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INTRODUCTION

Adenocarcinoma and esophageal squamous cell carcinoma 
(ESCC) comprise 98% of  the esophageal cancers histological 
types(1). Neuroendocrine neoplasms (NENs) are extremely rare(2) 
and account for 0.4% to 2% of  all malignant esophageal neo-
plasms(3-6). These tumors are epithelial neoplasms with predomi-
nant neuroendocrine differentiation(3). They originated from the 
peripheral neuroendocrine cell system(3). Gastrointestinal NENs 
have shown an increased incidence rate over the last decades(7), but 
NENs are still far more common in the lungs(8), and a significant 
part of the knowledge of the disease, its presentation, classification, 
and therapeutic options are based on those utilized for neuroen-
docrine lung tumors(9). 

The World Health Organization (WHO) 2019 classification(10) 
categorized in well-differentiated neuroendocrine tumors (NETs) 
and poorly differentiated neuroendocrine carcinomas (NECs). 
NETs can be subdivided into grades (G1, G2, and G3), according 
to the WHO grading system (G3 is defined as having a mitotic rate 
higher than 20/2 mm2 or Ki67 higher than 20%)(10). NECs are all 
considered high grades and can be subdivided into large-cell type 
(LCNEC) and small-cell type (SCNEC), according to the nucleus-
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cytoplasm ratio, and other variables such as cell shape, chromatin, 
nucleoli(11) besides, there are the mixed neoplasms, such as the mixed 
adenoneuroendocrine carcinomas (MANECs)(10). 

In the esophageal neoplasms, the burden of the neuroendocrine 
histological type on the patients’ prognosis and survival is poorly 
debated. This study aimed to compare the survival rates of primary 
esophageal NECs compared with adenocarcinoma and squamous 
cell carcinoma of the esophagus.

METHODS

Data source and studied population
This is a retrospective cohort from the Surveillance, Epidemiol-

ogy, and End Results Program (SEER) database. Data were collected 
from 2000 to 2018. SEER database covers over one-third of the USA 
population. Patients submitted to esophagectomy were included. The 
specialized database “Surveillance, Epidemiology, and End Results 
(SEER) Program (www.seer.cancer.gov) SEER*Stat database: inci-
dence – SEER research data, 18 registries, Nov 2020 Sub (2000–2018) 
– linked to county attributes – time dependent (1990–2018) income/
rurality, 1969–2019 counties, National Cancer Institute, DCCPS, 
Surveillance Research Program, released April 2021, based on the 
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November 2020 submission”. Was applied to extract data using the 
SEER*Stat Software, version 8.3.5 (released on 6 March 2018). The 
staging was based on the SEER Summary Stage 2000, classifying 
the disease as localized (cancer does not extend beyond the primary 
organ); regional (cancer extends to adjacent organs, regional lymph 
nodes, or both); and distant (cancer with distant dissemination). 

These data are publicly available, and we obtained access to 
the SEER data by signing the SEER Research Data Agreement. 
Consequently, local Ethics Committee waived informed consent. 
The study followed the Ethical Standards of the Brazilian Associa-
tion of Research Companies (resolution 466/2012).

Data extraction
The following data were collected: 1) age; 2) sex; 3) follow-up; 

4) overall and cancer-specific survival; 5) grade of cellular differen-
tiation; and 6) histology. Only adenocarcinoma, ESCC, LCNEC, 
SCNEC, and MANEC were included. Esophageal carcinomas or 
neuroendocrine tumors with no information of the subtype of the 
tumor were excluded. 

Statistical analysis
The statistical analysis was performed using STATA 16.1 

software (StataCorp, College Station, Texas). A 95% confidence 
interval (95%CI) was adopted. Categorical variables were expressed 
as absolute numbers or percentages, and differences between groups 
were evaluated with the Person chi-squared test. Overall survival 
and cancer-specific survival were evaluated with Kaplan-Meier 
curves and logrank test. Proportional Cox regression models were 
used to evaluate variables related to overall survival. Hazard ratios 
(HRs) and their corresponding lower and upper 95%CI limits were 
informed for each independent variable. Only the preoperative clini-
cal and histopathological data with P-value <0.05 in the univariate 
analysis were incorporated in the multivariate analysis. 

RESULTS

Baseline characteristics
After applying inclusion criteria, 73,456 patients were selected. 

After excluding patients with no information regarding neuroendo-
crine subtype, carcinoma with no specification of the neuroendo-
crine subtype, and patients with no survival data, 66,528 patients 
were included (see flow diagram in FIGURE 1). 

FIGURE 1. Flow diagram of the patients’ selection. 
ESCC: esophageal squamous cell carcinoma; LCNEC: large cell neuroendocrine; MANEC: 
mixed adenoneuroendocrine carcinoma; SCNEC: small cell neuroendocrine.

TABLE 1. Baseline characteristics. 

Adenocarcinoma ESCC LCNEC MANEC SC NEC P-value
N (%) 41497 (62.4) 23941 (36) 579 (<1) 88 (<1) 423 (<1) <0.001
Age
   >65 years (%) 58.8 58 62 55.7 61 <0.001
Male (%) 85.8 64.1 67.5 79.5 65 <0.001
Summary stage (%)
   Localized 25 25 22 9 15 <0.001
   Regional 34 40 35 27 22
   Distant 41 35 43 64 63
Grade of cellular differentiation
   I 17 10 0 0 0 0.413
   II 47 50 0 0 0
   III 36 40 100 100 100

ESCC: esophageal squamous cell carcinoma; LCNEC: large cell neuroendocrine; MANEC: mixed adenoneuroendocrine carcinoma; SCNEC: small cell neuroendocrine.

The mean follow-up was 22.6 months (SD 35.6). Adenocar-
cinoma was predominant (62.4%), followed by ESCC (36%). 
LCNEC, SCNEC, and MANEC account for less than 1% each. 
LCNEC and SCNEC presented a higher rate of elderly (>65 years 
old). Adenocarcinoma and MANEC had a higher proportion of 
men (86 and 80%, respectively) than the other subtypes. TABLE 1 
shows the baseline characteristics of the patients according to the 
histology. 

Survival analysis
On the long-term overall survival analysis, esophageal adeno-

carcinoma showed a better prognosis than all the other histologic 
types (P-value for logrank test <0.001). Overall survival Kaplan-
Meier curves can be seen in FIGURE 2. For cancer-specific sur-
vival rates, similar findings were obtained (P-value for logrank test 
<0.001) (see FIGURE 3). 
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FIGURE 2. Overall survival Kaplan-Meier curves. P-value for logrank 
test <0.001. 
ESCC: esophageal squamous cell ca=rcinoma; LCNEC: large cell neuroendocrine; MANEC: 
mixed adenoneuroendocrine carcinoma; SCNEC: small cell neuroendocrine.

FIGURE 3. Cancer-specific survival Kaplan-Meier curves. P-value for 
logrank test <0.001. 
ESCC: esophageal squamous cell carcinoma; LCNEC: large cell neuroendocrine; MANEC: 
mixed adenoneuroendocrine carcinoma; SCNEC: small cell neuroendocrine.

TABLE 2. Pairwise multiple survival comparison with logrank test. 

P-value for 
logrank Adenocarcinoma ESCC LCNEC SCNEC

Adenocarcinoma x x x x

ESCC <0.001 x x x

LCNEC <0.001 0.07 x x

SCNEC <0.001 0.03 0.583 x

MANEC 0.031 0.619 0.883 0.565

ESCC: esophageal squamous cell carcinoma; LCNEC: large cell neuroendocrine; MANEC: 
mixed adenoneuroendocrine carcinoma; SCNEC: small cell neuroendocrine.

For pairwise multiple logrank comparisons for overall survival, 
adenocarcinoma showed a better prognosis than all the other stud-
ied subtypes (P<0.05). LCNEC and SCNEC showed equivalent 
overall survival rates (P=0.583). No significant difference was 
noted between MANEC and ESCC, LCNEC, and SCNEC (see 
TABLE 2). 

The hazard for death for LCNEC and SCNEC was higher 
than the other histological subtypes. With adenocarcinoma as a 
reference, HR was 1.32 for LCNEC (95%CI 1.2 to 1.45) and 1.37 
for SCNEC (95%CI 1.23 to 1.53). The HR was 1.22 for ESCC 
(95%CI: 1.2 to 1.24); and 1.3 for MANEC (95%CI 1.01 to 1.66). 
For multivariate Cox regression analysis, besides age and stage, the 
neuroendocrine subtypes LCNEC and SCNEC were considered 
independent prognostic variables (see TABLE 3). 

DISCUSSION

The results of  this population-based cohort showed that 
primary esophageal neuroendocrine carcinomas present poorer 
survival rates than adenocarcinoma and ESCC. Knowing the 
long-term survival outcomes for NECs subtypes helps stratify their 
risk and determine prognosis. The determination of the prognosis 
before deciding on any specific therapy is crucial to predict patient 
outcomes. 

Currently, there is still no standardized treatment for NECs(3,6,12). 
Most classification and therapeutic strategies are adapted from 
neuroendocrine lung cancer. The NECs subtypes were not contem-
plated in the 8th edition of the AJCC/UICC TNM staging system 
for esophageal cancer(13). Consequently, the results of the present 
study fill a gap in the esophageal carcinoma staging system. The 
staging system has two main roles in esophageal cancer: decision-
making and prognostication(13), and the present study helps stratify 
the prognosis of NEC of the esophagus. Clinicians should be aware 
that carcinomas with neuroendocrine differentiation have a poor 
long-term outcome, and consequently, an early and aggressive 
therapy should be considered. 

The European Society for Medical Oncology(14) proposed a 
guideline for the management and risk assessment of  neuroen-
docrine management. They recommend staging according to the 
adenocarcinoma criteria. Besides the traditional TNM staging and 
grade of cellular differentiation, they recommend evaluating the 
Ki-67 and mitotic index as prognostic histopathological variables. 
For evaluation of the disease extension, 68Ga/64Cu-SSTR-PET-CT 
and 18F-FDG PET/CT are complementary and should be used for 
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and 64% of disseminated disease at diagnosis, contributing to poor 
overall survival. Ku et al.(19), reporting their experience, showed that 
the most common sites of distant metastasis were lymph nodes, 
liver, lung, adrenal, and bone marrow. However, the Cox regression 
models in the present study demonstrated that independently of 
the extension of the disease, the LCNEC or SCNEC differentiation 
imposes a negative impact on long-term survival analysis. LCNEC 
and SCNEC have equally poor prospects.

Neuroendocrine carcinomas can also be associated with ad-
enocarcinoma or squamous cell carcinoma subtypes(3). Only 88 
adenoneuroendocrine tumors were identified in the present co-
hort, limiting the statistical power of any of their analyses. These 
subtypes of neuroendocrine neoplasms represent a heterogeneous 
group, and thus, the prognosis of these tumors is probably poorly 
predictable. The proportion of  neuroendocrine and adenocarci-
noma or squamous cell carcinoma in the tumor (and, consequently, 
the prognosis) may vary in the mixed tumors. Also, chemoradiation 
response may depend if  the neuroendocrine tumor is associated 
with squamous cell carcinoma or adenocarcinoma(21). Besides, the 
site of lymph nodal and hematogenous metastasis may depend if  
the mixed tumor is associated with adenocarcinoma or squamous 
cell carcinoma(22).

The present cohort has some limitations. As with any popu-
lation-based data, the present study is vulnerable to information 
bias and selection bias due to potential registry flaws(23,24). Besides, 
esophageal cancer varies significantly worldwide, depending on 
the most frequent risk factors in each location. ESCC is the most 
common type in Asia and South America(25). Tobacco and alco-
hol are the main risk factors in these places(25). Adenocarcinoma 
is increasing its incidence, especially in developed countries, and 
obesity and gastroesophageal reflux disease are the main risk fac-
tors(25). The SEER database covers the United States of America 
(USA) population, where adenocarcinoma is the most frequent 

histology(25). In our analysis, adenocarcinoma covers 62.4% of the 
included patients. Knowing the expressive influences the environ-
ment imposes in esophageal cancer development, probably, NECs 
subtypes’ incidence and causation factors may also be influenced 
according to each geographic location. Consequently, the external 
validity of the present results may be harmed. 

Future studies evaluating populations other than the North-
American are needed. These studies should also evaluate other 
potential prognostic variables, such as the molecular-based pre-
treatment data, essential for the accurate risk stratification of 
neuroendocrine esophageal cancer. 

CONCLUSION

Esophageal SCNEC, LCNEC, and MANEC have unique 
clinical features, including age, sex, and stage, and differ from the 
adenocarcinoma and squamous cell carcinoma regarding prognosis. 
This information should be taken into account in prognostication 
during the staging of esophageal cancer patients. 

Statements
All procedures followed were in accordance with the ethical 

standards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 
1964 and later versions. These data are publicly available, and we 
obtained access to the SEER data by signing the SEER Research 
Data Agreement. 
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TABLE 3. Univariate and multivariate Cox proportional-hazards analysis for overall survival. 

 
 

Univariate Multivariate

HR SE P
95%CI

HR SE P
95%CI

Lower Upper Lower Upper

Age

   >65 years 1.259 0.011 <0.001 1.236 1.281 1.331 0.013 <0.001 1.306 1.356

Sex

   Female 1

   Male 0.996 0.011 0.696 0.975 1.017

Summary stage

Localized 1 1

   Regional 1.389 0.018 <0.001 1.354 1.425 1.406 0.018 <0.001 1.371 1.443

   Distant 2.869 0.037 <0.001 2.796 2.943 2.98 0.388 <0.001 2.905 3.058

   Histology 1

Adenocarcinoma 1

   ESCC 1.218 0.011 <0.001 1.196 1.24 1.214 0.012 <0.001 1.19 1.238

   LCNEC 1.322 0.061 <0.001 1.206 1.447 1.252 0.062 <0.001 1.135 1.38

   MANEC 1.296 0.162 0.038 1.014 1.656 1.068 0.143 0.624 1.024 1.289

   SCNEC 1.373 0.075 <0.001 1.233 1.528 1.149 0.068 0.018 1.024 1.289

ESCC: esophageal squamous cell carcinoma; LCNEC: large cell neuroendocrine; MANEC: mixed adenoneuroendocrine carcinoma; SCNEC: small cell neuroendocrine.
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RESUMO – Contexto – As neoplasias neuroendócrinas são extremamente raras e representam 0,4% a 2% de todas as neoplasias malignas do esôfa-
go. A determinação prognóstica e avaliação de sobrevida para o tipo histológico neuroendócrino é pouco debatida. Este estudo teve como objetivo 
comparar as taxas de sobrevida de neoplasias neuroendócrinas primárias comparadas com adenocarcinoma e carcinoma espinocelular de esôfago. 
Métodos – Este é um estudo coorte retrospectivo do banco de dados do Surveillance, Epidemiology, and End Results Program. A sobrevida global e 
a sobrevida específica do câncer foram avaliadas com curvas de Kaplan-Meier e testes de logrank. Modelos de regressão de Cox proporcional foram 
utilizados para avaliar as variáveis relacionadas à sobrevida global. Resultados – Após critérios de elegibilidade, foram selecionados 66,528 pacientes. 
O seguimento médio foi de 22,6 meses (DP 35,6). O adenocarcinoma foi predominante (62%), seguido pelo carcinoma espinocelular (36%). Carcinoma 
de grandes células, carcinoma de pequenas células e carcinoma adenoneuroendócrino misto representam menos de 1% cada. Na análise de sobrevida 
global, o adenocarcinoma de esôfago apresentou um prognóstico melhor do que todos os outros tipos histológicos (P valor para teste de logrank < 
0,001). Com adenocarcinoma como referência, HR foi de 1,32 para carcinoma de grandes células (IC95% 1,2 a 1,45) e 1,37 para carcinoma de pequenas 
células (IC95% 1,23 a 1,53). O HR foi de 1,22 para carcinoma espinocelular (IC95%: 1,2 a 1,24); e 1,3 para carcinoma adenoneuroendócrino (IC95% 
1,01 a 1,66). Para a análise multivariada da regressão de Cox, além da idade e do estadiamento, os subtipos neuroendócrinos carcinoma de grandes 
células e carcinoma de pequenas células foram considerados variáveis prognósticas independentes. Conclusão – No esôfago, o carcinoma de grandes 
células e o carcinoma de pequenas células apresentam menores taxas de sobrevida a longo prazo do que o carcinoma espinocelular e o adenocarcinoma. 

Palavras-chave – Tumores neuroendócrinos; carcinoma neuroendócrino; neoplasias esofágicas.
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