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Abstract
To investigate the clinicopathological characteristics and relevant prognostic factors of gastro-entero-pancreatic neuroendocrine
neoplasm (GEP-NEN), to improve our understanding of GEP-NEN.
This was a retrospective analysis of 155 patients (average age 53.7±13.6 years) pathologically diagnosed with GEP-NEN. We

analyzed the clinicopathological characteristics, treatment, and prognostic factors of GEP-NEN.
The most common primary site was the pancreas (41.9%), followed by the rectum, stomach and duodenum. Most cases were

nonfunctional GEP-NENs (149/155) with nonspecific symptoms. TNM stage and histological grade were determined by the latest
criteria. Surgical resection was the mainstay of treatment in 150 patients, and 22 patients received chemotherapy under different
circumstances. A total of 130 patients were followed up for a median of 44 months, and 1-year and 3-year survival rates were 82.3%
and 72.3%, respectively. According to univariate and multivariate analysis, incidental diagnosis, maximum tumor diameter, tumor
stage, lymph node and distant metastasis, TNM stage, and histological grade were significantly correlated with overall survival, but
histological grade was the only factor confirmed as an independent prognostic factor for long-term survival of GEP-NEN.
GEP-NEN, with an increasing trend in incidence, occurred most frequently in the pancreas. Nonfunctional tumors with nonspecific

symptoms comprised the majority of cases. The main treatment was surgical resection. Histological grade was confirmed as the only
independent prognostic factor.

Abbreviations: ACTH = adrenocorticotropic hormone, AJCC = American Joint Committee on Cancer, GEP-NEN = gastro-
entero-pancreatic neuroendocrine neoplasm, NEN = Neuroendocrine neoplasm, SEER = Surveillance Epidemiology and End
Results, TACE = trans-catheter arterial chemo-embolization, WHO = World Health Organization.

Keywords: clinicopathological characteristics, gastro-entero-pancreatic neuroendocrine neoplasm, neuroendocrine neoplasm,
prognostic factors, survival analysis
1. Introduction
Neuroendocrine neoplasm (NEN), a class of heterogeneous
tumor that originates from the diffuse neuroendocrine system,
has varied biological behavior and clinical manifestations
throughout the body. Neuroendocrine cells, which can express
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specific neuroendocrine markers, generate biogenic amines
such as 5-serotonin and prostaglandin, or hormones such as
gastrin and insulin, which can cause complicated symptoms.
Oberndorfer first described NEN as carcinoid in 1907, because
of its peculiar characteristics such as indolent growth, lower
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invasiveness and favorable prognosis compared with other
malignancies. It was not until 2000 that the term NEN was used
officially by theWorld Health Organization (WHO) to substitute
for carcinoid. Traditionally, NEN was considered to be a rare
disease, but recent reports indicate a significant increase in its
incidence. According to the US Surveillance Epidemiology and
End Results database, the annual age-adjusted incidence of NEN
rose from 1.09/100,000 in 1973 to 5.25/100,000 in 2004.[1,2]

Gastro-entero-pancreatic (GEP)-NEN accounts for 65% to 75%
of all NENs and ranks second behind colorectal cancer in
digestive system neoplasms.[3] Early detection and diagnosis
mainly depend on endoscopy, imaging, and most importantly,
pathological examination. However, there has been a poor
diagnostic rate of gastro-entero-pancreatic neuroendocrine
neoplasm (GEP-NEN) for a long time, which is probably due
to the wide distribution, atypical clinical symptoms, and
unawareness of clinicians. As a result, it has always been too
late for effective treatment when patients were finally diagnosed.
We retrospectively analyzed the clinicopathological features of
155 cases of GEP-NEN and investigated the correlation between
various factors and prognosis, to improve our understanding for
early diagnosis and better treatment.
2. Patients and methods

2.1. Patients

A total of 155 patients (94 male and 61 female) were enrolled,
with an average age of 53.7±13.6 years. All patients were
pathologically diagnosed as GEP-NEN in our hospital from
February 1, 2003 to February 28, 2014 and were followed up for
at least 3 years, which ended on February 28, 2017. All the
procedures were implemented in accordance with the principles
of the Declaration of Helsinki. Since this was a retrospective case
study, patient consent was waived by our Institutional Ethics
Committee.
2.2. Methods

The clinicopathological characteristics of GEP-NEN collected
were as follows: age at diagnosis, gender, primary site, clinical
manifestations, pathological features, maximum diameter and
stage of the tumor, presence of lymph node and distant metastasis
at diagnosis, TNM stage and grade, and treatment details.
Besides, follow-up information was analyzed to explore potential
prognostic factors. Follow-up information was obtained through
telephone calls, and those who could not be contacted were
considered for withdrawal.
2.3. Grading and staging criteria[4,5]

Histological grading. According to the WHO 2010 Classifica-
tion, tumors with a Ki-67 index <2% or mitotic rates <2/10
high-power field were classified as G1 tumor; Ki-67 index 3% to
20% or mitotic rates 2–20/10 HPF as G2; and >20% or 20/10
HPF as G3. In addition, the higher classification would be
adopted if the 2 indexes were inconsistent. For mixed adeno-
neuroendocrine carcinoma, both the high-grade NEN and the
adenocarcinoma proportion should exceed 30% of the lesion.
TNM staging. The patients were staged according to the latest

criteria, 2016 American Joint Committee on Cancer (AJCC)
criteria (8th edition) for TNM classification.
2

2.4. Statistical analysis

Statistical analysis was performed using SPSS version 19.0.
Measurement data were described as mean± standard deviation
or median. Kaplan–Meier and log-rank test were used for
univariate analysis, and for those who presented P< .05 in the
univariate analysis, Cox-proportional hazard model was applied
for multivariate analysis. All tests were 2-sided, and P< .05 was
considered statistically significant.
3. Results

3.1. Patients’ characteristics

The detailed clinicopathological characteristics of all patients are
listed in Table 1. We identified 155 patients pathologically
diagnosed with GEP-NEN during an 11-year period. Figure 1
showed the distribution of new cases during the study period. A
male predominance (94/155, 60.6%) was observed among these
patients, with a mean age of 54.65±13.31 years at diagnosis,
compared to 52.23±14.11 years in female patients. The peak age
group at diagnosis was 50 to 60 years. The commonest primary
site was the pancreas (41.9%, n=65), followed by the rectum
(24.5%, n=38), stomach (18.7%, n=29), duodenum (9.0%, n=
14), colon (3.9%, n=6), appendix (1.3%, n=2) and small
intestine (0.7%, n=1) (Fig. 2). Most GEP-NENs were nonfunc-
tional (96.1%, n=149), and the remaining functional GEP-
NENs that all occurred in the pancreas included 4 insulinomas
and 2 adrenocorticotropic hormone (ACTH)-secreting tumors.
Patients with nonfunctional GEP-NENs generally showed
nonspecific gastrointestinal symptoms, which included abdomi-
nal pain, hematochezia, bowel habit alteration, and emaciation.
While functional tumors such as insulinoma showed hypoglyce-
mia and ACTH-secreting tumors had Cushing syndrome. Of the
155 GEP-NEN cases, 47 patients (30.3%) were accidentally
found when they had imaging tests or endoscopy performed for
routine health examination and cancer screening.

3.2. Pathological characteristics

All cases were available for analysis of T-staging, which was
decided by tumor size and degree of infiltration according to
surgery or ultrasonic endoscope records. T1 accounted for 53
(34.2%) cases, while T2, T3, and T4 accounted for 32 (20.6%),
30 (19.4%), and 40 (25.8%), respectively. In addition, 42
(27.1%) patients had lymph node metastases at initial diagnosis,
and 15 (9.7%) had distant metastases, which consisted of 12 liver
metastases, 2 multiple metastases (liver–bone and lung–pelvis
metastasis), and 1 lung and 1 spinal metastasis. Cases with distant
metastasis increased to 40 (25.8%) during follow-up. According
to the newest AJCC TNM staging criteria, 42 (27.1%) patients
were diagnosed as stage I, 51 (32.9%) as stage II, 47 (30.3%) as
stage III and 15 (9.7%) as stage IV. In addition, among 149 cases
that were classified based on the 2010 WHO grading classifica-
tion, 74 (49.7%) were classified as grade 1, 25 (16.8%) as grade
2, and 50 (33.6%) as grade 3. There were 6 cases of mixed adeno-
neuroendocrine carcinoma: 4 in the stomach, and 2 each in the
pancreas and colon. All 6 of these were at least stage III with
unfavorable prognosis. The distribution of TNM staging and
grading of each primary site are shown in Figure 3. In addition to
staging and grading information collected from surgical samples,
we analyzed immunohistochemical characteristics of 134 cases
that were available. A total of 126 patients (94.0%) stained



Table 1

Clinicopathological characteristics of patients with GEP-NEN.

Colon (N=8) Stomach (N=29) Intestine (N=15) Pancreas (N=65) Rectum (N=38) Total (N=155)

Age 52.0±20.0 61.6±11.1 53.1±12.0 49.7±13.5 55.0±12.4 53.7±13.6
Sex
Male 3 23 11 37 20 94/155
Female 5 6 4 28 18 61/155

Functionality
Yes 8 29 15 59 38 149/155
No 0 0 0 6 0 6/155

Incidental diagnosis
Yes 8 29 13 33 25 108/155
No 0 0 2 32 13 47/155

Invasive depth
T1 1 1 2 23 26 53/155
T2 1 7 4 13 7 32/155
T3 1 5 4 19 1 30/155
T4 5 16 5 10 4 40/155

Lymph node metastasis
Positive 2 20 7 9 4 42/155
Negative 6 9 8 56 34 113/155

Distant metastasis
Positive 0 4 0 10 1 15/155
Negative 8 25 15 55 37 140/155

IHC
CHG 6/7 25/28 13/14 50/60 12/25 106/134
SYN 6/7 28/28 14/014 56/60 22/25 126/134
NSE 6/7 20/28 12/14 53/60 15/25 106/134
CD56 3/7 15/28 8/14 35/60 13/25 74/134
CK 7/7 22/28 10/14 51/60 21/25 111/134

Treatment
Surgery 8 28 15 60 38 150/155
Chemotherapy 4 9 1 6 2 22/155

TMN stage
I 1 1 2 12 26 42/155
II 2 4 6 33 6 51/155
III 5 20 7 10 5 47/155
IV 0 4 0 10 1 15/155

Histological grade
G1 2 2 6 36 28 74/149
G2 0 1 4 16 4 25/149
G3 6 25 4 9 6 50/149

N=number, IHC= immunohistochemistry, CHG=Chromogranin, SYN=Synaptophysin, NSE=Neuron Specific Enolase, CK=cytokeratin.
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positive for synaptophysin, 111 (82.8%) for cytokeratin, 106
patients (79.1%) for chromogranin A and neuron-specific
Figure 1. The distribution of new cases during the study period.
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enolase, and 74 (55.2%) for CD56. Pathological details are
shown in Table 1.

3.3. Treatment

After initial diagnosis, 150 patients (96.8%) underwent surgical
resection, before which 3 patients received neoadjuvant chemo-
therapy, and postoperative chemotherapy was performed in
17 patients. Among those who did not accept surgery, 2 and
1 patients could not tolerant surgery due to advanced cancer and
received chemotherapy and targeted therapy, respectively, while
the other 2 refused any therapy for unknown reasons. Moreover,
trans-catheter arterial chemo-embolization (TACE) was applied
to 3 patients who had liver metastasis.
3.4. Survival analysis

Overall survival during follow-up period is shown in Figure 4. In
our study, 130 patients in this cohort received long-term follow
up with a median duration of 44 months (range: 0–164 months),

http://www.md-journal.com


Figure 2. The primary tumor site in all cases. A total of 155 cases was analyzed, and the pancreas was the commonest primary site.
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while 25 patients were lost to follow-up. Mean survival time was
108±9 months (95% confidence interval: 89–126 months),
while the median survival time was not available during the
observation period. The estimated 1-year and 3-year survival rate
Figure 3. Distribution of TNM stage and his
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was 82.3% (107/130) and 72.3% (94/130), respectively.
Furthermore, the overall 5-year survival rate for patients
followed up for at least 60 months (n=51) was 51.0%
(26/51). Thirty-seven deaths occurred during the follow-up
tological grade in different primary sites.



Table 2

Univariate and multivariate analysis of prognostic factors in patients

Survival time, month
Mean Median

All patients 108 NR
Gender .1

male 101 NR
female 89 NR

Age .1
<55 89 NR
≥55 92 82

Primary site .6
pancreas 77 NR
GIT 109 NR

Functionality .9
functional 69 NR
nonfunctional 111 82

Incidental diagnosis .0
Yes 87 NR
No 97 88

Maximum diameter <
<30mm 107 NR
≥30mm 81 82

Tumor stage <
T1 and T2 104 NR
T3 and T4 71 49

Distant metastasis .0
positive 41 36
negative 117 NR

Lymph node metastasis <0.001
positive 44 22
negative 136 NR

Histological grade <
G1 and G2 101 NR
G3 50 21

TMN stage <
I and II 106 NR
III and IV 60 36

P=P value, NR=not reached, GIT=gastrointestinal- tract, HR=Hazard ratio, CI= confidence Interval.

Figure 4. Overall survival curve during follow-up. A total of 130 cases received
long-term follow-up. Mean survival time was 108±9 months, but the median
survival time was not reached.
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period, and tumor progression was the most frequent cause of
mortality (73.0%, n=27). Nine patients (24.3%) died as a result
of postoperative complications and one committed suicide as a
result of depression for postoperative tumor progression.
Univariate analysis was performed using patients’ age (55

years as the cut-off point), gender, primary tumor site (pancreas
versus gastrointestinal tract), tumor functionality, incidental
diagnosis, maximum diameter, tumor stage, presence of lymph
node and distant metastasis at diagnosis, histological grade
according to the 2010WHO classification, as well as TNM stage
according to 2016 AJCC criteria (8th edition) to identify
potential prognostic factors of GEP-NEN. Overall survival
was significantly greater in patients with maximum tumor
diameter <30mm, lower tumor stage, negative metastasis, and
lower grade and TNM stage. These factors were significant
prognostic factors for survival (Table 2). A multivariate model
was applied to analyze these independent prognostic factors for
GEP-NEN. According to the analysis, only histological grade
(P= .041) was confirmed as an independent prognostic factor for
survival in patients with GEP-NEN (Table 2). Kaplan–Meier
survival curve of histological grade is shown in Figure 5.

4. Discussion

This retrospective study analyzed the clinicopathological
characteristics of 155 patients confirmed with GEP-NEN, and
identified several variables as normal or independent prognostic
factors for long-term survival. The overall prevalence and
with GEP-NEN.

Univariate Multivariate
P 95%CI P HR (95%CI)

89.2–125.9
12

79.6–122.9
73.5–104.5

47
76.9–101.4
61.2–123.2

54
64.1–89.1
85.6–132.8

23
36.7–101.6
93.9–128.9

46 .531 0.7 (0.2–2.1)
73.2–100.6
74.5–119.9

.001 .579 1.4 (0.4–4.7)
99.8–114.6
59.0–102.5

.001 .359 1.7 (0.5–5.5)
94.0–114.3
48.3–92.9

02 .263 1.7 (0.7–4.1)
18.4–64.2
98.9–134.4

0.159 1.8 (0.8–4.1)
29.7–58.0
120.4–150.7

.001 .031 3.0 (1.1–8.0)
92.4–109.8
27.7–71.7

.001 .276 2.2 (0.5–9.3)
97.5–114.3
37.9–82.3

http://www.md-journal.com


Figure 5. Kaplan–Meier survival curves of patients with GEP-NEN according to (A) incidental diagnosis, yes versus no (P= .046); (B) maximum diameter, <30mm
vs ≥30mm (P< .001); (C) tumor stage, T1 and T2 vs T3 andT4 (P< .001); (D) lymph node metastasis, N0 vs N1 (P< .001); (E) distant metastasis, M0 vs M1
(P= .002); (F) TNM stage, I and II vs III and IV (P< .0001); (G) histological grade, G1 and G2 vs G3 (P< .001).
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incidence of GEP-NEN differed widely among countries.
Nevertheless, the rising trend in incidence was observed in
studies from the United States, Norway and Taiwan,[2,4,5] which
has aroused research attention worldwide. However, it is
6

controversial whether this increase is due to the improvement
in diagnostic techniques or the increased attention of doctors.
GEP-NENs are classified as functional and nonfunctional

tumor according to symptoms associated with hormone over-



Liu et al. Medicine (2020) 99:33 www.md-journal.com
production or not. Guo et al summarized the literature published
from 1954 to 2011 in China, and found that 89.6% of GEP-
NENs were functional.[6] However, in our cohort, functional
tumors only accounted for 3.9%, including four insulinomas and
2 ACTH-secreting tumors that all occurred in the pancreas, while
nonfunctional tumors with nonspecific symptoms comprised
most GEP-NENs. Pancreatic and rectal NENs accounted for
almost two thirds of all cases, which might be attributed to the
widespread use of abdominal imaging and digestive endoscopy
during workup for nonspecific symptoms, or detected accidently
in a regular check-up on the early stage before disease
progression. Carcinoid syndrome is a specific manifestation of
NEN, which included a series of complicated features like
episodic flushing, abdominal pain, diarrhea, asthma and
tachycardia, and it occurs in ∼18% of jejunoileal NENs.[1,7]

None of our cases presented with carcinoid syndrome, which
might have been related to the small number of jejunoileal NENs
in our cohort, or unawareness of the information collectors in
early history-taking and physical examination.
It has been confirmed that GEP-NEN presents its heterogeneity

in relation to the diversity of its tissue origin. Many researches
have shown significant disparity in the distribution of tumor
primary sites, and the small intestine and rectum were the most
frequent in the United States, Austria and Norway.[2,5,8] Instead,
the commonest primary sites were the pancreas and rectum in
Japan, Hong Kong and China,[6,9,10] which is consistent with our
study. We assumed that that discrepancy maybe due to the ethnic
and environmental variation in carcinogenesis of GEP-NEN.
Still, it is necessary to explore further on the carcinogenesis of
GEP-NEN and increase the number of patients in epidemiological
study.
In our cohort, tumor grade and TNM stage were determined

according to the latest revised classification,[4,5] which facilitated
comparison of clinicopathological characteristics, prognostic
features and clinical outcome of GEP-NEN. In terms of grading in
our series, G1 tumors accounted for 49.7% of all cases, followed
by G3 (33.6%) and G2 (16.8%), which was similar to previous
research,[11,12] whereas the proportion of patient declined as the
grade advanced in other studies.[13–15] Taking patients’ medical
history into consideration, the higher proportion of G1 tumors
was probably the consequence of indolent nature of tumor and
increased routine health examinations, while G3 tumor had
higher malignancy, thus progressed faster and its clinical
manifestations appeared earlier than other grades. Patients with
lymph node and distant metastasis at initial diagnosis accounted
for 27.1% and 9.7%, respectively, while the distant metastasis
rate increased to 25.8% during follow-up. In accordance with
several other studies, the liver was the predominant location of
distant metastasis.[9,12]

In our research, surgical resection was the major treatment as it
is the only potential cure for GEP-NEN at present.[16,17] Palliative
surgery was used in advanced cancer for cytoreduction and relief
of obstruction to gain better quality of life. Except for surgical
resection, chemotherapy, interventional therapy like TACE,
biological therapy and targeted therapy were common alter-
natives for patients with GEP-NEN under different circum-
stances. Chemotherapy was usually applied to poorly
differentiated and high-stage tumors. First-line systemic chemo-
therapy with a platinum-based agent (cisplatin or carboplatin)
and etoposide is recommended for most patients with advanced
GEP-NEN.[18] Two of the most commonly used chemotherapeu-
tic regimens in our study were etoposide–platinum and
7

irinotecan–platinum combinations. Different combinations of
other chemotherapeutic drugs like capecitabine, temozolomide,
streptozotocin, and 5-fluorouracil were also frequently used to
treat GEP-NEN.[19] TACE is an appropriate and reliable
interventional therapy that is usually used to treat liver
metastasis. Also, biological therapy is a crucial treatment in
functional GEP-NEN to control hormone-related symptoms.
Clinically, somatostatin analogues such as octreotide and
lanreotide are now frequently administrated to suppress excess
hormone secretion.[20] Furthermore, targeted drugs like sunitinib
and everolimus have already went through a randomized,
double-blind, prospective and placebo-controlled phase III
trial,[21,22] which can significantly extend progression-free
survival.
The prognosis of GEP-NEN is more favorable than that of

carcinoma. The estimated overall 5-year survival rate of our
study was 51.0%, which was similar to that in Taiwan,
Surveillance Epidemiology and End Results and NRC regis-
try.[4,5,15] Nevertheless, studies in the UK, Australia and Spain
had higher survival rates.[8,23,24] This regional discrepancy might
be explained by ethnic origin, different primary tumor origin, and
diverse treatment strategies applied to patients. We demonstrated
that incidental diagnosis, maximum tumor diameter and tumor
stage, lymph node and distant metastasis, TNM stage and
histological grade were significant prognostic factors of survival
in patients with GEP-NEN, which partly concurred with some
large retrospective cohort studies in Hong Kong, Guang Zhou,
and Germany.[9,11,25] Nonetheless, histological grade was the
only independent prognostic factor for long-term survival
according to Cox-proportional hazard model analysis. This
disparity was probably due to different data processing methods
and small sample size, which may have led to statistical bias.
Recently, there have been some advancement in the molecular

typing of NEN. A whole-genome sequencing has revealed
distinctive copy-number variation and single-nucleotide variant
patterns and reclassified insulinomas and nonfunctional pancre-
atic NEN into 5 molecular subtypes.[26] This study explained the
correlation between clinical typing and molecular typing,
proposed new prognostic indicators, and provided a research
basis for clinical precision therapy. Another study reported that
molecular subtype (RB1 mutation and the RB1 wild-type) of
pulmonary large-cell neuroendocrine carcinoma could predict
chemotherapy treatment outcome, the patients with RB1 wild-
type large-cell neuroendocrine carcinoma treated with chemo-
therapy had a significantly longer overall survival.[27] Moreover,
a research about small intestinal NEN classified it into 3 groups
based on molecular profiling, which are associated with
significant difference in progression-free survival after surgical
resection. Those studies indicated that the novel molecular
classifications of NEN could provide new insight into the clinical
management of NEN patients, but more investigation of both
clinical and basic research are needed.[28]

In conclusion, we retrospectively analyzed patients patholog-
ically diagnosed with GEP-NEN during an 11-year period. We
observed an increasing trend in incidence with the pancreas being
the commonest primary site, and nonfunctional tumors with
nonspecific symptoms comprised the majority of all cases.
Surgical resection was the most commonly used and most
effective treatment. Finally, histological grade was verified as the
only independent prognostic factor for long-term survival. It is
disappointing that the overall survival of patients with GEP-NEN
has not changed appreciably during the past three decades in

http://www.md-journal.com
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either the United States or the UK,[1,3,24] thus there is an urgent
need to explore the molecular mechanisms and combine them
with large clinical studies, to establish a more effective treatment
and reliable method for early detection of GEP-NEN. In addition,
a prospective, large-scale, multicentered or population-based
clinical study is urgently needed in China.
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