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OBJECTIVE
Appendiceal carcinoid tumor (ACT) is a rare tumor in children. Standard management guidelines in 
children have not been established due to the rarity of carcinoid tumors in children. The aim of the study 
was to present our experience in the management of ACT in children.

METHODS
Medical records of all pediatric patients treated at our institution for ACT between June 2015 and June 
2020 were reviewed retrospectively. Demographic characteristics, histopathological examination, and 
follow-up records were reviewed for each patient.

RESULTS
Eight (0.94%) out of 843 children who underwent appendectomy during the study period were detected 
with histological evidence of ACT and were included in the study. Median tumor size was 0.35 (range, 
0.1-1) cm. The tumor had invaded the muscularis propria in 4 (50%), the submucosa in 2 (25%), the 
subserosa in 1 (12.5%), and the mesoappendix in 1 (12.5%) patient. All the patients had tumor-free mar-
gins and none of them had lymphadenopathy at diagnosis. Mitotic index and Ki67 levels were >2 in two 
patients. Only appendectomy was performed in all patients. No recurrence was observed in any patient 
throughout the follow-up period. Patients were followed up for a mean±SD; 41.2±11.1 months.

CONCLUSION
ACT is a rare tumor in children usually presenting as an incidental finding during the histopathological 
examination of appendectomy specimen. Follow-up of histopathological results after appendectomy is of 
paramount importance. Appendectomy is curative, particularly in tumors smaller than 2 cm in diameter, 
and the clinical outcome is excellent after appendectomy.
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Introduction

Appendiceal carcinoid tumor (ACT) is a rare tumor 
in children usually presenting as an incidental finding 
during the histopathological examination of appen-
dectomy specimen. The incidence of ACT in resected 
specimens has been shown to range from 0.08% to 
0.7%.[1,2]

Standard management guidelines in children have 
not been established due to the rarity of carcinoid tu-
mors in children. The most of the algorithms available 
in the literature have been developed from adult expe-
riences but these tumors appear to behave differently 
in children.[3]

The aim of this study was to review our experience 
in children with ACT and to compare and evaluate the 
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incidence, epidemiology, and management of ACT in 
light of the literature.

Materials and Methods

All pediatric patients (aged below 18 years) who had 
undergone appendectomy for suspected appendicitis 
in our hospital between June 2015 and June 2020 were 
reviewed retrospectively. The diagnosis of ACT was 
based on histopathological examination. Demographic 
characteristics, histopathological findings, treatment 
modalities, and follow-up records of the patients with 
ACT were evaluated. An ethical approval was obtained 
from the local ethics committee (No: 2020/59).

All the analyses were performed using SPSS for Win-
dows version 22.0 (Armonk, NY: IBM Corp.). Contin-
uous variables were expressed as median (range) and 
categorical variables were expressed as percentages (%).

Results

A total of 843 pediatric patients who underwent ap-
pendectomy for the treatment of clinically suspected 
appendicitis during the study period were analyzed. Of 
these, 8 (0.94%) patients who were detected with his-
tological evidence of ACT were included in the study. 
The eight patients comprised 5 (62.5%) boys and 3 
(37.5%) girls. Mean age at diagnosis was 12.9±3.6 SD 
years. All patients had symptoms of acute appendicitis. 
Abdominal pain, nausea, and vomiting were the most 
common presenting symptoms. No patient had flush-
ing, diarrhea, Cushing’s syndrome, or carcinoid syn-
drome. Ultrasonography (US) confirmed the presence 
of appendicitis in all patients.

In all cases, hematoxylin and eosin stained sections 
showed typical features of the carcinoid tumor (Fig. 
1) and immunohistochemistry showed strong positiv-
ity for chromogranin (Fig. 2). Median tumor size was 
0.35 (mean, 0.45±0.33; range, 0.1-1) cm. The tumor 
was localized to the tip of the appendix in 7 (87.5%) 
and to the middle of the appendix in 1 (12.5%) patient. 
The tumor had invaded the muscularis propria in 4 
(50%), the submucosa in 2 (25%), the subserosa in 1 
(12.5%), and the mesoappendix in 1 (12.5%) patient. 
All the patients had tumor-free margins and none of 
them had lymphadenopathy at diagnosis. The mitotic 
index and Ki-67 levels were <2 in 6 (75%), three in 1 
(12.5%), and seven in 1 (12.5%) patient. Histopatho-
logical images of a patient with mesoappendiceal inva-
sion are shown in Figure 3.

Fig. 1. Hematoxylin and eosin stain. Neoplastic carci-
noid cell clusters (HE×10).

Fig. 2. Chromogranin immunostain. Diffuse positivity 
of carcinoid of the appendix (HE×10).

Fig. 3. Histopathological images of a patient with meso-
appendiceal invasion (HE×4).
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Only appendectomy was performed in all patients. 
After the diagnosis, the patients underwent computer 
tomography and urine levels of 5-hydroxyindoleacetic 
acid (5-HIAA) were measured. All the patients were 
followed up every 6 months with abdominal tomogra-
phy and urine 5HIAA tests (as per the decision of the 
council consisting of pediatric surgery, radiology, and 
pediatric oncology departments). No patient devel-
oped local recurrence, lymph node, or distant metasta-
ses during the follow-up period. Patients were followed 
up for a mean period of 41.2±11.1 months. Demo-
graphic characteristics, histopathologic results, and the 
follow-up periods of the patients are shown in Table 1.

Discussion

Although ACT is a rare entity, it is the most commonly 
encountered neuroendocrine and intestinal tumor in 
children.[4,5] ACT is often diagnosed in childhood by 
the histopathological analysis of the appendix after ap-
pendectomy.[1] Similarly, in our study, all the patients 
were diagnosed after appendectomy. We consider that 
this phenomenon could be explained by the fact that 
the tumor does not reach large sizes in pediatric ages, 
US is preferred over tomography for radiographic eval-
uation, and distant metastasis is not commonly seen in 
children.

The incidence of ACT in our series was higher than 
in the present pediatric publications, which could be 
attributed to the reason that the incidence of malignan-
cy varies not only among countries but also among re-
gions.[6] On the other hand, a comparison with other 
studies was not possible since there is no such study on 
pediatric cases in Turkey.

In our patients, the most of the ACTs were local-
ized to the tip of the appendix and the majority of the 
tumors were smaller than 1 cm in diameter. The prog-
nosis and treatment of ACT is associated with tumor 

size and location, degree of invasion, mitotic and Ki-67 
index, and the presence of perineural and lymphovas-
cular invasion.[7,8] The dilemma is what care should 
be taken following the incidental histological identifi-
cation of an ACT. Different guidelines have been devel-
oped to assist decision making in such a situation.[3]

The 2010 World Health Organization classification 
divided ACT as G1 and G2 based on the mitotic and 
Ki-67 index, both of which are accepted as predictors 
of metastasis and recurrence.[3] The North American 
Neuroendocrine Tumor Society and the European 
Neuroendocrine Tumor Society have recommended 
a right hemicolectomy for tumors with a diameter of 
>2 cm or tumors with deep mesoappendiceal inva-
sion.[9,10] Moreover, the Eighth Edition (2017) of the 
American Joint Committee on Cancer Staging Manual 
added the invasion of the subserosa and mesoappen-
dix, which had been omitted in the previous edition, 
into the diagnostic criteria of ACT. Accordingly, sub-
serosa or mesoappendix infiltration identifies pT3 tu-
mors and requires additional surgical methods in pa-
tients undergoing appendectomy.[11] Many pediatric 
clinics use these guidelines derived from adult experi-
ences.[3,12] In adult patients with ACT, 5-year mortal-
ity has been reported to be 29.5% for tumors >2 cm 
and 5% for <2 cm. However, these tumors have been 
reported to behave differently in children and, in par-
ticular, have been shown to be mostly benign and to 
have excellent clinical outcomes. Moreover, the 5-year 
recurrence survival and overall survival rates have been 
reported as 100% in children.[3] On the other hand, it 
has been demonstrated that patients with a tumor size 
of >2 cm have a 28-fold higher risk of having a positive 
lymph node compared to patients with a tumor size of 
≤2 cm. However, this difference has been shown to be 
clinically insignificant in childhood.[3]

Recently, there have been a growing number of stud-
ies suggesting that the mitotic index does not correlate 

Table 1 Demographic characteristics, histopathologic results, and the follow-up periods of the patients

S. No. Age Gender Tumor Depth of Tumor Ki-67 Follow-up 
 (year)  location invasion size (cm)  time (month)

1. 11 Male Tip Subserosa 0.9 >2 (=7) 64
2. 13 Male Tip Mesoappendix 0.4 <2 56
3. 17 Female Tip Muscularis propria 0.1 <2 11
4. 17 Male Tip Muscularis propria 0.2 <2 19
5. 7 Female Tip Muscularis propria 0.3 <2 38
6. 9 Male Tip Muscularis propria 1 <2 43
7. 15 Male Tip Muscularis propria 0.2 <2 46
8. 14 Female Middle Subserosa 0.5 >2 (=3) 52
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Conclusion

ACT is a rare tumor in children usually presenting as 
an incidental finding during the histopathological ex-
amination of appendectomy specimen. Follow-up of 
histopathological results after appendectomy is of par-
amount importance. Appendectomy is curative, par-
ticularly in tumors smaller than 2 cm in diameter, and 
the clinical outcome is excellent after appendectomy.
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