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Abstract
Purpose: The prevalence of esophageal NECs is rising, but to date, no studies have compared its
clinicopathological characteristics to those of esophageal ACs and SCCs from the same period.
Patients and methods: A 10-year population-based retrospective cohort study was conducted
with the Surveillance, Epidemiology, and End Results Program database. Statistical analyses were
performed using Intercooled Stata 12.0 software.
Results: A total of 17,196 eligible patients with esophageal tumors, including 246 NECs, 6,102
SCCs and 10,848 ACs, were analyzed. ACs showed an obviously higher prevalence than the other
two tumor types, and the prevalence of NECs was increasing. NECs were associated with an
obviously worse survival than ACs (log-rank test, P<0.01). Most NECs were poorly differentiated
and had an obviously higher percentage of metastasis. NECs and ACs often metastasized to the liver
(29.41% and 23.11%, respectively), while SCCs typically metastasized to the lung (15.84%) and
distant lymph nodes (15.37%). We divided the patients into two groups for further analysis
according to the metastasis status. For NECs, no benefit was obtained by surgery in metastatic
disease. For SCCs and ACs, surgery of the primary sites produced survival benefits in both groups,
but the benefits of lymphadenectomy and metastasis dissection need further study.
Conclusion: NECs of the esophagus have the worst prognosis compared to SCCs and ACs from
the same period. Radical surgery provides limited benefits to patients diagnosed with NECs, so
systemic treatments should be considered instead of surgical procedures. A unique guideline with a
new staging and grading system for esophageal NECs is urgently needed.
Key words: esophageal cancer, neuroendocrine carcinoma, clinicopathological differences, adenocarcinoma,
squamous cell carcinoma

Introduction
Esophageal cancer is the 7th most common cause
of cancer death worldwide and is more common in
men1. Esophageal cancer is endemic in many parts of
the world, particularly in developing nations, where
the disease is among the top five most common causes
of cancer death2, 3. In 2015, an estimated 16,980 people
will be diagnosed with esophageal cancer, and 15,590

people will eventually die of the disease in the United
States4, 5.
Squamous cell carcinoma (SCC) and adenocarcinoma (AC) are two most common pathological types
of esophageal cancer. In 2012, Arnold M and colleagues reported the global incidence of esophageal
cancer, indicating that approximately 87% of all
http://www.jcancer.org
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esophageal cancers worldwide were SCCs, with the
highest incidence rates in populations within SouthEastern and Central Asia; only 11% of all esophageal
cancers are ACs, with an elevated burden seen in
Northern and Western Europe, North America, and
Oceania6.
Although SCC and AC combine to represent the
vast majority of esophageal cancers, esophageal
neuroendocrine carcinoma (NEC), which was reported in 1952 by a British pathologist named Dr.
McKeon7 and classified into small and large cell types
by the WHO, has been gradually recognized by
scientists and clinicians. NECs exhibit biological
behaviors that are different from those of other
esophageal cancers, but clinicians lack NEC treatment
experience and suitable guidelines. Additionally, data
describing NECs not only in terms of epidemiology
but also regarding clinicopathologic features are
lacking due to the low incidence of the disease. Some
case reports, small series, and reviews have
speculated on the incidence of NECs, which vary
geographically to some extent, accounting for 0.5% to
5.9% of all esophageal cancers in Chinese patients8-11,
0.8% to 2.8% in Japanese patients12, 13 and 1% to 2.8%
in western patients14, 15. However, few investigations
of esophageal NECs have been conducted.
To the best of our knowledge, no well-known
study has compared the differences between NECs,
SCCs and ACs. Therefore, we retrieved data on these
esophageal cancer types from the Surveillance,
Epidemiology, and End Results (SEER) database and
elucidated the distinctions in terms of the
epidemiology, clinicopathologic features and risk
factors that contributed to cancer mortality.

from 2010 to 2014 because the specific records for the
metastatic sites in the SEER database started from
2010.
We excluded cases if 1) multiple primary tumors
were evident; 2) the survival data description was
incomplete; 3) the surgical data description was
incomplete; or 4) the pathological type was unspecific.

Material and Methods

Results

Data source

Patient characteristics and the 10-year

Data were retrieved from the SEER database
based on the November 2016 submission for cases
with tumors of malignant behavior and based on
known patient age for cases diagnosed between the
inception of the SEER program in 1973 until 2014. All
cases of esophageal carcinomas had tumor site codes
(C15.0–C15.9) and ICD-9 codes and were diagnosed
between 2004 and 2014. Poorly differentiated esophageal carcinomas were identified using the International Classification of Diseases for Oncology, 3rd
Edition (ICD-O-3) morphology codes. These codes
corresponded to the following clinical/histological
diagnoses: NEC (8013, 8041 and 8246); SCC (8051,
8070, 8074, 8077, 8083, and 8560); and AC (8140, 8148,
8200, 8244, and 8430).
The data we used to analyze the metastasis
patterns of the different pathological types were only

Using the SEER database, a total of 17,196
patients diagnosed with esophageal carcinomas
between 2004-2014, including 246 NEC patients, 6102
SCC patients and 10848 AC patients, met our
inclusion criteria. We have summarized the selection
process in Fig. S1. The details of the patients’ basic
characteristics based on the pathological type of the
tumor are shown in Table S1. The mean age at
diagnosis seemed similar (NECs: 66.65-year-old,
SCCs: 67.19-year-old, ACs: 66.10-year-old). The
included clinicopathologic features of the carcinoma
types were so different that the results of the
Chi-square test were all significant (P<0.01). NECs
often originated from lower third of the esophagus
(53.85%), as did the ACs (77.76%), while the middle
third of the esophagus was the common primary site

Statistical analyses
We obtained SEER frequency and survival data
using SEER*Stat software, version 8.3.4. The study
population was divided according to the year of
diagnosis and pathological type. Mean and median
values were used to describe continuous data, with
discrete variables displayed as totals and frequencies.
Overall median survival and survival rates were
calculated. We analyzed the metastasis patterns by
counting the patients’ metastasis site records at the
time of diagnosis regardless of whether multiple
metastases were present. The patients’ demographic
and tumor characteristics were summarized with
descriptive statistics. Comparisons of categorical
variables among the different groups of patients were
performed using the Chi square test. Deaths attributed to esophageal carcinomas were treated as events.
Survival function estimations and comparisons
among different variables were performed using the
Kaplan-Meier method and compared using the logrank test. The Cox proportional hazards model was
used to compare the effects of prognostic variables on
survival. All statistical analyses were performed using
Intercooled Stata 12.0 (Stata Corporation, College
Station, TX, USA). Statistical significance was
considered when the two-sided P value < 0.05.

prevalence
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of the SCCs (38.76%). The NEC sizes at diagnosis were
larger than the sizes of the other two types. The
metastasis statuses and common metastasis sites of
the three kinds of carcinomas were completely
different. The NECs showed obviously higher rates of
metastasis disease (62.20%), whereas 58.72% of SCCs
and 46.66% of ACs were not metastatic. Esophageal
ACs, SCCs and NECs combined to represent almost
all esophageal cancers in the study. We calculated the
10-year duration prevalence of these three main kinds
of pathological types, whereby the populations were
estimated by averaging the 2013 and 2014
populations. The prevalence of the ACs was
obviously higher prevalence than those of the other
two kinds, and the prevalence of the NECs were
increasing (Fig. S2).

1522
Survival analysis of the included patients
The overall survival differences among the three
pathological types of tumors are shown in Fig. 1,
using Kaplan-Meier estimates. We compared the
groups in pairs using the log-rank test. The results
showed that no significant difference was evident
between the SCCs (P=0.41) and NECs, but both the
survival rates of the SCCs and NECs were worse than
that of the ACs (P<0.01). We further divided the
patients into metastasis and non-metastasis groups
and estimated the overall survival rates for analysis in
the current study. The 1-year, 3-year and 5-year
overall survival rates are presented in Fig. 2.
Metastatic disease showed an obviously worse
survival.

Figure 1. Survival analysis of esophageal cancer in different pathological types.

Figure 2. Year-specific overall survival rate in different pathological types.
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Table 1. Risk factors of non-metastasis disease
Neuroendocrine carcinoma

Squamous cell carcinoma

Univariate analyses

Multivariate analyses

Univariate analyses

HR
(95%CI)

Pvalue

HR
(95%CI)

Pvalue

HR
(95%CI)

PHR
value (95%CI)

reference
1.07(0.65-1.75)

0.79

reference
1.16(0.50-2.70)

0.73

reference
1.01(0.94-1.09)

0.69

<66 year-old
>=66 year-old
Location

reference
1.31(0.80-2.14)

0.28

reference
1.38(0.78-2.44)

0.27

reference
1.17(1.09-1.25)

reference
<0.01 1.13(1.05-1.22)

Upper third of
esophagus
Middle third of
esophagus
Lower third of
esophagus
Unspecific
Grade

reference

Gender
Female
Male
Age

reference

reference

Adenocarcinoma

Multivariate analyses

reference
1.01(0.94-1.09)

Univariate analyses

Multivariate analyses

Pvalue

HR
(95%CI)

0.70

reference
reference
0.82(0.75-0.89) <0.01 0.92(0.84-1.00)

0.04

<0.01

reference
reference
1.30(1.23-1.37) <0.01 1.13(1.06-1.20)

<0.01

reference

PHR
value (95%CI)

reference

reference

Pvalue

0.70(0.28-1.75)

0.44

0.10(0.02-0.41)

<0.01

0.95(0.87-1.05)

0.35

1.04(0.95-1.15)

0.39

1.33(1.03-1.73) 0.03

1.59(1.22-2.06)

<0.01

0.90(0.37-2.15)

0.81

0.20(0.05-0.85)

0.03

1.00(0.90-1.11)

0.98

1.15(1.03-1.28)

0.01

1.15(0.90-1.46) 0.26

1.50(1.18-1.92)

<0.01

2.19(0.77-6.26)

0.14

0.30(0.06-1.41)

0.13

1.15(1.01-1.30)

0.03

1.21(1.07-1.37)

<0.01

1.40(1.08-1.80) 0.01

1.58(1.22-2.05)

<0.01

0.28
0.15

reference
NA
NA
3.05(1.32-7.07)
0.66(0.25-1.73)

0.01
0.40

reference
1.03(0.86-1.23)
1.02(0.85-1.22)
0.89(0.59-1.34)
1.00(0.83-1.21)

0.75
0.81
0.57
0.98

reference
0.96(0.80-1.15)
0.98(0.82-1.17)
0.77(0.51-1.17)
0.90(0.74-1.08)

0.68
0.80
0.22
0.26

reference
1.08(0.93-1.25)
1.29(1.11-1.49)
1.10(0.81-1.50)
1.22(1.04-1.43)

0.32
<0.01
0.53
0.02

reference
1.07(0.92-1.25)
1.29(1.11-1.49)
1.21(0.89-1.64)
1.08(0.92-1.27)

0.35
<0.01
0.23
0.34

0.33
0.26
0.21
0.06
0.09
0.06
0.01
0.02

reference
1.09(0.26-4.48)
1.97(0.42-9.13)
1.93(0.35-10.68)
3.64(0.76-17.38)
2.05(0.40-10.44)
1.86(0.31-11.25)
3.77(1.04-13.68)
2.73(0.85-8.75)

0.91
0.39
0.45
0.11
0.39
0.50
0.04
0.09

reference
1.15(0.96-1.37)
1.23(1.04-1.46)
1.32(1.12-1.56)
1.34(1.12-1.60)
1.34(1.10-1.64)
1.45(1.17-1.79)
1.65(1.38-1.98)
1.32(1.15-1.52)

0.14
0.02
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

reference
1.11(0.92-1.33)
1.16(0.98-1.39)
1.18(0.99-1.40)
1.16(0.96-1.39)
1.19(0.97-1.45)
1.26(1.02-1.57)
1.43(1.19-1.73)
1.09(0.94-1.26)

0.27
0.09
0.06
0.12
0.10
0.04
0.00
0.23

reference
1.18(1.03-1.35)
1.18(1.04-1.35)
1.20(1.05-1.37)
1.29(1.12-1.49)
1.41(1.20-1.67)
1.39(1.16-1.66)
1.56(1.34-1.82)
1.44(1.30-1.61)

0.02
0.01
0.01
<0.01
<0.01
<0.01
<0.01
<0.01

reference
1.22(1.06-1.39)
1.15(1.00-1.31)
1.08(0.95-1.24)
1.18(1.02-1.37)
1.26(1.06-1.49)
1.23(1.03-1.48)
1.41(1.21-1.65)
1.14(1.02-1.27)

0.01
0.05
0.24
0.03
0.01
0.02
<0.01
0.02

0.10
0.01
0.01
<0.01

reference
NA
4.39(1.16-16.54)
3.06(1.32-7.08)
2.20(0.74-6.52)
4.80(1.56-14.73)

0.03
0.01
0.16
0.01

reference
3.20(0.80-12.82)
2.62(0.65-10.53)
3.11(0.77-12.46)
4.39(1.09-17.60)
4.45(1.11-17.85)

0.10
0.18
0.11
0.04
0.04

reference
2.63(0.65-10.68)
2.31(0.57-9.38)
2.75(0.68-11.14)
3.58(0.88-14.52)
3.26(0.80-13.25)

0.18
0.24
0.16
0.07
0.10

reference
NA
0.82(0.74-0.90)
0.96(0.89-1.03)
1.29(1.16-1.44)
1.73(1.57-1.92)

reference
NA
<0.01 0.84(0.76-0.93)
0.26
0.99(0.91-1.07)
<0.01 1.14(1.02-1.27)
<0.01 1.28(1.15-1.43)

<0.01
0.81
0.02
<0.01

0.99
0.44
0.36

reference
1.17(0.62-2.20)
0.28(0.03-2.75)
0.43(0.12-1.63)

0.62
0.27
0.22

reference
0.95(0.89-1.02)
1.09(0.89-1.34)
1.53(1.34-1.75)

reference
0.18
0.93(0.87-1.01)
0.39
1.03(0.84-1.26)
<0.01 1.31(1.14-1.51)

0.09
0.79
<0.01

reference
1.02(0.96-1.09) 0.43
1.22(1.05-1.42) 0.01
1.99(1.77-2.25) <0.01

I
reference
II
NA
III
NA
IV
1.40(0.76-2.58)
Unspecific
0.61(0.32-1.19)
Tumorsize
<2cm
reference
2-3cm
1.83(0.55-6.12)
3-4cm
2.04(0.59-7.14)
4-5cm
2.56(0.60-10.95)
5-6cm
3.75(0.97-14.50)
6-7cm
3.00(0.84-10.68)
7-8cm
4.00(0.92-17.35)
>8cm
4.64(1.53-14.09)
Unspecific
3.09(1.17-8.11)
Tstage
T0
reference
T1
NA
T2
2.23(0.87-5.71)
T3
2.66(1.32-5.36)
T4
2.85(1.30-6.26)
Unspecific
3.07(1.45-6.50)
Nstage
N0
reference
N1
1.00(0.61-1.64)
N2
0.46(0.06-3.37)
Unspecific
1.47(0.64-3.37)
Primary site surgery
Yes
0.33(0.16-0.69)
No
reference
Lymph node dissection
Yes
0.36(0.17-0.76)
No
reference

reference
1.13(1.06-1.21)
1.39(1.19-1.62)
1.42(1.24-1.62)

<0.01
<0.01
<0.01

<0.01

0.06(0.00-0.74)
reference

0.03

0.58(0.53-0.63)
reference

<0.01 0.66(0.55-0.80)
reference

<0.01

0.51(0.48-0.54) <0.01 0.60(0.51-0.69)
reference
reference

<0.01

0.01

4.23(0.33-54.23) 0.27
reference

0.59(0.53-0.65)
reference

<0.01 0.93(0.76-1.13)
reference

0.45

0.53(0.5-0.57)
reference

0.15

Exploration of the risk factors for overall
survival
Based on the different clinicopathologic features
of the different pathological types of tumors and
based on the distinct survival rates between
metastatic and non-metastatic disease, we explored
the risk factors according to the pathological tumor
types and metastasis status. We performed univariate
and multivariate Cox regression analyses and have
presented the results in Tables 1 and 2. Table 1
summarizes the risk factors of non-metastatic disease
based on pathologic type, and Table 2 summarizes the
metastasis information. For non-metastatic NECs, the

<0.01 0.90(0.77-1.04)
reference

risk of death increased with the depth of tumor
invasion, while a lower location of the primary site in
the esophagus was associated with better survival.
Tumor size bigger than 8 centimeters will obviously
increase the cancer death risk (HR=3.77, 95% CI:
1.04-13.68, P=0.04). Primary site surgery will bring
benefits to this group of patients (HR=0.06, 95% CI:
0.00-0.74, P=0.03), while lymphadenectomy at the
primary site was not associated with an increased
survival benefit. For metastatic disease, liver
metastasis was an independent risk factor of NECs
(HR=1.68, 95% CI: 1.05-2.67, P=0.03). None of the
patients with NECs underwent surgery of the
http://www.jcancer.org
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metastatic sites, so we could not analyze this feature
and neither surgery nor lymphadenectomy at primary
site was associated with an increased survival benefit.
For SCC, in patients older than 66 years, the tumors
originated from the lower parts of the esophagus and
tumors larger than 7 cm increased the risk of cancer
death. Both metastatic and non-metastatic disease
showed benefits from primary tumor surgery
(HR=0.66, 95% CI: 0.51-0.85, P<0.01; HR=0.66, 95% CI:
0.55-0.80, P<0.01, respectively), whereas no benefits
were associated with radical lymphadenectomy in
non-metastatic disease or surgery of the metastatic
sites in metastatic disease. In the metastatic disease of
SCC, men had a higher risk of death than women, and
poor differentiation and the depth of tumor invasion
increased the risk of death. With the exception of
metastasis to the brain, SCC metastasis to the liver,
lung and bone increased the risk of death. For ACs,
women had a lower risk of death than men for
non-metastatic disease. Moreover, in patients older
than 66 years, the tumors originated from the lower
parts of the esophagus, the tumors were larger than 2
cm, and the depth of tumor invasion and regional
lymph node invasion increased the risk of tumor
death. Both metastatic and non-metastatic disease
were associated with benefits from primary tumor
surgery (HR=0.64, 95% CI: 0.56-0.73, P<0.01; HR=0.60,
95% CI: 0.51-0.69, P<0.01, respectively). However, no
benefits were associated with either radical
lymphadenectomy in non-metastatic disease or
surgery of the metastatic sites in metastatic disease.
AC metastasis to the liver, lung, bone and brain
increased the risk of death.

Exploration of the metastasis pattern
Different survival rates were associated with the
different pathological types, and different metastatic
sites contributed varying levels of risk for cancer

1524
death. Therefore, we have summarized the metastasis
patterns of the three pathological types in Fig. 3. The
NECs and ACs showed obviously higher rates of
metastasis to liver (29.41% and 23.11%, respectively),
whereas the SCCs typically metastasized to the lung
(15.84%) and distant lymph nodes (15.37%).

Discussion
This study is the first to compare esophageal
NECs, ACs and SCCs from the same period based on
demography. Our study found that the prevalence of
ACs surpassed that of SCCs from 2004-2014, which
was consistent with recent reports. Melina Arnold et
al16 predicted that the future burden of esophageal
cancers, especially ACs, would rise dramatically
across high-income countries; however, the data
describing NECs was sparse. Although esophageal
NECs, which reportedly comprise 0.05%-7.60% of
esophageal cancers, are rare17, NECs have gradually
attracted the attention of scientists and clinicians. The
prevalence has risen over the past 10 years, and this
increase may be attributable to the gradual
understanding of NECs by pathologists. As
mentioned above, an accurate pathological diagnosis
of NECs, although critical for patient management, is
challenging due to difficulties in distinguishing NECs
from other poorly differentiated esophageal malignant neoplasms. NECs have often been misdiagnosed
as SCCs because synchronous SCCs in NECs are also
common and because the squamous component often
overlies NECs, as first described by McKeon in 1952
and subsequently confirmed by other investigators17-20. When intermingled with NECs, an SCC
aggregate/pearl is frequently present in the center of
the tumor, with undifferentiated neuroendocrine cells
at the periphery, thereby showing a dedifferentiation
growth pattern17.

Figure 3. Metastasis patterns in different pathological types.
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Table 2. Risk factors of metastasis disease

Gender
Female
Male
Age

Neuroendocrine carcinoma

Squamous cell carcinoma

Univariate analyses

Multivariate analyses

Univariate analyses

HR
(95%CI)

Pvalue

HR
(95%CI)

Pvalue

HR
(95%CI)

Reference
0.99(0.66-1.49)

0.96

Reference
0.92(0.57-1.50)

0.75

Reference
1.16(1.04-1.28) 0.01

0.37

Reference
1.42(0.92-2.18)

0.11

<66 year-old Reference
>=66 year-old 1.17(0.83-1.66)
Location

Upper third of Reference
esophagus
Middle third 1.33(0.50-3.51) 0.57
of esophagus
Lower third of 1.15(0.46-2.84) 0.77
esophagus
Unspecific
1.27(0.49-3.33) 0.62
Grade
I
Reference
II
0.91(0.08-10.14) 0.94
III
0.77(0.11-5.57) 0.79
IV
0.59(0.08-4.39) 0.60
Unspecific
1.00(0.14-7.27) 1.00
Tstage
T0
Reference
T1
NA
T2
0.52(0.21-1.25) 0.15
T3
0.74(0.41-1.34) 0.32
T4
0.97(0.59-1.59) 0.91
Unspecific
1.10(0.69-1.76) 0.68
Nstage
N0
Reference
N1
0.76(0.50-1.17) 0.22
N2
0.56(0.17-1.84) 0.34
Unspecific
1.02(0.61-1.70) 0.95
Distant metastasis sites dissection
Yes
NA
No
Reference
Primary site surgery
Yes
0.55(0.20-1.52) 0.25
No
Reference
Liver metasatasis
Yes
1.77(1.20-2.62) <0.01
No
Reference
Lung metastasis
Yes
2.13(1.10-4.15) 0.03
No
Reference
Brain metastasis
Yes
1.94(0.71-5.30) 0.20
No
Reference
Bone metastasis
Yes
1.88(1.06-3.32) 0.03
No
Reference

Reference

Adenocarcinoma

Multivariate analyses

PHR
value (95%CI)

Univariate analyses

Multivariate analyses

Pvalue

HR
(95%CI)

PHR
value (95%CI)

Reference
1.15(1.03-1.27)

0.01

Reference
0.93(0.85-1.01)

0.09

Reference
1.04(0.95-1.14) 0.41

Reference
1.07(0.97-1.17)

0.17

Reference
1.21(1.14-1.28)

Reference
<0.01 1.19(1.12-1.26) <0.01

Reference

Reference

Reference

Pvalue

Reference
0.95(0.87-1.03) 0.23

Reference

1.12(0.39-3.20)

0.83

0.96(0.83-1.11) 0.57

1.01(0.87-1.17)

0.88

1.36(0.98-1.90)

0.07

1.27(0.91-1.77) 0.16

1.15(0.40-3.30)

0.79

1.02(0.88-1.18) 0.82

1.07(0.92-1.24)

0.39

1.00(0.73-1.37)

1.00

0.98(0.72-1.35) 0.92

1.06(0.37-3.06)

0.92

1.16(0.98-1.36) 0.08

1.13(0.96-1.33)

0.15

1.23(0.89-1.70)

0.21

1.12(0.81-1.55) 0.49

Reference
0.88(0.08-10.23)
0.52(0.07-3.98)
0.38(0.05-3.02)
0.67(0.09-5.17)

0.92
0.53
0.36
0.70

Reference
1.21(0.86-1.71)
1.24(0.88-1.75)
2.20(1.18-4.11)
1.31(0.92-1.86)

0.28
0.21
0.01
0.14

Reference
1.24(0.88-1.76)
1.25(0.89-1.76)
2.21(1.18-4.14)
1.25(0.88-1.78)

0.22
0.20
0.01
0.22

Reference
1.00(0.83-1.20)
1.26(1.06-1.50)
1.21(0.91-1.62)
1.12(0.93-1.35)

0.99
0.01
0.20
0.23

Reference
1.02(0.85-1.23)
1.31(1.10-1.57)
1.28(0.96-1.72)
1.08(0.90-1.30)

0.80
<0.01
0.09
0.43

Reference
NA
0.55(0.20-1.46)
0.71(0.36-1.41)
1.04(0.60-1.81)
0.88(0.49-1.59)

0.23
0.33
0.89
0.68

Reference
0.23(0.06-0.92)
0.19(0.05-0.79)
0.17(0.04-0.69)
0.27(0.07-1.09)
0.24(0.06-0.96)

0.04
0.02
0.01
0.07
0.04

Reference
0.27(0.07-1.10)
0.24(0.06-1.00)
0.22(0.05-0.88)
0.33(0.08-1.32)
0.27(0.07-1.08)

0.07
0.05
0.03
0.12
0.06

Reference
0.27(0.04-1.94)
0.19(0.03-1.39)
0.20(0.03-1.43)
0.28(0.04-2.02)
0.29(0.04-2.05)

0.19
0.10
0.11
0.21
0.21

Reference
0.24(0.03-1.73)
0.19(0.03-1.39)
0.20(0.03-1.41)
0.26(0.04-1.84)
0.24(0.03-1.71)

0.16
0.10
0.11
0.18
0.15

Reference
0.71(0.44-1.14)
1.21(0.31-4.77)
1.02(0.57-1.83)

0.16
0.79
0.95

Reference
0.90(0.81-1.01) 0.07
1.04(0.82-1.32) 0.75
1.08(0.93-1.26) 0.31

Reference
0.91(0.81-1.01)
0.96(0.75-1.23)
1.05(0.90-1.23)

0.09
0.76
0.54

Reference
0.95(0.89-1.02)
0.92(0.80-1.07)
1.20(1.10-1.32)

Reference
0.18
1.01(0.94-1.08) 0.88
0.29
0.97(0.83-1.13) 0.69
<0.01 1.17(1.06-1.29) <0.01

1.00(0.25-3.99) 1.00
Reference

1.51(0.37-6.08)
Reference

0.57
Reference

0.63(0.32-1.27)
Reference

0.20

NA
Reference

0.98(0.49-1.98) 0.96
Reference

0.82(0.26-2.61)
Reference

0.74

0.59(0.45-0.75) <0.01 0.66(0.51-0.85)
Reference
Reference

<0.01

0.53(0.47-0.60)
Reference

<0.01 0.64(0.56-0.73) <0.01
Reference

1.68(1.05-2.67)
Reference

0.03

1.36(1.19-1.56) <0.01 1.19(1.03-1.37)
Reference
Reference

0.02

1.30(1.21-1.39)
Reference

<0.01 1.15(1.07-1.24) <0.01
Reference

1.64(0.66-4.06)
Reference

0.29

1.34(1.18-1.52) <0.01 1.20(1.04-1.37)
Reference
Reference

0.01

1.41(1.28-1.55)
Reference

<0.01 1.25(1.13-1.39) <0.01
Reference

1.10(0.36-3.33)
Reference

0.86

1.39(0.89-2.16) 0.14
Reference

0.77

1.41(1.19-1.67)
Reference

<0.01 1.26(1.06-1.49) 0.01
Reference

1.40(0.67-2.92)
Reference

0.37

1.52(1.30-1.78) <0.01 1.45(1.23-1.70)
Reference
Reference

<0.01

1.38(1.26-1.52)
Reference

<0.01 1.24(1.13-1.37) <0.01
Reference

According to the clinical pathological data that
we retrieved from SEER, SCCs often originate from
the mid-thoracic esophagus, while ACs are often
located in the lower thoracic esophagus, which is
consistent with previous studies. However, the sites
of origin of NECs vary depending on race. Chinese21,
22 and Korean23 investigators reported previously that
NECs were present in the middle of the esophagus,
whereas most case reports on Americans have
indicated that the majority of NEC tumors are
centered in the distal esophagus and are associated

1.07(0.68-1.68)
Reference

with Barrett’s esophagus-related diseases24, 25.
Therefore, we hypothesis that the primary sites differ
depending on race. Our data was retrieved from the
SEER database, in which white people constituted the
majority of patients, so the distal esophagus was the
most common site of NECs in our results. Our
hypothesis regarding race, however, remains to be
tested further in larger studies. For the age of
diagnosis, no significant differences were evident
among the three groups. In terms of the degree of
differentiation, most of the NECs were poorly
http://www.jcancer.org
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differentiated, and the SCCs and ACs were
moderately differentiated. Regarding tumor size,
NECs were larger than ACs and SCCs from the same
period. The depth of invasion of the NECs was
significantly deeper than those of the SCCs or ACs.
The proportion of NEC patients with metastases was
significantly higher than the proportions of SCC and
AC patients. The obviously worse condition at the
time of diagnosis for the NEC group might be heavily
related to a lack of understanding by clinicians and
the limited methods for the early diagnosis of NECs.
Based on the clinical pathological characteristics,
one can easily imagine that the prognosis of NECs
would be worse than the prognosis of SCCs or ACs,
and this notion is also demonstrated in our study. The
median overall survival and five-year survival rates of
NECs are significantly worse than those of
contemporaneous ACs, but no statistical significance
is evident for SCCs. Systemic metastasis is the leading
cause of patient death, and therefore, our study
divides
the
patients
into
metastasis
and
non-metastasis groups for further analysis and to
identify risk factors of cancer death. Meanwhile, the
metastasis spectra of the three histological types of
esophageal cancer are summarized for clinicians and
scientific researchers, with the hope that these data
will provide additional ideas for studies of the distinct
biological behaviors of these tumors. However, more
accurate data based on larger sample sizes are
required for further study. In the non-metastatic
group, the depth of tumor invasion, level of
differentiation and primary tumor sites were
correlated with the prognosis of NECs; age, the
primary tumor site, and tumor size were correlated
with the prognosis of SCCs; and age, the primary
tumor site, tumor size, the depth of invasion, and in
situ lymph node infiltration were all correlated with
the prognosis of ACs. Notably, for non-metastatic
ACs, males had a better prognosis than females. In the
metastatic group, we have described the metastatic
sites in detail. We found that for NECs, hepatic
metastasis was an independent prognostic risk factor.
For SCCs, men had a poorer survival rate than
women, and liver, lung, and bone metastases were
predictive factors of poor prognosis. For ACs, an age
above 66-years increased the risk of cancer death, and
all metastasis types were independent prognostic
factors.
According to the NCCN guidelines26, radical
operation is recommended for locational esophageal
cancer, and systematic therapy is advocated for
metastatic disease. In this study, we further analyzed
the value of radical surgery, lymph node dissection
and metastatic site resection for the different
pathological types. The results indicated that surgery
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of the primary site and lymph node dissection could
not produce survival benefits for NECs when
developed the metastatic disease. However, primary
site surgery produced survival benefits for SCCs and
ACs. However, benefits from lymph node dissection
and distant metastatic site resection were not
observed for SCCs and ACs in our study.
Due to the low incidence of esophageal NECs
and the lack of related clinical studies, there are no
unique staging and grading systems and guidelines
for clinicians to select proper strategies for patients.
The treatment of patients is mostly performed
according to the personal experience of the clinician.
Therefore, the value of our study is apparent. We have
concentrated the available clinical data, which will lay
the foundation for clinical guidelines. We have
observed that patients with NECs don’t benefit from
surgery and that these patients show a high incidence
of metastatic disease. Thus, systematic therapy might
be the first-line therapy for patients with NECs. For
patients with ACs and SCCs, surgical therapy is still
the best choice.
Our study has several limitations. First, due to
the absence of information regarding chemotherapy
and radiotherapy in the SEER database, the effects of
chemotherapy on survival could not be evaluated.
Second, in the SEER database, only metastases to the
following sites were included: bone, lung, liver, brain
and distant lymph node. Third, the SEER database
does not contain pathological data, such as Ki-67
scores, which are recommended for the new staging
and grading system of neuroendocrine carcinomas.
Thus, the limitations noted above impose the
restrictions on further studies.

Conclusion
NEC, SCC and AC are the three main
pathological types of esophageal carcinoma, and few
studies have focused on the differences between
them. The prevalence of ACs was higher than that of
SCC from 2004-2014, and the prevalence of NECs is
increasing. The clinicopathological features and the
factors affecting patient survival vary between the
pathological types. NECs are associated with an
apparently worse survival rate than SCCs and ACs,
while ACs have the best prognosis. The metastasis
patterns are different between NECs, SCCs and ACs,
which suggests distinct biological behaviors. Patients
with SCCs and ACs can obviously obtain benefits
from primary site surgery regardless of the metastasis
status, but the benefits are not significant for patients
with NECs. The benefits of lymph node dissection
and metastasis dissection for patients with NECs, ACs
and SCCs need further exploration. The apparent
distinctions above are important for tumor staging
http://www.jcancer.org
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and treatment selection. Therefore, we advocate a
unique staging and grading system for esophageal
NECs to guiding clinicians toward making better
choices for patients.
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Supplementary figures and tables.
http://www.jcancer.org/v10p1520s1.pdf
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