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Abstract
Background: Neuroendocrine Neoplasms (NEN) represent 60% of all appendicular tumours. This type of
cancer is predominantly benign. In this study, appendicular NEN tumours in children were investigated.
Materials and Methods: This retrospective study was conducted on 540 patients underwent emergency
appendectomy for the treatment of clinically suspected appendicitis at the department of pediatric surgery in
Hedi Chaker hospital in Sfax, Tunisia. This study was performed between January 2013 and December 2016.
Data on appendicular NEN demographic, preoperative diagnoses, investigations, operative findings,
pathological reports, and follow up were reviewed and analysed.
Results: Out of 540 patients, there were 309 males (57.3%) and 231 females (42.7%). The Mean age of the
patients was 9.23 ± 2.78 years. One hundred and thirty seven patients (25.4%) had laparoscopic appendectomy
and 74.6% were operated by the traditional open approach. The diagnosis of appendicular NEN tumours was
histologically confirmed in 4 appendectomy specimens. Clinically, all patients presented with acute appendicitis
with raised inflammatory markers and positive ultrasound for appendicitis. The mean of tumour size was 1 cm.
Complete resection was successfully achieved in all patients. The mean of follow-up was 3 years.
Conclusion: Appendicular NEN tumours were diagnosed postoperatively with a histological examination. It
seems that surgical management with simple appendectomy seems to be curative for the majority of cases
especially with tumours less than 2 cm. according to this study, the prevalence of appendicular NEN tumours is
low between all gastrointestinal tumors.
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Introduction
Appendix cancer is rare (1). The appendix
has been identified as the most common
site
of
carcinoid
tumors
(2).
Neuroendocrine tumours (NET) arise from
endocrine and nervous. This type of
cancer is predominantly benign. The
major location of this cancer is the
pancreas, lungs, and etc. Appendiceal
Neuroendocrine
Neoplasms
(NEN)
(carcinoid tumors of the appendix)
represent 60% of all appendicular tumors
(2). Based on epidemiologicasl data, 0.4%
of all gastrointestinal tumors are appendix
cancer. In different studies, results show
carcinoid tumors with frequency of less
than 1% in histopathological assay after
appendectomy. The size of appendiceal

NEN was evaluated between 1 and 2 cm.
Therefore, this type of tumour has low risk
for metastases. However, metastases are
unlikely to occur in tumors larger than 2
cm. Appendicular carcinoids in children is
most commonly presented with features of
acute appendicitis (3). The clinical
presentation of NEN may be similar to that
of acute appendicitis, but majority of these
tumors are either identified on histological
examination of resected appendix or
incidentally found during abdominal
surgery performed for another pathology
reason (4). In this study, we reviewed our
own experience with NEN appendicular
tumours in children.
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Materials and Methods
This retrospective study was conducted on
children
underwent
emergency
appendectomy for the treatment of
clinically suspected appendicitis. This
study was performed between January
2013 and December 2016 at the
department of pediatric surgery in Hedi
Chaker hospital in Sfax, Tunisia. Data on
appendicular
NEN
demographic,
preoperative diagnoses, investigations,
operative findings, pathological reports,
and follow up were reviewed and
analysed. Data were analysed by using
SPSS (version 20) and running statistical
analysis.

Results
Between January 2013 and December
2016, 540 patients who underwent
emergency
appendectomy
for
the
treatment
of
clinically
suspected
appendicitis were studied. There were 309
males (57.3%) and 231 females (42.7%).
The Mean age of the patients was 9.23 ±
2.78 years. One hundred and thirty seven
patients (25.4%)
had
laparoscopic
appendectomy and 74.6% were operated
by the traditional open approach. The
diagnosis of appendicular NEN tumors
was histologically confirmed in 4
appendectomy specimens (0.74% of all
appendectomy was done in this
department). All of patients were females
with a mean age of 11 years (range: 7 to 14
years). All patients presented with
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clinically suspected acute appendicitis.
Laboratory investigations revealed raised
white cell count and positive C-reactive
protein levels in 4 patients. Ultrasound
scan was positive for appendicitis
(diameter of the appendix greater than
6mm) in all 4 patients without any
associated
radiological
signs
of
appendicular NEN tumor or of any other
pathology
(Table
I).
Emergency
laparoscopic
appendectomy
was
successfully performed in 3 patients (75%)
while one patient had her appendix
surgically removed via the traditional open
approach.
The mean of tumor size was 1 cm (range
0.5 to 2 cm); complete resection was
successfully achieved in all patients. The
tumour was located in the tip of the
appendix for the 4 patients. Serosa
invasion was not reported in the 4 patients
and
immunohistochemistry
with
chromogranin and synaptophysin were
positive in tumor cells for our four patients
(Table II).
The median of hospital stay was 3 days
(range: 2 to4 days) and it was without
complications or carcinoid syndrome for
all the four patients. None of the patients
developed evidence of metastases or
recurrence during the follow-up (Table I).
Follow-up imaging included normal
Computed Tomography (CT) scan in two
patients and normal Octreotide scan in one
patient. In addition, each patient had at
least one normal control ultrasound.
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TableI: Demographic, clinical, and imaging characteristics of 4 patients with appendicular
neuroendocrine tumors
P

Sex

1

F

Age
(Years)
7

2

F

11

3

F

12

4

F

14

Clinical Parameters

Surgery

Pain in RLQ+ fever
WBC 13600
CRP 33 mg/L
Ultrasound diameter of the appendix: 7mm
Pain in RLQ+ fever + nausea
WBC 11800
CRP 41 mg/L
Ultrasound diameter of the appendix: 8mm
Pain in RLQ+ fever + vomiting
WBC 17800
CRP 59 mg/L
Ultrasound diameter of the appendix: 8mm
Pain in RLQ+ fever + vomiting
WBC 10780
CRP 19 mg/L
Ultrasound diameter of the appendix: 7mm

Appendectomy

Follow-up
(years)
4

Appendectomy

3

Appendectomy

3

Appendectomy

2

F = Female; RLQ = Right Lower Quadrant; WBC = White blood cells; CRP = C-reactive protein.

Table II: Histological Characteristics of 4 patients with appendicular neuroendocrine tumors
Patient

Location of NEN tumor

Size (cm)

1
2
3
4

Tip of the appendix
Tip of the appendix
Tip of the appendix
Tip of the appendix

1
0.5
0.5
2

Discussion
The most common tumor that involved
appendix in children is carcinoid (5). Due
to the lack of specific symptoms, appendix
carcinoid tumors are diagnosed as an
incidental finding in 19% to 71% (6). The
incidence of appendicular NEN tumors in
children (≤14years) was ranged from
0.08% to 0.7% of operated appendicitis
(7). The incidence of NEN appendicular
tumor in our series was 0.74%.
Presentation of appendicular NEN tumors
in children was variable; the most common
presentation was like acute appendicitis
(4). The preoperative diagnosis of
appendicular NEN tumor is challenging
unless patients present with symptoms and
signs of carcinoid syndrome or features of
metastatic disease (8). In our series, all
patients were operated for suspected
144

Immunohistochemistry with chromogranin and
synaptophysin
+
+
+
+

appendicitis and no one was suspected to
have
appendicular
NEN
tumor
preoperatively
or
intraoperatively.
Moreover, standard laboratory tests and
radiography exploration done during preoperation for detecting acute appendicitis
could not predict the appendicular NEN
tumor in this study, which was in contrast
with previous studies (9). Tumor size was
less than 1 cm in diameter in 64% of the
cases that was consistent with previous
studies (10). Most of the appendicular
NEN tumors are localized at the tip of the
appendix but they have also been reported
in the mid portion (20%) and at the base of
the appendix (5%) (11). In these four
patients, the size of tumour was less than 2
cm (75% less than 1 cm) and all were
localized at the tip of the appendix.
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The National Comprehensive Cancer
Network (NCCN) recommended simple
appendectomy as a treatment method for
tumors less than 2 cm confined to the
appendix with follow-up as clinically
indicated (12). The consensus guidelines
of the European Endocrine Tumor Society
(ENETS) published in 2012 also
recommend simple appendectomy for
tumors less than 2 cm, which appears to be
curative independent of the tumor site and
a right hemicolectomy is within 3 months
following the initial appendectomy
operation in patients with tumors more
than 2 cm (13). Prognosis depends on the
size of the tumour, so tumours which are
less than 2 cm in size and found at the tip
of the appendix are adequately treated with
simple appendectomy (4). Metastasis and
recurrence have been rarely reported,
larger tumors at the base of the appendix
most commonly metastasize to regional
lymph nodes. However, metastases to liver
causing carcinoid syndrome are rare in
appendicular NEN tumors (14). For all our
four patients, appendectomy was sufficient
for the treatment of appendicular NEN
tumor because their size was less than 2
cm.
There is no consensus regarding the
guidelines of clinical follow-up and utility
of imaging and neuroendocrine markers in
pediatric patients with appendicular NEN
tumours because few series have been
published in pediatric literature. In some
series, the children were followed up
clinically and with ultrasound imaging
(15).
Small
tumors
diagnosed
histologically do not require follow-up,
while a 3-year follow-up is recommended
in larger tumors (8). NEN tumour carries
the best survival rates (>95%) compared to
all other tumour types located in the
appendix (16). These favourable outcomes
may be attributed to the localization,
prompt identification, diagnosis and
excision, the biopathology of the tumor
itself, or the usual size that characterize
Iran J Ped Hematol Oncol. 2018, Vol 8. No 3, 142-146

NEN tumours (17). The young age of the
patients that are mostly affected by NEN
tumors and an early stage of the disease at
the time of diagnosis further justify the
high 5-year survival rates (17, 18).

Conclusion
Appendicular NEN tumours are diagnosed
postoperatively with a histological
examination. Surgical management with
simple appendectomy seems to be efficient
for the majority of cases especially with
tumors less than 2 cm.
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