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Abstract 

Background  Neuroendocrine carcinoma of the esophagus is a highly aggressive and rare type of cancer, making 
diagnosis and treatment challenging for clinicians. The current guidelines provide conflicting recommendations, 
and no standardized treatment protocol is available. We aim to deliver a systematic review of esophageal neuroendo-
crine carcinoma, including patient characteristics, treatment options, and prognostic factors.

Methods  PubMed, Web of Science, Scopus, and Embase were searched up to May 2025 to retrieve the relevant 
studies containing at least 5 cases that reported treatment details, survival outcomes, or patient characteristics. Meta-
analysis was conducted using a random-effects model for prognostic factors reported in at least three studies. We 
calculated survival information using the Kaplan–Meier method and estimated the median 1, 3, and 5-year survival 
rates in studies with available individual data that did not directly report the survival outcomes.

Results  Overall, 24 articles with 1618 cases were included. The median overall survival of patients was 22.5 months, 
with median 1-, 3-, and 5-year survival rates of 76%, 47%, and 34%, respectively. Distant metastasis (HR, 2.68; 95% CI: 
2.10 to 3.41; P < .01) and lymph node involvement (HR, 1.44; 95% CI: 1.04 to 1.99; P = .02) were significantly associ-
ated with poor prognosis. Surgery in selected cases improved the survival outcomes with an HR of 0.36 (95% CI, 0.28 
to 0.46; P = < .01).

Conclusion  The current study demonstrates that distant metastasis and lymph node involvement are signifi-
cant predictors of poor prognosis in esophageal neuroendocrine carcinoma. Survival outcomes were comparable 
between patients with resectable tumors undergoing surgery and those receiving definitive chemoradiotherapy, 
both of which outperformed chemotherapy alone or no treatment. While adjuvant therapy may improve survival 
in node-positive cases post-surgery, this evidence remains limited by small sample sizes in existing studies. Further 
large-scale, prospective studies are needed to validate optimal treatment strategies, particularly the role of multi-
modal therapy in advanced disease.
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Background
Esophageal neuroendocrine carcinoma (ENEC) is a rare 
and highly aggressive malignancy, first described as 
small cell carcinoma of the esophagus by Dr. McKeon 
in 1952 [1]. Recent World Health Organization (WHO) 
classification systems categorize neuroendocrine neo-
plasms into well-differentiated neuroendocrine tumors 
(NET) and poorly differentiated (high-grade) neuroen-
docrine carcinoma (NEC) [2–4]. NECs typically have 
TP53 or RB1 mutations and are poorly differentiated 
neuroendocrine neoplasms characterized by a Ki-67 
proliferation index greater than 20% and a mitotic index 
over 20 per mm2. NECs can be categorized into small-
cell type (SCNEC), large-cell type (LCNEC), and mixed 
neuroendocrine neoplasm when combined with adeno-
carcinoma or squamous cell carcinoma (SCC) [5, 6]. 
ENEC is extremely rare, accounting for 0.05% to 7.6% of 
all esophageal cancers [3, 6–8]. Their rarity, combined 
with an aggressive clinical course, makes diagnosis and 
management challenging [6]. NECs were associated 
with a worse prognosis than esophageal adenocarcino-
mas and SCCs [9, 10]. Previous studies reported that 
the 5-year survival rate for localized or regional ENEC 
was approximately 25% and was correlated with tumor 
location, invasion depth, and differentiation [10–12]. 
However, the 5-year survival rate in metastatic cases 
was less than 5% [12, 13].

The epidemiology and clinicopathological features of 
ENEC remain poorly defined due to the limited and het-
erogeneous available data. The majority of tumors were 
identified in the distal or middle segments of the esopha-
gus and mainly affected male patients aged 66 to 72 years. 
[6, 8, 11, 12, 14–19]. The most common manifestations 
were dysphagia and weight loss, while the diagnosis was 
frequently made at an advanced stage when significant 
luminal obstruction and local invasion occurred [19]. 
Definitive diagnosis of ENEC is often challenging when 
relying solely on endoscopic evaluation. Histopathologi-
cal differentiation from poorly differentiated SCC and 
basaloid SCC is challenging, particularly when only small 
biopsy samples are available [8, 9, 20]. Immunohisto-
chemistry (IHC) and neuroendocrine markers such as 
synaptophysin (Syn), chromogranin A (CgA), and CD56 
can help with accurate diagnosis. However, their sensi-
tivities and specificities were not optimal, and more accu-
rate diagnostic markers are still needed [9, 19]. Currently, 
there is no standardized treatment protocol for ENEC, 
and guidelines are conflicting, especially regarding the 
role of surgery. While some recommend resection only in 
selected cases, others support surgery except in advanced 
disease. Chemoradiotherapy, either alone or as adjuvant 
therapy, has demonstrated survival benefits in several 
studies. [9, 11, 12, 21, 22].

Given the rarity and complexity of ENEC tumors, high-
quality evidence to guide management is limited. To 
address this gap, our systematic review and meta-anal-
ysis comprehensively synthesize the current literature 
on ENEC, focusing primarily on the impact of surgical 
resection with or without adjuvant therapy on long-term 
survival. Additionally, we aimed to investigate patient 
characteristics and prognostic factors in ENEC.

Method
This systematic review and meta-analysis followed 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. The study 
protocol was prospectively registered in PROSPERO 
(CRD42023456447). A comprehensive literature search 
was performed across PubMed, Web of Science, Sco-
pus, and Embase to identify relevant studies published 
up to May 2025. The search strategy employed the key-
words “neuroendocrine carcinoma” AND “esophagus”. The 
complete search queries for each database are presented 
in Supplemental Table  1. The primary objective of this 
systematic review and meta-analysis was to evaluate the 
impact of surgical treatment (surgery alone and surgery 
combined with adjuvant therapy) on long-term survival, 
compared to no treatment or non-surgical management. 
Secondary objectives included investigating prognostic 
factors associated with survival outcomes and describ-
ing the clinicopathological characteristics of ENEC cases 
reported in the literature.

Eligibility criteria
The following inclusion criteria were applied to select 
eligible studies: (1) the study includes at least five defini-
tive cases with ENEC, and (2) the survival outcomes (e.g., 
overall survival, progression-free survival) or provided 
comprehensive patient characteristics and treatment 
details. We excluded case reports, reviews, book chap-
ters, expert opinions, conference abstracts, and non-Eng-
lish language publications.

Data extraction
Two reviewers (S.M.P and F.O.) independently screened 
the titles and abstracts of retrieved studies. Studies meet-
ing the inclusion criteria underwent full-text review. We 
extracted the following data from each eligible study: 
patient demographics and tumor characteristics, sur-
vival outcomes including median survival and 1-, 3-, 
and 5-year survival rates, and hazard ratios with 95% 
confidence intervals for prognostic factors. Prognostic 
factors extracted included lymph node involvement, dis-
tant metastasis, tumor location, gender, and treatment 
modalities. Treatment-related data collected explicitly 
for surgical interventions (including type and extent of 
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surgery), neoadjuvant and adjuvant therapies, chemo-
therapy regimens, chemoradiotherapy protocols, and 
use of somatostatin analogs where reported. Clinico-
pathological and treatment data from all relevant stud-
ies were consolidated for comprehensive analysis. Data 
derived from the SEER database were analyzed separately 
to avoid duplication. When overlapping variables were 
reported in multiple sources, cumulative values pro-
vided a more complete overview. Percentages for specific 
characteristics were calculated based on the number of 
patients with available data for each variable rather than 
the total study population, ensuring an accurate repre-
sentation of clinicopathological and treatment features. 
Survival data were calculated using survival analysis and 
the Kaplan–Meier method when individual patient data 
were available, while the study did not report overall sur-
vival. We contacted the corresponding authors to request 
the necessary information for studies that did not directly 
report the survival statistics. If no response was received, 
we extracted data from Kaplan–Meier curves using Web-
PlotDigitizer, enabling estimation of median survival and 
1-, 3-, and 5-year survival rates.

Quality assessment
Quality assessment was performed using the Newcas-
tle–Ottawa Scale (NOS) checklist to evaluate the overall 
quality of included studies based on key elements such 
as patient selection, comparability, and outcomes [23]. 
Two reviewers (S.M.P. and F.O.) performed the assessing 
process separately, and disagreements were resolved by 
another reviewer (N.M.). The quality of each study was 
classified as very good (score of 9–10), good (score of 
7–8), satisfactory (score of 5–6), or unsatisfactory (score 
of 0–5).

Statistical analysis
Meta-analysis was performed for any prognostic factor 
reported by more than two studies. The inverse variance 
method with a Random effect model was used to synthe-
size the cumulative result for each variable. Heterogene-
ity Was examined through both quantity methods, using 
the DerSimonian-Laird and Cochrane heterogeneity 
tests. Heterogeneity was classified based on the I2 values 
as follows: low (I2 < 25%), moderate (25% < I2 < 50%), and 
high (I2 > 50%). The sensitivity analysis using the leave-
one-out method was performed to evaluate the robust-
ness of the results. Statistical analysis was conducted in 
R (version 4.3.3) using the"meta"package and SPSS (IBM 
version 27.0). Statistical significance was assessed based 
on 2-tailed tests, with a threshold of P value less than 
0.05 to report statistical significance.

Results
Literature search and screening results
A total of 3805 records were found in a primary search 
through PubMed (n = 491), Web of Science (n = 496), 
Scopus (n = 1204), and Embase (n = 1614). After remov-
ing 1944 duplicate articles, 1861 studies were evaluated 
based on the title and abstract. After excluding 1774 arti-
cles, the full texts of 87 articles were investigated. Over-
all, 24 [7–9, 14, 15, 24–42] articles were included in the 
current review. Figure 1 shows the PRISMA flow diagram 
of the inclusion process.

The included articles were published between 2008 
and 2025, and their study design was retrospective. The 
studies were primarily conducted in China (n = 9), Japan 
(n = 10), and the USA (n = 2). The sample size of articles 
ranged from 7 to 604 cases. The quality assessment of 
included studies is shown in Supplemental Table 2. The 
majority of the articles demonstrated very good quality 
(n = 14), with the remaining articles categorized as good 
(n = 6) and satisfactory (n = 4) in terms of quality. Table 1 
indicates detailed information on the baseline character-
istics of included articles, reported survivals and sum-
mary of treatment approaches used or suggested by each 
article.

Demographic and pathological features
A total of 1618 cases with ENEC were included in the 
current review, 604 cases from the SEER database and 
1014 patients were found from other published case 
series. Supplemental Table  3 demonstrates the detailed 
characteristics of all selected patients. The mean age 
of patients was 63.93 years, and the average size of the 
tumor was 4.16 cm for patients with reported values. The 
tumor location was the lower segment of the esopha-
gus in half (50.7%) of the cases, followed by the mid-
dle segment in 39.9% of patients. The histopathology of 
tumors was a small cell in most patients (80.2%), and only 
19.8% of cases had a large cell type of cellularity pattern. 
Regarding the homology of cancer, ENEC cases mainly 
had a pure-type tumor (68.2%) rather than the mixed-
type (31.8%). Syn, CgA, CD56, Neuron-specific enolase, 
P53, and Cytokeratin 5/6 were the most reported diag-
nostic immunohistochemical markers, respectively. Syn-
aptophysin and CD56 were positive in more than 80% of 
patients with ENEC. The patients mainly were found to 
have stage I-III of cancer (72.4%). Lymph node involve-
ment was observed in 61.2% of patients, while only 20.8% 
of cases had distant metastases. Lymphovascular inva-
sion (LVI) and Perineural invasion (PNI) were reported 
for a limited number of cases. LVI and PNI were invaded 
only in 35.8% and 21.7% of patients with reported sta-
tus. The liver (49.0%) was the most common site of 
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metastasis, followed by distant Lymph nodes (37.0%), 
bone (15.0%), lung (15.0%), and brain (9%). Dysphagia 
was the primary clinical symptom in patients with ENEC 
cancer, and other common symptoms are shown in Sup-
plemental Table 3.

Survival outcomes
Supplemental Table 4 indicates summary of survival out-
comes. The median overall survival of ENEC was 22.5 
months, ranging from 8.3 to 46 months in 19 studies 
that reported median OS. Of these, 12 articles reported 
1-year survival (median 76.0%, range 50%−93%), 11 
studies reported 3-year survival (median 47.0%, range 
14%−79.0%), and 10 studies reported 5-year survival 
(median 34%, range 8%−52.0%). The patients with 
mixed-type tumors (37.25 months) had better median 
survival than pure-type tumors (19.25 months), based 
on the eight [8, 9, 24, 26–28, 30, 42] studies that reported 
this outcome (Fig.  2A). Lymph node involvement wors-
ened the survival of ENEC cases in five [7, 8, 26, 29, 40] 

studies that reported the difference in survival (19 vs 
33 months) (Fig.  2B). The median survival of patients 
with middle-segment tumors (24.8 months) was slightly 
higher than cases with ENEC tumors in the lower seg-
ment (20.1 months) or upper segment (21.36 months). 
In three [26, 35, 40] studies, the survival of patients who 
received adjuvant therapy was compared with those who 
did not. The results showed that patients who underwent 
adjuvant therapy had a higher median survival time of 39 
months, compared to 16.3 months for those who did not 
receive adjuvant therapy (Fig. 2C).

Meta‑analyses of prognostic factors
Seven studies [7, 26, 29, 33, 35, 39, 41] that reported the 
HR of lymph node involvement were included. The over-
all HR of lymph node involvement was 1.44 (95% CI: 1.04 
to 1.99; P = 0.02), and the between-study heterogeneity 
was Moderate (I2 = 39.6%; P = 0.12) (Fig. 3A). The sensi-
tivity analysis revealed that the pooled HRs ranged from 
1.27 (95% CI: 0.95 to 1.71) (omitting Liu’s [35] study) to 

Fig. 1  The PRISMA flow diagram of selected studies
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1.60 (95% CI: 1.06 to 2.40) (omitting Zhou’s [39] study). 
The association remained statistically significant in most 
scenarios except when any of Liu’s [35], Sohda’s [33], or 
Zhang’s [41] studies were removed. The heterogene-
ity (I2) ranged from 21.8% to 49.4% across the analyses, 
suggesting low to moderate heterogeneity (Supplemental 
Fig. 1). Cumulative results based on the six [7, 14, 29, 33, 
38, 39] studies that reported the HR of distant metastasis 
revealed that distant metastasis was significantly associ-
ated with poor prognosis in ENEC cases (HR, 2.68; 95% 
CI: 2.10 to 3.41; P < 0.01) (Fig.  3B), with moderate and 
non-significant between-study heterogeneity (I2 = 33.4%; 
P = 0.18). The leave-one-out analysis indicated signifi-
cant pooled HR by omitting any included articles (Sup-
plemental Fig. 2). Hong’s [7] study had the most impact 
on observed heterogeneity (I2 = 8.7% by removing Hong’s 
study). The pooled results ranged from 2.61 (95% CI: 2.04 
to 3.33) by removing Honma’s [29] study to 3.82 (95% CI: 
1.58 to 9.27) by removing Yang’s [14] study (SEER data-
base). Four [14, 26, 29, 35] articles were included in the 
meta-analysis of tumor location (Supplemental Fig.  3). 

The polled result showed no significant difference in the 
survival of patients with lower-segment tumors com-
pared with upper-segment tumors (HR, 0.82; 95% CI, 
0.62 to 1.07; P = 0.14), and selected studies were homo-
geneous (I2 = 0%, P = 0.77). The sensitivity analysis dem-
onstrated that removing any included articles did not 
significantly change the synthesized results (Supplemen-
tal Fig.  4). Removing Yang’s [14] study (SEER database) 
achieved the highest pooled HR (1.00; 95% CI: 0.42 to 
2.40). Eight [7, 14, 26, 29, 35, 38, 39, 41] articles reported 
the HRs for males compared to females (Supplemen-
tal Fig.  5). The subsequent meta-analysis indicated a 
non-significant difference in survival between male and 
female patients diagnosed with ENEC (HR, 0.94; 95% CI, 
0.80 to 1.10; P = 0.43). The included studies were homo-
geneous with I2 = 0.0% (P = 0.64). The leave-one-out 
analysis revealed no significant changes by omitting any 
study (Supplemental Fig.  6). The pooled HR was lowest 
(HR, 0.92; 95% CI, 0.78 to 1.08) when Zhang’s [41] study 
was removed and highest (HR, 1.02; 95% CI, 0.75 to 1.37) 
when Yang’s [14] study (SEER database) was excluded. 

Fig. 2  Summary of median survival of ENEC cancer patients based on the (A) Histological homology (B) Lymph node involvement (C) Receiving 
adjuvant therapy
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Four [14, 26, 35, 38] articles reported the HR of surgery 
compared to no treatment in the ENEC cases mortality. 
The pooled HR was 0.36 (95% CI, 0.28 to 0.46; P = < 0.01), 

representing the beneficial role of surgery in selected 
cases (Fig. 4). The heterogeneity between included stud-
ies was low (I2 = 0.0%, P = 0.83), and sensitivity analysis 

Fig. 3  Forest plots representing meta-analysis results of (A) Lymph node involvement and (B) Distant metastasis

Fig. 4  Forest plots representing meta-analysis results of surgical intervention and subgroup analysis of surgery alone and combined with adjuvant 
therapy
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indicated that the significance of pooled results remained 
similar by omitting any study (Supplemental Fig. 7). The 
findings of subgroup analyses of studies with surgery 
alone (HR, 0.35; 95% CI, 0.26 to 0.47; P < 0.01) or surgery 
with adjuvant therapy (HR, 0.40; 95% CI, 0.25 to 0.64; P < 
0.01) were also statistically significant.

Discussion
In this systematic review and meta-analysis, we evaluated 
the clinicopathological features, prognostic factors, and 
treatment outcomes of ENEC based on the available lit-
erature. Our main objective was to investigate the impact 
of surgical resection, with or without adjuvant therapy, 
on long-term survival compared to non-surgical manage-
ment. Based on the four articles, our meta-analysis con-
firmed that surgical resection, combined with adjuvant 
therapy, is a significant protective factor for survival in 
ENEC patients. Additionally, we analyzed prognostic var-
iables and summarized the clinicopathological character-
istics of ENEC cases from diverse populations.

Clinicopathological and prognostic heterogeneity
The incidence of ENEC, consistent with patterns 
observed in most gastrointestinal cancers, was higher in 
males (74.3%) [8, 44]. This finding aligns with the global 
esophageal cancer incidence, especially esophageal SCC, 
where nearly 70% of cases were reported in men [45]. The 
findings of the current meta-analysis showed no signifi-
cant difference in the OS between male and female cases. 
The anatomical distribution of primary tumors differed 
between the two patient groups. The lower segment of 
the esophagus was the most common site in the SEER 
database (based on the white population). In contrast, 
cumulative results from other articles that mainly inves-
tigated the Chinese and Japanese populations identified 
the middle segment as the predominant location of the 
tumors [8, 12]. Several theories have been suggested to 
explain the distribution of tumor location. The predomi-
nance of ENEC in the lower esophagus may be related to 
neuroendocrine or amine precursor uptake and decar-
boxylase (APUD) cells in this section of the mucosa [25, 
35]. Several hypotheses have been proposed to explain 
the variation in tumor location. The predominance of 
ENEC in the lower esophagus may be related to neu-
roendocrine or amine precursor uptake and decarboxy-
lase cells in this part. Conversely, the high incidence of 
ENEC in the middle esophageal segment has been linked 
to the possible presence of synchronous esophageal SCC 
and the potential involvement of Merkel cells, which 
are primarily found in the middle esophagus [25, 28]. 
The findings from the current meta-analysis indicated 
no significant differences in OS among patients based 
on the involvement of different esophagus segments. 

The prevalence of pure-type NEC was higher than that 
of mixed-type NEC in the published case series. The 
prognostic role of a tumor’s purity remains ambiguous. 
Several studies revealed no significant difference in the 
survival and relapse rates between pure and mixed types 
[8, 25, 26, 35, 40]. However, the cumulative results pre-
sented in our study showed that patients with the pure-
type tumor probably had worse survival than those with 
mixed-type. The finding may be attributed to the NEC 
component’s worse response to chemotherapy (CT) than 
the squamous carcinoma response, which was reported 
as a mixed component in many cases [25, 28].

The clinicopathological staging system varied across 
the studies. The primary method utilized in the included 
articles was the American Joint Commission on Cancer 
(AJCC) TNM staging system. The combined incidence of 
stage IV ENEC from all studies was 27.6%. In 2025, Yang 
et al. [14] identified 31.4% of ENEC cases were stage IV 
disease in the SEER database. Yoshinori Kikuchi’s study 
[46] reported a 36% incidence of stage IV cases based 
on the cumulative results of Japanese case reports. The 
incidence of stage IV disease was comparable among 
patients diagnosed with ENEC and those with esopha-
geal SCC [7, 28, 35, 46]. Reports based on the SEER 
data revealed a significant disparity in metastatic tumor 
incidence among ENEC patients compared to other lit-
erature. According to the SEER database, 63.9% of ENEC 
cases had distant metastasis, while other reports indi-
cated a pooled distant metastasis rate of 20.1%. Although 
the available data on sites of metastasis were limited, our 
accumulative results showed that the liver was the most 
common site, followed by distant lymph nodes, bone, 
and lung. The distant metastasis pattern of ENEC was 
almost similar to that of other esophageal cancers, espe-
cially esophageal adenocarcinoma. This phenomenon 
may be because NEC and adenocarcinoma were mainly 
located in the distant esophagus, and venous drainage of 
the distal part is supplied by the left gastric vein, which 
drains directly into the liver [47, 48]. The role of the over-
all TNM stage as a prognostic factor is still controversial. 
Some articles found ENEC patients with stage III or IV 
tumors had significantly worse survival [25, 28, 34, 41, 
49]. In contrast, several studies did not reveal the overall 
stage as a significant prognostic factor, while they found 
lymph node involvement and distant metastasis status 
to predict long-term survival [7, 8, 29, 35, 36, 50]. Our 
meta-analysis confirmed the poor prognosis of distant 
metastasis or lymph involvement in ENEC cases.

Role of immunohistochemical and neuroendocrine 
markers in the diagnosis and prognosis
According to WHO recommendations, three neuroen-
docrine markers, Syn, CgA, and CD56, are widely used 



Page 11 of 14Pourfaraji et al. BMC Gastroenterology          (2025) 25:462 	

in studies of ENEC tumors. Syn, a peptide of small syn-
aptic vesicles, was positive in most cases with ENEC 
because this vesicle is found in almost all neuroendo-
crine cells. This finding aligns with previous research 
indicating the presence of Syn in high-grade NENs [33, 
51, 52]. Another marker is CD56 (also known as neural 
cell adhesion molecule), which was demonstrated as a 
sensitive marker in NET, particularly in small-cell type 
ENEC [53]. Since most ENEC cases were small-cell type, 
the CD56 staining was positive in most patients with 
reported CD56 staining status [53]. We recommend con-
tinuing to use IHC analysis for Syn and CD56 to provide 
a more accurate histological diagnosis of ENEC. CgA is 
a protein found in neurosecretory vesicles. In our study, 
CgA staining was positive only in half of patients. This 
observation may be related to the poorly differentiated 
nature of ENEC tumors, which limits the number of vesi-
cles within the tumor structure [52]. In 2023, Yao Zhang 
et al. [41] reported that patients positive for CgA exhib-
ited improved survival, potentially due to higher CgA 
expression in well-differentiated tumors. However, most 
studies demonstrated no significant relation between 
these immunohistochemical markers and prognosis [15, 
28, 35]. Novel markers such as neuron-specific enolase 
(NSE), typically expressed in poorly differentiated neu-
roendocrine tumors, have been investigated. Honma 
et al. and Sohda et al. [29, 33] reported that an elevated 
NSE level was a significant prognostic factor for worse 
survival outcomes. Nevertheless, prospective studies are 
needed to confirm the possible role of NSE in determin-
ing the prognosis of ENEC.

Available treatment options
Due to the rarity of ENEC, no randomized controlled tri-
als have evaluated optimal treatment strategies. However, 
recent larger studies have provided better insight into 
therapeutic approaches. The surgical intervention rate 
was 18.9% among ENEC cases in the SEER database. In 
contrast, cumulative reports from case series showed a 
significantly higher rate (73.6%). Historically, ENEC can-
cers were considered to behave like small-cell lung can-
cer, which was usually treated non-surgically. Therefore, 
experts limited the role of surgery for ENEC patients in 
the past [11]. Another reason Yang et al. [14] suggested 
was the comparable outcomes of definitive CRT and sur-
gery in the SEER database patients. These may have con-
tributed to the low rate of surgery in the SEER database. 
Surgical resection combined with adjuvant therapy (CT 
or CRT) has improved survival in well-selected ENEC 
patients, particularly those with localized or regional dis-
ease (stage I/II) [11, 22, 25, 28, 32, 35, 36, 46, 54]. Sev-
eral studies showed that surgery with lymphadenectomy, 
followed by cisplatin-etoposide-based adjuvant therapy, 

significantly prolonged survival in node-negative cases, 
while lymph node metastasis remained a poor prognostic 
factor [25, 26, 32]. In a study by Ye et al., surgery was per-
formed in all operable cases regardless of the stage of the 
disease. The median survival of patients ranged between 
42 and 84 months, which was relatively higher compared 
to other studies [28]. Liu et  al. defined resectable cases 
based on the absence of distant metastasis and revealed 
the same findings about the benefit of esophagectomy 
combined with adjuvant therapy [35]. The SEER database 
analysis [14] confirmed surgery as an independent pro-
tective factor in selected cases, while limited surgical rate 
(< 20%) and undefined resectability criteria may biased 
their findings. Despite the abovementioned studies sup-
porting the role of surgery in the management of stage 
I or II ENEC patients, some studies proposed definitive 
CRT as a leading treatment, even in resectable cases [14, 
46]. Two relatively large studies revealed that stage I-III 
cases who underwent CRT had a better prognosis than 
those who received other treatments [14, 46]. Honma 
et  al. reported a 5-year survival rate of 45.4% in locally 
advanced ENEC patients treated with definitive CRT 
using cisplatin plus etoposide and radiotherapy, with 
this regimen outperforming cisplatin plus 5-fluoroura-
cil in progression-free survival outcomes [29]. Similarly, 
a nationwide study by Sohda et  al. found no significant 
survival differences among surgery, chemotherapy, and 
CRT for early-stage disease. However, they demonstrated 
superior 5-year survival for stage III/IV patients treated 
with CRT compared to surgery. Moreover, neoadjuvant 
chemotherapy (NAC) was associated with worse survival 
in stage II/III ENEC, except when cisplatin plus etopo-
side was used [34]. Some data suggest that delaying sur-
gery for NAC may worsen outcomes due to the tumor’s 
aggressive nature. Van der Veen et  al. reported shorter 
median survival across cases who underwent NAT com-
pared to those who did not, despite most cases treated 
with CRT [27]. In contrast, Kikuchi et al. reported better 
survival in patients who received NAT compared to cases 
with surgery alone treatment [46]. Therefore, the role of 
NAT in managing ENEC patients is still unclear.

Limitations
While this systematic review and meta-analysis provide 
valuable insights into ENEC, several limitations must 
be acknowledged. All included studies were retrospec-
tive, which may have risks of selection bias, incomplete 
data, and unmeasured confounding variables. The rarity 
of ENEC resulted in a small pooled sample size (1,618 
cases), with heterogeneity in patient demographics, treat-
ment strategies, and staging systems across studies. Such 
variability may affect the generalizability of our findings. 
Most studies’lack of individual patient data restricted 
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our ability to perform more granular subgroup analyses 
or adjust for confounding factors like comorbidities, per-
formance status, or detailed treatment regimens. Some 
studies extracted Survival outcomes from Kaplan–Meier 
curves, which may introduce estimation errors. The 
meta-analysis was limited by the few studies reporting 
hazard ratios for certain prognostic factors (e.g., only 
four studies for the role of surgery). Finally, no RCTs or 
prospective cohort studies preclude definitive conclu-
sions about optimal treatment strategies.

Conclusions
To the best of our knowledge, this systematic review and 
meta-analysis is the first to investigate ENEC specifically. 
Our findings demonstrate that ENEC predominantly 
affected males in their seventh decade of life, with tumors 
frequently located in the middle esophagus. Dysphagia 
was the most common presenting symptom, and the liver 
was the primary metastatic site. The median overall sur-
vival was 22.5 months, with a 5-year survival rate of 34%. 
Distant metastasis and lymph node involvement were 
significantly associated with a worse prognosis, while 
adjuvant therapy showed potential survival benefits in 
node-positive cases after surgery. Survival outcomes were 
similar between resectable tumors treated with surgery 
or definitive chemoradiotherapy, both outperforming 
chemotherapies alone or no treatment. However, these 
conclusions are restricted by the limited sample sizes and 
heterogeneity observed in studying this rare malignancy. 
Future large-scale, prospective studies are needed to vali-
date optimal treatment strategies, particularly the role of 
multimodal therapy in advanced ENEC, and to establish 
standardized management guidelines.
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