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Abstract
Pancreatic neuroendocrine neoplasms (panNENs) have
been historically regarded as rare, but their incidence has
raised more than 6-fold over the last 3 decades, mostly
owing to improvement in the detection of small asymp-
tomatic tumours with imaging. Early detection and proper
classification and staging are essential for the prognosis and
management of panNENs. Histological evaluation is man-
datory in all patients for the diagnosis of panNEN. Regarding
localization and staging, multiphasic contrast-enhanced
computer tomography is considered the imaging study of

choice. Nevertheless, several other diagnostic modalities
might present complementary information that can help in
diagnosis and staging optimization: magnetic resonance
imaging, somatostatin receptor imaging using positron
emission tomography in combination with computed to-
mography (PET/CT), PET/CT with fluorodeoxyglucose
(18F-FDG), and endoscopic ultrasound. Approximately 10%
of panNENs are due to an inherited syndrome, which in-
cludes multiple endocrine neoplasia type 1, von Hippel-
Lindau disease, neurofibromatosis type 1 (NF-1), tuberous
sclerosis complex, and Mahvash disease. In this review, the
Portuguese Pancreatic Club summarizes the classification,
diagnosis, and staging of panNENs, with a focus on imaging
studies. It also summarizes the characteristics and particu-
larities of panNENs associated with inherited syndromes.
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Perspetivas do Clube Português do Pâncreas sobre
Neoplasias Neuroendócrinas Pancreáticas:
Diagnóstico e Estadiamento, Síndromes Genéticos
Associados e Particularidades da sua Abordagem
Clínica

Palavras Chave
Neoplasia neuroendocrina pancreática · Diagnóstico ·
Estadiamento ·Neoplasia neuroendócrinamúltipla tipo 1 ·
Doença de Von Hippel-Lindau

Resumo
As neoplasias neuroendócrinas pancreáticas (panNENs)
são historicamente consideradas raras, embora a sua
incidência tenha aumentado mais de 6 vezes nas últimas
três décadas, principalmente devido à otimização do
diagnóstico de tumores pequenos e assintomáticos em
exames de imagem. A deteção precoce, a classificação e o
estadiamento adequados são essenciais para o prog-
nóstico e abordagem dos panNENs. A avaliação histo-
lógica é obrigatória em todos os doentes para o diag-
nóstico de panNENs. Para a localização e estadiamento, a
TC multifásica com contraste é considerada o estudo de
imagem de eleição. Contudo, várias outras modalidades
diagnósticas podem apresentar informações com-
plementares que podem auxiliar no diagnóstico e na
otimização do estadiamento: ressonância magnética,
PET/CT dos receptores da somatostatina, PET/CT [1⁸F]FDG
e ecoendoscopia. Aproximadamente 10% dos panNENs
estão relacionados com síndromes hereditários, que in-
cluem neoplasia endócrina múltipla tipo 1 (MEN1),
doença de von Hippel-Lindau (VHL), neurofibromatose
tipo 1 (NF1), complexo de esclerose tuberosa (TSC) e
doença de Mahvash. Neste artigo, o Clube Português de
Pâncreas aborda a classificação, diagnóstico e estadia-
mento de panNENs, com foco nos estudos de imagem,
bem como resume as características e particularidades
dos panNENs associados aos síndromes hereditários.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Neuroendocrine neoplasms (NENs) can arise from
different organs, even though the lungs, gastrointestinal
(GI) tract, and pancreas are the most common sites. GI

and pancreatic NENs (panNENs) are histologically clas-
sified under the same category; however, panNENs have
particular clinical features fromGINENs and, thus, should
be considered separately. PanNENs have been historically
regarded as rare, but the reported prevalence in autopsy
series (0.8–10%) is much higher than in population-based
studies and their incidence has raised more than 6-fold
over the last 3 decades [1]. This growth occurred across all
disease stages and tumour grades, but it was particularly
pronounced for localized low-grade tumours due to the
widespread use of advanced imaging tests [1].

PanNENs are divided into functional and non-functional
tumours. About 70–90% of panNENs are classified as non-
functional [2]. Functional tumours secrete particular hor-
mones or peptides, such as insulin, gastrin, vasoactive
intestinal peptide, glucagon, and somatostatin.

Inherited syndromes are important to recognize in the
setting of panNENs, as they have significant implications
for patient’s medical management, representing an op-
portunity for early detection of subsequent manifesta-
tions. Although most panNENs are sporadic, approxi-
mately 10% are due to an inherited syndrome, most
commonly multiple endocrine neoplasia type 1 (MEN1)
and, less commonly, von Hippel-Lindau disease (VHL),
neurofibromatosis type 1 (NF-1), or tuberous sclerosis
complex (TSC) [3]. Mahvash disease, a recently described
inherited disease, has also been associated with panNENs.

In this review, the Portuguese Pancreatic Club sum-
marizes the classification, diagnosis, and staging of
panNENs, with a focus on imaging studies. It also
summarizes the characteristics and particularities of the
diagnosis and treatment of panNENs associated with
inherited syndromes.

PanNEN Diagnosis

In accordance with World Health Organization
(WHO) criteria, panNEN definitive diagnosis requires
histological confirmation [4]. For appropriate patho-
logical diagnosis, morphology, grading and immuno-
histochemical staining for chromogranin A (CgA) and
synaptophysin should be reported. The neuroendocrine
phenotype is confirmed by the immunohistochemical
detection of one of the two neuroendocrine markers
commonly used: synaptophysin and CgA. Other neu-
roendocrine markers, such as neuron-specific enolase and
CD56, can be positive in panNEN, but lack specificity [5].

According to WHO 2019 classification, NENs are
classified according to morphology and proliferation
(Ki67 index and mitotic count) into well-differentiated
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NENs (G1 to G3) and poorly differentiated neuroen-
docrine carcinomas (NEC) (always G3) (Table 1) [4]. If
Ki67 index and mitotic count are discordant, the higher
grade is attributed [6]. Well-differentiated NENs and
NEC are biologically and genetically two different dis-
eases. Furthermore, clear prognostic differences can be
seen between these two conditions, even in grade 3 NEN.
Therefore, the most recent WHO classification split the
heterogeneous G3 NEN into well-differentiated NEN G3
and poorly differentiated NEC G3 [4, 6].

Clinical suspicion of functional panNENs can be
confirmed by the measurement of specific hormones
secreted by functional tumours (i.e., insulin, proinsulin,
glucagon, gastrin, vasoactive intestinal polypeptide) and
its correlation with hormonal symptoms [5]. Hormone
levels also correspond to changes in tumour burden and
can therefore serve as specific tumour markers during
follow-up. If insulinoma is suspected, serum level of
insulin and C-peptide along with glucose during pro-
longed fasting (72 h) is useful for the diagnosis [7].
Patients with insulinoma present abnormally elevated
levels of insulin and C-peptide during hypoglycemia.
Proinsulin levels are also elevated in insulinoma. When
gastrinoma is suspected, fasting serum gastrin levels
should be evaluated. A fasting serum gastrin level that is
10 times greater than the upper limit of the normal range
along with a gastric pH <2 is diagnostic of gastrinoma [8].
Demonstration of gastric acid hypersecretion by means of
gastric fluid pH evaluation in particular can be obtained
through nasogastric tube or upper endoscopy using
electrode, filter paper, or biochemical evaluation of aspirate
[9]. However, given the advent of highly sensitive imaging-
techniques and problems with the classical diagnosis of
gastrinomas (intermediate levels of fasting serum gastrin
and widespread use of proton pump inhibitors) most
expert centres have adopted an alternative diagnostic
work-up that include upper endoscopy, endoscopic ul-
trasonography, magnetic resonance imaging (MRI), and

somatostatin receptor (STTR) imaging [9]. Serologic CgA
has a limited specificity for the diagnosis of panNEN;
however, it might be useful in follow-up [10]. Immuno-
histochemistry staining for peptide hormones such as
gastrin, insulin and glucagon can also help confirm the
source of a clinical symptomatology, but there is no
complete agreement between immunohistochemistry and
symptomatology [11]. Approximately 10% of non-
functional panNENs are multiple (multifocal) [10].

PanNEN Staging

Disease stage and tumour grade are the two major
independent prognostic parameters and should always be
assessed to select the best therapeutic strategy. Tumour
size >2 cm and Ki67 index >3% are predictors of met-
astatic disease, which is associated to decreased survival.
Regarding panNENs staging, the tumour, node, and
metastasis staging system proposed by the European
Neuroendocrine Tumour Society (ENETS) and adopted
in the eighth edition of the American Joint Committee on
Cancer (AJCC) is recommended (Table 2) [12]. For
NECs, however, the staging system of adenocarcinomas
should be applied [12]. Furthermore, the primary tumour
site has also an impact on the prognosis in advanced
disease and should be detected in the presence of met-
astatic NEN. In fact, data show that patients with met-
astatic panNENs have a less favourable prognosis than
patients with metastatic small intestinal NENs [13].

Computed tomography (CT) is the most widely used
method for NEN imaging because of its availability and
high diagnostic yield [14]. The ENETS, North American
Neuroendocrine Tumour Society (NANETS), and Eu-
ropean Society for Medical Oncology (ESMO) consensus
guidelines recommend pancreatic protocol CT (three-
phase CT) as the best imaging modality for staging,
primarily due to the characterization of vascular

Table 1. WHO 2019 classification for
gastroenteropancreatic NENs [4] Morphology Grade Mitotic count,

2 mm2
Ki67 index, %

Well-differentiated NETs G1 <2 <3
Well-differentiated NETs G2 2–20 3–20
Well-differentiated NETs G3 >20 >20
Poorly differentiated NECs G3 >20 >20

Small-cell
Large-cell

NEC, neuroendocrine carcinoma; NEN, neuroendocrine neoplasm; NET, neuroen-
docrine tumour; WHO, World Health Organization.
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involvement of the primary tumour. The sensitivity of CT
to detect panNENs is 61–93% and the specificity is
71–100% [14–16]. The detection rate for liver metastases
(LMs) is 79% [17, 18], and for extra-abdominal soft tissue
metastases is 70% [19]. However, despite the good di-
agnostic performance of CT, this radiological method
shows lower than desired sensitivity for the detection of
small metastatic lymph nodes (<1 cm), bone metastases,
and small peritoneal metastases [20].

MRI is a relevant complementary imaging test in the
staging of patients with panNENs. In fact, abdomi-
nopelvic MRI protocol is advantageous for examination

of the liver and the pancreas, when compared with CT,
and is also recommended in the initial staging, as it
outperforms CT for imaging small LMs [11]. Currently,
diffusion-weighted imaging with MRI as well as
magnetic resonance cholangiopancreatography is
routinely applied, facilitating lesion detection. The MRI
sensitivity to detect panNENs is described as 54–100%.
The sensitivity of MRI for detection of LMs is 82–98%
[21]. MRI is also superior to CT for imaging of the
bones and the brain. However, MRI may miss small
lung metastases, and CT is preferred for imaging of the
lungs [14]. Despite this, MRI protocols, similar to CT

Table 2. Neuroendocrine tumours of
the pancreas, TNM staging AJCC UICC
8th edition [11]

Primary tumour (T)

T category T criteria

Tx Tumour cannot be assessed
T1 Tumour limited to the pancreas, <2 cm
T2 Tumour limited to the pancreas, 2–4 cm
T3 Tumour limited to the pancreas, >4 cm; or tumour invading the

duodenum or common bile duct
T4 Tumour invading adjacent organs (stomach, spleen, colon, adrenal

gland) or the wall of large vessels (celiac axis or the superior
mesenteric artery)

Regional lymph nodes (N)

N category N criteria

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node involvement
N1 Regional lymph node involvement

Distant metastasis (M)

M category M criteria

M0 No distant metastasis
M1 Distant metastases
M1a Metastasis confined to liver
M1b Metastases in at least one extrahepatic site (e.g., lung, ovary,

nonregional lymph node, peritoneum, bone)
M1c Both hepatic and extrahepatic metastases

Prognostic stage groups

when T is. . . and N is. . . and M is. . . then the stage group is. . .

T1 N0 M0 I
T2 N0 M0 II
T3 N0 M0 II
T4 N0 M0 III
Any T N1 M0 III
Any T Any N M1 IV

TNM, tumour node metastasis; AJCC, American Joint Committee on Cancer; UICC,
Union for International Cancer Control.
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protocols, are usually restricted to images from the 11th
vertebra body through the iliac crest in the staging of
panNENs.

Endoscopic ultrasound (EUS) is the current optimal
imaging method to diagnose small panNENs, being able to
detect lesions as small as 2–3 mm in diameter. EUS is re-
ported as having 82–93% sensitivity and 86–95% specificity
for the detection of panNENs [22]. When compared with
CT, EUS appears to have a better diagnostic performance,
being able to detect lesions not apparent in other diagnostic
modalities [23]. In the ENETS consensus guidelines, EUS is
the imaging study of choice when other non-invasive im-
aging studies are negative, allowing screening the entire
pancreas and a detailed evaluation of the tumour [5]. EUS
has been shown to be superior to CT in the detection and
localization of panNENs in patients with MEN1 syndrome,
where the tumours are usually small and multifocal [24].
Furthermore, contrast-enhanced EUS (CE-EUS) is helpful
in characterizing small panNENs, which are incidentally
found on other imaging modalities [25]. Over 90% of
panNENs showed hypoechogenicity in B-mode and hy-
perenhancement after the injection of contrast agent in
contrast-enhanced EUS and up to 75% of hypervascular
lesions on CE-EUS were NENs in a recent study [26].
Another benefit of EUS is that it allows for tissue acquisition,
using fine-needle aspiration for cytology or, fine-needle
biopsy (FNB) with a cutting needle for histopathological
diagnosis. Several studies have documented better diagnostic
performance with end-cutting FNB needles, particularly for
Ki67 index determination (tumour grading), which may be
underestimated in fine-needle aspiration samples [27, 28].
Preoperative knowledge of tumour grading is relevant for
treatment decision, particularly in small (<2 cm) panNENs,
for which tumour grading should be considered in the
choice between surgery and surveillance [10, 26].

When diagnosing most NENs, STTRs imaging with
positron emission tomography in combination with CT
(PET/CT) using radiolabelled somatostatin analogues (e.g.,
[68Ga]DOTATOC, [68Ga]DOTANOC, [68Ga]DOTA-
TATE) is highly sensitive and should be included in the
tumour staging process [14]. It offers a high detection rate of
lymph node, bone, and peritoneal lesions, as well as a high
detection rate of primary lesions in patients with unknown
primary tumours [11]. In the past, when PET/CTwas not as
accessible, STTR scintigraphy (OctreoScan™) was used,
with significantly less sensitivity [11]. The sensitivity to
detect panNEN by STTR-PET/CT is 70.5–87.0%, and the
specificity is 75–100% [29]. For the detection of bone
metastases, STTR-PET/CT shows a sensitivity of 97–100%
and a specificity of 92–100% [30]. Notwithstanding, the
potential for false-positive uptakes must be considered,

particularly within the uncinate process and the pancreatic
head [28]. STTR-PET/CT should also not be used in the
differential diagnosis between panNENs and other hyper-
vascular nodules, such as ectopic spleen – for characterizing
pancreatic nodules detected on MRI or CT, EUS with bi-
opsy is superior [10].

[18F]FDG-PET/CT is an additional diagnostic tool for
patients with panNENs, particularly those equal to or
higher than G2, characterized by higher glucose meta-
bolism and lower STTR expression than low-grade NENs
[31]. Furthermore, it provides prognostic value since
FDG-positive NEN lesions associate with a worse
prognosis [31, 32]. Combined STTR and FDG-PET/CT
imaging (dual tracer PET/CT) have shown comple-
mentary lesion detection [31]. However, the benefits of
this combination are not validated and should only be
adopted on an individual basis, balancing the potential
advantages with the increasing costs [11]. Regarding
diagnosis and staging of NECs, FDG-PET/CT is of central
importance, since STTR-PET/CT has low sensitivity.

Other diagnostic techniques such as contrast-
enhanced ultrasound (US) and intraoperative US
might be useful in the localization and staging of pan-
NENs [11]. In fact, intraoperative US has an excellent
diagnostic performance for the detection of lesions lo-
cated in the pancreas and liver and is mandatory before
pancreatic resection in MEN1 syndrome patients [11].

In summary, disease staging is a major independent
prognostic parameter and should always be assessed. CT or
MRI protocols with abdominopelvic imaging should be
performed with additional anatomical segments evaluation
in case of findings suggestive of metastatic disease. Based on
current evidence, MRI should be preferred for the detection
of the liver, pancreas, brain, and bone lesions, while CT is
preferred for imaging of the lungs.Whole-body STTR-PET/
CT imaging is complementary to CT or MRI and should
also be part of the tumour staging. A summary of the
imaging staging recommendations from different interna-
tional societies can be found in Table 3.

Genetic Syndromes Associated with panNENs and
Particularities of Their Clinical Approach

Five different inherited syndromes are associated with
the development of panNENs: MEN1, VHL, NF-1, also
known as Von Recklinghausen disease, TSC (Table 4),
and the more recently described Mahvash disease.
Mahvash disease (the rarest among the five known he-
reditary panNEN syndromes) is the only recessively in-
herited PNET syndrome (associated with a mutation in
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the glucagon receptor gene), has a penetrance of 100%
and appears to be exclusively associated with the de-
velopment of non-functional panNENs. So far, only 11
cases have been describe in the literature, however, the

clinical impact of Mahvash disease on panNENs is likely
higher than that of NF-1 and TSC, which have very low
panNEN penetrance [33]. The first four hereditary
panNEN syndromes will be further discussed below.

Table 3. Imaging staging recommendations from international societies

ESMO ENETS NANETS JNETS

CT/
MRI

• MRI is preferred to CT
for the detection of
the liver, pancreas,
brain, and bone
lesions

• CT/MRI (including MRCP)
is recommended

• CT/MRI are excellent tools for
evaluating primary tumours and
nodal metastases

• CT/MRI is
recommended

• CT is preferred for
imaging of the lungs

• The decision between CT
or MRI may depend on
the expertise of the
institution

• MRI is better than CT for imaging
hepatic metastases

PET/
CT

• 68Ga/64Cu PET/CT
imaging should be
part of the tumour
staging

• 68 Ga PET/CT using is
recommended for
extrahepatic disease
manifestation

• 68Ga/68Ga PET/CT is
recommended for identifying
primary tumours and the extent
of metastatic disease

• 68Ga/68Ga PET/CT is
recommended as it
offers high specificity

• FDG-PET/CT is
optional in NENs

EUS • Not referred • Small NF pancreatic NETs
may be better assessed
using EUS

• EUS-FNB should be performed
when histologic diagnosis of a
panNEN would be helpful or
when there is a question about
tumour grade

• EUS-FNB is
recommended when
performing histology is
recommended• EUS-FNB has good results

in confirming a diagnosis

ESMO, European Society for Medical Oncology; ENETS, European Neuroendocrine Tumour Society; NANETS, North American
Neuroendocrine Tumour Society; JNETS, Japan Neuroendocrine Tumour Society; CT, computed tomography; MRI, magnetic
resonance imaging; PET/CT, positron emission tomography in combination with CT; EUS, endoscopic ultrasound; FDG, fluo-
rodeoxyglucose; MRCP, magnetic resonance cholangiopancreatography; FNB, fine-needle biopsy; panNEN, pancreatic neuro-
endocrine neoplasia.

Table 4. Characterization of geNENic
syndromes associated with panNEN Syndrome Prevalence

(per/100,000
population)

Frequency of
panNENs

Type of panNEN

MEN1 1–10 20–80% NF-panNENs
Gastrinoma insulinoma
Glucagonoma vipoma
GRFoma
Somatostatinoma

VHL 2–3 10–17% NF-panNENs

NF-1 20–25,000 0–10% Duodenal somatostatinoma

TSC 10 Uncommon Gastrinoma, insulinoma NF-
panNENs

MD 11 cases described 100% NF-panNENs

MEN1, multiple endocrine neoplasia type 1; VHL, Von Hippel-Lindau Disease; NF-1,
neurofibromatosis 1; TSC, tuberous sclerosis complex; MD, Mahvash disease; panNEN,
pancreatic neuroendocrine neoplasia; NF-panNEN, non-functional panNEN; GRF,
growth hormone-releasing factor.
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Multiple Endocrine Neoplasia Type 1
MEN1 is a rare, autosomal-dominant, syndrome

secondary to mutations in the MEN1 gene on chromo-
some 11q13, which encodes the protein menin. Menin
has an important role in regulating cell growth, cell cycle
progression, and various other cellular processes [34].
Classically, MEN1 is characterized by the development of
tumours/hyperplasia in multiple endocrine tissues
(parathyroid, pancreas, and pituitary); however, other
tumours can also be associated with MEN1, including the
adrenal, skin, thyroid, CNS, smooth muscles as well as
carcinoid (lung and thymus) tumours and gastric NENs
[34–38].

As much as 20–80% of all patients with MEN1 will
develop clinically relevant panNENs (Table 4) [34].
MEN1 occurs in 20–30% of all patients with gastrinomas
and Zollinger-Ellison syndrome (ZES), 5% of patients
with insulinomas, and <3% with non-functional pan-
NENs [34]. In other types of functional panNENs, known
as rare functioning tumours, MEN1 is the most frequent
familial condition associated, with glucagonomas oc-
curring in 3% of MEN1 patients, VIPomas in 3%, and
GRHomas and somatostatinomas in <1% [39].

Non-functional panNENs are among the most com-
mon tumours of the pancreaticoduodenal region in pa-
tients with MEN1, with a penetrance as high as 35% at
50 years of age. In most patients, non-functional pan-
NENs are ≤2 cm and therefore the risk of metastasis and
death is very low [34]. However, average life expectancy
for patients with non-functional panNENs is similar to
that for patients with gastrinomas and shorter than that
for patients without panNENs.

The best way to diagnose and stage non-functional
panNENs in patients with MEN1 is unclear. Assays for
tumour markers like CgA have low value [40]. Similar to
panNENs not associated with MEN1, imaging modalities
appear to be ideal for the diagnostic work-up of these
patients as well as for the screening of panNENs in patients
with MEN1. Current guidelines recommend annual im-
aging with CT, MRI, or EUS for the screening of panNENs
in patients with MEN1 starting at the age of 18 years old
[41]. However, given the low growth rate of these lesions,
2–3 years intervals may be considered in patients with
previously negative surveillance. Recent data suggest that
EUS outperforms CT scanning in this setting, and a
combination of MRI plus EUS has been recommended
[42]. Furthermore, STTR-PET/CT scanning has been
reported to have high sensitivity for panNEN in MEN1,
often leading to a change in management [43]. However,
high radiation dose has been reported during surveillance
program in patients with MEN1 [44]. As such, multi-

modality imaging strategies designed to minimize radia-
tion exposure should be considered.

The management of non-functional panNENs in
MEN1 is controversial [45]. Many experienced centres
have been using a tumour size threshold of 2 cm in the
decision to surgically resect non-functional panNEN [46],
with subsequent yearly surveillance [47]. Generally
speaking, tumours under 1 cm have a low risk for sub-
stantial growth and metastasis and avoiding surgery with
continued surveillance is reasonable. Available data for
tumours between 1 and 2 cm are less clear. Triponez et al.
demonstrated that the risk of death was low for patients
with panNEN <2 cm and proposed a conservative atti-
tude for these patients in the absence of aggressive fea-
tures such as rapid progression on imaging studies [48].

In patients with MEN1, panNENs are responsible for
30% of the ZES, with duodenal NENs being responsible
for the remainder. Most gastrinomas are well differen-
tiated, with a low proliferative activity (Ki67 index),
usually close to 2%. Immunohistochemically, almost all
gastrinomas stain for gastrin [49]. Patients with ZES and
MEN1 present at an earlier age (mean 32–35 years) than
patients with sporadic disease [34]. Of all MEN1/ZES
patients, 25% lack a family history of MEN1, supporting
the need to suspect of MEN1 in all patients with ZES [34].
In up to 45% of MEN1 patients, the symptoms of ZES
precede those of hyperparathyroidism and can be the
initial symptoms [50]. However, almost all MEN1 pa-
tients have hyperparathyroidism at the time of ZES di-
agnosis, although in many patients it can be asymp-
tomatic [34, 50]. Regarding insulinomas, approximately
5% are associated with MEN1 syndrome. Comparative
studies between patients with insulinomas, with or
without MEN1 are lacking. Finally, the association be-
tween MEN1 and rare functioning tumours is less clear.

Because of the frequent association between MEN1
and ZES, and in similarity to patients with a clinical
diagnose of MEN1 (Table 5), all patients with ZES should
have biochemical studies for MEN1. Similarly, all patients
with insulinoma or rare functioning tumours with sus-
picion of MEN1 (Table 5) should have the same evalu-
ation. Serum parathormone levels, ionized calcium levels
and prolactin levels should be performed at initial
evaluation and during yearly follow-up in patients with
ZES [34, 50]. Furthermore, all patients suspected of MEN1
(Table 5) need to be assessed for the other tumours, which
are generally non-functional [49]. Specific parathyroid
studies are required if hyperparathyroidism is found (US,
CT/MRI, 99m Tc-sestamibi scan) [51]. All patients require
MRI of the sella turcica region and, after 20 years of age,
require CT of the chest/abdomen [52]. If MEN1/ZES is
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present, UGI endoscopy for gastric NEN is recommended
[53]. Routine SRS is not recommended if other imaging
studies for NEN are negative. EUS is more sensitive than
cross sectional imaging studies (CT, MRI, US) for the
detection and characterization of small non-functional
panNENs. However, since routine surgical resection of
small panNENs (<2 cm) is not recommended and the EUS
criteria on when to operate these patients are not estab-
lished the added benefit of EUS is controversial [54].

Regarding genetic testing, it should be performed in
patients meeting criteria for MEN1 (≥2 tumours asso-
ciated with MEN1), patients with gastrinomas or patients
meeting further criteria described in Table 5. If genetic
testing is considered, genetic counselling should be of-
fered, prior to testing [51, 55].

In MEN1/ZES patients, surgery without a Whipple re-
section is associated with >90% of recurrence [34, 49, 56].
Therefore, routine surgical exploration is controversial in
patients withMEN1/ZES. Indeed, these patients usually have
multiple gastrinomas, frequently with lymph node metas-
tases, with concomitant panNENs (non-functional pri-
marily), are rarely cured and have an excellent life expec-
tancy if only small tumours (<2 cm) are present [34, 49, 57].
However, surgery is the only treatment approach with
curative intent [56]. As such, it has been generally recom-
mended that surgery should be performed in patients with
MEN1 and panNENs >2 cm [48]. In patients with MEN1
and insulinoma, in which multiple tumours are frequently
present, the aim of surgery is to control inappropriate insulin
secretion by excising all insulinomas. As such, preoperative

localization of which pancreatic tumours are the in-
sulinomas is mandatory because these patients frequently
have other panNENs (usually non-functional) [58].

The prognostic significance of MEN1 in patients with
panNENs is not entirely clear. Some studies in patients
with gastrinomas suggest these patients have a better
prognosis, even though the gastrinomas are almost al-
ways multiple [59]. With the ability to treat both the ZES
and the hyperparathyroidism, recent studies show that
in patients with MEN1, the natural history of the
panNEN is increasingly becoming a determinant of
survival [34]. Finally, patients with MEN1 frequently
have multiple insulinomas, however, these are usually
cured surgically [60]. There are no comparative studies
on survival in MEN1 patients with insulinomas com-
pared to sporadic cases.

Von Hippel-Lindau Disease
VHL is a rare autosomal-dominant disease caused by

mutations in the VHL gene, on chromosome 3p25, that
encodes the peptide pVHL, important in the regulation of
angiogenic growth and the activity of several mitotic factors
(VEGF, PDGF, TGFα, erythropoietin) [34]. VHL is char-
acterized by hemangioblastomas of the retina and cranio-
spinal region, endolymphatic sac tumours, renal cell car-
cinomas or cysts, pheochromocytomas, and epididymal
cystadenomas (Table 6). Furthermore, pancreatic tumours
or cysts can be present in 35–77% of patients [46, 59].
Specifically, panNENs develop in 10–17% of patients with
VHL, and in almost all cases they are non-functional
panNENs, and usually are asymptomatic (Table 4) [61].
In contrast to MEN1 patients, most VHL patients have a
single panNEN, although patients might also present with
multifocal lesions [34]. The majority of panNENs in VHL
are well differentiated (grade 1 or 2), small (<2 cm) and
present a slow growth when compared with sporadic tu-
mours. As a result of its clinical indolence, many of these
lesions are diagnosed incidentally during routine VHL
surveillance for renal lesions [62]. However, in 8–50% of
VHL patients, panNENs are metastatic and LMs occur in
9–37% [63]. In patients with VHL, panNENs are more
likely to metastasize when present with size >3 cm in di-
ameter, rapid tumour doubling time (<500 days), and VHL
missense and/or exon 3 pathogenic variants [64]. Based on
these 3 risk factors, risk stratification of panNENs in the
context of VHL has been suggested for management op-
timization [64]. As such, in the presence of a panNEN, if
clinical features suggest VHL (Table 6), appropriate gene
testing should be considered after genetic counseling [34],
and molecular imaging, typically with STTR-PET/CT
should be offered [65].

Table 5. MEN1 genetic testing criteria

Individuals meeting any one of the following should be
referred for genetic counselling and gene testing

• Patient meeting MEN1 clinical diagnostic criteria:
1) Two or more classic MEN1-associated tumours

(parathyroid adenoma, pituitary adenomas, or GEP-NEN)
2) Single MEN1-associated tumour and a first-degree relative

with MEN1
• First-degree relative of a patient with MEN1 syndrome
• Parathyroid adenoma diagnosed before age 30
• Multiple parathyroid adenomas
• Gastrinoma or multiple panNEN at any age
• Single panNEN diagnosed before age 20
• Female with thymic NEN
• One classic MEN1-associated tumour and one

nonclassic feature (carcinoid tumour, dermatologic
features, or adrenal tumour)

MEN1, multiple endocrine neoplasm type 1; NEN, neuro-
endocrine neoplasia.
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Management of panNENs is primarily surgical, al-
though the criteria for surgical resection differ from those
of patients with sporadic panNENs. Surgical resection
should be reserved for patients with potentially resectable
lesions greater than 3 cm in diameter in the body or tail of
the pancreas, or greater than 2 cm in diameter in the head
of the pancreas [65]. The hypoxia-inducible factor-2alpha
(HIF-2alpha) inhibitor Belzutifan, rather than other
systemic therapies, is considered the best approach if
surgery is not feasible, or the tumour is considered un-
resectable [65]. Nonoperative approaches (e.g., surveil-
lance, Belzutifan) are appropriate for small primary le-
sions (≤3 cm), incorporating other clinical factors such as
type and location of the VHL pathogenic variant, and rate
of tumour growth [63]. Regarding prognosis, VHL-
associated panNENs tend to be associated with a more
indolent course and, similarly, long-term outcomes of
resected VHL-associated panNENs appear to be generally
better than those of sporadic [66].

Neurofibromatosis Type 1
NF-1 is an autosomal-dominant syndrome with a

population frequency of 1 in 3,000 births, with half of
cases due to a de novo mutation [67]. NF-1 is due to
mutations in the NF-1 gene on chromosome 17q11.2,
which encodes the protein neurofibromin, which affects
cell growth, through Ras protein activation and mam-
malian target of rapamycin (mTOR) cascade regulation
[46, 62]. This condition is characterized by the

development of several tumours, including neurofibroma,
pheochromocytoma, and GI stromal tumour (Table 1)
[46, 62]. CNS abnormalities are frequent with learning
disorders (30–60%), attention deficit hyperactivity dis-
order, and epilepsy [46, 62]. Furthermore, panNENs
occur only in a minority of NF-1 patients (10%) and are
almost exclusively duodenal somatostatinomas (Table 4)
[46, 63, 64]. However, NF-1 patients have been reported
with NF-panNENs, ZES and insulinomas [34]. Duodenal
somatostatinomas characteristically occur in the peri-
ampullary region, have a mean size of 2.8 cm (range 1–5),
comprise 23% of all ampullary NENs in several series,
metastasize in 30% of cases, and are rarely associated with
the clinical somatostatinoma syndrome (1–2%) [46]. To
this date, there are no data to allow specific management
recommendations of panNENs in the context of NF-1
and patients with NF-1 with panNENs are usually treated
as sporadic panNENs. However, it is important to re-
member that in patients with panNENs, if clinical fea-
tures suggest NF-1, appropriate gene testing should be
considered after genetic counseling [34].

Tuberous Sclerosis Complex
TSC is an autosomal-dominant disease caused by a

mutation in one of two genes: the TSC1 gene (which
encodes hamartin) or the TSC2 gene (which encodes
tuberin). Both hamartin and tuberin are codependent and
play a role in mTOR cascade regulation, protein trans-
lation, protein synthesis, and cell proliferation [34]. This
condition is characterized by the development of ha-
martomas in multiple organs, neurological features
(autism, mental retardation, epilepsy), and dermatolog-
ical features (hypomelanotic macules, shagreen patches,
ungual fibromas, facial angiofibromas) [68]. A small
percentage of TSC patients (1%) have been reported to
have panNENs, including gastrinomas, insulinomas, and
non-functional panNENs, some of which are metastatic
(Table 4) [69]. As such, in patients with panNENs, if
clinical features suggest TSC, appropriate gene testing
should be considered after genetic counselling [34].
However, to this date, specific management recom-
mendations of panNENs in the context of tuberous
sclerosis are lacking and patients are usually treated as
sporadic ones.

Conclusion

Among pancreatic neoplasms, panNENs are rare tu-
mours. However, their incidence is increasing with the
advancement of imaging technology and increased

Table 6. Von Hippel-Lindau disease (VHL) diagnostic criteria

Simplex case (no family history), individual with ≥2 of the
following

• Two or more hemangioblastomas of the retina, spine, or
brain or a single hemangioblastoma in association
with a visceral manifestation (e.g., multiple kidney or
pancreatic cysts)

• Renal cell carcinoma
• Paraganglioma or pheochromocytoma
• Less commonly, endolymphatic sac tumours, papillary

cystadenomas of the epididymis or broad ligament, or
neuroendocrine tumours of the pancreas

Familial case (known relative with VHL), individual with ≥1
of the following

• Retinal angioma
• Spinal or cerebellar hemangioblastoma
• Paraganglioma or pheochromocytoma
• Renal cell carcinoma
• Multiple renal and pancreatic cysts
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opportunities for checking pancreatic diseases. Early
detection and proper staging are paramount for prog-
nostication and for treatment decision. Histological
evaluation is mandatory in all patients for the diagnosis of
panNENs and plays a central role in grading these tu-
mours, essential for proper prognostic information.

Regarding localization and staging, multiphasic
contrast-enhanced CT is considered the imaging study
of choice. MRI has been suggested to be more sensitive
in detecting small tumours and LM than other mo-
dalities. STTR-PET/CT has been approved for the di-
agnosis and staging of panNENs and has improved
sensitivity when compared with the more traditional
STTR scintigraphy. EUS can detect tumours as small as
2–3 mm. Its sensitivity is equal or superior to multi-
detector CT or MRI for their detection. Other benefits of
EUS include the detection of lymph node involvement
and vascular invasion and the possibility of tissue
acquisition through FNB, which is crucial for tumour
grading. EUS-FNB is the best modality for the
differential diagnosis between panNENs and other
hypervascular nodules detected on CT or MRI.

In the presence of inherited syndromes, panNENs may
present with additional challenges. A thoughtful ap-
proach to the diagnosis and management is required, as
these syndromes often involve multi-organ disease with a
lifelong risk for tumour development. Additionally, the
natural history of tumours in the setting of a hereditary
condition may be different than it would be expected in a

sporadic form of the disease. The unique aspects to
management, challenges in hereditary disease recognition
and accurate diagnosis, and rarity of these syndromes
should be kept present during the evaluation of patients
with panNENs.
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