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Approximately 1% of patients with prostate cancer (PC) have 
pure neuroendocrine (NE) histology at diagnosis,1 and 15%-
20% of later-stage patients may develop PC with NE fea-
tures.2,3 The term “neuroendocrine PC” (NEPC) has been used 
to encompass any PC with NE features based on morphology 
and/or immunohistochemical staining (IHC).4 Most oncolo-
gists are aware of NEPC’s general characteristics, including 
rapid and often visceral metastatic progression in the setting 
of low or non-rising prostate-specific antigen (PSA), and NE 
marker expression (eg, chromogranin, synaptophysin, and/or 
insulinoma-associated- protein-1 [INSM-1]).5

However, NEPC is complex, comprising a wide spectrum of 
phenotypes. This has led very different entities to be inappropri-
ately lumped together or simply assumed to behave like the most 
common NEPC entities. Elucidating subtle differences between 
various NEPCs is critical for treatment decision-making.6-10

This commentary was triggered by a 62-year-old gentle-
man who presented with a PSA of 134.71 ng/mL and imag-
ing demonstrating pulmonary nodules, multiple liver masses, 
and diffuse bone metastases. Prostate and liver biopsies were 
read as “high-grade prostatic adenocarcinoma with extensive 
NE differentiation.” Tumor tissue stained positive for syn-
aptophysin, chromogranin, and PC luminal lineage marker 
NKX3-1. He was treated by his oncologist with carboplatin, 
etoposide, androgen deprivation therapy (ADT), and enzalut-
amide. After 4 months his PSA started rising and a second 
review of the original tissue at our institution revealed a 
diagnosis of large-cell NEPC (LCPC). His disease progressed 
on docetaxel + carboplatin and subsequently cabazitaxel, as 
well as one dose of lutetium-177 PSMA-directed therapy. He 
expired due to fulminant liver failure related to progression. 
His survival was 16.5 months from diagnosis.

Neuroendocrine Differentiation Does Not 
Imply Small Cell or Large Cell Carcinoma
Critical to managing NEPC is determining whether an actual 
NE disease variant requiring different treatment is present. 

NE differentiation occurs in benign prostate glands—scat-
tered NE cells producing peptide growth hormones are often 
present.8,11 In conventional prostatic adenocarcinoma, foci 
of NE differentiation in an otherwise morphological adeno-
carcinoma does not necessarily imply adverse prognosis.12,13 
NE features are assumed by many to automatically indicate 
aggressive features which is not always the case. However, 
since NE staining is typically not requested without concern 
for aggressive disease, oncologists may inappropriately con-
clude all incidences of NE features are an ominous finding.

In contrast, the NE variant of PC (NEPC) is much rarer, 
associated with a poorer prognosis1,2,14-16 and the incidence 
increases after ADT. Treatment-related NEPC can occur as 
early as 24 months after starting ADT.1,6,17 NEPC is often 
associated with aggressive molecular features like TP53 
and RB1 loss, high Ki67, epigenetic alterations, and growth 
despite androgen receptor (AR) inhibition.18 

The presence of NE features should not automatically 
lead to NEPC type of therapy, ie, small-cell cancer therapy. 
Establishing whether there is a pathologic NE variant, and 
interpreting this finding in the appropriate clinical context, 
are necessary when deciding whether a different therapeutic 
approach should be taken.

Three major poorly differentiated NE subtypes have been 
described in PC, though this current pathologic classification 
is subject to great variability, even amongst expert patholo-
gists. Small-cell NE carcinoma (SCPC), LCPC, and adeno-
carcinoma with NE features with either mixed-morphology 
or overlapping features (ie, amphicrine) are terms that are 
often used clinically. In addition to tumor morphology, IHC 
staining for classical PC and NE markers is also typically per-
formed.

SCPC can be challenging to accurately diagnose as its clin-
ical/histological features have only gained traction in recent 
years.19 While de novo SCPC can occur, SCPC typically arises 
after periods of ADT. Given similarities with small-cell lung 
cancer (SCLC), SCPC is treated with platinum and etoposide 
with a response rate as high as 50%-60%.4 In recent years, 
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adding immunotherapy further improved outcomes.20 Unlike 
SCPC, adenocarcinoma with NE features often continues to 
respond to standard prostate cancer therapies.

LCPC is a distinct, extremely rare NEPC with only ~20 
cases described in the literature.7,9,10,21 LCPC is very aggressive, 
with a median survival of ~15 months.7,22 Pathologists and 
oncologists often do not recognize LCPC as a distinct entity, 
as the prognostic and therapeutic implications of the diagnosis 
are unclear. Importantly, the presence of NE features must not 
trigger physicians to simply treat LCPC like SCPC.

LCPC is generally under-recognized and underreported for 
several reasons.7-10,21,23 First, due to LCPC’s rarity, pathologists 
will often simply report LCPC tumors as generically “poorly 
differentiated high-grade PC” without noting specific large-
cell characteristics. Secondly, LCPC is often found inciden-
tally, in high disease burdens requiring palliative procedures 
where tissue may otherwise not normally be assessed.7,21 
Finally, diagnostic criteria for LCPC are more strict8 making 
LCPC’s precise diagnosis difficult to make. LCPC’s incidence 
is challenging to approximate but likely more prevalent than 
currently reported.

Treatment Recommendations for LCPC
We recommend that treatment decisions for LCPC should be 
based on which of three LCPC disease forms are present7: 
(1) de novo LCPC without admixed adenocarcinoma, (2) de 
novo LCPC with admixed adenocarcinoma, and (3) LCPC 
arising after ADT/AR-directed therapy.

Physicians should not prematurely abandon traditional 
PC treatments simply because large-cell differentiation is 
present.3 It is not advisable to prematurely forgo valuable 
AR-directed therapies in favor of small-cell chemotherapy in 
all patients. The expression of AR and AR signaling markers 
may help guide this decision.

De novo LCPCs, without any ADT history, are exception-
ally rarer than post-ADT forms.7,24 Pure de novo LCPC, not 
associated with adenocarcinoma, often has a larger disease 
burden and worse prognosis. In general, NEPC typically loses 
AR (or related gene) expression, secrete little-to-no PSA and 
may require chemotherapy.24

By contrast, admixed LCPC typically retains AR depen-
dence and secretes PSA. As a result, localized disease may be 
caught before systemic spread, potentially allowing for cura-
tive therapy. With regards to metastatic disease, 3 reported 
cases of de novo LCPC treated with ADT had responses in the 
range of 1-2 years.24

LCPC retains some degree of androgen dependence as it 
can present with a high PSA that decreases with ADT. Two 
patients at our institution with de novo LCPC had an OS 
~5 years post-treatment with ADT + conventional therapies 
(enzalutamide, abiraterone, docetaxel, and cabazitaxel).22 
Thus a positive response may potentially be from both 
AR-directed therapy and chemotherapy.

Though data are very limited, many LCPC-reported cases 
occur after longstanding ADT, sometimes 4-5 years after the 
original PC diagnosis.7,8,10 Post-ADT LCPC, like post-ADT 
SCPC or other high-grade NEPCs, may respond better to 
chemotherapy since they may demonstrate low or absent AR, 
NKX3.1, and PSA expression and are less likely to respond to 
AR-targeted therapy.7,8

LCPCs may respond to platinum agents or taxanes25 
potentially due to tumor suppressor gene loss or DNA repair 

deficiencies.4 Cabazitaxel combined with platinum shows 
a response in many NEPCs, including LCPC26 likely due to 
cabazitaxel activity in both CRPC and mixed-tumor histolo-
gies.4 Retrospective data suggest checkpoint inhibitors should 
be explored further.27

Guide for Histologic Diagnosis
Tables 1 and 2 summarize some of the major histologic differ-
ences between SCPC and LCPC as well as de novo vs. post-
ADT LCPC.

SCPC typically has relatively small cells (<3 lymphocyte 
diameters), a high nuclear-to-cytoplasm ratio, and salt-and-
pepper chromatin with small (or absent) nucleoli.28 Nuclear 
molding is frequently present, with tumors in large sheets, tra-
beculae, or acinar growth patterns. Tumors tend to be mitoti-
cally active, with a high proliferation index.

In contrast, LCPC cells are larger and have abundant 
cytoplasm, coarse/clumpy nuclear chromatin and prominent 
nucleoli.6-8,10 LCPC cells exhibit NE architecture and markers 
with cells arranged in large nests, sheets, or cords with periph-
eral palisading. While LCPC cells demonstrate brisk mitotic 
activity (often with geographic necrosis),9 mitotic activity 
may be lower than in SCPC.23

The 2013 Prostate Cancer Foundation Working Group on 
Neuroendocrine Differentiation developed diagnostic crite-
ria for LCPC: cells were required to express at least one NE 
marker by IHC and show specific morphologic characteris-
tics (eg, large nests with peripheral palisading).8 This makes 
LCPC’s diagnosis rare by design, to sharply differentiate it 
from more generic poorly-differentiated adenocarcinoma 
with NE features.

A 2010 publication by Aparicio et al29 hypothesized that 
LCPC may represent a cytologically intermediate phase in 
the morphologic evolution from adenocarcinoma to SCPC. 
Whether LCPC truly represents a distinct entity, versus a mere 
transition, is unclear.

Recommendation for Immunohistochemical 
Diagnosis
Some key IHC differences separate de novo and post-ADT 
NEPCs (Tables 1 and 2). Post-ADT LCPC can have a lower 
expression of synaptophysin/chromogranin and a higher 
CD56 expression than de novo cases.7 Lower/absent expres-
sion of PSA, PSAP, and AR is common, compared with de 
novo LCPC.

Typical IHC panels include chromogranin, synaptophysin, 
CD56, and the newer marker, INSM-1.23 In lung cancer, syn-
aptophysin, chromogranin, and CD56 have lower sensitiv-
ity and specificity for small-cell or large-cell carcinoma.30-32 
Comparing SCLC to large-cell lung cancer, synaptophysin 
(41%-75% vs. 58%-85%), chromogranin (23%-58% vs. 
42%-69%), and CD56 (72%-99% vs. 72%-94%) had rela-
tively similar expression.

In PC, chromogranin or synaptophysin staining is neither 
sensitive nor specific for NEPC. In SCPC, synaptophysin 
expression is seen in ~85%, but chromogranin expression 
occurs in ~55%.23

INSM-1 more sensitively detects SCPC than LCPC (93.9% 
vs. 62.5%, P = .015), with higher specificity (97.4%) for 
detecting any genitourinary NE carcinomas.33 In SCPC, 
INSM-1 is upregulated in as many as 77%-90% of cases, 
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with 95% specificity.34 By contrast, non-NE prostatic tissues 
generally lack INSM-1 expression.

A large series of a variety of genitourinary malignancies 
reported INSM-1 expression of 21% in LC tumors, lower 
than typically seen in SCPC.33 This trend was also found 
in lung and other malignancies. Therefore INSM-1 staining 
might differentiate SCPC from LCPC, but there is still limited 
data.

LCPC Molecular Features
Given LCPC’s rarity, its molecular characterization is still 
investigational. We recently completed a retrospective study 
of 6 patients with de novo LCPC at our institution.22 Patients 
were all microsatellite-stable, had TP53 mutations, PTEN 
loss, and Rb1 loss. Fifty percent of our cases coexisted with a 
grade 5 adenocarcinoma and were not entirely NE in compo-
sition. These alterations are similar to those found in SCPC. 
Future work is necessary to understand if there are molecular 
markers that differentiate LCPC from other NEPCs to poten-
tially provide new therapeutic targets.

Conclusions and Recommendations for Future 
Investigation

1.	 Increase awareness of LCPC: Improved awareness could 
guide oncologists to better understand the spectrum of 
NEPC and not reflexively treat all patients like SCPC.21 
Importantly, oncologists should not forgo life-prolonging 
AR-directed therapy simply because LCPC is identified, 
especially if AR and AR signaling is present.

2.	 Need better pathologic criteria: NE-tumor diagnosis 
rests on morphological, functional, and IHC criteria, 
subject to interobserver variation.21 Pathology reports 
often incorrectly lump together NEPCs, masking the dis-
tinctive presence of different subtypes.8,13,35,36 Improved 

criteria, including molecular markers, could potentially 
help distinguish clinically relevant subtypes of NEPCs. 
We recommend not focusing on any one feature in isola-
tion, instead integrating morphology, IHC markers, and 
the cell-cycle axes to aid in diagnosis, and in interpreting 
these features in the clinical context of the patient (eg, 
PSA and aggressiveness of the disease).

3.	 Accounting for NE admixture: Percentage and grade of 
the adenocarcinoma component should be provided on 
pathology reports.6

4.	 Need for better molecular biomarkers: Genomic alter-
ations in TP53, RB-1, PTEN, and TMPRSS2-ERG 
fusions are often found in aggressive traditional PC 
and other NEPCs.6 Determining LCPC-specific genetic/
epigenetic evolution may help predict a patient’s future 
trajectory.3 New biomarkers might identify large-cell NE 
differentiation before advanced-disease develops. While 
most NEPC features are typically not detected early, 
there may be early transcriptomic changes associated 
with AR independence.37,38 Most targetable alterations 
are acquired after therapy. Cell-free DNA (cfDNA) may 
detect NEPC-associated DNA methylation changes over 
time.39-41 Repeat biopsies on progression should be con-
sidered.

5.	 Cell of origin: Whether disease originates after long-term 
hormonal pressure versus de novo disease may have 
implications on clinical decisions. While most NEPCs 
typically develop after long periods of treatment, this 
does not explain de novo disease or why certain forms 
retain AR susceptibility. There have not been substantial 
investigations into cells of origin or the molecular genesis 
for less common pure NE malignancies. Improved under-
standing of cellular origins may inform treatment.

Conflict of Interest
Tamara L. Lotan reported research funding for other projects 
from AIRA Matrix and DeepBio. The other authors indicated 
no conflicting financial relationship in relation to this manu-
script.

References
1.	 Aggarwal R, Zhang T, Small EJ, Armstrong AJ. Neuroendocrine 

prostate cancer: subtypes, biology, and clinical outcomes. J Natl 
Compr Canc Netw. 2014;12(5):719-726. https://doi.org/10.6004/
jnccn.2014.0073

Table 1. Histologic guide for differentiating LCPC and SCPC.

Feature LCPC SCPC

Cellular morphology Large cells with abundant cytoplasm  
Large nests, sheets and cords with peripheral  palisading 
Geographic necrosis

Small cells with a high nuclear: cytoplasmic ratio  
Significant crush artifact  
Apoptosis and necrosis

Tumor nuclei Coarse, clumpy chromatin Nuclear molding

Nucleoli Prominent Absent

Mitotic rate High (Ki-67 >60%) High (Ki-67 >60%)

Requirements for diagnosis Specific morphologic features and  
strong IHC for ≥1 NE marker

Wider spectrum of suggestive cytologic features  
without specific IHC requirements

IHC Typically negative staining or only focal positivity for 
luminal markers (PSA, PSAP)

Typically negative staining or only focal positivity for 
luminal markers (PSA, PSAP)

Table 2. Immunohistochemical differences between LCPC forms.

IHC Post-ADT LCPC De Novo LCPC

Synaptophysin IHC ++ +

Chromogranin-A ++ +

CD56 + ++

Plus signs (+) indicate relative levels of expression by the indicated assay.

https://doi.org/10.6004/jnccn.2014.0073
https://doi.org/10.6004/jnccn.2014.0073


188 The Oncologist, 2024, Vol. 29, No. 3

2.	 Aggarwal R, Huang J, Alumkal JJ, et al. Clinical and genomic 
characterization of treatment-emergent small-cell neuroendo-
crine prostate cancer: a multi-institutional prospective study. J 
Clin Oncol. 2018;36(24):2492-2503. https://doi.org/10.1200/
JCO.2017.77.6880

3.	 Karzai F, Madan RA. Deciphering the enigma of neuroendocrine 
prostate cancer. J Clin Invest. 2022;132(21):e164611. https://doi.
org/10.1172/JCI164611

4.	 Beltran H, Demichelis F. Therapy considerations in neuroendocrine 
prostate cancer: what next? Endocr Relat Cancer. 2021;28(8):T67-
T78. https://doi.org/10.1530/ERC-21-0140

5.	 Conteduca V, Oromendia C, Eng KW, et al. Clinical features of neu-
roendocrine prostate cancer. Eur J Cancer. 2019;121:7-18. https://
doi.org/10.1016/j.ejca.2019.08.011

6.	 Priemer DS, Montironi R, Wang L, et al. Neuroendocrine tumors of 
the prostate: emerging insights from molecular data and updates to 
the 2016 world health organization classification. Endocr Pathol. 
2016;27(2):123-135. https://doi.org/10.1007/s12022-016-9421-z

7.	 Tu X, Chang T, Nie L, et al. Large cell neuroendocrine carcinoma 
of the prostate: a systematic review and pooled analysis. Urol Int. 
2019;103(4):383-390. https://doi.org/10.1159/000499883

8.	 Epstein JI, Amin MB, Beltran H, et al. Proposed morphologic clas-
sification of prostate cancer with neuroendocrine differentiation. 
Am J Surg Pathol. 2014;38(6):756-767. https://doi.org/10.1097/
PAS.0000000000000208

9.	 Parimi V, Goyal R, Poropatich K, Yang XJ. Neuroendocrine dif-
ferentiation of prostate cancer: a review. Am J Clin Exp Urol. 
2014;2(4):273-285.

10.	Evans AJ, Humphrey PA, Belani J, van der Kwast TH, Srigley JR. 
Large cell neuroendocrine carcinoma of prostate: a clinicopath-
ologic summary of 7 cases of a rare manifestation of advanced 
prostate cancer. Am J Surg Pathol. 2006;30(6):684-693. https://doi.
org/10.1097/00000478-200606000-00003

11.	Acosta-Gonzalez G, Qin J, Wieczorek R, et al. De novo large cell 
neuroendocrine carcinoma of the prostate, case report and litera-
ture review. Am J Clin Exp Urol. 2014;2(4):337-342.

12.	Kaur H, Samarska I, Lu J, et al. Neuroendocrine differentiation in 
usual-type prostatic adenocarcinoma: molecular characterization 
and clinical significance. Prostate. 2020;80(12):1012-1023. https://
doi.org/10.1002/pros.24035

13.	Shehabeldin AN, Ro JY. Neuroendocrine tumors of genitourinary 
tract: recent advances. Ann Diagn Pathol. 2019;42:48-58. https://
doi.org/10.1016/j.anndiagpath.2019.06.009 

14.	Wang HT, Yao YH, Li BG, et al. Neuroendocrine prostate cancer 
(NEPC) progressing from conventional prostatic adenocarcinoma: 
factors associated with time to development of nepc and survival 
from NEPCdiagnosis-a systematic review and pooled analysis. 
J Clin Oncol. 2014;32(30):3383-3390. https://doi.org/10.1200/
JCO.2013.54.3553

15.	Metzger AL, Abel S, Wegner RE, et al. Patterns of care and out-
comes in small cell carcinoma of the prostate: a national cancer 
database analysis. Prostate. 2019;79(12):1452-1456. https://doi.
org/10.1002/pros.23864

16.	Conteduca V, Oromendia C, Eng KW, et al. Clinical features of neu-
roendocrine prostate cancer. Eur J Cancer. 2019;121:7-18. https://
doi.org/10.1016/j.ejca.2019.08.011 

17.	Hirano D, Okada Y, Minei S, Takimoto Y, Nemoto N. Neuroendo-
crine differentiation in hormone refractory prostate cancer follow-
ing androgen deprivation therapy. Eur Urol. 2004;45(5):586-92; 
discussion 592. https://doi.org/10.1016/j.eururo.2003.11.032. dis-
cussion 592

18.	Abrahamsson P-A. Neuroendocrine differentiation in prostatic 
carcinoma. Prostate. 1999;39(2):135-148. https://doi.org/10.1002/
(sici)1097-0045(19990501)39:2<135::aid-pros9>3.0.co;2-s

19.	 Beltran H, Tomlins S, Aparicio A, et al. Aggressive variants of  
castration-resistant prostate cancer. Clin Cancer Res. 2014;20(11): 
2846-2850. https://doi.org/10.1158/1078-0432.CCR-13-3309

20.	Horn L, Mansfield AS, Szczęsna A, et al; IMpower133 Study Group. 
First-line atezolizumab plus chemotherapy in extensive-stage small-

cell lung cancer. N Engl J Med. 2018;379(23):2220-2229. https://
doi.org/10.1056/NEJMoa1809064

21.	Sleiman W, Karray O, Abi Abdallah M, et al. Large-cell neuroen-
docrine tumor of the prostate: a case report and review of the lit-
erature. J Med Case Rep. 2021;15(1):254. https://doi.org/10.1186/
s13256-021-02830-5

22.	Alcino G, Anthony VS, Ruoji, Z, et al. Genitourinary pathology 
(including renal tumors). Lab Investig. 2023;103.

23.	Mosquera JM, Mehra R, Regan MM, et al. Prevalence of tmprss2-
erg fusion prostate cancer among men undergoing prostate biopsy 
in the united states. Clin Cancer Res. 2009;15(14):4706-4711. 
https://doi.org/10.1158/1078-0432.CCR-08-2927

24.	Azad AA, Jones EC, Chi KN. Metastatic large-cell neuroendocrine 
prostate carcinoma: successful treatment with androgen depri-
vation therapy. Clin Genitourin Cancer. 2014;12(4):e151-e153. 
https://doi.org/10.1016/j.clgc.2014.03.006

25.	Aparicio AM, Harzstark AL, Corn PG, et al. Platinum-based chemo-
therapy for variant castrate-resistant prostate cancer. Clin Cancer 
Res. 2013;19(13):3621-3630. https://doi.org/10.1158/1078-0432.
CCR-12-3791

26.	Corn PG, Heath EI, Zurita A, et al. Cabazitaxel plus carbopla-
tin for the treatment of men with metastatic castration-resistant 
prostate cancers: a randomised, open-label, phase 1-2 trial. Lancet 
Oncol. 2019;20(10):1432-1443. https://doi.org/10.1016/S1470-
2045(19)30408-5

27.	Levra MG, Mazieres J, Valette CA, et al. P107-012 efficacy of 
immune checkpoint inhibitors in large cell neuroendocrine lung 
cancer: results from a french retrospective cohort: topic: drug treat-
ment alone and in combination with radiotherapy. J Thorac Oncol. 
2017;12(1):S702-S703. https://doi.org/10.1016/j.jtho.2016.11.923

28.	Who Classification of Tumours Editorial Board. Endocrine 
and neuroendocrine tumours [internet]. WHO Classification of 
Tumours Series. 5th ed. Vol. 10. International Agency for Research 
on Cancer; 2022. Accessed 15 October 2023. (https://tumourclas-
sification.iarc.who.int/chapters/53

29.	Aparicio A, Tzelepi V, Araujo JC, et al. Neuroendocrine prostate 
cancer xenografts with large-cell and small-cell features derived 
from a single patient’s tumor: morphological, immunohistochem-
ical, and gene expression profiles. Prostate. 2011;71(8):846-856. 
https://doi.org/10.1002/pros.21301

30.	Hamanaka W, Motoi N, Ishikawa S, et al. A subset of small cell lung 
cancer with low neuroendocrine expression and good prognosis: 
a comparison study of surgical and inoperable cases with biopsy. 
Hum Pathol. 2014;45(5):1045-1056. https://doi.org/10.1016/j.
humpath.2014.01.001

31.	 Jiang SX, Kameya T, Shoji M, et al. Large cell neuroendocrine car-
cinoma of the lung: a histologic and immunohistochemical study 
of 22 cases. Am J Surg Pathol. 1998;22(5):526-537. https://doi.
org/10.1097/00000478-199805000-00002

32.	Kaufmann O, Georgi T, Dietel M. Utility of 123c3 monoclonal 
antibody against cd56 (ncam) for the diagnosis of small cell carci-
nomas on paraffin sections. Hum Pathol. 1997;28(12):1373-1378. 
https://doi.org/10.1016/s0046-8177(97)90226-4

33.	Chen JF, Yang C, Sun Y, Cao D. Expression of novel neuroendocrine 
marker insulinoma-associated protein 1 (insm1) in genitourinary 
high-grade neuroendocrine carcinomas: an immunohistochemical 
study with specificity analysis and comparison to chromogranin, 
synaptophysin, and cd56. Pathol Res Pract. 2020;216(6):152993. 
https://doi.org/10.1016/j.prp.2020.152993

34.	Asrani K, Torres AF, Woo J, et al. Reciprocal yap1 loss and 
insm1 expression in neuroendocrine prostate cancer. J Pathol. 
2021;255(4):425-437. https://doi.org/10.1002/path.5781

35.	Sanguedolce F, Calò B, Chirico M, et al. Urinary tract large cell 
neuroendocrine carcinoma: diagnostic, prognostic and therapeu-
tic issues. Anticancer Res. 2020;40(5):2439-2447. https://doi.
org/10.21873/anticanres.14213

36.	Xia K, Zhong W, Chen J, et al. Clinical characteristics, treatment 
strategy, and outcomes of primary large cell neuroendocrine car-
cinoma of the bladder: a case report and systematic review of the 

https://doi.org/10.1200/JCO.2017.77.6880
https://doi.org/10.1200/JCO.2017.77.6880
https://doi.org/10.1172/JCI164611
https://doi.org/10.1172/JCI164611
https://doi.org/10.1530/ERC-21-0140
https://doi.org/10.1016/j.ejca.2019.08.011
https://doi.org/10.1016/j.ejca.2019.08.011
https://doi.org/10.1007/s12022-016-9421-z
https://doi.org/10.1159/000499883
https://doi.org/10.1097/PAS.0000000000000208
https://doi.org/10.1097/PAS.0000000000000208
https://doi.org/10.1097/00000478-200606000-00003
https://doi.org/10.1097/00000478-200606000-00003
https://doi.org/10.1002/pros.24035
https://doi.org/10.1002/pros.24035
https://doi.org/10.1016/j.anndiagpath.2019.06.009
https://doi.org/10.1016/j.anndiagpath.2019.06.009
https://doi.org/10.1200/JCO.2013.54.3553
https://doi.org/10.1200/JCO.2013.54.3553
https://doi.org/10.1002/pros.23864
https://doi.org/10.1002/pros.23864
https://doi.org/10.1016/j.ejca.2019.08.011
https://doi.org/10.1016/j.ejca.2019.08.011
https://doi.org/10.1016/j.eururo.2003.11.032
https://doi.org/10.1002/(sici)1097-0045(19990501)39:2<135::aid-pros9>3.0.co;2-s
https://doi.org/10.1002/(sici)1097-0045(19990501)39:2<135::aid-pros9>3.0.co;2-s
https://doi.org/10.1158/1078-0432.CCR-13-3309
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1186/s13256-021-02830-5
https://doi.org/10.1186/s13256-021-02830-5
https://doi.org/10.1158/1078-0432.CCR-08-2927
https://doi.org/10.1016/j.clgc.2014.03.006
https://doi.org/10.1158/1078-0432.CCR-12-3791
https://doi.org/10.1158/1078-0432.CCR-12-3791
https://doi.org/10.1016/S1470-2045(19)30408-5
https://doi.org/10.1016/S1470-2045(19)30408-5
https://doi.org/10.1016/j.jtho.2016.11.923
https://tumourclassification.iarc.who.int/chapters/53
https://tumourclassification.iarc.who.int/chapters/53
https://doi.org/10.1002/pros.21301
https://doi.org/10.1016/j.humpath.2014.01.001
https://doi.org/10.1016/j.humpath.2014.01.001
https://doi.org/10.1097/00000478-199805000-00002
https://doi.org/10.1097/00000478-199805000-00002
https://doi.org/10.1016/s0046-8177(97)90226-4
https://doi.org/10.1016/j.prp.2020.152993
https://doi.org/10.1002/path.5781
https://doi.org/10.21873/anticanres.14213
https://doi.org/10.21873/anticanres.14213


189The Oncologist, 2024, Vol. 29, No. 3

literature. Front Oncol. 2020;10:1291. https://doi.org/10.3389/
fonc.2020.01291 

37.	Mahal BA, Yang DD, Wang NQ, et al. Clinical and genomic char-
acterization of low-prostate-specific antigen, high-grade prostate 
cancer. Eur Urol. 2018;74(2):146-154. https://doi.org/10.1016/j.
eururo.2018.01.043

38.	Spratt DE, Alshalalfa M, Fishbane N, et al. Transcriptomic hetero-
geneity of androgen receptor activity defines a de novo low ar-active 
subclass in treatment naïve primary prostate cancer. Clin Cancer 
Res. 2019;25(22):6721-6730. https://doi.org/10.1158/1078-0432.
CCR-19-1587

39.	 Zhao SG, Sperger JM, Schehr JL, et al. A clinical-grade liquid bio-
marker detects neuroendocrine differentiation in prostate cancer. J Clin 
Invest. 2022;132(21):e161858. https://doi.org/10.1172/JCI161858

40.	Beltran H, Romanel A, Conteduca V, et al. Circulating tumor DNA 
profile recognizes transformation to castration-resistant neuroen-
docrine prostate cancer. J Clin Invest. 2020;130(4):1653-1668. 
https://doi.org/10.1172/JCI131041

41.	Berchuck JE, Baca SC, McClure HM, et al. Detecting neuroendo-
crine prostate cancer through tissue-informed cell-free DNA meth-
ylation analysis. Clin Cancer Res. 2022;28(5):928-938. https://doi.
org/10.1158/1078-0432.CCR-21-3762

https://doi.org/10.3389/fonc.2020.01291
https://doi.org/10.3389/fonc.2020.01291
https://doi.org/10.1016/j.eururo.2018.01.043
https://doi.org/10.1016/j.eururo.2018.01.043
https://doi.org/10.1158/1078-0432.CCR-19-1587
https://doi.org/10.1158/1078-0432.CCR-19-1587
https://doi.org/10.1172/JCI161858
https://doi.org/10.1172/JCI131041
https://doi.org/10.1158/1078-0432.CCR-21-3762
https://doi.org/10.1158/1078-0432.CCR-21-3762

