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Abstract

:

Small-cell neuroendocrine cervical carcinoma (SCNCC) is a rare yet aggressive gynecological malignancy associated with dismal clinical outcomes. Its rarity has led to a limited number of retrospective studies and an absence of prospective research, posing significant challenges for evidence-based treatment approaches. As a result, most gynecologic oncology centers have limited experience with this tumor, emphasizing the urgent need for a comprehensive review and summary. This article systematically reviews the pathogenesis, immunohistochemical and molecular characteristics, prognostic factors, and clinical management of gynecologic SCNCC. We specifically focused on reviewing the distinct genomic characteristics of SCNCC identified via next-generation sequencing technologies, including loss of heterozygosity (LOH), somatic mutations, structural variations (SVs), and microRNA alterations. The identification of these actionable genomic events offers promise for discovering new molecular targets for drug development and enhancing therapeutic outcomes. Additionally, we delve deeper into key clinical challenges, such as determining the optimal treatment modality between chemoradiation and surgery for International Federation of Gynecology and Obstetrics (FIGO) stage I phase patients within a precision stratification framework, as well as the role of targeted therapy within the homologous recombination (HR) pathway, immune checkpoint inhibitors (ICIs), and prophylactic cranial irradiation (PCI) in the management of SCNCC. Finally, we anticipate the utilization of multiple SCNCC models, including cancer tissue-originated spheroid (CTOS) lines and patient-derived xenografts (PDXs), to decipher driver events and develop individualized therapeutic strategies for clinical application.
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1. Introduction


Small-cell neuroendocrine carcinoma (SCNEC) is a distinct pathological entity that can occur in both lung and extrapulmonary sites, including the endometrium and uterine cervix [1,2,3,4]. In various reports, the median or mean age at diagnosis for small-cell neuroendocrine cervical carcinoma (SCNCC) ranges from 37 to 50 years [5,6,7,8]. SCNCC is a rare subtype, accounting for less than 5% of all cervical cancers [9]. However, it is an aggressive form of cervical cancer that frequently presents with locally advanced disease and metastasis at diagnosis, as well as high recurrence rates [6,7,10,11,12,13]. Common sites of metastasis include the lung, liver, and bone [14].Its aggressive nature is characterized by high invasiveness and a tendency for lymph–vascular space involvement (LVSI) and lymph node metastasis (LNM), despite having a relatively small depth of invasion (DI) and tumor size [15]. When compared to the lymph nodes of patients with other cell types of cervical cancer, there is a significantly lower incidence of lymphoplasmacytic infiltration but a significant increase in the number of unstimulated regional lymph nodes [16].



The clinical presentation of SCNCC closely resembles conventional pathological types of cervical cancer, primarily exhibiting contact bleeding as a characteristic feature [17]. Nonetheless, the routine cervical smear is relatively insensitive and nonspecific in detecting SCNCC [18]. MRI imaging also reveals nonspecific tumor morphology [19]. Consequently, the diagnosis of SCNCC should primarily depend on light microscopy of hematoxylin and eosin sections, in conjunction with consideration of its distinctive clinical behavior. SCNCC shares architectural patterns with other neuroendocrine tumors, including nesting, trabeculae, peripheral palisading, rosette formation, and a common sheet-like growth pattern [20,21,22]. Numerous mitotic figures and extensive necrosis are common features [22]. SCNCCs are comprised of small cells with hyperchromatic nuclei, scant cytoplasm, indistinct cell borders, and a common nuclear molding pattern [21,22]. The nuclear chromatin is finely granular, and the nucleoli are absent or inconspicuous [22]. The nuclei can range in shape from round to oval or spindled [22]. The diagnosis of SCNCC typically requires the expression of at least two neuroendocrine markers. The traditional neuroendocrine markers, neural cell adhesion molecules (CD56) and synaptophysin (Syn), have been identified as the most sensitive neuroendocrine markers available so far, despite CD56 lacking specificity [23]. Conversely, chromogranin A (CgA) is the most specific neuroendocrine marker, but its sensitivity is limited, with positivity seen in only approximately 50% to 60% of SCNCC cases [24]. Other neuroendocrine markers, including neuron-specific enolase (NSE) [25], insulinoma-associated protein 1 (INSM1) [26], and neurogenic differentiation factor 1 (NEUROD1) [27], have also been introduced in the diagnosis and prognosis research of SCNCC. However, their utility requires further validation.



Due to its rarity, the limited publications available on SCNCC primarily consist of descriptive case series and reports, which have resulted in data of varying quality and occasional controversies. Currently, the majority of gynecologic oncology centers possess limited experience with this tumor. This review provides a detailed analysis of the pathogenesis, immunohistochemical characteristics, prognostic factors, and treatment options for SCNCC, aiming to deepen our understanding of the disease and facilitate the development of innovative and effective therapeutic strategies for patients.




2. Unraveling the Complex Pathogenesis of Small-Cell Neuroendocrine Cervical Carcinoma (SCNCC)


2.1. The Role of Human Papillomavirus Infection: A Critical Pathogenic Factor


Human papillomavirus (HPV) types 16 and 18 are strongly associated with the development of cervical squamous carcinoma [28,29]. Similarly, across the studies listed in Table 1, it has been observed that SCNCC demonstrates a greater susceptibility to HPV-18 infection, followed by HPV-16.



Among these detection methods, polymerase chain reaction (PCR) is commonly used to detect HPV typing, while in situ hybridization is typically employed to determine HPV distribution. However, PCR analysis may not be very sensitive for detecting all HPV DNA types [30]. In recent years, whole-exome sequencing (WES) has been employed for HPV detection and the analysis of integration sites, revealing potential differences in the pathogenic mechanisms associated with HPV-18 and HPV-16 in SCNCC. HPV-18 exhibited integration sites at the 8q24.21 and 14q13.2 chromosomal regions, primarily leading to increased expression of the proto-oncogenes MYC and PVT1 [31]. This has also been confirmed via RNA sequencing analysis of the original SCNCC tumor and organoid [32]. On the other hand, individual HPV-16 integration events have been identified at 20q11.21 [31], 2q24.1 [33], and 17q12 [33], which are located adjacent to the NR4A2 and PGAP3 genes [33]. Previous studies have demonstrated recurrent HPV integrations in NR4A2, leading to elevated gene expression levels due to copy-number gains [34,35].



 





Table 1. Detection of HPV type, proportion, and integration in small-cell neuroendocrine cervical carcinoma.






Table 1. Detection of HPV type, proportion, and integration in small-cell neuroendocrine cervical carcinoma.





	Method
	Total Number
	HPV18

Positive
	HPV16

Positive
	HPV18 and HPV16 Co-Infection
	Integration Events
	Reference





	Short PCR fragment (SPF10) primer PCR and INNO-LiPA
	22
	77.30%
	18.20%
	4.50%
	-
	[36]



	Quantitative multiplex PCR and the NGS genetic testing panel OncoScreen PlusTM (Burning Rock Dx Ltd., Guangzhou, China)
	51
	92.16%
	43.14%
	35.29%
	-
	[37]



	PCR
	12
	0%
	0%
	0%
	-
	[30]



	PCR and in situ hybridizations
	10
	60%
	0%
	0%
	-
	[38]



	In situ hybridization
	18
	77.78%
	5.56%
	0%
	-
	[39]



	In situ hybridization
	26
	40%
	28%
	0%
	-
	[12]



	Whole-exome sequencing (WES)
	15
	40%
	13%
	0%
	8q24.21, 14q13.2,

20q11.21
	[31]



	RNA sequencing
	1
	100%
	0%
	0%
	8q24.21
	[32]



	WES
	10
	50%
	20%
	0%
	2q24.1,17q12
	[33]










In the future, it will be crucial to simultaneously analyze large cohorts of patients using multiple detection and analysis methods to accurately understand the mechanisms of HPV-18 and HPV-16 infection in the development of SCNCC. The ultimate aim is to assess whether anti-HPV therapy could effectively enhance the control of these aggressive neoplasms.




2.2. Characteristics of Molecular Pathogenesis


Recent advancements in next-generation sequencing technologies, coupled with advanced bioinformatics tools, have revealed distinct genomic characteristics of SCNCC including loss of heterozygosity (LOH), somatic mutations, structural variations (SVs), and microRNAs alterations (Table 2). These genomic alterations are involved in the PI3K/AKT, MAPK, Wnt, and TP53/BRCA pathways [40,41]. When compared to small-cell lung cancer (SCLC), SCNCC samples demonstrated notably higher frequencies of genomic alterations in PIK3CA (24% vs. 5.1%), MYC (12.7% vs. 6.3%), ARID1A (10.1% vs. 4.2%), and MSI-High (3.1% vs. 0.004%). Conversely, they showed lower frequencies of alterations in TP53 (12.7% vs. 90.1%) and RB1 (6.3% vs. 70.9%) [42]. The identification of these actionable genomic events presents an opportunity to gain a deeper understanding of the unique natural history of this disease.



2.2.1. Loss of Heterozygosity


Loss of Heterozygosity (LOH) is a critical event in cancer progression, and the majority of these events have been found to be shared between primary tumors and metastatic samples [49]. To date, the use of polymorphic microsatellite markers has revealed that loss of heterozygosity (LOH) at specific gene/chromosomal regions is a frequent genetic event in SCNCC [21,43,44]. LOH at 3p loci, particularly at 3p14, is a common finding in SCNCC [21,43,44]. However, the occurrence of LOH at TP53 (17p13) and RB (13q14) appears to vary among studies [21,43,44]. Additionally, other regions of LOH such as THRB (3p24) [44], APC-MCC (5q21-q22) [21], CDKN2 (9p21) [21], and INT-2 (11q13) [44] have also been detected in SCNCC. Given the limited number, it is imperative to expand the sample size to conduct a comprehensive characterization of LOH in SCNCC.




2.2.2. Somatic Mutations in the PI3K/AKT Signaling Pathway


Whole-exome sequencing has revealed that the PIK3CA p.E545K mutation is the most prevalent oncogenic mutation in neuroendocrine carcinoma of the cervix (NECC), occurring in four tumors (27%) [31]. Additionally, next-generation sequencing, utilizing a 637-gene panel, identified PIK3CA mutations in three SCNCC cases (30%), specifically including p.E545K, p.G106A, p.N345T, and p.E545D [38]. Concurrently, a 50-gene panel detected PIK3CA mutations in eight SCNCC patients (18%), with mutations such as p.E545K, p.E542K, p.H1047Y, p.R88Q, and p.H1047R [45]. Furthermore, an AKT1 mutation (p.E17K) was identified in one patient [45]. Mutations in the tumor-suppressor gene PTEN were also detected, specifically with p.G106A and p.F241S mutations found in four tumors (40%) [38]. Additionally, PTEN mutations including p.V53A and p.H64Y were identified in five SCNCC patients [46].




2.2.3. Somatic Mutations in the MAPK Signaling Pathway


G12D and G12V are the two most prevalent KRAS mutations. Next-generation sequencing, utilizing a 637-gene panel, identified KRAS (p.G12V) in four SCNCC cases (40%), while a 50-gene panel detected KRAS (p.G12D, p.G12V, p.G13D) in six patients (14%) [38,45]. Notably, a patient with a KRAS (p.G12D) mutation exhibited a complete radiologic response after receiving three cycles of MEK inhibitor trametinib therapy, suggesting a promising strategy [47]. In addition to KRAS, mutations in Erbb2 (p.R663Q) and c-Myc (p.A199T) were detected in four SCNCC tumors (40%) [38]. Furthermore, one SCNCC patient (2%) carrying NRAS mutations (p.E137D and p.Q61K) and two patients (5%) harboring MET mutations (p.M1247V and p.E168D) were also identified [45].




2.2.4. Somatic Mutations in the TP53/BRCA Signaling Pathway


Next-generation sequencing analysis of 520 cancer-related genes revealed that eleven patients harboring mutations in the TP53 pathway exhibited significantly poorer prognoses compared to those with wild-type genes (n = 38), demonstrating a statistically significant difference in three-year overall survival (OS) (33.5% vs. 59.9%, p = 0.031) [50]. Additionally, sequencing based on a 637-gene panel identified four cases harboring somatic mutations in caretaker tumor-suppressor genes: TP53 (p.C238W, p.E271Q, p.C275Y, p.80fs, and p.P80L), BRCA1 (p.T367I), and BRCA2 (p.Q1187fs). [38]. Furthermore, TP53 mutations (p.C275F, p.C176W, p.R110H, p.S241Y, and p.A355V) were observed in five patients (11%), while RB1 mutation (p.E137D) were detected in one patient (2%) [45]. Interestingly, TP53 mutations, specifically p.80fs and p.P80L, resulted in a complete absence of P53 protein expression, aligning with the “null” pattern observed in aberrant or mutation-type P53 expression [38]. The insertion of nucleotide AG in the codon 80 of the TP53 gene led to a frameshift mutation, prematurely terminating translation and resulting in a truncated P53 protein that was not recognized by the P53 antibody [38]. On the other hand, the TP53 mutations p.C238W and p.C275Y demonstrated aberrant or mutation-type over-expression of P53. The TP53 p.E271Q mutation, however, exhibited a normal/wild-type P53 expression pattern in this tumor [38].




2.2.5. Somatic Mutations in the Wnt and Other Prominent Somatic Mutations


Next-generation sequencing, utilizing a panel of 637 genes, identified oncogenic driver mutations in either BCL6 (p.W375C) or NCOA3 (p.Q1239_1241del) in four (40%) SCNCC tumors [38]. Additionally, mutations in caretaker tumor suppressors RB1 (p.S751fs) and ARID1B (p.K2043fs) were detected in another four (40%) of these tumors, which frequently harbored activating oncogenic mutations [38]. Furthermore, among the 50 cancer-related genes analyzed, mutations were identified in seven genes. Specifically, three SCNCC cases (7%) exhibited GNAS mutations (p.R201S, p.R201C, p.R201H), three (7%) harbored CTNNB1 mutations (p.G34E, p.S45P, p.T41I), two (5%) carried SMAD4 mutations (p.E330K, p.N316S), one (2%) showed SMARCB1 mutations (p.A203T), and one (2%) indicated FBXW7 mutations (p.R479Q) [45]. SOX2 was identified as a targetable mutated gene in SCNCC [50]. Co-expression of SOX2 with high-risk (HR)-HPV RNA, as detected via in situ hybridization (RISH) in SCNCC, may represent a distinct subgroup with significantly poorer prognostic outcomes compared to the expression of each alone [51].




2.2.6. Structural Variations


Structural variations (SVs) have a more profound impact on the cancer genome than any other type of somatic genetic alteration, and they are more specific to individual cancer types compared to other genetic alterations, such as single-nucleotide variants [52]. The four somatic structural variations (SVs) identified in SCNCC include a duplication of the region 15:44,801,470–44,881,820, potentially fusing the genes CTDSPL2 (NM_016396.3) and SPG11 (NM_025137.4); homology recombination of CBL (NM_005188.4), resulting in a potential reverse fusion of exons 8 and 10; deletion of MUC17 (NM_00104015.2) exon 3; and deletion of TREH (NM_007180.3) intron 4 [33]. Notably, CBL is a proto-oncogene that is known to impact JAK2, EGFR, and PI3K signaling pathways [53]. CTDSPL2 has been reported as a tumor suppressor involved in restraining tumor growth in pancreatic cancer [54]. MUC17, one of the twenty-one mucin genes, also exhibits tumor suppressor properties [55]. These findings suggest that structural variants (SVs) may play a pivotal role in the carcinogenesis of SCNCC.




2.2.7. MicroRNAs in SCNCC


Non-coding microRNAs (miRNAs) are ubiquitous players involved in all cancer hallmarks [56]. A study enrolled 44 patients with SCNCC who underwent a radical hysterectomy. Compared to early-stage SCNCC patients (FIGO IB1), seven miRNAs—including has-let-7c, has-miR-10b, has-miR-100, has-miR-125b, has-miR-143, has-miR-145, and has-miR-199a-5p—were significantly downregulated in advanced-stage SCNCC patients (FIGO IB2-IV). Among these, downregulation of six miRNAs—excluding has-miR-10b—was significantly associated with lymph node metastasis and reduced survival in SCNCC. Kaplan–Meier survival analyses revealed that SCNCC patients with low expression of has-miR-100 (p = 0.019) and has-miR-125b (p = 0.020) exhibited a significant tendency towards a poorer prognosis [48].



We presumed that miRNAs may play critical roles in the pathogenesis of SCNCC, yet there has been a scarcity of miRNA studies in SCNCC until now. In the future, conducting more studies focusing on the role of miRNAs or other non-coding RNAs in SCNCC will deepen our understanding of its pathogenesis.



In summary, the identical gene can simultaneously harbor a diverse array of somatic alterations, including loss of heterozygosity (LOH), somatic mutations, and structural variations (SVs), all of which collectively affect gene expression and function. The cumulative alterations in genetic and signaling pathways, particularly the PI3K/AKT, MAPK, Wnt, and TP53/BRCA pathways, profoundly influence the biological behaviors of SCNCC. By deeply understanding the role of both coding and non-coding driver mutations in the clonal evolution of SCNCC, we can devise more precise and personalized treatment strategies, maximizing treatment effectiveness while minimizing side effects.






3. Immunohistochemical Features


Accurately diagnosing small-cell carcinoma prior to treatment is of utmost importance, yet it remains challenging. In addition to morphology and neuroendocrine markers, the utilization of immunohistochemical analysis encompassing various markers, including transcription factors, as well as specific oncogenes and suppressor genes, can significantly aid in establishing an accurate diagnosis, estimating prognosis, and guiding targeted therapy [57].



3.1. Oncogenes and Suppressor Genes


Multiple studies on SCNCC have focused on several prominent “star” molecules, specifically oncogenes such as HER-2/neu and epidermal growth factor receptor (EGFR), as well as tumor-suppressor genes like P16, P53, and retinoblastoma (Rb). A study conducted at the University of Texas M.D. Anderson Cancer Center enrolled eighteen patients with SCNCC and revealed that 38.9% were HER-2/neu-positive and 44.4% were EGFR-positive, respectively [58]. Due to the limited sample size, this study did not assess the prognostic importance of these two oncogenes in SCNCC.



Notably, a ten-year study (2007–2017) conducted by the Catholic University of Sacred Heart found that, when integrated with clinical and instrumental data, the expression of P16 may suggest a cervical origin for neuroendocrine cell tumors [59]. P16 is diffusely expressed in the majority of SCNCC tissue, with a positive rate ranging from 88.9% to 100% [9,36,37,38,60]. The P16-cyclinD-Rb pathway, which regulates G1 phase progression, is crucial for tumor development [61]. Alterations in P16 within SCNCC lead to the loss of Rb protein expression, a phenomenon observed frequently in SCNCC and unrelated to HPV type [62]. Notably, in two separate studies, a complete absence of nuclear Rb staining was observed in sixteen cases (73%) [36] and twenty-three cases (92%) [62] of SCNCC. The remaining two tumors exhibited only weak, focal expression [62].



In addition to Rb, the P53 gene is another prominent tumor suppressor frequently disrupted in cancer cells [63]. Across three independent studies, the P53 protein was undetectable in 50%-100% SCNCC tissues [36,64,65], with seven of these patients succumbing to the disease after a median survival of 20 months [64]. Cadherins are tissue-specific cell adhesion molecules that function as tumor suppressors [65]. In a study, N-cadherin expression was absent in all four examined SCNCC cases, while P-cadherin expression was absent in three tumors (75%) [65]. Conversely, E-cadherin was expressed in three cases (75%) [65]. These findings suggest that N-cadherin may play a crucial role as a tumor-suppressor gene in SCNCC, necessitating further investigation with larger patient cohorts to independently validate this observation.




3.2. Immune and Damage Repair Markers


PD-L1 is frequently upregulated in multiple malignancies [66]. In two independent studies, positive PD-L1 expression was observed in twenty-two (51.16%) [67] and seven SCNCC cases (70%) [68], with an average combined positive score of 6.82 [67]. Another study enrolled 89 SCNCC patients, revealing that 68.5% of patients had a combined positive score (CPS) of PD-L1 ≥ 1. A positive tumor proportion score (TPS) and immune cell score (ICS) of PD-L1 were detected in 59.6% and 33.7% of patients, respectively [69]. Notably, the PD-L1 CPS was higher in tumor-infiltrating immune cells (r = 0.387, p = 0.001) and positively correlated with programmed cell death-1 (r = 0.443, p < 0.001) and forkhead box P3 + regulatory T cell (FOXP3 + Treg) infiltration (r = 0.532, p < 0.001), indicating a potential synergistic effect with FOXP3 + Treg and other infiltrating immune cells in supporting an adaptive immune response [69]. Furthermore, PD-L1 CPS positivity (HR = 0.363, p = 0.039) and ICS positivity (HR = 0.199, p = 0.023) were both independent prognostic factors associated with favorable survival [69]. Additionally, PD-L1 ICS positivity served as an independent indicator of recurrence in SCNCC patients and was associated with improved disease-free survival (HR = 0.124, p = 0.001) [69]. These findings suggest that PD-L1 positivity may serve as a favorable prognostic factor in SCNCC [69].



The relationship between PD-L1 and mismatch repair (MMR) expression remains controversial. Although PD-L1 expression has been observed in over 10% of tumor cells in certain tumor subsets associated with the loss of MMR expression [68], another study failed to establish a statistical correlation between PD-L1 and MMR status [69]. Notably, pure high-grade NECC, including small-cell and large-cell carcinoma, exhibit microsatellite stability and predominantly lacks PD-L1 expression [51].



Therefore, it is imperative to precisely evaluate PD-L1 expression and stratify SCNCC patients in large-scale prospective studies to assess their prognosis and eligibility for immune checkpoint inhibitor (ICIs) therapy. This tailored approach offers a promising alternative for the treatment of this aggressive disease.



Poly (ADP-ribose) polymerase–1 (PARP-1) is an abundant enzyme in the cell nucleus that regulates genome repair by binding to DNA damage sites and creating the poly (ADP-ribose) post-translational modification [70]. A total of eleven SCNCC specimens were tested for PARP-1 expression, revealing a positive rate of 91%. Among the positive samples, six (55%) demonstrated high expression, while four (36%) exhibited moderate expression. Given the high prevalence of PARP-1 expression in the majority of tested tumors, the consideration of PARP inhibitors in future clinical trials appears warranted [71].




3.3. Other Potential Novel Markers


Though thyroid transcription factor 1 (TTF-1) is of no value in distinction from a pulmonary metastasis, a high percentage of positive immunoreactivity, including diffuse staining, was observed in primary NECC [24]. Furthermore, TTF-1, in conjunction with Syn, may serve as a useful discriminator between extrapulmonary small-cell carcinoma (EPSCC) and poorly differentiated carcinomas (PDCs). Positive staining for TTF-1 was observed in nine cases of EPSCC, while no PDC cases demonstrated positivity (p = 0.034). Meanwhile, immunoreactivity for Syn was detected in twenty EPSCC cases and in two cases of PDC with neuroendocrine differentiation (p = 0.002). Ultimately, twenty-five (68%) cases were diagnosed as EPSCC, nine cases of which coexisted with non-small-cell carcinoma [72]. Moreover, the expression of somatostatin receptor subtypes (SST2-SST5) suggests a potential role for somatostatin analogues (SSAs) in the diagnosis and treatment of NECC patients [59].



In conclusion, the markers mentioned above enhance our understanding of IHC features, facilitating the diagnosis of SCNCC and providing a deeper insight into prognosis and the potential use of ICIs and targeted therapy such as HER-2, EGFR, and PARP inhibitors. Nonetheless, these findings necessitate further validation through both retrospective and prospective investigations encompassing larger sample sizes.





4. Prognostic Factors


SCNCC is considered the most lethal type of cervical cancer due to its aggressive nature and resistance to current treatment regimens [13,73,74]. A survey conducted in the United States involving 188 patients diagnosed with SCNCC revealed that the five-year disease-specific survival rates were 36.8% for FIGO stages I-IIA, 9.8% for stages IIB-IVA, and 0% for stage IVB [75]. In Japan, a study evaluated 65 SCNCC patients between 2003 and 2016, reporting a five-year OS of 49% for all patients and, specifically, 60%, 50%, and 0% for patients with FIGO 2018 stages I-IIA, IIB-IVA, and IVB, respectively [76]. Another analysis enrolling 52 SCNCC patients from 25 medical centers in Japan showed the four-year progression-free survival (PFS) rates were IB1, 59%; IB2, 68%; IIB, 13%; and IIIB, 17%; the four-year OS rates were IB1, 63%; IB2, 67%; IIB, 30%; IIIB, 29%; and IVB, 25% (FIGO 1994) [77]. Similar trends were reported by Zheng et al. in a cohort of 72 Chinese SCNCC patients, treated between 1995 and 2010 at Sun Yat-sen Memorial Hospital, the Cancer Center of Sun Yat-Sen University, and the First Affiliated Hospital of Shantou University Medical College in China. The three-year OS rates were as follows: 100% for stage IA, 62% for stage IB1, 53% for stage IB2, 36% for stage IIA, 29% for stage IIB, 50% for stage IIIB, and 0% for stage IVA [78].



The FIGO staging system has been validated as a prognostic factor that influences both overall and disease-free survival in patients with SCNCC [75,79,80,81,82,83,84,85,86,87,88,89,90,91]. Lymph node metastasis has also been identified as an independent adverse prognostic factor in some reports [81,85,88,90,92], although this finding is not consistent across univariate or multivariate analyses [75,80,87,89,91,93]. The role of age as a prognostic factor remains controversial, as age at diagnosis did not reach significance in a univariate analysis [80]. Furthermore, varying cut-off values for age as an adverse factor have been proposed, such as ≥45, ≥49 and ≥65 years [82,92,94]. However, a study enrolling 130 histologically confirmed SCNCCs found that decreased survival in those with early-stage disease was associated with being older than 60 years at diagnosis (hazard ratio (HR) 4.9; p = 0.007). Among patients with advanced-stage disease, decreased survival was associated with being both older than 60 years and younger than 45 years at diagnosis (older than 60 years: HR, 9.9; p < 0.001 and younger than 45 years: HR, 3.4; p = 0.035) [95].



In addition, a retrospective study involving 93 patients found that tumor size, the depth of stromal invasion, and the treatment modality, including adjuvant radiotherapy, did not significantly impact OS in either univariate or multivariate analyses [80,94]. Nevertheless, other studies have identified specific clinicopathological characteristics that can predict an adverse prognosis for SCNCC patients, including a tumor diameter of >4 cm, deep stromal invasion (>2/3), positive parametrial invasion, positive resection margins, and positive CgA [83,84]. Furthermore, smoking has been reported as a poor prognostic factor for survival among SCNCC patients [89].



In conclusion, the FIGO staging system is a definitive prognostic factor. Although there is controversy, factors including age at diagnosis, lymph node metastasis, tumor diameter, deep stromal invasion, positive parametrial invasion, positive resection margins, CgA positivity, smoking status, and treatment modality can all contribute to predicting the prognosis of SCNCC patients more precisely through stratification in larger cohorts.




5. Clinical Treatment


The rarity of SCNCC poses a significant challenge in treating these patients, as there is a dearth of randomized clinical trial information to guide the selection of optimal therapies [96]. Consequently, the majority of available data for this disease primarily originates from retrospective series conducted by large institutions.



5.1. Which Is the Preferred Treatment for Early-Stage FIGO I Phase: Chemoradiation or Surgery?


For patients with FIGO 2018 stage IB3 SCNCC (tumor size > 4 cm), it is recommended to undergo concomitant cisplatin-based chemoradiation (CCRT), followed by brachytherapy [24,97]. As for patients with FIGO 2018 stage IA-IB2 SCNCC (tumor size ≤ 4 cm), the principal treatment involves a radical hysterectomy (RH) combined with pelvic lymph node dissection (PLND) [24,97,98]. The open surgical approach, rather than minimally invasive surgery (MIS), should be considered the gold standard for the surgical management of early cervical cancer [98]. Nevertheless, the significance of surgery in the treatment of early-stage SCNCC has been questioned in certain research studies.



A noteworthy study reported that, among patients with stages IA-IIB (n = 146), those who underwent surgical treatment (encompassing primary surgery with or without adjuvant therapy, neoadjuvant chemotherapy plus RH-PLND, or perioperative chemotherapy plus RH-PLND) exhibited a tendency towards inferior failure-free survival (FFS) (41.2% versus 60.5%, p = 0.086) and cancer-specific survival (CSS) (47.9% versus 61.9%, p = 0.122) compared to those who did not undergo surgery [81]. Given that surgery is not recommended for patients with FIGO II [24], we speculate that the lack of stratified analysis may have contributed to this trend. Additionally, the majority of views suggest that surgery and chemotherapy are preferred for SCNCC patients with a tumor ≤2 cm and no LVSI [57]. Therefore, further investigation is required to precisely stratify patients to determine whether surgical treatment for FIGO I, particularly for IB2 patients, is inferior to non-surgical treatment.



Furthermore, a retrospective cohort study conducted by the Taiwanese Gynecologic Oncology Group (TGOG) from 1987 to 2009 demonstrated that concurrent radiation therapy and platinum-based chemotherapy with at least five cycles (EP5+) improved FFS and OS compared to primary surgery (p = 0.046 for both) [57]. Given that chemoradiation, rather than surgery, has been recommended as the primary strategy for SCNCC patients in the IB3-II phase [24], further confirmation is necessary in larger, preferably prospective, cohorts to stratify patients into IA–IB1 and IB2 stages and evaluate the superiority of concurrent chemoradiation combined with brachytherapy over primary surgery in each respective stage.




5.2. Chemotherapy as the Cornerstone of SCNCC Treatment


Similar to SCLC, chemotherapy is crucial for SCNCC treatment. A retrospective analysis of eleven early-stage SCNCC patients (FIGO stage IA2-IB2) showed significantly higher three-year recurrence-free survival (RFS) and distant recurrence-free survival rates for those treated with initial chemotherapy compared to those without (p = 0.045 and p = 0.025, respectively) [5]. Cohen et al. found a significant association between the use of chemotherapy (primary, adjuvant, or concurrent with radiation) and improved three-year OS rates in stage IIB-IVA SCNCC patients compared to those without chemotherapy (17.8% vs. 12%, p = 0.043, n = 37) [75]. Another study showed platinum-based neoadjuvant chemotherapy (NACT) to be effective in preventing distant recurrence. Patients receiving platinum-based NACT combined with radical surgery had significantly lower distant recurrence rates than those receiving radical surgery alone (0/8 vs. 5/9; p = 0.029) [79].



Currently, cisplatin (or carboplatin if cisplatin is not tolerated) combined with etoposide (EP) is the recommended chemotherapy strategy for SCNCC in all stages [24,99,100,101]. At least five cycles of EP (EP5+) are strongly recommended as both adjuvant chemotherapy post-surgery and the primary treatment in stages IIB–IVB due to significantly improved five-year RFS, FFS, and CSS compared to other treatments (67.6% vs. 20.9%, p < 0.001; 42.9% vs. 11.8%, p = 0.041; 45.6% vs. 17.1%, p = 0.035) [101]. For concurrent chemoradiation, the initial two cycles of chemotherapy can be administered concurrently with radiation therapy (RT) on days 1 and 22, followed by the subsequent two cycles post-RT [24]. In addition to EP, irinotecan/cisplatin (IP) may also be recommended as a first-line chemotherapy option for locally advanced SCNCC. The five-year OS rates for patients treated with SCNCC (either EP or IP) versus non-SCNCC regimens were 59% and 13%, respectively (p < 0.01). No significant difference was observed between IP and EP [76]. However, these findings require further validation in future nationwide, prospective clinical studies.




5.3. Targeted Agents and Immune Checkpoint Inhibitors


As previously mentioned, certain genetic alterations have been identified in SCNCC. Targeted therapeutic clinical trials focusing on these alterations and other key targets in SCNEC are summarized in Table 3. The antineoplastic agent ziv-aflibercept, which targets vascular endothelial growth factors (VEGF-A, B, and PlGF), has demonstrated improved PFS in patients with extensive-stage small-cell lung cancer (SCLC) (ClinicalTrials.gov NCT00828139) [102]. Similarly, in recurrent/metastatic SCNCC, anti-angiogenic regimens such as anlotinib, apatinib, and bevacizumab significantly prolonged PFS in first-line treatment compared to controls, with a median PFS of 8 months (range: 2–20 months) versus 3 months (range: 1–10 months), respectively (p = 0.025). This trend was also evident among patients who initiated anti-angiogenic treatment after second-line therapy [103]. Consistent with previous studies, Frumovitz et al. found that the combination of a selective topotecan, paclitaxel, and bevacizumab (TPB) for recurrent SCNCC significantly improved PFS over non-TPB regimens, with a median PFS of 7.8 months for TPB and 4 months for non-TPB regimens (hazard ratio HR 0.21, 95% CI 0.09–0.54, p = 0.001) [104,105]. Additionally, there were trends towards improved OS [104,105]. Therefore, in the National Comprehensive Cancer Network guidelines Version 1.2023 [24], bevacizumab or an FDA-approved biosimilar is recommended as a first-line, second-line, or subsequent therapy for recurrent or metastatic SCNCC.



In addition to vascular endothelial growth factors, several critical targets within the homologous recombination (HR) pathway, including PARP, ATR, Chk1, and Wee1, have emerged as promising therapeutic candidates for the treatment of small-cell carcinoma [107,108,109,110,111]. A combination of the PARP inhibitor veliparib with temozolomide (TMZ) significantly improved the overall response rate (ORR) in SCLC patients compared to TMZ alone (39% vs. 14%; p = 0.016). SLFN11, a biomarker of PARP-inhibitor sensitivity, was found to be associated with prolonged PFS (5.7 vs. 3.6 months; p = 0.009) and OS (12.2 vs. 7.5 months; p = 0.014) in patients with SLFN11-positive tumors treated with TMZ/veliparib (ClinicalTrials.gov NCT01638546) [107]. In a separate study (ClinicalTrials.gov NCT01286987), among twenty-three evaluated SCLC patients, two achieved a partial response (objective response rate ORR, 9%) with durations of 12.0 and 15.3 weeks, respectively, while four patients exhibited stable disease (SD) lasting at least 16 weeks (clinical benefit rate CBR, 26% ≥16 weeks) [108]. Despite the absence of reported response evaluations of PARP inhibitors for SCNCC, all ten detected SCNCC cases exhibited PARP expression, indicating a potentially promising role for PARP inhibitors in the treatment of SCNCC [117]. An ongoing phase II trial (ClinicalTrials.gov ID NCT04701307) examining the combination of PARP inhibitor niraparib with dostarlimab (anti-PD1) for recurrent SCLC and other high-grade neuroendocrine carcinomas (NEC), including high-grade NECC, may provide further insights into this question. In cells infected with high-risk HPV, phosphorylated-ATR, Chk1/2, and BRCA1 in HR pathways have been observed to be upregulated [118,119]. Collectively, we propose that targeting the HR pathway could potentially be an effective strategy for the treatment of SCNCC. In the future, these HR inhibitors should be employed and verified in SCNCC cases.



The combination of EP with or without atezolizumab (anti-PD-L1) has emerged as a first-line therapy for recurrent/metastatic SCNCC [24]. Immune checkpoint inhibitors (ICIs) combined with chemoradiation show promise in improving clinical outcomes for SCNCC patients. Notably, a stage IVB SCNCC patient with bone and liver metastases achieved prolonged survival through concurrent pembrolizumab (anti-PD1) and chemoradiotherapy [120]. Similarly, a PD-L1-negative patient responded favorably to nivolumab (anti-PD1) and radiotherapy [23]. A reported case of SCNCC responded completely to a combination of nivolumab and ipilimumab (anti-CTLA-4) after a second recurrence, indicating its potential as a new treatment option for recurrent disease [121]. However, recent studies on ICIs monotherapy have shown minimal antitumor activity for SCNCC. In a recent phase II trial of pembrolizumab in rare tumors, there were no responses in seven women with gynecologic extrapulmonary small-cell carcinoma (six cervical, one vulvar) [122]. Given that most patients with high-grade NECC are PD-L1 negative [71], monotherapy may not be sufficient for controlling SCNCC after first-line treatment failure. The combination of anti-PD-1 therapy with ionizing radiation and DNA damage-inducing chemotherapeutics may enhance PD-L1 expression, providing an opportunity for immunotherapy in SCNCC [123].



Taken together, targeting vascular endothelial growth factors and immune checkpoints have been recommended for the treatment of recurrent/metastatic SCNCC. Inhibition of the homologous recombination (HR) pathway is another promising strategy for SCNCC patients. It is conceivable that the combination of these therapeutic approaches may be more effective than monotherapy. Future studies should validate combination strategies utilizing these inhibitors.




5.4. Prophylactic Cranial Irradiation (PCI) for SCNCC?


Brain metastases (BrM) are uncommon in EPSCC compared to SCLC. Therefore, prophylactic cranial irradiation (PCI) is probably not indicated for EPSCC [124]. However, SCNCC patients have a higher risk of developing BrM. A retrospective study showed a total of three SCNCC patients (20%) developed BrM [125]. Notably, two of the eight patients with stage I or stage II developed recurrence in the brain, despite having no evidence of extra pelvic disease on initial evaluation [125]. This raises the question of whether SCNCC has a similarly high incidence of central nervous system metastases to SCLC and whether PCI should routinely be recommended for SCNCC treatment. The use of liquid-biopsy-based biomarkers, in combination with current imaging techniques, could enhance the detection of occult BrM [126]. Given that cerebrospinal fluid (CSF) contains higher concentrations of circulating tumor cells (CTC) and circulating tumor DNA (ctDNA) derived from central nervous system tumors than plasma [127], regularly monitoring SCNCC BrM through CTC or ctDNA detection appears promising. If these detections suggest early metastasis, it is extremely likely that the PCI will be strongly recommended in the clinical practice of SCNCC.





6. Conclusions and Perspectives


Due to its rarity, the currently available data are primarily descriptive and limited to small groups of case series and reports, resulting in limited-quality data and even controversies. The absence of clinical trials and evidence-based treatment guidelines poses therapeutic challenges for this rare tumor.



Owing to the scarcity of precision stage stratification studies, we are yet to determine the optimal management for the majority of SCNCC patients in early stages, particularly those in IB2, apart from the best prognostic group (<2 cm, no LVSI/deep stromal invasion), who benefit most from RH-PLND. EP is the most recommended chemotherapy strategy for SCNCC across all stages; however, its effectiveness remains limited, and alternative operational chemotherapy regimens are rare.



The absence of established disease models has hindered comprehensive genomic characterization studies and the development of targeted therapies for SCNCC. However, promising platforms such as cancer tissue-originated spheroid (CTOS) lines [128,129] and patient-derived xenografts (PDXs) [130,131] may offer insights into molecular aberrations and effective individualized therapies, including targeted and immune checkpoint inhibitor (ICI) treatments. Notably, BrM is a frequent occurrence in SCNCC, distinguishing it from other EPSCC. Regular monitoring of CTC and ctDNA in CSF can facilitate early screening and diagnosis of BrM, enabling timely PCI.



In summary, these necessities demand larger, precision-stratified, multicenter randomized study designs for SCNCC. Furthermore, the utilization of high-throughput, integrative “omics” approaches, supported by advanced bioinformatics tools across multiple SCNCC models, is imperative for deciphering driver events and developing individualized therapeutic strategies for clinical application (Figure 1).
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Figure 1. Prospective Individualized Therapeutics in SCNCC. The utilization of high-throughput, integrative “omics” approaches, supported by advanced bioinformatics tools across multiple SCNCC models including CTOS and PDX to decipher driver events and develop individualized therapeutic strategies for clinical application. Abbreviations: CTOS, cancer tissue-originated spheroid; PDX, patient-derived xenograft; SCNCC, small-cell neuroendocrine cervical carcinoma; LOH, loss of heterozygosity; SVs, structural variations. 
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Table 2. Comprehensive overview of genomic alterations detected in small-cell neuroendocrine cervical carcinoma.
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	Types
	PI3K/AKT Signaling Pathway
	MAPK Signaling Pathway
	TP53/BRCA Signaling Pathway
	Wnt Signaling Pathway
	Other Signaling Pathways





	LOH
	3p14–p21 [21,43,44],

INT-2 (11q13) [44]
	3p14–p21

[21,43,44],

THRB (3p24) [44],

INT-2 (11q13) [44]
	3p14–p21 [21,43,44],

TP53 (17p13)

[43,44],

CDKN2 (9p21) [21],
	3p14–p21

[21,43,44],

APC-MCC (5q21–q22) [21]
	RB (13q14)

[21,43,44]



	Somatic Mutations
	PIK3CA (p.E545K)

[31,38,45],

PIK3CA (p.G106A, p.N345T, p.E545D) [38],

PIK3CA (p.E542K, p.H1047Y, p.R88Q, p.H1047R) [45],

AKT1 (p.E17K) [45],

PTEN (p.G106A, p.F241S)[38],

PTEN (p.V53A, p.H64Y) [46]
	KRAS (p.G12V) [38,45],

KRAS (p.G12D) [45,47],

KRAS (p.G13D) [45],

Erbb2 (p.R663Q) [38],

c-Myc (p.A199T) [38],

NRAS (p.E137D, p.Q61K) [45],

MET (p.M1247V, p.E168D) [45]
	TP53 (p.C238W, p.E271Q, p.C275Y, p.80fs, p.P80L) [38],

TP53 (p.C275F, p.C176W, p.R110H, p.S241Y, p.A355V)

[45],

BRCA1 (p.T367I) [38],

BRCA2 (p.Q1187fs)

[38],

RB1 (p.E137D) [45]
	CTNNB1 (p.G34E, p.S45P, p.T41I) [45]
	NCOA3(p.Q1239_1241del) [38],

RB1 (p.S751fs) [38],

NOTCH1 (p.Q2315*nonsense) [38],

BCL6 (p.W375C) [38],

ARID1B (p.K2043fs) [38],

GNAS (p.R201S, p.R201C, p.R201H) [45],

SMAD4 (p.E330K, p.N316S) [45],

SMARCB1 (p.A203T) [45],

FBXW7 (p.R479Q) [45],



	Structural Variations
	Homology recombination of CBL (NM_005188.4) [33],
	
	
	
	Fusing the genes CTDSPL2 (NM_016396.3) and SPG11 (NM_025137.4) [33],

Deletion of TREH (NM_007180.3) intron 4 [33],

Deletion of MUC17 (NM_00104015.2) exon 3 [33]



	microRNAs
	has-let-7c [48],

has-miR-125b [48]
	has-miR-199a-5p [48]
	has-miR-100 [48], has-miR-143 [48], has-miR-145 [48]
	has-miR-10b [48]
	







* represents “a mutated site”, indicating a nonsense mutation at the amino acid position Q2315, which means that the codon for the amino acid Q has been altered to become a premature stop codon.













 





Table 3. Clinical trials of targeted therapies and immune checkpoint inhibitors for small-cell neuroendocrine carcinoma.
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	Target
	Agent
	Condition or Disease
	Phase
	Recruitment Status
	ClinicalTrials.gov

Identifier
	Efficacy





	PI3K
	BKM120
	Extensive Stage SCLC
	Phase 1
	Completed
	NCT02194049
	-



	PI3K and mTOR
	PF-05212384
	Advanced SCLC
	Phase 1
	Completed
	NCT02069158
	



	Akt1/2/3
	MK-2206
	Advanced SCLC
	Phase 2
	Active, not recruiting
	NCT01306045
	2 cases PD (100%)

[106]



	MEK
	AZD6244

(Selumetinib)
	Advanced SCLC
	Phase 2
	Active, not recruiting
	NCT01306045
	1 case PD (100%)

[106]



	ERBB2
	Lapatinib
	Advanced SCLC
	Phase 2
	Active, not recruiting
	NCT01306045
	1 case SD (100%) [106]



	EGFR/ERBB
	Afatinib
	Stage IV SCLC
	Phase 2
	Withdrawn (medical decision)
	NCT02876081
	



	MET
	ARQ197
	Extended SCLC
	Phase 2
	Terminated (Safety results)
	NCT02608411
	



	Plk1
	BI 2536
	Sensitive-

Relapse SCLC
	Phase 2
	Completed
	NCT00412880
	No PR or CR



	BET
	PLX2853
	Advanced SCLC
	Phase 1
	Completed
	NCT03297424
	



	PARP1/2
	Veliparib
	Relapsed or Refractory SCLC
	Phase 2
	Completed
	NCT01638546
	Improved ORR

[107]



	PARP1/2
	Talazoparib
	Advanced or Recurrent SCLC
	Phase 1
	Completed
	NCT01286987
	2 cases PR (9%) and 4 cases SD (18%) [108]



	PARP1/2
	Veliparib
	Persistent or Recurrent Carcinoma of the Cervix
	Phase 2
	Completed
	NCT01266447
	



	PARP1/2
	niraparib
	SCLC and other High-Grade Neuroendocrine Carcinomas (NEC)
	Phase 2
	Active, not recruiting
	NCT04701307
	



	PARP1/2
	Olaparib
	Newly Diagnosed Treatment-Naïve Limited-Stage SCLC
	Phase 3
	Recruiting
	NCT04624204
	



	PARP1/2
	Olaparib
	Relapsed SCLC Harboring HR Pathway Gene Mutations
	Phase 2
	Completed
	NCT03009682
	



	ATR
	Berzosertib
	Relapsed Platinum-Resistant

SCLC
	Phase 2
	Completed
	NCT04768296
	



	ATR
	SC0245
	Relapsed

Extensive-stage SCLC
	Phase 1 and Phase 2
	recruiting
	NCT05731518
	



	ATR
	M6620
	SCLC (n = 5)

and SCNCC (n = 1)
	Phase 1 and Phase 2
	Active, not recruiting
	Olaparib
	Tolerable and active; one SCNCC case PD (100%)

[109]



	ATR
	AZD6738
	Relapsed SCLC
	Phase 2
	Completed
	NCT03428607
	



	Chk1
	SRA737
	Advanced SCLC
	Phase 1 and Phase 2
	Completed
	NCT02797977
	11.1% cases PR

[110]



	Wee1
	AZD1775
	Advanced SCLC
	Phase 1
	Completed
	NCT02482311
	Tolerated, with 33.3%

disease control rate (DCR) [111]



	Wee1
	AZD1775
	Relapsed SCLC
	Phase 2
	Completed
	NCT02593019
	



	Aurora A
	MLN8237
	Metastatic Castrate Resistant and Neuroendocrine Prostate Cancer
	Phase 2
	Completed
	NCT01799278
	Exceptional responders were

with tumors suggestive of N-myc and Aurora-A overactivity [112].



	Aurora A
	JAB-2485
	Advanced SCLC
	Phase 1 and Phase 2
	Recruiting
	NCT05490472
	



	Aurora A
	Alisertib
	Extensive-stage SCLC
	Phase 2
	Recruiting
	NCT06095505
	



	Aurora B
	AZD2811
	Relapsed SCLC
	Phase 2
	Terminated
	NCT03366675
	



	CDK4/6
	Trilaciclib
	Extensive-stage SCLC
	Phase 1 and Phase 2
	Completed
	NCT02499770
	



	CDK7
	SY-5609
	Advanced SCLC
	Phase 1
	Completed
	NCT04247126
	



	VEGFR2, VEGFR1, VEGFR3, PDGFRa

and c-Kit
	Chiauranib
	Relapsed or Refractory SCLC
	Phase 1
	Completed
	NCT03216343
	



	VEGF-A, B and PlGF
	ziv-aflibercept
	Extensive-stage SCLC
	Phase 2
	Completed
	NCT00828139
	Improved PFS [102]



	Abl, Src and c-Kit
	Dasatinib
	Chemo-Sensitive Relapsed SCLC
	Phase 2
	Completed
	NCT00470054
	28 cases PD (65.12%)



	Wilms Tumor1(WT1)
	Galinpepimut-S
	Advanced SCL