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Abstract. There is currently no universally accepted staging
system for esophageal neuroendocrine neoplasms (ENENS).
In the present study, patients with ENENS, identified from the
Surveillance, Epidemiology, and End Results registry (SEER)
(n=191 patients) and the multicentric series (n=51 patients),
were stratified to assess the validity of the 8th American
Joint Committee on Cancer (AJCC) staging systems,
particularly for esophageal squamous cell carcinoma and
esophageal adenocarcinoma. The Kaplan-Meier method was
used to assess disease-specific survival (DSS), according to the
Tumor-Node-Metastasis (TNM) status, and the Cox model was
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applied to evaluate differences in prognosis after adjustment
for potential confounders. For the 8th AJCC staging classifica-
tions, only the pathological stage groups (pTNM) conferred
increased hazard ratios from stage I to stage IV, with overlaps
between adjacent stages. According to the current findings,
the regional lymph nodes involvement status other than the
current N classification was a significant predictor of DSS.
Consequently, a revised N(Nr) classification was proposed
and therefore a new TNrM staging system was adopted, for
which progressively poorer DSS associated with increasing
stage was observed. Moreover, the concordance index with the
modified staging system was slightly higher in patients with
ENENSs from the SEER registry compared with that of the 8th
pI'NM system. In conclusion, lymph node status, rather than
the number of positive lymph nodes, was a marker of poorer
DSS and the modified staging system provided an easier and
more accurate staging tool. The present results indicate that
revisions to the current staging classifications may be improve
the assessment of patient prognosis.

Introduction

Esophageal neuroendocrine neoplasms (ENENs) are exceed-
ingly uncommon but increasingly prevalent malignancies
with high heterogeneity. In 1997, only three patients (0.05%)
were documented in the esophagus among 6,122 cases of
gastrointestinal carcinoid tumors (1); In Korea, ENENs only
accounted for 1.3-1.4% of the gastrointestinal NENs reported
from 2012 to 2014 (2,3). They are characterized by distinct
histological features and tumor behavior compared with
esophageal adenocarcinoma (EAC) and esophageal squamous
cell carcinoma (ESCC) (4,5). Owing to its rarity, only a few
cases concerning the ENENs have been reported in the litera-
ture in the previous two decades, with most focusing on the
clinicopathological characteristics (3,5-7) and treatment (8,9).
As a result, a staging system that can accurately provide
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prognostic information and stratify patients by risk are far from
being well established up to date. The Tumor-Node-Metastasis
(TNM) classification is the most frequently used indicator
of outcomes for malignancies (10,11). Several studies have
indicated that the 7th American Joint Committee on Cancer
(AJCC) TNM staging system for EACC may also be applied
to describe ENENSs (5,6). However, this classification for
ENENSs never achieved widespread acceptance, due to the
relatively small population size. More recently, the 8th AJCC
staging system on esophageal cancer, which was introduced
in 2016, has been recommended to replace the old version.
The current (8th) TNM classification presents three clas-
sifications separately for both EAC and ESCC: The classic
pathological stage groups (pTNM) expanded from the seventh
edition foundation, the newly introduced postneoadjuvant
pathologic stage groups (ypINM), and clinical stage groups
(cTNM) (Tables SI and SII) (12-14). The definition of T was
optimized in the 8th classification, and the descriptors of N
and M remained unchanged. The current N classification
has already incorporated the number of lymph nodes with
metastasis into the staging protocols. The N classification for
solid cancer of various origins, including gastroenteropancre-
atic neuroendocrine neoplasms, only distinguishes between
node-negative and node-positive disease, and the lymph nodes
status was demonstrated to exhibit good discrimination of
prognosis (15-17). However, to the best of our knowledge, the
prognostic value of both the 8th AJCC staging system and
lymph nodes status has not been validated in ENENS, particu-
larly within large population-based samples.

In the present study, population-based data was used to
validate the current TNM staging systems, and a new modified
staging classification which adopted the revised N definition
was tested that would address the weaknesses associated with
the staging system and predict the prognosis of patients with
ENENs more accurately and quickly.

Patients and methods

Patients and data collection. The data used in the present
study was retrieved between 1973 and 2015 (months unavail-
able) from the Surveillance, Epidemiology, and End Results
registry (SEER) database (seer.cancer.gov) of the US National
Cancer Institute. Eligible patients were those who were diag-
nosed with pathologically confirmed ENENs (Appendix S1).
The demographics and tumor variables (race, sex, age, loca-
tion, grade, survival months and SEER cause-specific death
classification) were retrieved from SEER. A tumor location
(upper, middle and lower) was assigned for each patient on
the basis of retrospective review of SEER data. The data on
primary tumor size, depth of invasion, local extension, lymph
node involvement and presence/absence of distant metastases
were used to determine the TNM categories (Appendix S1).
Individuals with unknown follow-up information, unknown
cancer stage at diagnosis and who had presented with other
primary tumors were excluded. The patients with unknown
extent of tumor or lymph node status were included in the
study if they had distant metastases. A total of 300 eligible
patients with pathologically confirmed ENENs were identified
from the SEER database. A total of 63 patients who had other
primary cancer types, 45 patients with unknown cancer stage
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at diagnosis and one patient with unknown follow-up informa-
tion, were excluded; leaving a final cohort of 191 patients in
the study (Table I).

Three Chinese centers provided data on the ENENs for
the validation analysis: Wuhan Union Hospital (Wuhan;
between January 2011 and June 2018; n=16), Hubei Cancer
Hospital (Wuhan; from January 2009 to December 2016;
n=6), and Wuhan Tongji Hospital (Wuhan; from Jan 1,
2012, to Jun 1, 2017, N=29). The inclusion and exclusion
criteria were identical to those used in the development
cohort. A total of 51 patients from the multicentric database
were included in the validation analysis. In addition to the
demographics and tumor variables aforementioned, the Ki67
and cell morphology were also investigated Reports with
no mention of small-cell morphology present or large-cell
morphology were grouped into the non-small-cell classifica-
tion. The classification of cancer location was based on the
distance from the epicenter of the tumor to the incisors as
follows: Upper (>15 and <24 cm); middle (>24 and <33 cm);
and lower (>33 and <42 cm). Approval for the study protocol
was obtained by the Institutional Ethics Committee of the
Tongji Medical College, Huazhong University of Science and
Technology. Written informed consent was provided all the
patients for their data to be used for research.

Statistical analysis. Descriptive statistics were used to report
the demographic characteristics of enrolled patients and stage
distribution. The limited disease was defined as a neoplasm
without distant metastases, and the extensive disease was
defined as a neoplasm that transfer to parts of the body
remote from the primary tumor. Since patients with distant
metastasis were categorized in the advanced stage, only the T
and N statuses of patients with limited disease were reported.
Patients who succumbed to causes other than cancer were
censored at their date of death. Disease-specific survival
(DSS) was estimated via the Kaplan-Meier method and the
log-rank test was used to compare the survival curves between
groups using SPSS software (version 22.0; IBM Corp.). The T,
N and M categories were combined according to the current
stage groups for EAC and ESCC. The potential overlaps in
outcomes among groups were further investigated by modi-
fication of the current staging classifications. Multivariate
analysis was performed to determine which N classifications
were able to independently predict outcomes using the Cox
proportional hazards regression. On the basis of the current
findings, a Nr classification (Nr0, negative lymph nodes; Nrl,
positive lymph nodes) was proposed and the survival for all
possible T and Nr combinations (such as TINrOMO, TINrIMO
and T2NrOMO), was estimated; thus, a modified staging system
for ENENs was devised. The Cox proportional hazards model
was used to evaluate the association between each staging
classification and DSS after adjusting for race, sex, age,
tumor grade and tumor location. Only race, sex and age were
adjusted in the Cox regression model for pTNM, given that the
grade and tumor location had been assigned to the 8th AJCC
pathological staging classifications. Hazard ratios (HRs) and
95% confidence intervals (Cls) were calculated. Concordance
indices were calculated to evaluate the discriminatory powers
of the staging systems. A concordance index (C-index) of 1
represents perfect discrimination, and a C-index of 0.5 denoted
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Table I. Baseline clinicopathological characteristics.

Characteristic SEER, n=191 Multicentric database, n=51
Median age, years (IQR) 65.0 (57.5-72.0) 60.0 (53.5-67.5)
Sex, n (%)

Male 159 (83.2) 34 (66.7)

Female 32 (16.8) 17 (33.3)

Race, n (%)

White 165 (86.4) 0(0.0)

Black 13 (6.8) 0(0.0)

Other 13 (6.8) 51 (100.0)

Location, n (%)

Upper 11 (5.8) 9(17.6)

Middle 30 (15.7) 21 (41.2)

Lower 108 (56.5) 16 (31.4)

Unknown 42 (22.0) 5(09.8)

Grade, n (%)

G1-G2 5.6) 0(0.0)

G3-G4 151 (79.1) 36 (70.6)

Unknown 35 (18.3) 15(294)

Median tumor size, cm (IQR) 6.2 (4.0-8.0) 3.9(3.0-5.0)
Median Ki67, (IQR) NR 0.80 (0.70-0.90)
Cell morphology, n (%) NR

Small cell 17 (33.3)

Non-small cell 34 (66.7)

T status?, n (%)

T1 31/66 (47.0) 10/33 (30.3)

T2 7/66 (10.6) 14/33 (42.4)

T3 19/66 (28.8) 9/33 (27.3)

T4a 2/66 (3.0) 0/33 (0.0)

T4b 7 /66 (10.6) 0/33 (0.0)

N status®, n (%)

NO 38/66 (57.6) 13/33 (39.4)

N1 21/66 (31.8) 11/33 (33.30)

N2 6/66 (9.1) 8/33 (24.2)

N3 1/66 (1.5) 1/33 (3.0)

Regional lymph nodes involvement status®, n (%)
Negative 38/66 (57.6) 13/33 (39.4)
Positive 28/66 (42.4) 20/33 (60.6)
M status, n (%)

MO 66 (34.6) 33 (64.7)

Ml 125 (65.4) 18 (35.5)

pTNM for ESCC, n (%)

| 23 (12.0) 5(9.8)
IA 8(4.2) 0(0.0)
1B 15 (7.8) 5(9.8)

II 19 (9.9) 10 (19.6)
ITA 73.7) 6 (11.8)
1IB 12 (6.2) 4(7.8)

11 16 (8.4) 17 (33.3)
IIIA 42.1) 8 (15.7)
111B 12 (6.3) 9(17.6)

v 133 (69.6) 19 (37.3)
IVA 8(4.2) 1(2.0)
IVB 125 (65.4) 18 (35.3)
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Table I. Continued.

Characteristic SEER, n=191 Multicentric database, n=51

pTNM for EAC, n (%)

| 23 (12.0) 5(9.8)
IA 8(4.2) 0.0
1B 1(0.5) 1(2.0)
IC 14 (7.3) 4(7.8)

II 19 (9.9) 10 (19.6)
ITA 2(1.0) 6(11.8)
IIB 17 (8.9) 4(7.8)

111 16 (8.4) 17 (33.3)
IIIA 42.1) 8 (15.7)
111B 12 (6.3) 9(17.6)

v 133 (69.6) 19 (37.3)
IVA 8(4.2) 1(2.0)
IVB 125 (65.4) 18 (35.3)

¢TNM for ESCC, n (%)

| 31(16.2) 7 (13.7)

II 15 (7.9) 13 (25.5)

11 10 (5.2) 12 (23.5)

v 135 (70.7) 19 (37.3)

IVA 10(5.2) 1(2.0)

IVB 125 (65.4) 18 (35.3)

¢TNM for EAC, n (%)

I 23 (12.0) 5(9.8)

II 10 (5.2) 8 (15.7)

ITA 8(4.2) 239

1IB 2(1.0) 6 (11.8)

1 19 (9.9) 11 (21.6)

v 139 (72.8) 27 (52.9)

IVA 14 (7.3) 9(17.6)

IVB 125 (65.4) 18 (35.3)

Modified staging system, n (%)

I 23 (12.0) 5(9.8)

II 11 (5.8) 8 (15.7)

111 25 (13.1) 20 (39.2)

v 132 (69.1) 18 (35.3)

IVA 7@3.7) 0

IVB 125 (65.4) 18 (35.3)

Median follow-up time, months (IQR) 6.0 (2.0-16.0) 7.0 (4.0-16.0)
Median DSS time, months (95% CI) 9.0 (6.6-11.4) 16.0 (11.5-20.5)
Median DSS time for limited disease, months (95% CI) 22.0(15.2-28.8) 19.0 (13.9-24.1)
Median DSS time for extensive disease, months (95% CI) 6.0 (4.3-7.7) 6.0 (4.4-7.6)

*T and N status for patients with metastatic disease not reported. IQR, interquartile range; G1, well differentiated; G2, moderately differenti-
ated; G3, poorly differentiated; G4, undifferentiated; T, tumor; N, lymph node; M, metastasis; ESCC, esophageal squamous cell carcinoma;
EAC, esophageal adenocarcinoma; NR, not reported; pTNM, pathologic stage groups; cTNM, clinical stage groups; DSS, disease-specific
survival; CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results.

agreement by chance alone. Analyses were performed using  Results

SPSS (version 22.0; IBM Corp.), RStudio [version 1.1.456; (18)]

and R [version 3.5.1; (19)] software. P<0.05 was considered to ~ Patient and tumor characteristics. A final cohort of
indicate a statistically significant difference. 191 patients from the SEER database were included in the
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Figure 1. DSS curves of different staging classifications for patients with esophageal neuroendocrine neoplasms from the Surveillance, Epidemiology, and
End Results database. DSS curves for the 8th AJCC (A) pathological staging system and (B) clinical staging system for esophageal squamous cell carcinoma.
DSS curves for (C) the 8th AJCC clinical staging system for esophageal adenocarcinoma and (D) the modified staging system. DSS, disease-specific survival;

AJCC, American Joint Committee on Cancer.

study (Table I). The median age at diagnosis was 65.0 years
(range, 57.5-72.0 years) with a male to female ratio of 5.0.
The majority of tumors were located in the middle (15.7%)
or lower (56.5%) esophagus, and 79.1% of the tumors were
poorly differentiated. A total of 125 (65.4%) patients had
metastatic disease. Of the entire study population, the
median DSS was 9.0 months. The median DSS for limited
disease and extensive disease were 22.0 and 6.0 months,
respectively.

The median age for the multicentric database was
60.0 years (range, 53.5-67.5 years) with a male to female ratio
of 2.0. Notably, ~73% of patients had a tumor located in the
middle (41.2%) or lower (31.4%) of esophagus and 70.6% of
the tumors were poorly differentiated. Small cell carcinoma
accounted for 33.3% of all types of ENENSs in the present
study. A total of 18 (35.3%) patients had metastatic disease. The
median DSS times for the whole cohort, limited disease and
extensive disease were 16.0, 19.0 and 6.0 months, respectively
(Table I).

Pathologic stage groups and survival. Survival curves
according to current pTNM were analyzed. As presented
in Table I, the proportion of stage groups without further
subgroup classifications for EAC and ESCC was the same.
The distribution was as follows in the SEER database;
Stage I (12.0%); stage 11 (9.9%); stage I1I (8.4%) and stage IV
(69.6%). Multicenter series was as follows; Stage I (9.8%);
stage 11 (19.6%); stage 111 (33.3%) and stage IV (37.3%). The
Kaplan-Meier analysis revealed progressively poorer DSS
with more advanced stages in both EAC and ESCC [median
DSS: Stage I (80.1 months); stage II (25.6 months); stage 111
(16.3 months) and stage IV (9.6 months); Fig. 1A], with
overlaps between stage II and stage I1I disease for the SEER
series (P=0.177 for stage II vs. stage III). For the multicentric
series (Fig. 2A), there were also overlaps in the survival of
patients with stages II and III disease (P=0.402). A significant
increase in HRs was observed in stages I-I11 in the SEER series
compared with stage IV, via multivariate analysis (Table II).
Furthermore, multivariate analysis in the multicentric series
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Figure 2. DSS curves of different staging classifications for patients with esophageal neuroendocrine neoplasms from the multicentric database. DSS curves
for the 8th AJCC (A) pathological staging system and (B) clinical staging system for esophageal squamous cell carcinoma. DSS curves for (C) the 8th
AJCC clinical staging system for esophageal adenocarcinoma and (D) the modified staging system. DSS, disease-specific survival; AJCC, American Joint

Committee on Cancer.

also demonstrated increased risk of mortality of the patients in
stages I-IV (Table I1I).

Clinical stage groups and survival. According to the current
¢TNM for ESCC, it is notable that overlaps in DSS were
observed between stage I and II diseases, and between stage 11
and III diseases for both the SEER series (Fig. 1B) and the
multicentric database (Fig. 2B). Patients with stage II disease
and stage III disease exhibited similar survival (median DSS
time from SEER series: 17 vs. 23 months, P=0.992; median
DSS from multicentric series: 19 vs. 19 months, P=0.697).
Compared with stage IV disease, the HR of stage II was
comparable to that of stage III in both SEER series (Stages II
and IITHRs,0.31 and 0.31, respectively; Table IT) and multicen-
tric series (stages II and III HRs, 0.38 and 0.49, respectively;
Table I1I) by multivariate analysis.

According to the current cTNM for EAC, overlaps were
also revealed between the stage I and III diseases for both the
SEER series (Fig. 1C) and the multicentric database (Fig. 2C).
Compared with stage IV disease, the HRs for stages I11, 1T and I
diseases were 0.40 (95% CI, 0.22-0.71; P=0.002), 0.41 (95%
CI, 0.19-0.86; P=0.019) and 0.13 (95% CI, 0.06-0.27; P<0.001),
respectively (Table II). Thus, the risk of death increased in
stage II, decreased from stage IV to III and decreased further
in stage I for the patients in the SEER series. There was no
significant difference in HR between stages II and III for the
multicentric series; compared with stage II: Stage 111 (HR,
1.46; 95% CI, 0.36-5.87; P=0.598) (Table III).

Grouping of ENENs by lymph node status. The Kaplan-Meier
analysis exhibited no worsening DSS as the number of positive
lymph nodes increased for both SEER series and multicentric
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series (Fig. S1). Further multivariate analysis revealed no
increased HRs of death from stage NO to stage N3 for the
patients without metastases from the SEER series; compared
with stage NO disease: N1 (HR, 2.70; 95% CI, 1.33-5.49;
P=0.006); N2 (HR, 0.83; 95% CI, 0.18-3.92; P=0.817); and N3
(HR <0.001, P=0.997) (Table SIII). However, patients with
NrO exhibited a significantly improved DSS time compared
with patients with Nrl disease according to the univariate and
multivariate analysis for both two cohorts (Table SIV and SV).

Proposal and validation of new TNrM stage groups. The
Kaplan-Meier survival curves, including all T, Nr and M
combinations, indicated multiple overlaps across the groups
for patients with ENENs from the SEER series (Fig. S2).
These curves demonstrated that the best outcome was attained
by patients with TINrO disease (1-year survival, 82.6%; 2-year
survival, 68.8%), which was defined as stage I. The next best
similar survival between patients with T2NrO and T3Nr0
disease (1-year survival, 100.0 and 77.8%, respectively; 2-year
survival, 50.0 and 51.9%, respectively; P=0.946) indicates that
the two stages should be defined as stage II disease. There was
an overlap of survival in patients with TINrl (I1-year survival,
62.5%; 2-year survival, 18.8%) and T2Nrl (1-year survival,
40.0%; 2-year survival, 20.0%) disease (P=0.417), as well as
in patients with T2Nrl and T3Nrl disease (1-year survival,
61.7%; 2-year survival, 20.6%) (P=0.108). In addition, patients
with T4aNrl disease had similar survival compared with stage
T3Nrl disease (P=0.205). The results suggest that the new
staging system should be modified to adopt the definition of
stage I1I disease (T1-3Nr1MO and T4aNr0-1MO). Patients with
T4b disease (1-year survival, 0%; 2-year survival, 0%) or M1
disease (1-year survival, 23.3%; 2-year survival, 7.3%) exhib-
ited the poorest survival, which should therefore be defined as
stage I'V. Thus, new modified staging definitions were adopted
(Table SVI), which were mostly similar to the staging clas-
sifications for the gastrointestinal neuroendocrine neoplasms.
Overall, DSS was significantly different across stages for both
SEER series (P<0.001) and multicentric database (P=0.034)
(Figs. 1D and 2D) with persistent overlaps in combined
stage. There was an expected decrease in survival times as
tumor stage increased with HRs of 0.12 (95% CI, 0.06-0.25),
0.22 (95% CI, 0.09-0.50), and 0.39 (95% CI, 0.23-0.66) for
stages I, I, and III, respectively, compared with stage IV
in the patients from SEER database (Table II). Decreased
DSS time was also observed for stages I-III compared with
stage IV, for the cohort from multicentric database, with HRs
of <0.001 (95% CI, 0.000-inf), 0.28 (95% CI, 0.06-1.37), and
0.51 (95% (I, 0.16-1.64), respectively, (Table III).

The C-indices of different staging systems are presented in
Table SVII. The respective C- indices using the 8th pfTNM and
the modified staging systems for patients with ENENs were as
follows: SEER series; 0.656 (95% CI, 0.607-0.705) and 0.659
(95% CI, 0.610-0.708), respectively; multicentric database,
0.69 (95% CI, 0.561-0.819) and 0.688 (95% CI, 0.561-0.815),
respectively.

Discussion

Currently, there is no specific staging system for the ENENSs,
and the present study was the first consolidation of a data-based
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process for the revision of the 8th AJCC staging classification
both for EAC and ESCC to assess DSS in this exceedingly
uncommon and increasingly prevalent cancer type (1-3). The
proposed system may help to better discriminate prognosis of
patients with ENENs and guide the evaluation of current and
novel treatments for this disease.

Due to the unavailability of the information on postneoad-
juvant therapy from the SEER database, the 8th AJCC ypTNM
were not used to assess the prognostic value. The analysis
revealed that the 8th AJCC pTNM system has an improved
potential for the discrimination of prognosis compared with
the current AJCC ¢cTNM systems. It is unlikely that stages 11
and III represent distinct prognostic categories in view of the
fact that survival outcomes are not significant for both groups
according to the current cTNM systems. However, further
subgroup analysis suggested the consistency of the outcomes
among the substages became unclear based on the pTNM
systems (Figs. S3 and S4). Consequently, the present study
revealed that the existing TNM staging classifications may not
optimally distinguish survival outcomes among patients with
ENENS. Moreover, the clinical stage grouping prior to treat-
ment decision has received increasing attention since the wide
application of modern imaging and endoscopic technologies,
thus warranting further modifications and validation of an
easier and more accurate cINM staging groups for ENENs. In
addition, multivariate analysis indicated that the lymph node
status (excluding the number of lymph nodes with metastasis)
was a significant prognostic factor, supporting the adoption of
the Nr definition in the modified staging system. Therefore, a
modified cTNM to the 8th AJCC staging classifications was
proposed, which maintains the T and M definitions but adopts
anew Nr definition, similar to the gastrointestinal staging clas-
sifications (stage I, TINOMO; stage II, T2-T3NOMO; stage 111,
T1-T3NIMO and T4NanyMO; and stage IV, TanyNanyM1).
The modified staging system was confirmed using two rela-
tively large ENEN series, and the risk of mortality uniformly
progressed from class I to IV for both cohorts. Moreover,
the discrimination ability for tumor-associated mortality
(measured by the C-index) was slightly better or comparable
for the modified staging system, relative to the pTNM system.
Due to the increased application of computed tomographic
scans and endoscopic technologies, it was relatively easy to
assess the regional lymph node involvement status. However,
given that some patients did not have lymph node dissection or
presented with insufficient lymph node dissection, the number
of positive lymph nodes was difficult to assess. Consequently,
the current findings suggest that the modified staging classifi-
cation may be more suitable and easier for ENENs and can be
adopted in clinical practice in the future.

Currently, there is no consensus on the guidelines for the
management of ENENs due to their rarity and heterogeneity.
The establishment of an accurate and easy staging is the first
step in optimizing treatment and outcomes for patients with
ENENSs. Accumulating evidence has supported the application
of surgical resection as an effective treatment option for patients
with ENEN with limited disease. Notably, cT4b tumors with
invasion of the heart, great vessels trachea, or adjacent organs
including liver, pancreas, lung and spleen are considered to be
unresectable (20). Therefore, the modified staging groups may
help to distinguish the patients with unresectable disease from
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the patients without distant metastasis. Moreover, the present
population-based study enabled us to detect differences in
outcomes, particularly among patients with limited disease
without lymph nodes metastasis, who have a relatively good
prognosis and may not experience rapid disease progression,
which provides a theoretical basis for future stratified treat-
ment. Moreover, the median DSS time for limited disease in
the present study ranged from 19-22 months, and for extensive
disease, the median DSS was ~6 months, which supports a
study on small cell carcinoma of esophagus reported by
Luo et al (15).

The present study has several limitations. The rarity of
ENETs makes it difficult to accumulate a large cohort for
evaluation, which may explain the existence of overlaps among
stages using the modified staging system results in a decrease
of statistical power to detect significant differences among
substages. The present study was also limited by its retrospec-
tive nature. Therefore, additional prospective studies with a
larger sample size will be required to validate the modified
staging system.

In conclusion, although the 8th AJCC pTNM classification
allows for the discrimination of clinical outcomes in patients
with ENENSs, the present findings suggested that this system
should be further refined. A modified clinical staging system
was proposed by maintaining the T and M definitions of the
current AJCC staging system and adopting the Nr classifica-
tion, which demonstrated a significant association with DSS.
Although the modified staging system may be more accurate
and easier in predicting the prognosis of ENENSs, the current
findings still need to be replicated in other cohorts before
adoption in clinical practice.
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