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Abstract 

Background/aim  This study investigated the clinicopathological characteristics and treatment of appendix neuroen‑
docrine neoplasms in appendectomy specimens of our center.

Materials and methods  The clinicopathological data, including age, sex, preoperative clinical manifestation, surgical 
method, and histopathological examination results of 11 patients with appendix neuroendocrine neoplasms con‑
firmed by surgery and pathology between November 2005 and January 2023, were retrospectively analyzed.

Results  In the histopathological examination of 7277 appendectomy specimens, 11 cases (0.2%) had appendix 
neuroendocrine neoplasms. Among the 11 patients, 8(72.7%) were males, and 3(27.3%) were females, with an average 
age of 48.1 years. All patients underwent emergency surgery. A total of 9 patients underwent open appendectomy, 
including 1 patient who underwent second-stage simple right hemicolectomy after an appendectomy, and two who 
underwent laparoscopic appendectomy. All 11 patients were followed up for a period of 1 to 17 years. All patients 
survived without any indication of tumor recurrence.

Conclusion  Appendiceal neuroendocrine neoplasms are low-grade malignant tumors originating from neuroen‑
docrine cells. They are rarely seen in clinical practice and are often treated based on acute and chronic appendicitis 
symptoms. These tumors are challenging to diagnose before surgery due to the lack of specificity in clinical manifes‑
tations and auxiliary examinations. The diagnosis generally depends on postoperative pathology and immunohisto‑
chemistry. Despite the diagnostic challenges, these tumors have a favorable prognosis.
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Introduction
Neuroendocrine neoplasms of the appendix, formerly 
known as carcinoids, are the most prevalent type of 
appendix tumors. They are rare tumors and grow slowly 
[1, 2]. The incidence rate of neuroendocrine neoplasms 
of the appendix is about 0.15–0.6/100,000/year. Western 
studies have revealed that the incidence of neuroendo-
crine neoplasms is higher in women than in men. The 
cancer is reported in individuals aged between 38 and 
51  years old [3, 4]. The North American Neuroendo-
crine Society (NANETS) has established guidelines for 
classifying neuroendocrine neoplasms. Based on these 
guidelines, NENs are classified into highly differentiated 
and poorly differentiated categories. Carcinoid tumors, 
including low- and intermediate-grade tumors, are well-
differentiated NENs. By definition, poorly differentiated 
NENs, including small-cell carcinomas and large-cell 
neuroendocrine carcinomas, are considered high-level 
neuroendocrine carcinomas. Cell size and nuclear mor-
phology are used to distinguish small cell carcinoma from 
large cell neuroendocrine carcinoma. The mixed forms of 
advanced neuroendocrine and non-neuroendocrine car-
cinoma have also been well-recognized [5]. In contrast, 
the European Neuroendocrine Tumor Society (ENETS) 
grades tumors according to the histopathology charac-
teristics of the appendix and Ki-67 proliferation index. 
Neuroendocrine neoplasms of the appendix are classified 
into three categories: NET-G1 (Ki67 index  <  2%), NET-
G2 (Ki67 index 3–20%), and NEC-G3 (Ki67 index > 20%) 
[3]. NEC-G3 includes small-cell carcinomas and large-
cell neuroendocrine carcinomas. It can be seen that both 
ENETS and NANETS classify NEN into three hierarchi-
cal categories. However, the criteria for defining each 
category of NEN do not fully match between different 
guidelines.

In 2019, the World Health Organization classified 
the neuroendocrine tumors of the appendix into well‐
differentiated neuroendocrine tumor (NET), poorly 
differentiated neuroendocrine carcinoma (NEC), and 
mixed neuroendocrine-non neuroendocrine neoplasms 
(MiNEN) [6]. NETs are relatively inert and have a good 
prognosis [7]. NETs can be characterized by cord-like, 
banded, and nested structures. Typical cells are cir-
cular to elliptical in shape, and the nucleus contains a 
rough collection of “salt and pepper” chromatin. Some 
tumors may show diffuse granular chromatin, and some 
may have prominent nucleoli. The cytoplasm usually 
has a strongly granular appearance [8, 9]. Neuroen-
docrine differentiation was observed using immuno-
histochemical synaptophysin (Syn) and chromaffin 
A (CgA) staining [3, 6]. NETs are further subdivided 
into G1, G2, and G3, according to the mitotic index 
and Ki-67 proliferative index. Among them, G1 and 

G2 have a Ki-67 proliferation index of < 20%, while G3 
has a Ki-67 proliferation index of > 20%. G3 is relatively 
more invasive than G1 and G2. NEC is a highly inva-
sive cancer (small or large cell carcinoma) with a poor 
prognosis (median survival rate of less than 2  years). 
Poorly differentiated neuroendocrine carcinomas show 
malignant cells arranged in sheets, with a high mitotic 
rate and conspicuous necrosis. Small cell neuroendo-
crine carcinoma shows intensely hyperchromatic cells 
that mold to one another, with minimal cytoplasm. 
Large cell neuroendocrine carcinoma shows cells with 
prominent nucleoli and some amount of amphophilic 
cytoplasm. NECs usually have TP53 or RB1 mutations 
[10]. MiNENs are tumors composed of a mixed popu-
lation of neuroendocrine tumors and adenocarcinoma. 
Some studies have suggested that the two components 
account for at least 30% of the tumor component, but 
this viewpoint is still debatable [11].

Due to the lack of specific clinical symptoms for appen-
dix neuroendocrine neoplasms, laboratory, B-ultrasound, 
X-ray, and other examinations are of little significance 
for the early diagnosis of these neoplasms. Preoperative 
clinical diagnosis is often misdiagnosed as other inflam-
matory lesions, most of which are found accidentally in 
the pathological examination of postoperative specimens 
[12–14]. So far, the biological behavior of neuroendocrine 
neoplasms has not been fully understood [15]. Some con-
troversy still exists in the surgical treatment of neuroen-
docrine neoplasms of the appendix. Generally, tumor 
size is positively correlated with the chance of metasta-
sis. For example, metastasis is rarely reported for tumors 
smaller than 1.0  cm. On the other hand, the chance of 
metastasis is high for patients with 1.0–2.0  cm tumors. 
However, whether radical surgery is needed for patients 
with 1.0–2.0 cm tumors remains controversial. Research 
by Moertel et al. showed that a simple appendectomy is 
an adequate treatment for patients with localized tumors 
smaller than 2.0 cm [16]. For tumors larger than 2.0 cm, 
the metastasis rate can reach 31%. Some studies have 
suggested that all patients with tumors larger than 2.0 cm 
should undergo radical surgery for the right colon [3, 
17–19]. However, Moertel et al. suggested that the right 
hemicolectomy may only suit young patients with tumors 
≥ 2.0 cm [16]. The neuroendocrine tumors of the appen-
dix are rare, and the preoperative diagnosis is challeng-
ing. Therefore, it is crucial to retrospectively analyze the 
information about this rare tumor, which could reveal its 
appropriate treatment.

This study investigated the clinical data and histo-
pathological characteristics of 11 cases of neuroendo-
crine neoplasms of appendix. The patients were treated 
at our center between November 2005 and January 2023. 
Moreover, we discussed the diagnosis, treatment, and 
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prognosis of this cancer to offer reference and guidance 
for the clinical treatment of the cancer.

Materials and methods
Patients
A total of 7277 patients were retrospectively evalu-
ated. All patients underwent appendectomy and histo-
pathological examination at Wenzhou Central Hospital 
between November 2005 and January 2023. Only patients 
diagnosed with appendix neuroendocrine neoplasms 
were included in the study. The clinical data of patients 
were obtained from computer records and telephone 
follow-ups. The age, sex, preoperative clinical manifesta-
tion, surgical procedure, histopathology, and immunohis-
tochemistry of these cases were recorded. If a patient met 
any of the following criteria, they underwent right hemi-
colectomy after simple appendectomy as part of their 
treatment: (1) the tumor diameter is greater than 2 cm; 
(2) tumor metastasis to the mesentery of the appendix; 
(3) mesenteric lymph node metastasis of the tumor; (4) 
tumor cells within the surgical margin of appendectomy; 
and (5) appendiceal NEC (grade 3, Ki67 > 20%). Patients 
were followed up once a year after surgery. The cancer 
recurrence was tracked for the remainder of their lives. 
The follow-up period was calculated as the time from 
diagnosis to recurrence or the last follow-up. The median 
follow-up time was 9.4 years (1–17 years). This study was 
approved by the ethics committee of Wenzhou Central 
Hospital.

Hematoxylin and eosin staining 
and immunohistochemistry
The original specimen was examined and diagnosed by 
two experienced pathologists.

Results
Among the 11 patients with neuroendocrine neoplasms 
of the appendix, 8(72.7%) were males, and 3(27.3%) were 
females, all with no family history of a malignant tumor. 
The patients ranged 9 to 71 years old, with an average age 
of 48.1  years. The main clinical manifestation in the 11 
patients was acute appendicitis. The clinical and patho-
logical data of the patients are shown in Table 1.

Supplementary examination
Imaging examination
Of the 11 patients with neuroendocrine tumors of the 
appendix, one did not undergo abdominal computed 
tomography (CT) or B-ultrasound examination before 
surgery. In contrast, the remaining 10 patients under-
went abdominal CT or B-ultrasound examination before 
surgery (including 9 cases who underwent abdominal 
CT examination and 1 who underwent B-ultrasound 

examination). Among the 9 patients who underwent 
abdominal CT examination, 2 had a slightly thickened 
appendix, 2 had acute appendicitis with fecal calculus, 
one had acute appendicitis with fecal stone and periph-
eral exudation, 3 had acute appendicitis with peripheral 
exudation. One had acute appendicitis with perforation 
and peripheral exudation. B-ultrasound showed the pos-
sibility of inflammatory changes in appendicitis in one 
patient.

Laboratory examination
Preoperative blood routine examination of the 11 patients 
showed that the white blood cell count was normal or 
high (8.8~17.7 ×  109/L; normal range 3.5~9.5 ×  109/L). 
Because all patients were admitted to the hospital with 
acute abdominal pain, serum tumor markers were not 
examined before surgery.

Pathological diagnosis and lymph node metastasis
Because all patients underwent emergency surgery, no 
intraoperative rapid frozen pathological examination was 
performed. About 72.7% of the tumors were located at 
the distal end of the appendix, while 27.3% were in the 
body. Of the tumors, 63.6% of tumors were less than 
1 cm in diameter, and 36.4% were between 1 and 2 cm in 
diameter. The tumors were mainly located in the mucosal 
layer (9.1%), the muscular layer (54.5%), and the serous 
layer (36.4%). In one case, tumor cells were found at the 
surgical margin (9.1%). All patients had no vascular, lym-
phatic, or perineural invasion. Mesangial invasion of the 
appendix was absent in all patients. The histopathologi-
cal images of typical neuroendocrine neoplasms cases are 
shown in Fig. 1. The nucleus is round, uniform in size and 
staining, indistinct in boundary, and arranged in nests 
or bands. Immunohistochemical staining of neuroen-
docrine markers such as neuron-specific enolase (NSE), 
chromaffin A (CgA), and synaptophysin (Syn), was per-
formed for all cases, and all were positive (Fig.  2). The 
percentage of tumor ki67 activity was counted with the 
naked eye, which revealed that the average ki67 activity 
of all patients was less than 1%.

Postoperative pathological results showed that all 
the tumors in the 11 patients were neuroendocrine 
neoplasms of the appendix. Five patients had acute 
suppurative appendicitis, 3 had acute suppurative appen-
dicitis with periappendicitis, and 2 had acute gangrenous 
appendicitis with perforation. One patient underwent a 
simple right hemicolectomy after appendectomy. Postop-
erative pathology revealed chronic inflammation of the 
right hemicolum with serosa chronic purulent inflamma-
tion, foam cell proliferation, and foreign body giant cell 
reaction. In addition, chronic inflammation was observed 
in 9 paraintestinal lymph nodes.
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Operation mode and postoperative complications
A total of 9 patients underwent open appendectomy. 
One of them had a neuroendocrine tumor of the appen-
dix. At that time, peritonitis was caused by perforation 
of the appendix, and gangrene adhered the entire appen-
dix segment to the surrounding tissues to form a mass. 
During the operation, the appendix was removed in sec-
tions, and it was impossible to determine whether tumor 
residue was present at the cutting edge. Therefore, a right 

hemicolectomy was performed. After an appendectomy, 
a pathological examination confirmed the presence of 
a neuroendocrine neoplasm of the appendix tip with a 
maximum diameter of 1.2  cm and which infiltrated the 
full thickness of the tube wall in one patient. However, 
the patient refused to undergo a secondary radical right 
hemicolectomy. Two patients underwent laparoscopic 
appendectomy. All patients recovered well without sig-
nificant complications.

Table 1  Patient characteristics, treatment, pathological results, and immunohistochemical test results

Category n Total 
(n = 11) 
(%)

Sex Male 8 72.7

Female 3 27.3

Age < 18 1 9.1

≥ 18 10 90.9

Auxiliary examination(B-ultrasound 
or CT)

The appendix was slightly thickened 2 18.2

Acute appendicitis with fecal calculus 2 18.2

Acute appendicitis with fecal stone and peripheral exudation 1 9.1

Acute appendicitis with peripheral exudation 3 27.3

Acute appendicitis with perforation and peripheral exudation 1 9.1

The possibility of inflammatory changes in appendicitis 1 9.1

Surgical procedure Open appendicectomy 8 72.7

Appendicectomy + right-sided hemicolectomy 1 9.1

Laparoscopic appendectomy 2 18.2

Size < 1 cm 9 81.8

1–2 cm 2 18.2

> 2 cm 0 0.0

Extension Distal 8 72.7

Body 3 27.3

Proximal 0 0.0

Tumor localization Mucosal layer 1 9.1

Muscularis 6 54.5

Serous layer 4 36.4

Immunohistochemistry NSE(+) 9 100

CgA(+) 9 100

Syn(+) 9 100

Ki 67% > 1% 0 0.0

< 1% 9 100

Mesoappendix invasion > 3 mm 0 0.0

< 3 mm 11 100

Vascular invasion Yes 0 0.0

No 11 100

Lymphatic invasion Yes 0 0.0

No 11 100

Perineural invasion Yes 0 0.0

No 11 100

Positive resection margin Yes 1 9.1

No 10 90.9
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Follow‑up
Eleven patients were followed up for a median of 
9.4 years (1–17 years). No recurrence or metastasis was 
observed during the follow-up period.

Discussion
The neuroendocrine neoplasm of the appendix origi-
nates from the argyrophilic cells (also known as chromaf-
fin cells) in the lower skin of the appendix mucosa, also 
known as an argyrophilic tumor. Its incidence rate is low, 
with a high clinical misdiagnosis rate due to a lack of spe-
cific clinical manifestations [20]. The diagnosis depends 
on the intraoperative frozen section, postoperative path-
ological paraffin and immunohistochemical examination. 
The neuroendocrine neoplasms of the appendix account 
for 50~70% of all appendix tumors [21]. Symptoms occur 
in patients with an average age of 49 (age distribution is 

0–85  years old) [22]. The neuroendocrine neoplasms of 
the appendix are more prevalent in women than in men 
[15, 23]. To date, the etiology of neuroendocrine carci-
noma of the appendix remains unclear. Recent reports 
have indicated that endometriosis may be related to the 
occurrence of neuroendocrine carcinoma of the appen-
dix [24, 25]. Virgine C et al. described five children with 
neuroendocrine tumors of the appendix (NET) associ-
ated with parasitic intestinal infections and discussed the 
possibility of inflammation leading to canceration. How-
ever, the number of cases was still small [26]. The onset 
age of the patients in our cohort was 9 to 71  years old, 
with an average age of 48.1 years, consistent with previ-
ous studies. However, the ratio of women to men in this 
group was 3:8, inconsistent with previous studies.

Diagnosing neuroendocrine tumors of the appen-
dix before surgery is challenging due to the lack of 

Fig. 1  A, B Histopathological images of typical neuroendocrine neoplasm (G1) in a 66-year-old female patient. The lesion is located at the top of 
the appendix. The nucleus is round, uniform in size and staining, indistinct in boundary, and arranged in nests or bands. No vascular, lymphatic, 
or neural invasion was observed. There is no tumor invasion of the appendix mesentery. Tumor cells were not found at the surgical margin 
(hematoxylin and eosin stain; original magnification × 100 and × 200)
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specificity in clinical manifestations and auxiliary 
examinations. As a result, the cancer is detected in 
most patients unexpectedly during appendectomy [27]. 
In our cohort, all patients except one who received 
treatment for acute appendicitis were diagnosed with 
neuroendocrine neoplasms during their appendectomy 
for acute appendicitis. Coursey et al. demonstrated the 
challenge of detecting appendix tumors using CT scans 
[28]. Kangaspunta et  al. emphasized that CT cannot 
exclude the tumor etiology of acute appendicitis [29]. 
Among the 9 patients who underwent abdominal CT 
examination in our cohort, 2 showed only slight thick-
ening of the appendix, 2 showed acute appendicitis 

with fecal stone, 1 showed acute appendicitis with fecal 
stone and peripheral exudation, 3 showed acute appen-
dicitis with peripheral exudation, and 1 showed acute 
appendicitis with perforation and peripheral exuda-
tion. B-ultrasound examination suggested appendicitis 
in one case. The preoperative imaging examination of 
these 10 patients failed to indicate the possibility of a 
malignant tumor of the appendix (one patient did not 
undergo abdominal CT or B-ultrasound examination 
before surgery). In the laboratory examination, the 
preoperative blood routine examination of our cohort 
showed that the white blood cell count was normal or 
high (8.8~17.7 × 109/L, normal range 3.5~9.5 × 109/L), 

Fig. 2  Immunohistochemistry staining of the neuroendocrine. A Positive staining for synaptophysin (Syn) (original magnification × 100). B 
Immunohistochemistry staining for neuroendocrine neoplasm positive for CD56 (original magnification × 100). C Immunohistochemical staining 
of neuroendocrine neoplasm positive for chromaffin A (CgA) (original magnification × 100). D Immunohistochemistry staining of neuroendocrine 
neoplasm positive staining for neuron-specific enolase (NSE) (original magnification × 100). E Immunohistochemical staining of neuroendocrine 
neoplasm negative for CK20 (original magnification × 100). F Immunohistochemical staining for Ki-67-positive cell population in neuroendocrine 
neoplasm. Ki-67-positive cells accounted for about 1% of the neuroendocrine neoplasm tissue (original magnification × 100)
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which is the same as the blood routine of general 
acute and chronic appendicitis. Since all patients were 
admitted to the hospital with abdomen pain needing 
emergency surgery, serum tumor markers were not 
examined before surgery.

Diagnosing neuroendocrine tumors of the appendix 
mainly depends on postoperative pathological paraffin 
sections and immunohistochemistry. Highly differenti-
ated neuroendocrine tumors (NET) of the appendix have 
small and consistent round or small polygonal tumor cells 
arranged into solid nests or islets under the microscope, 
sometimes with tubular chrysanthemum structures. 
Mitotic figures are very rare. Immunohistochemistry of 
tumor cells has a different expression of neuroendocrine 
markers, including CgA, Syn, and NSE [30, 31]. NEC 
and MiNENs are invasive tumors usually diagnosed in 
advanced stages and have poor prognoses.

On the other hand, NETs are relatively inert and have 
a good prognosis [7]. NETs are further subdivided into 
G1, G2, and G3, according to the mitotic index and Ki-67 
proliferative index. Of the 11 cases of neuroendocrine 
neoplasms of the appendix, all patients, except for 2 cases 
without immunohistochemical examination, were CgA 
and Syn positive (including 7 cases with NSE positive), 
consistent with the diagnostic criteria of neuroendocrine 
tumors. Of the 11 cases of neuroendocrine neoplasms 
of the appendix, all patients, except for 2 cases without 
immunohistochemical examination, were CgA and Syn 
positive (including 7 cases with NSE positive), consistent 
with the diagnostic criteria of neuroendocrine tumors.

The neuroendocrine neoplasms of the appendix are 
generally small, mainly located in the submucosa, most 
of which are less than 2  cm in diameter. Furthermore, 
neuroendocrine neoplasms of the appendix were only 
detected under the microscope [32]. Surgical resection 
is the main method for appendix neuroendocrine neo-
plasms, and the surgical method is selected according to 
the size, location, invasion, and metastasis of the lesion. 
For tumors with the diameters of neuroendocrine neo-
plasms at the tip and middle segment of the appendix less 
than 1 cm, the tumors are mostly confined to the serous 
membrane, with almost no distant metastases. Simple 
appendectomy can improve the prognosis [16, 33, 34]. 
However, for neuroendocrine neoplasms of the appen-
dix root with a diameter of less than 1 cm, especially for 
young patients, ileocelectomy should be selected [35]. 
The distant metastasis rate is high for appendix neuroen-
docrine neoplasm with a diameter  >  2  cm. Generally, 
radical right hemicolectomy should be performed [36, 
37]. There is still controversy about the surgical method 
for the neuroendocrine neoplasms of the appendix with 
a diameter of 1–2  cm. ENETS guidelines recommend 
right hemicolectomy for tumors 1 to 2  cm wide with 

appendiceal media infiltration, positive margins, vascular 
infiltration, and Ki-67 labeling index > 2%. Some studies 
have suggested the removal of the appendix and complete 
removal of the mesenteric portion of the appendix [35]. 
The guidelines of the NANETS recommend that patients 
with tumors larger than 2 cm, patients with incomplete 
resection of the tumor, or patients with appendiceal car-
cinoid tumors that spread to lymphatic vessels, appen-
dix media, and moderate to severe tumors undergo right 
hemicolectomy [5]. As for neuroendocrine carcinoma 
(NEC) with a high degree of malignancy, Holmager, P. 
et al. suggested that surgery should be expanded beyond 
the local disease and a curative surgery should be per-
formed [38]. Advanced mixed neuroendocrine nonneu-
roendocrine tumors (MiNEN) have neuroendocrine and 
non-neuroendocrine components. Most MiNENs have 
poor prognoses, and the benefits of surgery are unclear.

Pawa et  al. pointed out that more than 90% of the 
appendix NETs are located at the distal end of the appen-
dix. According to a review published in 2018, NETs 
located at the distal end of the appendix account for 
60–75% of the most common location of the appendix 
[39]. Herein, 8 NETs were located at the appendix tip, 
3 at the body, and none at the root of the appendix. Of 
the 11 study participants, 7 had tumor lesions < 1 cm, 4 
were within the 1–2 cm range, and none had a diameter 
> 2 cm. One patient underwent second-stage simple right 
hemicolectomy after appendectomy due to peritonitis 
caused by appendix perforation, gangrene of the whole 
segment, and adhesion to surrounding tissues. Because 
the appendix was removed in segments during the opera-
tion, determining tumor residue at the cutting edge was 
challenging. The other 10 cases underwent simple appen-
dectomy (including 2 cases of laparoscopics appendec-
tomy). Immunohistochemistry showed that Ki67 was 
less than 1%. Considering the low risk of malignancy, the 
second stage right hemicolectomy was not performed 
after the appendectomy, and close outpatient follow-up 
was required after surgery. One case of neuroendocrine 
neoplasm at the tip of the appendix with the largest 
diameter of 1.2 cm and infiltrating into the full thickness 
of the tube wall was recommended to undergo second-
ary radical right hemicolectomy. However, because the 
patient refused to be reoperated, he was advised to attend 
regular outpatient follow-up check-ups, including colo-
noscopy and abdominal CT scans. In the present study, 
11 patients with neuroendocrine tumors of the appendix 
were followed up for a long time after surgery, and all of 
them survived without tumor recurrence or metasta-
sis, indicating that the prognosis of the neuroendocrine 
tumor of the appendix was good after surgical treatment.

This study had several limitations. First, our study was a 
single-center retrospective analysis. In addition, although 
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this study included all cases of appendiceal neuroendo-
crine tumors in our center, the sample size was still small 
due to the low incidence of this disease. Therefore, fur-
ther large-scale multicenter prospective studies of appen-
dix neuroendocrine tumors are needed.

Conclusion
In summary, the incidence rate of neuroendocrine 
tumors is low and the tumors are usually treated as acute 
and chronic appendicitis symptoms. In addition, it is 
challenging to make an early diagnosis due to the lack of 
specific clinical manifestations and auxiliary examina-
tions. Regarding treatment options, we recommend sim-
ple appendectomy for localized neuroendocrine tumors 
of the appendix smaller than 2 cm. However, we recom-
mend additional right hemicolectomy for a favorable 
patient outcome for tumors larger than 2 cm or tumors 
accompanied by lymphatic, vascular, perineural, and 
appendiceal media invasion.

Acknowledgements
None.

Authors’ contributions
HWZ performed the literature review and drafted and revised the manu‑
script. ZYH and XCZ participated in the design of the study and revised the 
manuscript for intellectual content. YJ evaluated the histopathological features 
of the patient and contributed to the histopathological section of the manu‑
script. All authors read and approved the final manuscript.

Funding
This work was supported by the Public Welfare Technology Research Plan 
Project of Zhejiang Province (No. LGC21H160002), the Key Laboratory of Preci‑
sion Medicine of Wenzhou (2021HZSY0065), and the Basic Scientific Research 
Project of Wenzhou Science and Technology Bureau (No. Y20220885) grants.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article. Further information can be obtained from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committee of Wenzhou Central Hos‑
pital (Approval No. L2023-01-046). The ethics committee of Wenzhou Central 
Hospital waived the need for Informed Consent due to the retrospective 
nature of the study. All procedures were carried out in accordance with the 
Helsinki Declaration. All methods were carried out in accordance with relevant 
guidelines and regulations in the declaration.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 February 2023   Accepted: 27 April 2023

References
	1.	 Barut B, Gönültaş F. Carcinoid tumors of appendix presenting as acute 

appendicitis. Ulus Travma Acil Cerrahi Derg. 2019;25:510–3.
	2.	 Eğin S, Kamalı G, Kamalı S, Gökçek B, Yeşiltaş M, Hot S, Karakaş D. Neu‑

roendocrine tumor of the appendix: twelve years of results from a single 
institution. Ulus Travma Acil Cerrahi Derg. 2019;25:118–22.

	3.	 Pape UF, Niederle B, Costa F, Gross D, Kelestimur F, Kianmanesh R, Knigge 
U, Öberg K, Pavel M, Perren A, Toumpanakis C, O’Connor J, Krenning E, 
et al. ENETS Consensus Guidelines for Neuroendocrine Neoplasms of 
the Appendix (Excluding Goblet Cell Carcinomas). Neuroendocrinology. 
2016;103:144–52.

	4.	 Garcia-Carbonero R, Capdevila J, Crespo-Herrero G, Díaz-Pérez JA, Mar‑
tínez Del Prado MP, Alonso Orduña V, Sevilla-García I, Villabona-Artero C, 
Beguiristain-Gómez A, Llanos-Muñoz M, Marazuela M, Alvarez-Escola C, 
Castellano D, et al. Incidence, patterns of care and prognostic factors for 
outcome of gastroenteropancreatic neuroendocrine tumors (GEP-NETs): 
results from the National Cancer Registry of Spain (RGETNE). Ann Oncol. 
2010;21:1794–803.

	5.	 Boudreaux JP, Klimstra DS, Hassan MM, Woltering EA, Jensen RT, 
Goldsmith SJ, Nutting C, Bushnell DL, Caplin ME, Yao JC. The NANETS 
consensus guideline for the diagnosis and management of neuroendo‑
crine tumors: well-differentiated neuroendocrine tumors of the Jejunum, 
Ileum, Appendix, and Cecum. Pancreas. 2010;39:753–66.

	6.	 Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher 
P, Washington KM, Carneiro F, Cree IA. The 2019 WHO classification of 
tumours of the digestive system. Histopathology. 2020;76:182–8.

	7.	 Volante M, Grillo F, Massa F, Maletta F, Mastracci L, Campora M, Ferro J, 
Vanoli A, Papotti M. Neuroendocrine neoplasms of the appendix, colon 
and rectum. Pathologica. 2021;113:19–27.

	8.	 Assarzadegan N, Montgomery E. What is New in the 2019 World Health 
Organization (WHO) Classification of tumors of the digestive system: 
review of selected updates on neuroendocrine neoplasms, appendiceal 
tumors, and molecular testing. Arch Pathol Lab Med. 2021;145:664–77.

	9.	 Rindi G, Klimstra DS, Abedi-Ardekani B, Asa SL, Bosman FT, Brambilla E, 
Busam KJ, de Krijger RR, Dietel M, El-Naggar AK, Fernandez-Cuesta L, 
Klöppel G, McCluggage WG, et al. A common classification framework 
for neuroendocrine neoplasms: an International Agency for Research on 
Cancer (IARC) and World Health Organization (WHO) expert consensus 
proposal. Mod Pathol. 2018;31:1770–86.

	10.	 Gonzalez RS. Diagnosis and management of gastrointestinal neuroendo‑
crine neoplasms. Surg Pathol Clin. 2020;13:377–97.

	11.	 Rindi G, Mete O, Uccella S, Basturk O, La Rosa S, Brosens LAA, Ezzat S, 
de Herder WW, Klimstra DS, Papotti M, Asa SL. Overview of the 2022 
WHO Classification of Neuroendocrine Neoplasms. Endocr Pathol. 
2022;33:115–54.

	12.	 Connor SJ, Hanna GB, Frizelle FA. Appendiceal tumors: retrospective 
clinicopathologic analysis of appendiceal tumors from 7,970 appendec‑
tomies. Dis Colon Rectum. 1998;41:75–80.

	13.	 Rault-Petit B, Do Cao C, Guyétant S, Guimbaud R, Rohmer V, Julié C, Bau‑
din E, Goichot B, Coriat R, Tabarin A, Ramos J, Goudet P, Hervieu V, et al. 
Current management and predictive factors of lymph node metastasis 
of appendix neuroendocrine tumors: a national study from the French 
Group of Endocrine Tumors (GTE). Ann Surg. 2019;270:165–71.

	14.	 Roggo A, Wood WC, Ottinger LW. Carcinoid tumors of the appendix. Ann 
Surg. 1993;217:385–90.

	15.	 Rutledge RH, Alexander JW. Primary appendiceal malignancies: rare but 
important. Surgery. 1992;111:244–50.

	16.	 Moertel CG, Weiland LH, Nagorney DM, Dockerty MB. Carcinoid 
tumor of the appendix: treatment and prognosis. N Engl J Med. 
1987;317:1699–701.

	17.	 Menda Y, O’Dorisio TM, Howe JR, Schultz M, Dillon JS, Dick D, Watkins GL, 
Ginader T, Bushnell DL, Sunderland JJ, Zamba GKD, Graham M, O’Dorisio 
MS. Localization of unknown primary site with (68)Ga-DOTATOC PET/
CT in patients with metastatic neuroendocrine tumor. J Nucl Med. 
2017;58:1054–7.

	18.	 Glasgow SC, Gaertner W, Stewart D, Davids J, Alavi K, Paquette IM, Steele 
SR, Feingold DL. The American society of colon and rectal surgeons, clini‑
cal practice guidelines for the management of appendiceal neoplasms. 
Dis Colon Rectum. 2019;62:1425–38.

	19.	 Anthony LB, Strosberg JR, Klimstra DS, Maples WJ, O’Dorisio TM, Warner 
RR, Wiseman GA, Benson AB 3rd, Pommier RF. The NANETS consensus 



Page 9 of 9Zhang et al. World Journal of Surgical Oncology          (2023) 21:150 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

guidelines for the diagnosis and management of gastrointestinal neu‑
roendocrine tumors (nets): well-differentiated nets of the distal colon and 
rectum. Pancreas. 2010;39:767–74.

	20.	 Tchana-Sato V, Detry O, Polus M, Thiry A, Detroz B, Maweja S, Hamoir E, 
Defechereux T, Coimbra C, De Roover A, Meurisse M, Honoré P. Carcinoid 
tumor of the appendix: a consecutive series from 1237 appendectomies. 
World J Gastroenterol. 2006;12:6699–701.

	21.	 Coşkun H, Bostanci O, Dilege ME, Mihmanli M, Yilmaz B, Akgün I, Yildirim 
S. Carcinoid tumors of appendix: treatment and outcome. Ulus Travma 
Acil Cerrahi Derg. 2006;12:150–4.

	22.	 Bayhan Z, Yildiz YA, Akdeniz Y, Gonullu E, Altintoprak F, Mantoglu B, Capo‑
glu R, Kahyaoglu Akkaya Z. Appendix neuroendocrine tumor: retrospec‑
tive analysis of 4026 appendectomy patients in a single center. Emerg 
Med Int. 2020;2020:4030527.

	23.	 Modlin IM, Sandor A. An analysis of 8305 cases of carcinoid tumors. 
Cancer. 1997;79:813–29.

	24.	 Parra RS, Feitosa MR, Biagi GBB, Brandão DF, Moraes M, Silvestre L, Zanardi 
JVC, Sato Junior NH, Féres O, da Rocha JJR. Neuroendocrine appendiceal 
tumor and endometriosis of the appendix: a case report. J Med Case Rep. 
2020;14:152.

	25.	 Yaghi M, Nassar H, Zadeh C, Faraj W. Incidental appendiceal mass as the 
only manifestation of endometriosis. BMJ Case Rep. 2021;14(2):e239090.

	26.	 Virgone C, Cecchetto G, Besutti V, Ferrari A, Buffa P, Alaggio R, Alessan‑
drini L, Dall’Igna P. Bowel parasitosis and neuroendocrine tumours of 
the appendix. a report from the Italian TREP project. Epidemiol Infect. 
2015;143:1552–5.

	27.	 Watanabe HA, Fujimoto T, Kato Y, Sasaki M, Ikusue T. Acute appendicitis 
with a neuroendocrine tumor G1 (carcinoid): pitfalls of conservative treat‑
ment. Clin J Gastroenterol. 2016;9:203–7.

	28.	 Coursey CA, Nelson RC, Moreno RD, Dodd LG, Patel MB, Vaslef S. Carcinoid 
tumors of the appendix: are these tumors identifiable prospectively on 
preoperative CT? Am Surg. 2010;76:273–5.

	29.	 Kangaspunta H, Tahkola K, Wirta EV, Kotaluoto S, Laukkarinen J, Ukkonen 
M. Preoperative computed tomography is poor in detecting tumors of 
the appendix among patients with acute appendicitis: a cohort study of 
5,224 appendectomies. J Trauma Acute Care Surg. 2020;88:396–401.

	30.	 Huang B, Di MJ, Liu HS, Qiu LL, Sun LJ. Xu JP [Primary malignant tumor of 
the appendix: clinicopathological analysis of 22 cases]. Zhejiang Da Xue 
Xue Bao Yi Xue Ban. 2009;38:194–8.

	31.	 Yong J, Huawei L, Hu L, Yingying Y, Dianying L, Xiuhui Z. Goblet cell car‑
cinoid of the appendix: a clinicopathological and immunohistochemical 
study of 26 cases from southwest china. Int J Surg Pathol. 2010;18:488–92.

	32.	 Deschamps L, Couvelard A. Endocrine tumors of the appendix: a patho‑
logic review. Arch Pathol Lab Med. 2010;134:871–5.

	33.	 Anastasiadis K, Kepertis C, Lampropoulos V, Tsioulas P, Spyridakis I. Carci‑
noid tumors of the appendix - last decade experience. J Clin Diagn Res. 
2014;8:Nc01-2.

	34.	 Zeng QA, Pan HY, Xiong DF. Mo HS [Clinical featares and treatment 
principles of appendix carcinoid tumor: a report of 13 cases]. Ai Zheng. 
2004;23:1582–4.

	35.	 Varisco B, McAlvin B, Dias J, Franga D. Adenocarcinoid of the appendix: is 
right hemicolectomy necessary? a meta-analysis of retrospective chart 
reviews. Am Surg. 2004;70:593–9.

	36.	 Gilmore G, Jensen K, Saligram S, Sachdev TP, Arekapudi SR. Goblet cell 
carcinoid of the appendix - diagnostic challenges and treatment updates: 
a case report and review of the literature. J Med Case Rep. 2018;12:275.

	37.	 Creutzfeldt W. Carcinoid tumors: development of our knowledge. World J 
Surg. 1996;20:126–31.

	38.	 Holmager P, Langer SW, Kjaer A, Ringholm L, Garbyal RS, Pommergaard 
HC, Hansen CP, Federspiel B, Andreassen M, Knigge U. Surgery in patients 
with gastro-entero-pancreatic neuroendocrine carcinomas, neuroendo‑
crine tumors G3 and high grade mixed neuroendocrine-non-neuroendo‑
crine neoplasms. Curr Treat Options Oncol. 2022;23:806–17.

	39.	 Pawa N, Clift AK, Osmani H, Drymousis P, Cichocki A, Flora R, Goldin 
R, Patsouras D, Baird A, Malczewska A, Kinross J, Faiz O, Antoniou A, 
et al. Surgical management of patients with neuroendocrine neo‑
plasms of the appendix: appendectomy or more. Neuroendocrinology. 
2018;106:242–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Analysis of surgical treatment of appendix neuroendocrine neoplasms—17 years of single-center experience
	Abstract 
	Backgroundaim 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Hematoxylin and eosin staining and immunohistochemistry

	Results
	Supplementary examination
	Imaging examination
	Laboratory examination

	Pathological diagnosis and lymph node metastasis
	Operation mode and postoperative complications
	Follow-up

	Discussion
	Conclusion
	Acknowledgements
	References


