avenues of inquiry, given that therapies targeting
AURKA are being tested in the clinic.39

Prostatic “carcinoid/well-differentiated
neuroendocrine tumor”

A fair number of cases have been reported as
“prostatic carcinoid tumors”.40–45 However, as usual
PCa may exhibit focal NE differentiation, distin-
guishing carcinoid-like adenocarcinomas from a true
primary prostatic carcinoid may be challenging.40
Especially in architecturally high-grade tumors,
these entities may share nested and microacinar/
”rosette-like” patterns of growth with nuclear uni-
formity, prostate-specific acid phosphatase positiv-
ity, and immunohistochemical/ultrastructural
evidence of NE differentiation.46,47 Furthermore,
cellular aggregates with variably interspersed eosi-
nophilic NE granules, that is, Paneth cell-like
change, may also convey an impression of carcinoid
tumor 2 (Figures 2c-f). A careful read of the literature

shows that outside those occurring in young patients
with multiple endocrine neoplasia syndromes,48,49
nearly all “prostatic carcinoids” are actually PCa
with “carcinoid-like” morphologic features50,51 and
in fact, most of these cases exhibit PSA and NE
marker labeling, as well as admixed usual acinar
adenocarcinoma. To be labeled a true prostatic
carcinoid—akin to the well-differentiated NE tumors
in other organs17—tumors must exhibit typical
carcinoid architecture and cytology, PSA negativity
and absence of admixed adenocarcinoma. Using
these guidelines, this diagnosis should be rarely, if
ever, made and its inclusion within future classifica-
tions should be considered carefully.

High-grade NE carcinoma

High-grade NE carcinoma of the prostate or in setting
of PCa is rare, largely occurs in the form of SmCC52

and is thought to represent between 1 and 5% of all
prostatic malignancies when mixed adenocarcinoma
and SmCC cases are included.11 Although high-
grade NE carcinoma can arise de novo, it is most
typically seen in the setting of prior anti-androgen
therapy. Nonetheless, older data from a rapid
autopsy program indicates that morphologically
high-grade NE carcinomas evolve in only about
10% of PCa patients treated with hormonal therapy
who develop CRPC.53 Conversely, in the constella-
tion of extrapulmonary SmCC, the prostate is a
relatively common site.54 The majority of prostatic
SmCC lack clinically evident hormone production,
with only rare reports of ectopic adrenocorticotropic
or antidiuretic hormone secretion.55

High-grade NE carcinoma of prostate histologically
resembles the spectrum of SmCC and large cell NE
carcinoma (LCNEC) described at other sites,1,3,56,57
ranging from “classic” SmCC features as seen in the
lung, that is, diffuse sheets of round blue hyperchro-
matic cells exhibiting nuclear molding, granular
chromatin, inconspicuous nucleoli, scant cytoplasm
and frequent mitoses/apoptotic debris (Figures 3a
and b) to lesions with a LCNEC phenotype, including
“organoid”, trabecular or palisaded architecture,
associated geographic necrosis and large cells with
more abundant cytoplasm and macronucleoli. These
tumors are most often associated with Ki-67/MiB-1
proliferation rates of ≥ 50%.

Approximately 50% of high-grade NE carcinomas
are composite tumors with conventional PCa.11
These are the so-called “mixed” NE carcinoma-
acinar adenocarcinomas15 and almost invariably
show abrupt transitions between the acinar and NE
components (Figures 3c-f), which may be differen-
tially highlighted using IHC markers, yet may show
common TP53 gene mutation in both components,
suggesting a common clonal origin.58 Loss of RB1
gene by deletion is a common event in prostatic
SmCC, which may be detected in these lesions and
~50% of concurrent acinar PCa by loss of Rb IHC

Modern Pathology (2018) 31, S122–S132

Neuroendocrine tumors of the prostate

SW Fine S125



Figure 3 (a) SmCC on prostatic needle biopsy—cells with little cytoplasm growing in sheets and (b) higher magnification displaying
nuclear molding and high mitotic and apoptotic rates. (c) Mixed adenocarcinoma-high-grade NE carcinoma in a radical prostatectomy
showing abrupt transition between the two components with (d) chromogranin staining highlighting the small cell component; metastases
from tumor depicted in c, left pelvic lymph node (e) showing adenocarcinoma and right pelvic lymph node (f) showing high-grade NE
histology.
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expression, compared with a very low % of other-
wise high-grade acinar PCa.59 Diagnostically, the
high-grade NE carcinoma component of these tumors
should not be assigned a Gleason grade. Owing to
their respective features, classic SmCC is more
readily differentiated from diffuse growth of Gleason
pattern 5 PCa than LCNEC, which may share
cytoplasmic (more abundant/amphophilic) and
nucleolar features.1 Uncommonly, acinar carcinoma
will become admixed with cells, clusters and/or
nests of cells that retain nucleoli but have architec-
tural and cytoplasmic features and proliferation rates
consistent with NE carcinoma.

A number of studies have reported the immuno-
phenotype of SmCC and conventional PCa.60–62
Overall, they have found strong labeling for PSA in
most PCa, with at least focal expression in approxi-
mately 25% of SmCC, as well as diffuse NE marker
labeling in SmCC with substantially less staining in
usual PCa.61,62 Furthermore, although most have
maintained that malignant NE cells within high-
grade NE carcinoma do not express AR,30,31 this
finding is not universal; focal AR positivity may be
detected.62 The presence of morphologically mixed
prostatic acinar adenocarcinoma in many high-grade
NE carcinomas, coupled with evidence of cells that
may co-express PSA/PAP/AR and NE
markers1,56,61,62 suggests evolution of a subset of
multipotent non-NE prostatic tumor cells as the
derivation for prostatic high-grade NEC,1,13,24,61,63 a
phenomenon more recently termed “transdifferen-
tiation”.64

Given the relative rarity of high-grade NE carci-
noma in the setting of PCa, the main differential
diagnosis is with non-prostatic high-grade NE carci-
noma such as metastasis from the lung. From an
anatomic perspective, direct extension from a NE
carcinoma of the bladder is significantly more likely
and may share morphologic and immunohistochem-
ical features, including TTF-1 positivity.62,65 A
clinical scenario in which this dilemma arises is in
transurethral resection specimens from the bladder/
bladder neck. Although the presence of non-invasive
or unequivocal invasive urothelial carcinoma should
certainly discourage a diagnosis of high-grade NE
carcinoma of prostatic origin, detection of
TMPRSS2-ERG rearrangement66 may be an impor-
tant marker indicating prostatic origin in difficult
cases, in combination with urothelial-specific
markers.

Early studies of prostatic SmCC found TMPRSS2-
ERG rearrangement rates of 70–85%, findings
thought to indicate that rearrangement was asso-
ciated with aggressive disease.67–69 Subsequent
studies, however, revealed an incidence of approxi-
mately 45%, a similar rate to that seen in conven-
tional primary PCa.70,71 Multiple reports have
demonstrated that in nearly all cases, there is
concordant ERG rearrangement status between con-
current usual PCa and SmCC components, indicating

common clonal origin and re-emphasizing the notion
of divergent differentiation for these tumors.70,71

Usually, TMPRSS2-ERG rearrangement brings
ERG under androgen-regulated transcription control
and hence, ERG protein expression detected by IHC
shows excellent correlation (~90%) with rearrange-
ment status. Lotan et al70 highlight cases of SmCC in
the setting of PCa, which are no longer reliant on
androgen signaling (AR negative). In this scenario,
ERG protein expression by IHC may not correlate
with rearrangement status and similarly PSA and
NKX3.1, an androgen-regulated transcription factor,
may show negative IHC labeling. This idea is echoed
in a report from an autopsy series cohort, which
studied the correlation of ERG IHC with fluorescent
in situ hybridization (FISH) rearrangement status in
CRPC.72 They found that tumors that are no longer
androgen dependent, but have ERG rearrangement,
may be completely negative (or show only focal,
weak positivity) for ERG IHC. Hence, FISH and not
IHC is the best way to test for ERG rearrangement in
SmCC/high-grade NE carcinoma cases suspected for
prostatic origin. Importantly, all cases of SmCC of
bladder and lung origin that have been investigated
have been negative for ERG rearrangement, high-
lighting the utility of this marker, when detected, in
some cases.68–70

Comparable to other sites, prostatic high-grade NE
carcinoma present at advanced stage, are often
unresectable and display a high frequency of visceral
metastases and abysmal survival.56,73,74 Small mod-
ern series have suggested managing prostatic SmCC
with a combination of androgen deprivation and
cisplatin-based therapies followed by consolidative
surgery or radiotherapy.73–75 However, even
chemotherapy-treated patients tend to progress
rapidly. Few examples of distinct prostatic LCNEC
have been reported,1,76–78 with the majority being
incidental findings in palliative transurethral resec-
tion specimens in patients with CRPC.1 Reported
cases have been detected late in the disease course,
with widespread metastases to bone and viscera,
uniformly poor responses to NE-specific chemother-
apy and limited survival.1

Prostatic carcinoma with diffuse NE
differentiation

There is a group of tumors that do not fit cleanly into
proposed classification schemes for NE differentia-
tion in PCa and comprise an unknown percentage of
primary/metastatic lesions without systematic clin-
ical follow up. Importantly, these mostly high-grade
tumors share the common feature of labeling for
prostatic markers such as AR/PSA/NKX3.1, although
also displaying diffuse (or non-focal, confluent) NE
marker IHC expression. Moreover, when reported,
these tumors are most often seen in patients with a
prior history of anti-androgen therapy.15,79,80 These
cancers show morphologic variability, from tumors
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Figure 4 PCa with diffuse NE differentiation. (a) Lymph node biopsy from a patient with PCa treated with androgen deprivation therapy
demonstrating sheet-like/diffuse growth of tumor cells and (b) higher magnification displaying features not typically seen in SmCC,
including ample cytoplasm and macronucleoli; note some cells showing bubbly cytoplasm consistent with therapeutic effect;
immunohistochemical stains showing strong, diffuse labeling for prostatic markers, PSA (c) and NKX3.1 (d), and NEs, chromogranin (e)
and synaptophysin (f).

Modern Pathology (2018) 31, S122–S132

Neuroendocrine tumors of the prostate

S128 SW Fine



composed of nests and ribbons of tumor cells +/−
rosette-like architecture with amphophilic cyto-
plasm, “salt and pepper” chromatin and central
prominent nucleoli (mimicking carcinoid), to cases
with sheet-like growth with rare lumen formation,
yet displaying more cytoplasm and more prominent
nucleoli than typically seen in SmCC (Figures 4a-f),
to tumors with solid/nested architecture, no dis-
cernible gland formation and cells with amphophilic
cytoplasm variable nuclear pleomorphism, one to
several macronucleoli and brisk mitotic activity, yet
lacking the peripheral palisading and necrosis
classic for LCNEC. Although the literature is limited,
it is plausible (and even likely) that some of these
tumors have been classified into established cate-
gories—“carcinoid”/SmCC/LCNEC—in the past.
Recent attempts to name these tumors have yielded
terms such as “prostate cancer with overlapping
features of small cell and acinar adenocarcinoma”15
to describe tumors with one cell population in which
it is difficult to determine whether to diagnose SmCC
(because of diffuse architecture) or Gleason pattern 5
PCa (because of cytology). Another group has
proposed the term “amphicrine carcinoma”79 for
high-grade lesions with cytology, but not architec-
ture, of classic LCNEC and expressing both exocrine
(prostatic) and NE markers.81 As large series of these
cases are not yet available and nuances in morphol-
ogy, grading, clinical presentation and molecular
alterations remain to be studied, one may suggest
reporting this group of tumors diagnostically as
“prostatic carcinoma with diffuse NE differentiation”
with a descriptive note to separate them from more
focal NE findings, as well as from well-established
categories of high-grade NE carcinoma.

CRPC with aggressive clinical
presentation

Oncologists have focused on a group of PCas with a
highly aggressive clinical course, which they have
variably referred to as: “anaplastic”, “small cell” and
“treatment-related NE prostate cancer”.7,8 These
designations are not based on the morphology or
immunoprofile of these tumors, but rather on a
spectrum of clinical features distinct from those seen
in aggressive usual PCa. These features include:
visceral and lytic (rather then blastic) bony metas-
tases, bulky lymph node metastases in the pelvic
region, low PSA at presentation despite bulky
disease (pre-hormonal therapy or at symptomatic
progression in the castrate setting) and short interval
to CRPC after initiation of hormonal therapy. High
serum chromogranin, LDH, CEA and/or malignant
hypercalcemia have also been reported.7 From the
molecular perspective, the Weill-Cornell group has
demonstrated concurrent AURKA and N-MYC gene
amplifications in ~ 70% of a cohort of hormone naïve
PCa specimens, which clinically progressed to
“aggressive CRPC” (as defined above) and similar

or higher percentage of these molecular alterations in
specimens from “aggressive CRPC” or metastases,
compared with only 5% in an unselected PCa
cohort.82 The true incidence of this clinical syn-
drome is not known, but with greater utilization of
potent anti-androgen agents, such as abiraterone and
enzalutamide,83,84 and increasing commonality of
biopsy from metastatic sites, one may anticipate that
more specimens from such cases will come to
attention. From a diagnostic perspective, it is within
the realm of possibility that these cases could show
morphology of pure or mixed SmCC/high-grade NE
carcinoma, usual high-grade PCa or what we have
termed “prostatic carcinoma with diffuse NE differ-
entiation”,85 distinctions that await further study.

In sum, the present article has reviewed the well-
established entities in the spectrum of NE lesions of
the prostate/in the setting of PCa, although high-
lighting the morphologic variation within those
categories, which may characterize new or emerging
subsets of tumors. Pathologists should exercise
caution in reporting tumors with NE differentiation,
making clear whether the findings are amongst the
focal phenomena or those that are associated with
high-grade features. Hopefully, further refinement of
the morphologic classification of NE lesions in the
setting of PCa over the coming years will engender
better correlation among emerging molecular find-
ings, sensitivity to therapy and clinical outcomes.

Disclosure/conflict of interest

The author declares no conflict of interest.

References

1 Evans AJ, Humphrey PA, Belani J, et al. Large cell
neuroendocrine carcinoma of the prostate: a clinico-
pathologic summary of 7 cases of a rare manifestation
of advanced prostate cancer. Am J Surg Pathol 2006;30:
684–693.

2 Tamas EF, Epstein JI. Prognostic significance of Paneth
cell-like neuroendocrine differentiation in adenocarci-
noma of the prostate. Am J Surg Pathol 2006;30:
980–985.

3 Wang W, Epstein JI. Small cell carcinoma of the
prostate. A morphologic and immunohistochemical
study of 95 cases. Am J Surg Pathol 2008;32:65–71.

4 So JS, Gordetsky J, Epstein JI. Variant of prostatic
adenocarcinoma with Paneth cell-like neuroendocrine
differentiation readily misdiagnosed as Gleason pat-
tern 5. Hum Pathol 2014;45:2388–2393.

5 Yuan TC, Veeramani S, Lin MF. Neuroendocrine-like
prostate cancer cells: neuroendocrine transdifferentia-
tion of prostate adenocarcinoma cells. Endocr Relat
Cancer 2007;14:531–547.

6 Beltran H, Rickman DS, Park K, et al. Molecular
characterization of neuroendocrine prostate cancer
and identification of new drug targets. Cancer Discov
2011;1:487–495.

Modern Pathology (2018) 31, S122–S132

Neuroendocrine tumors of the prostate

SW Fine S129



7 Aparicio AM, Harzstark AL, Corn PG, et al. Platinum-
based chemotherapy for variant castrate-resistant
prostate cancer. Clin Cancer Res 2013;19:3621–3630.

8 Beltran H, Tomlins S, Aparicio A, et al. Aggressive
variants of castration-resistant prostate cancer. Clin
Cancer Res 2014;20:2846–2850.

9 Pretl K. Zur frage der endocrinie der menschlichen
versteherdruse. Virchows Arch 1944;312:392–404.

10 Azzopardi JG, Evans DJ. Argentaffin cells in prostatic
carcinoma: differentiation from lipofuscin and melanin
in prostatic epithelium. J Pathol 1971;104:247–251.

11 di Sant’Agnese PA. Neuroendocrine differentiation in
carcinoma of the prostate: diagnostic, prognostic, and
therapeutic implications. Cancer 1992;70(1 Suppl):
254–268.

12 Pearse AGE. The cytochemistry and ultrastructure of
polypeptide hormone-producing cells of the APUD
series and the embryologic, physiologic, and pathologic
implications of the concept. J Histochem Cytochem
1969;17:303–313.

13 Bonkhoff H, Stein U, Remberger K. Multidirectional
differentiation in the normal, hyperplastic, and neo-
plastic human prostate: simultaneous demonstration of
cell-specific epithelial markers. Hum Pathol 1994;25:
42–46.

14 Abrahamsson PA, di Sant’Agnese PA. Neuroendocrine
cells in the human prostate gland. J Androl 1993;14:
307–309.

15 Epstein JI, Amin MB, Beltran H, et al. Proposed
morphologic classification of prostate cancer with
neuroendocrine differentiation. Am J Surg Pathol
2014;38:756–767.

16 Moch H, Humphrey PA, Ulbright TM, et al. WHO
Classification of Tumours of the Urinary System and
Male Genital Organs. 4th edn. IARC: Lyon, France,
2016.

17 Klimstra DS, Beltran H, Lilenbaum R, et al. The
spectrum of neuroendocrine tumors: histologic classi-
fication, unique features and areas of overlap. Am Soc
Clin Oncol Educ Book 2015;92–103.

18 Fetisoff F, Duboid WP, Arbeille-Brassart B, et al.
Endocrine cells in the prostate gland, urothelium, and
Brenner tumors. Virchows Arch B Cell Pathol 1983;42:
53–64.

19 di Sant’Agnese PA, de Mesy Jensen KL. Human
prostatic endocrine-paracrine (APUD) cells: distribu-
tional analysis with a comparison of serotonin and
neuron-specific enolase immunoreactivity and
silver stains. Arch Pathol Lab Med 1985;109:607–612.

20 di Sant’Agnese PA. Neuroendocrine differentiation and
prostatic carcinoma: the concept “comes of age”. Arch
Pathol Lab Med 1988;112:1097–1099.

21 Abrahamsson PA, Falkmer S, Falt K, et al. The course
of neuroendocrine differentiation in prostatic carcino-
mas: an immunohistochemical study testing chromo-
granin A as an “endocrine marker”. Pathol Res Pract
1989;185:373–380.

22 Cohen RJ, Glezerson G, Haffajee Z. Neuro-endocrine
cells: new prognostic parameter in prostate cancer. Br J
Urol 1991;68:258–262.

23 Weinstein MH, Partin AW, Veltri RW, et al. Neuroen-
docrine differentiation in prostate cancer: enhanced
prediction of progression after radical prostatectomy.
Hum Pathol 1996;27:683–687.

24 Noordzij MA, van der Kwast TH, van Steenbrugge GJ,
et al. The prognostic influence of neuroendocrine cells
in prostate cancer: results of a long-term follow-up

study of patients treated by radical prostatectomy. Int J
Cancer 1995;62:252–258.

25 Abrahamsson PA. Neuroendocrine differentiation in
prostatic carcinoma. The Prostate 1999;39:135–148.

26 Abrahamsson PA, Cockett ATK, di Sant’Agnese PA.
Prognostic significance of neuroendocrine differentia-
tion in clinically localized prostatic carcinoma. Pros-
tate(Suppl) 1998;8:37–42.

27 Aprikian AG, Cordon-Cardo C, Fair WR, et al. Neu-
roendocrine differentiation in metastatic prostatic
adenocarcinoma. J Urol 1994;151:914–919.

28 McWilliam LJ, Manson C, George NJR. Neuroendocrine
differentiation and prognosis in prostatic adenocarci-
nomas. Br J Urol 1997;80:287–290.

29 Aprikian AG, Cordon-Cardo C, Fair WR, et al. Char-
acterization of neuroendocrine differentiation in
human benign prostate and prostatic adenocarcinoma.
Cancer 1993;71:3952–3965.

30 Bonkhoff H, Stein U, Remberger K. Androgen receptor
status in endocrine-paracrine cell types of normal,
hyperplastic, and neoplastic human prostate. Virchows
Arch A Pathol Anat Histopathol 1993;423:291–294.

31 Krijnen JL, Janssen PJ, Ruizeveld de Winter JA, et al.
Do neuroendocrine cells in human prostate cancer
express androgen receptor. Histochemistry 1993;100:
393–398.

32 Huang J, Yao JL, di Sant’Agnese PA, et al. Immunohis-
tochemical characterization of neuroendocrine cells in
prostate cancer. Prostate 2006;66:1399–1406.

33 Krijnen JL, Bogdanowicz JF, Seldenrijk CA, et al. The
prognostic value of neuroendocrine differentiation in
adenocarcinoma of the prostate in relation to progres-
sion of disease after endocrine therapy. J Urol 1997;158:
171–174.

34 Casella R, Bubendorf L, Sauter G, et al. Focal
neuroendocrine differentiation lacks prognostic signif-
icance in prostate core needle biopsies. J Urol
1998;160:406–410.

35 Bonkhoff H. Neuroendocrine differentiation in human
prostate cancer: morphogenesis, proliferation, and
androgen receptor status. Ann Oncol 2001;12(Suppl 2):
S141–S144.

36 Weaver MG, Abdul-Karim FW, Srigley J, et al. Paneth
cell-like change of the prostate gland: a histological,
immunohistochemical, and electron
microscopic study. Am J Surg Pathol 1992;16:62–68.

37 di Sant’Agnese PA, de Mesy Jensen KL. Endocrine-
paracrine cells of the prostate and prostatic urethra.
Hum Pathol 1984;15:1034–1041.

38 Hirota T, Kunitoku N, Sasayama T, et al. Aurora-A and
an interacting activator, the LIM protein Ajuba, are
required for mitotic commitment in human cells. Cell
2003;114:585–598.

39 Park K, Chen Z, MacDonald TY, et al. Prostate cancer
with Paneth cell-like neuroendocrine differentiation
has recognizable histomorphology and harbors AURKA
gene amplification. Hum Pathol 2014;45:2136–2143.

40 Almagro UA. Argyrophilic prostatic carcinoma: case
report with literature review on prostatic carcinoid and
“carcinoid-like” prostatic carcinoma. Cancer 1985;55:
608–614.

41 Ansari MA, Pintozzi RL, Choi YS, et al. Diagnosis of
carcinoid-like metastatic prostatic carcinoma by an
immunoperoxidase method. Am J Clin Pathol 1981;76:
94–98.

42 Azumi N, Shibuya H, Ishikura M. Primary prostatic
carcinoid tumor with intracytoplasmic prostatic acid

Modern Pathology (2018) 31, S122–S132

Neuroendocrine tumors of the prostate

S130 SW Fine



phosphatase and prostate specific antigen. Am J Surg
Pathol 1984;8:545–550.

43 Ghali VS, Garcia RL. Prostatic adenocarcinoma with
carcinoidal features producing adrenocorticotropic
syndrome: immunohistochemical study and review of
the literature. Cancer 1984;54:1043–1048.

44 Ghannoum JE, DeLellis RA, Shin SJ. Primary carcinoid
tumor of the prostate with concurrent adenocarcinoma:
a case report. Int J Surg Pathol 2004;12:167–170.

45 Tash JA, Reuter VE, Russo P. Metastatic carcinoid
tumor of the prostate. J Urol 2002;167:2526–2527.

46 Azumi N, Traweek ST, Battifora HA. Prostatic acid
phosphatase in carcinoid tumors: immunohistochem-
ical and immunoblot studies. Am J Surg Pathol
1991;15:785–790.

47 Sobin LH, Hjermstad BM, Sesterhenn IA, et al. Prostatic
acid phosphatase activity in carcinoid tumors. Cancer
1986;58:136–138.

48 Whelan T, Gatfield CT, Robertson S, et al. Primary
carcinoid of the prostate in conjunction with multiple
endocrine neoplasia IIb in a child. J Urol 1995;153:
1080–1082.

49 Goulet-Salmon B, Berthe E, Franc S, et al. Prostatic
neuroendocrine tumor in multiple endocrine neoplasia
Type 2B. J Endocrinol Invest 2004;27:570–573.

50 Murali R, Kneale K, Lalak N, et al. Carcinoid tumors of
the urinary tract and prostate. Arch Pathol Lab Med
2006;130:1693–1706.

51 Srigley JR, Grignon DJ, Young RH. The distinction
between pure carcinoid tumor and carcinoid-like
adenocarcinoma of the prostate gland. Mod Pathol
2002;15:182A–183A.

52 Wenk RE, Bhagavan BS, Levy R, et al. Ectopic ACTH,
prostatic oat cell carcinoma, and marked hypernatre-
mia. Cancer 1977;40:773–778.

53 Shah RB, Mehra R, Chinnaiyan AM, et al. Androgen-
independent prostate cancer is a heterogeneous group
of diseases: lessons from a rapid autopsy program.
Cancer Res 2004;64:9209–9216.

54 Galanis E, Frytak S, Lloyd RV. Extrapulmonary small
cell carcinoma. Cancer 1997;79:1729–1736.

55 Matzkin H, Breaf Z. Paraneoplastic syndromes associated
with prostatic carcinoma. J Urol 1987;138:1129–1133.

56 Têtu B, Ro JY, Ayala AG, et al. Small cell carcinoma of
the prostate. I. A clinicopathologic study of 20 cases.
Cancer 1987;59:1803–1809.

57 Travis WD, Linnoila RI, Tsokos MG, et al. Neuroendo-
crine tumors of the lung with proposed criteria for
large-cell neuroendocrine carcinoma: an ultrastruc-
tural, immunohistochemical, and flow cytometric
study of 35 cases. Am J Surg Pathol 1991;15:529–553.

58 Hansel DE, Nakayama M, Luo J, et al. Shared TP53 gene
mutation in morphologically and phenotypically dis-
tinct concurrent primary small cell neuroendocrine
carcinoma and adenocarcinoma of the prostate. Pros-
tate 2009;69:603–609.

59 Tan HL, Sood A, Rahimi HA, et al. Rb loss is
characteristic of prostatic small cell neuroendocrine
carcinoma. Clin Cancer Res 2014;20:890–903.

60 Christopher ME, Seftel AD, Sorenson K, et al. Small
cell carcinoma of the genitourinary tract: an immuno-
histochemical, electron microscopic, and
clinicopathological study. J Urol 1991;146:382–388.

61 Ro JY, Tetu B, Ayala AG, et al. Small cell carcinoma of
the prostate. II. Immunohistochemical and electron
microscopic studies of 18 cases. Cancer 1987;59:
977–982.

62 Yao JL, Madeb R, Bourne P, et al. Small cell carcinoma
of the prostate: an immunohistochemical study. Am J
Surg Pathol 2006;30:705–712.

63 Schron DS, Gipson T, Mendelsohn G. The histogenesis of
small cell carcinoma of the prostate: an
immunohistochemical study. Cancer 1984;53:2478–2480.

64 Priemer DS, Montironi R, Wang L, et al. Neuroendo-
crine tumors of the prostate: emerging insights from
molecular data and updates to the 2016 World Health
Organization classification. Endocr Pathol 2016 27:
123–135.

65 Agoff SN, Lamps LW, Philip AT, et al. Thyroid
transcription factor-1 is expressed in extrapulmonary
small cell carcinomas but not in other extrapulmonary
neuroendocrine tumors. Mod Pathol 2000;13(3):
238–242.

66 Tomlins SA, Rhodes DR, Perner S, et al. Recurrent
fusion of TMPRSS2 and ETS transcription factor genes
in prostate cancer. Science 2005;310:644–648.

67 Han B, Mehra R, Suleman K, et al. Characterization of
ETS gene aberrations in select histologic variants of
prostate carcinoma. Mod Pathol 2009;22:1176–1185.

68 Scheble VJ, Braun M, Wilbertz T, et al. ERG rearrange-
ment in small cell prostatic and lung cancer. Histo-
pathology 2010;56:937–943.

69 Guo CC, Dancer JY, Wang Y, et al. TMPRSS2-ERG gene
fusion in small cell carcinoma of the prostate. Hum
Pathol 2011;42:11–17.

70 Lotan TL, Gupta NS, Wang W, et al. ERG gene
rearrangements are common in prostatic small cell
carcinomas. Mod Pathol 2011;24:820–828.

71 Williamson SR, Zhang S, Yao JL, et al. ERG-TMPRSS2
rearrangement is shared by concurrent prostatic ade-
nocarcinoma and prostatic small cell carcinoma and
absent in small cell carcinoma of the urinary bladder:
evidence supporting monoclonal origin. Mod Pathol
2011;24:1120–1127.

72 Udager AM, Shi Y, Tomlins SA, et al. Frequent
discordance between ERG gene rearrangement and
ERG protein expression in a rapid autopsy cohort of
patients with lethal, metastatic, castration-resistant
prostate cancer. Prostate 2014;74:1199–1208.

73 Amato RJ, Logothetis CJ, Hallinan R, et al. Chemother-
apy for small cell carcinoma of prostatic origin. J Urol
1992;147:935–937.

74 Rubinstein JH, Katin MJ, Mangano MM, et al. Small cell
anaplastic carcinoma of the prostate: seven new cases,
review of the literature, and discussion of a therapeutic
strategy. Am J Clin Oncol 1997;20:376–380.

75 Papandreou CN, Daliani DD, Thall PF, et al. Results of a
phase II study with doxorubicin, etoposide, and
cisplatin in patients with fully characterized small-
cell carcinoma of the prostate. J Clin Oncol 2002;20:
3072–3080.

76 Fernandes RC, Matsushita MM, Mauad T, et al. Prostate
carcinoma with neuroendocrine differentiation: case
report and literature review. Rev Hosp Clin Fac Med
Sao Paulo 2001;56:153–158.

77 Patel S, Rosenthal JT. Hypercalcemia in carcinoma of
the prostate: its cure by orchiectomy. Urology 1985;25:
627–629.

78 Wynn SS, Nagabundi S, Koo J, et al. Recurrent prostate
carcinoma presenting as omental large cell carcinoma with
neuroendocrine differentiation and resulting in bowel
obstruction. Arch Pathol Lab Med 2000;124:1074–1076.

79 Prendeville S, Al-Bozom I, Comperat E, et al. Amphi-
crine carcinoma: expanding the spectrum of

Modern Pathology (2018) 31, S122–S132

Neuroendocrine tumors of the prostate

SW Fine S131



neuroendocrine tumors of the prostate. Mod Pathol
2017;30(Suppl 2):249 A–250 A.

80 Wu C, Wyatt AW, Lapuk AV, et al. Integrated genome
and transcriptome sequencing identifies a novel form
of hybrid and aggressive prostate cancer. J Pathol
2012;227:53–61.

81 Ratzenhofer M, Leb D. [On the microstructure of
argentaffin cells and other forms of Feyrter's clear cells
in the rabbit stomach]. Z Zellforsch Mikrosk Anat
1965;67:113–150.

82 Mosquera JM, Beltran H, Park K, et al. Concurrent
AURKA and MYCN gene amplifications are harbingers

of lethal treatment-related neuroendocrine
prostate cancer. Neoplasia 2013;15:1–10.

83 de Bono JS, Logothetis CJ, Molina A, et al. Abiraterone
and increased survival in metastatic prostate cancer. N
Engl J Med 2011;364:1995–2005.

84 Scher HI, Fizazi K, Saad F, et al. Increased survival
with enzalutamide in prostate cancer after chemother-
apy. N Engl J Med 2012;367:1187–1197.

85 Steineck G, Reuter V, Kelly WK, et al. Cytotoxic
treatment of aggressive prostate tumors with or without
neuroendocrine elements. Acta Oncol 2002;41:
668–674.

Modern Pathology (2018) 31, S122–S132

Neuroendocrine tumors of the prostate

S132 SW Fine


	Neuroendocrine tumors of the prostate
	Main
	NE cells in normal prostatic tissue
	NE differentiation in prostatic tumors: proposed classifications
	Prostatic adenocarcinoma with focal NE marker-positive cells
	Prostatic adenocarcinoma with Paneth cell-like change
	Prostatic “carcinoid/well-differentiated neuroendocrine tumor”
	High-grade NE carcinoma
	Prostatic carcinoma with diffuse NE differentiation
	CRPC with aggressive clinical presentation
	References




