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Abstract
BACKGROUND 
Duodenal neuroendocrine tumours (DNETs) are rare neoplasms. However, the 
incidence of DNETs has been increasing in recent years, especially as an incidental 
finding during endoscopic studies. Regrettably, there is no consensus regarding 
the ideal treatment of DNETs. Even there are few studies on the clinical features 
and survival analysis of DNETs.

AIM 
To analyze the clinical characteristics and prognostic factors of patients with 
duodenal neuroendocrine tumours.

METHODS 
The clinical data of DNETs diagnosed in the First Affiliated Hospital of Air Force 
Military Medical University from June 2011 to July 2022 were collected. Neuroen-
docrine tumours located in the ampulla area of the duodenum were divided into 
the ampullary region group; neuroendocrine tumours in any part of the duo-
denum outside the ampullary area were divided into the nonampullary region 
group. Using a retrospective study, the clinical characteristics of the two groups 
and risk factors affecting the survival of DNET patients were analysed.

RESULTS 
Twenty-nine DNET patients were screened. The male to female ratio was 1:1.9, 

https://www.f6publishing.com
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and females comprised the majority. The ampullary region group accounted for 24.1% (7/29), while the 
nonampullary region group accounted for 75.9% (22/29). When diagnosed, the clinical symptoms of the ampullary 
region group were mainly abdominal pain (85.7%), while those of the nonampullary region groups were mainly 
abdominal distension (59.1%). There were differences in the composition of staging of tumours between the two 
groups (Fisher's exact probability method, P = 0.001), with nonampullary stage II tumours (68.2%) being the main 
stage (P < 0.05). After the diagnosis of DNETs, the survival rate of the ampullary region group was 14.3% (1/7), 
which was lower than that of 72.7% (16/22) in the nonampullary region group (Fisher's exact probability method, P 
= 0.011). The survival time of the ampullary region group was shorter than that of the nonampullary region group (
P < 0.000). The median survival time of the ampullary region group was 10.0 months and that of the nonampullary 
region group was 451.0 months. Multivariate analysis showed that tumours in the ampulla region and no surgical 
treatment after diagnosis were independent risk factors for the survival of DNET patients (HR = 0.029, 95%CI 
0.004-0.199, P < 0.000; HR = 12.609, 95%CI: 2.889-55.037, P = 0.001). Further analysis of nonampullary DNET 
patients showed that the survival time of patients with a tumour diameter < 2 cm was longer than that of patients 
with a tumour diameter ≥ 2 cm (t = 7.243, P = 0.048). As of follow-up, 6 patients who died of nonampullary DNETs 
had a tumour diameter that was ≥ 2 cm, and 3 patients in stage IV had liver metastasis. Patients with a tumour 
diameter < 2 cm underwent surgical treatment, and all survived after surgery.

CONCLUSION 
Surgical treatment is a protective factor for prolonging the survival of DNET patients. Compared to DNETs in the 
ampullary region, patients in the nonampullary region group had a longer survival period. The liver is the organ 
most susceptible to distant metastasis of nonampullary DNETs.

Key Words: Duodenum; Neuroendocrine; Tumour; Ampullary; Nonampullary; Clinical features; Prognostic

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A retrospective study of the clinical features and prognostic factors of the ampullary and nonampullary of the 
duodenum neuroendocrine tumours. This study comprehensively analyses the basic characteristics, clinical symptoms, 
tumour characteristics, histological grading and classification, tumour clinical staging, treatment, and factors affecting the 
survival prognosis of patients with duodenal neuroendocrine tumours (DNETs). We found that surgical treatment is a 
protective factor for prolonging the survival of DNET patients. Compared to DNETs in the ampullary region, patients in the 
nonampullary region had a longer survival period. The liver is the organ most susceptible to distant metastasis of 
nonampullary DNETs.

Citation: Fang S, Shi YP, Wang L, Han S, Shi YQ. Clinical features and prognostic factors of duodenal neuroendocrine tumours: A 
comparative study of ampullary and nonampullary regions. World J Gastrointest Oncol 2024; 16(3): 907-918
URL: https://www.wjgnet.com/1948-5204/full/v16/i3/907.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i3.907

INTRODUCTION
Duodenal neuroendocrine tumours (DNETs) are rare tumours that account for 1%-3% of primary duodenal tumours and 
5%-8% of all gastrointestinal neuroendocrine tumours[1]. Most DNETs are located in the first or second part of the 
duodenum, with only 20% occurring in the periampullary area[2]. The vater ampulla is composed of a common channel 
of the common bile duct, pancreatic duct, and duodenal papilla, which is the intersection of the intestinal, pancreatic, and 
biliary epithelium[3,4]. The ampulla area of the duodenum refers to the area with a diameter of 2 cm centred around the 
opening of the duodenal papilla. DNETs in the ampulla region are usually considered independent entities with strong 
invasiveness, high risk of local and distant metastasis, and poor prognosis. Their clinical behaviour is more similar to that 
of pancreatic tumours[5]. The volume of nonampullary DNETs is mostly less than 2 cm, with an average tumour size of 
1.2-1.5 cm. After surgical treatment, it usually has a good survival prognosis of 5-10[6].

Previously, DNET tissue types were divided into five subtypes[7]: gastrin tumours, somatostatin tumours, nonfunc-
tional tumours, neuroendocrine carcinoma (NEC), and ganglion cell paraganglioma. Vanoli’s research[7] suggests that 
NEC is mainly located in the ampullary area. Compared with neuroendocrine tumours (NETs), NECs are more prone to 
lymphatic vessel invasion, duodenal wall infiltration, local lymph node metastasis, and distant metastasis. According to 
the World Health Organization (WHO)'s 2019 histological classification and grading standards for tumours[8], DNETs 
are classified into two categories: NETs and NECs. In de Jorge Huerta’s data on DNETs, NET-G1 is the most common, 
while NECs are extremely rare (≤ 3%)[9].

Most DNETs produce hormones that can be detected in serum or tumour cells through immunohistochemistry, but 
only a few hormones can cause clinical symptoms. According to clinical symptoms and hormone secretion, DNETs are 

https://www.wjgnet.com/1948-5204/full/v16/i3/907.htm
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classified as functional and nonfunctional. The secreted hormones leading to corresponding clinical symptoms are 
functional DNETs, while nonfunctional DNETs are those where no specific hormones are detected or the secreted 
hormones do not cause corresponding clinical symptoms. 90% of DNETs are nonfunctional neuroendocrine tumours, and 
only 10% are functional DNETs[9].

At present, there is no consensus on the treatment of DNETs, which mainly depends on the size and location of the 
tumour, histopathology classification and grading, staging, and tumour type[10]. Surgical removal of DNETs is currently 
a recommended treatment method[5]. For patients with a tumour diameter ≥ 2 cm or local/distant metastasis, surgical 
surgery is preferred[11]. For patients with nonampullary DNETs with a diameter of < 1 cm, no function, G1/G2 grade, no 
lymph nodes and distant metastasis, endoscopic resection and follow-up are recommended[12,13]. When DNETs in the 
ampulla region are diagnosed, they often invade the intrinsic muscle layer and metastasize to the lymph node. Even if the 
diameter is less than 1 cm, surgical resection and lymph node dissection should be performed[14]. Due to the high 
probability of metastasis in nonampullary DNETs with a thickness of 1-2 cm, there is still controversy over whether to 
perform endoscopic resection or surgical resection. It is recommended to use endoscopic ultrasound examination to 
determine the depth of tumor infiltration, local lymph node metastasis, and puncture biopsy before making a definitive 
choice[15].

There are few studies on the survival prognosis analysis of DNETs, and some studies[5-7,11] suggest that the prognosis 
of DNETs is related to the tumour region (ampullary/nonampullary), function, classification and grading, staging, 
treatment, etc. However, there are no articles that comprehensively analyse the impact of these factors on the survival of 
DNETs. Due to the rarity of DNETs and insufficient knowledge of their natural history, their disease characteristics and 
prognostic factors are currently not well understood[5]. At present, there are few prognostic analysis data on DNETs in 
China. This study comprehensively analyses the basic characteristics, clinical symptoms, tumour characteristics, 
histological grading and classification, tumour clinical staging, treatment, and factors affecting the survival prognosis of 
patients with DNETs diagnosed at the First Affiliated Hospital of Air Force Military Medical University to enrich the 
understanding of the clinical characteristics and prognostic factors of DNETs.

MATERIALS AND METHODS
The clinical data of patients with DNETs diagnosed at the First Affiliated Hospital of Air Force Military Medical 
University from June 2011 to July 2022 were retrospectively included in the study. Inclusion criteria: According to the 
"China Anti-Cancer Association guidelines for the diagnosis and treatment of neuroendocrine neoplasms (2022 Edition)"
[14], patients diagnosed with neuroendocrine tumors in duodenal tissue pathology are diagnosed with DNETs. Exclusion 
criteria: Incomplete clinical and pathological data. A total of 29 DNETs were screened out. Neuroendocrine tumours 
located in the ampulla area of the duodenum were divided into the ampullary region group, and neuroendocrine 
tumours in any part of the duodenum outside the ampullary area were divided into the nonampullary region group.

We recorded in detail the basic information and clinical data of all DNET patients, including patient sex, age at 
diagnosis, symptoms, reason for endoscopy (physical examination or not), endoscopic data, imaging data, histo-
pathology, immunohistochemistry, tumour size (diameter), histological classification and grading, tumour staging, serum 
gastrin level (pg/mL), surgical conditions after tumour diagnosis, and chemotherapy of tumours.

Tumour diameter at diagnosis is the largest diameter measured by endoscopy or imaging. The histological classi-
fication and grading of tumours[8] adopts the standards released by the WHO in 2019 to classify DNETs into two 
categories: NETs and NECs. NET classification is based on mitotic cell count and/or Ki-67 proliferation index: mitotic cell 
count [< 2/10 HPF, ≥ (2-20)/10 HPF, > 20/10 HPF] and/or Ki-67 index (< 3%, 3%-20%, > 20%), classified as corres-
ponding G1, G2, G3. NEC are classified into small cell NEC and large cell NEC based on the morphology of tumour cells, 
including the size of the sex nucleus, the characteristics of chromatin, and the amount of cytoplasm. The American Joint 
Committee on Cancer 8th edition staging system was adopted for tumour staging[14].

Date of diagnosis was defined as the date the tumor was first diagnosed through tissue pathology. Length of follow-up 
was calculated from the date of diagnosis to the date of the doctor's last phone contact, or the date of death. Follow up 
termination event refers to the end of follow-up or death caused by tumor recurrence and metastasis. The survival status 
was followed up by phone, and the deadline was November 1, 2022. The study protocol was approved by the local 
Clinical Research Ethics Committee.

Diagnostic criteria for gastrinoma (ZES): Patients with Zollinger Ellison syndrome signs and symptoms (recurrent 
peptic ulcer, gastroesophageal reflux, and diarrhoea) are suspected of having ZES[16]. Suspected ZES patients with 
gastric pH < 2 and serum gastrin concentration > 10 times the normal upper limit can be diagnosed with ZES. If the 
gastric pH is < 2 and serum gastrin concentration is < 10 times the normal upper limit, if the pancreatic gastrin test is 
positive (the gastrin concentration increases by > 120 pg/mL compared to the fasting baseline) or if the basal gastric acid 
secretion increases (> 15 mmol/h)[5], ZES can also be diagnosed.

Statistical analysis
Statistical analysis was conducted using SPSS26.0 software. The measurement data with normal distribution is 
represented by mean ± SD. The comparison between the two groups is performed by independent sample t test. The 
measurement data with non normal distribution are represented by the median (lower quartile, upper quartile), and the 
rank sum test is used for inter group comparison. Counting data is expressed in terms of examples and percentages, and 
comparisons between groups are conducted using the χ2 test or Fisher exact probability method. The Kaplan Meier 
method was used for survival analysis, and the log rank test was used for comparison between group survival analyses. 
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Cox regression model was used for prognostic risk factor analysis, and factors with P < 0.1 in univariate analysis were 
included in Cox multivariate analysis. P < 0.05 indicates a statistically significant difference.

RESULTS
Clinical data characteristics
Twenty-nine patients were confirmed to have DNETs during the study period, including 7 patients (24.1%) with tumours 
in the ampullary region and 22 patients (75.9%) with tumours in the nonampullary region. Among them, there were 10 
males (34.5%) and 19 females (65.5%). The DNET patients were diagnosed at an age of 55.7 ± 10.3 years old. At the time of 
diagnosis, the main clinical symptoms were abdominal pain (51.7%), followed by abdominal distension (17.2%), acid 
reflux (17.2%), nausea (13.8%), black stools (7.0%), poor appetite (7.0%), and vomiting (3.4%). When diagnosed with 
DNETs, 65.5% of tumours had a diameter greater than 2 cm, 96.6% were nonfunctional DNETs, the histological classi-
fication and grading were mainly NET-G1 (48.3%) and NET-G2 (44.8%), and the main stage was stage II (55.2%). After the 
diagnosis of DNETs, 86.2% of patients received surgical treatment, and 20.7% received postoperative chemotherapy. The 
total mortality rate of DNET patients was 41.4% (12/29), the mortality rate in the ampullary region group was 85.7% (6/
7), and the mortality rate in the nonampullary region group was 27.3% (6/22) (Table 1).

Comparison of clinical features of DNETs in the ampullary region group and nonampullary region group
After diagnosis, the survival time of the ampullary region group was shorter than that of the nonampullary region group 
(P < 0.000). There were differences in the histological classification and grading composition of DNET patients between 
the two groups (Fisher’s exact probability method, P = 0.023). The ampullary region group was mainly composed of NET-
G2 (57.1%), while the nonampullary region group was mainly composed of NET-G1 (54.5%). There was also a difference 
in the composition of stages of DNET patients between the two groups (Fisher’s exact probability method, P = 0.001). The 
ampullary region group was mainly composed of stage I (28.6%), stage III (28.6%), and stage IV (28.6%) tumours, while 
the nonampullary region group was mainly composed of stage II tumours (68.2%). The survival rate of patients in the 
nonampullary region group was higher than that in the ampullary region group, and the difference was statistically 
significant (Fisher's exact probability method, P = 0.026) (Table 2).

Survival analysis
At follow-up, there were a total of 12 deaths (41.4%) among DNET patients, including 6 deaths (85.7%) in the ampullary 
region group and 6 deaths (27.3%) in the nonampullary region group. The median survival time in the ampullary region 
group was 10.0 months, while that in the nonampullary region group was 451.0 months. The survival curve is shown in 
Figure 1. We further analysed the impact of factors such as sex, age at diagnosis, tumour diameter, location, histological 
classification and grading, tumour staging at diagnosis, surgical status after diagnosis, and postoperative chemotherapy 
on patient survival. The univariate analysis results of the Cox regression model showed that there were statistically 
significant differences in tumour staging at diagnosis, postoperative surgery (with/without), and tumour location 
(ampullary/nonampullary) (P = 0.003, 0.000, 0.000). The above three risk factors were further included in the Cox 
multivariate analysis, and the results showed that there were statistically significant differences in tumour site 
(ampullary/nonampullary) and surgery (with/without) after diagnosis (HR = 0.029, 95%CI: 0.004-0.199, P < 0.000; HR = 
12.609, 95%CI: 2.889-55.037, P = 0.001) (Table 3).

Clinical characteristics of nonampullary DNET patients
Clinical data of nonampullary DNET patients: Among 22 patients with nonampullary DNETs, there were 9 males 
(40.9%) and 13 females (59.1%), and all patients had serum gastrin levels below 150 pg/mL. Nonampullary DNET 
patients had a tumour diameter of 2.696 ± 1.648 cm, with 8 patients (36.4%) having a tumour diameter less than 2 cm and 
14 patients (63.6%) having a tumour diameter ≥ 2 cm. Nonampullary DNET patients were diagnosed at an age of 54.5 ± 
10.0 years old, with 81.8% (18/22) of patients under 65 years old. At the time of diagnosis, the clinical symptoms were 
mainly bloating (59.1%), followed by abdominal pain (41.0%), and 27.3% were incidentally detected during asymptomatic 
physical examinations. When diagnosed with nonampullary DNETs with a tumour diameter of less than 2 cm, half of the 
patients had no clinical symptoms and were accidentally discovered during physical examinations. When diagnosed with 
nonampullary DNETs with a tumour diameter of ≥ 2 cm, the clinical symptoms were mainly abdominal distension 
(85.7%), followed by abdominal pain (57.1%), and a few (14.3%) patients had no clinical symptoms. At the time of 
diagnosis, only one patient had a pathological indication of small cell NEC, with a tumour diameter of 0.5 cm. The 
pathology of the remaining patients was NET, and their histological classification and grading were mainly NET-G1 
(54.5%) and NET-G2 (41.0%). Most tumours were stage II (68.2%). Three stage IV patients were diagnosed with a tumour 
diameter ≥ 2 cm, and all had liver metastasis. After diagnosis, 90.9% received surgical treatment, and 22.7% received 
chemotherapy. The overall survival rate of nonampullary DNET patients was 72.7% (16/22). The survival rate of patients 
with a tumour diameter < 2 cm was 100.0% (8/8), and the survival rate of patients with a tumour diameter ≥ 2 cm was 
57.1% (8/14) (Table 4).

Clinical characteristics of nonampullary DNET patients: After diagnosis, the survival time of patients with a tumour 
diameter < 2 cm was longer than that of patients with a tumour diameter ≥ 2 cm, and the difference was statistically 
significant (t = 7.243, P = 0.048). The survival rate of patients with a tumour diameter < 2 cm (100.0%) was higher than 
that of patients with a tumour diameter ≥ 2 cm (57.1%), but the difference was not statistically significant (Fisher's exact 
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Table 1 Basic information of duodenal neuroendocrine tumour patients, n (%)

Clinical features Duodenal neuroendocrine tumours (n = 29)

Gender

Males 34.5 (10/29)

Females 65.5 (19/29)

Tumour site

Ampullary region 24.1 (7/29)

Nonampullary region 75.9 (22/29)

Age at diagnosis

Median age (yr) 55.7 ± 10.3

30-39 7.0 (2/29)

40-49 24.1 (7/29)

50-59 34.5 (10/29)

60-69 24.1 (7/29)

≥ 70 10.3 (3/29)

Symptoms

Abdominal pain 51.7 (15/29)

Abdominal distension 17.2 (5/29)

Acid reflux 17.2 (5/29)

Nausea 13.8 (4/29)

Vomiting 3.4 (1/29)

Black stools 7.0 (2/29)

Poor appetite 7.0 (2/29)

No symptoms 20.7 (6/29)

Tumour size 2.6 ± 1.6 cm

≤ 1 cm 13.8 (4/29)

1-2 cm 20.7 (6/29)

≥ 2 cm 65.5 (19/29)

Histological classification and grading

NET-G1 48.3 (14/29)

NET-G2 44.8 (13/29)

NET-G3 3.4 (1/29)

NEC 3.4 (1/29)

Tumour staging

I 13.8 (4/29)

II 55.2 (16/29)

III 13.8 (4/29)

IV 17.2 (5/29)

Tumour type

Nonfunction 96.6 (28/29)

Function(gastrinoma) 3.4 (1/29)

Surgery

Yes 86.2 (25/29)
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No 13.8 (4/29)

Postoperative chemotherapy

Yes 20.7 (6/29)

No 79.3 (23/29)

Survival status

Death 41.4 (12/29)

Survival 58.6 (17/29)

Table 2 Comparison clinical features of duodenal neuroendocrine tumour patients in ampullary region and nonampullary region

Clinical features Ampullary region (n = 
7)

Nonampullary region (n = 
22) Statistical value P 

value

Males/females (n/n) 1/6 9/13 Fisher exact test 0.367

Age at diagnosis (yr) 59.256 ± 11.368 54.546 ± 9.99 t = 1.059 0.299

Tumour size (cm) 2.543 ± 1.316 2.696 ± 1.648 t = -0.223 0.826

Survival time (month) 10 (8, 30) 71.5 (35, 123) Z = -3.238 0.000 

Histological classification and grading, n 
(%)

Fisher exact probability method = 
4.098

0.241 

    NET-G1 2 (28.6) 12 (54.5)

    NET-G2 4 (57.1) 9 (41)

    NET-G3 1 (14.3) 0 (0)

    NEC 0 (0) 1 (4.5)

Tumour staging, n (%) Fisher exact probability method = 
6.996

0.036 

    I 2 (28.6) 2 (9.1)

    II 11 (14.3) 15 (68.2)

    III 2 (28.6) 2 (9.1)

    IV 2 (28.6) 3 (13.6)

With/without functional tumours (n/n) 1/6 0/22 Fisher exact test 0.241

With/without surgery (n/n) 5/2 20/2 Fisher exact test 0.238

With/without chemotherapy (n/n) 1/6 5/17 Fisher exact test 0.545

Death/survival (n/n) 6/1 6/16 Fisher exact test 0.011

Table 3 Univariate and multivariate analysis of overall survival of duodenal neuroendocrine tumour patients

        Univariate analysis         Multivariate analysis
Factor

        HR (95%CI) P value         HR (95%CI) P value

Tumour staging 8.000 (5.060-10.940) 0.003 -

Surgery (with/without) 8.000 (6.303-9.697) 0.000 0.029 (0.004-0.199) 0.000 

Tumour site (ampullary/nonampullary region) 10.000 (8.829-11.171) 0.000 12.609 (2.889-55.037) 0.001

"-" is not listed as it has no statistical significance.
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Table 4 Basic information of nonampullary duodenal neuroendocrine tumours patients, n (%)

Tumour size (diameter)
Clinical features

< 2 cm (n = 8) ≥ 2 cm (n = 14)

Gender

    Males 12.5 (1/8) 57.1 (8/14)

    Females 87.5 (7/8) 42.9 (6/14)

Age at diagnosis

Median age (yr)

    < 65 75 (6/8) 85.7 (12/14)

    ≥ 65 25 (2/8) 14.3 (2/14)

Symptoms

    Abdominal pain 12.5 (1/8) 57.1 (8/14)

    Abdominal distension 12.5 (1/8) 85.7 (12/14)

    Acid reflux 25 (2/8) 0 (0/14)

    Nausea 0 (0/8) 14.3 (2/14)

    Vomiting 0 (0/8) 7.1 (1/14)

    Black stools 0 (0/8) 14.3 (2/14)

    Poor appetite 0 (0/8) 14.3 (2/14)

    No symptoms 50 (4/8) 14.3 (2/14)

Histological classification and grading

    NET-G1 62.5 (5/8) 50 (7/14)

    NET-G2 25 (2/8) 50 (7/14)

    NET-G3 0 (0/8) 0 (0/14)

    NEC 12.5 (1/8) 0 (0/14)

Tumour staging

    I 25 (2/8) 0 (0/14)

    II 75 (6/8) 64.3 (9/14)

    III 0 (0/8) 14.3 (2/14)

    IV 0 (0/8) 21.4 (3/14)

Surgery

    Yes 100 (8/8) 85.7 (12/14)

    No 0 (0/8) 14.3 (2/14)

Postoperative chemotherapy

    Yes 12.5 (1/8) 28.6 (4/14)

    No 87.5 (7/8) 71.4 (10/14)

Survival status

    Death 0 (0/8) 42.9 (6/14)

    Survival 100 (8/8) 57.1 (8/14)

probability method, P = 0.051). When diagnosed with nonampullary DNETs, there were no statistically significant 
differences in sex ratio, age, tumour histological classification and grading, staging, surgery, or chemotherapy between 
the two groups of patients with tumour diameter < 2 cm and tumour diameter ≥ 2 cm (Table 5).

Survival analysis of nonampullary DNET patients: As of follow-up, there were a total of 6 deaths (27.3%) among 
nonampullary DNET patients. When the 6 deceased patients were diagnosed, the tumour diameter was ≥ 2 cm, 3 cases 
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Table 5 Clinical characteristics comparison of nonampullary duodenal neuroendocrine tumour patients

Tumour size (diameter)
Clinical features

< 2 cm (n = 8) ≥ 2 cm (n = 14)
Statistical value P value

Males/females (n/n) 1/7 8/6 Fisher exact test 0.052

Age at diagnosis (yr) 56.50 ± 12.00 53.43 ± 8.97 t = 0.684 0.502

Survival time (month) 191.25 ± 175.47 42.93 ± 30.49 t = 7.243 0.048

Histological classification and grading, n (%) Fisher exact probability method = 5.090 0.120 

NET-G1 5 7

NET-G2 2 7

NET-G3 0 0

NEC 1 0

Tumour staging, n (%) Fisher exact probability method = 2.459 0.363 

I 2 0

II 6 9

III 0 2

IV 0 3

With/without surgery (n/n) 8/8 12/2 Fisher exact test 0.515

With/without chemotherapy (n/n) 1/7 4/10 Fisher exact test 0.394

Death/survival (n/n) 0/8 8/14 Fisher exact test 0.051

Figure 1 Overall survival curve of duodenal neuroendocrine tumours patients in ampullary region and nonampullary region. The median 
survival time in the ampullary region was 10.0 months, while that in the nonampullary region was 451.0 months. The survival time of the ampullary region was shorter 
than that of the nonampullary region (P < 0.000).
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were diagnosed with stage IV tumour and all had liver metastasis, 2 cases were diagnosed with stage III tumour, and 1 
case was diagnosed with stage II tumour but the patient had concurrent rectal cancer. Patients with a tumour diameter < 
2 cm underwent surgical treatment, and all survived after surgery. One patient with small cell NEC had a tumour 
diameter of 0.5 cm and survived surgical treatment.

DISCUSSION
DNETs are rare duodenal tumours. The total incidence rate in the United States is 0.19/100000, the overall prevalence rate 
in the United Kingdom is 0.04/100000, and the overall prevalence rate in Japan is 0.17/100000[1]. There are no epidemi-
ological research data on DNETs in China. In recent years, with the continuous improvement of diagnostic technology, 
the incidence rate of DNETs has increased[9], but there is still insufficient clinical knowledge and management of DNETs
[10]. This study retrospectively analysed the clinical characteristics and prognosis of single centre confirmed DNET 
patients to help guide disease management.

Sato et al[1] have shown that DNETs are more common in males than in females, and 75% of DNETs have tumours 
with a diameter less than 2 cm. In this study, women accounted for the majority, with a male to female ratio of 1:1.9, and 
65.5% of patients had tumours with a diameter greater than 2 cm. The basic characteristics of tumours are different from 
those of foreign countries, which may be related to various factors such as disease awareness, geographical environment, 
and racial differences. The median survival time of NEC in previous studies[7] was 10 months, and its mortality rate was 
85.2% (23/27). One case of small cell NEC in this centre was located in the nonampullary region, with the main symptom 
being burping. This tumour had a diameter of 0.5 cm and underwent surgery. The patient has survived to this day after 
surgery. Consistent with previous studies[1,9], nonampullary DNETs account for the majority (75.9%), the mortality rate 
of ampullary DNETs is high (85.7%), and the proportion of nonfunctional DNETs is high (96.6%).

de Jorge Huerta et al[9] shows that the majority of DNETs (81.0%) are usually accidentally discovered during upper 
gastrointestinal endoscopy for other reasons (digestive disorders are the most common). With increasing awareness of 
people's health, the proportion of cases found during routine physical examinations has significantly increased. In this 
study, 20.7% of patients had no clinical symptoms and were accidentally discovered during physical examinations. When 
DNETs were diagnosed, the main clinical symptoms were abdominal pain (51.7%), followed by abdominal distension, 
acid reflux, nausea, black stools, fatigue, poor appetite, and vomiting. The proportion of abdominal pain is higher (85.7%) 
when diagnosed with ampullary DNETs, and the proportion of abdominal distension is higher (59.1%) when diagnosed 
with nonampullary DNETs. However, for nonampullary DNET patients with a tumour diameter ≥ 2 cm, abdominal 
distension was the main clinical symptom (85.7%). For patients with unexplained abdominal distension, careful 
observation of the duodenum should be performed during endoscopic examination, and attention should be given to 
identifying nonampullary DNETs. To determine whether the clinical symptoms of DNETs are caused by relevant 
hormones they secrete and to distinguish between functional and nonfunctional DNETs, it is recommended that all 
patients measure serum gastrin levels and actively seek correct classification of symptoms.

In functional DNETs, ZES accounts for a higher proportion, and somatostatin tumours are rare[1,10]. There is only one 
case of functional DNETs in this centre, which is a ZES patient in the ampullary region. The clinical symptoms are mainly 
abdominal pain. When diagnosed, serum gastrin was 1520 pg/mL, the pH value in the stomach was 0.9, the tumour 
diameter was 1.5 cm, and the clinical stage was III. Surgical treatment and chemotherapy were not performed, and the 
patient ultimately died. For ZES patients, proton pump inhibitor therapy is usually effective, so the average time from 
symptom onset to final diagnosis often exceeds 5 years, and 25% of patients experience local or distant metastasis at 
diagnosis. Patients with combined metastasis have a poor prognosis[5].

There are many differences between ampullary region and nonampullary region DNETs[1,2]. Ampullary region 
DNETs have higher tumour invasiveness, are diagnosed in later stages of the disease, have poorer overall survival rates, 
and have different treatment plans. This study compared DNETs in the ampullary region with those in the nonampullary 
region and found that the main staging at the time of diagnosis was in nonampullary region group II (68.2%). The 
survival rate of patients in the nonampullary region group (72.7%) was higher than that in the ampullary region group 
(14.3%) (P = 0.011), which is consistent with previous studies[1]. The median survival time of the ampullary region group 
in this study was 10.0 months, while that of the nonampullary region group was 451.0 months. The survival time of the 
ampullary region group was shorter than that of the nonampullary region group (P < 0.000), indicating that the prognosis 
of nonampullary region DNETs is relatively good[5].

The selection of surgical resection methods for DNETs patients should be based on comprehensive considerations such 
as tumor differentiation, tumor diameter, tumor location, and tumor staging. DNETs located around the ampulla have a 
relatively high degree of malignancy when diagnosed. The analysis results of the SEER database show that[2] compared 
to nonampullary areas, DNENs tumors around the ampulla are often larger, with high-grade pathology and more distant 
metastasis. The median survival time is significantly shorter than that of the nonampullary area group, but there is no 
statistically significant difference in the median overall survival time between the two groups after surgical resectionD. 
Therefore, ENETS suggests that curative resection should be the first choice for DNENs around the ampulla. Milanetto et 
al[17] analyzed 18 cases of dNENs around the ampulla, and the research results showed that the surgical local resection 
group had shorter surgical time and less blood loss. During the follow-up period, only 3 G3/NEC patients who 
underwent pancreaticoduodenectomy experienced recurrence. Therefore, it is recommended to perform local resection 
for dNENs around the ampulla with a diameter of < 2 cm.
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de Jorge Huerta et al[9] showed that 21 patients with sporadic and nonfunctional DNETs only had distant affected 
organs in the liver (2 cases). In this study, three stage IV patients were diagnosed with a tumour diameter ≥ 2 cm, and all 
had liver metastases, indicating that the liver may be the organ most susceptible to distant metastasis of nonampullary 
DNETs. One stage IV patient underwent surgical treatment for primary duodenal tumour and liver metastasis but 
ultimately died. Previously, it was believed that patients with nonampullary DNETs had a good prognosis[5], but it is a 
heterogeneous tumour that can exhibit invasive features. In this study, patients with lymph node and organ metastasis all 
died. Therefore, when diagnosing nonampullary DNET patients, attention should be given to evaluating lymph node and 
organ metastasis, and selecting effective treatment plans is still a problem that needs to be solved[18].

At present, there is no prognostic model for DNETs. In this study, a Cox regression model was used to analyse 
prognostic risk factors. Univariate analysis showed that tumour staging, whether surgery was performed after diagnosis, 
and tumour location (ampullary/nonampullary) affected the survival rate of DNET patients. Further multivariate 
analysis showed that whether surgery was performed, as well as the location of the tumour (ampullary/nonampullary), 
affected the overall survival rate of DNET patients, suggesting that surgical treatment is a protective factor for prolonging 
the survival period of DNET patients. Therefore, for patients with DNETs, it is recommended to fully evaluate the lesion 
after diagnosis and actively choose surgical treatment[19] to improve the survival rate and prolong survival. Vanoli et al
[7] suggested that tumour size > 2 cm and tissue grade G3/NEC were risk factors affecting patient prognosis, but there 
was no statistically significant impact of tumour size and tissue grade on the survival of DNETs in our data.

This study, as the first clinical study on DNETs in China, can provide some reference for the prevention and treatment 
of this disease. However, the design of a single centre retrospective study has a limited sample source, and it is difficult to 
fully reflect the characteristics of the disease. Therefore, large-scale, multicentre research is still needed to further explore 
the characteristics and risk factors for this disease and provide the best diagnosis and treatment strategies for DNET 
patients.

CONCLUSION
Surgical treatment is a protective factor for prolonging the survival of DNET patients. Compared to DNETs in the 
ampullary region, patients in the nonampullary region group had a longer survival period. The liver is the organ most 
susceptible to distant metastasis of nonampullary DNETs.

ARTICLE HIGHLIGHTS
Research background
Duodenal neuroendocrine tumours (DNETs) are rare neoplasms. However, the incidence of DNETs has been increasing 
in recent years, especially as an incidental finding during endoscopic studies. Regrettably, there is no consensus 
regarding the ideal treatment of DNETs. Even there are few studies on the clinical features and survival analysis of 
DNETs. Some studies suggest that the prognosis of DNETs is related to the tumour region (ampullary/nonampullary), 
function, classification and grading, staging, treatment, etc. However, there are no articles that comprehensively analyse 
the impact of these factors on the survival of DNETs. Due to the rarity of DNETs and insufficient knowledge of their 
natural history, their disease characteristics and prognostic factors are currently not well understood. At present, there 
are few prognostic analysis data on DNETs in China.

Research motivation
This study, as the first clinical study on DNETs in China, can provide some reference for the prevention and treatment of 
this disease.

Research objectives
This study comprehensively analyses the basic characteristics, clinical symptoms, tumour characteristics, histological 
grading and classification, tumour clinical staging, treatment, and factors affecting the survival prognosis of patients with 
DNETs. We found that surgical treatment is a protective factor for prolonging the survival of DNET patients. Compared 
to DNETs in the ampullary region, patients in the nonampullary region had a longer survival period. The liver is the 
organ most susceptible to distant metastasis of nonampullary DNETs.

Research methods
A retrospective study of the clinical features and prognostic factors of the ampullary and nonampullary of the duodenum 
neuroendocrine tumours. Compare the clinical characteristics of patients with ampullary and nonampullary DNETs, and 
analyze the prognostic factors affecting DNETs. Further research will be conducted on the clinical characteristics and 
prognosis of nonampullary DNETs. In this study, a Cox regression model was used to analyse prognostic risk factors.

Research results
Twenty-nine DNET patients were screened. The male to female ratio was 1:1.9, and females comprised the majority. 
When diagnosed, the clinical symptoms of the ampullary region group were mainly abdominal pain (85.7%), while those 
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of the nonampullary region groups were mainly abdominal distension (59.1%). The survival time of the ampullary region 
group was shorter than that of the nonampullary region group (P < 0.000). Multivariate analysis showed that tumours in 
the ampulla region and no surgical treatment after diagnosis were independent risk factors for the survival of DNET 
patients. Further analysis of nonampullary DNET patients showed that the survival time of patients with a tumour 
diameter < 2 cm was longer than that of patients with a tumour diameter ≥ 2 cm (t = 7.243, P = 0.048). This study, as the 
first clinical study on DNETs in China, can provide some reference for the prevention and treatment of this disease. 
However, the design of a single centre retrospective study has a limited sample source, and it is difficult to fully reflect 
the characteristics of the disease. Therefore, large-scale, multicentre research is still needed to further explore the charac-
teristics and risk factors for this disease and provide the best diagnosis and treatment strategies for DNET patients.

Research conclusions
In this study, Compare the clinical characteristics of patients with ampullary and nonampullary DNETs, and analyze the 
prognostic factors affecting DNETs. A Cox regression model was used to analyse prognostic risk factors. Multivariate 
analysis showed that whether surgery was performed, as well as the location of the tumour (ampullary/nonampullary), 
affected the overall survival rate of DNET patients, suggesting that surgical treatment is a protective factor for prolonging 
the survival period of DNET patients.

Research perspectives
Due to the high probability of metastasis in nonampullary DNETs with a diameter of 1-2 cm, there is still controversy 
over whether to perform endoscopic resection or surgical resection. For this group of patients, further research is needed 
to determine the optimal treatment plan.
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