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ABSTRACT

Neuroendocrine bladder carcinoma (NEBC) is a rare but highly aggressive histologic
subtype of bladder cancer with poor prognosis, often driven by delayed diagnosis and
limited therapeutic options; despite widespread use of next-generation sequencing, its
cellular origin remains unclear and controversial. We aimed to synthesize up-to-date
molecular and immune features of NEBC and translate them into practical guidance
for diagnosis and treatment. We performed a narrative review of English-language
studies indexed in PubMed and Web of Science (January 2000—-August-2025) using
predefined keywords, integrating genomic, transcriptomic, immunohistochemical, and
clinical outcome data. Key findings indicate frequent co-occutrence and probable
common clonal origin with urothelial bladder carcinoma, ‘with hallmark 7P53 and
RBI alterations, prevalent APOBEC-driven mutagenesis, ~and “recurttent 7ERT
promoter mutations; tumor mutation burden is heterogeneous but can be high. Despite
this, NEBC commonly exhibits an immune-cold or' immune-excluded
microenvironment characterized by low PD-L1 expression and T-cell dysfunction,
which may blunt responses to immune checkpoint inhibitor monotherapy. Diagnostic
practice still relies on morphology ' supported by immunohistochemistry
(synaptophysin, chromogranin A, CD56, GATA3), with emerging tools such as
INSM1 and a decision-tree model using synaptophysin, CD117, and GATA3 that
improve accuracy. Therapeutically, neoadjuvant chemotherapy—most commonly EP
or IA—followed by radical cystectomy improves outcomes compared with initial
cystectomy alone, while metastatic disease is typically managed with EP
chemotherapy. and radiotherapy with limited durability. Early data support
immunotherapy, -particularly immune checkpoint inhibitors, and suggest potential
benefit from chemoimmunotherapy; a prospective trial of neoadjuvant anti-PD-L1
plus EP is 'underway, and antibody-drug conjugates and bladder-sparing
multimodality strategies are emerging. In conclusion, comprehensive molecular and
immune characterization is critical to refine diagnosis, optimize patient selection, and
accelerate  prospective trials that evaluate neoadjuvant chemotherapy,

chemoimmunotherapy, and targeted approaches in NEBC.
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INTRODUCTION

Bladder cancer (BC) is the most common malignant tumor of the urinary system,
accounts for more than 570,000 new cases and over 210,000 deaths worldwide
annually [1,2]. BC is a heterogeneous tumor encompassing multiple histological
subtypes, including urothelial carcinoma, adenocarcinoma, squamous cell carcinoma,
and neuroendocrine carcinoma [3]. Neuroendocrine tumors can arise in different
anatomical sites, including the sympathetic nervous system, adrenal gland, lung,
pancreas, bladder, and prostate [4]. Regardless of their organ .of origin,
neuroendocrine tumors comprise neuroendocrine cells that secrete bioactive
substances and proteins, such as somatostatin, insulin, gastrin, serotonin, and
synaptophysin [5]. Histologically, neuroendocrine bladder carcinoma (NEBC)
presents as small cell carcinoma, large cell carcinoma,.and mixed neuroendocrine
carcinoma [6,7]. Although rare, accounting for less than 2% of BC diagnoses, NEBC
is an extremely malignant disease [8]. Furthermore, NEBC is typically diagnosed at
an advanced stage, with a high metastatic potential and a 5-year survival rate less than
10% [9,10]. Therefore, early diagnosis and multimodal treatment strategies are critical
for NEBC management [11-13]. Currently, the diagnosis of NEBC lacks a gold
standard and primarily _relies on morphological findings with adjunct
immunohistochemical stains [14]; tumor imaging serves only as a supportive tool and

is not essential for definitive diagnosis [15].

Therapeutically, clinical guidelines for NEBC primarily extrapolate from
management strategies for urothelial carcinoma and other neuroendocrine carcinomas
(e.g., small cell lung cancer), which are supported by limited high-level evidence [16].
Furthermore, the scarcity of NEBC cases in clinical trials restricts the development of
novel therapeutic approaches [10]. In recent years, immunotherapy has been a major
advance in the field of urothelial cancer and other neuroendocrine carcinomas [17].
Among these, immune checkpoint inhibitors (ICIs), particularly those targeting the
PD-L1/PD-1 pathway, enhance T-cell-mediated tumor cytotoxicity, thereby exerting
anti-tumor effects [18]. Our recent study also demonstrated the superior efficacy of
combined chemoimmunotherapy in NEBC [19]. However, a comprehensive
understanding of the molecular and immune mechanisms underlying NEBC is still

lacking.



In this review, we synthesize current knowledge of the molecular and immune
landscape of NEBC and provide translational insights for implementing these findings

in individualized clinical management.

LITERATURE SEARCH STRATEGY

This literature review was undertaken to examine recent advances in the molecular
and immune characteristics of NEBC and their implications for diagnosis and
treatment. We searched in the PubMed and Web of Science databases for published
English-language articles from January 2000 to August 2025. The search strategy
included a combination of keywords, including “neuroendocrine bladder carcinoma”,
“bladder cancer”, “immune microenvironment”, “molecular - features”, ‘‘immune
checkpoint inhibitors”, and “neuroendocrine cancer”. Boolean operators (AND/OR)

were employed to enhance the search outcomes.

THE ORIGIN OF NEBC

Common clonal origin hypothesis

Emerging evidence suggests that NEBC and urothelial bladder carcinoma (UBC)
share a common cellular origin. In 2005, Cheng et al. first proposed the common
clonal origin of small cell carcinoma of the bladder (SCBC) and UBC at the
molecular genetic level [20]. They identified similar allelic imbalance and X-
chromosome inactivation patterns between SCBC and coexisting UBC, suggesting
that these tumors may eriginate from undifferentiated, multipotent progenitor cells
within the urothelium [7,20]. The heterogeneity of NEBC poses significant challenges
to.the accurate immunohistochemical identification of large cell NEBC [21]. NEBC
and UBC are often found together during the process of histopathological
examination [7]. It has been reported that approximately 40% of SCBC cases exhibit
mixed histological components of small cell and urothelial carcinomas [13].
Furthermore, NEBC and UBC usually display similar somatic mutations in the same
lesion, suggesting the clonal correlation between the two types of BC [20,22]. Studies
employing comparative genomic hybridization, next-generation sequencing, and
immunohistochemistry have suggested that urothelial carcinoma may transform into
NEBC through the accumulation of genetic mutations [23,24]. Subsequently, Shen et

al. showed that the genomic portraits of NEBC are similar to those of conventional



UBC [25]. In particular, NEBC and UBC exhibit similar carcinogenesis pathways
driven by age-related and APOBEC-mediated mutational processes. By comparing
genomic data from tumor samples of 87 SCBC cases with those of 303 high-grade
UBC and 149 small cell lung cancers, T. Chang et al. identified a similar histology-
specific mutational pattern of somatic RB/ and 7P53 driver mutations in SCBC and
UBC, but absent in small cell lung cancers [23]. Based on a comparative analysis of
25 BC cases coexisting with SCBC and non-small-cell phenotypes in the urothelium,
researchers identified an identical somatic mutation in the TERT promoter across both
components [22]. At the experimental level, Wang et al. constructed a patient-derived
xenograft model to demonstrate that genetically engineered urothelial cells give rise
to mixed histological subtypes of NEBC and UBC [26]. Furthermore, another study
suggested that miR-145 could induce a stem cell-like phenotype. in.urothelial
carcinoma cells and promote their differentiation into neuroemndocrine cells by
inhibiting syndecan-1 [27]. Additionally, a case report from Robert-Bosch Hospital
demonstrated that the invasive tumor arose within a classical urothelial carcinoma in
situ. In this case, they reported a mixed tumor composed of urothelial carcinoma in
situ, NEBC, and an adenocarcinomatous component, which exhibited concurrent
upregulation of p53 and strong cytoplasmic and membranous B-catenin staining [28].
Collectively, this evidence supports the hypothesis of a common origin between
NEBC and UBC. However, further preclinical experimental models, especially
organoid models; need to be explored to validate this hypothesis. Such studies have

been conducted in small cell lung carcinoma and neuroendocrine prostate cancer [29-

33].

Other hypotheses

Although considerably less common, other researchers propose alternative theories
regarding the origin of NEBC. A study using lineage tracing in a murine model of BC
suggested that fundamental differences in the cell of origin may lead to variations in
clinical course, prognosis, and histological morphology, which could explain the
distinctions between NEBC and UBC [34]. Furthermore, in a case study by Olivieri et
al., UBC was found to express cytokeratin but lacked synaptophysin expression,
whereas NEBC tended to co-express both markers. Rather than arising from urothelial

cells, they proposed that NEBC originates from the neuroendocrine system [35].



MOLECULAR CHARACTERISTICS OF NEBC

Accumulating evidence indicates that BC is one of the most frequently mutated
among human tumors, following lung and skin cancer in terms of mutation frequency
[36,37]. Here, we explore the key molecular alterations and their potential

implications for NEBC.

TP53 and RB1

The inactivation of 7P53 and RBI is a key biomarker of NEBC [38]. Alterations in
TP53 and RBI are detected in nearly 80% of poorly differentiated neuroendocrine
carcinomas [39]. TP53 and RBI dysfunction is associated with histological
progression to neuroendocrine carcinoma in lung and prostate cancers [40-43]. In the
field of BC, recent studies have reported high mutation frequencies of 7P53 and RB1
in NEBC. For example, one study of 61 SCBC patients reported mutation frequencies
of up to 90% for both 7P53 and RBI [23].-Moreover, 80% of SCBC patients
exhibited 7P53 and RBI double mutations. Similar findings were reported in a study
by the Johns Hopkins Greenberg Bladder Cancer Institute, which documented
mutation frequencies of 92% for TP53, 75% for RBI, and 72% for concurrent
TP53/RBI mutations in 132 SCBC patients [44]. Another study also detected genetic
alterations of 7P53 and RBI, which were associated with reduced responsiveness to
targeted therapies [25].Interestingly, based on integrative analyses of muscle-invasive
BC across multiple molecular platforms, Robertson et al. identified a neuronal
subtype, in which 10 of 20 (50%) tissues exhibited either both RB1 and 7P53
alterations,or E2F3 amplification [38]. Furthermore, they found that 17 of the 20
(85%) tumor samples harbored somatic mutations in the p53/cell-cycle signaling
pathway: Notably, cases of UBC have been reported to harbor inactivating mutations
in 7P53 and RBI in 12% of cases, suggesting that these mutations may be sufficient
but not necessary for driving the transformation into NEBC [45].

APOBEC

Apolipoprotein B mRNA editing enzyme, catalytic polypeptide (APOBEC) family is
a group of cytosine deaminases [46]. Analyses of TCGA data have revealed that
APOBEC-mediated mutagenesis is a significant contributor to BC carcinogenesis [45].
However, another study integrating whole-exome sequencing, next-generation

sequencing, and transcriptome analysis suggested that high APOBEC activity is



associated with favorable prognosis, immune activation, and response to immune-
checkpoint blockade in BC [47]. In the specific context of NEBC, APOBEC-driven
mutational events, occurring in 95% of SCBC patients, potentially induce a high
mutation burden in SCBC [23]. Our previous study also identified a prevalent
APOBEC-mediated subtype characterized by distinct mutational signatures in NEBC
patients [19,25,48]. Furthermore, Robertson et al. identified a neuronal subtype in
muscle-invasive bladder cancer based on genes mutated in association with APOBEC

activity [38,48].

TERT promoter

Mutations in the TERT promoter are a frequent molecular feature of NEBC:.In one
study, TERT promoter mutations were detected in 55% (29 of 53) cases.of SCBC [22].
Another study reported that 100% (10 of 10) of NEBC exhibited the TERT promoter
C228T mutation [24]. However, none of the SCCs from other cancer types, including
prostate, lung, cervix, esophagus, and skin, harbored TERT promoter mutations,
suggesting its potential as a diagnostic biomarker [24,49]. Furthermore, the rs2853669
common allele within the TERT promoter mutation was associated with reduced

overall survival and an increased risk of tumor recurrence in BC [50,51].

IMMUNE FEATURES OF NEBC

The bladder urothelium is continuously exposed to urinary carcinogens, such as
tobacco-derived compounds, microbiota, and aromatic hydrocarbons. This constant
exposure .renders bladder cancer (BC) a highly immunogenic disease, often
characterized by.a high somatic mutation rate and an abundance of tumor neoantigens
[52,53]. Consequently, BC is particularly amenable to immunotherapy, which has led
to the approval of multiple ICIs for clinical use [54]. However, immunotherapy
demonstrates limited efficacy in a subset of BC patients. Urgent investigation is
needed to comprehensively characterize the immune microenvironment of NEBC,

identify responsive patient subgroups, and develop optimized therapeutic strategies.

Tumor mutation burden (TMB)

TMB, defined as the number of mutations in the tumor, reflects the level of
neoantigens and the likelthood of T-cell recognition in humans [55,56]. The
significant association between TMB and response to immunotherapy has been

reported in various types of tumors, including non-small cell lung cancer, melanoma,



and urothelial carcinoma [57-59]. NEBC tends to exhibit heterogeneous TMB levels.
A study of 132 cases of small cell carcinoma of the bladder and upper urinary tract
reported that 26% of SCBC samples exhibited TMB > 10 mutations/Mb, 3% had
TMB > 20 mutations/Mb, and the median TMB value was 6.2 mutations/Mb [44].
Another study conducted on 17 SCBC patients reported a high mutational burden,
with a median TMB of 10.7 (range from 1.2 to 41.1) mutations/Mb, significantly
higher than that observed in other genitourinary tumors [23]. Furthermore, in a study
of 12 genitourinary neuroendocrine neoplasms resected from the bladder, .Shen et al.
reported an average mutation rate of 12.91 (range from 0.6 to 41.4) mutations/Mb in
NEBC [25]. Using a linear regression model, a meta-analysis of 27 tumor types
demonstrated that the average response rate was positively correlated with the
logarithm of TMB [60]. It has been reported that B€ with a neuroendocrine-like
molecular subtype is among the most sensitive tumors to ICIs, suggesting promising

therapeutic efficacy of immunotherapy for NEBC [61,62].

Immune infiltration

Based on the tumor immune microenvironment—particularly CD8+ T cell infiltration
associated with anti-tumor effects, NEBC can be classified into two (immune-cold
and immune-hot) or three primary immunophenotypes (immune-inflamed, immune-
excluded, and immune-desert) [63-65]. Despite high TMB, NEBC tends to exhibit an
immune-cold phenotype. Based on transcriptome sequencing of 24 SCBC cases and
51 UBC cases, Jean Hoffman-Censits et al. demonstrated that the expression of T-
cell-related. markers and inflammatory signaling pathways was suppressed in SCBC
[44]. Another study comparing potential predictors between 12 SCBC and 69 UBC by
immunohistochemistry concluded that SCBC primarily exhibited an immune-
excluded subtype, which is characterized by the absence of PD-L1 expression and few
tumor-infiltrating lymphocytes in the center of the cancer [66]. Similar results were
also reported in a small cell lung cancer study [67]. Joseph M. Chan et al. observed an
immunosuppressive tumor microenvironment in small cell lung cancer by single-cell
sequencing, which is characterized by CD8+ T cell exhaustion [68]. The distinct
immune-excluded phenotype of NEBC may compromise the therapeutic efficacy of

monotherapy with ICIs.



CLINICAL MANAGEMENT OF NEBC

Diagnosis

NEBC is characterized by an aggressive clinical course, with advanced stage at
presentation and a propensity for metastasis, and is associated with a low overall 5-
year survival rate (8%-25%). Key negative predictors of outcome include age>65
years, advanced TNM stage, and metastatic disease at diagnosis, with tumor stage
being the strongest [3]. The diagnosis of NEBC presents a significant challenge for
both pathologists and clinical doctors [69]. Current clinical diagnosis of NEBC relies
primarily on pathological morphology and immunohistochemistry [70]. Small cell
neuroendocrine carcinoma is classified by its histologic characteristics, such as-sheets
and nests of small cells, scant cytoplasm, speckled nuclei, and indistinct nucleoli
[71,72]. In the urinary bladder, NEBC tends to present as a mixed component of
SCBC and non-SCBC [12,73]. The diagnosis of large cell NEBC is considered more
challenging than that of SCBC based on morphologic featutes. Compared to SCBC,
cases of large cell NEBC and mixed NEBC often exhibit enlarged nuclei, leading to
potential misdiagnosis as high-grade urothelial carcinoma and subsequent delays in
appropriate clinical intervention [6]. Furthermore, the key distinguishing features
between SCBC and large cell NEBC include larger tumor cells, a lower nuclear-to-
cytoplasmic ratio, and the presence of prominent nucleoli in large cell NEBC [74].
Traditional neuroendocrine markers for NEBC, including synaptophysin,
chromogranin‘A (CGA), and CD56, exhibit limitations respectively. For instance,
CGA exhibits a lack of sensitivity [7,75]. CD56 shows high sensitivity but low
specificity [76]. A combination of morphologic features and traditional
immunohistochemistry markers, including GATA3, CGA, and synaptophysin, is
widely used for NEBC diagnosis in clinical practice (Figure 1) [71,75]. However,
immunohistochemical marker staining may exhibit focal or weak intensity, and
usually only a few markers yield positive results. Therefore, histomorphology alone
may suffice for diagnosis, since all neuroendocrine markers may be negative in 10%
of cases [77]. Novel diagnostic methods that enhance diagnostic accuracy for NEBC
are urgently needed. Kim et al. developed a decision tree model based on
synaptophysin, CD117, and GATA3, which exhibits 98.4% accuracy in identifying
neuroendocrine differentiation in NEBC [71]. Furthermore, insulinoma-associated

protein 1 (INSM1) has been reported as a diagnostic biomarker for neuroendocrine



carcinomas arising from various anatomical locations, including the uterine cervix,
pancreas, prostate, thoracic cavity, and head and neck, with both high sensitivity and
specificity [78-81]. After evaluating INSM1 staining in NEBC, a study demonstrated
that INSM 1 was positive in 87% (28 of 32) of cases, highlighting its potential as a
diagnostic tool for NEBC [82]. Interestingly, neuronal markers identified by either
RNA-sequencing or immunohistochemistry can also be used to define the
neuroendocrine subtype in urothelial carcinoma, as these tumors may not exhibit the

classic morphologic features of neuroendocrine neoplasms [38,83].

Treatment

The sensitivity of neoadjuvant chemotherapy (NAC) in NEBC has been verified in
reports from various institutions [13,84]. Recent .studies have .demonstrated
significantly improved outcomes in SCBC patients receiving NAC, with 5-year
cancer-specific survival rates increasing from 38%to 78% [85]. We summarized prior
studies of large NEBC patient cohorts (Table 1), we found that IA (ifosfamide and
doxorubicin) or EP (etoposide and cisplatin)-based NAC combined with radical
resection resulted in significantly better survival outcomes than those observed in
patients who did not receive NAC [85-90]. However, for patients with metastatic
NEBC that is not amenable to. surgery, the curtent standard treatment methods are
limited to EP chemotherapy and radiotherapy for metastatic lesions [38,91]. Although
this therapy achieves a relatively, favorable response rate, limited progression-free
survival and drug resistance remain prevalent [88,92]. Given the high immunogenic
potential of BC, immunotherapy, particularly ICIs, represents a promising therapeutic
strategy for wvarious BC subtypes, including NEBC [93]. A study reported that a
NEBC patient. with recurrent metastases achieved a favorable response to
pembrolizumab therapy in the sixth-line setting, with minimal drug toxicity [94].
However, another retrospective study suggested that BC patients with neuroendocrine
features exhibited shorter overall survival following ICI therapy compared to those
with pure urothelial carcinoma [95]. Furthermore, our real-world experience with off-
label ICI use suggested that chemoimmunotherapy—a combination of chemotherapy
and immunotherapy—could potentially offer a promising therapeutic advantage for
certain NEBC patients compared to chemotherapy alone [19]. Building on these
promising preliminary findings, we have initiated a prospective clinical trial

(ClinicalTrials.gov identifier: NCT06091124; Registration date: November 16, 2023;
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Registry: Ren Ji Hospital) to formally assess the efficacy and safety of neoadjuvant
adebrelimab (anti-PD-L1) plus EP in patients with NEBC. Additionally, novel
targeted therapies, particularly antibody-drug conjugates such as rovalpituzumab
tesirine and sacituzumab govitecan, have recently shown preliminary efficacy for
small cell lung cancer and NEBC [95-97]. In addition, novel bladder-preserving
approach have been widely used in the treatment of muscle invasive bladder cancer.
For instance, our preliminary findings suggest the safety and efficacy of combining
disitamab vedotin with toripalimab and radiotherapy as a multimodal ergan-sparing
strategy for muscle-invasive bladder cancer [98]. With the maturation of these
approaches, their future application in bladder-preserving therapy for non-metastatic
NEBC holds promise. Taken together, compared to other neuroendocrine carcinomas,
therapeutic options for NEBC remain limited. Additional novel therapies.should be

evaluated in prospective clinical trials involving NEBC patients.

CONCLUSION

Given its aggressive nature and unfavorable prognosis, NEBC demands prompt
clinical intervention (Figure 2). The origin.of NEBC remains unclear and
controversial, necessitating further research to elucidate this phenomenon. Notably,
the coexistence of high TMB and immune exclusion in the NEBC microenvironment
provides novel insights for guiding immunotherapy. Enhanced understanding of the
molecular characteristics and an increased number of well-designed clinical trials are

essential for addressing this aggressive BC subtype.

Conlflicts of interest: Authors declare no conflicts of interest.

Funding: Authors received no specific funding for this work.

Data availability: No datasets were generated or analysed during the current study.
Submitted: August 20, 2025

Accepted: September 9, 2025

Published online: October 9, 2025

11



REFERENCES

[1] Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer J Clin 2016;66(2):115-32.
https://doi.org/10.3322/caac.21338.

[2] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2021;71(3):209-49.
https://doi.org/10.3322/caac.21660.

[3] Gaisa NT, Hartmann A, Kniichel-Clarke R. Neue WHO-Klassifikation 2022:
Harnblasenkarzinom [New WHO classification 2022: urinary bladder. cancer].
Pathologie (Heidelb) 2023;44(2):139-148. https://doi.org/10.1007/s00292-023-01183-
8.

[4] Caplin ME, Ratnayake GM. Diagnostic and . therapeutic advances in
neuroendocrine tumours. Nat Rev Endocrinol 2021;17(2):81-82.
https://doi.org/10.1038/s41574-020-00458-x.

[5] Bodei L, Schoder H, Baum RP, Herrmann K, Strosberg J, Caplin M, et al.
Molecular profiling of neuroendocrine tumoutrs to predict response and toxicity to
peptide receptor radionuclide therapy. Lancet Oncol 2020;21(9):e431-e443.
https://doi.org/10.1016/S1470-2045(20)30323-5.

[6] Kim S, Seo J, Shin Y, Kim M. Expression of insulinoma-associated protein 1 in
gastric neuroendocrine and non-neuroendocrine neoplasms. Discov  Oncol

2025;16(1):754. https://doi.org/ 10.1007/s12672-025-02576-2.

[7] Kouba- EJ, Cheng L. Understanding the Genetic Landscape of small cell
carcinoma of .the urinary bladder and implications for diagnosis, prognosis, and
treatment: a review. JAMA Oncol 2017;3(11):1570-8.
https://doi.org/10.1001/jamaoncol.2016.7013.

[8] Perren A, Couvelard A, Scoazec JY, Costa F, Borbath I, Delle Fave G, et al.
ENETS consensus guidelines for the standards of care in neuroendocrine tumors:

pathology:  diagnosis and  prognostic  stratification. = Neuroendocrinology

2017;105(3):196-200. https://doi.org/10.1159/000457956.

12


https://doi.org/

[9] Kitahama K, Shigematsu Y, Sugawara E, Amori M, Amori G, Saito R, et al.
Clinicopathological characteristics of transcription factor-defined subtypes in bladder
small cell carcinoma. BMC Cancer 2025;25(1):766. https://doi.org/10.1186/s12885-
025-14157-1.

[10] Wang Y, Li Q, Wang J, Tong M, Xing H, Xue Y, et al. Small cell carcinoma of
the bladder: the characteristics of molecular alterations, treatment, and follow-up.

Med Oncol 2019;36(12):98. https:// doi.org/10.1007/s12032-019-1321-x.

[11] Flaig TW, Spiess PE, Abern M, Agarwal N, Bangs R, Buyyounouski MK, et al.
NCCN Guidelines® Insights: Bladder Cancer, Version 3.2024.'] Natl Compr Canc
Netw 2024; 22 (4):216-225. https://doi.org/10.6004/jnccn.2024.0024.

[12] Cui J, Zhao Q, Yu C, Ma P, Li S. Recurrent bladder urothelial carcinoma
complicated with primary bladder large cell neuroendocrine carcinoma: a case report
and literature review. Front Oncol 2024;14:1369649.
https://doi.org/10.3389/fonc.2024.1369649.

[13] Choong NW, Quevedo JF, Kaur JS. Small cell carcinoma of the urinary bladder.
The Mayo Clinic experience. Cancer 2005;103(6):1172-8.
https://doi.org/10.1002/cncr:20903.

[14] Kouba EJ, Cheng L. Understanding the Genetic Landscape of Small Cell
Carcinoma of the Urinary Bladder and Implications for Diagnosis, Prognosis, and
Treatment: A Review. JAMA Oncol 2017, 3(11):1570-1578.
https://doi.org/10.1001/jamaoncol.2016.7013.

[15] Kawaguchi'M, Kato H, Koie T, Noda Y, Hyodo F, Miyazaki T, et al. CT and
MRI findings of small cell neuroendocrine carcinoma of the urinary bladder:
comparison with urothelial carcinoma. Abdom Radiol (NY) 2024; 49(8):2672-2682.
https://doi.org/10.1007/s00261-024-04274-z.

[16] Witjes JA, Babjuk M, Bellmunt J, Bruins HM, De Reijke TM, De Santis M, et al.
EAU-ESMO Consensus statements on the management of advanced and variant
bladder cancer-an international collaborative multistakeholder Effort (dagger): under
the auspices of the EAU-ESMO guidelines committees. Eur Urol 2020;77(2):223-50.
https://doi.org/10.1016/j.eururo.2019.09.035.

13



[17] Albertelli M, Dotto A, Nista F, Veresani A, Patti L, Gay S, et al. Present and
future of immunotherapy in Neuroendocrine Tumors. Rev Endocr Metab Disord

2021;22(3):615-636. https://doi.org/10.1007/s11154-021-09647-z.

[18] Gu Y, Ly A, Rodriguez S, Zhang H, Kim J, Mao Z, et al. PD-1 blockade plus
cisplatin-based chemotherapy in patients with small cell/neuroendocrine bladder and
prostate cancers. Cell Rep Med 2024;5(11):101824.
https://doi.org/10.1016/j.xcrm.2024.101824

[19] Zang J, Shahatiaili A, Cai MC, Jin D, Shen P, Qian L, et al. Genomic profiling
and immune phenotyping of neuroendocrine bladder cancer. Clin Cancer Res

2024;30(21):4920-31. https://doi.org/ 10.1158/1078-0432.CCR-24-1277.

[20] Cheng L, Jones TD, McCarthy RP, Eble JN, Wang-M, MacLennan 'GT, et al.
Molecular genetic evidence for a common clonal, origin of urinary bladder small cell
carcinoma and coexisting urothelial carcinoma. Am J Pathol 2005;166(5):1533-9.

https://doi.org/10.1016/S0002-9440(10)62369-3.

[21] Li Y, Outman JE, Mathur SC. Carcinosarcoma with a large cell neuroendocrine

epithelial component: first report of an unusual biphasic tumour of the urinary bladder.

J Clin Pathol 2004;57(3):318-20. https://doi.org/10.1136/jcp.2003.013474.

[22] Priemer DS, Wang M, Zhang S, Lopez-Beltran A, Kouba E, Montironi R, et al.
Small-cell carcinomas of the urinary bladder and prostate: TERT promoter mutation
status differentiates sites of malignancy and provides evidence of common clonality

between small-cell carcinoma of the urinary bladder and urothelial carcinoma. Eur

Urol'Focus 2018;4(6):880-8. https://doi.org/10.1016/ j.euf.2017.03.007.

[23] Chang MT, Penson A, Desai NB, Socci ND, Shen R, Seshan VE, et al. Small-cell
carcinomas of ‘the bladder and lung are characterized by a convergent but distinct
pathogenesis. Clin Cancer Res 2018;24(8):1965-73. https://doi.org/10.1158/1078-
0432.CCR-17-2655.

[24] Zheng X, Zhuge J, Bezerra SM, Faraj SF, Munari E, Fallon JT, 3rd, et al. High
frequency of TERT promoter mutation in small cell carcinoma of bladder, but not in
small cell carcinoma of other origins. J Hematol Oncol 2014;7:47.

https://doi.org/10.1186/s13045-014-0047-7.

14


https://doi.org/
https://doi.org/10.1016/

[25] Shen P, Jing Y, Zhang R, Cai MC, Ma P, Chen H, et al. Comprehensive genomic
profiling of neuroendocrine bladder cancer pinpoints molecular origin and potential
therapeutics. Oncogene 2018;37(22):3039-44. https://doi.org/10.1038/s41388-018-
0192-5.

[26] Wang L, Smith BA, Balanis NG, Tsai BL, Nguyen K, Cheng MW, et al. A
genetically defined disease model reveals that urothelial cells can initiate divergent
bladder cancer phenotypes. Proc Natl Acad Sci U S A 2020;117(1):563-72.
https://doi.org/10.1073/pnas.1915770117.

[27] Fujii T, Shimada K, Tatsumi Y, Hatakeyama K, Obayashi C, Fujimoto K, et al.
microRNA-145 promotes differentiation in human urothelial carcinoma through
down-regulation of syndecan-1. BMC Cancer 2015;15:818.
https://doi.org/10.1186/s12885-015-1846-0.

[28] Trankenschuh W, Biesdorf AS, Papadimas N, Samara S, Hefty R, Stahl PR.
Mixed adenocarcinomatous and neuroendocrine tumor of the urinary bladder with
concomitant carcinoma in situ: a case report ~with a comprehensive

immunohistochemical analysis .and review .of the. literature. Int J Surg Pathol

2019;27(6):684-92. https://dei.org/10.1177/1066896919839781.

[29] Choi SY, Cho YH, Kim DS, Ji W, Choi CM, Lee JC, et al. Establishment and
long-term expansion of small cell lung cancer patient-derived tumor organoids. Int J

Mol Sci 2021;22(3):1349. https:// doi.org /10.3390/1jms22031349.

[30] Tomi¢ K, Vrani¢. S. Small cell lung cancer (SCLC): At the door of targeted
therapies. Biomol Biomed 2025. https://doi.org/10.17305/bb.2025.13195.

[31] Kwon OJ, Zhang L, Jia D, Zhou Z, Li Z, Haffner M, et al. De novo induction of
lineage plasticity from human prostate luminal epithelial cells by activated AKT1 and

c-Myc. Oncogene 2020;39(48):7142-51. https://doi.org/10.1038/s41388-020-01487-6.

[32] Mosquera MJ, Kim S, Bareja R, Fang Z, Cai S, Pan H, et al. Extracellular Matrix
in Synthetic Hydrogel-Based Prostate Cancer Organoids Regulate Therapeutic
Response to EZH2 and DRD2 Inhibitors. Adv Mater 2022;34(2):2100096.
https://doi.org/10.1002/adma.202100096.

15


https://doi.org/10.1038/s41388-018-0192-5
https://doi.org/10.1038/s41388-018-0192-5

[33] Rodrigues Sousa E, de Brot S, Zoni E, Zeinali S, Brunello A, Scarpa M, et al.
CRIPTO's multifaceted role in driving aggressive prostate cancer unveiled by in vivo,
organoid, and patient data. Oncogene 2025;44(7):462-475.
https://doi.org/10.1038/s41388-024-03230-x.

[34] Van Batavia J, Yamany T, Molotkov A, Dan H, Mansukhani M, Batourina E, et
al. Bladder cancers arise from distinct urothelial sub-populations. Nat Cell Biol

2014;16(10):982-91,1-5. https:// doi.org/10.1038/ncb3038.

[35] Olivieri V, Fortunati V, Bellei L, Massarelli M, Ruggiero G, Abate D, et al.
Primary small-cell neuroendocrine carcinoma of the bladder: Case report and
literature review. Arch Ital Urol Androl 2020;92(3).
https://doi.org/10.4081/aiua.2020.3.211.

[36] Lawrence MS, Stojanov P, Polak P, Kryukov GV, Cibulskis K, Sivachenko A, et
al. Mutational heterogeneity in cancer and the search for new cancer-associated genes.

Nature 2013;499(7457):214-8. https://doi.org/10.1038/nature12213.

[37] Tran L, Xiao JF, Agarwal N, Duex JE, Theodorescu D. Advances in bladder
cancer biology and therapy. Nat ' Rev  Cancer 2021;21(2):104-21.
https://doi.org/10.1038/s41568-020-00313-1.

[38] Robertson AG, Kim J, Al-Ahmadie H, Bellmunt J, Guo G, Cherniack AD, et al.
Comprehensive molecular characterization of muscle-invasive bladder cancer. Cell

2017;171(3):540-556.€25. https:// doi.org /10.1016/j.cell.2017.09.007.

[39] Rickman DS, Beltran H, Demichelis F, Rubin MA. Biology and evolution of
poorly _differentiated - neuroendocrine tumors. Nat Med 2017;23(6):1-10.
https://doi.org/10.1038/nm.4341.

[40] Sequist LV, Waltman BA, Dias-Santagata D, Digumarthy S, Turke AB, Fidias P,
et al. Genotypic and histological evolution of lung cancers acquiring resistance to
EGFR inhibitors. Sci Transl Med 2011;3(75):75ra26.
https://doi.org/10.1126/scitranslmed.3002003.

[41] Niederst MJ, Sequist LV, Poirier JT, Mermel CH, Lockerman EL, Garcia AR, et
al. RB loss in resistant EGFR mutant lung adenocarcinomas that transform to small-

cell lung cancer. Nat Commun 2015;6:6377. https://doi.org/10.1038/ncomms7377.

16


https:// doi.org/10.1038/ncb3038

[42] Mu P, Zhang Z, Benelli M, Karthaus WR, Hoover E, Chen CC, et al. SOX2
promotes lineage plasticity and antiandrogen resistance in TP53- and RB1-deficient
prostate cancer. Science 2017;355(6320):84-88.
https://doi.org/10.1126/science.aah4307.

[43] Ku SY, Rosario S, Wang Y, Mu P, Seshadri M, Goodrich ZW, et al. Rbl and
Trp53 cooperate to suppress prostate cancer lineage plasticity, metastasis, and
antiandrogen resistance. Science 2017;355(6320):78-83.
https://doi.org/10.1126/science.aah4199.

[44] Hoffman-Censits J, Choi W, Pal S, Trabulsi E, Kelly WK, Hahn NM, et al.
Urothelial cancers with small cell variant histology have confirmed high tumor

mutational burden, frequent TP53 and RB mutations, and a unique gene expression

profile. Eur Urol Oncol 2021;4(2):297-300. https://doi.org/ 10.1016/j.€u0:2019.12.002.

[45] Cancer Genome Atlas Research N. Comprehensive molecular characterization of
urothelial bladder carcinoma. Nature 2014;507(7492):315-22.
https://doi.org/10.1038/nature12965.

[46] Venkatesan S, Rosenthal R, Kanu N, McGranahan N, Bartek J, Quezada SA, et
al. Perspective: APOBEC mutagenesis in drug resistance and immune escape in HIV
and cancer evolution. Ann Oncol 2018;29(3):563-72.
https://doi.org/10.1093/annonc/mdy003.

[47] Shi R, Wang X, Wu Y, Xu B, Zhao T, Trapp C, et al. APOBEC-mediated
mutagenesisis a favorable predictor of prognosis and immunotherapy for bladder
cancer- patients: evidence from pan-cancer analysis and multiple databases.

Theranostics 2022;12(9):4181-99. https://doi.org/10.7150/thno.73235.

[48] Thoma C. Bladder cancer: Neuroendocrine disease genomics. Nat Rev Urol

2018;15(5):262. https://doi.org/10.1038/nrurol.2018.42.

[49] Zheng X, Liu D, Fallon JT, Zhong M. Distinct genetic alterations in small cell
carcinoma from different anatomic sites. Exp Hematol Oncol 2015;4:2.

https://doi.org/10.1186/2162-3619-4-2.

17


https://doi.org/

[50] Hosen I, Rachakonda PS, Heidenreich B, de Verdier PJ, Ryk C, Steineck G, et al.
Mutations in TERT promoter and FGFR3 and telomere length in bladder cancer. Int J
Cancer 2015;137(7):1621-9. https://doi.org/10.1002/1jc.29526.

[51] Bell RJ, Rube HT, Xavier-Magalhaes A, Costa BM, Mancini A, Song JS, et al.
Understanding TERT promoter mutations: a common path to immortality. Mol

Cancer Res 2016;14(4):315-23. https://doi.org/ 10.1158/1541-7786.MCR-16-0003.

[52] Cumberbatch MGK, Jubber 1, Black PC, Esperto F, Figueroa JD, Kamat AM, et
al. Epidemiology of bladder cancer: a systematic review and contemporary update of
risk factors in 2018. Eur Urol 2018;74(6):784-95.
https://doi.org/10.1016/j.eururo.2018.09.001.

[53] Yacouba A, Tidjani Alou M, Lagier JC, Dubourg G, Raoult ‘D: Urinary
microbiota and bladder cancer: a systematic review and a focus on- uropathogens.
Semin Cancer Biol 2022;86(Pt 3):875-84.
https://doi.org/10.1016/j.semcancer.2021.12.010.

[54] Bellmunt J, de Wit R, Fradet Y, Climent MA, Petrylak DP, Lee JL, et al. Putative
biomarkers of clinical benefit ‘with pembrolizumab in advanced urothelial cancer:
results from the KEYNOTE-045 and KEYNOTE-052 Landmark Trials. Clin Cancer
Res 2022;28(10):2050-60. https://dot.org/10.1158/ 1078-0432. CCR-21-3089.

[55] Jardim DL, Goodman A, de Melo Gagliato D, Kurzrock R. The challenges of
tumor mutational burden as’ an immunotherapy biomarker. Cancer Cell

2021;39(2):154-73. https://doi.org/10.1016/ j.ccell.2020.10.001.

[56] Sinha N, Sinha S, Valero C, Schaffer AA, Aldape K, Litchfield K, et al. Immune
determinants of the association between tumor mutational burden and immunotherapy

response across cancer  types. Cancer Res  2022;82(11):2076-83.
https://doi.org/10.1158/0008-5472.CAN-21-2542.

[57] Zhang Y, Yang C, Xu Y, Jiang X, Shi J, Li B, et al. The MHC-I-dependent
neoantigen presentation pathway predicts response rate to PD-1/PD-L1 blockade.

Biomol Biomed 2025;25(6):1314-1321. https://doi.org/10.17305/bb.2024.11069.

18


https://doi.org/10.1158/
https://doi.org/10.1016/

[58] Xu D, Li J, Wang D, Zhou L, Jin J, Wang Y. Prediction performance of twelve
tumor mutation burden panels in melanoma and non-small cell lung cancer. Crit Rev

Oncol Hematol 2022;169:103573. https://doi.org/10.1016/j.critrevonc.2021.103573.

[59] Sheng X, Chen H, Hu B, Yao X, Liu Z, Yao X, et al. Safety, efficacy, and
biomarker analysis of toripalimab in patients with previously treated advanced

urothelial carcinoma: results from a multicenter phase II trial POLARIS-03. Clin

Cancer Res 2022;28(3):489-97. https://doi.org/10.1158/ 1078-0432.CCR-21-2210.

[60] Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden and response rate
to PD-1 inhibition. N Engl J Med 2017;377(25):2500-1.
https://doi.org/10.1056/NEJMc1713444.

[61] Manzano RG, Catalan-Latorre A, Brugarolas A" RBI1 and TP53 co-mutations
correlate strongly with genomic biomarkers of response to immunity checkpoint
inhibitors in urothelial bladder cancer. BMC . Cancer 2021;21(1):432.
https://doi.org/10.1186/s12885-021-08078-y.

[62] Kim J, Kwiatkowski D, McConkey DI, Meeks JJ, Freeman SS, Bellmunt J, et al.
The cancer genome atlas expression subtypes stratify response to checkpoint
inhibition in advanced urothelial cancer and identify a subset of patients with high
survival probability. Eur Urol 2019;75(6):961-4.
https://doi.org/10.1016/j.eururo.2019.02.017.

[63] Yi M, Niu M, Zhang J, Li S, Zhu S, Yan Y, et al. Combine and conquer:
manganese synergizing anti-TGF-beta/PD-L1 bispecific antibody YMI01 to
overcome immunotherapy resistance in non-inflamed cancers. J Hematol Oncol

2021;14(1):146. https://doi.org/10.1186/s13045-021-01155-6.

[64] Zhang B, Wu Q, Li B, Wang D, Wang L, Zhou YL. m(6)A regulator-mediated
methylation modification patterns and tumor microenvironment infiltration
characterization in gastric cancer. Mol Cancer 2020;19(1):53.

https://doi.org/10.1186/s12943-020-01170-0.

[65] Ma B, Li H, Zheng M, Cao R, Yu R. A novel autophagy-related subtypes to
distinguish immune phenotypes and predict immunotherapy response in head and
neck squamous cell carcinoma. Biomol Biomed 2023;23(6):997-1013.
https://doi.org/10.17305/bb.2023.9094.

19


https://doi.org/10.1158/

[66] Mandelkow T, Blessin NC, Lueerss E, Pott L, Simon R, Li W, et al. Immune
exclusion is frequent in small-cell carcinoma of the bladder. Dis Markers

2019;2019:2532518. https://doi.org/10.1155/ 2019/2532518.

[67] Sabari JK, Lok BH, Laird JH, Poirier JT, Rudin CM. Unravelling the biology of
SCLC: implications for therapy. Nat Rev Clin Oncol 2017;14(9):549-61.
https://doi.org/10.1038/nrclinonc. 2017.71.

[68] Chan JM, Quintanal-Villalonga A, Gao VR, Xie Y, Allaj V, Chaudhary O, et al.
Signatures of plasticity, metastasis, and immunosuppression in an atlas of human
small cell lung cancer. Cancer Cell 2021;39(11):1479-96 elS8.
https://doi.org/10.1016/j.ccell.2021.09.008.

[69] Coppola A, Gatta T, Pini GM, Scordi G, Fontana F, Piacentino”F, et al.
Neuroendocrine carcinoma of the urinary bladder: CT findings and radiomics

signature. J Clin Med 2023;12(20):6510. https://doi.org/10.3390/j¢cm12206510.

[70] Marletta S, Martignoni G, Ghimenton C, Stefanizzi L, Marcolini L, Calio A.
Well-differentiated neuroendocrine tumor of the urinary bladder expressing GATA3.

Virchows Arch 2023 482(4):783-788. https://doi.org/10.1007/s00428-022-03478-2.

[71] Kim GH, Cho YM, Kim SW; Park JM, Yoon SY, Jeong G, et al. Synaptophysin,
CDI117, and GATA3 as a diagnostic. immunohistochemical panel for small cell

neuroendocrine carcinoma of the \urinary tract. Cancers (Basel) 2022;14(10):2495.

https://doi.org/10.3390/cancers14102495.

[72] Vazquez-Urrutia JR, Zhu J, Takamori S, Greenberg M, Bhatia P, Komiya T.
Survival outcomes of surgery and adjuvant chemotherapy in early-stage small cell and

large cell lung cancer: a novel focus on tumors less than 1 cm. Discov Oncol

2025;16(1):82.,https://doi.org/10.1007/s12672-025-01777-z.

[73] Chu CE, Chen Z, Whiting K, Ostrovnaya I, Lenis AT, Clinton TN, et al. Clinical
outcomes, genomic heterogeneity, and therapeutic considerations across histologic
subtypes of urothelial carcinoma. Eur Urol 2025.

https://doi.org/10.1016/j.eururo.2025.04.008.

20


https://doi.org/
https://doi.org/10.1038/

[74] Zhou Y, Yang L. Large-cell neuroendocrine carcinoma of the bladder: a case
report. World J Clin Oncol 2024;15(9):1239-44.
https://doi.org/10.5306/wjco.v15.19.1239.

[75] Rooper LM, Sharma R, Li QK, Illei PB, Westra WH. INSM1 demonstrates
superior performance to the individual and combined use of synaptophysin,
chromogranin and CD56 for diagnosing neuroendocrine tumors of the thoracic cavity.
Am J Surg Pathol 2017;41(11):1561-9. https://doi.org/
10.1097/PAS.0000000000000916.

[76] Howe MC, Chapman A, Kerr K, Dougal M, Anderson H,- Hasleton PS.
Neuroendocrine differentiation in non-small cell lung cancer and its relation to
prognosis and therapy. Histopathology 2005;46(2):195-201.
https://doi.org/10.1111/5.1365-2559.2005.02047 .x.

[77] Travis WD. Update on small cell carcinoma and its differentiation from
squamous cell carcinoma and other non-small ¢cell carcinomas. Mod Pathol 2012;25

Suppl 1:S18-30. https://doi.org/10.1038/ modpathol.2011.150.

[78] Kuji S, Endo A, Kubota M, Uekawa A, Kawakami F, Mikami Y, et al.
Immunosensitivity and specificity of insulinoma-associated protein 1 (INSM1) for
neuroendocrine neoplasms of the uterine cervix. J Gynecol Oncol 2023;34(1):el.

https://doi.org/10.3802/jg0.2023.34.¢l.

[79] Tanigawa M, Nakayama M, Taira T, Hattori S, Mihara Y, Kondo R, et al.
Insulinoma-associated protein 1 is a useful marker for pancreatic neuroendocrine
tumor.~ Med Mol “Morphol 2018;51(1):32-40. https://doi.org/10.1007/s00795-017-
0167-6.

[80] Xin Z, Zhang Y, Jiang Z, Zhao L, Fan L, Wang Y, et al. Insulinoma-associated
protein 1 is a novel sensitive and specific marker for small cell carcinoma of the

prostate. Hum Pathol 2018;79:151-9. https://doi.org/10.1016/j.humpath.2018.05.014.

[81] Shi Y, Yeh YA, Cheng S, Gu X, Yang S, Li L, et al. Stathmin 1 expression in
neuroendocrine and proliferating prostate cancer. Discov Oncol 2025;16(1):19.

https://doi.org/10.1007/s12672-025-01754-6.

21


https://doi.org/
https://doi.org/

[82] Kim IE, Jr., Amin A, Wang LJ, Cheng L, Perrino CM. Insulinoma-associated
protein 1 expression in small cell neuroendocrine carcinoma of the urinary tract. Appl
Immunohistochem Mol Morphol 2020;28(9):687-93.
https://doi.org/10.1097/PAI1.0000000000000824.

[83] Sjodahl G, Eriksson P, Liedberg F, Hoglund M. Molecular classification of
urothelial carcinoma: global mRNA classification versus tumour-cell phenotype

classification. J Pathol 2017;242(1):113-25. https://doi.org/10.1002/path.4886.

[84] Quek ML, Nichols PW, Yamzon J, Daneshmand S, Miranda G, Cai J, et al.
Radical cystectomy for primary neuroendocrine tumors of the bladder: the university
of southern california experience. J Urol 2005;174(1):93-6.
https://doi.org/10.1097/01.ju.0000162085.20043.1f.

[85] Siefker-Radtke AO, Dinney CP, Abrahams NA, Moran C, Shen Y, Pisters LL, et
al. Evidence supporting preoperative chemotherapy for small cell carcinoma of the

bladder: a retrospective review of the M. D." Anderson cancer experience. J Urol

2004;172(2):481-4. https://doi.org/10.1097/01.ju.0000132413.85866.fc.

[86] Sietker-Radtke AO, Kamat'AM, Grossman HB, Williams DL, Qiao W, Thall PF,
et al. Phase II clinical trial of neoadjuvant alternating doublet chemotherapy with
ifosfamide/doxorubicin’and etoposide/cisplatin in small-cell urothelial cancer. J Clin

Oncol 2009;27(16):2592-7. https://doi.org/10.1200/JCO.2008.19.0256.

[87] Lynch SP, Shen Y, Kamat A, Grossman HB, Shah JB, Millikan RE, et al.
Neoadjuvant. chemotherapy in small cell urothelial cancer improves pathologic
downstaging and long-term outcomes: results from a retrospective study at the MD
Anderson Cancer Center. Eur Urol 2013;64(2):307-13.
https://doi.org/10.1016/j.eururo.2012.04.020.

[88] Vetterlein MW, Wankowicz SAM, Seisen T, Lander R, Loppenberg B, Chun FK,
et al. Neoadjuvant chemotherapy prior to radical cystectomy for muscle-invasive
bladder cancer with variant histology. Cancer 2017;123(22):4346-55.
https://doi.org/10.1002/cncr.30907.

[89] Alhalabi O, Wilson N, Xiao L, Lin Y, Khandelwal J, Moussa MIJ, et al.

Comparative effectiveness analysis of treatment strategies for surgically resectable

22



neuroendocrine carcinoma of the urinary tract. Eur Urol Oncol 2023;6(6):611-20.

https://doi.org/10.1016/j.eu0.2023.09.004.

[90] Bakaloudi DR, Koehne EL, Diamantopoulos LN, Holt SK, Sekar RR, Ghali F, et
al. Small cell bladder cancer: treatment patterns for local disease and associated

outcomes. a retrospective cohort study. Clin Genitourin Cancer 2024;22(6):102208.
https://doi.org/10.1016/j.clgc.2024.102208.

[91] Ismaili N. A rare bladder cancer--small cell carcinoma: review jand update.

Orphanet J Rare Dis 2011;6:75. https://doi.org/10.1186/1750-1172-6-75.

[92] Myers AA, Fang AM, Moussa MJ, Hwang H, Wilson NR, Campbell MT, et al.
Impact of systemic therapy on clinical T1 small-cell neuroendocrine carcinoma of the
bladder. ESMO Open 2024;9(11):103964.
https://doi.org/10.1016/j.esmoop.2024.103964.

[93] McNamara MG, Scoazec JY, Walter T. Extrapulmonary poorly differentiated
NECs, including molecular and immune aspects.. Endocr Relat Cancer

2020;27(7):R219-R38. https://doi.org/10.1530/ERC-19-0483.

[94] Wilde L, Ali SM, Solomides CC, Ross JS, Trabulsi E, Hoffman-Censits J.
Response to pembrolizumab in a patient with chemotherapy refractory bladder cancer
with small cell variant histology: a case report and review of the literature. Clin

Genitourin Cancer2017;15(3):e521-e4. https://doi.org/10.1016/j.clgc.2016.12.012.

[95] Miller NJ, Khaki AR, Diamantopoulos LN, Bilen MA, Santos V, Agarwal N, et
al. Histological subtypes and response to PD-1/PD-L1 blockade in advanced
urothelial cancer: ~a retrospective study. J Urol 2020;204(1):63-70.
https://doi.org/10.1097/JU.0000000000000761.

[96] Rudin €M, Pietanza MC, Bauer TM, Ready N, Morgensztern D, Glisson BS, et
al. Rovalpituzumab tesirine, a DLL3-targeted antibody-drug conjugate, in recurrent
small-cell lung cancer: a first-in-human, first-in-class, open-label, phase 1 study.

Lancet Oncol 2017;18(1):42-51. https://doi.org/10.1016/S1470-2045(16)30565-4.

[97] Gray JE, Heist RS, Starodub AN, Camidge DR, Kio EA, Masters GA, et al.

Therapy of small cell lung cancer with a Topoisomerase-I-inhibiting antibody-drug

23



conjugate  targeting Trop-2, Sacituzumab Govitecan. Clin Cancer Res

2017;23(19):5711-9. https://doi.org/10.1158/1078-0432.CCR-17-0933.

[98] Zhang L, Jin D, Zang J, Qian L, Zhang T, Wu Y et al. Disitamab vedotin
combined with toripalimab and radiotherapy for multimodal organ-sparing treatment
of muscle invasive bladder cancer: a proof-of-concept study. Neoplasia 2025

6:68:101216. https://doi.org/10.1016/ 1.ne0.2025.101216.

24


https://doi.org/10.1158/1078-0432.CCR-17-0933
https://doi.org/10.1016/ j.neo.2025.101216

TABLES AND FIGURES WITH LEGENDS
Table 1. Representative studies exhibit the survival outcomes of NAC in NEBC

patients
Number Median
Study (first Downstaging S-year
Treatment of Regimen survival
author) rate* survival rate
patients months
Siefker- RC only 25 NA - 23 (CSS) 36%
Radtke [85] ""NAC+RC 21 IA or EP 57% NotReached 78%
Siefker-
NAC+RC 18 IA or EP 78% 58 (0S) -
Radtke [86]
RC only 47 NA - 18.3 (0OS) 20%
Lynch [87] IA or EP
NAC+RC 48 62% 159.5 (OS) 79%
etc.
RC only 144 NA - 17.3 (OS) -
Vetterlein
cisplatin-
[88] NAC+RC 125 152% (pCR)  34.7 (OS) -
based
RC only 38 NA 21.1% 20.6 (OS) 22%
NAC+RC 141 49.5% 86.1 (0OS) 57%
etc.
EP or
Bakaloudi
[90] NAC+RC 29 CE or - 46 (0S) 41%
GC

*Downstaging rate refers to pathologic stage < pT1NO proportion at cystectomy;

represents unclear data. The study from Vetterlein is a study of a broader

¢ 9

variant-histology cohort, while the other five studies are about NEBC-only cohorts.

Abbreviations: RC: Radical cystectomy; NAC: Neoadjuvant chemotherapy; IA:

Ifosfamide plus doxorubicin; EP: Etoposide and cisplatin; CE: Carboplatin and
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etoposide; GC: Gemcitabine and cisplatin; CSS: Cancer specific survival; OS: Overall

survival; pCR: Pathologic complete response.

Figure 1. Hematoxylin-eosin and immunohistochemistry staining of

representative markers for the diagnosis of NEBC. (A) Hematoxylin-eosin staining
of NEBC tissues. Immunohistochemistry staining of GATA3 (B), CGA (C) and SYN
(D) in NEBC samples. 10x corresponds to 200um, and 40x corresponds to 50um. The
images and stains were done following the approval from the Ethics Committee of
Ren Ji Hospital (approval code: K¥2022-038-B). The following primary antibodies
were used: anti-CGA’ (Proteintech, catalog no. 10529-1-AP, 1:500), anti-GATA3
(Proteintech, catalog no. 66400-1-Ig, 1:100), and anti-SYN (Proteintech, catalog no.
17785-1-AP, 1:1000). Abbreviations: NEBC: Neuroendocrine bladder cancer;
GATA3: GATA-binding protein 3; CGA: Chromogranin A; SYN: Synaptophysin.
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Characteristics
Morphology * IHC

Aggressiveness
(primary) oﬁ}g p’ib Propensity for metastasis
Imaging ‘9? o 9% Predictive factors
(supportive, not primary) | § Clinical | Age>65 years
NE-marker positivity Management TNM stage

(supportive, not required) Metastasis at presentation

Treatment
Neoadjuvant Surgery Others
Chemotherapy Radical cystectomy Bladder sparing
(EP,IA, GC, CE) Multimodality therapy
Chemoimmunotherapy (Chemotherapy, radiotherapy, targeted)

Figure 2. Overview of NEBC management: diagnosis, prognosis, and treatment.
Abbreviations: IHC: Immunohistochemistry; NE: Neuroendocrine; EP: Etoposide and
cisplatin; IA: Ifosfamide plus doxorubicin; GC: Gemcitabine and cisplatin; CE:

Carboplatin and etoposide; TNM: Tumor-node-metastasis.
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