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Abstract: The synergistic interplay between RB1 deletions and TP53 mutations drives androgen deprivation therapy
(ADT) resistance and neuroendocrine transdifferentiation in advanced prostate cancer, culminating in treatment-
related neuroendocrine prostate cancer (t-NEPC). This investigation systematically examines the clinicopathological
characteristics and immunohistochemical phenotypes of t-NEPC to enhance diagnostic accuracy and prognostic
understanding. We conducted a retrospective analysis of 23 t-NEPC cases diagnosed at the First Affiliated Hospital
of Zhejiang University School of Medicine (2013-2024). We collected comprehensive clinical data, including patient
demographics, treatment history, and serum biomarker profiles. Immunohistochemical evaluation was performed
to determine expression patterns of prostate-associated antigens, neuroendocrine markers, and tumor suppressor
proteins RB1/p53. The cohort demonstrated a mean age of 70 years at initial prostate cancer diagnosis, with t-
NEPC emerging after a median ADT duration of 18 months. Biochemical profiles revealed a characteristic dissocia-
tion between suppressed prostate-specific antigen (PSA) levels and elevated neuroendocrine markers alongside
other tumor-associated antigens, including carcinoembryonic antigen (CEA). The immunohistochemical signature of
lineage transdifferentiation, indicated by the loss of androgen receptor (AR) and the expression of neuroendocrine
markers, provides critical diagnostic clues for this aggressive variant. Molecular alterations were prevalent, with
RB1 loss detected in 78.26% (18/23) and p53 abnormalities in 82.61% (19/23) cases. Notably, a histologically
confirmed t-NEPC case with neuroendocrine marker negativity exhibited RB1/p53 co-alterations, molecularly align-
ing with most neuroendocrine-positive cases. These findings substantiate that combined RB1/p53 aberrations
serve as robust diagnostic indicators for t-NEPC, particularly in tumors exhibiting small cell carcinoma morphology
without neuroendocrine marker expression.
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Introduction Urological and Male Genital Organs in 2022
[4]. Compared to adenocarcinoma, t-NEPC
exhibits greater aggressiveness, ceases PSA
secretion, demonstrates resistance to ADT, and

is associated with a markedly poor prognosis

Prostate adenocarcinoma is androgen-depen-
dent, and androgen deprivation therapy (ADT)
is the cornerstone of treatment for metasta-

tic and locally advanced prostate cancer, with
most cases progressing to the more aggressive
castration-resistant prostate cancer (CRPC)
[1]. Treatment-related neuroendocrine prostate
cancer (t-NEPC) is an important subset of
CRPC, accounting for approximately 17-25% [2,
3], transformed from prostate adenocarcino-
mas following ADT, and is included as a sepa-
rate subtype of prostate cancer in the 5th edi-
tion of the WHO Classification of Tumors of the

[5]. The most reliable method for diagnosing
t-NEPC is through pathological examination,
which typically necessitates a comprehensive
evaluation incorporating histomorphology and
immunohistochemical staining for neuroendo-
crine markers. However, these assessments
are not always concordant, necessitating addi-
tional evidence to support the diagnosis. There
is a lack of clinical awareness regarding the
transition to tNEPC following resistance to
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Figure 1. Flowchart of study design and case selection.

endocrine therapy in prostate cancer, and se-
condary biopsies are infrequently conducted.
This oversight can lead to the underdiagnosis
of t-NEPC.

Small cell carcinomas are predominantly ob-
served in the lung, and extensive real-world
cohort studies have demonstrated a remark-
ably high frequency of TP53 and RB1 oncogene
inactivation in small-cell lung cancer (SCLC),
which is recognized as a genomic hallmark of
this malignancy [6-8]. It has been proposed
that the concurrent inactivation of TP53 and
RB1 in prostate adenocarcinoma similarly facil-
itates the acquisition of lineage plasticity and a
stem cell-like phenotype in tumor cells, contrib-
uting to resistance against ADT and transfor-
mation into tNEPC [9, 10]. The genomic land-
scape of metastatic castration-resistant pro-
state cancer (nCRPC) revealed an association
between NE expression score, histologic NE
features, and RB1/TP53 loss [11]. In this stu-
dy, we examined 23 cases of t-NEPC exhibiting
typical morphology and analyzed their clinico-
pathological characteristics, with a particular
emphasis on the immunohistochemical pheno-
types of t-NEPC, specifically the expression of
p53 and RB1. This investigation aims to en-
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patients treated for prostate
cancer (PCa) at the First Hos-
pital of Zhejiang University
School of Medicine between
2009 and 2024, who met the
criteria for CRPC and had un-
dergone a secondary resec-
tion or biopsy of the lesion. All
cases underwent blinded in-
dependent histopathological
review by two pathologists,
and 23 cases presenting with
small-cell carcinoma morphol-
ogy were classified as t-NEPC,
while the remaining cases that retained con-
ventional adenocarcinoma features were iden-
tified as castration-resistant prostate adeno-
carcinoma (CRPC-Adeno) (Figure 1). The mor-
phology of small-cell carcinoma was charac-
terized based on the established morphologic
criteria for SCLC [12]. The cytomorphological
score, ranging from O to 12, was determined by
summing six cytomorphological parameters
(Table 1), each scored as O, 1, or 2, with lower
scores indicating features more characteristic
of small-cell carcinoma. A score of <5 was con-
sidered representative of small-cell carcinoma
morphology. Cases with other significant ill-
nesses that could impact survival assessment
or with severely incomplete medical records
were excluded from the study. Overall survival
(0S) was defined as the period from the dia-
gnosis of CRPC or t-NEPC to the date of death
or last follow-up. The study received appro-
val from the institutional ethics committee
(1IT20240671B).

Collection of clinical and pathological charac-
teristics

Data were collected from the medical records
of 88 CRPC patients, covering patient age, sur-
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Table 1. Morphological assessment

Parameters Nuclear size  Nuclear molding Chromatin pattern Nucleoli Cytoplasm Lengtr;ioo—wdth
0 <3 lymphocytes Abundant Fine granules Few Scant Around 2
1 Around 3 Some Intermediate Some Some Around 1.5
2 >3 lymphocytes No Coarse granules ~ Prominent  Prominent Around 1
B (.NEPC gories: overexpression (strong
60+ o CRPGAdno nuclear staining in 80% or
more of nuclei), loss (lack in
t-NEPC/CRPC )
90% or more of nuclei), and
40- wild-type.
Statistical analysis
204 For comparisons between t-
NEPC and CRPC-Adeno cases,
the Wilcoxon test was used for
| | D . continuous variables, and the
0- ! ! x2 test or Fisher's exact test
"9'3’ '19'9 q§fo" ‘19‘1?‘ for all other categorical vari-
Qq’ ,\»( ,19’ ,{:f ables. The data underwent sta-
o o N o tistical analysis using SPSS

Figure 2. Temporal distribution of CRPC-Adeno and t-NEPC.

gical history, treatment regimens received,
time to development of castration resistance,
metastatic sites, and serum biomarker profiles.
All specimens were routinely fixed in 10% for-
malin and embedded in paraffin. Tissue sec-
tions, with a thickness of four micrometers,
were stained using hematoxylin and eosin
(H&E) as well as immunohistochemical te-
chniques. Immunohistochemical analysis was
conducted on CRPC specimens to assess the
expression of AR, prostate-associated markers
(PSA, P504S, P501S, NKX3.1), neuroendoc-
rine markers (Synaptophysin, Chromogranin A,
CD56, INSM1), tumor suppressor proteins p53
and RB1, as well as POU2F3, a marker associ-
ated with a subtype of SCLC. At least 10% of
tumor cells exhibiting positivity for at least one
neuroendocrine marker or one prostate-associ-
ated marker were defined as positive for a neu-
roendocrine or prostate-associated marker. AR
positivity was defined as nuclear staining in at
least 10% of tumor cells. RB1 expression was
categorized into two groups: loss (absence in
at least 90% of nuclei), and wild-type. Similarly,
p53 expression was classified into three cate-
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27.0 software. Statistical sig-

nificance was defined as P<

0.05. Survival curves were

plotted using the Kaplan-Meier
method and compared using the log-rank test
in a univariate analysis.

Results
Clinical information

In the cohort of -NEPC cases, the initial in-
stance was identified in 2013. Between 2009
and 2024, there was an observable increase in
the proportion of -NEPC cases relative to all
CRPC cases (Figure 2). The age at which t-NEPC
patients were initially diagnosed with prostate
adenocarcinoma varied from 57 to 84 years,
with both the mean and median ages calculat-
ed at 70 years. In marked contrast to CRPC-
Adeno patients, the majority of tNEPC pa-
tients (19/23) were diagnosed with PCa at an
advanced stage, rendering them ineligible for
curative surgical intervention. Radical prosta-
tectomy was conducted in four cases, with
postoperative pathological staging indicating a
stage greater than T3, indicating tumor exten-
sion beyond the prostatic capsule and invasion
into surrounding soft tissues or seminal vesicle
glands.
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Table 2. Comparative analysis of clinic characteristics between CRPC-Adeno and t-NEPC

Characteristics CRPC-Adeno (N=65) t-NEPC (N=23) P-value
Age at PCa diagnosis (years) 67.63 (8.48) 70.01 (7.86) 0.214
Radical prostatectomy
Yes 32 (49.23%) 4 (17.39%) 0.008
No 33 (50.77%) 19 (82.61%)
Visceral metastasis
Yes 24 (36.92%) 12 (52.17%) 0.201
No 41 (63.08%) 11 (47.83%)
Bone metastasis
Yes 43 (66.15%) 14 (60.87%) 0.648
No 22 (33.85%) 9 (39.13%)
Time from PCa to CRPC (months) 45.00 (24.00, 67.00) 18.00 (12.00, 34.00) <0.001
TPSA (ng/ml)
At PCa diagnosis 30.88 (17.02, 71.80) 75.43 (19.45, 512.00) 0.063
At CRPC diagnosis 14.15 (2.37, 60.47) 0.16 (0.00, 4.57) <0.001
NSE (ng/ml) 16.55 (12.50, 19.83) 58.90 (15.90, 208.90) 0.007
ProGRP (pg/ml) 53.70 (40.25, 61.05) 72.60 (37.90, 125.20) 0.613
CEA (ng/ml) 2.70(1.70, 3.40) 20.75 (4.25, 108.60) <0.001
CA199 (U/ml) 6.45 (4.05, 12.88) 21.90 (4.65, 145.95) 0.016
CA125 (U/ml) 14.65 (8.48, 24.50) 21.10 (11.25, 87.73) 0.123
LDH (U/L) 220.00 (180.50, 298.50) 244.00 (205.00, 395.00) 0.318

Bold values denote statistical significance at the P<0.05 level.

All CRPC patients had a documented history of
endocrine therapy, which encompassed the
use of oral androgen receptor inhibitors (such
as bicalutamide and enzalutamide), androgen
synthesis inhibitors (such as abiraterone),
and subcutaneous gonadotropin-releasing hor-
mone agonists (such as goserelin). Additionally,
some patients received docetaxel chemothe-
rapy and radiotherapy. Upon progression to
CRPC, patients underwent re-excision or biopsy
of the lesion due to a progressive exacerbation
of dysuria, hematuria, and symptoms sugges-
tive of distant metastasis, including bone pain.
Compared to CRPC-Adeno patients, t-NEPC
patients exhibited a significantly more rapid
progression of the disease, with castration
resistance developing at a median interval of
18 months (range: 6-84 months) following the
initial diagnosis of prostate adenocarcinoma.
Pathological specimens of t-NEPC were collect-
ed from various sites, including the prostate
(9), bladder (5), liver (4), subcutaneous tissue
(2), bone (1), mediastinum (1), and distant
lymph nodes (1). In terms of serum biomar-
kers, t-NEPC patients showed lower total pros-
tate-specific antigen (tPSA) levels and hig-
her concentrations of neuron-specific enolase

121

(NSE), carcinoembryonic antigen (CEA), and
carbohydrate antigen 19-9 (CA19-9), as pre-
sented in Table 2.

Pathologic characteristics

The histomorphological and immunohistoche-
mical characteristics exhibit significant varia-
tion among prostate adenocarcinoma, CRPC-
Adeno, and t-NEPC, as illustrated in Figure 3.
Prostate adenocarcinoma (Adeno-PCa) is ch-
aracterized by distinct glandular structures,
abundant cytoplasm, and prominent nucleoli,
with expression of prostate-associated mark-
ers but an absence of neuroendocrine (NE)
markers. At the initial diagnosis of prostate
cancer, t-NEPC patients presented with high
Gleason scores, with six cases scoring 9 and
ten cases scoring 8. In CRPC-Adeno, indepen-
dent glandular formations are infrequent, with
tumors typically manifesting as sieve-like or dif-
fuse patterns. The tumor cells are large and
round, featuring prominent nucleoli and abun-
dant cytoplasm, and express prostate-associ-
ated markers without NE marker expression.
In contrast, t-NEPC is characterized by the
absence of glandular structures, forming solid,
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Figure 4. Positive staining of Syn in Adeno-PCa and CRPC-Adeno.

diffuse sheets of tumor cells. These cells are
ovoid or short spindle-shaped, with minimal
cytoplasm, dark nuclei, and fine granular chro-
matin. Necrosis, apoptosis, and karyorrhexis
are frequently observed. Immunohistochemical
analysis reveals the presence of NE markers
such as synaptophysin (Syn), chromogranin A
(CgA), CD56, and insulinoma-associated pro-
tein 1 (INSM1), while typically retaining pros-
tate-associated markers such as P504S.

While some cases of CRPC-Adeno and Adeno-
PCa also express neuroendocrine markers
(Figure 4), the prevalence of neuroendocrine
marker expression and AR loss is more pro-
nounced in NEPC (Table 3). Among the 23
tNEPC cases, 15 exhibited a neuroendocrine-
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positive (NE+)/AR-negative (AR-) phenotype,
with 5 lacking prostate-associated markers;
7 cases displayed an NE+/AR+ phenotype
(Figure 5A-C); and 1 case demonstrated an
NE-/AR- phenotype (Figure 5D-F), also lacking
prostate-associated markers.

We subsequently selected 30 cases from
CRPC-Adeno characterized by lower morpho-
logical scores and minimal glandular structures
for analysis through p53 and RB1 staining.
These cases were then compared with t-NEPC.
Abnormalities in RB1 and p53 were more fre-
quently observed in t-NEPC than in CRPC-Adeno
(Table 4). Specifically, 10 cases displayed p53
expression loss, indicative of nonsense muta-
tions (Figure 6l), 9 cases showed p53 overex-

Am J Clin Exp Urol 2025:13(2):118-131



Treatment-related neuroendocrine prostate cancer

Table 3. Expression of NE markers and prostate-associated markers in CRPC-Adeno and t-NEPC

CRPC-Adeno (N=65) t-NEPC (N=23) P-value

NE markers Negative 49 (75.38%) 1 (4.35%) <0.001
Positive 16 (24.62%) 22 (95.75%)

AR Negative 4 (6.15%) 16 (69.57%) <0.001
Positive 61 (93.85%) 7 (30.43%)

Prostate-associated markers Negative 0 (0.00%) 8 (34.78%) <0.001
Positive 65 (100.00%) 15 (65.22%)

Case13

Case10

Figure 5. Syn and AR staining in t-NEPC.

pression, indicative of missense mutations
(Figure 6F), and 4 cases retained wild-type
p53 expression (Figure 6C). Furthermore, 18
cases demonstrated RB1 expression loss
(Figure 6E, 6H), while 5 cases retained wild-
type RB1 expression (Figure 6B). None of the
cases expressed POU2F3. The immunohisto-
chemical profiles of 23 cases of t-NEPC are
presented in Table 5.

Follow-up results

After the diagnosis was confirmed by patholo-
gy, 10 t-NEPC patients were treated with plati-
num-based chemotherapy, supplemented with
radiotherapy and endocrine therapy, 10 under-
went novel endocrine therapy only, and 3 re-
ceived conservative symptomatic treatment. In
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the cohort of 65 CRPC-Adeno patients, 41 indi-
viduals received a combination of novel endo-
crine therapy and either radiotherapy or che-
motherapy. The chemotherapy regimen pre-
dominantly involved docetaxel. Additionally, 21
patients were administered novel endocrine
therapy alone, while 3 patients underwent
conservative treatment (Table 6). Among 23
patients monitored over an average follow-up
period of 9 months (range: 2-34), 17 patients
died from multi-organ tumor metastasis, with a
median overall survival (0S) of 4 months (95%
Cl: 3.2-4.8). Notably, CRPC-Adeno patients
exhibited a median OS of 9 months (95% CI:
6.7-11.3). In contrast, t-NEPC patients demon-
strated significantly shorter survival durations
than CRPC-Adeno patients, with a 2-year sur-
vival rate of less than 10% (Figure 7).
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Table 4. Expression of p53 and RB1 in CRPC-Adeno and t-NEPC

CRPC-Adeno (N=30) t-NEPC (N=23) P-value

p53 Wild-type 13 (43.33%) 4 (17.39%) 0.005
Loss/overexpression 17 (56.67%) 19 (82.61%)

RB1 Wild-type 24 (80.00%) 5 (21.74%) <0.001
Loss 6 (20.00%) 18 (78.26%)

p53 and RB1 Not both abnormal 25 (83.33%) 6 (26.08%) <0.001

Both abnormal 5(16.67%) 17 (73.92%)

Case21

Case10

Case17

Figure 6. RB1 and p53 staining in t-NEPC.

When stratifying t-NEPC patients by immuno-
histochemical phenotypes, those who were
AR-positive exhibited a higher median OS of
8 months (95% Cl: 2.0-14.0) compared to
AR-negative patients, who had a median OS of
4 months (95% CI: 3.1-4.9); however, this differ-
ence was not statistically significant. Similarly,
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patients with wild-type expression of RB1 and/
or p53 demonstrated a higher median OS of 5
months (95% Cl: 2.9-7.1) compared to those
with aberrant expression of both RB1 and p53,
who had a median OS of 4 months (95% CI: 3.0-
5.0); again, this difference did not reach statis-
tical significance (Figure 8).
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Table 5. IHC results of 23 t-NEPC cases Discussion
Prostate-associated NE . . )
Cas marker marker p53 RB1  POU2F3 The histopathological !oroflle
of prostate adenocarcinoma
1 - Loss Loss - . .
exhibits considerable mor-
2 + + - Loss Loss - . . .
phological and immunohis-
3 * oo _LOSS _LOSS . tochemical phenotypic alter-
4 + + - Widtype  Wildtype - ations following endocrine
5 + + +  Wildtype  Wildtype - therapy. A significant devel-
6 + + + Loss Wild-type - opment is the emergence of
7 + + - Overexpression  Loss - t-NEPC, a clinically aggres-
8 + + - Loss Loss . sive variant characterized by
9 + + + Wild-type Loss B neuroendocrine differentia-
10 - - - Overexpression  Loss - t!on tha? arises as an aqap'
tive resistance mechanism
11 + + - Loss Loss - .
) to prolonged endocrine the-
12 + + Overexpression  Loss - . . .
rapy. This transdifferentia-
13 * * Loss Loss . tion process exemplifies tu-
14 + + - Loss Loss - mor lineage plasticity driven
15 - + - Loss Loss - by epigenetic reprogramm-
16 + + - Overexpression  Loss - ing and the selective pres-
17 - + - Loss Loss - sure exerted by androgen
18 - + - Overexpression  Loss - receptor-targeted agents [3,
19 . + - Overexpression  Loss ) 13]. Our findings indicate
20 ¥ +  + Overexpression  Loss . ;hat .the incidence ofk;[-NEPC
o1 i + i Wildtype  Wild-type i as increased c.)vert. e past
) decade, potentially linked to
22 + - Overexpression  Loss - . -
the widespread clinical ad-
23 + - Overexpression Wild-type -

option of next-generation

Table 6. Treatment of CRPC-Adeno and t-NEPC patients

androgen receptor signal-
ing pathway inhibitors. From
2009 to 2024, the First

Treatment

CRPC-Adeno (N=65) t-NEPC (N=23)

Hospital of Zhejiang Uni-

Novel endocrine therapy only 41
Radiotherapy/Chemotherapy 21
Conservative symptomatic treatment 3

10 versity School of Medicine
10 conducted over 28,000 pa-
3 thological examinations on
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Overall survival (%)
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Figure 7. Overall survival of CRPC-Adeno and t-NEPC
patients.
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prostate cancer specimens.
In contrast, only 88 cases
(0.31%) of secondary pathological examina-
tion for CRPC were documented, highlighting a
potential deficiency in clinical vigilance regard-
ing t-NEPC. Our cohort of CRPC patients’ medi-
an overall survival is shorter than that reported
in certain other studies. This discrepancy may
be attributable to selection bias, as only a sub-
set of CRPC patients with more severe condi-
tions underwent secondary biopsy or lesion
resection [3, 13].

Following the initial diagnosis of prostate ade-
nocarcinoma, t-NEPC patients exhibit a more
rapid disease progression, develop resistance
to ADT more quickly, and experience shorter
progression-free intervals compared to CRPC-
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Figure 8. Overall survival of t-NEPC patients in different subgroups.

Adeno patients. t-NEPC patients demonstrated where prostate adenocarcinoma progresses
lower tPSA levels while exhibiting elevated lev- to the CRPC stage, and imaging reveals signifi-
els of NSE, CEA, and CA199. NSE, a biomarker cant tumor advancement despite low PSA lev-
found in neural and neuroendocrine tissues, is els that are disproportionate to the tumor bur-
extensively used as an indicator for neuroendo- den, along with elevated non-specific tumor
crine malignancies, particularly SCLC. NSE con- markers (such as CEA, CA199) and serum
centration is strongly correlated with tumor bur- neuroendocrine markers (such as NSE and
den and facilitates early diagnosis [16], while ProGRP), the possibility of t-NEPC should be
its overexpression enhances the migration and considered [23, 24]. It is advisable to conduct
invasion capabilities of SCLC cells [17]. CA199 a re-biopsy of rapidly progressing lesions.

and CEA are widely used tumor markers inte-
gral to the diagnosis and monitoring of various
cancers, however, their sensitivity and specific-
ity are generally lower than that of PSA in typi-
cal prostate cancers. In t-NEPC cases, PSA lev-
els may not be sufficiently elevated to indicate
disease progression. Nonetheless, CA199 and
CEA can still provide valuable diagnostic in-
sights in this context. CA199, similar to other
markers like PSA, can be utilized in combina-
tion to enhance the diagnostic accuracy of
prostate cancer [18], as well as to more effec-
tively assess the condition and prognosis of
the disease. Elevated CA199 levels may signify
disease progression or recurrence [19, 20].
CEA has been linked to tumor progression and
prognosis in neuroendocrine-differentiated pr-
ostate cancers [21]. Elevated CEA expression
may correlate with the dedifferentiation of

The inclusion criteria for t-NEPC in this study
were determined based on morphological char-
acteristics. Morphology continues to be the
gold standard for diagnosing t-NEPC, which
typically manifests as small cell carcinoma
characterized by scant cytoplasmic tumor cells,
elevated nucleoplasmic ratios, and inconspicu-
ous nucleoli. In comparison to small cell car-
cinomas in other organs, t-NEPC exhibits a
broader spectrum of morphological features,
including more open chromatin, small nucleoli,
and the presence of tumor giant cells, which
can complicate its differentiation from adeno-
carcinomas with a Gleason score of 5+5.
Nevertheless, morphological interpretation is
inherently subjective and prone to significant
inter-observer variability. Therefore, immuno-
histochemical staining for neuroendocrine mar-
kers is recommended to rule out t-NEPC in

prostate cancer cells, a condition typically patients with CRPC who do not exhibit typical
associated with a more aggressive tumor phe- adenocarcinoma morphology upon repeat biop-
notype [22]. Consequently, monitoring fluctua- sy following the failure of endocrine therapy.
tions in biomarkers such as CA199 and CEA

can furnish clinicians with critical reference Immunohistochemistry (IHC) serves as a crucial
data, facilitating timely modifications to diag- technique for identifying the origin of tumors
nostic and therapeutic strategies. In cases and assessing the presence or absence of neu-
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roendocrine differentiation. Our study observed
focal expression of neuroendocrine markers in
the initial prostate adenocarcinoma of cer-
tain t-NEPC patients. Furthermore, in cases of
CRPC that did not fulfill the histological criteria
for small cell carcinoma, the tumors exhibited
characteristics of more poorly differentiated
adenocarcinomas, with a higher prevalence of
neuroendocrine marker expression. The immu-
nohistochemical phenotypes of t-NEPC align
with that of small-cell neuroendocrine cancer
found in other anatomical locations, character-
ized by the expression of neuroendocrine mark-
ers such as Syn, CgA, CD56, and INSM1.
Tumors classified as t-NEPC frequently exhibit
reduced or absent expression of prostate-asso-
ciated markers, complicating the determina-
tion of tumor origin. Consequently, it is impera-
tive to exclude other potential tumor sources by
integrating medical history and imaging exami-
nations. A limited number of neuroendocrine
cells are dispersed within normal prostate
glands [25]. Additionally, focal expression of
neuroendocrine markers is observed in mor-
phologically typical ductal or vesicular adeno-
carcinomas of the prostate, and this expres-
sion is positively correlated with the Gleason
grade of prostate adenocarcinoma [26]. The
prognostic significance of focal neuroendocrine
differentiation in conventional prostate adeno-
carcinoma remains contentious. However, the
majority of contemporary studies indicate that
it does not have a direct correlation with ei-
ther disease-specific or overall patient survival.
Consequently, in the absence of morphologi-
cal evidence of neuroendocrine differentiation,
routine immunohistochemical staining for neu-
roendocrine markers is not recommended dur-
ing the clinical diagnosis of prostate adeno-
carcinoma.

In contrast to primary small cell carcinoma of
the prostate, t-NEPC exhibits varying levels of
AR nuclear expression, indicating that the AR
pathway remains transcriptionally active under
epigenetic regulation at this stage [3]. In this
study, t-NEPC cases demonstrated immunohis-
tochemical phenotypes of NE+/AR-, NE+/AR+,
and NE-/AR-. Conversely, CRPC-Adeno predomi-
nantly exhibited the NE-/AR+ immunohisto-
chemical phenotype, with the most common
NE+/AR- phenotype in NEPC not being ob-
served. Furthermore, we identified NE+/AR+
and NE-/AR- immunohistochemical phenotypes
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in CRPC-Adeno, wherein AR-negative cases still
expressed at least one prostate-associated
biomarker. These immunohistochemical phe-
notypes may represent distinct stages in the
transdifferentiation process from prostate ade-
nocarcinoma to neuroendocrine carcinoma. In
the clinicopathological diagnosis of prostate
cancer, a distinct subtype known as amphitrite
prostate carcinoma (AMPC) is characterized
by bidirectional differentiation, exhibiting both
adenocarcinoma and neuroendocrine features
within the same cell population. This is evi-
denced by the presence of amphophilic cyto-
plasm and tissue morphology resembling high-
grade adenocarcinoma, with frequent mitotic
figures. Immunohistochemical analysis reveals
the concurrent expression of prostate-associ-
ated and neuroendocrine markers. AMPC
exemplifies the plasticity inherent in the pros-
tate cancer lineage and predominantly arises
following endocrine therapy, although it can
also occur as a primary condition [27]. Notably,
this subtype has yet to be explicitly defined in
the current World Health Organization classifi-
cation of prostate tumors.

The molecular characteristics of t-NEPC are
typically characterized by a reduction or inacti-
vation of the AR signal transduction pathway,
deletion of the RB1 gene, and mutation of the
TP53 gene. The loss of Rbl protein is nearly
universal in prostatic small-cell neuroendocr-
ine carcinoma, suggesting its potential utility
as a biomarker for t-NEPC [28]. Our study dem-
onstrates that abnormal expression of p53 and
RB1 is significantly more prevalent in t-NEPC
compared to CRPC-Adeno with a Gleason score
of 5+5. Immunohistochemical evaluation of
these markers provides a practical method for
distinguishing t-NEPC from CRPC-Adeno with a
Gleason score of 5+5, with the latter potentially
harboring AMPC components. Given the limita-
tions of traditional neuroendocrine markers
and morphological evaluation alone, immuno-
histochemical analysis of RB1 and p53 is in-
strumental in diagnosing t-NEPC, particularly
when the tumor displays small cell carcinoma
morphology with inadequate expression of
neuroendocrine markers. However, aberrant
expression of RB1 and p53 is neither neces-
sary nor sufficient for the diagnosis of t-NEPC.
Single-cell transcriptome sequencing (scRNA-
seq) data analysis from Chinese prostate can-
cer patients revealed the absence of RB1 dele-
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tion or TP53 mutation in certain t-NEPC pa-
tients [29]. This suggests that adenocarcino-
ma cells may transform t-NEPC via alternative
molecular pathways.

With the growing body of research on the
molecular pathological classification of pros-
tate cancer, it has become imperative to de-
velop a molecular classification for t-NEPC.
Neuroendocrine cancers are regulated by vari-
ous transcription factors, and the molecular
classification of small cell lung cancer (SCLC)
based on transcription factors such as ASCL1,
NEUROD1, POU2F3, and YAP1 provides a foun-
dation for precision-targeted therapies in lung
cancer patients [30]. Given the similarities
between t-NEPC and small-cell lung cancer,
establishing a molecular classification for
t-NEPC and identifying its disease drivers are
essential for advancing precision-targeted ther-
apies for t-NEPC. POU2F3, a lineage-defining
transcription factor, plays a crucial role in the
differentiation of tuft cells, which are epithelial
chemosensory cells found in numerous organs,
including the respiratory tract [31]. RNA-seq
data from a clinical cohort indicated that
POU2F3 is expressed in a subset of patients
with CRPC and t-NEPC. The expression of
POU2F3 appeared to be mutually exclusive
with ASCL1 and inversely correlated with RB1
expression. POU2F3 is present in clinical cases
of CRPC and t-NEPC and may serve as a bio-
marker for the transition from CRPC to t-NEPC
[32]. In 13.41% (33/246) of SCLC cases,
POU2F3 exhibited strong nuclear staining,
with negative or minimal labeling for neuroen-
docrine markers. Compared with POU2F3-
negative SCLC, SCLC-P harbored fewer TP53
and RB1 mutations [33]. Nonetheless, POU2F3
expression was absentin all 23 cases of t-NEPC
within this cohort. This absence may be attrib-
utable to the infrequent occurrence of cases
exhibiting wild-type expression of p53 and RB1
or lacking neuroendocrine marker expression
in our cohort. Consequently, these findings
imply that the sensitivity of POU2F3 as a bio-
marker for t-NEPC might be constrained. Fur-
ther research is necessary to elucidate the
heterogeneity of POU2F3 expression in CRPC
and t-NEPC populations.

Currently, the management of t-NEPC predomi-

nantly depends on platinum-based chemother-
apy regimens, which are associated with limit-
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ed efficacy and a notably poor prognosis.
However, small-molecule inhibitors targeting
potential therapeutic targets such as MYCN-
AURKA [34], KIT [35], and DDL3 [36] are un-
dergoing research and clinical trials. These
advancements offer new possibilities and hope
for the development of individualized and pre-
cise treatment strategies for t-NEPC.

The limitations of this study are that it was lim-
ited to IHC testing and there may be differences
at the genetic level. The small cohort size and
the fact that this was a retrospective study limit
the generalisability of the results. Nonetheless,
our findings provide new insights into the diag-
nosis of t-NEPC and add to our understanding
of the disease process, thus contributing to
improved management of t-NEPC.

Conclusions

This study analyzed the immunohistochemical
findings in a cohort of 23 Chinese patients
diagnosed with t-NEPC, with a particular focus
on the proteins RB1 and p53. CRPC Patients
with a brief recurrence period, low serum tPSA
levels, and elevated NSE, CEA, and CA199 lev-
els should remain vigilant regarding the poten-
tial transformation to t-NEPC. The immunohis-
tochemical evaluation of RB1 and p53 is very
helpful in some difficult cases. The accumula-
tion of additional cases is essential to advance
the molecular classification of t-NEPC.

Acknowledgements

We extend our sincere gratitude to all individu-
als who contributed to this study. In particu-
lar, we wish to acknowledge Professor Haojie
Huang for his invaluable guidance in shaping
the conceptual framework of this paper. Addi-
tionally, we express our appreciation to Xueru
Song for her assistance with the immunohisto-
chemical staining procedures.

Disclosure of conflict of interest
None.

Address correspondence to: Guoping Ren,
Department of Pathology, The First Hospital of
Zhejiang University School of Medicine, No. 79
Qingchun Road, Shangcheng District, Hangzhou,
Zhejiang, China. Tel: +86-13666676968; E-mail:
gpren1999@163.com

Am J Clin Exp Urol 2025;13(2):118-131


mailto:gpren1999@163.com

Treatment-related neuroendocrine prostate cancer

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

129

Merkens L, Sailer V, Lessel D, Janzen E, Gre-
imeier S, Kirfel J, Perner S, Pantel K, Werner S
and Amsberg GV. Aggressive variants of pros-
tate cancer: underlying mechanisms of neuro-
endocrine transdifferentiation. J Exp Clin Can-
cer Res 2022; 41: 46.

Aparicio A, Logothetis CJ and Maity SN. Under-
standing the lethal variant of prostate cancer:
power of examining extremes. Cancer Discov
2011; 1: 466-468.

Aggarwal R, Huang J, Alumkal JJ, Zhang L, Feng
FY, Thomas GV, Weinstein AS, Friedl V, Zhang
C, Witte ON, Lloyd P, Gleave M, Evans CP, Youn-
gren J, Beer TM, Rettig M, Wong CK, True L,
Foye A, Playdle D, Ryan CJ, Lara P, Chi KN, Uzu-
nangelov V, Sokolov A, Newton Y, Beltran H,
Demichelis F, Rubin MA, Stuart JM and Small
EJ. Clinical and genomic characterization of
treatment-emergent small-cell neuroendocr-
ine prostate cancer: a multi-institutional pro-
spective study. J Clin Oncol 2018; 36: 2492-
2503.

Netto GJ, Amin MB, Berney DM, Compérat EM,
Gill AJ, Hartmann A, Menon S, Raspollini MR,
Rubin MA, Srigley JR, Hoon Tan P, Tickoo SK,
Tsuzuki T, Turajlic S, Cree | and Moch H. The
2022 World Health Organization Classification
of tumors of the urinary system and male geni-
tal organs-part B: prostate and urinary tract
tumors. Eur Urol 2022; 82: 469-482.

Wang HT, Yao YH, Li BG, Tang Y, Chang JW and
Zhang J. Neuroendocrine Prostate Cancer
(NEPC) progressing from conventional prostat-
ic adenocarcinoma: factors associated with
time to development of NEPC and survival
from NEPC diagnosis-a systematic review and
pooled analysis. J Clin Oncol 2014; 32: 3383-
3390.

Sivakumar S, Moore JA, Montesion M, Sharaf
R, Lin DI, Colon CI, Fleishmann Z, Ebot EM,
Newberg JY, Mills JM, Hegde PS, Pan Q, Dow-
lati A, Frampton GM, Sage J and Lovly CM. Inte-
grative analysis of a large real-world cohort of
small cell lung cancer identifies distinct genet-
ic subtypes and insights into histologic trans-
formation. Cancer Discov 2023; 13: 1572-
1591.

Offin M, Chan JM, Tenet M, Rizvi HA, Shen R,
Riely GJ, Rekhtman N, Daneshbod Y, Quin-
tanal-Villalonga A, Penson A, Hellmann MD,
Arcila ME, Ladanyi M, Pe’Er D, Kris MG, Rudin
CM and Yu HA. Concurrent RB1 and TP53 al-
terations define a subset of EGFR-mutant lung
cancers at risk for histologic transformation
and inferior clinical outcomes. J Thorac Oncol
2019; 14: 1784-1793.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Niederst MJ, Sequist LV, Poirier JT, Mermel CH,
Lockerman EL, Garcia AR, Katayama R, Costa
C, Ross KN, Moran T, Howe E, Fulton LE, Mul-
vey HE, Bernardo LA, Mohamoud F, Miyoshi N,
VanderLaan PA, Costa DB, Janne PA, Borger
DR, Ramaswamy S, Shioda T, lafrate AJ, Getz
G, Rudin CM, Mino-Kenudson M and Engelman
JA. RB loss in resistant EGFR mutant lung ad-
enocarcinomas that transform to small-cell
lung cancer. Nat Commun 2015; 6: 6377.

Ku SY, Rosario S, Wang Y, Mu P, Seshadri M,
Goodrich ZW, Goodrich MM, Labbe DP, Gomez
EC, Wang J, Long HW, Xu B, Brown M, Loda M,
Sawyers CL, Ellis L and Goodrich DW. Rb1 and
Trp53 cooperate to suppress prostate cancer
lineage plasticity, metastasis, and antiandro-
gen resistance. Science 2017; 355: 78-83.
Mu P, Zhang Z, Benelli M, Karthaus WR, Hoover
E, Chen CC, Wongvipat J, Ku SY, Gao D, Cao Z,
Shah N, Adams EJ, Abida W, Watson PA, Prandi
D, Huang CH, de Stanchina E, Lowe SW, Ellis L,
Beltran H, Rubin MA, Goodrich DW, Demichelis
F and Sawyers CL. SOX2 promotes lineage
plasticity and antiandrogen resistance in
TP53- and RB1-deficient prostate cancer. Sci-
ence 2017; 355: 84-88.

Abida W, Cyrta J, Heller G, Prandi D, Armenia J,
Coleman |, Cieslik M, Benelli M, Robinson D,
Van Allen EM, Sbhoner A, Fedrizzi T, Mosquera
JM, Robinson BD, De Sarkar N, Kunju LP, Tom-
lins S, Wu YM, Nava Rodrigues D, Loda M, Go-
palan A, Reuter VE, Pritchard CC, Mateo J, Bi-
anchini D, Miranda S, Carreira S, Rescigno P,
Filipenko J, Vinson J, Montgomery RB, Beltran
H, Heath El, Scher HI, Kantoff PW, Taplin ME,
Schultz N, DeBono JS, Demichelis F, Nelson
PS, Rubin MA, Chinnaiyan AM and Sawyers CL.
Genomic correlates of clinical outcome in ad-
vanced prostate cancer. Proc Natl Acad SciU S
A 2019; 116: 11428-11436.

Nicholson SA, Beasley MB, Brambilla E, Hasle-
ton PS, Colby TV, Sheppard MN, Falk R and Tra-
vis WD. Small cell lung carcinoma (SCLC): a
clinicopathologic study of 100 cases with sur-
gical specimens. Am J Surg Pathol 2002; 26:
1184-1197.

Beltran H, Prandi D, Mosquera JM, Benelli M,
Puca L, Cyrta J, Marotz C, Giannopoulou E,
Chakravarthi BV, Varambally S, Tomlins SA, Na-
nus DM, Tagawa ST, Van Allen EM, Elemento O,
Sboner A, Garraway LA, Rubin MA and Demi-
chelis F. Divergent clonal evolution of castra-
tion-resistant neuroendocrine prostate cancer.
Nat Med 2016; 22: 298-305.

Pu YS, Ahn H, Han W, Huang SP, Wu HC, Ma L,
Yamada S, Suga K and Xie LP. Enzalutamide in
chemotherapy-naive metastatic castration-re-
sistant prostate cancer: an Asian multiregion-

Am J Clin Exp Urol 2025:13(2):118-131



[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

130

Treatment-related neuroendocrine prostate cancer

al, randomized study. Adv Ther 2022; 39:
2641-2656.

Qin X, Ji D, Gu W, Han W, Luo H, Du C, Zou Q,
Sun Z, He C, Zhu S, Chong T, Yao X, Wan B,
Yang X, Bai A, Jin C, Zou J and Ye D. Activity and
safety of SHR3680, a novel antiandrogen, in
patients with metastatic castration-resistant
prostate cancer: a phase /Il trial. BMC Med
2022; 20: 84.

Karaman C, Bolukbasi OS, Yola BB, Karaman
0, Atar N and Yola ML. Electrochemical neuron-
specific enolase (NSE) immunosensor based
on CoFe204@Ag nanocomposite and AuNPs@
MoS2/rGO. Anal Chim Acta 2022; 1200:
3396009.

Zha Z, Li D, Zhang P, Wang P, Fang X, Liu X,
Weng C, Li B, Wu 'Y, Mao H, Wang L, Xu L, Dong
J, Guan M, Lu L and Liu G. Neuron specific eno-
lase promotes tumor metastasis by activating
the Wnt/B-catenin pathway in small cell lung
cancer. Transl Oncol 2021; 14: 101039.
Visser WCH, de Jong H, Melchers WJG, Mul-
ders PFA and Schalken JA. Commercialized
blood-, urinary- and tissue-based biomarker
tests for prostate cancer diagnosis and prog-
nosis. Cancers (Basel) 2020; 12: 3790.
Udager AM and Tomlins SA. Molecular bio-
markers in the clinical management of pros-
tate cancer. Cold Spring Harb Perspect Med
2018; 8: a030601.

Filella X and Foj L. Prostate cancer detection
and prognosis: from prostate specific antigen
(PSA) to exosomal biomarkers. Int J Mol Sci
2016; 17: 1784.

Bray AW, Duan R, Malalur P, Drusbosky LM,
Gourdin TS, Hill EG and Lilly M. Elevated serum
CEA is associated with liver metastasis and
distinctive circulating tumor DNA alterations in
patients with castration-resistant prostate can-
cer. Prostate 2022; 82: 1264-1272.

Asa SL, Uccella S and Tischler A. The unique
importance of differentiation and function in
endocrine neoplasia. Endocr Pathol 2023; 34:
382-392.

Shimomura T, Kurauchi T, Sakanaka K, Kimura
T and Egawa S. Clinical investigation of neuro-
endocrine differentiation in prostate cancer. J
Clin Oncol 2020; 38: 138.

Hvamstad T, Jordal A, Hekmat N, Paus E and
Foss SD. Neuroendocrine serum tumour mark-
ers in hormone-resistant prostate cancer. Eur
Urol 2003; 44: 215-221.

Henry GH, Malewska A, Joseph DB, Malladi VS
and Strand DW. A cellular anatomy of the nor-
mal adult human prostate and prostatic ure-
thra. Cell Rep 2019; 25: 3530-3542, e5.
Genitsch V, Zlobec |, Seiler R, Thalmann GN
and Fleischmann A. Neuroendocrine differen-
tiation in metastatic conventional prostate

[27]

(28]

[29]

[30]

(31]

(32]

(33]

(34]

cancer is significantly increased in lymph node
metastases compared to the primary tumors.
Int J Mol Sci 2017; 18: 1640.

Graham LS, Haffner MC, Sayar E, Gawne A,
Schweizer MT, Pritchard CC, Coleman |, Nelson
PS and Yu EY. Clinical, pathologic, and molecu-
lar features of amphicrine prostate cancer.
Prostate 2023; 83: 641-648.

Tan HL, Sood A, Rahimi HA, Wang W, Gupta N,
Hicks J, Mosier S, Gocke CD, Epstein JI, Netto
GJ, Liu W, Isaacs WB, De Marzo AM and Lotan
TL. Rb loss is characteristic of prostatic small
cell neuroendocrine carcinoma. Clin Cancer
Res 2014; 20: 890-903.

Wang Z, Wang T, Hong D, Dong B, Wang Y,
Huang H, Zhang W, Lian B, Ji B, Shi H, Qu M,
Gao X, Li D, Collins C, Wei G, Xu C, Lee HJ,
Huang J and Li J. Single-cell transcriptional
regulation and genetic evolution of neuroendo-
crine prostate cancer. iScience 2022; 25:
104576.

Gay CM, Stewart CA, Park EM, Diao L, Groves
SM, Heeke S, Nabet BY, Fujimoto J, Solis LM,
Lu W, Xi'Y, Cardnell RJ, Wang Q, Fabbri G, Car-
gill KR, Vokes NI, Ramkumar K, Zhang B, Della
Corte CM, Robson P, Swisher SG, Roth JA, Glis-
son BS, Shames DS, Wistuba Il, Wang J, Quar-
anta V, Minna J, Heymach JV and Byers LA. Pat-
terns of transcription factor programs and
immune pathway activation define four major
subtypes of SCLC with distinct therapeutic vul-
nerabilities. Cancer Cell 2021; 39: 346-360,
e7.

O’Leary CE, Schneider C and Locksley RM. Tuft
cells-systemically dispersed sensory epithelia
integrating immune and neural circuitry. Annu
Rev Immunol 2019; 37: 47-72.

Brady NJ, Bagadion AM, Singh R, Conteduca V,
Van Emmenis L, Arceci E, Pakula H, Carelli R,
Khani F, Bakht M, Sigouros M, Bareja R, Sbon-
er A, Elemento O, Tagawa S, Nanus DM, Loda
M, Beltran H, Robinson B and Rickman DS.
Temporal evolution of cellular heterogeneity
during the progression to advanced AR-nega-
tive prostate cancer. Nat Commun 2021; 12:
3372.

Wang, Jin'Y, Shen X, Zheng Q, Xue Q, Chen L,
LinY and Li Y. POU2F3: a sensitive and specific
diagnostic marker for neuroendocrine-low/
negative small cell lung cancer. Am J Surg
Pathol 2023; 47: 1059-1066.

Beltran H, Oromendia C, Danila DC, Montgom-
ery B, Hoimes C, Szmulewitz RZ, Vaishampay-
an U, Armstrong AJ, Stein M, Pinski J, Mos-
quera JM, Sailer V, Bareja R, Romanel A,
Gumpeni N, Sboner A, Dardenne E, Puca L,
Prandi D, Rubin MA, Scher HI, Rickman DS,
Demichelis F, Nanus DM, Ballman KV and
Tagawa ST. A phase Il trial of the aurora kinase

Am J Clin Exp Urol 2025;13(2):118-131



[35]

131

Treatment-related neuroendocrine prostate cancer

a inhibitor alisertib for patients with castration-
resistant and neuroendocrine prostate cancer:
efficacy and biomarkers. Clin Cancer Res
2019; 25: 43-51.

Michaelson MD, Oudard S, Ou Y, Sengelov
L, Saad F, Houede N, Ostler P, Stenzl A,
Daugaard G, Jones R, Laestadius F, Ullen A,
Bahl A, Castellano D, Gschwend J, Maurina T,
Chow Maneval E, Wang SL, Lechuga MJ,
Paolini J and Chen I. Randomized, placebo-
controlled, phase Ill trial of sunitinib plus pred-
nisone versus prednisone alone in progres-
sive, metastatic, castration-resistant prostate
cancer. J Clin Oncol 2014; 32: 76-82.

[36] Paz-Ares L, Champiat S, Lai WV, Izumi H, Govin-

dan R, Boyer M, Hummel HD, Borghaei H,
Johnson ML, Steeghs N, Blackhall F, Dowlati A,
Reguart N, Yoshida T, He K, Gadgeel SM, Felip
E, Zhang Y, Pati A, Minocha M, Mukherjee S,
Goldrick A, Nagorsen D, Hashemi Sadraei N
and Owonikoko TK. Tarlatamab, a first-in-class
DLL3-targeted bispecific T-cell engager, in re-
current small-cell lung cancer: an open-label,
phase | study. J Clin Oncol 2023; 41: 2893-
2903.

Am J Clin Exp Urol 2025:13(2):118-131



