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Abstract:  18 

Small cell carcinoma of the esophagus (SCCE) is both rare and aggressive. Lacking its own guidelines, it has historically 19 

been managed with treatment models borrowed from small cell lung cancer (SCLC). However, advances in multi-omics and im- 20 

munology are beginning to uncover distinct molecular and immune features in SCCE. These include frequent alterations in 21 
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NOTCH1 and PTEN, ASCL1 and NEUROD1 transcriptional programs, and a highly adaptive immunosuppressive tumor micro- 22 

environment. Together, they point to unique biological traits that may be targetable. Clinically, conventional chemotherapy, radio- 23 

therapy, and surgery are being reassessed, with neoadjuvant therapy showing increasing value. Mechanism-driven strategies such 24 

as anti-angiogenic and DLL3-targeted therapies are under active exploration. At the same time, emerging biomarkers and multi- 25 

modal predictive models are offering new tools for risk stratification and personalized management. Yet pathology adds further 26 

challenges: boundaries between SCCE, squamous cell or adenocarcinomas with neuroendocrine differentiation, and mixed or col- 27 

lision tumors remain blurred, creating diagnostic and therapeutic uncertainty. These challenges highlight an important shift— 28 

SCCE is no longer a clinical “black box” but rather a frontier that demands resolution through a translational lens. By realigning 29 

fragmented basic research with clinical evidence, this review not only presents a comprehensive picture of SCCE but also aims to 30 

provide clear therapeutic direction for this malignancy. 31 
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1. Introduction 33 

Esophageal small cell carcinoma (SCCE) is a rare and highly aggressive subtype of esophageal cancer. It accounts for ap- 34 

proximately 0.8%–2.4% of all esophageal malignancies and is characterized by rapid progression and early distant metastasis [1]. 35 

Most patients are diagnosed at an advanced stage, and the prognosis remains extremely poor [2]. Due to its rarity, there are no 36 

disease-specific staging or treatment guidelines. In clinical practice, management strategies are often adapted from small cell lung 37 

cancer (SCLC), but the outcomes are far from satisfactory [3-5]. As a result, SCCE represents a major clinical challenge that de- 38 

mands greater research attention. 39 

Recent studies have begun to reveal the biological complexity of SCCE. Multi-omics approaches, including whole-exome 40 

sequencing, transcriptome profiling, and single-cell RNA sequencing, have uncovered key genetic alterations and tumor microen- 41 

vironment features. Frequent disruptions in RB1 and abnormal expression of SOX2, NEUROD1, and ASCL1 suggest similarities 42 

to SCLC, but SCCE also exhibits unique molecular traits [6-8]. Immunologically, SCCE is characterized by a suppressive tumor 43 



 3 

microenvironment marked by regulatory T cell (Treg) enrichment and angiogenesis-associated niches, suggesting potential re- 44 

sistance to immune checkpoint blockade [9, 10]. However, due to limited sample sizes and the rarity of the disease, most mecha- 45 

nistic studies remain small-scale and fragmented. On the clinical side, no standard treatment has been established. Chemotherapy 46 

remains the mainstay, but survival benefits are limited [5, 11, 12]. Immunotherapy and targeted therapies are under exploration, 47 

yet evidence is scarce. Overall, SCCE research is still in its early phase, with significant gaps in both basic understanding and clin- 48 

ical management. Despite recent efforts, progress in SCCE research has been sporadic and lacks continuity. As illustrated in Fig- 49 

ure 1, key milestones over the past decades reveal a fragmented yet gradually evolving landscape, highlighting the urgency for a 50 

unified translational perspective. 51 

While molecular and immunological studies have shed new light on SCCE, much of the evidence remains fragmented and 52 

descriptive. Most reports are confined to limited case series or isolated mechanistic insights, making it difficult to extract clini- 53 

cally actionable conclusions. To date, no comprehensive review has integrated these findings to clarify their translational value. In 54 

particular, how emerging biological discoveries can inform diagnostic strategies, therapeutic selection, or future clinical trial de- 55 

sign remains poorly articulated. This lack of synthesis continues to hinder meaningful progress in both research and patient care. 56 

This review directly addresses that gap. From a bench-to-clinic perspective, we provide an integrated summary of recent 57 

findings on tumor biology, immune microenvironment, and molecular subtypes of SCCE. We examine current approaches, high- 58 

light unmet clinical needs, and compare SCCE with other esophageal neuroendocrine tumors to outline broader translational im- 59 

plications. Through this approach, we aim to offer both direction and momentum for future research into this aggressive yet un- 60 

derrecognized malignancy. 61 

2. Molecular and Immunological Landscape of SCCE: Defining a Distinct Disease Entity 62 

For a long time, the true biological identity of SCCE has been masked by its clinical presentation. Systemically, the tumor 63 

displays a neuroendocrine phenotype. At the transcriptomic level, it shares striking overlaps with SCLC across key pathways like 64 

mitosis, DNA repair, and telomere maintenance. Driven by shared core proliferative regulators such as NUF2, CENPF, and 65 
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FOXM1, SCCE is frequently managed as an ectopic variant of SCLC, routinely borrowing the same chemotherapy regimens [7, 8, 66 

13]. Anatomically, the tumor follows a different pattern. SCCE typically grows beneath the mucosa and is often overlaid by syn- 67 

chronous squamous cell neoplasia. This spatial coexistence makes biopsy misdiagnosis a constant threat. It has also led some to 68 

classify SCCE as merely a poorly differentiated variant of esophageal squamous cell carcinoma (ESCC) [14, 15]. But multi-omics 69 

sequencing is now clearing this confusion. SCCE is not a simple derivative of either malignancy. Instead, it stands as a distinct 70 

disease entity, possessing its own evolutionary trajectory and unique therapeutic vulnerabilities. Figure 2 provides a comprehen- 71 

sive visual map of this molecular and immunological landscape, illustrating the core genomic alterations, transcriptional networks, 72 

and microenvironmental dynamics that dictate its unique therapeutic vulnerabilities. 73 

2.1 Distinct Genomic Features and Developmental Origins 74 

Whole-exome sequencing draws a clear boundary: SCCE is genomically independent. It does share the hallmark inactivation 75 

of TP53 and RB1 with SCLC. Yet, a 55-sample cohort study reveals a uniquely wired landscape. The tumor harbors frequent mu- 76 

tations in NOTCH1 and PTEN. These are closely accompanied by copy number amplifications in MYC, MYCL1, and PIK3CA, 77 

alongside deletions in RB1 and PTEN [6]. 78 

When evaluating clonal evolution, SCCE exhibits a lower mutational burden and a simpler clonal architecture than SCLC 79 

[16]. This genomic "simplicity" offers a critical clue to its origins. ESCC typically arises through a gradual, inflammation-driven 80 

progression from hyperplasia to carcinoma, steadily accumulating complex mutations. SCCE bypasses this prolonged evolution- 81 

ary window. Its streamlined clonal structure points to a direct origin from multipotent stem cells in the esophageal basal layer. 82 

Here, its highly aggressive neuroendocrine differentiation trajectory is locked in at the very inception of tumor development. 83 

2.2 Transcriptional Reprogramming and Invasive Drivers 84 

Transcriptomically, SCCE completely breaks away from the esophageal squamous lineage. A recent multi-omics clustering 85 

analysis of 38 primary cases confirms that SCCE is governed by two distinct programs: one driven by ASCL1 and the other domi- 86 
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nated by NEUROD1. This internal heterogeneity mirrors the classic molecular subtypes found in SCLC [8]. Crucially, these sig- 87 

natures are not exclusive to the lung or esophagus. A pan-cancer study of over a thousand neuroendocrine carcinoma (NEC) sam- 88 

ples across 31 organs reveals a striking "molecular convergence" that transcends anatomical boundaries [17]. Regardless of where 89 

the tumor originates, its core biology eventually converges into fixed phenotypes defined by a few key transcription factors. This 90 

highlights a fundamental truth: ASCL1 and NEUROD1 are not specific labels for SCLC. Instead, they represent a shared evolu- 91 

tionary code for the entire NEC family. SCCE does not exhibit these traits because it is an "ectopic SCLC." Rather, esophageal 92 

progenitor cells independently activate this universal neuroendocrine engine during malignant transformation. Clarifying this "ho- 93 

mologous but distinct" logic allows us to finally explore SCCE’s evolutionary fate within the specific context of the esophageal 94 

microenvironment. 95 

Biological evidence positions ASCL1 as the primary architect of early neuroendocrine phenotypes [18]. A large real-world 96 

cohort of 600 pan-gastrointestinal neuroendocrine tumors from Taiwan grounds this clinically: high ASCL1 expression tightly 97 

tracks with high-grade (G3), poorly differentiated malignant states [19]. The NEUROD1+ subtype charts a different course. It 98 

frequently harbors MYC amplifications [8]. Beneath the surface, its transcriptional network is governed by EBF3, a medulloblas- 99 

toma-associated cancer stem cell factor [17]. Within SCCE-specific sequencing cohorts, this lethal combination of high stemness 100 

and MYC amplification points directly to a markedly worse clinical prognosis [8]. 101 

Yet, assessing the prognostic value of these molecular subtypes reveals an objectively complex reality. Small cohorts of 102 

poorly differentiated NECs once hinted at a localized positive correlation between high NEUROD expression and overall survival 103 

(OS)[18]. But broader evidence rewrites this narrative. In the aforementioned 600-case, pan-grade cohort—as well as in independ- 104 

ent analyses of the downstream target DLL3—neither ASCL1, NEUROD1, nor their related surface antigens emerged as inde- 105 

pendent predictors for OS or progression-free survival (PFS) [20]. This points to a crucial shift in clinical perspective. In highly 106 

heterogeneous NECs, the core translational value of molecular subtyping does not lie in merely forecasting natural survival. In- 107 

stead, it serves to map specific invasion patterns and expose therapeutic vulnerabilities. 108 
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Unique transcriptional reprogramming fundamentally defines SCCE's invasiveness. NEUROD1 and EBF3 drive a pro- 109 

nounced high-stemness state. Such stemness firmly couples with ZEB1. As a core EMT transcription factor, ZEB1 shows striking 110 

overexpression in SCCE nuclei [21]. The resulting active EMT machinery functions in profound synergy with overexpressed cell 111 

cycle engines. Core hubs like AURKA, EZH2, and CDK1 fuel this distinct progression pattern. Molecularly, these dynamics re- 112 

solve a key biological paradox. SCCE harbors fewer overall driver mutations. Yet, the tumor achieves deep tissue penetrance and 113 

extremely early hematogenous dissemination. Its invasive capacity far exceeds conventional ESCC. 114 

2.3 Dual-Layer Remodeling of the Immune Microenvironment 115 

Tumor microenvironment (TME) features dictate immunotherapy responses. ESCC immune evasion typically relies on the 116 

classic PD-1/PD-L1 axis. SCCE evolves a completely different suppressive network. Bulk RNA data reveal broad immunosup- 117 

pression in SCCE. M2 macrophages heavily infiltrate the microenvironment. The tumor relies primarily on upregulated alternative 118 

checkpoints like LAG-3 and CD276 [22]. Single-cell transcriptomics push this understanding further. Angiogenesis-driven EC1 119 

niches and regulatory T cells (Tregs) dominate the SCCE ecosystem [9]. Abnormal EC1 vascular networks form a physical bar- 120 

rier. Chemical suppression from M2 macrophages and alternative checkpoints interweaves with this structure. Together, these 121 

elements forge a dual-layer immune defense. Such architectural complexity clearly explains the limited clinical benefit of PD-1 122 

monotherapy in SCCE. 123 

2.4 Chemotherapy-induced Dynamic Remodeling of the Immune Microenvironment 124 

In systemic therapy, first-line regimens like platinum-etoposide doublets go beyond traditional "pure cytotoxicity." They act 125 

as critical microenvironmental "remodelers" in highly proliferative NECs [23]. Chemotherapy-induced genotoxic stress does more 126 

than kill tumor cells directly. It triggers a profound reprogramming of the immune ecology through precise molecular cascades. 127 

Specifically, DNA double-strand breaks and the accumulation of cytosolic DNA fragments activate the intracellular cGAS- 128 

STING pathway, driving the early release of type I interferons. Acting as an amplifier, this initial signal prompts immune cells 129 
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within the microenvironment to secrete massive amounts of type II interferon (IFN-γ) [24-28]. As the core integrator of this re- 130 

modeling network, IFN-γ binds to its receptor and activates Janus kinase (JAK), leading to the phosphorylation and nuclear trans- 131 

location of the key transcription factor STAT1. The full activation of the IFN-γ/STAT1 signaling axis lays the transcriptional 132 

foundation for converting the tumor microenvironment from "cold" to "hot" [29]. 133 

Among STAT1 downstream targets, the surge of CXCL9 and CXCL10 serves as the dominant force recruiting effector T 134 

cells [30]. CXCL10, heavily secreted by damaged tumor and endothelial cells, establishes a robust chemotactic gradient that 135 

draws peripheral lymphocytes into the tumor bed [31]. Meanwhile, IFN-γ/STAT1-dependent CXCL9 provides a localized anchor- 136 

ing signal, driving infiltrating CD8+ T cells to differentiate into tissue-resident memory T cells (TRM) [32]. Both chemokines 137 

bind to the CXCR3 receptor on effector T cells, forming a continuous positive feedback loop: DNA damage—IFN-γ/STAT1 acti- 138 

vation—CXCL9/10 secretion—CXCR3+ T-cell infiltration [30, 33]. Yet, this microenvironmental remodeling is a double-edged 139 

sword. While driving chemokine transcription, STAT1 simultaneously acts as a key transcriptional activator for immunosuppres- 140 

sive molecules like PD-L1 (CD274) and IDO1 [24, 34, 35]. Consequently, T cells recruited by CXCL9/10 arrive at the tumor only 141 

to be rapidly exhausted by the PD-L1 "molecular brake," adaptively upregulated by the exact same pathway. This dynamic consti- 142 

tutes the core contradiction within the post-chemotherapy microenvironment. 143 

2.5 Translating Biological Characteristics into Therapeutic Vulnerabilities 144 

Clarifying the aforementioned molecular and microenvironmental specificities is fundamental to identifying the "therapeutic 145 

vulnerabilities" of SCCE (i.e., the dependency pathways for tumor maintenance) and informing clinical translation. 146 

First, in the context of targeted therapies, a small cohort study of 38 Chinese patients with SCCE identified a PTEN mutation 147 

rate of 36.8%, markedly higher than that reported in other esophageal cancer histologic subtypes (e.g., ESCC) [36]. This finding 148 

implies that the PI3K/AKT pathway may represent a crucial survival dependency for a subset of patients with SCCE. In parallel, 149 

molecular docking studies indicate that existing drugs—such as crizotinib, lapatinib, and rucaparib—can effectively bind and in- 150 

hibit hyperactive cell cycle targets like AURKA and EZH2, highlighting their potential for drug repurposing [37]. 151 
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Crucially, molecular subtypes provide precise roadmaps for next-generation targeted therapies. Among these, the 152 

ASCL1/DLL3 axis shows the greatest translational promise. In digestive small-cell NECs, ASCL1 is more than a basic transcrip- 153 

tional signature. It is a highly promising predictive biomarker. Specifically, DLL3 is expressed in 100% of ASCL1-positive tu- 154 

mors, compared to just 56.8% in the negative group. Furthermore, these two markers show high spatial concordance on the same 155 

tumor cells [20]. Objective data show that high DLL3 expression does not directly prolong OS or PFS. However, this highly pene- 156 

trant surface antigen enrichment provides a strong histological rationale. It supports prioritizing DLL3-targeted agents—such as 157 

the bispecific antibody tarlatamab—for ASCL1+ patients. Additionally, certain molecular subtypes exhibit primary chemo- 158 

resistance. A clear example is the HNF4A-driven pan-cancer H subtype [17]. This evidence further highlights the critical need for 159 

treatment triage based on transcriptomic profiling. 160 

Second, regarding immune microenvironment regulation, single-agent PD-1 blockade cannot breach the dual-layered defense 161 

network of SCCE. Anti-angiogenic interventions address the first layer: the physical barrier of the EC1-type aberrant vascular 162 

network. By promoting tumor "vascular normalization," these therapies mechanistically facilitate the deep infiltration of effector T 163 

cells. The second layer involves alternative checkpoints like LAG-3 and CD276, on which SCCE heavily relies. Because of this 164 

dependency, single-target blockade readily triggers compensatory immune escape. Therefore, exploring combination modalities— 165 

such as anti-angiogenesis plus immunotherapy or multi-target blockade (e.g., PD-1/LAG-3)—is crucial. These approaches can 166 

synergistically reverse multiple inhibitory signals. Ultimately, mechanism-driven combination strategies are biologically far more 167 

rational than blindly extrapolating single-agent regimens from other malignancies. 168 

Ultimately, optimizing dynamic intervention strategies requires a deep understanding of chemotherapy-induced immune re- 169 

modeling. This profiling provides the theoretical foundation for defining the "optimal therapeutic window”. Single-cell evidence 170 

reveals that chemotherapy disrupts key immune pathways, such as the TIGIT-PVR and MDK-SDC4 axes [10]. This disruption 171 

must be evaluated alongside the previously discussed IFN-γ/STAT1 cascade. Chemotherapy triggers a surge in CXCL9/10, driv- 172 

ing a massive influx of T cells. This creates a "golden window" before these effector cells are completely exhausted by PD-L1. 173 
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Administering immune checkpoint blockade precisely within this timeframe is critical. It removes the compensatory brake im- 174 

posed by STAT1, converting a transient chemotactic advantage into durable cytotoxic efficacy. Furthermore, clinical cohorts 175 

demonstrate a clear chemotherapy-induced antigen enrichment. In pan-digestive NEC patients, prior chemotherapy exposure sig- 176 

nificantly upregulates DLL3 expression (67.2% vs. 50.5%) [20]. This phenomenon provides a strong biological rationale for se- 177 

quentially utilizing DLL3-targeted agents as salvage therapy following resistance to standard platinum-based regimens. Addition- 178 

ally, the host genetic background modulates this remodeling process. For example, patients harboring specific DNA repair gene 179 

polymorphisms (e.g., PARP1-Val762Ala) achieve extended progression-free and overall survival following chemoradiotherapy 180 

[38]. Accurately capturing these dynamic shifts in both chemokine release and antigen expression will dictate the critical timing 181 

for combined immune and targeted interventions. 182 

Altogether, SCCE is no longer just a rare neuroendocrine oddity. It’s a shape-shifter—marked by molecular subtypes, shift- 183 

ing immune profiles, and the surprising ability to be rewired by therapy. Table 1 pulls these threads together: from driver genes to 184 

immune crosstalk, from detection to disruption. The map is still incomplete, but the direction is clear—understand its code, target 185 

its weaknesses, and exploit its plasticity. The era of decoding SCCE has begun. 186 

3. Clinical Management of SCCE: Past, Present, and Prospects 187 

Despite growing awareness of its unique biological identity, the clinical management of SCCE remains largely tethered to 188 

borrowed standards. Most treatment regimens still mirror those for small-cell lung cancer, with little adaptation to the esophageal 189 

context. Yet mounting clinical observations—ranging from variable response rates to differing relapse patterns—have begun to 190 

challenge this one-size-fits-all approach. To illustrate this evolution more clearly, Figure 3 summarizes the shifting landscape of 191 

SCCE management, tracing the trajectory from conventional regimens to emerging therapies and future directions. This section 192 

further unpacks these changes in detail. 193 

3.1 Conventional Regimens 194 

3.1.1 SCLC Regimens in SCCE: Borrowed Logic, Questionable Fit 195 
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In the absence of disease-specific guidelines, it was almost inevitable that treatment for SCCE would follow the well-worn 196 

path of SCLC. Both share a neuroendocrine phenotype, rapid proliferation, and early dissemination—features that made the SCLC 197 

template an attractive ready-made solution. In practice, the backbone has been platinum–etoposide doublets—most commonly EP 198 

or EC—delivered over 4 to 6 cycles [11, 39, 40]. For patients with limited-stage disease, these regimens are typically paired with 199 

definitive radiotherapy, often in the range of 50–60 Gy, echoing SCLC protocols [41-43]. The rationale was straightforward: 200 

achieve rapid cytoreduction with chemotherapy and then consolidate local control with radiation.  201 

The early results seemed to justify the borrowing. Retrospective analyses in limited-stage SCCE frequently documented ob- 202 

jective response rates above 70%, with rapid relief of dysphagia and improvement in swallowing function [3]. However, the criti- 203 

cal differences in treatment durability and prognosis soon became clear. Median PFS rarely extended beyond 12 months, and re- 204 

lapses—both locoregional and distant—were common [43, 44]. In extensive-stage disease, systemic therapy could still shrink 205 

tumors, but the median OS stubbornly hovered around one year, a survival profile closely resembling that of SCLC [3, 45, 46]. 206 

Yet, beneath these shared dismal outcomes, the clinical trajectories diverge. That reality now shapes how we use radiation. In fit, 207 

limited-stage patients, it anchors local control, typically alongside chemotherapy. When disease is advanced—or patients are 208 

frail—the same tool turns palliative: easing swallowing, controlling bleeding, preventing obstruction [47-50]. And in sharp con- 209 

trast to SCLC's prognostic management, prophylactic cranial irradiation (PCI) is seldom used, given fewer brain metastases and 210 

uncertain benefit in SCCE [43, 51, 52].  211 

What emerges from these decades of practice is a mixed picture: the SCLC blueprint delivers fast, visible responses, but its 212 

durability is limited. Even in the best responders, systemic failure casts a long shadow, exposing the shortcomings of a simple 213 

therapeutic transplant from lung to esophagus. This has prompted a quiet but persistent question within the field: if SCCE is not 214 

SCLC, why are we still treating it as if it were? 215 

3.1.2 Radiotherapy, Chemoradiotherapy, or Surgery: A Shifting Balance 216 
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In the history of SCCE treatment, the SCLC model offered a “quick-response” solution—tumors shrank fast, symptoms 217 

eased quickly, but relapses came just as swiftly. As these limitations became clear, clinical attention shifted: which local approach 218 

holds greater value? Should we rely on the synergy of radiotherapy and chemoradiotherapy, or choose surgery decisively in se- 219 

lected patients? The answer is not fixed, but continually rebalanced according to disease stage and patient fitness. 220 

After moving beyond the SCLC model, radiotherapy—often with concurrent chemotherapy—has become a core local treat- 221 

ment for SCCE. A nationwide cohort added important context: in-field recurrence was rare with 45–50 Gy, but survival did not 222 

rise proportionally with dose. The real difference came from chemotherapy intensity—patients receiving ≥4 cycles had the most 223 

consistent benefit. Most relapses occurred within the first year and were predominantly distant [43]. Registry-based data echoed 224 

this finding, showing radiotherapy was linked to better survival, especially in limited-stage cases [53]. A China–U.S. comparative 225 

analysis added nuance: stage distribution and treatment patterns varied markedly—Chinese patients more often had limited dis- 226 

ease and received chemoradiotherapy, whereas U.S. patients presented at more advanced stages and were more likely to receive 227 

radiotherapy alone. After propensity-score matching, overall survival differences narrowed, suggesting outcomes were driven less 228 

by geography than by stage composition and treatment intensity [54]. Retrospective studies and meta-analyses consistently rein- 229 

force the survival benefit of radiotherapy hinges on adequate systemic therapy and appropriate patient selection [5, 55-58]. 230 

Case reports and small series illustrate these patterns in real-world patients. EP/EC or cisplatin plus irinotecan with 45–60 Gy 231 

has produced complete imaging and endoscopic responses: some elderly or frail patients achieved long-term, recurrence-free sur- 232 

vival [59]; others with locally advanced disease maintained durable remission after S-1/cisplatin with 60 Gy [60]. In one definitive 233 

concurrent chemoradiotherapy（dCRT）series for resectable SCCE, the complete response rate was 100%, with a median sur- 234 

vival of 32 months and no major late toxicity, though acute hematologic toxicity was common [61]. Still, complete response on 235 

scans does not mean systemic cure. Some patients developed brain or liver metastases months after local remission, highlighting 236 

that systemic escape is the major hurdle [44, 49]. 237 
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For extensive-stage disease, chemotherapy remains central. A retrospective series of irinotecan plus cisplatin showed a 50% 238 

response rate but a median OS of only 12.6 months [62]. Here, local radiotherapy serves mainly as selective consolidation within 239 

systemic treatment, rather than as a standalone solution. 240 

The overall message is clear: for limited-stage, non-surgical candidates, high-quality concurrent chemoradiotherapy should 241 

be the default. Reliable in-field control is achievable with 45–50 Gy, but survival gains hinge on delivering enough chemother- 242 

apy—four or more cycles provide more stable outcomes. Effort should focus on delivering full systemic treatment and identifying 243 

patients most likely to benefit from local intensification, such as those with good performance status and small tumor burden. 244 

Whether and when to introduce surgery then depends on how much systemic treatment benefit this platform can secure [12, 47, 245 

61, 63]. The next step is to examine surgical strategies and their integration with chemoradiotherapy. 246 

For years, SCCE was regarded as a “systemic small cell carcinoma,” and the role of surgery was undervalued. Yet several 247 

surgical series have challenged this view: in resectable or limited-stage patients, median OS typically ranged from 18 to 27 248 

months [64-66], with occasional long-term survivors free of recurrence [67, 68]. This benefit follows identifiable patterns: patients 249 

with negative lymph nodes (pN0), tumors in the lower thoracic esophagus or gastroesophageal junction (EGJ), and tumors <5 cm 250 

define a relatively clear“sweet spot”for surgery [65, 69]. 251 

Surgery alone is rarely optimal. Multiple studies consistently showed better outcomes with surgery plus chemotherapy: OS 252 

was 21.0 months with surgery plus chemotherapy versus 14.1 months with surgery alone; in 73 limited-stage patients, median 253 

survival was 27.0 months with postoperative chemotherapy and 13.0 months without [65, 69]. Another series also identified radi- 254 

cal resection and chemotherapy as independent prognostic factors [70]. Further stratification suggests that postoperative chemo- 255 

therapy significantly improves survival in limited-stage II or "surgery-responsive disease" (SRD), whereas the incremental value 256 

of postoperative chemoradiotherapy in completely resected stage II cases remains questionable [71-75]. In esophageal neuroendo- 257 

crine carcinoma, a similar stratification showed that adjuvant therapy significantly benefited surgery-responsive limited disease 258 

(SRLD) patients but not the surgery–non-response limited disease (SNRLD) group [76]. Both frameworks emphasize matching 259 
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surgery to stage and risk profile, rather than treating it as a universal solution. Furthermore, retrospective analyses show that 260 

greater tumor length and depth of invasion are strongly associated with higher risk of lymph node metastasis [77]. Precision in 261 

applying surgery hinges largely on nodal status. In NCDB and SEER data, patients with limited-stage, node-negative disease (T1- 262 

4aN0M0) achieved the longest survival with esophagectomy (median OS 44.9 months) [78, 79]. In contrast, for node-positive 263 

localized disease, definitive chemoradiotherapy appeared more favorable than surgery plus chemotherapy [80]. These findings 264 

support tailoring local treatment to nodal burden rather than applying a single standard across all limited-stage patients. 265 

Taken together, in local treatment for SCCE, the priority is whether the approach aligns with tumor biology and the achieva- 266 

ble intensity of systemic therapy. Because postoperative pathology frequently reveals occult nodal metastases even in clinically 267 

"limited" disease, surgery must be integrated into a “systemic control first” paradigm rather than positioned as a standalone solu- 268 

tion. High-quality concurrent chemoradiotherapy should be the default if nodal burden is suspected, tolerance is limited, or anat- 269 

omy makes complete resection uncertain. Radiotherapy (45–50 Gy) secures in-field control, but simply increasing the radiation 270 

dose cannot replace systemic control. Conversely, for carefully selected limited-stage SCCE (pN0, lower/EGJ location, small tu- 271 

mor volume), radical esophagectomy combined with perioperative systemic therapy yields net benefit. Final decision-making can 272 

be distilled into five levers: stage and nodal burden, tumor length and location, performance status, anticipated chemotherapy 273 

completion, and institutional expertise. Building upon these conventional clinical levers, Table 2 presents a comprehensive evi- 274 

dence-grading and stratification framework for SCCE management. This matrix not only consolidates the established standard-of- 275 

care based on traditional staging, but also previews emerging biomarker-driven strategies (e.g., PD-L1 and DLL3), which will be 276 

systematically detailed in the subsequent section. 277 

3.2 Emerging Investigational Therapies 278 

Despite longstanding therapeutic challenges in SCCE, the tide may finally be turning. While survival remains poor and 279 

standardized guidance is still lacking, recent advances are beginning to illuminate new paths. Instead of isolated findings, a coher- 280 

ent body of evidence is forming—starting with accessible biomarkers like inflammatory and nutritional indices, progressing to 281 
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insights into the immune microenvironment and molecular heterogeneity, and culminating in rational treatment selection and pre- 282 

dictive modeling. These emerging layers do more than deepen complexity—they chart a course toward truly individualized care. 283 

Table 3 summarizes several promising multidimensional biological features across inflammatory, microenvironmental, molecular, 284 

and endocrine landscapes. This compilation illustrates the bench-to-bedside transition of these markers. Furthermore, it defines 285 

their specific utility in guiding the precision management of SCCE. In the sections below, we outline how each of these elements 286 

is converging to reshape the clinical and biological understanding of SCCE. 287 

3.2.1 Tumor Immune Microenvironment: Signals That Matter 288 

Traditional paradigms often dismiss SCCE as a simple immune-"cold" tumor. However, this label obscures the highly com- 289 

plex dynamics operating within its microenvironment. Recent pathological evidence clarifies this complexity. The microenviron- 290 

ment does more than merely harbor essential prognostic and predictive signals. It fundamentally provides the mechanistic ra- 291 

tionale for the severe limitations of single-agent immune checkpoint blockade (ICB). 292 

The spatial heterogeneity of the PD-1/PD-L1 axis presents a critical challenge. A study analyzing 147 samples from the Chi- 293 

nese National Cancer Center revealed that PD-L1 expression on SCCE neoplastic cells is nearly nonexistent. Instead, PD-L1 is 294 

predominantly expressed on tumor-infiltrating immune cells, specifically identified as CD68⁺ macrophages [81]. Even within a 295 

broader cohort of poorly differentiated digestive neuroendocrine carcinomas, the PD-L1 positivity rate on tumor cells remains a 296 

mere 14%. This widespread immune marker "silence" among tumor clones essentially reflects an inherent defect in antigen 297 

presentation. Crucially, it exposes the primary mechanism behind the failure of single-agent therapies: impaired immune recogni- 298 

tion. Consequently, even if PD-1 blockade successfully relieves T-cell suppression, the effector cells remain functionally "blind." 299 

Lacking clear recognition targets on the tumor parenchyma, these cells ultimately fail to execute precise cytotoxicity [82]. 300 

This upstream recognition deficit directly constrains the pre-existing immune potential within the microenvironment. Multi- 301 

ple studies confirm the clinical value of CD8⁺ tumor-infiltrating lymphocytes (TILs) in SCCE tissues. A higher density of these 302 
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cells predicts both extended survival and substantial benefit from adjuvant chemotherapy [81, 83]. Notably, the TCF1⁺CD8⁺ sub- 303 

set, characterized by stem-like self-renewal properties, emerges as the primary driver of this survival improvement. These findings 304 

indicate that a salvageable, latent anti-tumor response genuinely exists within the local microenvironment. Despite this potential, 305 

these promising T cells fail to eradicate the tumor. Another dimension of pathological data reveals the root of this limitation. The 306 

infiltration density of CD8⁺ T cells exhibits a highly significant positive correlation with microenvironmental PD-L1 expression 307 

(P < 0.0001). This dynamic exemplifies classic "adaptive immune resistance." As effector T cells attempt to infiltrate and execute 308 

cytotoxic functions, the microenvironment mounts a rapid defense. It mobilizes surrounding macrophages to upregulate PD-L1, 309 

effectively erecting a reactive, chemical inhibitory barrier around the tumor periphery [84]. 310 

Beyond these specific adaptive responses, SCCE extensively exploits multiple co-inhibitory pathways to sustain immune 311 

evasion. Consider the increasingly recognized TIGIT/CD155 axis. Both CD155 and its receptor TIGIT exhibit marked upregula- 312 

tion in SCCE, a profile tightly correlated with heavier tumor burden, advanced clinical stages, and inferior survival outcomes. 313 

Against this redundant inhibitory network, single-agent PD-1 blockade proves profoundly inadequate. Under the selective pres- 314 

sure of single-target inhibition, the microenvironment readily orchestrates a compensatory defense by upregulating alternative 315 

checkpoints like TIGIT. This rapid adaptation relentlessly re-suppresses effector T cells just as they reach the verge of reactivation 316 

[85]. 317 

The resistance of SCCE to PD-1 monotherapy emerges from the intricate synergy of these two mechanisms. Upstream, anti- 318 

gen silencing within tumor clones dictates severe "impaired recognition". Downstream, the microenvironment enforces a formida- 319 

ble barricade, driven by adaptive resistance and multi-pathway compensatory bypasses. Deciphering this fundamental logic illu- 320 

minates the path to therapeutic breakthroughs. Single-target blockade remains fundamentally inadequate. Successfully dismantling 321 

this dual immunological dilemma demands multi-dimensional, combinatorial interventions. 322 

3.2.2 Overcoming Immune Evasion: Theoretical Rationale and Clinical Exploration of Combination Strategies 323 
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Driven by the dual limitations of upstream "impaired recognition" and downstream "compensatory bypasses" that restrict 324 

single-agent PD-1/PD-L1 blockade in SCCE, clinical intervention strategies must inevitably evolve toward multi-dimensional 325 

combination therapies. These approaches aim to remodel the tumor microenvironment across multiple dimensions to overcome 326 

monotherapy resistance. 327 

A primary focus is the combination of chemotherapy and immunotherapy. Large-cohort studies have definitively established 328 

the foundational role of neoadjuvant chemotherapy (nCT) in limited-stage SCCE. Analyses from Chinese multicenter cohorts and 329 

the SEER database yield consistent results. For patients with locally advanced disease (e.g., cT3N0M0 or node-positive), nCT 330 

followed by surgery significantly improves both overall survival (OS) and disease-free survival (DFS) [86-89]. Integrating immu- 331 

notherapy into this baseline regimen rests on a robust mechanistic rationale. Beyond exerting direct cytotoxic effects, chemothera- 332 

peutic agents induce immunogenic cell death (ICD). This specific process amplifies the release of tumor neoantigens, effectively 333 

reversing the previously described "impaired recognition." Recent clinical explorations provide preliminary support for this strat- 334 

egy. Patients with locally advanced SCCE receiving neoadjuvant immunochemotherapy (nICT) achieved durable clinical remis- 335 

sions. Histological analyses further confirm that this therapeutic efficacy closely correlates with high baseline CD8⁺ T-cell infil- 336 

tration and PD-L1 expression [90]. These findings prove that chemotherapy successfully exposes tumor antigens, providing ex- 337 

plicit targets for subsequent checkpoint blockade. 338 

Another critical approach involves combining anti-angiogenic agents with immunotherapy. The rapid proliferation of SCCE 339 

relies heavily on an aberrant microvascular network. This structural abnormality severely restricts conventional drug delivery. It 340 

also constructs a formidable physical barrier against the deep infiltration of effector T cells. Clinically, targeting angiogenesis 341 

shows proven potential in refractory cases. For instance, apatinib salvage therapy has yielded prolonged survival [91]. Introducing 342 

anti-angiogenic drugs serves as a vital component of combinatorial interventions. These agents effectively sever the tumor's meta- 343 

bolic supply lines. More importantly, they drive the "normalization" of aberrant microvessels, alleviating local hypoxia and clear- 344 

ing physical conduits for T-cell infiltration. This profound remodeling of the microenvironment establishes optimal conditions for 345 
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immunotherapeutic engagement. Recent clinical explorations substantiate this mechanistic rationale. One report details an ad- 346 

vanced SCCE case that developed secondary resistance to single-agent anti-angiogenic therapy (e.g., anlotinib). The synchronous 347 

addition of PD-1 blockade (e.g., toripalimab) successfully reversed this resistance, inducing a complete response (CR). Notably, 348 

this deep clinical response coincided with specific molecular signatures, including microsatellite instability (MSI) and a high tu- 349 

mor mutational burden (TMB-H) [92]. While currently derived from case-level evidence, these findings offer a compelling proof 350 

of concept. The "vascular remodeling plus immune activation" paradigm clearly demonstrates the potential to overcome mono- 351 

therapy resistance. Moving forward, leveraging next-generation sequencing (NGS) tools will be essential to precisely define the 352 

populations most likely to benefit from these joint strategies. 353 

A further strategy involves multiplex immune checkpoint blockade. Single-agent interventions frequently provoke "adaptive 354 

compensation" within the tumor microenvironment. Countering this phenomenon necessitates synchronously targeting multiple 355 

co-inhibitory pathways, offering a rational approach to overcome secondary resistance. As previously established, SCCE exhibits 356 

widespread overexpression of alternative bypasses, particularly the TIGIT/CD155 axis. This biological reality dictates that iso- 357 

lated PD-1 blockade readily triggers the compensatory upregulation of other checkpoints. Addressing this challenge requires dual 358 

intervention regimens. Strategies that simultaneously block PD-1 alongside TIGIT or LAG-3 aim to systematically dismantle the 359 

redundant inhibitory network within the microenvironment. These comprehensive approaches fundamentally mitigate the inci- 360 

dence of secondary resistance. 361 

Together, combination therapy is not an arbitrary accumulation of clinical drugs. Instead, it represents a highly targeted inter- 362 

vention designed to dismantle the specific immune defense mechanisms of SCCE. Several mechanism-driven strategies now con- 363 

stitute the core theoretical framework for future prospective clinical trials. These encompass chemotherapy-mediated antigen re- 364 

lease, anti-angiogenic-driven microenvironmental remodeling, and the suppression of compensatory pathways through dual 365 

checkpoint blockade. 366 

3.2.3 Molecular and Endocrine Signatures Shaping Prognosis and Therapy in SCCE 367 
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The rapid evolution of mechanism-driven combination therapies necessitates precise clinical stratification tools. Beyond tra- 368 

ditional TNM staging, biomarkers have transcended their role as mere laboratory readouts. They now fundamentally reshape our 369 

prognostic frameworks and actively dictate therapeutic pathways. Ultimately, the clinical trajectory of SCCE defies the simplistic 370 

paradigm that greater aggressiveness equates to a poorer prognosis. 371 

Consider how DNA repair capacity shapes treatment outcomes. A specific polymorphism in the PARP1 gene (Val762Ala) 372 

has been linked to longer survival and better response to radiochemotherapy—but only in SCCE [38]. Interestingly, patients carry- 373 

ing multiple “favorable” genotypes fared even better. Clinically, this implies that DNA repair profiles may soon help guide who 374 

gets what—and who might actually benefit. Then comes Ki-67, long feared as a marker of tumor aggressiveness. But SCCE re- 375 

writes that script. Here, a high Ki-67 index doesn’t mean doom—in fact, it’s been associated with better outcomes and stronger 376 

benefit from adjuvant therapy [93]. What looks dangerous might actually mark tumors that are more responsive to treatment. Neu- 377 

roendocrine markers like CgA aren’t just diagnostic props—they’re prognostic tools. Patients with CgA-positive tumors live 378 

longer, according to both broad cohorts and studies focused on early-stage disease [94, 95]. We’ve been underestimating these 379 

“old” markers. It’s time to bring them back into the conversation. Beyond CgA, other neuroendocrine markers long applied in 380 

small cell lung cancer are gaining recognition in SCCE [96]. Serum neuron-specific enolase (NSE) and pro-gastrin-releasing pep- 381 

tide (ProGRP), especially in combination, show strong diagnostic performance against ESCC and esophageal adenocarcinoma 382 

(EAC). More importantly, their dynamic changes during treatment and follow-up mirror disease control or progression, and high 383 

levels predict shorter PFS and survival [97]. Together with CgA, these markers underscore the prognostic and monitoring value of 384 

neuroendocrine signatures in SCCE. And then there’s Lgr5. This stemness-related protein isn’t just a bystander. When Lgr5 is 385 

high, trouble follows—with more lymph node spread, later stage at diagnosis, and weaker chemo responses [98]. 386 

3.2.4 Clinical Prognostic Significance of Inflammatory and Nutritional Markers 387 
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Beyond microscopic molecular signatures, inflammatory and nutritional indices reflecting the systemic host status are 388 

equally critical dimensions for prognostication. In SCCE, several inflammation-related markers have stood out as simple yet pow- 389 

erful predictors of survival. One of the most consistent signals comes from the platelet-to-lymphocyte ratio (PLR). High PLR lev- 390 

els have been repeatedly linked to worse overall survival, even after adjusting for other clinical factors [99]. Notably, its prognos- 391 

tic performance appears to outperform the more commonly studied neutrophil-to-lymphocyte ratio (NLR), suggesting that plate- 392 

let-driven immune responses may play a distinct and critical role in disease progression [100]. C-reactive protein (CRP), a classic 393 

marker of systemic inflammation, also shows strong clinical relevance. Elevated CRP levels are associated with more advanced T 394 

and N stages and are tightly correlated with shorter overall survival, making it a potential surrogate for tumor burden and immune 395 

dysregulation [101]. More recently, the albumin-to-fibrinogen ratio (AFR) has emerged as another independent prognostic factor. 396 

Because it captures both systemic inflammation and nutritional status, low AFR levels identify patients at significantly higher risk 397 

of poor survival [102]. 398 

Beyond circulating markers, tumor-infiltrating immune cells reveal another layer of insight. In SCCE tissue, higher eosino- 399 

phil infiltration has been linked to better survival outcomes, hinting at a beneficial role for certain immune cells within the tumor 400 

microenvironment [103]. This contrast—where systemic inflammation signals worse prognosis while local immune activation 401 

may be protective—underscores the complexity of immune dynamics in SCCE. 402 

3.2.5 The Rise of Prognostic Models and Risk Stratification Tools 403 

Neither microscopic molecular sequencing nor macroscopic systemic inflammation assessments alone can fully capture the 404 

profound heterogeneity of SCCE. Constrained by a purely anatomical focus, the traditional TNM staging system frequently fails 405 

to explain the starkly divergent survival outcomes among patients within the same stage, offering little guidance for personalized 406 

therapy. Consequently, the urgent demand for precision risk stratification has catalyzed a paradigm shift in prognostic evaluation. 407 

The field is now advancing beyond single-dimensional metrics, embracing integrated predictive models that deeply fuse multi- 408 

modal clinical, pathological, hematological, and imaging data. 409 
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A key early advance was the establishment of a risk stratification system based purely on clinical parameters. One such 410 

model categorized patients into four subtypes—LLD (low-risk localized disease), HLD (high-risk localized disease), LMD (low- 411 

risk metastatic disease), and HMD (high-risk metastatic disease)—with strikingly divergent 3-year OS rates ranging from 52.5% 412 

to just 5.7%, significantly outperforming TNM staging [104]. Yet these early attempts, while encouraging, were constrained by 413 

small cohorts and single-institution data. That gap was recently addressed by a multicenter study of more than 490 patients, which 414 

refined the concept into the so-called TSC model. By incorporating TNM stage, surgery, and chemotherapy, this model achieved 415 

sharper risk discrimination than both TNM and Veterans Administration Lung Study Group (VASLG), with robust separation of 416 

high- and low-risk groups [105]. Crucially, unlike earlier exploratory tools, it underwent both internal and external validation, 417 

making it the first truly reliable prognostic system tailored for SCCE. 418 

Yet clinical data alone can only go so far. Attention has since turned to dynamic indicators of host response—namely, nutri- 419 

tional and inflammatory markers. A nomogram incorporating hemoglobin, NLR, and platelet count demonstrated a C-index of 420 

0.728, clearly superior to TNM (0.614), and showed marked advantages in decision curve and net reclassification analyses [106]. 421 

The strength of this model lies in its accessibility—these lab values are readily available, making it especially useful in real-world 422 

settings. 423 

Building on this, some efforts have focused on integrating clinical parameters, pathological features, and molecular markers 424 

into a unified model. One retrospective study in Chinese SCCE patients developed and validated a practical nomogram that incor- 425 

porated baseline characteristics, staging, and specific protein biomarkers [90]. The model achieved C-index values of 0.659 and 426 

0.700 in the training and validation cohorts, respectively, both outperforming the 7th edition TNM staging system. It also demon- 427 

strated good calibration and delivered greater net benefit in decision curve analysis, offering a more refined tool for individualized 428 

risk stratification in clinical practice.  429 
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Radiomics is increasingly proving its value in SCCE prognosis, especially for noninvasive prediction of survival outcomes. 430 

One retrospective study constructed a CT-based radiomics nomogram that predicted OS with high accuracy. The model outper- 431 

formed traditional clinical models, achieving C-index values of 0.844 and 0.805 in the training and testing cohorts, respectively 432 

[91]. Another multicenter study explored contrast-enhanced CT features and identified degree of enhancement, N stage, and adju- 433 

vant chemotherapy as independent predictors of both OS and PFS. Interestingly, the enhancement pattern on imaging also corre- 434 

lated with treatment responsiveness, particularly to adjuvant chemotherapy [107]. Together, these findings highlight radiomics as 435 

a promising tool not only for baseline risk stratification, but also for identifying treatment-sensitive subgroups in SCCE. 436 

Taken together, SCCE prognostication is undergoing a paradigm shift—from broad-stroke staging toward precision risk as- 437 

sessment. Whether through clinical parameters, host biomarkers, or radiomics signatures, the trajectory is clear: predictive models 438 

are moving beyond survival estimates to inform and individualize treatment itself. To systematically synthesize the treatment par- 439 

adigms and clinical challenges discussed throughout this section, Table 4 outlines the specific therapeutic advantages, current bot- 440 

tlenecks, and future directions for reversing SCCE resistance across different modalities. 441 

4. Blurred Pathological Boundaries in SCCE: Challenges and Clinical Implications 442 

Although SCCE is usually defined by its small cell morphology, neuroendocrine markers, and high proliferation index, real- 443 

ity is far less clear-cut. In practice, many tumors defy strict classification, spanning a spectrum from pure small cell forms to 444 

mixed or collision types, squamous transformations, and adenocarcinomas with neuroendocrine differentiation. These blurred 445 

pathological boundaries do not merely complicate diagnosis—they directly shape therapeutic choices and survival outcomes. Fig- 446 

ure 4 provides an overview of this spectrum and underscores the clinical challenges posed by such ambiguity, serving as a visual 447 

guide for the discussion that follows. Understanding how these ambiguities translate into clinical practice is essential for develop- 448 

ing rational and individualized treatment strategies. 449 

4.1 Esophageal Neuroendocrine Carcinomas (ENECs): Diagnostic Anchor or a Shape-Shifting Subtype in Disguise? 450 



 22 

Among all esophageal malignancies, SCCE is undoubtedly one of the most aggressive. It typically presents insidiously, pro- 451 

gresses rapidly, and is often diagnosed at an advanced stage. Although rare, SCCE accounts for the vast majority of ENECs. As a 452 

broader pathological category, ENECs also include large cell neuroendocrine carcinoma (LCNEC), albeit much less frequently 453 

[108]. Both subtypes are classified as high-grade malignancies [108, 109]. Morphologically, SCCE is characterized by scant cyto- 454 

plasm, hyperchromatic nuclei, and a high mitotic rate, while LCNEC often displays prominent nucleoli and gland-like or trabecu- 455 

lar structures [110-113]. These features seem to offer a “diagnostic anchor” for ENECs. Yet in clinical reality, this anchor often 456 

feels unstable. Even tumors with seemingly “pure” morphology may harbor squamous or glandular components, or evolve into 457 

mixed or transformed phenotypes. Whether ENEC constitutes a distinct pathological entity—or simply represents one end of a 458 

dynamic and heterogeneous continuum—remains open to question. 459 

Clinically, ENEC is known for its aggressive behavior, rapid progression, early metastasis, and dismal prognosis. However, 460 

this is not always the case. Some tumors are incidentally discovered during endoscopic examinations and can even be completely 461 

resected via endoscopic submucosal dissection [114]. There are also patients who achieve long-term disease-free survival follow- 462 

ing multidisciplinary treatment [115]. This clinical heterogeneity not only adds to diagnostic confusion but also challenges the 463 

notion of ENEC as a uniform disease entity. 464 

In terms of treatment, approaches vary widely across institutions. As mentioned earlier, most centers adopt SCLC regimens, 465 

primarily platinum-based chemotherapy. Yet in practice, treatment strategies are more diverse. Some patients have experienced 466 

durable responses to immune checkpoint inhibitors combined with anti-angiogenic agents, such as camrelizumab plus apatinib 467 

[116], though large-scale prospective data are still lacking. Other studies emphasize the potential for curative outcomes in selected 468 

patients who undergo resection followed by tailored adjuvant management [117, 118]. These divergent experiences reflect a 469 

deeper uncertainty about what ENEC actually represents. 470 
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At the molecular level, there is still a lack of definitive evidence to support ENEC as a biologically stable subtype. A recent 471 

study on microRNAs identified a specific miRNA signature (e.g., miR-1246, miR-1260a, miR-1260b) that was significantly asso- 472 

ciated with postoperative relapse and overall survival [117]. However, these findings have yet to enter clinical application and 473 

have not meaningfully advanced molecular subtyping of ENEC. Although a consensus classification for ENEC remains to be es- 474 

tablished, the well-characterized paradigms of other neuroendocrine malignancies offer a valuable roadmap. Table 5 juxtaposes 475 

the emerging immune and molecular landscapes of SCCE against the established subtypes of gastric and lung neuroendocrine 476 

tumors, highlighting shared mechanisms and distinct therapeutic vulnerabilities. 477 

4.2 Beyond ENEC: Neuroendocrine Differentiation in Squamous, Glandular, and Mixed-Type Esophageal Cancers 478 

Although ENEC is categorized as an independent entity in the World Health Organization (WHO) classification, its identity 479 

in clinical practice is far more nuanced. Representing less than 2% of all esophageal cancers, ENEC rarely arises de novo; instead, 480 

mounting evidence shows it often evolves from squamous cell carcinoma or adenocarcinoma [14, 15, 119]. This suggests ENEC 481 

may not be a distinct tumor type but rather the neuroendocrine endpoint of tumor progression. Studies frequently reveal coexisting 482 

or even dominant non-neuroendocrine components, which, if overlooked, can mislead pathology and steer treatment toward inap- 483 

propriate SCLC-based regimens, bypassing options like surgery or targeted therapy [109, 120]. Rather than a fixed category, 484 

ENEC should be viewed as a diagnostic warning sign—prompting deeper reflection on its origins and the need for individualized 485 

treatment strategies. 486 

Not all neuroendocrine-like features within esophageal tumors are what they seem. Recent evidence has revealed that con- 487 

ventional squamous cell carcinoma (SCC) can exhibit striking neuroendocrine-like differentiation—without being a true neuroen- 488 

docrine carcinoma. A prime example is basaloid SCC, which may express markers like CD56 or p16 in a patchy, misleading fash- 489 

ion [121]. Such expression profiles can mimic small cell carcinoma, especially in small biopsy samples where architectural con- 490 

text is limited. Misdiagnosis becomes a real threat when pathologists rely solely on morphology, particularly in cases with 491 

“pseudo-small cell” features but preserved p40 positivity—a hallmark of squamous lineage. Immunohistochemistry, therefore, is 492 
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not just supplementary, but essential in avoiding diagnostic traps. Building on these blurred histologic lines, adenocarcinoma too 493 

is no exception. Neuroendocrine differentiation can emerge within glandular tumors, often going unnoticed under routine evalua- 494 

tion [122]. Among these, ANECs represent a particularly elusive subtype-rare but clinically consequential. SEER data indicate 495 

that ANECs carry significantly worse survival compared to pure adenocarcinomas, with hazard ratios exceeding 1.3 [119]. Due to 496 

limited biopsy samples and lack of standardized guidelines, these tumors are often misclassified as conventional adenocarcino- 497 

mas, missing the chance for neuroendocrine-targeted treatment. 498 

The blurring continues at the interface of mixed and composite tumors. In some cases, neuroendocrine and non-neuroendo- 499 

crine components coexist in the same lesion—either tightly intermingled or occupying distinct areas. According to current WHO 500 

definitions, mixed neuroendocrine–non-neuroendocrine neoplasms (MiNENs) require each component to exceed 30%, but real- 501 

world tumors often defy such neat criteria [123-125]. Esophageal tumors with small cell and squamous or adenocarcinoma ele- 502 

ments, for instance, may resemble MiNENs morphologically, yet fall below formal thresholds. Others show abrupt transitions 503 

between components, suggesting collision rather than true cellular biphenotypy. This histologic ambiguity is not academic—clini- 504 

cal outcomes differ. For example, recent analyses suggest that collision-type tumors may demonstrate less aggressive dissemina- 505 

tion and better survival than their mixed counterparts [120].  506 

The clinical ramifications of these diagnostic pitfalls are profound. Misidentifying SCCE as conventional ESCC often leads 507 

to the omission of essential systemic chemotherapy, potentially resulting in rapid disease progression and early metastasis. Con- 508 

versely, mistaking ESCC with neuroendocrine-like features for true SCCE may subject patients to the significant toxicities of in- 509 

tensive SCLC-based protocols while depriving them of more appropriate surgical or targeted therapies. Such inaccuracies not only 510 

skew prognostic expectations but, more critically, lead to missed therapeutic windows and diminished overall survival. To system- 511 

atically navigate these ambiguities, Figure 5 outlines an IHC-driven diagnostic algorithm that translates these complex pathologi- 512 

cal subtypes into distinct therapeutic strategies. 513 

5. Discussion 514 
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Current clinical evidence confirms that SCCE behaves primarily as a systemic disease. Local control matters but does not 515 

determine final survival outcomes. Radiation doses of 45 to 50 Gy are generally sufficient for locoregional management. The true 516 

clinical bottleneck remains distant recurrence. Platinum-based chemotherapy serves as the standard anchor for this disease. Regi- 517 

mens like EP or EC yield rapid tumor shrinkage and symptom relief. However, the median overall survival still hovers around 12 518 

months. This reflects a typical pattern of early response followed by early relapse. High proliferative drive coupled with an immu- 519 

nosuppressive niche fuels this rapid initial response. Unfortunately, it also guarantees rapid systemic escape. Overcoming the lim- 520 

ited efficacy of standard chemotherapy represents our primary clinical challenge. 521 

For localized stage III disease, the strategic priority must shift. Clinicians should align treatment sequences with underlying 522 

tumor biology. Neoadjuvant chemotherapy acts as a vital biologic filter. It tests systemic sensitivity and patient tolerance before 523 

any surgical intervention. Clinical observations confirm that patients with pN0 disease and small tumor burdens derive the greatest 524 

gain from surgery. Conversely, patients with heavy nodal loads or poor tolerance should avoid upfront resection. For them, com- 525 

pleting high-quality concurrent chemoradiotherapy (CCRT) is the more pragmatic path. We hypothesize that future decision mod- 526 

els must integrate multiple factors. Tumor length, PET nodal load, and chemotherapy completion probability should guide choices 527 

alongside traditional T staging.  528 

In extensive-stage SCCE, overcoming the current treatment ceiling requires precise molecular stratification. Retrospective 529 

data show that baseline inflammatory–nutritional indices such as PLR, CRP, and AFR clearly distinguish high- and low-risk 530 

groups; BAR (ApoB/ApoA-1) combined with TNM outperforms TNM alone. Pathological markers also offer strong exploratory 531 

signals. Tumors enriched with CD8+ and TCF1+ stem-like T cells respond better to chemo- or chemoradiotherapy. Interestingly, 532 

a high Ki-67 index often indicates chemosensitivity rather than absolute poor prognosis. Dynamic serum markers like CgA and 533 

NSE correlate well with disease control. These predictive tools can transform SCCE from a uniform disease into a carefully strati- 534 

fied condition. Bringing these diverse criteria together, Figure 6 provides a pragmatic clinical roadmap. It is designed to guide 535 
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multidisciplinary teams (MDT) through complex treatment forks, particularly when navigating surgical tolerance and post-relapse 536 

targeted options. 537 

Recent clinical trials provide exploratory evidence for breaking the immunotherapy bottleneck. Anti-angiogenic and im- 538 

mune-based combinations show the first encouraging signals. The phase III NCT05015621 trial demonstrated that sintilimab plus 539 

surufatinib markedly improved progression-free survival. Impressively, this combination achieved a 100% Disease control rate 540 

(DCR) among patients with NEC after platinum failure. A multicenter study led by Zhang and colleagues provided further sup- 541 

port. They reported an objective response rate of 63.6% using surufatinib combined with chemotherapy and sugemalimab in ex- 542 

trapulmonary neuroendocrine carcinoma. Mechanistically, anti-angiogenic therapy starves tumors and normalizes the surrounding 543 

vasculature. This process reopens immune access and reverses the immune-desert phenotype of SCCE. 544 

Bispecific antibodies, such as LBL-024, represent a potential therapeutic strategy. By targeting PD-L1 and 4-1BB simultane- 545 

ously, this drug confines immune stimulation directly to the tumor site. In the 2024 ASCO cohort, LBL-024 monotherapy 546 

achieved an objective response rate of 33.3% with a median duration of response of 5.3 months. When combined with platinum 547 

and etoposide, the objective response rate boosted to 75%. This included complete responses even in PD-L1-negative patients. 548 

Early results suggest that such co-stimulation offers a strong alternative to classical PD-1 monotherapy. 549 

Meanwhile, DLL3 has emerged as a significant molecular target under investigation for neuroendocrine malignancies. It 550 

marks neuroendocrine differentiation and shows high expression in approximately 80% of gastrointestinal neuroendocrine carci- 551 

nomas [126]. The CD3 and DLL3 bispecific T-cell engager Tarlatamab has already gained FDA accelerated approval. It showed 552 

durable responses in extensive-stage small-cell lung cancer (ES-SCLC). Another agent named BI 764532 further validated this 553 

target at the ENETS 2024 conference. It demonstrated objective response rates of 22% and 40% in gastrointestinal and urogenital 554 

neuroendocrine carcinomas, respectively. The biological rationale and expression pattern of SCCE closely mirror these diseases. 555 

This makes DLL3-directed therapy a highly transferable opportunity. Incorporating DLL3 testing into routine practice is scientifi- 556 
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cally sound and paves the way for advanced therapies. Whether exploring emerging pan-cancer targets or optimizing classic lo- 557 

coregional and systemic regimens, the clinical management of SCCE is rapidly advancing toward individualized intervention. To 558 

visualize this translational landscape, Table 6 summarizes the key clinical trials dedicated to primary SCCE. These studies span 559 

multiple intervention phases, ranging from neoadjuvant settings to salvage therapy. In parallel, they prospectively investigate the 560 

deep synergy between immune checkpoint blockade and chemoradiation (e.g., the ongoing NCT06478264 trial). These immune 561 

combinations and targeted strategies delineate the developmental framework for precision therapy in SCCE. 562 

Looking forward, SCCE research must evolve from case-driven observations to system-driven evidence. Figure 7 visualizes 563 

the evolving roadmap of SCCE research as a wooden barrel and the overall progress of the field depends entirely on repairing its 564 

weakest staves. Translating current biological insights into clinical practice requires highly focused strategies. Future efforts 565 

should clearly prioritize three core directions. Resolving baseline heterogeneity represents the vital first step. The oncology com- 566 

munity urgently needs a standardized pathological diagnostic consensus. Such an agreement will clarify historical ambiguities 567 

regarding mixed variants or collision tumors and ensure uniform patient enrollment. With standardized criteria in place, the scale 568 

of clinical evidence must improve. Researchers should launch prospective multicenter registry studies. This cooperative approach 569 

will effectively break existing data silos. It also provides a robust platform for validating current risk-stratification models across 570 

diverse populations. Future therapeutic breakthroughs will rely on innovative trial designs. Investigators must prioritize DLL3- 571 

directed basket trials. Evaluating novel agents like bispecific T-cell engager (BiTE) or antibody-drug conjugates (ADCs) within 572 

these adaptive frameworks allows direct comparison against standard chemo-immunotherapy regimens. 573 

In short, the priority is clear: a standardized pathological diagnostic consensus, prospective multicenter registry studies, and 574 

DLL3 basket trials. What SCCE needs now is not more scattered case reports but stronger prospective collaborations and a new 575 

generation of clearly stratified clinical trials. Only through that path can SCCE truly enter the era of precision oncology. 576 

Abbreviations: 3D-CRT, three-dimensional conformal radiotherapy; ADC, antibody-drug conjugate; AFR, albumin-to-fi- 577 

brinogen ratio; AJCC, American Joint Committee on Cancer; ANEC, adenocarcinoma with neuroendocrine differentiation; 578 
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Table 1  965 

Summary of Molecular Alterations, Immune Microenvironmental Features, and Potential Therapeutic Targets in 966 

SCCE 967 
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Mechanism Detection methods 

Potential 

targets 

Corresponding 

treatment strategies 

Study 

Model 

Reference 

Gene mutation: p53; 

Signal Pathway Abnormal-

ity: Wnt Pathway; 

Suppressive Immune Micro-

environment:CD276 LAG-3 

E2F high expression 

RNA isolation and se-

quencing; 

Transcriptome Profile 

PD-L1; CD276; 

LAG-3; E2F; 

p53; 

Wnt Pathway 

ICBT; 

Targeted inhibition of 

CD276/B7-H3, LAG-3; 

Targeting M2-macrophage 

polarization to improve the 

immune microenvironment 

In vitro [22] 

Abnormal gene expression: 

FOXM1& UBE2C upregula-

tion 

Differential Expression 

Analysis; 

Functional Enrichment 

Analysis; 

PPI Network and Hub 

Gene Screening 

FOXM1; 

UBE2C 

CDK1 inhibitors: 

Rucaparib; 

EZH2 inhibitors: Taze-

metostat (Dabrafenib); 

Associated with BIRC5: 

Lapatinib, Paclitaxel; 

Associated with AURKA: 

Cisplatin, Sorafenib; 

Associated with KLF4: 

Hydroxyurea 

In vitro [37] 

Abnormal gene expression: 

SOX2 High expression Rb1 

Low expression 

IHC 

SOX2 and Rb1 

pathway com-

ponents 

Exploratory stage In vitro [7] 

SCCE genomic features: 

TP53, RB1, NOTCH1, 

FAT1, FBXW7, PTEN, 

PAK-1, and other mutations 

WES; 

Targeted Deep Sequencing; 

CNV microarray 

TP53, Rb1, 

NOTCH1, 

FAT1, FBXW7, 

PTEN, PAK-1 

Exploratory stage In vivo [6] 

Gene mutation: PTEN 

Clinical specimens; 

DNA isolation; 

EGFR, KRAS and 

PIK3CA mutation analysis; 

PTEN mutation analysis 

PTEN; 

PI3K/AKT 

Pathway; 

EGFR 

EGFR-TKI (in rare muta-

tion-positive cases): Ge-

fitinib 

In vitro [36] 
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1.EC1–5: Ecotypes 1–5, among which EC1 represents an angiogenic niche with immunosuppressive features. 968 

Abbreviations: CNV: Copy Number Variant; FFPE: Formalin-Fixed Paraffin-Embedded; ICBT: Immune Checkpoint Blockade Therapy; IHC: Immunohistochem- 969 

istry; MPs: Metaprograms; TME: Tumor Microenvironment; WES: Whole Exome Sequencing. 970 

 971 

Table 2 972 

SCCE Evidence grading and stratification for clinical management 973 

Stratification features 

in clinical management 

(staging/nodal status/bi-

omarkers) 

Level I Level II Level III 

Limited-stage, node-negative 

Postoperative adjuvant platinum-based 

chemotherapy, or definitive platinum-

based chemoradiotherapy alone [127] 

  

Limited-stage, node-positive 

Neoadjuvant platinum-based chemother-

apy + surgery [12], or definitive chemora-

diotherapy [127] 

Neoadjuvant PD-1/PD-L1 inhibitor + plat-

inum-based chemotherapy [128]  

miRNA regulation:miRNA 

participates in the initiation 

and progression of cancer 

Perform miRNA array 

analysis using FFPE tissue 

samples; 

Screen for differentially 

expressed miRNAs and 

correlate them with sur-

vival duration 

miRNA Exploratory stage In vivo [117] 

Immune Microenvironment: 

TME characterized by angi-

ogenesis and immunosup-

pression; 

Abnormal gene expression: 

High MP5 expression 

MPs; 

scRNA-seq; 

TME subtyping (EC1-5)1 

EC1 Type Angi-

ogenic Niche; 

Upregulation of 

MP5 signature 

genes 

Exploratory stage In vitro [9] 
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Extensive-stage, PD-L1 ≥ 1% 

with high CD8⁺ TIL infiltration 

Platinum-based systemic chemotherapy 

[129] 

PD-1/PD-L1 inhibitor + platinum-based 

chemotherapy [81]  

Extensive-stage, PD-L1 < 1% 

with low CD8⁺ TIL infiltration 

(high DLL3 expression) 

Platinum-based systemic chemotherapy 

[129] 

 

DLL3-targeted therapy (e.g., 

ADCs or bispecific T-cell en-

gagers; clinical trial recom-

mended) [NCT06816394] 

Abbreviation: ADCs: Antibody-Drug Conjugates. 974 

 975 

Table 3 976 

 Biomarkers in Esophageal Small Cell Carcinoma: Implications for Precision Oncology 977 

Biomarkers 

Biological Attrib-

utes and Mechanis-

tic Characteristics 

Individualized Clinical Decision-making and 

Precision Translational Value 
Reference 

Lgr5 

Cancer Stem Cell 

Marker/Wnt-signaling 

Cascade Component 

High Lgr5 expression correlates with metastasis, advanced 

stage, chemoresistance, and shortened OS; this independent 

marker identifies high-risk patients needing early targeted or 

intensive multidisciplinary therapies. 

[98] 

PLR & NLR 

Biomarkers of systemic 

inflammation and immune 

dysfunction 

Pre-treatment stratification and prediction, guiding shifts to 

combination therapies (e.g. chemo-immunotherapy/anti-angio-

genics). 

[99] 

AFR 
Host Nutritional and Co-

agulation Imbalance Axis 

Reflects cachexia and hypercoagulable states (low AFR/FAR 

≥0.08), mandating targeted nutritional prehabilitation and anti-

coagulant/anti-inflammatory interventions prior to radical 

esophagectomy or platinum chemotherapy. 

[102] 
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Abbreviations: AFR: Albumin-to-Fibrinogen Ratio; CRP: C-Reactive Protein; GI-NEC: Gastrointestinal poorly differentiated Neuroendocrine Carcinomas; NLR: 978 

Neutrophil-Lymphocyte Ratio; OS: Overall Survival. 979 

 980 

PARP1 
Sensor of DNA Single-

Strand Break Repair 

Confers synthetic lethality vulnerability, guiding individual-

ized salvage PARPi (e.g., olaparib/rucaparib) therapy in plati-

num-resistant SCCE. 

[130] 

CRP 
Biomarker of systemic in-

flammation 

Elevated CRP correlates with advanced T/N stages and short-

ened OS, serving as a potential surrogate for tumor burden and 

immune dysregulation. 

[101] 

PD-L1 
Biomarker of immune 

cells infiltrating the tumor 

High PD-L1 expression predicts prolonged survival and sug-

gests viable immunotherapeutic targets in GI-NEC. 

 

[81, 82] 

CD8⁺ TILs & 

TCF1⁺CD8⁺ 

Expression Markers of 

Tumor Immune Infiltra-

tion 

CD8⁺ TIL density predicts adjuvant chemotherapy benefit; the 

TCF1⁺CD8⁺ subset ratio refines prognostic value.Salvageable 

"adaptive immune tolerance" in SCCE highlights translational 

potential for immunotherapeutic reversal. 

[81, 83, 84] 

TIGIT/CD155 axis 
Alternative/Co-inhibitory 

Immune Checkpoints 

High expression correlates with poor prognosis, identifying a 

potential target to overcome PD-1 resistance. 

Marker-defined T-cell exhaustion and PD-1 resistance justify 

clinical enrollment for dual TIGIT/PD-L1 blockade in refrac-

tory cohorts. 

  

[85, 131] 

CgA Neuroendocrine marker 

CgA positivity serves as a reliable, favorable prognostic bi-

omarker, facilitating survival stratification across various dis-

ease stages. 

  

[94, 95] 
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Table4 981 

Impact of Different Treatment Modalities on Reversing SCCE Resistance and Future Prospects 982 
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Treatment 

Paradigm 

Traditional Treat-

ment methods 

Therapeutic Ad-

vantages 

Clinical Bottle-

necks/Addressing De-

ficiencies 

Future Directions Reference 

SCLC Regimens 

(Systemic Chemo-

therapy) 

Etoposide and Cisplatin 

Rapid anti-tumor response, 

quickly alleviating SVCS 

emergencies; Superior survival 

benefits for high systemic in-

flammation (NLR ≥ 3.8) sub-

populations 

Severe non-hematological 

toxicity: induces persistent 

nausea, vomiting, and pe-

ripheral neuropathy; 

Rapid secondary drug re-

sistance: almost inevitable. 

Tarlatamab reduces death risk 

by 40% vs. conventional chem-

otherapy with 

higher tumor response rates 

and more durable responses. 

[132-137] 

Etoposide and Carboplatin 

High safety, largely eliminat-

ing nephrotoxicity and neuro-

toxicity without mandatory hy-

dration; 

Equivalent to cisplatin in OS, 

PFS, and DCR. 

Dose-limiting severe myelo-

suppression, with high inci-

dence of Grade 3/4 thrombo-

cytopenia and neutropenia; 

High risk of fatal hemor-

rhage or febrile neutropenia 

with infection. 
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Surgery (Resec-

tion) 

Surgery alone in Resec-

table SCCE 

Primary resection rapidly re-

lieves malignant dysphagia 

(e.g. esophageal obstruction); 

Sufficient tissue sampling ena-

bles precise pTNM staging, the 

"gold standard" for precision 

adjuvant therapy. 

Fails to prevent early, exten-

sive lymphovascular mi-

crometastasis of SCCE; 

High surgical trauma risks 

severe pulmonary infections 

and anastomotic complica-

tions. 

Radical resection + neoadju-

vant/adjuvant therapy signifi-

cantly improves survival and 

prognosis across most stages 

vs. surgery alone;(e.g. for cT1-

2N0M0 SCCE compared with 

traditional surgery alone, 5 

years OS: 32.8% vs. 19.2%) 

[57, 89, 127] 

RT Radiotherapy Alone 

Precise non-invasive interven-

tion (esp. IMRT) rapidly allevi-

ates fatal complications (e.g. 

hemorrhage, tracheal compres-

sion); 

Significantly reduces mortality 

risk by >40% vs. observation 

or chemotherapy alone; 

Irreplaceable salvage value for 

local tumor ablation in exten-

sive-stage disease with 

brain/bone metastases. 

Fails to prevent hematog-

enous spread, leading to fatal 

liver/brain/bone metastases; 

Rapid early recurrence (67% 

occur within 12 months post-

radiotherapy); 

High doses risking fatal radi-

ation hemorrhage 

MRgRT utilizes high soft-tis-

sue resolution for real-time 

tracking and respiratory gating; 

Online adaptation enables real-

time plan adjustments for daily 

tumor and anatomical changes; 

Tighter volumes minimize car-

diopulmonary toxicity. 

[57, 127, 138] 
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Abbreviations: CRT: Chemoradiotherapy; CT: Chemotherapy; DCR: Disease Control Rate; ICT: Immune Checkpoint Therapy; NLR: Neutrophil-Lymphocyte 983 

CRT 

Etoposide and Cispla-

tin/Etoposide and Car-

boplatin+3D-CRT/IMRT 

Synergy of CT systemic eradi-

cation and RT local ablation; 

Definite survival benefit: 

equivalent to radical resection, 

superior in specific regions. 

High toxicity-induced drop-

out rate; 

Severe radiation esophagitis 

causes severe odynophagia, 

cachexia, and nutritional fail-

ure. 

Immune synergy: PD-1/PD-L1 

inhibitors establish long-term 

surveillance, prolonging PFS 

and OS; 

MRgRT and protectants miti-

gate cardiopulmonary toxicity 

and esophagitis, ensuring full-

dose/course chemoradiother-

apy. 

[11, 80, 127, 

138-141] 

ICT PD-1/PD-L1 inhibitors 

Avoids cytotoxicity, eliminat-

ing severe myelosuppression, 

alopecia, and gastrointestinal 

damage; 

Biomarker-driven long-tail ef-

fect: multi-year anti-tumor 

memory in highly matched mi-

nority patients. 

Cold tumor: dense stroma 

excludes T cells. 

Immune exhaustion: M2, 

MDSCs, and hypoxia/acidity 

deplete CD8+ T cells. 

Monotherapy limit: PD-1 

alone fails to breach vascular 

barriers, risking rapid pro-

gression. 

Biomarker profiling (PD-L1, 

CD8+, TMB, ctDNA, TIME) 

identifies "inflamed tumor" re-

sponders; 

LBL-024 + chemotherapy im-

proves survival (ORR: 66.7%-

79.2% across 6-15 mg/kg). 

[127, 128, 142, 

143] 
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Ratio; ORR: Overall Response Rate; OS: Overall Survival; PFS: Progression-Free Survival; RT: Radiotherapy; SCLC: Small Cell Lung Carcinoma; SVCS: Supe- 984 

rior Vena Cava Syndrome; TMB: Tumor Mutational Burden. 985 

 986 

 987 

Table 5  988 

Comparative Analysis of Molecular Subtypes, Immune Microenvironments, and Therapeutic Strategies Across Gas- 989 

tric, Lung, and Esophageal Neuroendocrine Tumors 990 

Primary Site Subtypes 

Characteristics of the Im-

mune Microenvironment 

Typical Treatment 

Strategies 

Reference 

Gastric 

TYPEⅠ1 

Endocrine markers: CgA (+), 

NSE, vesicular Monoamine 

Transporter 2; 

Expression rate of MKI67<2% 

Subtotal or total gastrectomy 

[144-146] 
TYPEⅡ2 

Endocrine markers: CgA (+), 

NSE, vesicular Monoamine 

Transporter 2; 

Expression rate of MKI67<2% 

Endoscopic resection 

TYPEⅢ3 

Endocrine markers: CgA (-); 

Expression rate of MKI67>2% 

Subtotal or total gastrectomy as-

sociated with lymphadenectomy 

TYPEⅣ4 

Endocrine markers: CgA (-), Syn-

aptophysin, NSE, PGP9.5; 

Expression rate of MKI67>30% 

/ 

Lung 

SCLC-A 

ASCL1 and SLFN11 show signifi-

cant expression; 

TTF1 expression is higher than N-

type 

High sensitivity to BCL2 inhibi-

tors 

[147-149] 
SCLC-N 

NEUROD1 show significant ex-

pression 

High sensitivity to Aurora Ki-

nase inhibitors 

SCLC-P 

POU2F3 show significant expres-

sion; 

Driven by POU2F3 gene 

High sensitivity to PARPi and 

antimetabolites 
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SCLC-Y YAP1 show significant expression Targeted therapy: TROP2 

SCLC-I 

High expression of Bruton tyro-

sine kinase; 

Massive infiltration of immune 

cells 

Immunotherapy (ICIs); BTK in-

hibitor 

Esophagus 

SCCE-A5 

Immunosuppressive Microenvi-

ronment6;  

High angiogenesis-related mark-

ers and signatures 

PD-L1 in tumor-infiltrating im-

mune cells and CD8+ states 

CT+RT; 

Anti-angiogenesis therapy 

[9] 

SCCE-N7 

Immunosuppressive Microenvi-

ronment; 

High angiogenesis-related mark-

ers and signatures 

PD-L1 in tumor-infiltrating im-

mune cells and CD8+ states 

CT+RT; 

Anti-angiogenesis therapy 

1.TYPEⅠ: Lesions correspond to the majority of  gNETs found in the stomach (70-80%) and they are associated with autoimmune chronic atrophic gastritis 991 

(70%-80%) 992 

 2.TYPEⅡ: Accompanied by Gastrinoma (7%) 993 

 3.TYPEⅢ: Consist of a sporadic lesion and has the greatest potential to generate metastasis 994 

 4.TYPEⅣ: Associated with high malignancy, distinct from Type I/II/III, often poorly differentiated 995 

 5.SCCE-A: Enriched in cell–cell adhesion and epidermal differentiation pathways 996 

 6.Decreased infiltration of effector CD8+ T cells, an enrichment of activated Treg cells, highly differentiated B and Plasma cells 997 

 7.SCCE-N: Enriched in cell cycle, protein metabolism related pathways 998 

Abbreviations: CT: Chemotherapy; gNETs: gastric Neuroendocrine Tumors; ICIs: Immune Checkpoint Inhibitors; RT: Radiotherapy. 999 

 1000 

 1001 

Table 6 1002 

Overview of Clinical Trials on Small Cell Carcinoma of the Esophagus 1003 
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Clinical Trial ID 
Primary thera-

peutic modality 
Phase 

Potential Mechanism of 

Action 
Target Population 

NCT06478264 

Adebrelimab Com-

bined With Chemora-

diotherapy 

Phase II 

PD-1/PD-L1 blockade restores T-

cell activity. Radiotherapy induces 

tumor death, neoantigen release 

(ICD), and PD-L1 upregulation, 

synergizing to drive the abscopal 

effect. 

Stage T1N0M0: Intolerant to 

or refusing surgery. 

Stage T2-4N0-3M0 (AJCC 

8th Edition). 

NCT03811379 
Toripalimab as Mono-

therapy 
Phase II 

PD-1 blockade prevents PD-L1/L2 

binding, reversing immune toler-

ance and restoring CTL cytotoxi-

city. 

Patients with advanced or 

metastatic SCCE refractory to 

prior chemotherapy. 

NCT05173246 

Toripalimab Combined 

With Nab-paclitaxel 

and Cisplatin or Car-

boplatin 

Phase II 

Chemotherapy-induced tumor lysis 

(via mitotic/DNA damage) releases 

antigens, synergizing with immune 

checkpoint blockade (ICB). 

Unresectable locally ad-

vanced or recurrent/metastatic 

SCCE. 

ChiCTR2300078679 

Serplulimab Combined 

With Paclitaxel And 

Carboplatin 

Phase II 

Chemotherapy-induced antigen re-

lease synergizes with serplulimab-

mediated immune restoration for 

durable SCCE control. 

Patients with locally advanced 

yet theoretically resectable 

SCCE. 

NCT07155122 

Serplulimab Combined 

With Etoposide and 

Cisplatin as Neoadju-

vant Therapy 

Phase II 

Chemotherapy-induced ICD en-

hances antigen exposure, synergiz-

ing with serplulimab (anti-PD-1) to 

amplify anti-tumor immunity. 

Treatment-naive patients with 

potentially resectable, limited-

stage primary SCCE. 

Abbreviation: ICB: Immune Checkpoint Blockade. 1004 
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Graphical Abstract 1009 
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 1011 

Figure 1. Main developments in SCCE research. 1012 
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A timeline summarizing the key milestones in the understanding of SCCE over the past two decades. Early investigations 1013 

focused on its histopathologic and immunohistochemical resemblance to SCLC. Subsequent genomic studies revealed a shared 1014 

driver landscape and frequent RB1 alterations. With advances in multi-omics technologies, SCCE was reclassified from a variant 1015 

of esophageal squamous carcinoma to an independent SCLC-like entity. Recent work has further elucidated its tumor microenvi- 1016 

ronment, highlighting immune suppression and the potential responsiveness to immune checkpoint blockade. Meanwhile, evolv- 1017 

ing evidence has refined treatment strategies for limited-stage SCCE, moving toward stage-based and biology-informed multi- 1018 

modal approaches. Abbreviations: SCCE, esophageal small cell carcinoma; SCLC, small cell lung cancer; ESCC, esophageal 1019 

squamous cell carcinoma; WES, whole-exome sequencing; RNA-seq, RNA sequencing; IHC, immunohistochemistry; TME, tu- 1020 

mor microenvironment; ICBT, immune checkpoint blockade therapy; LS-SCCE, limited-stage SCCE; CT, chemotherapy; S, sur- 1021 

gery; RT, radiotherapy; NSE, neuron-specific enolase; Syn, synaptophysin; CgA, chromogranin A; TTF-1, thyroid transcription 1022 

factor 1; AE1/AE3, pan-cytokeratin. 1023 
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 1024 

 Figure 2. Molecular and immune landscapes of SCCE 1025 

This integrative schematic summarizes the key oncogenic pathways and tumor microenvironmental features of SCCE. Fre- 1026 

quent alterations in TP53, RB1, and PTEN, along with copy-number gains in MYC and MYCL1, highlight the shared proliferative 1027 

network between SCCE and SCLC. At the transcriptional level, ASCL1 and NEUROD1 define two molecular subtypes with dis- 1028 

tinct differentiation states. Loss of PTEN and activation of the PI3K/AKT and TGF-β/Smad–ZEB1 axes drive EMT and metasta- 1029 

sis. The immune landscape is characterized by M2 macrophage infiltration, regulatory T-cell enrichment, and upregulation of in- 1030 
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hibitory checkpoints such as PD-1, LAG-3, and CD276, indicating a strongly immunosuppressive tumor microenvironment. Addi- 1031 

tionally, chemotherapy can remodel this microenvironment by triggering the IFN-γ/STAT1-CXCL9/10 axis to recruit CXCR3+ T 1032 

cells. Together, these molecular and immune circuits define SCCE as a highly proliferative, immune-cold malignancy with poten- 1033 

tial vulnerabilities in the PI3K pathway and immunoregulatory signaling. 1034 

Note: SCCE-A, ASCL1-dominant subtype, characterized by enrichment in cell-cell adhesion and epidermal differentiation 1035 

programs; SCCE-N, NEUROD1-dominant subtype, showing activation of cell cycle and protein metabolism pathways (molecular 1036 

subtypes as defined in Ref [8]). 1037 

Abbreviations: SCCE, esophageal small cell carcinoma; SCLC, small cell lung cancer; EMT, epithelial-mesenchymal transi- 1038 

tion; NICD, Notch intracellular domain; IFN-γ, interferon gamma; TGF-β, transforming growth factor beta; PI3K, phospho- 1039 

inositide 3-kinase; AKT, protein kinase B; PD-1, programmed cell death protein 1; LAG-3, lymphocyte-activation gene 3. 1040 

 1041 
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 1042 

Figure 3. Evolving clinical management landscape of SCCE. 1043 

This schematic illustrates the transition of SCCE treatment strategies from conventional regimens to emerging therapies and 1044 

precision-oriented prognostic tools. (A) Conventional regimens remain anchored by platinum-etoposide doublets, specifically 1045 

etoposide plus cisplatin (EP) or etoposide plus carboplatin (EC), combined with radiotherapy (50-60 Gy). Chemotherapy typically 1046 

involves 4–6 cycles, achieving rapid responses but limited durability (median PFS ≤ 12 months, OS ≈ 12 months). Local treatment 1047 

is tailored to stage, nodal burden, tumor location, and patient fitness. (B) Emerging investigational approaches emphasize biologic 1048 

alignment and systemic control. Neoadjuvant chemotherapy (nCT) or immunochemotherapy (nICT) followed by surgery im- 1049 

proves outcomes in resectable disease. Anti-angiogenic strategies (e.g., apatinib + S-1 + salvage surgery) and immune modulation 1050 
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through PD-1/PD-L1 and TIGIT/CD155 pathways highlight opportunities to convert “adaptive immune tolerance” into active 1051 

immune response. (C) Prognostic and translational tools are reshaping individualized care. Composite clinical models (Tumor 1052 

Node Metastasis (TNM) + surgery + chemotherapy) and CT-based radiomics nomograms collectively enable risk stratification 1053 

beyond TNM staging, bridging biological understanding with clinical decision-making. [TNM stage, surgery, and chemotherapy] 1054 

Reproduced with permission from Frontiers Media S.A. publisher (journal citation [105], under the CC BY 4.0 license 1055 

(https://creativecommons.org/licenses/by/4.0/)). [baseline characteristics, staging, and specific protein biomarkers] Reproduced 1056 

with permission from Baishideng Publishing Group Inc. publisher (journal citation [90], under the CC BY-NC 4.0 license 1057 

(http://creativecommons.org/Licenses/by-nc/4.0/)). [a CT-based radiomics nomogram] Reproduced with permission from Fron- 1058 

tiers Media S.A. publisher (journal citation [91], under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/)). 1059 

Abbreviations: SCCE, esophageal small cell carcinoma; EP, etoposide and cisplatin; EC, etoposide and carboplatin; PFS, progres- 1060 

sion-free survival; OS, overall survival; nCT, neoadjuvant chemotherapy; nICT, neoadjuvant immunochemotherapy; PD-1, pro- 1061 

grammed cell death protein 1; PD-L1, programmed death-ligand 1; TIGIT, T cell immunoreceptor with Ig and ITIM domains; 1062 

VEGFR, vascular endothelial growth factor receptor; TNM, tumor-node-metastasis; CT, computed tomography; CD56, cluster of 1063 

differentiation 56; CgA, chromogranin A. 1064 

https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/licenses/by/4.0/
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 1065 

Figure 4. Blurred pathological boundaries of SCCE and their clinical implications. 1066 

This schematic illustrates the morphologic and biological continuum of SCCE across the neuroendocrine spectrum. On the 1067 

left, pure small cell carcinoma represents the classical form, defined by small hyperchromatic cells, scant cytoplasm, and diffuse 1068 

expression of neuroendocrine markers (CgA, Syn, CD56). Toward the center, tumors often incorporate squamous or glandular 1069 

elements, forming mixed-type or collision-type lesions with distinct growth patterns and variable marker overlap. To the right, 1070 

basaloid squamous cell carcinoma and adenocarcinoma with neuroendocrine differentiation (ANEC) exemplify partial neuroendo- 1071 

crine transformation within non-neuroendocrine lineages. [A, B, C, D] Reproduced with permission from Cureus, Inc. publisher 1072 
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(journal citation [150], under the Creative Commons Attribution (CC-BY) license). [E, F, G, H, I, J, K, L] Reproduced with per- 1073 

mission from Histology and Histopathology publisher (journal citation [121], under the Creative Commons CC-BY International 1074 

License). [M, N, O, P, Q, R, S, T, U, V] Reproduced with permission from International Institute of Anticancer Research (journal 1075 

citation [151]). [W, X, Y, Z] Reproduced with permission from e-Century Publishing Corporation publisher (journal citation 1076 

[112], under the Creative Commons Attribution Noncommercial License). [AA, AB] Reproduced with permission from Springer 1077 

Nature publisher (journal citation [152], under the Creative Commons Attribution 4.0 International License (http://creativecom- 1078 

mons.org/licenses/by/4.0/)). [Central schematic (illustrating blurred pathological boundaries)] Reproduced with permission from 1079 

American Federation for Medical Research and Sage publisher (journal citation [153], under the Creative Commons Attribution- 1080 

NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/)). Abbreviations: SCCE, esophageal small cell car- 1081 

cinoma; CgA, chromogranin A; Syn, synaptophysin; CD56, cluster of differentiation 56; ANEC, adenocarcinoma with neuroendo- 1082 

crine differentiation; ENEC, esophageal neuroendocrine carcinoma; ESCC-NED, esophageal squamous cell carcinoma with neu- 1083 

roendocrine differentiation; SCC, squamous cell carcinoma; CK7, cytokeratin 7; G3, grade 3; IHC, immunohistochemistry; 1084 

MiNENs, mixed neuroendocrine-non-neuroendocrine neoplasms; NEC, neuroendocrine carcinoma 1085 

 1086 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
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 1087 

Figure 5. An IHC-driven diagnostic algorithm for SCCE. 1088 

To address blurred pathological boundaries and mitigate the severe consequences of misdiagnosis, this flowchart establishes 1089 

a standardized four-step workflow: Morphology → IHC → Subtyping → Treatment. Following morphological screening, a 1090 

recommended IHC panel (CgA, Syn, CD56, p40, CK7, and Ki-67) is employed to definitively differentiate pure SCCE from 1091 

ESCC-NED, collision, and mixed tumors. By resolving histologic ambiguities, this algorithm prevents inappropriate treatment 1092 

(e.g., overtreatment with SCLC regimens for ESCC-NED) and ensures accurate, individualized therapeutic strategies. Abbrevia- 1093 

tions: IHC, immunohistochemistry; SCCE, esophageal small cell carcinoma; HE, hematoxylin and eosin; NE, neuroendocrine; 1094 

CgA, chromogranin A; Syn, synaptophysin; CD56, cluster of differentiation 56; ESCC, esophageal squamous cell carcinoma; 1095 

EAC, esophageal adenocarcinoma; CK7, cytokeratin 7; ESCC-NED, esophageal squamous cell carcinoma with neuroendocrine 1096 

differentiation; EP, etoposide and cisplatin; EC, etoposide and carboplatin; SCLC, small cell lung cancer. 1097 

 1098 
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 1099 

Figure 6. A structured clinical management roadmap for SCCE.  1100 

This framework streamlines therapeutic decision-making by integrating anatomical staging with patient-specific functional 1101 

and molecular profiles. By synthesizing tumor burden (LS-SCCE vs. ES-SCCE) with performance status and nutritional-inflam- 1102 

matory markers, the algorithm facilitates evidence-based transitions between surgical intervention, definitive chemoradiotherapy, 1103 

and systemic regimens. For localized disease, it provides a structured logic for navigating the choice between resection and radio- 1104 

therapy based on nodal load; for advanced or relapsed cases, it delineates the sequence from platinum-based induction to bi- 1105 

omarker-driven maintenance and novel targeted salvage. This visualization serves as a pragmatic tool for MDTs to standardize 1106 

treatment sequencing and individualize patient care. Abbreviations: SCCE, esophageal small cell carcinoma; MDT, multidiscipli- 1107 

nary team; EUS, endoscopic ultrasound; PET-CT, positron emission tomography-computed tomography; MRI, magnetic reso- 1108 

nance imaging; ECOG-PS, Eastern Cooperative Oncology Group performance status; AFR, albumin-to-fibrinogen ratio; PLR, 1109 
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platelet-to-lymphocyte ratio; CRP, C-reactive protein; TMB, tumor mutational burden; MSI, microsatellite instability; LS-SCCE, 1110 

limited-stage SCCE; ES-SCCE, extensive-stage SCCE; EGJ, esophagogastric junction; dCRT, definitive chemoradiotherapy; 1111 

nCT, neoadjuvant chemotherapy; EP, etoposide and cisplatin; EC, etoposide and carboplatin; PCI, prophylactic cranial irradiation; 1112 

RECIST, Response Evaluation Criteria in Solid Tumors; cCR, clinical complete response; PR, partial response; SD, stable dis- 1113 

ease; PD, progressive disease; CR, complete response; TKI, tyrosine kinase inhibitor. 1114 

 1115 

 1116 

Figure 7. The “short-barrel effect” in SCCE: linking challenges with opportunities to lift the waterline of progress. 1117 

This schematic integrates the dual dimensions of current obstacles and emerging opportunities in SCCE research. Each 1118 

wooden stave represents a distinct domain—mechanistic insight, model establishment, biomarker discovery, clinical stratification, 1119 

and diagnostic accuracy—where the height of progress is limited by its weakest link. The lower layer outlines key challenges, 1120 

including undefined signaling pathways, tumor heterogeneity, diagnostic ambiguity, and fragmented multi-omics data. The upper 1121 
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layer presents corresponding chances: developing representative cell and animal models, exploring therapeutic targets, redefining 1122 

immune microenvironment features, standardizing diagnostic frameworks, and integrating multi-omics subtyping into clinical 1123 

application. The right panel outlines the translational ladder—reaching diagnostic consensus, establishing global registries and 1124 

biobanks, launching dedicated basket trials (e.g., DLL3-directed platforms). Together, this figure embodies the principle that only 1125 

by repairing the weakest staves—bridging biological understanding with systematic validation—can the overall “water level” of 1126 

SCCE research and therapy continue to rise. Abbreviations: SCCE, esophageal small cell carcinoma; ProGRP, progastrin-releas- 1127 

ing peptide; NLR, neutrophil-to-lymphocyte ratio; NSE, neuron-specific enolase; CRP, C-reactive protein; AFR, albumin-to-fi- 1128 

brinogen ratio; CgA, chromogranin A; PLR, platelet-to-lymphocyte ratio; LLD, low-risk, ASCL1+ subtype; HLD, high-risk, 1129 

ASCL1+ subtype; LMD, low-risk, mixed neuroendocrine-like subtype; HMD, high-risk, mixed neuroendocrine-like subtype; 1130 

TNM, tumor-node-metastasis; SCC, squamous cell carcinoma; MPs, metaprograms; miR, microRNA; DLL3, delta-like ligand 3. 1131 


