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ABSTRACT 

Appendiceal neuroendocrine neoplasms (ANENs) comprise approximately 30-80% of appendicular tu-

mors. ANENs are frequently encountered incidental and account for 0.1 percent to 3 percent of appendectomies. 

Well-differentiated ANENs have a favorable prognosis with a 5-year survival rate in almost all patients with local 

disease. In this study, we evaluated the clinical findings, risk factors, and clinical output data and revealed the most 

accurate approach in light of the literature. 

In this retrospective single-center study, the files of patients who underwent an appendectomy either as 

appendicitis or as a part of another abdominal surgical procedure histopathological diagnosed with neuroendocrine 

tumors in the last 14 years were entered into the study. 

Between January 2009 and January 2023, 5818 patients underwent appendectomy. The pathology of 36 

patients (0.61%) was an appendiceal neuroendocrine tumor. Complementary right hemicolectomy was performed 

in 6 (20.6%) patients. Lymph node metastasis and/or residual tumor are not observed. In this group, three of the 4 

patients in the gray zone had R1 resection and one had perforated appendicitis. Surgery was recommended for 

patients with a tumor diameter of 2 cm, mesoappendix invasion, and a tumor diameter of 2 cm located at the base, 

but the patients did not accept it. There is no recurrence or metastasis in the patients followed. 

To reduce radical surgical procedures of appendiceal neuroendocrine tumors located in the gray zone, R1 

resection, and perforation detected, the operation information and pathology reports of these cases should be eva-

luated in multidisciplinary tumor boards. High-volume studies with multicenter participation on this subject should 

be conducted. 
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ÖZET 

Apendiks nöroendokrin neoplazmaları (ANEN'ler), apendiküler tümörlerin yaklaşık %30-80'ini oluştu-

rur. ANEN'lere sıklıkla rastlantısal olarak rastlanır ve apendektomilerin yüzde 0,1 ila yüzde 3'ünü oluşturur. İyi 

diferansiye ANEN'ler, lokal hastalığı olan hemen hemen tüm hastalarda 5 yıllık sağkalım oranıyla olumlu bir 

prognoza sahiptir. Bu çalışmada klinik bulguları, risk faktörlerini ve klinik çıktı verilerini değerlendirdik ve lite-

ratür ışığında en doğru yaklaşımı ortaya koyduk. 

Bu retrospektif tek merkezli çalışmada, son 14 yıl içinde apandisit veya başka bir abdominal cerrahi giri-

şimin bir parçası olarak apandisit ameliyatı geçirmiş ve histopatolojik olarak nöroendokrin tümör tanısı almış has-

taların dosyaları çalışmaya dahil edildi.  
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Ocak 2009 ile Ocak 2023 arasında 5818 hastaya apendektomi yapıldı. 36 hastanın (%0,61) patolojisi 

apendiks nöroendokrin tümörü idi. Altı (%20,6) hastaya tamamlayıcı sağ hemikolektomi uygulandı. Lenf nodu 

metastazı veya rezidüel tümör görülmez. Bu grupta gri bölgede bulunan 4 hastadan üçünde R1 rezeksiyonu, birinde 

perfore apandisit vardı. Tümör çapı 2 cm, mezoappendiks invazyonu, tümör çapı tabanda yerleşimli 2 cm olan 

hastalara cerrahi önerildi ancak hastalar bunu kabul etmedi. Takip edilen hastalarda nüks veya metastaz görülmedi. 

Gri zon yerleşimli, R1 rezeksiyon ve perforasyon saptanan apendiks nöroendokrin tümörlerinde radikal 

cerrahi girişimleri azaltmak için bu olguların operasyon bilgileri ve patoloji raporları multidisipliner tümör kurul-

larında değerlendirilmelidir. Bu konuda çok merkezli katılımlı yüksek hacimli çalışmalar yapılmalıdır. 

 

Anahtar kelimeler: Apendiks; nöroendokrin tümör; sağ hemikolektomi; aşırı tedavi. 

 

INTRODUCTION 

Neuroendocrine neoplasms (NEN) often 

originate from gastrointestinal and pancreatic tis-

sues. Appendiceal NEN (ANEN) accounts for 38% 

of all gastrointestinal NEN. Annual incidence has 

been reported as 0.03 - 0.16 cases per 100,000, de-

pending on geographical region and ethnicity (1). 

Appendiceal neuroendocrine neoplasms 

(ANENs) comprise approximately 30-80% of ap-

pendicular tumors (2). ANENs are frequently enco-

untered incidentally and account for 0.1 percent to 3 

percent of appendectomies (3,4). Well-differentiated 

ANENs have a favorable prognosis with a 5-year 

survival rate in almost all patients with local disease 

(2). 

According to the European Neuroendocrine 

Tumor Society (ENETS) guideline, in ANENs, size 

is important in determining the treatment protocol. 

Although the treatment protocol is clear in the treat-

ment of tumors below 1 cm and above 2 cm, a con-

sensus has not yet been reached on the approach to 

ANENs with a tumor diameter of 1-2 cm. This group 

called the gray zone, is influential in the decision of 

complementary right hemicolectomy in tumors with 

the Grade, invasion of mesoappendix, lymphovascu-

lar, perineural invasion, and positive or unclear mar-

gins information in the pathology report (2). 

Due to the lack of a proven treatment proto-

col with prospective data, clinicians try to make the 

best decision in the treatment of gray zone cases by 

following current consensus-based guidelines in the 

multidisciplinary tumor boards.  

However, since the majority of ANENs are 

more common at younger ages, progressing to an 

RHC is considered overtreatment by recent studies 

(5). 

In this study, we evaluated the clinical fin-

dings, risk factors, and clinical output data and reve-

aled the most accurate approach in light of the litera-

ture. 

 

MATERIAL and METHOD 

In this retrospective single-center study, the 

files of patients who underwent an appendectomy 

either as appendicitis or as a part of another abdomi-

nal surgical procedure histopathological diagnosed 

with neuroendocrine tumors in the last 14 years were 

entered into the study.  

Besides the clinical and demographic data 

of the patients, laboratory tests, operations perfor-

med, pathology of the appendix focused on location, 

size, immunohistochemical examinations, lympho-

vascular and perineural invasion, tumor grade and 

local extension of the tumor, additional work-up, ad-

ditional treatment, thirty-day morbidity and morta-

lity data, length of follow up, and our clinical results 

were evaluated. 

All patients included in our study were dis-

cussed in our multidisciplinary tumor boards and 

ENETS criteria for surgical therapy of ANENs were 

used. 

Other appendiceal benign, malignant tu-

mors and cases under 16 years of age were excluded 

from the study. 

The study was carried out in accordance 

with the principles of the Helsinki Declaration. As a 

routine procedure, written informed consent was ob-

tained from each patient for all procedures and pub-

lications. Ethics committee approval was received 

for this study from the Clinical Trials Ethics Com-

mittee (22.12.2022/ 0563). 

 

RESULTS 

Between January 2009 and January 2023, 

5818 patients underwent appendectomy, 614 of 

which were laparoscopic. The pathology of 36 pati-

ents (0.61%) was an appendiceal neuroendocrine tu-

mor. Twenty (55.6%) of 36 patients were female and 

16 (44.4%) were male. The mean age of the patients 

is 35.7 (16-77). 27 (75%) patients with acute appen-

dicitis, 3 (8.4%) patients with perforated appendicitis 

(two localized, one in generalized peritonitis), 2 

(5.6%) patients with right colon tumor, 2 (5.6%) pa-

tients with gynecological malignancy, one (2.7%) 

patients were operated with the preliminary diagno-

sis of Spiegel hernia and one patient with interval ap-

pendectomy (2.7%). While 33 (91.7%) of the pati-

ents did not have mesoappendiceal invasion, surgical 

margins are positive in 3 patients. Mitosis was not 

detected in 25 cases. <2/10 BBA was observed in 10 

cases, and 5-6/10 BBA mitosis was observed in 1 

case. Ki-67 proliferation index ≤ 2% in 28 patients 

and 3% in 3 patients (Table 1). 

Complementary right hemicolectomy (2 la-

paroscopic) was performed in 6 (20.6%) patients. 

Surgical margin positivity (R1) was performed in 
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three patients whose complementary surgery indica-

tions were operated on in the early period (within the 

first 4 months), perforated appendicitis generalized 

peritonitis in one patient, and right hemicolectomy to 

obtain a high-risk factor in one patient. A right he-

micolectomy was performed on a patient who was 

found to have a recurrent mass 3 years later. Lymph 

node metastasis and/or residual tumor are not obser-

ved after the right hemicolectomy (Table 2). 11 pati-

ents have 59 months (5-156) long-term follow-up.  

Postoperative follow-ups of the patients 

were performed with control abdominal tomography 

and tumor markers. Right hemicolectomy was per-

formed in 3 of 4 patients with risk factors out of 7 

patients in the gray zone. Surgery was recommended 

for patients with a tumor diameter of 2 cm, me-

soappendix invasion, and a tumor diameter of 2 cm 

located at the base, but the patients did not accept it. 

There is no recurrence or metastasis in the patients 

followed. 

 

Tablo 1: Clinicopathological characteristics 

of patients 

Tumor localization in appendix n (%) 

Body and tip  34 (94.4) 

Base  2 (5.6) 

pT according to the ENETS* 

classification 

 

pT1 26 (72.2) 

pT2 9 (25.0) 

pT3 1 (2.8) 

Tumor Grade  

Grade 1 33 (91.6) 

Grade 2 3 (8.4) 

Lymphovascular invasion  

Yes 2 (5.6) 

No 34 (94.4) 

Perineural invasion  

Yes 0 

No 36 (100) 

Resection margin  

R1 3 (8.4) 

R0 33  (91.6) 

 

DISCUSSION 

Appendix Neuroendocrine tumors are rare, 

incidental, well-differentiated tumors with a slow 

course and good prognosis. (2, 5). The incidence of 

ANET is about (0.61%), frequently localized in the 

tip (80.6%), usually tumors < 1 cm (72.3%), and it is 

more common in female patients (55.6%) and the 

2nd and 3rd decades of life (mean age 35.7 years) 

(6). Our study's incidence and epidemiological data 

are also compatible with the literature. ENETS, the 

American Neuroendocrine Tumors Society, and the 

National Comprehensive Cancer Network publish 

current guidelines on the disease's staging, treat-

ment, and follow-up (2,7). According to these guide-

lines, appendectomy will be sufficient in differentia-

ted ANETs with a common denominator less than 2 

cm, and no specific follow-up is required. For tumors 

larger than 2 cm, a right hemicolectomy is recom-

mended (6). It is recommended to discuss the right 

hemicolectomy option with the patient if there are 

risk factors such as Grade 2, vascular or lymphatic 

invasion, > 3 mm mesoappendix invasion, and posi-

tive or unclear margin in ANETs between 1-2 cm 

(2,6). 

 

Tablo 2: Indications for right hemicolectomy 

Patient 

no 

Surgical indication 

1 Metachronous colonic mass (benign 

pathology) 

2  pT3 and Grade 2 tumor, 6 mm me-

zoappendiceal invasion 

3 Positive resection margin 

4 Positive resection margin 

5 Perforated appendicitis and genera-

lized peritonitis 

6 Positive resection margin, Grade 2 

tumor 

 

Right hemicolectomy was recommended 

against the possibility of residual tumor and distant 

metastasis. However, with the multicentric Seer da-

tabase studies conducted in recent years, these risk 

factors are seen with a low percentage in differentia-

ted appendiceal ANETs. 

In addition, recent studies show that posi-

tive lymph nodes do not adversely affect the progno-

sis (1,6,8,9). Although international guidelines re-

commend right hemicolectomy, recent retrospective, 

high-volume single-center studies have shown that 

lymph node metastasis and/or residual tumor are not 

observed after right hemicolectomy as in our study 

(10 -13). In addition, there are also studies in which 

no recurrent tumor and/or lymph node involvement 

was found in the follow-up of cases who were in the 

gray zone and had risk factors but did not accept 

right hemicolectomy (1,14,15).  In our study, no pat-

hology was found in the follow-ups of two patients 

who did not accept the right hemicolectomy. 

There is a high risk of lymph node involve-

ment and distant metastasis in ANETs located at the 

base, especially in ANETs larger than 2 cm (6). In 

most current studies, there is no clear information 

about the localization of the primary tumor in pati-

ents who underwent right hemicolectomy due to in-

volved margin (R1 resection). The tumor location 

has an essential role in the decision of complemen-

tary surgery. Pawa et al. performed right hemicolec-

tomy in all 9 (4.2%) patients with positive resection 

margin, and LN metastasis was positive in 4 patients 

located at the base (1). In a similar study, 23 of 32 



Kar et al.                                                                                                              Appendix neuroendocrine tumors 

43 

(8%) patients who underwent R1 resection un-

derwent right hemicolectomy. Of these patients, 5 

have LN metastases and 6 have residual tumor focus 

but tumor localizations after appendectomy are not 

specified (16).In recent studies, there was no residual 

tumor or lymph node metastasis in right hemicolec-

tomy patients due to positive margin, and primary 

tumor localization was not specified in this study 

(10,17). Holmeger et al. in the study, right hemico-

lectomy was performed on 18 (5.3%) patients with 

positive resection margins. Of this patient group, 

80% were on a primary basis. In conclusion, a posi-

tive resection margin is an independent risk factor 

for lymph node metastasis (18). Contrary to these 

studies, some centers did not perform the right hemi-

colectomy in patients with R1 resection (10%) in the 

appendectomy group, but these patients do not have 

detailed pathological data (8). In our study, right he-

micolectomy was performed in 3 (8%) patients due 

to positive margins, consistent with the literature. 

Tumor localization in the 3 cases was in the base, 

corpus, and tip. Skeletonized appendectomy perfor-

med on these patients. Unblock excision of the me-

soappendix was not possible due to the difficulty of 

detecting the tumor intraoperatively. Davenport et al. 

emphasized that unnecessary right hemicolectomy 

can be prevented by giving more accurate results in 

the ANEN staging of the routine unblock excision of 

the mesoappendix in laparoscopic appendectomy 

(17).  In the literature review, the R1 resection result 

is more likely in terms of residual tumor and lymph 

node metastasis, especially in tumors located at the 

base. Indication of tumor localizations in patients 

whose pathology result is R1 resection in studies 

may be a guide for future treatment guidelines. 

 

There is no consensus in the current litera-

ture on whether there is an indication for right hemi-

colectomy in patients with this relatively rare clinical 

picture who have been operated on with the diagno-

sis of perforated appendicitis and whose pathology 

result is ANEN. McCann et al. advocate right hemi-

colectomy in this clinical setting because of its fea-

sibility with minimal morbidity and the chance to 

evaluate residual disease and lymph node spread 

(19). In the study of Galanopoulos et al., right hemi-

colectomy was performed in all 6 cases of perforated 

appendicitis, and no residual tumor was detected. Si-

milarly, in the study of Petit et al., lymph node invol-

vement was not observed in patients who underwent 

right hemicolectomy with the diagnosis of perforated 

appendicitis (5, 16). Perforated appendicitis was pre-

sent in three patients in our series, two of which were 

localized and one was generalized. Laparoscopic 

right hemicolectomy was performed by discussing 

the risks with a 25-year-old female patient who had 

no risk factors other than the perforated appendicitis 

clinic located in the gray zone, and no residual and/or 

lymph nodes were observed in the additional ima-

ging studies (CT, Doda PET). As a result of the pat-

hology, no metastatic lymph nodes and/or residual 

tumors were observed. In most of the studies con-

ducted in recent years, it is thought that right hemi-

colectomies performed especially for cases located 

in the gray zone may cause overtreatment, in line 

with the guidelines used in the treatment of well-dif-

ferentiated appendix neuroendocrine tumors. It is 

widely believed that further studies and revision of 

guidelines on the contribution to survival are needed 

(1,16, 18, 20).  

 

Conclusion 

To reduce radical surgical procedures of ap-

pendiceal neuroendocrine tumors located in the gray 

zone, R1 resection, and perforation detected, the 

operation information and pathology reports of these 

cases should be evaluated in multidisciplinary tumor 

boards. 

High-volume studies with multicenter par-

ticipation on this subject should be conducted. At the 

planning stage of these studies, the histopathological 

data of patients with risk factors for right hemicolec-

tomy should be presented in more detail. 
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