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Introduction

Neuroendocrine prostate cancer (NEPC) is the clinical term used for advanced pros-
tate cancer with clinical features of small cell neuroendocrine carcinoma. It is also
referred to as anaplastic prostate cancer or small cell carcinoma of prostate, an
aggressive clinical variant that can arise de novo in pure form or more commonly
after hormonal therapy for usual prostatic adenocarcinoma. Incidence rate of this
cancer subtype is estimated to be 0.35 cases per million per year, and more than
50% of the patients with NEPC have distant metastasis at the time disease presenta-
tion [1]. In the Surveillance, Epidemiology, and End Results (SEER) database on
3,830,355 patients diagnosed with prostatic adenocarcinoma from 1973 to 2008,
approximately 10% of distant metastatic patients were diagnosed as NEPC [1]. This
frequency can be much higher because of lack of diagnostic biopsy on metastatic
sites and also due to increased use of androgen deprivation therapy (ADT) for treat-
ment of advanced prostate cancer, which predisposes to neuroendocrine differentia-
tion [2]. Moreover, age-adjusted incidence of NEPC still continues to rise as per
recent statistics [3].

NEPC has poor prognosis. It is suspected in patients with treated prostatic cancer
showing rapid progression of the disease with visceral metastasis, elevated neuroen-
docrine serum markers, AR expression loss, and no appreciable PSA elevation.
Most patient have fatal outcome in very short duration.

Neuroendocrine Cells in the Normal Prostate

Normal adult prostate comprises of epithelial and stromal components. Epithelial
components include secretory (luminal) cells, basal cells, and neuroendocrine (NE)
cells. In addition, there are pluripotent stem cells, which cannot be seen on conven-
tional histology section by light microscopy. NE cells are a normal component of
prostate and are found in both glandular and duct epithelium, comprising less than
1% of benign prostatic cells. Periurethral and duct regions have the highest density
of NE cells [4]. There are two types of NE cells, namely, open-type cells (in contact
with lumen) and closed-type cells (not in contact with lumen). Open-type cells have
long surface microvilli which connect with lumen and interact with luminal content,
whereas closed-type cells rest on basal lamina and have dendritic like processes
which extend to adjacent epithelial cells and receive stimuli from nerve endings and
underlying stromal cells [5].

The precise function of NE cells in prostate is not fully understood, but they are
thought to play a role in regulation, secretion, differentiation, and proliferation of
secretory and basal cells. Ultrastructurally, NE cells of prostate contain large dense
core secretory granules measuring 50-500 nm diameter, which are storage site for
diverse neurosecretory peptides and hormones such as chromogranin A and B,
neuron-specific enolase (NSE), serotonin, somatostatin, bombesin, histamine,
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calcitonin, and other members of calcitonin gene family of peptides [6—10]. In clini-
cal and research setting, NE cells are detected by using markers such as chromo-
granin, synaptophysin, NSE, and CD56 and showing negative expression of PSA,
Ki-67, and androgen receptor (AR). Thus, they appear to be non-proliferative dif-
ferentiated and androgen-independent cells.

Neuroendocrine Differentiation in Prostate Carcinoma

It is estimated that 5-10% of localized prostatic cancer show focal neuroendocrine
differentiation (NED), and this differentiation proportionately increases with dis-
ease progression [11]. Acinar adenocarcinoma of prostate demonstrates NE cells by
immunostains in highly variable number of cases, which depend upon number of
slides studies and type of marker used [12]. Focal NED is still controversial with
regard to its clinical meaning as different studies have shown conflicting data with
regard to prognostic value of NED markers in surgically treated prostate cancer
[13]. Acinar adenocarcinoma of prostate demonstrates NE cells by immunostains in
highly variable number of cases, depending upon number of slides studies and type
of marker used [12]. It is not recommended to routinely use immunostains to detect
focal NED in typical early-stage prostatic adenocarcinoma [13, 14]. Focal NED
cells may not be necessarily resembling normal NE cells but usually have same
morphological appearance as that of usual adenocarcinoma [15]. Allelotyping of
microdissected cells from prostatic carcinoma had shown NE cells and exocrine
tumor cells from prostate to share identical allelic profiles and common origin [16].
This phenomenon along with other supported studies have led to the notion that
adenocarcinoma cells have the capacity to transdifferentiate into NE cells and play
role in tumor growth and progression. Support of a transdifferentiation model of
NEPC and its clonal origin from prostate adenocarcinoma includes evidence that
when prostate adenocarcinoma cells are exposed to various cytokines (IL6, ILS,
heparin-binding EGF) or an androgen-depleted environment in cell culture, they are
able to differentiate into neuroendocrine cells transiently and then revert back to
their original phenotype when the inducer is removed [17]. Also, prostate adenocar-
cinoma cell lines (LNCaP) have also been shown to become “neuroendocrine like”
when transfected with the gene that encodes the transcription factor (and oncogene)
N-myc (MYCN), with upregulation of neuroendocrine markers and downregulation
of androgen receptor and androgen-regulated genes occurring via direct binding of
N-myc to promoters of synaptophysin (SYP), neuron-specific enolase (NSE), and
AR [18]. As further support of a transdifferentiation model of NEPC and clonal
origin from prostate adenocarcinoma, the frequency of the prostate cancer-specific
ERG gene rearrangement is similar to that of prostate adenocarcinoma. Histologic
evaluation of mixed tumors reveals that neuroendocrine and small cell areas and
prostate adenocarcinoma can coexist and intermingle within the same tumor focus.
Tumors that are ERG fusion-positive demonstrate rearrangement in both the neuro-
endocrine and adenocarcinoma foci (Fig. 19.1). Similarly, when ERG-positive gene
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ERG B/A

Fig. 19.1 Mixed small cell carcinoma and prostatic adenocarcinoma. H&E stain (leff) shows a
tumor with mixed small cell carcinoma and adenocarcinoma components. Immunohistochemistry
(center) demonstrates that only adenocarcinoma cells are positive for AR and ERG, while ERG
gene rearrangement by FISH (right) is present in both components (Reprinted with permission
from Beltran H, Rickman DS, Park K, Chae SS, Sboner A, MacDonald TY, Wang Y, Sheikh KL,
Terry S, Tagawa ST, et al.: Molecular characterization of neuroendocrine prostate cancer and iden-
tification of new drug targets. Cancer Discov 2011, 1:487-495)

fusion status of primary tumors is compared with that of local recurrences or metas-
tases with neuroendocrine differentiation, rearrangement is present in both areas,
i.e., acinar and neuroendocrine (Fig. 19.2).

De novo neuroendocrine prostate tumors are extremely rare cancers and com-
posed of NE tumor cells without prior documentation of any known adenocarci-
noma. Tumors that come under this category include carcinoid tumors of prostate,
which have similar morphology to carcinoids at other anatomic sites, small cell
carcinoma, and newly recognized entity large cell neuroendocrine carcinoma [19—
21]. These tumors can present as pure form or admixed with variable component of
prostatic adenocarcinoma.

The majority of studies on neuroendocrine tumors have shown that NE differen-
tiation occur in hormone refractory prostate cancer after androgen deprivation study
(ADT) [22-25]. It is considered to be the result of selective pressure caused by andro-
gen deprivation as an escape route that enables adaptation in response to AR-targeted
therapies [26-28]. Studies have shown that the NE component increases after a few
months of introduction of ADT, and the diagnosis of castrate-resistant prostate carci-
noma (CRPC) is made months or years after [22, 29, 30]. Androgen deprivation has
been shown to activate epithelial mesenchymal transition (EMT) and neuroendocrine
transdifferentiation, which are associated with resistance to treatment, tumor pro-
gression, distant metastasis, and aggressive behavior of the tumor [30]. Farach et al.
recently showed that late stages of prostate cancer evolution involve neuronal trans-
differentiation, which would enable cancer cells to acquire independence from the
neural axis, critical in primary tumors [31]. It is estimated that at least a quarter of
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Fig.19.2 ERG gene rearrangement and AURKA and MYCN amplification in prostate cancer. Left
panel illustrates a needle biopsy from a patient with initial diagnosis of prostatic adenocarcinoma
Gleason score 3 + 4 =7 with amplification of AURKA (upper inset) but not MYCN (middle inset).
Eight years after initial diagnosis and intermittent treatment, the patient developed pancytopenia
and bone lytic lesions. The right panel shows a bone biopsy with metastatic small cell carcinoma
(frozen tissue artifact present), consistent with spread from known prostatic primary. In addition to
AURKA amplification (upper inset), clonal origin is confirmed by ERG rearrangement through
translocation, also seen in his primary tumor (lower insets). The metastatic tumor demonstrates
MYCN amplification (middle inset) (Reprinted from Neoplasia, Vol 15, Juan Miguel Mosquera
et al.,, Concurrent AURKA and MYCN Gene Amplifications Are Harbingers of Lethal
TreatmentRelated Neuroendocrine Prostate Cancer, p. 4, Copyright (2013), with permission from
Elsevier)

patients with late-stage disease and aggressively treated will develop NEPC, and
incidence will rise with introduction of more potent antiandrogen agents [32, 33].

Classification of Primary Neuroendocrine Prostate Tumors

A recent updated classification of primary neuroendocrine tumors of prostate
has been published in the WHO tumor classification of the urinary system
(Table 19.1) [12].

Adenocarcinoma with neuroendocrine differentiation is the usual prostate ade-
nocarcinoma with scattered neuroendocrine cells indistinguishable from typical
adenocarcinoma cells on routine histology section. NE cells can be identified by
immunohistochemistry with neuroendocrine markers such as chromogranin,
synaptophysin, NSE, and CD56. These NE cells are seen in 10-100% of typical
adenocarcinoma cases depending upon number of slides studies and type of marker
used [12]. These NE cells have also been seen in intraepithelial lesion [34, 35]. Both
high-grade and high-stage prostatic adenocarcinoma show increased neuroendo-
crine differentiation [22, 23, 36]. The effect of this NE differentiation on patient
outcome is controversial, and routine use of IHC markers for NE differentiation is
not recommended in surgical pathology reporting [12—14].

Adenocarcinoma with Paneth cell-like neuroendocrine differentiation is charac-
terized by presence of brightly eosinophilic cytoplasmic granules in cytologically
bland neuroendocrine cells with typical nuclear features such as “salt and pepper”
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Table 19.1 2016 WHO ¢ Adenocarcinoma with neuroendocrine differentiation
Classification of prostatic

neuroendocrine tumors

¢ Adenocarcinoma with Paneth cell-like neuroendocrine
differentiation

* Well-differentiated neuroendocrine tumor (carcinoid tumor)

e Small cell neuroendocrine carcinoma

* Large cell neuroendocrine carcinoma

chromatin and absence of nucleoli. This Paneth cell-like change has been recog-
nized for many years [37]. These granules are positive for NE markers by immuno-
histochemistry [38, 39]. Paneth cell-like cells may be present in well-formed glands
of Gleason pattern 6 or can be found in cords and solid sheets typically defined as
Gleason pattern 4 or 5 [37, 39]. It is recommended that this Paneth cell-like pattern
should be excluded while determining Gleason grade pattern. In some cases, Paneth
cell-like change can be seen in adjacent cells which lack cytoplasmic granules in
tumor cells with deeply amphophilic cytoplasm [40]. The cells of this Paneth cell
variant morphologically lack prominent nucleoli of usual adenocarcinoma cells and
are diffusely positive for NE immunostains and should be excluded from Gleason
grading. There is a high frequency of AURKA amplification in localized prostatic
carcinoma with Paneth cell-like change, which clinical significance warrants further
investigation [41].

Well-differentiated neuroendocrine tumors (carcinoid tumor) of prostate are
tumors analogous to carcinoid tumors in other sites such as lung. Pure carcinoid
tumors of prostate are extremely rare. These should be diagnosed only when they
originate from prostatic parenchyma, are not associated with concomitant adenocar-
cinoma, and must be positive for NE markers and negative for PSA [14]. Usual
adenocarcinoma of prostate can express NE markers and can have bland cytological
appearance, but the diagnosis of carcinoid should only be rendered if such tumors
are not close to usual adenocarcinoma and are negative for PSA; otherwise they
should be regarded as prostate adenocarcinoma with neuroendocrine differentia-
tion. Several carcinoid-like prostate tumors appear to be variants of Paneth cell-like
NE differentiation with paucity or absence of eosinophilic granules, in which PSA
may be negative [42]. If such diagnosis of pure prostatic carcinoid is rendered, then
grading should be done using mitotic rate and Ki-67 proliferation index as done
with these tumors at other sites. These tumors may present with locally advanced
disease, including some with pelvic lymph node metastasis, but in general, they still
have favorable outcome.

Small cell neuroendocrine carcinoma of prostate is high-grade primary prostate
tumor with cell morphology similar to small cell carcinoma of the lung, which
includes high nuclear to cytoplasmic ratio, nuclear molding, lack of prominent
nucleoli, crush artifact, geographic necrosis, apoptosis, and high mitotic rate
(Fig. 19.3a). Pure small cell carcinoma of prostate at initial diagnosis is seen in
50-60% of cases, and the rest of them have a component of usual prostatic
adenocarcinoma [43]. Transition between acinar and small cell component is abrupt,
so it is quite easy to appreciate on routine histology (Fig. 19.3b, c¢). Morphological
variations of small cell carcinoma include intermediate cell type with slightly more
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Fig. 19.3 Histologic features of small cell carcinoma. (a) Classic histomorphology of small cell
carcinoma includes tumor cells with hyperchromatic nuclei, nuclear molding, and “crush” artifact.
(b) Mixed small cell carcinoma—acinar adenocarcinoma. (¢) Although ERG immunostain high-

lights nuclei only in the adenocarcinoma component, a FISH assay for ERG (insets) demonstrates
break apart signal in both small cell carcinoma and acinar adenocarcinoma areas of this tumor

open chromatin and visible small nucleoli seen in 30-40% of the cases. Less com-
mon variation include presence of tumor giant cells and single file pattern [43].
Gleason grading is not done on the small cell component but in the acinar compo-
nent, which shows Gleason score of >8 in 85% of the cases [43]. Classic morphol-
ogy of small is quite distinct so routine use of immunostains is not necessary;
approximately, 90% of the cases show immunopositivity for at least one NE marker
[44, 45]. PSA and other prostate specific markers are focally positive in 17-25% of
cases, usually cases in concomitant acinar component. Ki-67 labeling index is more
than 50%. Positivity for p63 and HMWK is seen in 24 and 35% of cases, which are
typically absent in usual adenocarcinoma [44]. TTF-1 is expressed in more than
50% of the cases, limiting its application in differentiating between primary small
cell prostate carcinoma and metastasis from small cell carcinoma of the lung [43,
44, 46, 47]. Ancillary testing practical importance is the detection of prostate
cancer-specific fusion between ETS family of genes and TMPRSS2, a common
aberration found in small cell prostatic carcinoma (Fig. 19.3c) [48-50].

Being an aggressive tumor, approximately 60% of patients have with distant
metastasis at time of presentation and less often paraneoplastic syndromes such as
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those associated with ectopic adrenocorticotropic hormone, hypercalcemia, or inap-
propriate antidiuretic hormone production. Clinically localized small cell prostate
cancer is treated aggressively with multimodal therapy including chemo- and radia-
tion therapy, whereas metastatic small cell is treated with platinum-based combina-
tion chemotherapy [51-53]. A 2- and 5-year survival rate is 27.5% and 14.3%,
respectively [54].

Large cell neuroendocrine carcinoma (LCNC) is a new entity added in prostate
neuroendocrine tumors in the updated WHO 2016 classification. These are excep-
tionally rare high-grade tumors with cells in large nests with peripheral palisad-
ing, geographical necrosis, and cytologically resembling acinar high-grade
adenocarcinoma (large cell size, abundant cytoplasm, prominent nucleoli, coarse
clumpy chromatin) [55]. Neuroendocrine differentiation is supported by positiv-
ity of at least one NE marker (CD56, synaptophysin, or chromogranin) [14]. Ki-
67 proliferation index is more than 50%. PSA and PSAP are either negative or
focally positive in tumor areas. Pure or de novo large cell neuroendocrine tumors
are exceptionally very rare tumors; the majority of cases reported are associated
with prior prostate adenocarcinoma with long-standing history of hormonal ther-
apy. For rendering diagnosis of this entity, both NE immunostains and morpho-
logical features should be considered. Most cases are associated with rapid
progression, widespread dissemination, and eventually death due to metastatic
disease [20, 55].

A recent proposed classification from a working committee to classify prostate
cancer with neuroendocrine differentiation also includes CRPC with small cell
carcinoma-like clinical presentation, which morphology is heterogeneous and
includes pure or mixed small cell carcinoma, LCNC, and usual high-grade prostate
adenocarcinoma with or without evidence of NE differentiation by immunohisto-
chemistry [14, 56]. Patients with this aggressive variant of CRPC present with any
combination of these manifestations: visceral metastases, lytic bone metastases,
bulky lymphadenopathy, low PSA, elevated serum chromogranin, and history of
hormonal therapy [33, 51, 56, 57].

Molecular Alterations in NE Differentiation in Prostate
Carcinoma

In the past few years, significant amount of molecular data has emerged from
genome, transcriptome, and epigenetic analysis of prostate cancer and has increased
our understanding of the molecular basis of this disease. Several molecular aberra-
tions have been implicated in this neuroendocrine development in prostate cancer
progression including AR independence, AURKA amplification +/— MYCN ampli-
fication [18, 56, 58], REST downregulation or loss, TP53 loss, RB1 loss, PTEN
loss, MYCL amplification, SMAD4 mutations, overexpression of stem cell tran-
scription factor genes, upregulation of mitotic or proliferative genes, and upregula-
tion of genes encoding NE markers [57, 59-63].
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Androgen Receptor

Androgen receptors (AR) plays an important role in regulation of genes respon-
sible for normal development and function of prostate, and specifically stromal
AR controls prostatic epithelial cell proliferation, survival, and differentiation
[64, 65]. Aberrations in AR gene such as amplification, point mutation, and splice
variants which leads to increased activity are seen only in setting of metastatic
and castration-resistant prostate cancer and not seen in clinically localized pros-
tate cancer [66, 67]. The absence of AR gene lesions in localized tumors, and
their emergence during treatment is hypothesized as a mechanism of resistance
to drugs targeting androgen axis in advanced disease. Approximately 80% of
castrate-resistant prostate carcinoma have been documented to bear an extra copy
of AR gene, and in 30% cases, this is to the level of gene amplification, whereas
this phenomenon is very rare in untreated prostate cancer [68]. Recently, it is
shown that AR gene copy number change emerges during development of pros-
tatic small cell carcinoma and is strongly associated with TMPRSS2-ERG rear-
rangement [69].

AR mutation are present in 10-30% in CRPC while being very rare in early stage
untreated prostate cancer [68]. Majority of these mutations are gain of function
mutation. These mutations most commonly affect ligand-binding specificity of AR
leading to its activation [70]. Most common AR mutation seen in CRPC is T877A,
other less common being L701H, V715M, V730M and H874Y.

AR splice variants are suspected to be major culprit behind development of resis-
tance to ADT. Till now, more than 22 AR splice variants have been documented, but
clinical relevance is seen in only 2 constitutively activated variants, namely, AR-V7
and ARV567es [71, 72]. ADT has been shown to cause inhibition of AR pathways,
which in turn causes upregulation of AR-V7 and ARV567es [73, 74]. Expression
level of these variants is known to be associated with poor patient outcome and also
with CRPC [75].

Enzalutamide and abiraterone are potent AR-targeted therapies approved for the
treatment of men with castration-resistant prostate cancer (CRPC) [76, 77]. Although
the use of these agents improves the survival and quality of life of individuals with
CRPC, most patients ultimately develop resistance to them [78]. Prostate adenocar-
cinomas may eventually completely escape androgen blockade and become truly
hormone refractory (AR-independent), associated with the development of a pre-
dominantly neuroendocrine clinical phenotype (NEPC). In a recent study by Beltran
et al., sequencing analysis of CRPC tumors that histologically were characterized as
either adenocarcinomas or NEPC further supports divergent evolution of NECP
from one or more CRPC cells rather than linear or independent clonal evolution,
with decreased AR signaling and epithelial plasticity. In that study, genome-wide
DNA methylation analysis also revealed marked epigenetic differences between
NEPC and CRPC and also designated samples of CRPC with clinical features of AR
independence as NEPC, suggesting that epigenetic modifiers may play a role in the
induction and/or maintenance of this treatment-resistant state [79].
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AURKA and MYCN

AURKA amplification has been reported in 65% of prostatic carcinoma (hormone naive
and treated) which subsequently developed NEPC after androgen deprivation therapy
(ADT). Such gene amplification was present in 86% of distant metastases. Concurrent
amplification of MYCN was present in 70% of primary tumors, 69% of CRPC, and
83% of metastases [56]. This is significant when compared to prevalence of these ampli-
fications in only 5% of unselected prostatic carcinoma cases (Fig. 19.4). It has also been
shown that transfection of AURKA and MYCN causes NE differentiation in normal
benign prostate cell lines and use of AURKA inhibitors causes inhibition of MYCN
transfected NEPC cell lines and shrinkage of NEPC xenograft [18, 56, 80]. AURKA
amplification is also reported to be present in 45% of prostatic adenocarcinoma with

Fig. 19.4 AURKA and MYCN amplifications in primary prostatic adenocarcinoma may predict
the subsequent development of neuroendocrine prostate cancer (NEPC). This four-image panel
illustrates several specimens from a patient at different stages of disease progression to NEPC. (a
and b) Images of hormone naive prostate cancer with areas of Gleason score 3 + 3 = 6 (a) and
4 + 5 =9 (b) at initial diagnosis. Concurrent AURKA (upper inset) and MYCN (middle inset)
amplifications are present in both areas. (¢) Subsequent local recurrence in the bladder demon-
strates high-grade adenocarcinoma without neuroendocrine differentiation, exhibiting both
AURKA and MYCN amplifications (upper and middle insets, respectively). (d) Five years after
hormonal treatment, the patient presented with metastatic large cell neuroendocrine carcinoma in
pelvic soft tissue. The tumor has both AURKA and MYCN amplifications (upper and middle
insets, respectively). Clonal origin is confirmed by ERG rearrangement through translocation in all
tumors (lower inset). (Reprinted from Neoplasia, Vol 15, Juan Miguel Mosquera et al., Concurrent
AURKA and MYCN Gene Amplifications Are Harbingers of Lethal TreatmentRelated
Neuroendocrine Prostate Cancer, p. 4, Copyright (2013), with permission from Elsevier)
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Paneth cell-like neuroendocrine differentiation when compared to tumors without
Paneth cell-like differentiation where it is present only in 7% cases [41]. These finding
suggest that AURKA and MYCN play significant role in development of NEPC and can
be exploited as therapeutic target. AURKA inhibitors are currently in stage of clinical
trials, and a ray of hope is seen for NEPC patients in whom targeting hormone pathway
is no longer effective [81]. In addition, recent data demonstrate that N-Myc overexpres-
sion in preclinical models drives aggressive prostate cancer that mimic NEPC at the
molecular level and sensitizes cells to AURKA and EZH?2 inhibition [82].

REST downregulation: Repressor element-1 silencing transcription factor
(REST) also known as neuron restrictive silencing factor (NRSF) is a transcriptional
repressor of neuronal-specific genes and has been shown to play crucial role in dur-
ing embryogenesis and neural development [83—85]. It is proposed to be one of the
key mediators for NE differentiation caused by androgen depletion [86]. Recently,
it has been shown that REST downregulation is essential for NE differentiation of
prostate adenocarcinoma induced by hypoxia through activation of autophagy [87].
REST is identified to be crucial regulator for CRPC to acquire EMT-like and stem
cell phenotype and may serve as a potential therapeutic target for CRPC [88].

TP53 Loss

Aberration on TP53 gene has been seen in approximately 53% of metastatic CRPC
[72]. NE cells of small cell neuroendocrine carcinoma are highly proliferative, com-
pared to NE cells of benign prostate and those present in usual prostate adenocarci-
noma, and lead to early metastasis [89]. It is postulated that TP53 mutation leads to
inactivation of IL§—CXCR2—p53 signaling pathway, resulting in the loss of impor-
tant growth inhibitory mechanism and the hyper-proliferation of NE cells in pros-
tatic small cell carcinoma [90]. It is reported that TP53 mutation also leads to Aurora
kinase A expression, which has a critical role in rapid proliferation and aggressive
behavior of small cell prostatic carcinoma [58].

RBI Loss

Rb protein loss has been seen in almost 90% of prostate small cell carcinoma cases
with RB1 allelic loss in 85% of cases, whereas this Rb protein loss is rare in high-
grade acinar tumors, suggesting that it is a critical event in the development of small
cell carcinomas, prostate cancer progression, and metastasis [91, 92]. Rb loss along
with hypoxia also leads to aberrant expression of hypoxia-regulated genetic pro-
grams that causes invasiveness and enhanced neuroendocrine differentiation in
prostate cancer [93].
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PTEN Loss

PTEN is one of the commonest inactivated tumor suppressor genes in human malig-
nancies. PTEN aberrations such as deletion and mutation are seen in approximately
50% of primary prostate cancers with even higher incidence in advanced prostate
cancers [94-98]. PTEN deletion is more frequent event in prostate cancer compared
to point mutation [99]. PTEN loss mediates prostate tumor growth and metastasis
via AKT activation, which may contribute to neuroendocrine differentiation [100,
101]. PTEN loss is associated with worst survival outcome in ADT-treated CRPC as
well as those treated with radical prostatectomy [102, 103].

Recently, using next-generation RNA sequencing, an NEPC-specific RNA splic-
ing signature has been identified, which is controlled by serine/arginine repetitive
matrix 4 (SRRM4), which drives the progression of NEPC. This has been proposed
to be a novel potential therapeutic target for NEPC [104]. IL6 is also hypothesized
to induce neuroendocrine differentiation in prostate cancer cells via peroxisome
proliferator-activated receptor y and adipocyte differentiation-related protein (a
major component of adiposome) which could be exploited as novel drug targets for
CRPC [105].

Recurrent MYCL amplification, SMAD4 mutation along with other rare molecu-
lar aberrations have also been linked to neuroendocrine differentiation of prostate
cancer [60, 62].

Clinical Presentation and Therapy

Primary or de novo NEPC (most commonly with small cell histomorphology) is
rare (<1%) and tends to occur at younger age, and most patients present with overt
metastases. There are no well-defined risk factors. Patients that do present with
localized disease usually have few symptoms. Distant spread is often to visceral
organs (such as liver and brain) or lytic bone lesions, unlike acinar prostatic adeno-
carcinoma that tends to metastasize to bone and produce sclerotic lesions. Presenting
symptoms of primary NEPC may include constitutional symptoms, hydronephrosis,
bone pain, abdominal pain, hematochezia, or hematuria. Occasionally, patients may
have paraneoplastic syndrome due to ectopic production of hormones such as adre-
nocorticotropic hormone and antidiuretic hormone.

Differential diagnoses of pure NEPC include small cell carcinoma from other
primary sites such as the lung, specifically in the setting of widespread metastatic
disease. Accurate diagnosis can be challenging in this clinical scenario. Histologically,
tumors from other sites may have similar morphological appearance as well as simi-
lar immunostaining profile (negative for AR and positive for NE markers). Detection
of ERG gene rearrangement by FISH is helpful in such scenarios as this rearrange-
ment is positive in more than 50% of prostatic NEPC whereas universally negative
in small cell carcinoma from other sites such as the lung and bladder [48, 106].
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Much more commonly, NEPC arises in the setting of androgen deprivation ther-
apy of prostate adenocarcinoma. Resistance eventually develops to antihormonal
drugs, and some hormone refractory tumors progress toward NEPC [22]. Clinically,
suspicion of NEPC should be made in a patient with advanced prostate cancer show-
ing rapid progression, especially development of visceral metastases, without appro-
priate rise of serum PSA level. Serum NE markers such as chromogranin A and NSE
are frequently elevated in advanced prostate cancer, but extremely high values sup-
port the diagnosis of NEPC. Circulating tumor cell analysis has recently been shown
to enable detection and characterization of NEPC, but it still remains as a research
tool [107, 108]. Metastatic tumor biopsy is the gold standard for diagnosing NEPC.

Patients with treatment-related neuroendocrine prostate cancer will likely not
respond to hormonal agents but may initially respond to platinum-based chemo-
therapy. Therefore, treatment of NEPC is somewhat similar to that of small cell
carcinoma of lung. Radiotherapy is occasionally added for local control or pallia-
tion of symptoms. Currently, there has also been growing concern for toxicities of
continuous ADT (CADT). Treatment of NEPC is still an area of active research.
Currently phase II clinical trial of PARP inhibitor olaparib with or without cediranib
in men with metastatic castration-resistant prostate cancer-inducing NEPC is still
ongoing (https://clinicaltrials.gov/ct2/show/NCT02893917).

Conclusion

In summary, NEPC is a highly aggressive form of prostate cancer that most com-
monly arises in the setting of hormonal treatment and very rarely de novo. Most of
these tumors progress rapidly and develop visceral metastases and lytic bone lesions
in the setting of low PSA. Due to widespread use of hormone therapy in treatment
of prostate cancer, incidence of NEPC is anticipated to rise. Biopsy is the gold stan-
dard for diagnosing NEPC. Chemotherapy is the mainstay of treatment as used in
small cell neuroendocrine carcinoma of other sites. More targeted approaches are
being developed based on an emerging molecular understanding of this aggressive
form of prostate cancer.
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