European Standard Clinical Practice

GastroEnteroPancreatic
document

NeuroEndocrineNeoplasms

LAY
oY, European
0% Reference

*
¥y
x,*
2 [ Q)
> (3]
3 [ ®o0' Network
0 for rare or low prevalence
y complex diseases
& Network
P

SIOP EUI’OpE‘ a ric Cancer
(ERN PaedCan)

the European Society for Paediatric Oncology

NON APPENDICEAL GASTROENTEROPANCREATIC
NEUROENDOCRINE NEOPLASMS

IN CHILDREN AND ADOLESCENTS

EUROPEAN STANDARD CLINICAL PRACTICE

RECOMMENDATIONS



GastroEnteroPancreatic European Standard Clinical Practice
NeuroEndocrineNeoplasms document

DISCLAIMER

These ESCP guidance documents were produced by the relevant tumour group or specialist
committee as recommendations on current best practice. The ESCP guidance documents are
not clinical trial protocols.
The interpretation and responsibility of the use of ESCP guidance documents lies fully with the
user who retains full responsibility for the use of these guidance documents and his actions and
(treatment) decisions based thereon, such as, but without limitation thereto: checking and
prescribing certain doses, checking prescriptions, etc. A user should never base its decision
solely on the content of these guidance documents and should always check any other relevant
medical information that is available and make appropriate use of all relevant medical
information.
These guidance documents have been made publicly available by SIOP Europe — the European
Society of Paediatric Oncology and the European Reference Network for Paediatric Oncology
(ERN PaedCan). It is the responsibility of the user who downloads these documents to make
sure that:
their use within the Paediatric Clinical Unit / Hospital is approved according to the
local clinical governance procedures.
appropriate document control measures are in place to ensure that the most up-to-date
locally approved versions are considered.
any anomalies or discrepancies within the documents are immediately brought to the
attention of the relevant special interest group chair and the European Clinical Study
Group who has developed the ESCP guidance document.
Every care has been taken whilst preparing these documents to ensure that they are free of
errors. Nonetheless, SIOP Europe and ERN PaedCan and coauthors cannot be held liable for
possible errors or mistakes in these guidance documents, nor can SIOP Europe and ERN
PaedCan and coauthors held liable for any kind of damage resulting out of the use of these

guidance documents.
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1. Background and Rationale

1.1 Summary

Paediatric very rare tumours (VRT) constitute an extremely heterogeneous group of neoplasms.
Some of them are typical for paediatric age, while others more commonly arise during
adulthood and only rarely develop in children and adolescents. Using the definition any solid
malignancy or tumour of uncertain clinical behaviour characterized by an annual incidence <
2/million individuals <18 years of age, the European Cooperative Study Group for Paediatric
Rare Tumours (EXPeRT) has initially identified a number of paediatric VRT (1). Due to the
low number of patients, it is very difficult — or even impossible — to conduct prospective clinical
trials, and this makes it demanding to develop evidence-based treatment guidelines.

Consequently, the treatment of patients with VRT is often individualized.

Paediatric gastroenteropancreatic neuroendocrine neoplasms (GEP-NENs) represent an
exceptionally rare and heterogeneous group of tumours. 7 They arise from neuroendocrine
cells dispersed throughout the gastrointestinal tract, pancreas, and only exceptionally, the
hepatobiliary system. 3-1° Their annual incidence is estimated at <0.1 per million individuals
under 18 years of age, placing them among the rarest solid tumours of childhood. '! The median
age at diagnosis lies in mid-adolescence (approximately 14—16 years), with only sporadic cases
reported in younger children, the youngest published case being six years old. 7'?1¢ Up to 20—
30% of paediatric GEP-NENs occur in the context of hereditary cancer predisposition
syndromes, including multiple endocrine neoplasia type 1 (MENT1), von Hippel-Lindau (VHL)

disease, neurofibromatosis type 1 (NF1), and tuberous sclerosis complex (TSC). 4151719

In accordance with the 2019 WHO classification, these neoplasms are stratified into well-
differentiated neuroendocrine tumours (NETs, grades [G] 1-3) and poorly differentiated
neuroendocrine carcinomas (NECs). 202 In paediatric series including the Surveillance,
Epidemiology, and End Results Program, NET G1 and G2 predominate, though cases of NET

G3 and, very rarely, NEC have also been documented. 3-512-16.24.25

The most common entity in childhood is appendiceal NEN, typically diagnosed incidentally
during appendectomy. 2?7 Among non-appendiceal / non-pulmonary primaries, pancreatic
NENSs predominate, with functional subtypes (e.g., insulinoma, gastrinoma) occurring but non-
functional tumours being more frequent. Gastric, small intestinal, and colorectal NENs are rare

and have been described mostly in registry analyses and isolated case reports. Appendiceal
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NENSs and pulmonary NENs are not covered here since they are subject of dedicated ESCP

recommendations. 27-28

The prognosis of paediatric GEP-NETs is generally favourable in localized disease when
complete surgical resection is feasible, with 5-year overall survival exceeding 90%. 216 In
contrast, outcomes in metastatic disease are substantially worse, with reported survival rates of
40%—-60% in metastatic pancreatic NETs, depending on grade, tumour burden, and access to
multimodal therapy. '>!>!5 Surgical resection is the only curative approach. Advanced or
unresectable disease is managed with locoregional and/or systemic treatments largely adapted
from adult practice, including somatostatin analogues, radiopharmaceutical therapy [RPT],
targeted agents such as everolimus, sunitinib, cabozantinib and belzutifan, and chemotherapy.
Paediatric GEP-NECs are very rare and generally associated with a poor prognosis, although
prolonged survival has been described in isolated cases following intensive multimodal therapy.
12,13.15.16 The present ESCP recommendations were developed by the European Cooperative
Study Group for Paediatric Rare Tumours (EXPeRT) and affiliated experts in paediatric
oncology, endocrinology, surgery, nuclear medicine, pathology, and radiotherapy, and are

published as a briefer version of the full document in Pediatric Blood & Cancer. %

1.2 Background

GEP-NENSs in children and adolescents represent an exceptionally rare and heterogeneous
group of tumours, accounting for <0.5 % of all paediatric malignancies. Within this category,
appendiceal followed by pulmonary NETs constitute the most frequent subtypes, but are the
subject of a separate dedicated European Standard Clinical Practice (ESCP) document and are
not addressed here. 2627 The present guideline therefore focuses on paediatric NENSs arising in
the pancreas, gastrointestinal tract, and on neoplasms of unknown primary site.

The reported incidence of these paediatric GEP-NENSs is below 0.1 cases per million children
and adolescents per year.!! Pancreatic NENs are the most common non-appendiceal / non-
pulmonary subtype, followed by gastric, duodenal, and colorectal NENs, whereas small-
intestinal primaries are distinctly uncommon. >*63%-32 Within NET, a considerable proportion
of paediatric cases occur in the context of hereditary cancer predisposition syndromes,
particularly MEN1, VHL, NF1, and TSC. '41517-19

Clinical presentation is variable. Both functional and non-functional pancreatic NETs occur in
children and adolescents, with insulinomas being the most common functional subtype,

typically presenting with recurrent hypoglycaemia, seizures, or other neuroglycopenic
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symptoms. 2131533 Gastrinomas are also observed, mainly in the setting of MEN1, whereas
VIPomas and glucagonomas are exceptional. Registry data suggest that non-functional tumours
are at least equally frequent, although differences in ascertainment and reporting may influence
observed distributions. 2131533 Such tumours often present with non-specific abdominal
symptoms, a palpable mass, or are detected incidentally. Gastrointestinal NETs may manifest
with abdominal pain, anaemia, gastrointestinal bleeding, or bowel obstruction. '* Carcinoid
syndrome is exceedingly rare in the paediatric population. 3* NECs are more aggressive, usually
non-functional neoplasms that tend to present with rapidly progressive mass-related symptoms
and/or disseminated disease. '>-1

Histopathological classification follows the current World Health Organization (WHO)
framework. (Appendix 1) NETs are graded G1-G3 by mitotic activity and Ki-67 proliferation
index, while NECs represent a distinct high-grade entity. 2%-?? In children and adolescents, the
majority of GEP-NENs are NET G1 or G2. NET G3 and NEC are rare but clinically relevant
subgroups requiring specific therapeutic considerations. 4>12-1533:35

Prognosis is generally favourable in localised, completely resected NETs, with long-term
survival exceeding 90% in most series. '>'* In contrast, advanced and metastatic NETs are
associated with limited survival and significant morbidity despite multimodal therapy, and
paediatric NECs typically follow an even more aggressive course and may constitute an
oncological emergency at presentation. '%!31516 For children and adolescents with NETSs,
treatment decisions must balance oncological efficacy with preservation of organ function,
prevention of late sequelae, and careful integration of genetic counselling and life-long
surveillance, whereas in NECs, rapid disease control and stabilisation are often the primary
priorities.

Although paediatric GEP-NENSs are managed in part by extrapolating from adult guidelines, 3¢-
47 important differences in epidemiology, tumour biology and distribution, hereditary
predisposition, and long-term survivorship require dedicated recommendations. 7 Adult
frameworks, while comprehensive, cannot be adopted wholesale given the unique biology and

rarity of paediatric disease. This ESCP document therefore aims to provide structured,

paediatric-specific guidance to harmonise diagnostics, treatment, and follow-up across Europe.
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2. Methodology

According to the Consensus Conference Standard Operating Procedure methodology, the levels

of evidence can be classified from Level I to V and the grades of recommendation A to E (7able

1) (54).

Table 1. Levels of evidence and grades of recommendation (adapted from the Infectious Disease

Society of America-United States Public Health Service Grading System)

Levels of Evidence

I Evidence from at least one large randomized, controlled trial of good methodological quality
(low potential for bias) or meta-analyses of well-conducted randomized trials without
heterogeneity

I Small, randomized trials or large randomized trials with a suspicion of bias (lower
methodological quality) or meta-analyses of such trials or of trials with demonstrated
heterogeneity

11 Prospective cohort studies

v Retrospective cohort studies or case—control studies

A" Studies without control group, case reports, expert opinions

Grades of Recommendation

A Strong evidence for efficacy with a substantial clinical benefit, strongly recommended

B Strong or moderate evidence for efficacy but with a limited clinical benefit, generally
recommended

C Insufficient evidence for efficacy or benefit does not outweigh the risk or the disadvantages
(adverse events, costs, ...), optional

D Moderate evidence against efficacy or for adverse outcome, generally not recommended

E Strong evidence against efficacy or for adverse outcome, never recommended

EXPeRT members recognized that due to the rarity of this tumour, no evidence of Level I to II
exists for this age group. Therefore, recommendations for VRTs are developed based on the
evidence collected from some published prospective studies (Level III), but more frequently
retrospective series (Level IV), case reports (Level V) and personal expertise (Level V). In
addition, the “strength” of recommendations will be categorized by additional grading (Grade

AtoE).

To identify tumours that need shared recommendations, EXPeRT members designed the

following procedure:
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I. Identification of the tumour of interest on the basis of its relevance, and previous
EXPeRT experience, (i.e., data analysis and publication). Tumours should be classified
as VRT (i.e. <2/100.000/inhabitants/year), not already analysed in previous Expo-r-Net
project, as pulmonary pneumoblastoma, pancreatoblastoma, thymic tumours, rare
sarcomas, not included in specific international protocols and frequent enough to be of
interest'.

2. Designation of two main coordinators for each VRT based on their experience (data

analysis, publications, personal experience).

Coordinators must:

1. Analyse the medical literature and select the relevant papers.

2. Propose a series of recommendations in the form of a first draft of recommendations.

3. Identify the main diagnostic and therapeutic problems for the designated VRT. The first
drafts will be shared and discussed, along with the relevant publications, with a selected
expert group of EXpERT members and annotated.

4. A mature version of recommendations will be produced, considering proposals from the
group of selected EXPeRT members.

5. The annotated draft will then be proposed to external experts identified by the
coordinators based on a recognized experience on the tumour (paediatrician, medical
oncologist, radiation oncologist, surgeon...).

6. The final version will be validated by the whole group. In case of remaining
disagreements, a vote will be done, during a physical consensus meeting, to agree on in
a final consensus.

7. Validated version will be submitted for publication in an open-source peer review
journal.

The final document including recommendations will be available on EXPeRT and SIOPe

websites.

NB: These guidelines may change over time according to new data available. Local clinicians
remain responsible for the care of their patients. The EXPeRT members and co-authors are not
responsible for results or complications related to their use. If necessary, medical discussions

are possible with EXPeRT members via the ERN CPMS website: CPMS 2.0



https://cpms2.ern-net.eu/screen/public
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3. Diagnostic Assessment

Accurate diagnosis of paediatric GEP-NENSs requires a structured, multimodal approach that
integrates  clinical evaluation, biochemical testing, multimodality imaging, and
histopathological confirmation. Because these neoplasms are exceedingly rare in children and
adolescents and may mimic other paediatric tumour entities, centralised review in specialised
centres with access to expert pathology and multidisciplinary tumour boards is strongly
recommended. '8 Only through such comprehensive evaluation can the diagnosis be established

with sufficient certainty to guide treatment decisions. /Level [V; Grade A]

3.1 Clinical Presentation

The clinical presentation of paediatric GEP-NENs is heterogeneous and depends on tumour
location, functional status, differentiation, and extent of disease. %7116 Functional pancreatic
NETs may present with classical endocrine syndromes: insulinomas with recurrent
hypoglycaemia and neuroglycopenic or adrenergic symptoms; gastrinomas with peptic ulcer
disease and refractory gastro-oesophageal reflux (Zollinger-Ellison Syndrome); and, more
rarely, VIPomas or glucagonomas with chronic diarrhoea, electrolyte disturbances, or
necrolytic migratory erythema. '>!333 Non-functional tumours may remain asymptomatic for
long periods and are often detected because of mass effect, abdominal pain, or incidental
imaging. Gastrointestinal NENs in children and adolescents typically present with non-specific
abdominal symptoms or bleeding. Carcinoid syndrome is distinctly uncommon. 3% NEN of

unknown primary (NEN-CUP) may present with disseminated disease. '°

A careful clinical examination is essential in the diagnostic assessment. Beyond documenting
localised or systemic symptoms, clinicians should actively search for stigmata suggestive of
hereditary tumour predisposition syndromes, which are comparatively frequent in this
population. 7% Examples include café-au-lait macules, cutaneous neurofibromas, or axillary
freckling (NF1), angiofibromas or hypopigmented macules (TSC), retinal angiomas,
haemangioblastomas, or features suggestive of adrenal paraganglial tumours (VHL), and
parathyroid or pituitary abnormalities (MEN1). Documenting a detailed family history of

endocrine tumours and related manifestations is equally important. /Level IV, Grade A]

10
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These findings may provide critical early diagnostic cues, influence treatment decisions and
tumour surveillance strategies, and guide genetic testing. 43-3° At the same time, clinicians must
remain aware that, in many children and adolescents, more common entities such as solid
pseudopapillary neoplasms of the pancreas, neuroblastoma, gastric GIST, or inflammatory
myofibroblastic tumours of the intestine, are more likely than a GEP-NEN and should be

carefully excluded during the diagnostic work-up.

3.2 Laboratory and Biochemical Evaluation

Laboratory assessment serves two purposes in paediatric GEP-NENSs: (i) to confirm or refute
functional hormone secretion when clinically suspected, and (ii) to establish a baseline of
systemic health and comorbidity that may influence imaging, surgery, and systemic therapy. !
Initial testing should include a complete blood count, serum electrolytes, renal and liver
function tests, inflammatory markers if indicated, and a pregnancy test in adolescents where

appropriate. [Level IV; Grade B]

Interpretation must use age-appropriate reference intervals and consider comedications (notably
proton-pump inhibitors [PPIs], H2 blockers, selective serotonin-reuptake inhibitors [SSRIs],
and depot octreotide/lanreotide), which can materially affect endocrine markers. /[Level 111,

Grade A]

In addition, hormone levels or general NEN markers that are clearly abnormal at baseline may
be followed over time as supportive indicators of treatment response or relapse, although they

should not be used as standalone tumour markers for decision-making.

3.2.1 General NEN markers

Chromogranin A (CgA) has historically been used in adults for prognostication and follow-up,
but its diagnostic performance is modest and its value in paediatric GEP-NENSs is particularly
limited. It is not recommended for screening and should only be considered in selected cases
where a clear baseline elevation is documented and follow-up trends might provide supportive
information. CgA levels are frequently confounded by proton pump inhibitors (PPIs), renal
impairment, inflammatory states, and atrophic gastritis. Values should therefore be interpreted
with great caution and, where possible, measured after PPI withdrawal (typically >2 weeks).
Given these limitations and the growing move away from CgA in adult practice, its routine use

in children and adolescents is discouraged. /Level V; Grade C]

11
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Neuron-specific enolase (NSE) may be performed in NEC management but is non-specific.
Emerging multianalyte assays are investigational and are not recommended for routine

paediatric use. /Level V; Grade C]

3.2.2 Functional NETSs

3.2.2.1 Pancreatic and duodenal

Biochemical work-up is symptom-directed. > In suspected insulinoma, a supervised fast should
be performed in a controlled setting with paediatric endocrine support. Diagnostic criteria rely
on Whipple’s triad (symptoms of neuroglycopenia, low plasma glucose, relief with glucose)
plus inappropriately high insulin secretion at the time of hypoglycaemia: concomitant insulin,
C-peptide, and proinsulin that are not suppressed, suppressed B-hydroxybutyrate/free fatty
acids, and a rise in glucose after glucagon support endogenous hyperinsulinism (absolute
numeric thresholds vary by assay and age; centre-specific standards should be applied). /Level

111; Grade B]

In suspected gastrinoma, fasting serum gastrin should be measured alongside gastric pH (ideally
off PPIs. If withdrawal is unsafe, results should be interpreted with caution or bridging with H2
blockers considered). Marked hypergastrinaemia with gastric achlorhydria suggests type-1
gastric NEN pathophysiology, whereas hypergastrinaemia with acid hypersecretion suggests
Zollinger—Ellison syndrome. /Level [II; Grade B] Most gastrinomas/Zollinger-Ellison
syndromes arise from duodenal NETs and are frequently associated with MEN1, underscoring
the need for genetic evaluation. A secretin stimulation test may be helpful in equivocal cases
when expertise is available. For rarer functional entities, VIP (profuse watery diarrhoea,
hypokalaemia; but also possible in neuroblastoma), glucagon (diabetes/weight loss/dermatitis),
and somatostatin (diabetes, steatorrhoea, cholelithiasis) may be assessed. /Level I1]; Grade C]
In practice, these are very uncommon in children and adolescents. Testing should be driven by

clinical presentation.

3.2.2.2 Gastric

True type-1 or type-2 gastric NETs are rare in paediatrics. When suspected, fasting gastrin,
gastric pH (or basal acid output where expertise exists), vitamin B12, and anti-parietal

cell/intrinsic-factor antibodies should be evaluated to delineate autoimmune atrophic gastritis.

12
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3.2.2.3 Small-intestinal

Carcinoid syndrome is exceptional in children and adolescents, it only occurs at metastatic
stage. Nevertheless, in the presence of suggestive features (episodic flushing, secretory
diarrhoea, right-sided valvular disease), serotonin metabolism with 24-hour urinary 5-
hydroxyindoleacetic acid (5-HIAA) or plasma 5-HIAA should be quantified. Pre-analytic
control is essential: dietary restrictions (avoid banana, pineapple, kiwi, walnuts, pecans,
eggplant, tomatoes, chocolate) for 48—72 hours, and review of medications that interfere (e.g.,
SSRIs, acetaminophen, phenothiazines). **>* Adequate urine collection and creatinine indexing

in younger children need to be ensured. /Level I1I; Grade B]

3.2.3 Non-functional NENs

3.2.3.1 Pancreatic and duodenal

Non-functional pancreatic NENs lack a defining hormonal / biochemistry signature. 3%

Laboratory evaluation therefore focuses on systemic status (e.g., anaemia, nutritional
parameters, pancreatic exocrine function if clinically indicated) and on hereditary context (see

below). /Level V; Grade B]

3.2.3.2 Colorectal

There are no specific circulating markers for colorectal NENs. Laboratory abnormalities
usually reflect site-related morbidity (e.g., iron-deficiency anaemia due to rectal bleeding or

cholestatic/hepatocellular enzyme elevations in the presence of liver involvement).

In children and adolescent with a liver lesion in whom NEN is suspected, routine biochemistry
cannot distinguish primary hepatic NEN from metastasis. Given that true primary hepatic NEN
are at best extraordinarily rare and may not exist as a distinct entity, liver involvement should
be considered metastatic —or secondary to another primary tumour —until proven otherwise.
Diagnosis and classification rely on dedicated liver MRI and histopathological evaluation of
tissue obtained by biopsy or resection. relies on imaging (liver MRI) and pathological analysis.

[Level V; Grade C]

3.2.3.3 NEN of unknown primary (CUP)

Biochemical testing in paediatric NEN-CUP is hypothesis-generating rather than diagnostic. *

36 A focused and rational panel may be applied based on symptomatology (e.g., insulin/C-

13
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peptide if hypoglycaemia, gastrin if ulcer disease), while avoiding indiscriminate testing. In
addition, measurement of calcitonin and plasma or urinary metanephrines should be considered
to exclude medullary thyroid carcinoma and intra-/extraadrenal paraganglioma, respectively,

particularly in the absence of a clear gastrointestinal or pancreatic primary. /Level IV; Grade
B]

Results should guide imaging and biopsy strategy rather than be used in isolation to infer the

site of origin. /Level IV, Grade B]

3.2.4 Hereditary context and syndrome-directed labs

Because hereditary predisposition is relatively common in paediatric GEP-NETs, baseline
evaluation should incorporate other syndrome-specific screens: serum calcium and PTH
(MEN1), pituitary axis (prolactin, IGF-1) as indicated, and plasma/urine metanephrines when
VHL or other pheochromocytoma-prone syndromes are suspected. These tests inform both
index tumour management (e.g., multifocality in MEN1) and long-term surveillance. /Level I11;

Grade B]

The clinical impact to find a hereditary syndrome is important for both, the family and the
patient because it will guide the follow-up and may guide the systemic treatment (such the use

of belzutifan in VHL patients).

3.2.5 Practical pitfalls and pre-analytics

Drug effects: PPIs elevate gastrin and CgA; where safe, PPIs should be withhold >2 weeks or
measures interpreted with caution. SSA therapy may blunt hormonal secretion and alter marker
kinetics. /Level IV, Grade B]

Renal function: Reduced GFR elevates serum CgA and 5-HIAA; interpretation may need
adjustment. /Level I1]; Grade C]

Sampling conditions: For hypoglycaemia evaluation, glucose, insulin, C-peptide, proinsulin,
ketones, and free fatty acids during symptoms or a supervised fast must be obtained

simultaneously. /Level I1I; Grade A]

Reference standards: Assay- and age-specific thresholds must be used; uncritical import of

adult cut-offs should be avoided. /Level I1]; Grade A]
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Follow-up use: For functioning tumours, the culprit hormone that was clearly elevated at
baseline may be followed longitudinally as a supportive indicator of response or relapse.
Routine use of non-specific markers (such as CgA) for follow-up is not recommended, and they
should not drive management decisions. Measurement of 5-HIAA is generally reserved for
selected patients with metastatic small-intestinal NET and documented serotonin excess, in
whom it may inform screening for carcinoid heart disease. Such situations are exceptional in

paediatrics. /[Level IV; Grade B]

3.3 Imaging

Imaging plays a central role in the diagnostic work-up, staging, and treatment planning of
paediatric GEP-NENs. The optimal initial modality depends strongly on the mode of
presentation: in some children the tumour is first suspected because of an abdominal mass on
physical examination or ultrasound, while in others it is identified incidentally during imaging
or endoscopy performed for unrelated indications. A structured, stepwise approach is essential,
balancing sensitivity with the need to minimise radiation exposure and sedation, and integrating

anatomical and functional information.

3.3.1 General principles

Ultrasound is the first-line modality in children with abdominal pain or mass suspicion and may
detect larger intra-abdominal tumours or hepatic lesions. For cross-sectional imaging, magnetic
resonance imaging (MRI) is preferred over computed tomography (CT) to avoid cumulative

radiation, particularly in long-term surveillance. /Level I1I; Grade A]

When CT is required—for example, in acute situations or when MRI is not feasible—dose-

optimised paediatric protocols should be used. /Level III; Grade B]

All imaging should ideally be performed in centres with paediatric radiology expertise and

reviewed centrally. /Level IV, Grade A]

3.3.2 Pancreatic NENs

High-resolution MRI with dedicated pancreatic sequences is the modality of choice for staging

and localisation. Insulinomas may be small and difficult to detect; in such cases, ultrasound can
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occasionally be helpful, but endoscopic ultrasound (EUS) is often most sensitive for small
lesions. EUS also provides the option for biopsy when needed. Non-functional tumours are
often larger at presentation and more readily visualised with MRI. CT may still be required in

selected cases to assess vascular involvement prior to surgery. /Level [V, Grade A]

3.3.3 Gastric and duodenal NENs

These are most often identified during upper endoscopy with biopsy, which remains the gold
standard for diagnosis. Endoscopic ultrasound is valuable for assessing local invasion and
lymph node involvement, particularly in duodenal primaries, and for evaluating submucosal

extension that may not be evident on superficial biopsy. /Level IV; Grade A]

3.3.4 Small intestinal NET's

These are rare in children but can present as occult bleeding or nonspecific abdominal
symptoms. MRI enterography is the modality of choice to assess the small bowel and
mesentery. [Level V; Grade B] While mesenteric fibrosis is a hallmark finding in adults, it is

extremely rare in children but should still be assessed if suspected.

3.3.5 Colorectal NENs

Colonoscopy with biopsy is the standard diagnostic modality. In rectal lesions, pelvic MRI can
provide detailed local staging, especially for larger or higher-grade tumours. Cross-sectional
imaging of the abdomen and pelvis is indicated to assess for nodal or hepatic involvement in

higher-stage disease. /Level IV, Grade A]

3.3.6 Hepatic lesions

The liver is commonly a site of metastasis from other GEP-NENs. Dedicated liver MRI is
recommended to characterise focal lesions. /Level IV; Grade A] Differentiation from
hepatoblastoma, hepatocellular carcinoma, or metastatic disease of other origin requires

histological confirmation with immunohistochemistry. 16347

3.3.7 Functional imaging

Somatostatin receptor (SSTR) imaging is essential in staging and treatment planning. -6

SSTR-directed PET/CT or PET/MRI is the modality of choice for well-differentiated NETSs
(G1-QG2 and selected G3), offering high sensitivity and specificity. In children, PET/MRI is
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particularly advantageous to reduce radiation exposure. SSTR imaging is not recommended in

NEC. [Level Ill; Grade A].

['8F]FDG PET/CT should be considered in NET G3 when the result is expected to influence
management (e.g., in suspected localized disease or discordant behaviour) or to detect SSTR-
negative, biologically aggressive components. /Level [II; Grade A] The combination of
functional and cross-sectional imaging guides eligibility for PRRT and has prognostic value, as
higher FDG uptake and absent SSTR expression are associated with more aggressive disease.

at baseline.

In NET-CUP, ['8F]DOPA PET/CT should be added if no primary is found on SSTR imaging.
[Level III; Grade A] However, it should be recognised that even advanced cross-sectional and
functional imaging may identify multiple sites of tracer uptake or metastatic disease without

reliably localising the primary tumour. ¢!

In NEC, ['®F]FDG PET/CT is the only functional imaging modality routinely recommended.
[Level III; Grade A] SSTR imaging is not recommended in NEC. /Level III; Grade E]

3.3.8 Paediatric considerations

Sedation may be required for MRI and PET/MRI in younger children, underscoring the
importance of careful preparation and child-friendly protocols. To avoid repeated anaesthesia,
staging studies should be coordinated across modalities whenever possible. Given the rarity of
paediatric GEP-NENs, images should be reviewed by radiologists experienced in

neuroendocrine tumours, ideally within a reference centre or expert network. /Level IV, Grade

4]

3.4 Pathology

Histopathological confirmation is generally required for the diagnosis of paediatric GEP-NENs
and should be obtained whenever safely feasible. /Level /1I; Grade A] All tumour specimens
should be assessed according to the WHO 2019 classification, which distinguishes NET G1-
G3 from NEC, using morphology and both mitotic count and Ki-67 proliferation index as
grading criteria. (see Appendix 1) 202162 [Level [11; Grade A] In very selected situations—such

as multiple small pancreatic nodules in TSC/MEN1 without clear clinical progression—a
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multidisciplinary tumour board may decide on initial clinical and radiological surveillance

without immediate tissue confirmation. /Level V,; Grade C]

Because of the rarity of these tumours in the paediatric population and the frequent overlap with
other small round cell tumours or paediatric-specific neoplasms, centralised pathology review

by a panel expert in these diseases is strongly recommended. /Level IV; Grade A]

Immunohistochemistry (IHC) forms the cornerstone of diagnosis. Synaptophysin and CgA are
the standard neuroendocrine markers and should be applied in all cases. If one is negative, other
markers should be used (such as INSM 1, CgB, CD56). Ki-67 immunostaining is mandatory for
grading and must be quantified rigorously, ideally using digital image analysis to improve
reproducibility. Additional markers such as CD56 and broad-spectrum cytokeratins (e.g.
AE1/AE3) can support the diagnosis and exclude paraganglioma as a differential diagnosis,

although they lack specificity. /Level IV, Grade A]

The use of site-specific IHC panels is crucial for differential diagnosis in paediatric practice. A
carefully selected antibody panel interpreted in the context of morphology and clinical findings
is therefore critical to avoid misclassification. For pancreatic tumours, B-catenin nuclear
staining may suggest solid pseudopapillary neoplasm, which is a common mimic. In
gastrointestinal stromal tumour (GIST), expression of DOG1 and KIT (CDI117) is
characteristic. For soft tissue mimics such as rhabdomyosarcoma, desmin and myogenin are
essential discriminators. In poorly differentiated neoplasms, INII/SMARCB1 may be
considered to exclude SMARCBI deficient tumours. /[Level V; Grade B]

Given the prognostic and therapeutic implications, grading must be based on both morphology
and Ki-67 index, with attention to tumour heterogeneity. In those cases, the highest Ki-

67/mitotic index should be reported. %

3.5 Molecular Pathology and Analysis of Potential Therapeutic Targets

The role of molecular pathology in paediatric GEP-NENs remains evolving. In adults, recurrent
somatic alterations in MENI, DAXX, and ATRX are frequently observed in pancreatic NETs
(but not in NEC), while mutations affecting the mTOR signalling pathway (7SC2, PTEN,
PIK3CA) are recurrently described and have been implicated in disease progression. However,
with the notable exception of VHL-associated tumours, these alterations currently lack high-

level clinical actionability according to the ESMO Scale for Clinical Actionability of molecular

18



GastroEnteroPancreatic European Standard Clinical Practice
NeuroEndocrineNeoplasms document

Targets (ESCAT). % By contrast, paediatric data are sparse. /Level V; Grade C] Registry
reports and small series suggest that germline alterations associated with MEN1, VHL, NF1,
and TSC syndromes account for a substantial fraction of paediatric cases, whereas the

prevalence and clinical impact of the adult-typical somatic alterations are not well established.

Extended molecular profiling using next-generation sequencing (NGS) may occasionally reveal
targetable alterations or help to refine diagnosis. However, given the rarity of paediatric GEP-
NENSs, such testing should be considered in advanced disease, refractory cases, or within
clinical trials and research protocols, rather than as routine practice. /Level V; Grade B]
Importantly, any molecular findings should be interpreted within the context of a
multidisciplinary molecular tumour board, ensuring alignment with clinical relevance and

treatment feasibility. /Level V; Grade B]

3.6 Biopsy

Whenever feasible, primary resection specimen provides the most reliable basis for diagnosis,
grading, and comprehensive immunohistochemical analysis. In cases of locally advanced or
metastatic disease, image-guided core needle biopsy is recommended. /Level [V, Grade B]
Fine-needle aspiration (FNA) alone is insufficient to establish a definitive diagnosis, as it often
fails to provide adequate material for grading and immunohistochemical profiling. However, it

may assist in excluding alternative diagnoses.

For luminal gastrointestinal lesions, endoscopic biopsy is appropriate. /Level [V; Grade A] For
pancreatic/duodeno-pancreatic lesions, endoscopic ultrasound-guided tissue sampling may be

considered. /Level V; Grade C]

The approach of the biopsy should consider the risk of peritoneal spread during the technics.
Retroperitoneal lesions should be biopsied by a posterior approach. Transperitoneal biopsy by

anterior approach should be avoided. /Level IV, Grade E]

A key limitation in small biopsy specimens is the potential to underestimate tumour grade, since
mitotic activity and Ki-67 proliferation index may not be representative of the whole tumour.
Repeat sampling should therefore be considered if the clinical course or imaging findings are

discordant with the initial histopathological classification. /Level V; Grade B]
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3.7 Genetic Counselling and Testing

Given the high prevalence of hereditary cancer predisposition syndromes in paediatric GEP-
NETs, 718 genetic counselling is strongly recommended for all patients. Testing should be
offered for key genes associated with these tumours, including MENI, VHL, NF1, and TSC,
with additional genes considered based on tumour type and family history. /[Level [V, Grade

A]
Germline testing is ultimately the decision of the individual and their family and is subject to
national legal and ethical frameworks. It should therefore only be performed after thorough

genetic counselling, informed consent, and in compliance with relevant regulations. /Level IV;

Grade B]

A germline pathogenic variant finding has important consequences. It confirms a heritable
cancer predisposition, informs surveillance strategies for the patient, and necessitates tailored
long-term follow-up to detect additional tumours at an early stage. It also has implications for
at-risk relatives, who may benefit from cascade testing, counselling, and preventive measures.
Conversely, a negative result in the context of a strong clinical suspicion does not exclude
hereditary predisposition, and clinical surveillance may still be appropriate. Lastly, genetic
results may also influence therapeutic management in certain syndromic contexts. For example,
the hypoxia-inducible factor-2a inhibitor belzutifan has demonstrated substantial efficacy
in VHL-associated tumours, *° underscoring the relevance of precise molecular diagnosis for

targeted treatment decisions in case of progressive disease.

Taken together, genetic counselling and testing form a cornerstone of the multidisciplinary
management of paediatric GEP-NENs, guiding not only treatment and follow-up for the

affected child but also risk assessment and preventive care within the family.

3.8 Additional Assessments

Cardiac evaluation should be considered in children with carcinoid syndrome (serotonin-
producing tumours), given the risk of carcinoid heart disease. /Level V; Grade B] Although this
complication is exceedingly rare in paediatrics compared to adults, echocardiography is
indicated in cases with persistently elevated urinary or plasma 5-HIAA levels or clinical

suspicion of valvular involvement. Measurement of NT-proBNP (or proBNP) may be used as
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an additional screening tool in analogy to adult practice. >! /Level V; Grade C] Early detection

of cardiac dysfunction is essential to guide timely cardiology referral and management.

Psychosocial assessment is a central component of care, as paediatric patients and their
families face significant challenges related to the rarity and chronic nature of GEP-NENSs, the
implications of hereditary syndromes, and the need for life-long surveillance. Structured
psychosocial support, including access to psycho-oncology and genetic counselling services,

should be offered at diagnosis and revisited throughout the disease course. /Level IV, Grade A]

All paediatric GEP-NEN cases should undergo review in a multidisciplinary tumour board,
preferably within or in close collaboration with an expert centre for paediatric rare tumours
and/or adults neuroendocrine neoplasms. /Level [V, Grade A] This ensures that diagnostic
findings, treatment planning, and surveillance strategies benefit from the combined expertise
of paediatric oncology, endocrinology, gastroenterology, surgery, nuclear medicine, pathology,
and genetics. Centralised discussion is strongly recommended to mitigate the risks associated
with very low case numbers in individual institutions and to harmonise care according to best

available evidence.

4. Treatment Details

4.1 General considerations

Given the extreme rarity of these tumours, all cases should be discussed in a multidisciplinary
tumour board with expertise in paediatric oncology, surgery, endocrinology, nuclear medicine,
gastroenterology, pathology, and genetics. /Level IV; Grade A] Multidisciplinary tumour board
review is crucial to balance oncological radicality with organ preservation, endocrine and

exocrine function, and long-term survivorship in children and adolescents with NETs.

Surgical resection remains the cornerstone of curative treatment for most localised paediatric
GEP-NENs. 6121665 Whenever technically feasible and clinically indicated, complete
macroscopic and microscopic resection (R0O) should be pursued, as this is the strongest
prognostic factor for long-term survival. /[Level IV, Grade A] Surgery is not mandatory in all
cases: in very selected situations—such as small, asymptomatic, well differentiated lesions in
the context of hereditary syndromes (e.g. MEN1, TSC) without radiological progression—an
initial active surveillance strategy with close imaging may be appropriate after multidisciplinary

discussion.  /Level V: Grade C] For advanced or metastatic disease, systemic therapies
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adapted from adult protocols are increasingly used, although prospective paediatric data remain

sparse.

NECs, however, represent a biologically distinct, highly aggressive entity and require rapid
diagnostic work-up and prompt initiation of systemic therapy, rather than upfront surgical
resection in most cases, with early involvement of centres experienced in high-grade NEN

management. /Level V; Grade A]

Children and adolescents with advanced or metastatic disease should also be referred to expert
reference centres with established experience in NENs, ensuring access to advanced diagnostics
such as SSTR-directed PET/CT, molecular pathology, and multimodal therapeutic options
including PRRT and clinical trials as applicable. ¢ /Level V; Grade A]

4.2 Surgery

Surgical management follows general oncological principles. RO resection is the treatment goal,
but in children there is a particular emphasis on organ- and function-preserving techniques
whenever this can be achieved without compromising oncological safety. Lymphadenectomy
is generally recommended as part of standard oncological resection for GEP-NENSs, even when
nodal disease is not overtly suspected, with the extent of nodal clearance tailored to tumour site,
size, and grade. %8 [Level IV Grade A] Extensive, prophylactic lymph-node dissection beyond
the regional basin—particularly in small NETs without radiological or intraoperative suspicion

of nodal involvement—is not recommended in NETs. /Level V; Grade D]

4.2.1 Pancreatic NETs

Insulinomas are typically small and solitary. Enucleation with free margins is often sufficient,
provided the lesion is well localised and at a safe distance from the main pancreatic duct. /Leve/
[V; Grade B] Intraoperative ultrasound, with or without contrast enhancement, is a helpful tool
to localise the lesion, assess its relation to the ductal system, and guide the extent of resection.
[Level 1V; Grade B] In adults, endoscopic ultrasound-guided radiofrequency ablation has
emerged as a minimally invasive option for selected insulinomas. In children, experience is
very limited, and such procedures should be considered only on an individual basis in expert

centres. [Level V; Grade C]

Non-functional tumours require an approach guided by size, location, growth behaviour, and

ductal involvement. Options include enucleation for small, peripherally located lesions, distal

22



GastroEnteroPancreatic European Standard Clinical Practice
NeuroEndocrineNeoplasms document

pancreatic tail resection (with or without splenic preservation) for body/tail tumors, and and

Whipple procedure for large or duct-involving head tumors. ® /Level IV Grade B]

During formal pancreatic resections, regional lymph-node assessment is recommended,
whereas in atypical or parenchyma-sparing resections, sampling of peripancreatic nodes with
or without frozen-section analysis is advisable to document nodal status. /Level IV; Grade B]
Fresh frozen sections from the resection margins should be obtained when possible to confirm

complete tumour removal and reduce the need for re-operation. /Level V; Grade B]

MENI- and TSC-associated disease frequently present with multifocal, often non-functioning
pancreatic NETs. In these contexts, management should balance the risk of progression against
surgical morbidity and the long-term burden of endocrine and exocrine insufficiency. In line
with adult consensus guidance, small, asymptomatic NETs (<2 cm), without radiological
suspicion of regional nodal disease and stable in size, may be managed with active surveillance.
[Level 1V, Grade B] Resection should be considered in larger, growing, or symptomatic
tumours, and in younger patients with good performance status, after multidisciplinary
discussion. /Level IV, Grade B] When surgery is undertaken, parenchyma-sparing procedures
(limited resection, enucleations) are preferred, combined with vigilant long-term surveillance

recognising the high risk of recurrence and metachronous lesions. /Level IV; Grade B]

Appendix 2 presents the flowchart for the initial diagnostic and treatment pathway in pancreatic

NEN.

4.2.2 Gastrointestinal NETs

Gastric and duodenal NETs usually present as small, localised lesions. Local excision or limited
segmental resection is often sufficient. 3>’ In MEN1-associated gastrinomas, surgical strategy
must carefully balance oncological control with morbidity, and extensive resections are rarely

indicated in children. /Level V; Grade B]

Small intestinal NETs should be treated with segmental bowel resection and mesenteric

lymphadenectomy, analogous to adult management. 43 /Level V; Grade A]

Colorectal NETs generally require segmental colectomy with regional lymph-node dissection
for lesions not meeting the criteria for purely endoscopic treatment, following oncological
principles applied in colorectal carcinoma surgery and in accordance with adult colorectal NET
guidelines. *' [Level V; Grade A] Lymph-node dissection should follow standard surgical

principles as used in colon carcinoma, aiming to remove nodes along the relevant vascular
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pedicle. The extent should be tailored to tumour size, grade, depth of invasion, and regional
anatomy, avoiding extensive systematic lymphadenectomy beyond tumour-specific drainage
basin in the absence of radiological or intraoperative suspicion of further nodal involvement.

[Level V; Grade C]

In contrast, small rectal NETs (< 1 cm) without adverse prognostic features (low grade, absence
of lymphovascular invasion and muscularis propria involvement) may be appropriately

managed with local endoscopic excision. [Level V; Grade B]

The flowchart in Appendix 2 outlines the initial diagnostic and treatment pathway for

gastrointestinal NEN.

4.2.3 Hepatic lesions

In most cases, liver lesions represent metastatic disease from an extrahepatic primary. Partial
hepatic resection may be considered in selected patients with resectable liver-dominant

metastases, provided sufficient hepatic reserve can be maintained. /Level V; Grade B]

Liver transplantation is not established for neuroendocrine metastases in children and
adolescents and should therefore be considered investigational. In adults, transplantation has
been explored in highly selected cases (e.g. low-grade NET, liver-only disease, durable disease
control, and absence of extrahepatic spread), but evidence remains limited and long-term
outcomes are variable. In paediatric GEP-NEN, data are anecdotal, and the potential benefits
must be weighed against the risks of immunosuppression, including tumour recurrence. If
considered at all, evaluation should occur only in specialised centres within a rigorous

multidisciplinary and ethical review framework. /Level V; Grade C]

4.2.4 NEN of unknown primary (CUP)

Paediatric NEN-CUP typically presents at an advanced, metastatic stage. Curative surgery is
rarely feasible, and the role of resection is usually limited to obtaining adequate tissue for

diagnosis or for palliative interventions such as relieving obstruction. /Level V; Grade B]

4.3 Systemic Therapies

Systemic therapy 1is largely guided by extrapolation from adult evidence from
randomized/phase III trials and consensus guidelines, complemented by growing but still

limited paediatric experience.
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Systemic therapy is indicated in children and adolescents for unresectable, metastatic, or clearly
progressive disease, and for persistent symptoms in functioning tumours despite optimal local

management, 424351

The choice of systemic treatment depends on tumour grade and differentiation, somatostatin
receptor expression, the extent and tempo of disease, and the presence of hormonal symptoms.
The rarity of these tumours in children and adolescents mandates case discussion in a
multidisciplinary setting, preferably in or in close consultation with expert centres. /Level IV;

Grade A]

4.3.1 Somatostatin Analogues (SSA)

Somatostatin analogues (octreotide LAR, lanreotide autogel) represent the cornerstone of
systemic therapy in NETs. 4>7173 In adults, the PROMID and CLARINET trials demonstrated
an anti-proliferative effect and prolonged progression-free survival in midgut and

enteropancreatic NETSs, respectively. 7%73

In paediatric patients, experience remains limited to registry reports and small series, but SSAs
are widely used due to their favourable safety profile and their ability to control hormone-
related symptoms in functioning tumours. Typical adverse effects are mild, including
gastrointestinal discomfort and gallstone formation. Growth and pubertal development do not

appear to be adversely affected by standard dosing, although prospective data are lacking.

In this context, SSAs are regarded as first-line systemic therapy for children and adolescents
with progressive and/or unresectable SSTR-positive NETs, or for those with persistent

hormonal symptoms despite surgery. /Level V; Grade B]

In clinically stable, asymptomatic patients with low-burden, well-differentiated disease, a
watch-and-wait strategy with close surveillance may be appropriate. /Level V; Grade B]

4.3.2 Radiopharmaceutical Therapy (RPT)

RPT with ['7"Lu]Lu-DOTATATE has transformed the treatment of adult SSTR-positive NETSs.
The NETTER-1 study established a clear PFS benefit in midgut NETs, while NETTER-2 and
COMPETE confirmed its role in higher-grade and broader GEP-NET populations.

Paediatric experience is more recent: retrospective case series indicate feasibility, and the
prospective NETTER-P study demonstrated safety and promising efficacy in children and

adolescents, with manageable toxicity when renal protection protocols are applied. 7+7® Long-
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term follow-up is crucial, particularly for haematologic and gonadal late effects, which may be
more relevant in the paediatric setting. RPT is recommended for progressive, SSTR-positive
NETs after SSA failure or in selected cases earlier in the treatment sequence if the tumour
burden is high or the growth dynamics are rapid. °-%' /Level IV: Grade B] 1t should only be

delivered in specialised centres with paediatric nuclear medicine expertise. /Level V; Grade A]

4.3.3 Targeted Therapies

Targeted agents approved in adults—everolimus (a mTOR inhibitor, approved for progressive
pancreatic NETs G1-G2 in RADIANT-3 study and for non-functional gastrointestinal NETs in
RADIANT-4), 88 cabozantinib (for progressive extra- pancreatic and pancreatic NETs based
on the CABINET trial), 3 and sunitinib (for progressive pancreatic NET G1-2)—have all
demonstrated prolonged PFS compared with placebo. Belzutifan is additionally approved for

VHL-associated tumours, including pancreatic NETSs, for adolescents aged > 12 years. 83-3

The use of targeted agents in children and adolescents with NETs is off-label and remains rare,
but registry data and case reports suggest potential benefit in progressive pancreatic NETs,
especially when PRRT is not feasible or after PRRT failure. /Level V; Grade B] Toxicity
profiles must be carefully managed: everolimus can cause stomatitis, hyperglycaemia, and
immunosuppression, while sunitinib may induce hypertension, cytopenias, and cardiac toxicity.

Dose adjustments are required, and careful monitoring must be ensured.

Given their oral administration, prior experience in paediatric populations from other disease
contexts, and generally manageable toxicity profiles, targeted agents may be considered a

reasonable option in selected cases, ideally within registry documentation.

4.3.4 Chemotherapy

Cytotoxic chemotherapy has a limited role in paediatric NETs but remains essential for NET
G3 and NEC. #8791 [Level V; Grade B] Platinum—etoposide is the standard first-line regimen

in NEC, yielding response rates but short-lived remissions in adult settings. /Level V; Grade B]

For well-differentiated NET G3 and selected progressive NET G2, temozolomide-based
regimens (CAPTEM) have shown efficacy in adults and are occasionally used in older children
and adolescents, though paediatric-specific evidence is sparse. °>** It can be considered in
selected progressive NET G2-G3. [Level V; Grade B] Cytotoxic chemotherapy should be
restricted to aggressive disease, with central documentation and long-term follow-up. /Level V;

Grade A]
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4.3.5 Other and Emerging Therapies

Beyond established systemic treatments, several additional approaches have been explored in
adult and paediatric GEP-NENSs, but none can currently be regarded as standard of care in

children. /Level V; Grade C]

Liver-directed therapies such as transarterial embolisation (TAE), chemoembolisation (TACE),
or radioembolization/selective internal radiation therapy (SIRT) are used in adults with
unresectable, liver-dominant disease. *>% In paediatrics, experience is limited to anecdotal
reports, and such interventions should be restricted to specialised centres and considered only
in highly selected cases. /Level V; Grade C] However, this technique may be helpful to

decrease hormonal secretion in case of uncontrolled functional NET.

Immunotherapy with checkpoint inhibitors has shown limited activity in well-differentiated
NETs but occasional benefit in NEC with high tumour mutational burden or mismatch-repair
deficiency. 7192 In children, reports are extremely scarce. Testing for microsatellite instability
(MSI) or high mutational load may help identify candidates (particularly in the context of Lynch
syndrome/Hereditary Non-Polyposis Colorectal Cancer, where associated tumours are often

MSI), but use should generally be confined to clinical trials. /Level V; Grade C]

Novel radioligand therapies—including alpha-emitting RPT and other next-generation
radionuclides—are under investigation in adults and, to a very limited extent, in paediatric

populations, but remain experimental.

Overall, these emerging approaches underline the importance of referring paediatric patients
with advanced or refractory disease to clinical trials or highly specialised centres, where
innovative therapies can be explored safely with structured documentation and long-term

follow-up. [Level V; Grade A]

In summary, in paediatric GEP-NETs, systemic therapy is indicated primarily for unresectable,
progressive, or metastatic disease. SSAs are the first-line choice in SSTR-positive NET, RPT
is increasingly validated by paediatric data and should be considered in progressive disease,
targeted therapies or chemotherapy are reserved for later lines or high-grade NET, while
platinum-etoposide is the standard for NEC. Long-term toxicity, developmental stage, and
hereditary background must guide treatment selection, and inclusion in registries and

collaborative trials is strongly encouraged.
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44 Radiotherapy

External beam radiotherapy has no established curative role in GEP-NEN:S. Its use is largely
limited to palliation of symptomatic metastases, such as painful bone lesions or unresectable
local recurrences causing obstruction or pain. In adults, stereotactic body radiotherapy (SBRT)
has occasionally been applied to oligometastatic sites, but experience in children is anecdotal.

[Level V; Grade B]

4.5 Supportive Therapy

Supportive care is an integral component of management. Hormone-related symptoms should
be controlled with targeted therapy: hypoglycaemia in insulinoma with dietary measures and
diazoxide until resection; gastric acid hypersecretion with high dosages of PPIs in gastrinoma,;
diarrhoea in VIPoma with fluid/electrolyte replacement and SSAs. Nutritional support is
essential in children with chronic diarrhoea, pancreatic insufficiency after resection, or

extensive disease. [Level IV; Grade B]

5. Follow-up and Surveillance

Long-term follow-up is an essential component in the care of children and adolescents with
GEP-NENS. 37447 [Level IV, Grade A] Even after complete surgical resection, the risk of
recurrence—although lower in well-differentiated tumours than in adults—necessitates
structured surveillance. Moreover, hereditary syndromes are common, and survivors face
unique risks of late effects related to treatment and the long natural history of the disease.
Accordingly, follow-up must be risk-adapted, life-long, and ideally coordinated in expert

centres with transition to adult services when appropriate. /Level IV, Grade A]

5.1 General principles

Surveillance strategies should be stratified according to tumour grade, stage at diagnosis,
completeness of resection, and hereditary background. Clinical assessment, biochemical

monitoring, and imaging represent the main pillars of follow-up. The schedule and intensity of
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surveillance must balance the risk of relapse with the need to limit cumulative radiation

exposure and to minimise the psychosocial burden of repeated investigations.

5.2  Clinical follow-up

Clinical review should be performed every 3—6 months for the first two years after resection

and subsequently every 6—12 months, depending on risk profile. /Level V; Grade B]

Visits should include thorough history-taking for recurrent symptoms (hypoglycaemia, peptic
symptoms, flushing, diarrhoea), physical examination, and specific assessment for signs of
hereditary syndromes. Nutritional status, growth and pubertal development, and treatment-
related sequelae (e.g. pancreatic insufficiency, diabetes, postsurgical complications) require

regular evaluation. /Level IV, Grade B]

Psychosocial and educational aspects should also be assessed, reflecting the chronic nature of

NEN care. [Level V; Grade B]

5.3 Biochemical monitoring

Laboratory surveillance should be tailored to tumour biology and initial presentation. /Level I,
Grade B] CgA has limited sensitivity and specificity in both adults and children. Its use in
follow-up should be restricted to patients with a clearly elevated baseline value, where serial
measurements may provide complementary information only. /[Level V; Grade C] For
functional tumours, the relevant hormone that was abnormal at diagnosis (e.g. insulin, gastrin,
VIP, glucagon, serotonin/5-HIAA) may be re-measured if symptoms recur or if there is clinical
or radiological suspicion of progression, but routine repeated testing in asymptomatic patients
is not recommended. . /Level V; Grade B] In hereditary cases, syndrome-specific biochemical
screening should be integrated into long-term surveillance protocols according to dedicated

guidelines. /Level 1V, Grade B]

54 Imaging

Cross-sectional imaging remains the cornerstone of surveillance. MRI is the preferred modality
in children and adolescents to avoid radiation, particularly for abdominal and pelvic assessment.

CT should be reserved for cases where MRI is inconclusive or unavailable. Functional imaging
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with SSTR-directed PET/CT should be considered in high-risk patients or when recurrence is
suspected but not localised on conventional imaging. ['*F]JFDG-PET/CT may be warranted in
NET G3 or NEC. For local disease, endoscopy and endoscopic ultrasound play an important
role in the surveillance of gastric and duodeno-pancreatic primaries, particularly in hereditary
contexts such as MENI1, and colonoscopy (with endoscopic ultrasound for selected rectal

lesions) is similarly relevant for colorectal primaries.

Suggested intervals:

Low-risk disease (completely resected NET G1, localised, no hereditary syndrome): MRI
approximately every 12 months for 5-10 years, then adapted to individual context. /Level IV;
Grade B]

Intermediate risk (NET G2, nodal involvement, hereditary syndromes): MRI every 6-12
months for the first 5 years, then annually and adapted thereafter to individual context.
Functional imaging only as clinically indicated (e.g., suspicion of recurrence not clarified by

MRI). [Level IV; Grade B]

High risk (NET G3, NEC, metastatic disease): MRI every 3—6 months. SSTR-directed and/or
['8F]FDG PET/CT repeated only when the result is expected to change management (e.g.,

suspected progression not adequately assessed by conventional imaging). /Level IV; Grade B]

5.5 Hereditary considerations

For patients with germline predisposition (MEN1, VHL, NF1, TSC), surveillance must include
syndrome-specific screening independent of the index tumour. /Level I1I; Grade A] Rather than
relying on broad, unspecific biochemical panels, follow-up should be guided by the most up-
to-date international or national guidelines for each syndrome, typically combining targeted
biochemical tests and imaging of relevant organs at defined intervals. Close coordination
between paediatric oncology, endocrinology, and clinical genetics is essential to ensure that

surveillance remains evidence based as recommendations evolve.
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5.6 Transition of care

Given the life-long course of GEP-NENS, structured transition to adult services is mandatory.
This should begin in adolescence and involve preparation of a comprehensive survivorship
plan, detailing initial diagnosis, treatments received (including dosimetry for PRRT where

applicable), hereditary findings, and long-term risks. /Level IV; Grade A]

6. Treatment of Relapsed or Progressive Disease

Relapse or progression in paediatric GEP-NENs is uncommon after complete resection of
localised, well-differentiated tumours but may occur in patients with advanced stage disease at

diagnosis, incomplete resections, or higher-grade tumours. 193104

Management requires careful reassessment of tumour biology and extent, ideally within a
specialised multidisciplinary tumour board with paediatric oncology, endocrine surgery,

nuclear medicine, radiology, and pathology expertise. /Level V; Grade A]

At relapse, a new diagnostic work-up is mandatory. This includes high-resolution cross-
sectional imaging (MRI preferred, CT when clinically indicated), SSTR-directed PET/CT in
NET, and ["®F]FDG-PET/CT in higher-grade NET and NEC. Repeat biopsy should be
considered if there is a significant change in tumour behaviour, as grade progression may occur.
[Level 1V; Grade A] Comprehensive somatic molecular characterisation may help to identify

potential targeted agents. /Level V; Grade C]

In cases of localised relapse or oligometastatic disease, surgical resection and/or focal therapy
of metastatic sites (e.g. thermal ablation, liver embolization, stereotactic radiotherapy) remains
the treatment of choice if complete local control is feasible without undue morbidity.
Parenchyma-sparing approaches should be balanced against the need for oncological clearance,
especially in the pancreas. /Level V; Grade A] In selected patients with diffuse, liver-dominant
metastases, prior complete control of the primary tumour and slowly progressive disease, liver
transplantation has been reported in adults. In children, it should be regarded as experimental
and considered only in expert centres after thorough multidisciplinary discussion. /Level V;

Grade C]

For disseminated or unresectable relapse, systemic therapy follows the same principles as
primary advanced disease. /Level IV; Grade A] Enrolment in national or European precision

oncology programmes should be considered to enable access to investigational approaches.

31



GastroEnteroPancreatic European Standard Clinical Practice
NeuroEndocrineNeoplasms document

[Level 1V; Grade A] These may include agents targeting mTOR signalling, angiogenesis, or
other oncogenic pathways, as well as innovative radionuclide therapies such as dual-isotope
PRRT and novel radionuclides including auger electron and alpha particle emitters. At present,
paediatric-specific efficacy data are lacking, and such approaches should therefore be pursued

within the framework of clinical trials or structured registries. /Level IV; Grade A]

Relapse generally portends a less favourable prognosis than primary localised disease, but long-
term survival is still possible with multimodal therapy. Treatment decisions must balance
disease control with the late effects of repeated interventions, radiation exposure, and systemic

therapies, underscoring the need for life-long follow-up. /Level IV, Grade B]

The most important recommendations from this ESCP document are summarized in Appendix

3.
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APPENDIX 1

World Health Organization (WHO) 2019 Classification and grading criteria for
neuroendocrine neoplasms (NENs) of the GI tract and hepatopancreatobiliary organs

Terminology Differentiation Mitotic rate Ki-67 index
(mitoses/2 mm?)
NET, Gl Well differentiated <2 <3%
NET, G2 2-20 3-20%
NET, G3 >20 >20%
NEC, small-cell type Poorly differentiated >20 >20%
(SCNEC)
NEC, large-cell type >20 >20%
(LCNEC)
MiIiNEN Well or poorly Variable Variable
differentiated

#Poorly differentiated NECs are not formally graded, but are considered high-grade by definition.

LCNEC, Large-cell neuroendocrine carcinoma; MiNEN, Mixed neuroendocrine—non-neuroendocrine neoplasm;
NEC, Neuroendocrine carcinoma; NET, Neuroendocrine tumour; SCNEC, Small-cell neuroendocrine
carcinoma.

39



GastroEnteroPancreatic European Standard Clinical Practice
NeuroEndocrineNeoplasms document

APPENDIX 2

Flowchart 1: Initial Diagnostic and Treatment Pathway for Pancreatic NEN

EXPeRT Suspicion of pancreatic NEN Diagnostic work-up
(symptoms, incidental finding) — Clinical and family history
— Biochemical work-up acc. to clinical
presentation/suspicion
— Endoscopy incl. EUS (as indicated)
— Imaging (MRI preferred)
Confirmed pancreatic NEN —  SSTR-directed PET/CT
with grade & stage —  Pathology with mitotic rate, Ki67, and IHC

/’\ —  Genetic counselling/testing
Localized pancreatic NET ! | | Advanced/metastatic GEP-NEN }—

Surgery l
—  Organ-sparing when possible Resection / reduction of tumor mass? %* I panNET G3 2 panNEC
— Lymphadenectomy follow Tical Loco-regional therapies? 23

principles
—  Aim: RO resection / \

—  Watchful waiting in selected cases with

NF1 and TSC after MDT discussion’ = paniVE'l' G2+ || NEpaNETGL2: |
l First line: SSA SRI+ SRI- Systemic chemotherapy
Follow-up & Surveillance Second lines: RPT First line: First line: - alkylating-based
Risk-adapted intervals (3-12 months) Subsequent lines: targeted SSA targeted regimens in NET G3
- - -d intervals (3-12 s ) i X .
—  MRI rcll‘:c‘:rmd agents Second lines: | therapies - platinum-etoposide for
B Lit‘ul§n curveillance Inclusion in clinical trials if targeted Second line: NEC
1 ran‘ilii:n‘ to adult care available agents or chemo-
- 5] .
- Functional imaging only as clinically RP1 therapy I

indicated

acc., according; EUS, endoscopic ultrasound; funct, functioning; MDT, multidisciplinary tumor board; NEN,
neuroendocrine neoplasm; NET, neuroendocrine tumor; NF, non-functioning; NF1, neurofibromatosis type 1; pan,
pancreatic; SRI, somatostatin receptor imaging; RPT, radiopharmaceutical therapy; SSA, somatostatin analogue;
TSC, tuberous sclerosis syndrome

! Exceptions for MEN1- and TSC-associated multifocal pancreatic NET

2 Consider sites, grade, and slope of progression

3 Consider liver-directed therapies in liver-dominant metastatic disease

4 asymptomatic and/or stable/slowly growing; in symptomatic and/or fast-growing: first line: alkylating-based
chemotherapy, subsequently lines: targeted therapy, or RPT in SRI positive
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Flowchart 2: Initial Diagnostic and Treatment Pathway for Gastrointestinal NEN

EXPeRT Suspicion of GI-NEN Diagnostic work-u
p g p
(symptoms, incidental finding) —  Clinical and family history
— Biochemistry

— Endoscopy incl. EUS (as indicated)
— Imaging (MRI preferred; liver-MRI as indicated)
— SS5TR-directed PET/CT

Confirmed GI-NEN —  Pathology with mitotic rate, Ki67, and IHC
with grade & stage —  Genetic counselling/testing
Localized GI-NET | | Advanced/metastatic GEP-NEN |
Surgery
—  Organ-sparing when possible
- Lymphadenectomy following oncological <—| Resectable | | Unresectable 34 |

principles
- Aim: RO resection [
— Endoscopic mucosal resection/

Loco-regional therapies |

submucosal dissection in selected cases ‘/ .
after MDT discussion! Well-diff G1-G2 SRI+ Well-diff G1-2 SRI-
1 NET G3
Follow-up & Surveillance NEC G
— Risk-adapted intervals (3-12 months) First line: SSA Systemic chemotherapy
- Endoscopy incl. EUS Subsequent lines: RPT (platinum-etoposide for
—  MRI preferred Later lines: targeted agents, NEC; temozolomide or
— Lifelong surveillance chemotherapy streptozotocin/5-FU
—  Transition to adult care regimens in NET)
—  Functional imaging only as clinically | |
indicated

EUS, endoscopic ultrasound; GI, gastrointestinal; MDT, multidisciplinary tumor board; NEN, neuroendocrine
neoplasm; NET, neuroendocrine tumor; SRI, somatostatin receptor imaging; RPT, radiopharmaceutical therapy;
SSA, somatostatin analogue

!in (very) small lesions not invading muscle layer and no lymph node metastases
2 Consider sites, grade, and slope of progression

3 Consider liver-directed therapies in liver-dominant metastatic disease

4 inclusion in clinical trials if available
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APPENDIX 3

Table 1. Recommendations for Diagnostic Assessment in Pediatric GEP-NENs

Domain Recommendation Level Grade
Overall | Diagnostic evaluation of suspected pediatric GEP-NENs v A
diagnostic | should be performed at, or in collaboration with, a specialized
approach | reference center with expertise in (pediatric) NENSs, including
expert pathology review and multidisciplinary tumor board
discussion.
Clinical | A detailed clinical history and examination should assess v A
evaluation | symptoms suggestive of hormone hypersecretion, tumor mass
effect, and signs of hereditary tumor predisposition
syndromes (MEN1, VHL, NF1, TSC).
Baseline | Initial laboratory assessment should include full blood count, IV B
laboratory tests | electrolytes, renal and liver function tests, and pregnancy
testing in adolescents where appropriate.
Use of age- | Interpretation of biochemical results must use assay- and age- Il A
specific | specific reference ranges; adult cut-offs should not be applied
references | uncritically.
Chromogranin A | Routine use of chromogranin A for diagnosis or surveillance  V C
is not recommended. It may be considered only in selected
cases with a clearly elevated baseline value and interpreted
with caution.
Insulinoma work- | Suspected insulinoma should be evaluated with a supervised Il B
up | fast documenting Whipple’s triad and simultaneous
measurement of glucose, insulin, C-peptide, proinsulin,
ketones, and free fatty acids.
Gastrinoma | Fasting gastrin with gastric pH measurement should be I B
work-up | performed, ideally after PPI withdrawal; MEN1 evaluation is
recommended.
Small-intestinal | In suspected carcinoid syndrome, 24-hour urinary or plasma I B
NETs | 5-HIAA should be measured with strict dietary and
medication control.
NEN of unknown | Biochemical testing in pediatric NEN-CUP is hypothesis- v B
primary (CUP) | generating only and should guide imaging and biopsy rather
than infer tumor origin. Calcitonin and metanephrines should
be measured to exclude medullary thyroid carcinoma and
intra-/extraadrenal paraganglioma.
Hereditary | Genetic counseling should be offered to all patients, with v A
syndromes | germline testing for MEN1, VHL, NF1, and TSC based on

clinical context.
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Table 2. Imaging Recommendations
Scenario Recommendation Level Grade
Initial evaluation | Ultrasound is an appropriate first-line modality in children | V B
(abdominal pain / | presenting with abdominal pain or suspected abdominal
mass suspicion) | mass.
First-line cross- | MRI is the preferred modality for staging and follow-up to | III A
sectional imaging | minimize radiation exposure.
Pancreatic lesions | High-resolution MRI with dedicated pancreatic sequences | [V A
is recommended for localization and staging.
Suspected | In negative or equivocal cross-sectional imaging, EUS is v A
insulinoma | recommended to improve lesion detection, assess
proximity to the pancreatic ductal system, and enable tissue
acquisition when histological confirmation is required.
Gastric and | Upper gastrointestinal endoscopy with biopsy is v A
duodenal NETs | recommended as the diagnostic gold standard. EUS is
recommended when local staging (depth of invasion,
submucosal spread, regional lymph nodes) will influence
treatment decisions, particularly in duodenal primaries.
Suspected small- | MRI enterography is recommended to evaluate the small v B
intestinal NET | bowel and mesentery without radiation exposure.
Mesenteric fibrosis should be assessed when clinically
suspected, while recognizing it is extremely rare in
pediatric patients.
Colorectal / rectal | Colonoscopy with biopsy is recommended to establish v A
NETs | diagnosis. Pelvic MRI is recommended for rectal lesions to
stage locally and assess mesorectal involvement, and cross-
sectional imaging of the abdomen/pelvis is recommended
in higher-stage disease to evaluate nodal and hepatic
involvement.
Liver lesions | Dedicated liver MRI is recommended for characterization | [V A
of focal lesions in NET G2-3 and NEC; histological
confirmation is required when diagnosis is uncertain.
CT imaging | CT should be reserved for acute situations or when MRIis | III B
not feasible, using pediatric dose-optimized protocols.
SSTR imaging | SSTR-directed PET/CT or PET/MRI is recommended for I A
staging and treatment planning in well-differentiated NETs
(G1-G2 and selected G3).
FDG-PET/CT | FDG-PET/CT should be considered in NET G3 when I A
results may influence management and is the only
functional imaging routinely recommended in NEC.
Pediatric | Imaging should be coordinated to minimize sedation and v A
considerations | reviewed by radiologists experienced in pediatric NENS.
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Table 3. Recommendations for Pathology Review and Biopsy

Aspect

Recommendation

Level

Grade

Histopathology

Immunohistochemistry

Grading

Site-specific IHC

panels

Molecular profiling

Central pathology
review
Biopsy technique

Biopsy approach

Sampling limitations

Exceptions to biopsy

Histopathological confirmation should be obtained
whenever safely feasible and classified according to
WHO 2019 criteria (NET G1-G3 vs NEC).

III

A

Diagnosis requires positivity for at least one
neuroendocrine marker (e.g. synaptophysin,
chromogranin A).

v

Ki-67 index and mitotic count must be reported; the
highest value should define grade in heterogeneous
tumors.

III

Site-specific immunohistochemical panels are
recommended to avoid misclassification and to exclude
key mimics

Extended molecular profiling (e.g., NGS) should be
considered only in advanced or refractory disease or
within clinical trials/research protocols, and results
should be reviewed in a multidisciplinary molecular
tumor board to confirm clinical relevance and feasibility
of targeted therapy.

All specimens should undergo review by a pathologist
experienced in pediatric and neuroendocrine tumors.

v

Image-guided core needle biopsy is recommended when
resection is not feasible; FNA alone is insufficient for
definitive diagnosis and grading.

I\Y%

Retroperitoneal lesions should be biopsied via a
posterior approach; transperitoneal anterior biopsy
should be avoided where possible.

v

For luminal gastrointestinal lesions, endoscopic biopsy
is recommended.

v

For pancreatic or duodeno-pancreatic lesions, EUS-
guided tissue sampling may be considered when
surgical resection is not immediately planned.

Small biopsies may underestimate tumor grade; repeat
sampling should be considered when clinical or imaging
findings are discordant with pathology.

In very selected cases (e.g. multiple small pancreatic
lesions in TSC/MEN1 without progression),
surveillance without immediate biopsy may be
considered after MDT discussion.
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Table 4. Recommendations for Surgical Management
Tumor Type Recommendation Level Grade
General | All cases should be discussed in a multidisciplinary tumor | IV A
board; pursue complete RO resection whenever feasible,
prioritizing organ- and function-preserving approaches
where oncological safety can be maintained.
Lymphadenectomy | Regional lymph-node dissection should accompany v/ |A/D
oncological resections; extensive prophylactic dissection \Y
beyond the regional basin is not recommended in small
NETSs without nodal suspicion.
Insulinoma | Enucleation with clear margins is recommended for small, | IV B
solitary insulinomas when safely distant from the main
pancreatic duct; intraoperative ultrasound (with or without
contrast) should be used to localize lesions, assess ductal
relationships, and guide the extent of resection.
Non-functional | Surgical approach should be guided by size, location, v B
pancreatic NET | ductal involvement, and growth behavior and frozen-
section margin analysis should be performed when
feasible.
MENI/TSC | Active surveillance may be appropriate for small (<2 cm), | IV B
pancreatic NETs | asymptomatic, stable tumors; surgery should favor
parenchyma-sparing approaches.
Small-intestinal | Segmental bowel resection with mesenteric v A
NET | lymphadenectomy is recommended.
Colorectal NET | Segmental colectomy with regional lymph-node dissection | V A
is recommended unless endoscopic criteria are met.
Rectal NET (<1 cm) | Local endoscopic excision is appropriate in the absence of | V B
adverse features.
NEN-CUP | Surgery should generally be limited to diagnostic and/or A% B
palliative indications, as curative resection is rarely
feasible.
Liver metastases | Wedge resection, enucleation, or anatomical liver A\ B/C
resection may be considered in selected liver-dominant
disease; liver transplantation is investigational only.
EUS-guided RFA | Endoscopic ultrasound-guided radiofrequency ablation A% C
(selected cases) | should be considered only exceptionally and on an
individual basis in children, within expert centers.
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Table 5. Recommendations for Systemic Therapies
Therapy Recommendation Level Grade
Somatostatin | SSA are recommended as first-line therapy for A% B
analogues (SSA) | progressive or unresectable SSTR-positive NETs and for
symptom control in functioning tumors.
PRRT (*177Lu- | PRRT is recommended for progressive SSTR-positive v B/A
DOTATATE) | NET after SSA failure or earlier in selected high-burden
disease; use in expert centers only.
Targeted agents | Targeted agents should be considered in selected Vv B
progressive NETs (especially pancreatic) as off-label use
with careful monitoring and registry documentation.
Chemotherapy | Temozolomide-based regimens (e.g. CAPTEM) can be A% B
(CAPTEM) | considered in selected progressive NET G2—-G3.
Chemotherapy | Platinum-etoposide is recommended as standard first-line | V B
(platinum—etoposide) | therapy for NEC.
Immunotherapy | Immunotherapy may be consider only for NEC with A% C
MSI-high or high TMB, preferably in clinical trials.
Liver-directed | Liver-directed therapies (TAE, TACE, SIRT) should be A% C
therapies | restricted to highly selected pediatric cases and
performed in expert centers.
Advanced/ | Children and adolescents with advanced or metastatic A% A
metastatic disease | disease should be referred to expert reference centers to
ensure access to multimodal therapies.
Decision-making | Systemic treatment decisions should be made within a v A
multidisciplinary setting, preferably in specialist centers.
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Table 6. Recommendations for Follow-up and Surveillance
Risk Group Recommendation Notes Level Grade
General | Long-term, risk-adapted follow- | Stratify surveillance by v A
Principles | up is recommended, coordinated | tumor grade, stage,
in expert centers with structured | completeness of resection
transition to adult care. (R status), and hereditary
background.
Clinical follow- | Clinical follow-up is A% B
up | recommended every 3—6 months
for the first 2 years and every 6—
12 months thereafter, tailored to
risk profile.
Biochemical | Non-specific markers should Vv C
monitoring | only be monitored if significantly
elevated at baseline.
Hormone levels relevant to A" B
functional tumors should be re-
assessed only if symptoms recur
or progression is suspected.
Surveillance | MRI is recommended as the Typical intervals: ~12 v B
imaging | preferred surveillance modality months (low risk), 612
to limit radiation exposure. months (mid risk), 3—6
months (high risk); adapt if
clinical situation changes.
Functional | Functional imaging should be v B
imaging in | reserved for situations where
surveillance | results are expected to lead to a
change in management.
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Table 7. Recommendations for Relapsed or Progressive Disease
Scenario Recommendation Level Grade
MDT | Relapse or progression should be managed with reassessment | V A
reassessment | of tumor biology and disease extent within a specialized
multidisciplinary tumor board.
Restaging | Restaging is recommended using cross-sectional imaging, v A
appropriate functional imaging, and consideration of repeat
biopsy to detect grade progression.
Oligometastatic | Surgical resection or focal therapy is recommended where Vv A
relapse | feasible.
Disseminated | Disseminated relapse should be treated according to v A
relapse | principles used for primary advanced disease, with strong
consideration for enrollment in precision oncology programs
and/or clinical trials.
Liver-dominant | Liver transplantation is experimental and should be A% C

relapse

considered only in exceptional cases at expert centers.
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