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a b s t r a c t

Neuroendocrine tumors of the appendix, formerly known as carcinoid tumors, represent a rare entity.
They are slow-growing tumors, characterized by an indolent clinical course. In pediatric patients, the 5-year
overall survival is estimated to be 100% and the event-free survival slightly less than 100%, with only one
reported case of local relapse to date. Nevertheless, a proportion of these patients still undergo a second
surgery, mostly represented by right hemicolectomywithmesenteric lymphadenectomy, in consideration of
the presence of certain risk factors (size >1.5 or 2 cm; tumors of the appendiceal base with or without
suspicious residuals, mesoappendiceal invasion, lymphovascular invasion, serosal breach). This approach
represents an overtreatment of patients with a benign clinical course regardless of the presence of risk
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factors and/or whether a second surgery is performed. National recommendations for diagnosis, treatment,
and follow-up of neuroendocrine tumors of the appendix in pediatric age are available in France, Italy, and
Germany, but international consensus is lacking. This review presents the internationally harmonized
recommendations for the diagnosis and treatment of neuroendocrine tumors of the appendix in children
and adolescents, established by the European Cooperative Study Group for Pediatric Rare Tumors group.

© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Neuroendocrine tumors of the appendix (aNETs), formerly
known as carcinoid tumors, are rare, slow-growing tumors char-
acterized by an indolent clinical course. Although rare in children
and adolescents,1 aNETs are the most common gastrointestinal
epithelial tumors in this age group and are usually an incidental
finding at histology after an appendectomy.2,3

The precise incidence in relation to the total number of ap-
pendectomies is not available. In adults, it has been estimated to be
approximately 0.2%, whereas in children, the frequency has been
reported to be 0.17% of all appendectomies.4,5 A recent study esti-
mated an incidence rate of 0.4% of all appendectomies performed in
8 tertiary hospitals in the United States.6 Therefore, the general
incidence has been reported to range between 1:100,000 and
1.14:1,000,000 children per year.3,7,8

In a systematic review of a pediatric population that included a
total of 958 published cases up to 2018, Njere et al4 found a 100%
overall survival (OS) and event-free survival (EFS). The same results
were reported in a recent systematic review focused on “high-risk”
cases (incomplete resection, tumor at base of appendix, grade 2
NET, lymphovascular or >3 mm mesoappendiceal invasion of tu-
mor cells).9 In both studies, these positive outcomes were obtained
regardless of the type of treatment received after appendectomy.
The majority of authors have suggested that the aggressive
approach generally indicated in adults, represented by right hem-
icolectomy (RHC), may not be justified in young patients.2e4,9e11

National recommendations for diagnosis, treatment, and follow-
up of aNETs in the pediatric age are available in France, Italy, and
Germany,2,3,11 but an international consensus is still missing. The
European Cooperative Study Group for Pediatric Rare Tumors
(EXPeRT) began its activity in 2008 as a collaboration between na-
tional cooperative groups dedicated to very rare tumors (VRT) in
children within the International Society of Pediatric Oncology e

European Branch (SIOPE). From the beginning, it was recognized that
in pediatric VRT randomized or even observational prospective clin-
ical trials were very difficult to perform because of the small number
of affected patients. With this limitation, EXPeRT worked to establish
recommendations for a series of VRT occurring in pediatric age.12e21

The aim of this article is to establish international recommen-
dations for the diagnosis and treatment of children and adolescents
with aNETs according to the Consensus Conference Standard
Operating Procedure methodology with definition of levels of evi-
dence (Level I to V) and grades of recommendation (Grade A to E).22

Background: Therapeutic approach in adults and risk factors

The European Neuroendocrine Tumor Society (ENETS) guide-
lines, last published in 2023, recommend appendectomy alone for a
well-differentiated aNET �2 cm and RHC in tumors >2 cm, or in
tumors >1 cm and <2 cm with unclear margins, and high G2 and
G3.23 In addition, it is suggested that ileocecal resection may be an
alternative to RHC in pediatric patients.23

The North American Neuroendocrine Tumor Society (NANETS)
guidelines, last published in 2010, recommend RHC in adult patients
when there is evidence of a tumor invasion at the base, size >2 cm,
R1 resection, lymphovascular and mesoappendiceal invasion, inter-
mediate- to high-grade tumors, mixed histology, and nodal
involvement at appendectomy. However, they do not recommend
applying these guidelines to the pediatric population.24

Nevertheless, data supporting a less-aggressive approach have
been reported since early 2000, even in adults.25e30 Pawa et al31 in
2017 highlighted how the current adult guidelines are effective in
identifying patients at risk of nodal metastases, but at the same time
these authors emphasized that the impact of nodal disease on EFS
and OS is still uncertain. Similar results have been shared by mono-
institutional analyses performed in national centers of
excellence.32e35 A European retrospective multi-institutional cohort
study found that RHC does not confer any advantage after appen-
dectomy in completely resected aNETs of 1e2 cm in size and that
regional lymph node metastases are clinically irrelevant, although
present in up to 20%.36 The appropriate approach for incompletely
resected well-differentiated aNETs and/or larger than 2 cm remains
elusive, given the fact that, also in these subgroups, regional lymph
node metastases may be similarly of no clinical significance.32e38

In the past, several risk factors were adopted from previous
experiences in adults to treat pediatric cases of aNETs, and this has
led to an overtreatment of these patients.

- Serosal breach/tumor rupture, mesoappendiceal invasion, lym-
phovascular invasion: These findings may be present in up to
20% of cases,2,3,11 alone or in combination. Although they are
considered risk factors in adults, there is no evidence they may
indicate a greater risk in the pediatric age group.2e11

- Tumor size >2 cm: Although tumor size is considered the main
prognostic factor, as surrogate marker for predicting micro-
metastases in regional lymph nodes, it remains to be established
a precise pediatric cut-off that requires treatments more
intensive than the simple appendectomy.2,3,9e11

- Incomplete/marginal resection or tumor located to the base of
the appendix: Approximately 6e7% of aNETs are located at the
base of the appendix and/or are treated with a marginal
resection. Traditionally, in these patients a re-excision has been
performed: in those who underwent RHC or a limited cecal
resection, residual tumors or positive nodes were detectable
only in a minority of cases (approximately 6e10%).2e4,9,39 In
addition, patients with the same indications who were
observed without second surgery did not experience local or
distant relapse and are in complete remission even at longer
follow-up. Furthermore, the presence of nodal histologic
involvement does not correlate to the pediatric patient's
outcome and should not be used as a surrogatemarker to decide
the need of RHC.2e4,9,39

- Nodal involvement at appendectomy: A total of 1e2% of
cases may have positive nodes found at appendectomy
when the mesoappendix is removed together with the ap-
pendix. However, there is no evidence that nodal microfoci
of aNET may lead to lower EFS and OS in children, and the
majority of reported cases was only observed with an un-
eventful follow-up.2e4,9,11,39

http://creativecommons.org/licenses/by-nc-nd/4.0/
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- High-grade tumors: G3 aNETs are extremely rarely encountered
in children and adolescents, with only 2 patients have been
reported so far. Both of these patients had a positive outcome
following appendectomy alone.40
Specific consideration on aNETs in pediatric patients

aNETs, both in adult and pediatric patients, seem to be indolent
tumors, which may involve locoregional lymph nodes in a discreet
rate (up to 20% in adult series, and 10e15% in pediatric patients)
and exceptionally spread to distant sites. However, the clinical
course appears to be remarkably better in children and adolescents,
since metastatic spread and cancer-specific mortality are virtually
absent in this age group. To date, there are more than 1,000 pub-
lished cases with no reported mortality and an estimated relapse
rate of less than 0.1%.4,40,41 So far, only 2 cases of relapsed and
metastatic aNETs have been reported. A Polish case series included
a patient who experienced 2 local recurrences (both successfully
treatedwith surgery only), and, in a German case series on the basis
of insurances databases, an adolescent with distant metastatic
spread at diagnosis (with very limited available data).40,41 In the
series published by Virgone et al,3 only 2 patients underwent a
second surgery, as the result of suspected liver metastasis and se-
rotonin receptor imaging (SRI)-positive nodes: the liver lesion was
found to be a focal nodular hyperplasia and the node was positive
for NET micrometastases.

Indolent metastases involving regional lymph nodes have been
reported.2e4,9,11,39 These are represented by microscopic foci of
NETs, and their prognostic value is still to be determined, but not
related to distant tumor spread.2e4,9,39 The excellent prognosis and
event-free follow-up of these patients highlight the need to opti-
mize and reduce therapeutic and diagnostic procedures after
appendectomy.

The diagnostic workup and the postappendectomy follow-up
strategy in children and adolescents have not yet been stan-
dardized, and very few detailed recommendations have been
developed. Imaging (both at diagnosis or during follow-up)
seems to have a limited role. The resolution of ultrasound,
computed tomography (CT), and magnetic resonance imaging
(MRI) is hardly useful to detect residual disease smaller than
1 cm or nodal micrometastasis (a metastatic focus measuring
between 0.2 and 2.0 mm).42,43 Similarly, SRI techniques, such as
[68Ga]Ga-DOTA-TOC and [68Ga]Ga-DOTA-TATE, might miss or
underdetect lymph node micrometastases, and reports of the
pitfalls of SRI have been published.44e49 In addition, [68Ga]Ga-
DOTA-TOC, [68Ga]Ga-DOTA-TATE positron emission tomography
(PET)-CT, and other SRI techniques usually are not useful in low-
stage aNETs because most follow-up SRI-PET studies in low-risk
patients are negative, and the risk of false-positive findings
should not be minimized.44e49

Laboratory investigations traditionally have included the
measurement of the urinary levels of 5-hydroxyindoleacetic acid
(5-HIAA), and the serum levels of chromogranin A (CgA) and
neuron-specific enolase (NSE).50 Both 5-HIAA and CgA may be
elevated in case of bulky residual disease or large liver metas-
tases,51 and NSE in high-grade tumors,51,52 but none of these
conditions have occurred in the pediatric population. Current
data demonstrate that the vast majority of patients are cured
with appendectomy alone, rendering further surgical approaches
to prevent local or distant recurrences or to benefit greater EFS or
OS unnecessary.2-4,9,39,53,54 Different second surgeries may be
performed with different aims and results. An RHC may improve
local control, and it allows a complete regional lymphadenec-
tomy. An ileocecal resection may improve local control and it
allows only a partial regional lymphadenectomy, whereas a
partial cecectomy (or pull string-suture removal) is aimed at
local control only.

The national groups of Italy (Tumori Rari in Et�a Pediatrica; REP)
and France (French Very Rare Tumors Committee; FRACTURE) did
not suggest RHC or other second surgery for any case, even when
the size of the tumor exceeded 2 cm. The German group (German
Society for Paediatric Oncology and HaematologydMalignant
Endocrine Tumours; GPOH-MET), which used to recommend RHC
for tumors >1.5 cm, recently published an analysis in which they
demonstrated that neither tumor size >1.5 cm nor other associated
risk factors correlated with disease recurrence or secondary met-
astatic spread in the subgroup of patients treated with appendec-
tomy only. In 19 childrenwith R1, R2, or unclear resection status, no
residual tissue of the primary tumor was detected after second
surgery.39

EXPeRT consensus recommendations

The risk factors for regional indolent nodal involvement that
could be taken into consideration in the pediatric population are
R1/microscopic residuals (tumors located to the base of the ap-
pendix); size >2 cm; grade >2; positive nodes at the time of ap-
pendectomy; suspicious secondary lesions found at postoperative
imaging [Level IV; Grade B]. Other risk factors (lymphovascular
invasion, serosal breachdperforated appendixdor tumor rupture,
invasion of the mesoappendix) as reported by adult guidelines do
not to apply to the pediatric population [Level III; Grade E].

Discussion by an MDT is highly recommended in case of R1
resection, tumors larger than 2 cm, high-grade lesions, neuroendo-
crine carcinoma (NEC) and mixed neuroendocrine non-
neuroendocrine neoplasms (MiNEN), and in those with suspicious
residual at the postappendectomy investigations (imaging and lab-
oratory assessment), when performed. [Level V; Grade B].

Diagnosis and initial assessment

aNETs are mostly diagnosed by the pathologist as an incidental
finding, after the appendix is removed because of appendicitis or as
a side procedure performed during another abdominal surgery.

Pathology

aNETs are classified according the most recent WHO Classifica-
tion of Tumours, 5th Edition, Endocrine and Neuroendocrine Tu-
mours,55 and staged according to the AJCC/ENETS staging system
ninth edition.56 Careful histopathologic evaluation should be un-
dertaken, and doubtful cases should be referred for second opinion
to tertiary centers [Level IV; Grade A].

The entire appendix should be processed [Level IV; Grade A]:
conventional hematoxylin and eosin stain and immunohistochem-
istry for CgA, synaptophysin, and Ki-67 (MIB-1 clone) should be
performed to allow proper grading, staging, and margin assess-
ment.57 Other immunohistochemistry may be performed and in-
cludes hormones (serotonin, glicentin, and peptide YY) for
distinguishing serotonin-producing enterochromaffin cell compared
with L-type cell tumors and somatostatin receptor type 2/5.

The pathologic report should contain the following information:
type of resection, tumor site, tumor size and tumor type (NET, NEC,
MiNEN), grade,57 stage,56 mitotic index and Ki-67% in clear, infil-
tration level, resection margin(s) status, invasion of vessels
(vascular and lymphatic) and nerves, number of lymph nodes, and
number of positive lymph nodes58 [Level IV; Grade A]. Clear mar-
gins are defined as the presence of at least 1 mm of nonmalignant



C. Virgone et al. / Surgery 184 (2025) 1094514
tissue between the tumor and the surgical margin following en bloc
resection without tumor spillage.59
Imaging

In almost all pediatric patients, regional abdominal nodal
micrometastases are the unique possible target and, because the
resolution of both conventional and functional imaging is subop-
timal for this aim, there is no evidence to support the routine use of
both conventional and SRI techniques [Level IV; Grade E].

A cautious approach can be considered for patients with 1 or a
combination of risk factors. A postoperative abdominal MRI (in case
of suspicious microscopic residuals, size >2 cm, positive nodes
found at the time of appendectomy), SRI (in case of tumor grade >2
or NEC, suspicious microscopic residuals), or PET/MRI-CT (tumor
grade >2 or NEC, suspicious microscopic residuals) are not
routinely recommended here, but can be performed at discretion of
the treating physician and/or following multidisciplinary team
(MDT) discussion [Level IV; Grade C].
Additional assessment

No serum or urinary marker measurement is recommended in
the initial staging of these patients [Level IV; Grade D].
Therapeutic recommendations after appendectomy

Appendectomy alone seems to be curative in all pediatric pa-
tients with aNETs, irrespectively of presenting risk factors, and a
second surgery should be reserved only to a highly selected sub-
group of patients afterMDT discussion [Level III; Grade A] (Figure 1;
Tables I and II).
Figure 1. Postappendectomy treatment flowchartdEXPeRT group proposal. CT, computed t
follow-up; MRI, magnetic resonance imaging; NET, neuroendocrine tumors of the appendix
aNETs without risk factors (<2 cm, R0)

In this group of patients, a second surgery is discouraged
because it does not provide benefits in terms of OS and EFS. In
particular, tumors between 1 and 2 cm in major diameter are
properly cured by appendectomy alone, and the suggestion to treat
these patients considering their younger age as a risk factor, as
argued in the ENETS guidelines, is not supported by clinical evi-
dence [Level III; Grade E].

aNETs with risk factors

- Serosal breach/tumor rupture, mesoappendiceal invasion, lym-
phovascular invasion: Appendectomy alone should be consid-
ered curative in these patients [Level III; Grade A].

- Tumor size >2 cm: Appendectomy alone should be considered
curative in these patients [Level IV; Grade A].

- Incomplete/marginal resection or tumor located to the base of
the appendix: Reported data suggest that appendectomy alone
is sufficient, and second surgeries should be deemed unnec-
essary [Level IV; Grade D]. MDT discussion is advised on a local
and/or on a national level, to evaluate the role of limited com-
plementary cecectomy/ileocecal resection in case of R1 resec-
tion [Level IV; Grade B].

- Nodal involvement at appendectomy: Appendectomy alone is
sufficient, and second surgeries should be deemed unnecessary
[Level IV; Grade E].

- Suspicious nodal or distant lesions (at diagnosis or follow-up):
Appendectomy alone may be considered sufficient, even when
nodal metastases are suspected) [Level IV; Grade B]. Biopsy or
second surgery of distant lesions may be indicated when clinical
and radiologic data do not rule out distant metastases. However,
a central review (or second review) of the initial diagnosis and
MDT discussion are always recommended on a local and/or on a
national level [Level IV; Grade B].
omography; EXPeRT, European Cooperative Study Group for Pediatric Rare Tumors; FU,
; US, ultrasonography.



Table I
Summary of the EXPeRT recommendations for treatment of aNETs compared with current adult guidelines

Society aNETs <1 cm aNETs >1 cm and <2 cm aNETs >2 cm

EXPeRT (2025) Appendectomy alone.
MDT discussion recommended: R1, G3

Appendectomy alone.
MDT discussion recommended: R1, G3

Appendectomy alone.
MDT discussion recommended: R1, G3

ENETS (2024)23 RHC recommended: R1
MDT discussion recommended:
High G2

RHC recommended: R1
Consider RHC: High G2 and G3

RHC recommended in all cases (for pediatric
age ileocecal resection as an alternative)

NANETS (2010)24 RHC recommended: R1, base,
lymphovascular or mesoappendiceal
invasion

RHC recommended: R1, base, lymphovascular or
mesoappendiceal invasion
G2 or more, N1

RHC recommended in all cases

JNETS (2021)60 RHC recommended: R1, G2 or more,
lymphovascular invasion

RHC recommended: size >15.5 mm, R1, G2 or more,
lymphovascular invasion

RHC recommended in all cases

French Intergroup-
TNCD (2020)61

Consider RHC: R1 Consider RHC: suspected N1 mesoappendiceal invasion
>3 mm, lymphovascular invasion, G2 or more, R1 (base)

RHC recommended in all cases

aNETs, neuroendocrine tumors of the appendix; ENETS, European Neuroendocrine Tumor Society; EXPeRT, European Cooperative Study Group for Pediatric Rare Tumors;
JNETS, Japanese Neuroendocrine Tumor Society; MDT, multidisciplinary team; NANETS, North American Neuroendocrine Tumor Society; RHC, right hemicolectomy; TNCD,
Th�esaurus National de Canc�erologie Digestive.

Table II
Summary of the EXPeRT recommendations for follow-up of aNETs compared with current adult guidelines

Society Indication for FU Methods (and duration)

EXPeRT (2025) <2 cm: R1 N1 G3
>2 cm with or w/o risk factors

<2 cm and >2 cm w/o risk factor: yearly abdominal US þ clinical evaluation
(5 yr)
>2 cm with risk factors: Abdominal MRI/CT then yearly abdominal US þ clinical
evaluation (5 yr)

ENETS (2024)62 <2 cm: G1-2 non resected, or G3
>2 cm

<2 cm G1-2 non resected, or G3, and >2 cm G1-2: 5-HIAA, CgA (every 3e6 mo),
CT/MRI/US (every 3e12 mo), SRI (every 24 mo)
>2 cm G3/NEC: HIAA, CgA or other relevant hormones (every 3 mo), CT/MRI/US
(every 2e3 mo), SRI (every 12e24 mo), FDG-PET (every 12e24 mo)

NANETS (2010)24 Size 1e2 cm: N1, lymphovascular or
mesoappendiceal invasion, intermediate or
high grade
Size >2 cm

interval history, physical examination, CgA, and 5-HIAA, CT or MRI, octreotride
scintigraphy as clinically indicated (every 6 to 12 mo for at least 7 yr)

French Intergroup- TNCD (2020)61 <2 cm: N1 after colectomy and
lymphadenectomy
<2 cm

Morphologic imaging and nuclear imaging (after 3e6mo), morphologic imaging
(every 6e12 mo for 5 yr, then every 12e24 mo for 10 yr and then every 5 yr). US
may be an alternative; Ga-DOTA-PET if clinical recurrence is suspected.

5-HIAA, 5-hydroxyindoleacetic acid; aNETs, neuroendocrine tumors of the appendix; CgA, chromogranin A; CT, computed tomography; ENETS, European Neuroendocrine
Tumor Society; EXPeRT, European Cooperative Study Group for Pediatric Rare Tumors; FU, follow-up; JNETS, Japanese Neuroendocrine Tumor Society; MDT, multidisciplinary
team; MRI, magnetic resonance imaging; NANETS, North American Neuroendocrine Tumor Society; PET, positron emission tomography; RHC, right hemicolectomy; SRI,
serotonin receptor imaging; TNCD, Th�esaurus National de Canc�erologie Digestive; US, ultrasonography.
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- Grade 3: Appendectomy alone may be considered sufficient in
most cases, and no second surgeries should be necessary [Level
V; Grade B]. MDT discussion is always recommended on a local,
and/or on a national level, if needed, and when other risk factors
are present (R1, size >2 cm) [Level V; Grade B].

aNETs with local relapse

Complete tumor resection of the relapse should be first
considered as the treatment of choice [Level V; Grade C]. MDT
discussion is always recommended on a local and/or on a national
level [Level V; Grade B].
Recommendations for follow-up

The traditional follow-up investigations adopted for pediatric
aNETs have been variably used in published case series. Current
evidence demonstrates that conventional imaging and functional
imaging are not useful in these patients. The same evidence applies
to serum (NSE, CgA) and/or urine markers (5-HIAA).

There is no evidence to support the use of imaging techniques
during follow-up and it is therefore discouraged also in these pa-
tients [Level IV; Grade E].

There is no evidence to support the measurement of serum and/
or urinary markers during follow-up, and it is therefore discour-
aged also in these patients [Level IV; Grade E].
The length of follow-up has traditionally been recommended for
5e10 years, except for those cases with R0 tumors <1 cm, and tu-
mors between 1 and 2 cm in size with no lymph nodemetastases at
second surgery. This suggests that very few patients should be
followed-up for 5 (or 10) years after diagnosis, and that both im-
aging and marker assay should be used in a very limited subset of
patients.

The “historical” risk factors that have been taken into consid-
eration so far, and widely discussed in the introductory section are
not able to identify patients at risk of an event, as events such as
relapse, progression, or tumor-related death are unlikely in pedi-
atric aNETs.

Although it is not clear how to define a risk stratification for
eligibility to follow-up, it is evident that routine surveillance should
not rely on markers and functional imaging, since the vast majority
of pediatric aNETs are low-stage tumors.

EXPeRT follow-up recommendations [Level IV; Grade C] are as
follows (Figure 2):

- aNETs <2 cm that have been completely resected (R0) and
without other risk factors (G3, N1): no follow-up is
recommended;

- aNETs �2 without risk factors: 5 years of follow-up including
yearly clinical evaluation and abdominal ultrasound;

- aNETs <2 cm with risk factors (R1, G3, N1): 5 years of follow-
up including yearly clinical evaluation and abdominal
ultrasound;



Figure 2. Follow-up flowchartdEXPeRT group proposal. EXPeRT, European Cooperative Study Group for Pediatric Rare Tumors; MDT, multidisciplinary team; NET, neuroendocrine
tumors of the appendix.
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- aNETs �2 cm with additional risk factors (R1, G3, N1): post-
operative abdominal MRI (or CT) scan (SRI-PET only in case of
equivocal MRI/CT findings), and 5 years of follow-up
including yearly clinical evaluation and abdominal
ultrasound.
Limitations of available evidence and open questions
remained

The limited availability of evidence in pediatric aNETs
(especially in those >2 cm, high-grade, or incompletely resec-
ted) hampers the establishment of more precise stratification,
primarily due to the lack of robust data on long-term follow-up.
Although this has minimal impact on treatment after appen-
dectomy (which is likely unnecessary), it makes it rather diffi-
cult for the time being to reduce the duration and intensity of
follow-up.
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