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Abstract
The better understanding of the biological behavior of mul-
tiple endocrine neoplasia type 1 (MEN1) organ manifesta-
tions and the increase in clinical experience warrant a revi-
sion of previously published guidelines. Duodenopancreatic
neuroendocrine neoplasias (DP-NENs) are still the second
most common manifestation in MEN1 and, besides NENs of
the thymus, remain a leading cause of death. DP-NENs are
thus of main interest in the effort to reevaluate recommenda-
tions for their diagnosis and treatment. Especially over the
last 2 years, more clinical experience has documented the
follow-up of treated and untreated (natural-course) DP-
NENs. It was the aim of the international consortium of ex-
perts in endocrinology, genetics, radiology, surgery, gastro-
enterology, and oncology to systematically review the litera-
ture and to present a consensus statement based on the
highest levels of evidence. Reviewing the literature pub-
lished over the past decade, the focus was on the diagnosis
of F- and NF-DP-NENs within the MEN1 syndrome in an effort
to further standardize and improve treatment and follow-up,
as well as to establish a “logbook” for the diagnosis and treat-
ment of DP-NENSs. This shall help further reduce complica-
tions and improve long-term treatment results in these rare
tumors. The following international consensus statement
builds upon the previously published guidelines of 2001 and
2012 and attempts to supplement the recommendations is-
sued by various national and international societies.

© 2020 S. Karger AG, Basel

Introduction

Multiple endocrine neoplasia type 1 (MEN1; Online
Mendelian Inheritance in Man #131100) is a rare autoso-
mal dominant and hereditary endocrine tumor syndrome
caused by mutation of the MEN1 gene, a tumor suppres-
sor gene on the long arm of chromosome 11 (11q13) that
encodes the protein menin [1]. Menin in turn has multi-
ple roles in cell division and proliferation, transcriptional
regulation, and genome stability [2, 3]. MEN1 shows a
high degree of penetrance and may be diagnosed by clin-
ical, familial, or genetic characteristics [4-8].
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Minimal Consensus Statement on the Definition of
MENI

Clinical: A patient shows 2 or more MEN1-associ-
ated endocrine tumors (i.e., parathyroid adenoma, en-
teropancreatic tumor, and pituitary adenoma). Famil-
ial: A patient shows 1 MEN1-associated tumor and has
a first-degree relative with MEN1. Genetic: A patient
with one of the various MEN1 mutations does not
show clinical (or biochemical) manifestations of MEN1
(asymptomatic gene carrier).

Apart from primary hyperparathyroidism (docu-
mented up to 100%), duodenopancreatic neuroendocrine
neoplasias (DP-NENs) are the second most common
manifestation in MENT1 (30-90%). They are, besides neu-
roendocrine tumors of the thymus, still the leading cause
of death. Other features of MEN1 syndrome are tumors
in the anterior pituitary (30-40%) and the adrenal glands
(in approximately 20-40%). Less frequently, MEN1-asso-
ciated NENs are diagnosed in the stomach, thymus, lung,
bronchopulmonary tract (3-10% of cases), and more re-
cently in the female breast (around 7%) [9].

Minimal Consensus Statement

Patients with MEN1 may develop F-NENs and
NF-NENSs of the duodenum and pancreas. F-NENs
produce and secrete elevated levels of a specific gas-
trointestinal (GI) hormone (i.e., gastrin or insulin),
resulting in clinical syndromes due to hormone ex-
cess. F-NENs are defined on the basis of clinical
symptoms due to inappropriate hormone secretion
rather than immunohistochemical findings. NF-DP-
NENS (inactive, clinically silent, and nonsyndromic)
do not secrete the typical GI hormones and therefore
cause no endocrine syndromes (asymptomatic DP-
NENS).

It was the aim of the international consortium of ex-
perts to systematically review the literature listed in
PubMed, MEDLINE, and Embase (time period: 2000 to
June 2020, and key publications prior to 2000) and to
present a consensus statement based on the best scien-
tific evidence available. The following consensus state-
ment confirms or modifies former recommendations
published previously for the diagnosis and treatment of
MENI [4, 8], while attempting to supplement the recom-
mendations issued by various national and international
societies [7, 10-14].
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In terms of modern evidence-based medicine require-
ments, the available levels of evidence (LEs) for the diag-
nosis of DP-NENs within MEN1 and the clinical and
therapeutic consequences are altogether low. There is
currently a lack of evidence from controlled clinical trials
to evaluate the best methods of diagnosis, treatment, and
follow-up for DP-NENs. Based on the rarity of the dis-
ease, they will not become available in the near future.

The current recommendations concerning the neces-
sity and value of diagnostic and therapeutic procedures
are formulated on the basis of nonrandomized, nonpro-
spective investigations and very often “case-control stud-
ies” (LE: III to IV; grade of recommendation [GR]: B/C).
Methodological quality was assessed using the Oxford
Center for Evidence-Based Medicine LEsand GRs (March
2009; see online suppl. Addendum 2; for all online suppl.
material, see www.karger.com/doi/10.1159/000511791).

The Delphi method was applied and a questionnaire
circulated among all authors in order to harmonize con-
troversial topics. The preliminary draft of the manuscript
was then prepared and sent to the external reviewers. The
external reviewers of all specialties — endocrinology, ge-
netics, radiology, surgery, gastroenterology, and oncolo-
gy, and the representatives of the European Neuroendo-
crine Tumor Society (ENETS) and the European Society
of Endocrine Surgeons (ESES) - submitted their expert
opinions twice. Their recommendations and comments
were included in the final manuscript.

While the current paper as a printed “short” version
summarizes the further development of the former guide-
lines as minimal consensus statements, the “Supplement”
as a long online version reviews the available English lit-
erature in more detail, including additional background
information concerning DP disease within MENT, pres-
ents expert advice on the diagnosis and management of
DP-NENs and technical details of surgery, and docu-
ments the discussion of controversies.

Epidemiology - Diagnosis - Indications for
Treatment

Epidemiology, Penetrance, Incidence, and Frequency

The estimated prevalence of MENT1 is 1 to 10/100,000.
The MENI1 genetic test facilitates the specific diagnosis of
MENT1 and the early identification of asymptomatic car-
riers [3, 15]. In most but not all patients, MEN1 presents
clinically after the age of 21 years [16]. The clinical pen-
etrance of the disease is nearly 100% by the age of 50 [17,
18].

Multiple Endocrine Neoplasia Type 1 and
the Pancreas

The current guidelines [8] recommend genetic testing
starting at the age of 5 years for MEN1 and annual bio-
chemical (and imaging) screening in affected individuals.
The aim of biochemical and imaging screening is to early
detect organ manifestations with malignant behavior
(e.g., DP-NEN or NEN in the thymus), to prevent, if ma-
lignant, their local and distant spread, to reduce the mor-
bidity and mortality associated with endocrine syn-
dromes, and, as a result of all, to preserve the quality of
life. The techniques applied should be effective with re-
gard to diagnostic yield documenting clinically relevant
manifestations.

Genetic testing is recommended in all patients with
clinical suspicion of MENT1 to confirm the diagnosis and
in all first-degree relatives of MEN1 gene carriers [4, 19,
20]. There is an ongoing discussion whether genetic and
biochemical testing as well as radiological imaging should
be postponed until the second decade of life [21, 22]. Ar-
guments for shifting genetic and biochemical examina-
tions to the age of 16 and for prolonging the screening and
follow-up intervals are that the majority of clinical mani-
festations start around that age [22]. There is no role for
prophylactic medical treatment or surgery in asymptom-
atic individuals. With regard to psychological burden,
distress on the part of positively screened but clinically
asymptomatic individuals and their families, and cost-ef-
fectiveness, genetic, and routine screening as well as fol-
low-up may be postponed until the age of 16 but has to be
applied at the least when any clinical symptom becomes
manifest, regardless of age [22].

Furthermore, it is discussed whether biochemical fol-
low-up and radiological imaging should be extended if no
clinically relevant organ manifestations were detected at
the initial screening visit and in the family, since rapid
progression of organ manifestations is rarely observed
[23, 24]. This more restricted screening strategy prohibits
unnecessary examinations without missing serious man-
ifestations [25].

DP-NENs are associated with an early age of onset (LE:
4) and are diagnosed at an early stage due to timely onset
of periodic screening [18, 26-31]. The prevalence of DP-
NENs in MENT1 increases with age [8, 15, 16, 32-43].
Based on improved imaging techniques and regular
screening, it becomes evident that the incidence of DP-
NENs is above 90% until the age of 70 years [44].

Earlier studies have suggested that most DP-NENs are
functioning. NF-DP-NENs were infrequently reported in
earlier studies and likely went undetected in many cases.
More recent studies have suggested that NF-NENs are the
most commonly encountered NENs in patients with
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MEN], followed by F-NENs such as gastrinomas and in-
sulinomas (LE: 3b, GR: B) [27, 39, 45-50].

DP-NENs are equally prevalent among men and wom-
en [8], with the exception of a higher prevalence of gas-
trinomas in men [51]. However, gender-adapted diag-
nostic and therapeutic approaches cannot be recom-
mended [52].

Minimal Consensus Statement on the Epidemiology,
Penetrance, Incidence, and Frequency of
F-DP-NENs and NF-DP-NENs

The diagnosis of MEN1 should be considered for
any patient with either a family history of endocrine
tumors of the pancreas, pituitary, or parathyroid gland,
or a family history of another endocrinopathy. Suspi-
cion for MENT1 should be raised in patients who are
diagnosed with a typical MEN1 manifestation at a
young age (<30 years), those with multiple DP-NENS,
or DP-NENs associated with hypercalcemia or another
endocrinopathy at any age. The clinical penetrance of
the disease is nearly 100% by the age of 50 years. In or-
der to reduce the morbidity and mortality associated
with DP-NENSs, biochemical and radiological screen-
ing may be postponed at least until the age of 16 years
but must be applied at the least when clinical symp-
toms become manifest, regardless of age (LE: 4). Rou-
tine biochemical and imaging screening intervals can
be extended from 1 to 2-3 years in asymptomatic pa-
tients.

Diagnosis and Follow-Up

Biochemical Diagnosis

Following the current guidelines [4, 8], the application
of a series of biochemical tests is recommended even in
all asymptomatic MEN1 mutation carriers starting be-
tween the age of 10 years (insulinoma [fasting glucose,
insulin]) and 20 years (gastrinoma [fasting gastrin lev-
els]), or earlier adapted on the occurrence of clinical
symptoms (LE: 3). In all newly diagnosed MEN1 patients,
biochemical screening for DP-NENs aims to primarily
assess the presence of F-DP-NENs mainly in patients
with various clinical symptoms (LE: 3) [4, 8, 19, 53-56].
Biochemical tests and follow-up examinations are deter-
mined by local resources and clinicians’ expertise and are
a life-long program that respects patients’ preferences
[57, 58]. There exist controversies regarding the value of
several biochemical diagnostic tests in terms of sensitiv-
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ity and specificity (LE: 2b) [53]. Up to now, data prospec-
tively acquired in randomized trials are lacking. In par-
ticular, the diagnostic accuracy of general neuroendo-
crine markers - chromogranin A (CgA), pancreatic
polypeptide (PP), and glucagon - for the detection of DP-
NENSs is low, especially in diagnosing NF-DP-NENs.

F-DP-NENs

The diagnosis of gastrinoma with Zollinger-Ellison
syndrome (ZES) is suspected and unequivocally estab-
lished if fasting serum gastrin (FSG) is >10 x normal with
pH <2. After identifying elevated FSG, an assessment of
gastric pH is required at the time of repeat FSG determi-
nation to make sure the increased FSG is inappropriate
[59, 59-61]. Gastric fluid pH assessment is being increas-
ingly carried out at the time of endoscopy [62] rather than
using the older methods with nasogastric tubes.

The diagnosis of ZES has become more difficult [59-
61, 63-66] because of the increasing unreliability of com-
mercial gastrin assays [67, 68], the lack of availability of
secretin used to perform secretin provocative tests [69,
70], and the widespread use of proton pump inhibitors
(PPIs), which cause rapid development of fasting hyper-
gastrinemia in most non-ZES patients [59, 61, 64]. Un-
fortunately, elevated FSG can give a false-positive sugges-
tion of ZES, as it may be elevated in patients with physi-
ological hypergastrinemia (due to hypo-/achlorhydria
secondary to any cause, such as atrophic gastritis, perni-
cious anemia, and PPIs) [59-61, 71, 72]. Furthermore,
antral G-cell hyperfunction has been reported in MENI,
which can false-positively elevate FSG levels. Therefore,
patients are recommended to be referred to an expert
center to establish the diagnosis [55, 59, 60].

For a long time, the secretin test, rarely available now
and therefore infrequently applied, was recommended
routinely [59-61, 71-75] as an important confirmatory
tool to establish ZES in patients with FSG elevated <10-
fold and gastric pH >2. This is because a number of other
conditions (antral G-cell hyperfunction, H. pylori infec-
tion, etc.) can be associated with hyperchlorhydria/hy-
pergastrinemia in this range and the secretin test will dis-
tinguish them [59-61, 73, 74]. Numerous studies have
demonstrated that the test is highly sensitive and specific
for ZES under the proper conditions (acidic pH, prefer-
ably pH <2) [69, 73, 74].

Clinically suspected insulinoma is usually screened by
blood glucose levels and fasting insulin, and thereafter,
when definitively suspected, a formal assessment with
72-h fast with insulin, glucose, proinsulin, C-peptide, and
excluding the presence of oral hypoglycemic agents [10,
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55,71, 76]. In the case of glucagonomas, the diagnosis re-
quires the demonstration of an elevated plasma glucagon
level with evidence of glucagon hypersecretion clinically
(diabetes; necrolytic migratory erythema; normochro-
mic, normocytic anemia; etc.) [55, 71, 77].

Vasoactive intestinal peptide-secreting tumors (VIPo-
mas) demonstrate elevated plasma levels of vasoactive in-
testinal peptide (VIP). They cause a specific syndrome,
watery diarrhea-hypokalemia-achlorhydria syndrome.
The massive amounts of VIP cause profound and chron-
ic (secretory) watery diarrhea, which characteristically
exceeds 800 mL/day (pancreatic cholera syndrome) [55,
71,77, 78].

NF-DP-NENs

The majority of NF-DP-NENs secrete different regu-
lated secretory proteins not causing a functional syn-
drome. CgA and PP are frequently secreted, and gluca-
gon, neuron-specific enolase, human chorionic gonado-
tropin subunits, calcitonin, and neurotensin are
infrequently secreted [71]. These neuroendocrine mark-
ers may serve to early suspect NF-DP-NENSs [4, 8].

There exist controversies regarding the value of sev-
eral biochemical diagnostic tests in terms of sensitivity
and specificity (LE: 2b) [53]. In particular, the diagnostic
accuracy of general neuroendocrine markers (CgA, PP,
and glucagon) for the detection of DP-NENS is low, espe-
cially in diagnosing NF-DP-NENS.

Minimal Consensus Statement on the Biochemical
Diagnosis of DP-NENs

If biochemical screening is applied, it should be
aimed at assessing the presence of both F- and NF-DP-
NENSs. Biochemical screening for F-DP-NENs should
imply fasting GI hormone profiles, including at least
insulin with associated glucose levels and gastrin (LE:
3). In suspected insulinomas (low fasting glucose with
elevated insulin), a 72-h fasting test should be per-
formed under supervision, measuring and correlating
glucose, insulin (proinsulin), and C-peptide. Drug
screens for sulfonylureas should be checked at the end
of the fast. In suspected gastrinomas (suspicious
screening results: elevated FSG), FSG should be as-
sessed in combination with gastric acid pH. The diag-
nosis of ZES is unequivocally established if FSG is >10
x normal with pH <2. Caution is warranted in patients
with PPIs and atrophic (type A) gastritis — both are
common and can falsely elevate FSG levels, leading to
suspect gastrinoma. The secretin test is recommended

Multiple Endocrine Neoplasia Type 1 and
the Pancreas

to confirm ZES in patients with elevated FSG. How-
ever, secretin is not available in most countries. Glu-
cagonomas should be suspected by history and diag-
nosed by elevated plasma glucagon levels with clinical
symptoms. VIPomas should be diagnosed by elevated
plasma VIP combined with increased fecal output
(characteristically >800 mL/day of fasting). CgA, PP,
and glucagon are not of added value to the use of the
individual biomarkers for the diagnosis of NF-P-
NENs. No prospective and/or randomized studies
have analyzed the value of individual biomarkers such
as CgA, PP, and glucagon for screening of NF-DP-
NENSs.

Cross-Sectional and Functional Imaging

Various imaging techniques, for example, computed
tomography (CT), magnetic resonance imaging (MRI),
and endoscopic ultrasound (EUS), are available and have
been suggested for diagnosing, localizing, and the follow-
up of DP-NENSs [79]. There is currently a lack of evidence
from controlled clinical trials to evaluate the best single
or combined methods. The majority of retrospective
studies in the literature compare cross-sectional imaging
(CT or MRI) to EUS and/or functional somatostatin re-
ceptor (SSTR) imaging with and without positron emis-
sion tomography (PET) technology.

CT is the most widely used imaging modality applied
to localize tumors. It is to mention that the radiation ex-
posure of CT has to be taken into consideration, espe-
cially if MEN1 patients undergo regular surveillance by
CT follow-up examinations.

Several groups have preferred the use of MRI over CT
for the screening/imaging of DP-NENSs (LE: 3) [17, 54, 80,
81]. MRI identifies >50% of DP-NENSs larger than 30 mm
in diameter, but only 5% if the tumors are smaller than 10
mm [82, 83]. MRI has the advantage of providing homo-
geneous performance throughout the pancreas. There is
no risk of radiation with MRI when compared to other
cross-sectional imaging modalities such as CT or PET-
CT, this being a major advantage of MRI (LE: 3) [17].

NENSs express SSTRs that can be targeted with radio-
labeled peptides for imaging and treatment [84]. The ex-
pression of SSTRs enables new imaging techniques using
PET-CT or PET-MRI with radioactively labeled soma-
tostatin analogs (SAs) such as gallium-68 (*%Ga)
1,4,7,10-tetra-azacyclododecane-1,4,7,10-tetra-acetic ac-
id-octreotate (DOTATATE) [85]. Further studies are
needed to determine at what age somatostatin-labeled
PET-CT/PET-MRI should initially be used and what its
place is in the follow-up of patients with MEN1. PET with
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%8Ga-labeled somatostatin has been suggested to be supe-
rior to PET with other tracers in the detection of addi-
tional tumors [85-87]. PET with ®®Ga-labeled somatosta-
tin as a diagnostic modality is recommended [88], pro-
viding staging by assessing metastases that can lead to
changes in both medical and surgical management strat-
egies (LE: 2b) [89-91]. In growing tumors, imaging
should be repeated at least every year, and *®Ga-labeled
somatostatin PET-CT could be added to the surveillance
when tumors >10 mm are present and/or are growing to
identify metastasis in a timely fashion [92]. However, fu-
ture prospective studies will be needed to validate these
surveillance programs in patients with DP-NENs and
MENT1 with regard to modality and interval.

Combining glucagon-like peptide-1 receptor (GLP-
1R) imaging with morphological cross-sectional imaging
(CT or MRI) is a helpful tool in differentiating insulino-
mas from other P-NENs present in MENI1 patients.
Therefore, GLP-1R imaging may guide successful surgi-
cal intervention [93].

Selective Arterial Calcium Stimulation and Venous

Sampling

Arterial calcium stimulation with hepatic vein cathe-
terization can be used in selected patients when F-DP-
NENSs such as insulinomas (selective arterial calcium in-
jection [SACI]) or gastrinomas (selective arterial calcium
or secretin injection) are undetected on cross-sectional
imaging [94, 95]. However, this very invasive technique
is only able to regionalize but not to localize hormone ex-
cess.

Minimal Consensus Statement on Cross-Sectional
and Functional Imaging as Methods to Diagnose and
Follow-Up DP-NENs

Detection of DP-NENs, measurements of size, eval-
uation of progression, and presence of metastatic dis-
ease are key elements in the management of patients
with MEN1 to determine appropriate therapeutic
strategies. In crosssectional imaging (CT, MRI), P-
NENS are hypervascular lesions. CT is the most widely
used imaging modality applied to localize NENs. The
radiation exposure of CT has to be taken into consid-
eration, especially as MEN1 patients undergo regular
surveillance. MRI should be applied first and achieves
excellent results for the detection of DP-NENs with
low radiation exposure. MRI and (if available) EUS
should be used complementarily for the workup of pa-
tients with MENI1. For staging and clinical manage-
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ment purposes, functional imaging using PETCT/
PET-MRI targeting SSTRs seems to add valuable infor-
mation. Combining GLP-1R imaging with morpho-
logical cross-sectional imaging (CT or MRI) is a help-
ful tool in differentiating insulinomas from other
PNENs present in MEN1 patients. Therefore, GLP-1R
imaging may guide successful surgical intervention. In
terms of follow-up regimens, surveillance programs
should focus on identifying the course of disease in pa-
tients with DPNENs. The frequency of screening
should be individually adapted for the growth rate. Se-
lective application of calcium into pancreatic arteries
and determination of insulin or gastrin in the effluent
of the hepatic veins may regionalize but not definitive-
ly localize an undetected insulinoma or gastrinoma.

Endosonography/Fine-Needle Aspiration

Biopsy/CNB

Compared with CT revealing a sensitivity of 81% and
a positive predictive value of 97% for P-NENs, EUS had
100% sensitivity and positive predictive value [92], with a
close correlation between the largest lesion seen on EUS
and pathology [24]. However, EUS frequently overesti-
mates the size of MEN1 DP-NENSs, especially those with
a size <20 mm [96].

Several relatively small studies in patients with MEN1
previously suggested that EUS is a very sensitive method
for the early imaging of P-NENSs [23, 47, 97-99] and rec-
ommended EUS as the first-choice pancreas imaging
technique in patients with MEN1 as being the most sensi-
tive imaging modality for NF-P-NENSs, detecting lesions
as small as 2 mm [24].

However, EUS is limited by availability, invasive, time-
consuming, and operator-dependent, especially in pa-
tients with MEN1, in whom complete pancreatic exami-
nation is necessary [23]. EUS has a decreased sensitivity
in the pancreatic tail. Also, many small NF-P-NENs with-
out therapeutic consequences are detected, with the ne-
cessity of follow-up and resulting in a possible psycho-
logical burden.

EUS was seen to be superior to CT or MRI pancreatic
lesion detection [22, 100]. However, a significant propor-
tion of clinically relevant NF-P-NENs >20 mm was
missed by MRI as well as by EUS. Therefore, it was con-
cluded that to ensure maximum sensitivity, both EUS and
MRI can be used alternately to detect lesions, should be
used as early as possible, and that if combined, these 2
modalities could reduce the burden of invasive EUS [92].
Because of the limited ability to detect metastatic disease,
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EUS should always be coupled with SRS, which is the
most reliable method for detecting metastases [47, 98].
No precise recommendations are available in the litera-
ture regarding whether and when to perform EUS-fine-
needle aspiration biopsy (FNAB) to confirm the suspi-
cious diagnosis and to grade P-NENs in patients with
MENI.

Minimal Consensus Statement on Endosonography/
FNAB as Methods to Diagnose and Follow-Up
DP-NENs

Among all available diagnostic imaging modalities,
EUS is the most sensitive for the diagnosis of DP-NENs
and should be used as the test of choice if a specialized
endosonographer is available (LE: 2b, GR: C). EUS is
an invasive and not widely available technique, and
therefore, MRI is a suitable alternative. Because of the
limited detection capability of EUS in terms of meta-
static disease, nuclear imaging techniques (SRS), which
are the most reliable method for detecting metastases,
should also be performed (LE: 4, GR: C). EUS-FNAB
should not be routinely performed and should be re-
served for firm indications or for cases in which there
is diagnostic uncertainty (LE: 5, GR: D). Surveillance
EUS is recommended to assess changes in tumor diam-
eter and to evaluate for newly developed lesions (LE: 4,
GR: D).

Indications for Surgery

Is Size the Issue?

The current recommendation for surgical resection in
NE-DP-NENSs has been based on tumor size, as a higher
rate of metastases was found in patients with larger tu-
mors [30, 101, 102]. Previous guidelines [79] suggested to
consider surgical resection for NF-P-NENs that are larg-
er than 10 mm in size, as do the Uppsala group [103], the
Marburg group [104], and the MEN consortium in Japan
[105]. The National Comprehensive Cancer Network in
the USA has suggested surgical resection in tumors larger
than 10-20 mm in size and in tumors with a relatively
rapid rate of growth over 6-12 months (www.nccn.org,
version 1.2019).

There are currently several different recommenda-
tions for the management of MEN1 patients with small
NF-DP-NENSs [106, 107]. In their retrospective analysis
of the French Groupe d’étude des Tumeurs Endocrines
(GTE) database, Triponez et al. [30] showed that the risk
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of death was low for patients with small (<20 mm) NF-
DP-NENSs. Those authors proposed a conservative atti-
tude for patients in the absence of other aggressive fea-
tures, such as rapid progression on imaging studies [30,
108]. A recent study by the GTE assessed the distant met-
astatic potential of NF-DP-NENs and confirmed the for-
mer recommendations by Triponez and colleagues [30,
109] concluding that DP-NENs >20 mm should be re-
moved to prevent metastasis and increase survival, re-
gardless of their associated secretion (LE: 2b) [110].

With regard to F-DP-NENS, the treatment for non-
metastatic gastrinomas located in the duodenum is surgi-
cal excision, as disease-related survival in patients with
tumors even larger than 20 mm has been seen to improve
after surgery (LE: 3) [111]. Most gastrinomas are multiple
and occur within the duodenum, and most centers un-
dertake nonsurgical management unless the NENs (sus-
pected to be gastrin producing) are pancreatic and/or
larger than 20 mm, in which case surgery is recommend-
ed. The prognosis of gastrinoma has been associated with
tumor size and the presence of hepatic metastases [112].
Some groups recommend a more aggressive approach if
the biochemical diagnosis is unequivocal and distant me-
tastases are absent in order to prevent metastatic spread
(LE: 3) [104, 113, 114]. Regardless of their size, the resec-
tion of insulinomas, VIPomas, and glucagonomas is rec-
ommended.

Minimal Consensus Statement on Size as an
Indication for Surgery of DP-NENs

The risk of progression in DP-NENs is linked to size
(LE: 4). NF-DP-NENs smaller than 20 mm can be fol-
lowed conservatively in the absence of an aggressive
family history or signs of malignancy documented by
imaging or biopsy of metastasis. NF-DP-NENs within
MENT1 larger than 20 mm should be resected surgi-
cally. Most gastrinomas are multiple and occur within
the duodenum, and most centers undertake nonsurgi-
cal management unless the NENs (suspected to be gas-
trin-producing) are pancreatic and/or larger than 20
mm. Regardless of their size, surgery is recommended
for insulinomas, VIPomas, and glucagonomas.

Is Tissue the Issue?

DP-NENSs in MEN1 patients develop from multiple,
clonally unrelated tumors. While macroscopically, an av-
erage of 5 DP-NENs [49] has been described in patients
undergoing surgery, the number of microscopically de-
tectable tumors is much higher because of the multifocal-
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ity of the disease [115]. A subset of these tumors develops
the ability to grow to a detectable size and to become clin-
ically relevant.

At the moment, the underlying mechanisms are not
understood well enough to predict which tumors will
undergo progression. Such progression involves sec-
ondary mutations such as those of the death domain-
associated protein gene/alpha thalassemia/mental re-
tardation syndrome in a subset of tumors [116]. In the
setting of MENI1 disease, these mutations have been
shown to occur exclusively in rare MEN1-associated
DP-NENs >30 mm [116].

NENSs larger than 20 mm have more chromosomal ab-
errations than small P-NENs. The mechanisms involved
could include epigenetic changes. Besides size, a second
prognostic factor is grading assessed by proliferation (Ki-
67) or mitotic index. Tumor size of >20 mm seems to cor-
relate with more aggressive MEN-1-related pancreatic
disease, and P-NENs graded as G2 should be treated sur-
gically regardless of their size [115, 117].

The term “neuroendocrine neoplasm” was used syn-
onymously with “neuroendocrine tumors” in many older
and more recent publications. In 2018, the WHO pub-
lished a uniform classification framework for all NENSs.
The key feature of the new classification is a distinction
between “well-differentiated” neuroendocrine tumors
(NETs) and “poorly differentiated” neuroendocrine car-
cinomas (NECs), as they both share a common expres-
sion of neuroendocrine markers. NENs may be graded as
NET G1 (low grade), NET G2 (intermediate grade), or
NET G3 (high grade) based on mitotic count and/or Ki-
67 labeling index and/or the presence of necrosis. NECs
are considered “high grade” by definition [118].

Minimal Consensus Statement on Tissue as an
Indication for Surgery of DP-NENs

The risk of progression in DP-NENSs is linked to
proliferation (grading) (LE: 4-5). When DP-NENs
reach the size cutoff (20 mm, leading tumors), it may
be recommended to obtain tissue specimens of those
tumors to select patients at risk of highly proliferating
NENs and who may require early surgical intervention
to prevent invasive growth, regional and distant metas-
tases. DP-NENSs graded as G2 should probably be given
early-stage surgery, regardless of their size.

Is Genetics the Issue?
Three recent studies tended to show that the tumor ag-
gressiveness of P-NENs may be related either to the loss
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of interaction of menin with functional partners - JunD
proto-oncogene (JunD) and checkpoint suppressor 1
(CHESL1) - or to mutations in exon 2. On the one hand,
mutations affecting the JunD-interacting domain seemed
to be associated with a higher risk of death secondary to
a MENT1 tumor in a cohort study with 806 patients (LE:
2b) [119]. On the other hand, a higher risk of aggressive
P-NENs in patients with MEN1 mutations affecting the
CHESI-interacting menin domain was established in a
67-patient series (LE: 3) [120].

Only 1 recent publication has established a genotype-
phenotype correlation in MEN1 disease. An increased
prevalence of DP-NENs was found in a series with 188
MEN]1 patients when a mutation in exon 2 was present
(LE: 2b) [121]. The study described a 2-fold increased
risk of metastasis among patients between 20 and 40
years of age when a mutation in exon 2 was found, know-
ing that the JunD domain is partially included in exon 2
(LE: 2b) [121]. These investigators advised to decrease
the size recommendation for DP-NEN resection to >15
mm for exon 2-mutated patients; yet, they also suggested
that confirmation be obtained from other independent
studies.

Two specific mutations associated with aggressive DP-
NENs may be considered to affect the final decision for
pancreatic surgical resection when the indication is ques-
tionable. Aggressive phenotypes with a high penetrance
of malignant P-NENs within particular families have
been reported (LE: 4 [122]; LE: 4 [123]). Both of the fam-
ilies analyzed in these reports carried germline mutations
that completely abolished menin function. Belonging to
this type of family is a reasonable additional factor in the
process of final surgical decision-making. Further inter-
national cooperative studies are required before recom-
mendations on this topic can be established, even though
the indications for a possible genotype-phenotype corre-
lation are promising.

Minimal Consensus Statement on Genetics as an
Indication for Surgery of DP-NENs

The risk of progression in DP-NENs seems to be
linked to genetic factors (LE: 5). There is still no clear
evidence of a genotype-phenotype correlation regard-
ing DP-NENs in MEN1 disease.

Niederle et al.



Surgical Treatment

Surgical Strategies

Surgery for F- and NF-DP-NENSs requires a multidis-
ciplinary approach with the patient at the center. Surgical
resection of F-DP-NENs is generally recommended as
long as diffuse unresectable metastatic disease is exclud-
ed. The goals of the initial operation of NF-DP-NENs are
to preserve patients’ quality of life, prevent further pro-
gression or dissemination of disease, and provide as long
a period as possible before any subsequent pancreas in-
tervention (LE: 3, GR: B).

Gastrinoma (MEN1-ZES)

MENI1 gastrinoma (provoking ZES) is the most fre-
quent F-DP-NEN (30%). Gastrinomas in MEN1 are duo-
denal in origin. Therefore, all patients with MEN1-ZES
have gastrinomas in the duodenum (LE: 2b) [114, 124-
126]. P-NENSs, which may exist besides the gastrinoma in
MENT, are in the majority NF-NENs. Regardless of their
size, the majority of gastrinomas exhibit malignant bio-
logical behavior.

The management of MEN1 gastrinoma, be it medical
treatment with PPIs or surgery, is a highly controversial
issue. At least 70-80% of MEN1 gastrinomas have been
demonstrated to be malignant at the time of diagnosis
and to show lymph node and/or liver metastasis, although
the primary D-NEN(s) may be microgastrinomas as small
as 1-2 mm in size (LE: 2b) [28, 114, 124, 127, 128]. Recent
expert guidelines have suggested medical management
using PPIs for most patients since the course of disease is
rather mild, even without surgery. Based on the published
literature, MEN1-ZES is considered a surgically non-cur-
able disease (LE: 3b) [8].

There is neither consensus on the indication nor
on the timing of surgery in MEN1-ZES. Most groups
recommend a surgical approach only if the tumor
reaches 20-30 mm in size, as the risk for liver metasta-
ses then increases significantly [129-131]. Several
groups have recommended surgery for MEN1-ZES if
imaging visualizes a pancreatic lesion >20-30 mm in
size [110, 125, 129]. The correct interpretation of such
imageable “pancreatic tumors” (>20 mm) in MENI1-
ZES has to be related to NF-P-NENs and not to gastri-
noma. Nevertheless, the presence of an imageable pan-
creatic lesion >20 mm in MEN1-ZES, although most
likely nonfunctioning, may be a useful surrogate pa-
rameter to indicate surgery, based on the good rate of
long-term survival in this setting of up to 100% at 10
years (LE: 2b) [110, 125].
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Likewise, there is no consensus regarding the type and
extent of surgery for MEN1-ZES. Most experts agree that
NE-P-NENs besides D-gastrinoma should be either enu-
cleated, whenever technically feasible, or removed by for-
mal pancreatic resection, both combined with systematic
lymphadenectomy [132]. Total (duodeno)pancreatecto-
my (TP) as an initial procedure for MEN1-ZES should be
avoided whenever possible, since resulting “brittle” dia-
betes (unstable diabetes) significantly reduces patients’
quality of life and is associated with serious morbidity
during long-term survival. Completion pancreatectomy
should be avoided if technically possible and justified
from an oncological perspective. Any type of DP resec-
tions for MEN1-ZES should only be performed by expe-
rienced pancreatic (endocrine) surgeons.

Approximately 24% of patients with MEN1-ZES de-
velop an aggressive course of disease with distant metas-
tases, leading to death (LE: 2a) [133]. No reliable marker
or parameter has so far been identified to indicate an ag-
gressive course of disease in MEN1-ZES. The most im-
portant determinant of survival in patients with MEN1-
ZES is the presence or development of hepatic metastases
[130, 131, 133]. At present, there are insufficient data for
MENI1-ZES to unequivocally determine in which patient
cytoreductive surgery for liver metastases should be per-
formed. Hyperparathyroidism-related hypercalcemia
may increase gastric acid output and hyperparathyroid-
ism should be corrected before treating MEN1-ZES [134].

Minimal Consensus Statement on Surgical Strategies
for Gastrinoma (MEN1-ZES)

There is no consensus on the indication for surgery,
since no parameter has been shown to indicate an ag-
gressive course of disease, and long-term survival is ex-
cellent in about 75% of patients, even without surgery.
The higher chance of cure when performing a pancre-
aticoduodenectomy (PPD) resection at the time of bio-
chemical ZES evidence, even without positive imaging,
should be discussed with the patient in terms of bene-
fits and risks. It is consensus that any operation should
include an exploration of the duodenum via duode-
notomy or even resection of the duodenum combined
with systematic lymphadenectomy to provide a chance
to cure hypergastrinemia and to reduce the risk of dis-
tant metastatic disease. Based on the very limited data,
itisrecommended that the indication for reexploration
in MEN1-ZES should be considered with caution, es-
pecially since the symptoms can be well controlled with
medical treatment and long-term survival without dis-
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tant metastases is excellent. The surgical procedure
should be individualized according to preoperative
findings, previous DP resections, the patient’s history
(e.g., age and preexisting insulin-dependent diabetes),
and the patient’s preference. Surgery may be consid-
ered in MENI1-ZES patients with advanced disease
confined to the liver if at least 90% or all of the identifi-
able tumor burden can safely be removed. It is recom-
mended to treat hyperparathyroidism before treating
MEN1-ZES.

Insulinoma

MENT1 insulinoma is the second most frequent F-DP-
NEN (15%). The target organ of insulinoma is the pan-
creas. Insulinomas (endogenous [organic] hyperinsulin-
ism provoking the hypoglycemic syndrome) are distrib-
uted over the entire pancreas. The size of insulinomas
varies from a few millimeters to centimeters. Multiple in-
sulinomas are found in up to 30% patients with MEN1.
An indication for surgery is generally advocated because
of the lack of effective alternative medical treatment. The
majority (>90%) exhibit benign biological behavior.

The precise localization of insulinoma within multiple
DP-NENSs seems useful in assisting to plan individual sur-
gical (tissue-preserving) procedures. It is sometimes dif-
ficult to distinguish insulinomas from other additionally
existing P-NENs by pre- or intraoperative imaging tech-
niques (EUS/CT/magnetic resonance tomography/PET-
CT or PET-MRI) or by “regionalization” procedures
(SACI). The possibility to classify a P-NEN as insulinoma
must theoretically be entrusted to specific diagnostic
techniques. EUS-guided FNB could be a rational ap-
proach to localize insulinomas but has until now been
rarely employed [21, 135, 136].

GLP-1R imaging by ®®Ga-exendin-4 PET/CT has been
recently seen to correctly localize insulinomas in almost
all patients affected by MEN1 insulinomas [93]. Although
GLP-1R PET-CT promises to selectively detect insulino-
mas, more experience is presently needed to validate this
new imaging technique in a large number of MEN1 pa-
tients. Applying the SACI test, insulinoma cannot be “lo-
calized” definitively in the pancreas, but small NENs can
be “regionalized” in the pancreas, assigning the insulin-
secreting lesion to the right or left pancreatic region after
SACI in the main pancreatic arteries with hepatic venous
sampling for insulin [94].

The absence of prospective, controlled studies makes
the choice of the type of surgery uncertain. An individu-
alized approach is recommended, based on the location
and size of the suspected insulinoma. In cases of a solitary
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tumor or 1 dominant tumor (>10 mm) besides few other
small DP-NENs (<5 mm), enucleation or segmental pan-
creatic resection with the dominant tumor(s) is recom-
mended with the advantage of avoiding postoperative
complications and negative long-term results, such as di-
abetes, persistence of organic hyperinsulinism [137], or
recurrence of hypoglycemia (LE: 4) [50, 138].

In selected patients with the insulinoma localized in
the pancreatic (body or) tail, distal pancreatectomy with/
without enucleation of additional NENs in the pancre-
atic head (“Thompson procedure”) is recommended.
PPD with or without pylorus preservation is rarely em-
ployed and may be indicated in patients with large insu-
linoma involving most of the pancreatic head and inde-
pendent of size in 1 or more tumors located deep in the
pancreatic tissue close to the main pancreatic duct.

Rare F-DP-NENs

Less than 3% of P-NENSs secret VIP (VIPoma), gluca-
gon (glucagonoma), or somatostatin (somatostatinoma)
[28]. All these NENs arise in the pancreas with the excep-
tion of somatostatinoma, which may also belocated in the
duodenum or in the first jejunal loop. Visceral metastases
(with the highest prevalence in the liver) are usually doc-
umented if the tumor dimension exceeds 30 mm and may
be the cause of death in approximately half of the affected
patients. The 10-year survival rates approach 50-60% [28,
37].

Even at an advanced stage, surgery is recommended
[28, 37]. Surgical exploration must be carried out with the
intention to perform radical resection of the primary tu-
mor and eventually its metastases. The type of pancreas
resection is related to tumor localization. Both PPD and
distal pancreatectomy are required, and TP may usually
be omitted. Extensive lymphadenectomy is useful, espe-
cially for somatostatinoma and glucagonoma, which have
a propensity for lymph node spread. Surgical resection of
hepatic metastases may be indicated (LE: 4).

Minimal Consensus Statement on Surgical Strategies
for Insulinoma (Organic Hyperinsulinism)/Rare
F-DP-NENs

There is a general recommendation to operate insu-
linoma because of the lack of effective medical treat-
ment. An individualized approach is recommended,
based on the location and size of the suspected insuli-
noma, which has a high probability to cure hyperinsu-
linism and which preserves the exocrine and endocrine
pancreatic functions at a high rate. In cases of a solitary
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tumor or 1 dominant tumor (>10 mm) besides some
other small DP-NENs (<5 mm), enucleation or seg-
mental pancreatic resection with the dominant
tumor(s) is reccommended whenever technically feasi-
ble. Larger insulinomas located in the pancreatic tail,
especially adjacent to the main pancreatic duct, should
be treated by distal pancreatic resection to reduce com-
plications (e.g., pancreatic fistula) and preserve the
spleen. Enucleation of additional NENs in the pancre-
atic head is recommended. Surgery is indicated in
VIPoma, glucagonoma, and somatostatinoma, even if
only tumor debulking is possible.

NF-DP-NENs

The focus of NF-DP-NEN management is currently
on the prevention or delay of death from malignancy, bal-
ancing the risks of disease against the effects of complex
pancreatic surgery. The indication to treat surgically as-
ymptomatic NF-DP-NENs depends on the initial size,
imaging findings (signs of invasion, regional, and/or dis-
tant metastasis), and the further growth rates of border-
line-size tumors during follow-up. Since MENI is a he-
reditary disease affecting the neuroendocrine pancreas,
DP-NENSs can always recur unless the entire gland is re-
moved.

Animportant area of debate over the last 2 decades has
been the identification of triggers for malignant behavior
of NF-DP-NENs and thereafter for surgical intervention.
Initial pancreatic surgery should be tailored to the pa-
tients’ clinical situation, the sites of disease within the
pancreas, and the biological characteristics of the NEN. It
should be the intent of surgery to remove all of the de-
monstrable tumors from the pancreas and duodenum
while preserving pancreatic parenchyma to maintain
normal endocrine pancreatic function.

Striking a balance between the timing and extent of a
given surgical procedure, the attendant risk of complica-
tions and risk to life of the DP-NEN is complex, with lim-
ited outcome data on which to base treatment recom-
mendations [139]. The current indications for surgery are
NF-DP-NENs > 20 mm or those <20 mm with significant
growth under surveillance to prevent or delay death from
malignancy [49, 140]. If surgery is indicated, the most
common operation is a distal pancreas resection with
enucleation of tumors in the proximal pancreas or duo-
denum (Thompson procedure; [141]). This strategy ap-
pears to delay, but not completely eliminate, recurrences,
reoperations, and deaths from DP-NEN, while preserv-
ing some pancreatic parenchyma for endocrine function.
The alternative of TP has mainly been employed when
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that is required for complete tumor resection or in recur-
rent NF-P-NENs in the pancreatic remnant [142].

In a systematic review and exploratory meta-analysis
of the literature (see online suppl.), tumor enucleation
conferred similar survival rates to major pancreatic resec-
tion. However, the former is associated with a lower risk
of postoperative endocrine insufficiency and a higher risk
of recurrence but not reoperation. At any rate, the sig-
nificant heterogeneity identified in the reporting of these
data necessitates large, multicenter, prospective, and
comparative studies with long-term follow-up to allow a
definitive conclusion as to whether the initial surgical in-
tervention for MEN1-associated NF-DP-NENs should be
enucleation or resection. The available data suggest that
the former, where it can be safely performed, is probably
the better option [143].

Minimal Consensus Statement on Surgical Strategies
for (Asymptomatic) NF-DP-NENs

Surgery for NF-DP-NENs in MEN1 is indicated in
patients with tumors that measure >20 mm or tumors
with progression under surveillance (LE: 3; GR: B).
Striking a balance between the timing and extent of a
given surgical procedure, the attendant risk of compli-
cations and risk to life of P-NENs is complex, with lim-
ited outcome data on which to base treatment recom-
mendations. Initial pancreatic surgery should be tai-
lored to the sites of disease within the pancreas and the
patient’s clinical situation. The goals of the initial op-
eration are to preserve patient’s quality of life, prevent
further progression or dissemination of disease, and to
provide as long a period as possible before any subse-
quent pancreas intervention (LE: 3, GR: B).

Laparoscopic/Robotic Surgical Techniques

Endoscopic procedures can be performed safely with
the potential patient benefit of successful minimally inva-
sive surgery (LE: 2b) [144-146] and may be applied if the
same radical extent of surgery (primary tumor, lymph
nodes; with/without splenectomy) is feasible as when per-
forming open procedures or in selected patients with a
palliative intention.

Laparoscopic enucleation and/or spleen-preserving
DP resection can be applied in insulinoma and NF-DP-
NENs <20 mm and is the treatment of choice [147]. Ex-
tended lymph node dissection is not recommended in
these situations because of an overall low malignant po-
tential. In all F-DP-NENs and in NF-DP-NENs >20 mm
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with a higher malignant potential or when malignancy is
confirmed, oncologically appropriate lymph node dissec-
tion is mandatory. In experienced hands, this procedure
can be performed laparoscopically [144].

Approximately 80% of MEN1 gastrinomas located
multiply in the duodenum have lymph node metastases
at the time of diagnosis, necessitating lymphadenectomy
and frequently showing accompanying P-NENs, which
also require treatment. Any type of endoscopic mucosal
resection or resection without lymph node dissection
seems oncologically inadequate [114]. The laparoscopic
approach may only be performed if the gastrinoma is pre-
operatively well localized in the anterior duodenal wall
(LE: 4) [148] and the surgeon is familiar with the tech-
niques of laparoscopic peripancreatic lymphadenectomy.

In the presence of potentially multiple insulinomas or
multiple NF-DP-NENs, the majority of endocrine sur-
geons favor an extended exploration of the entire gland
in open surgery. However, laparoscopic approaches may
be applied in selected patients by surgeons highly experi-
enced in endoscopic procedures. Experience with intra-
operative EUS is mandatory to better localize the NEN
within the pancreatic tissue.

Overall, the available evidence for endoscopic proce-
dures (with/without robots) in the treatment of MEN1
DP-NENS is very limited. There are only “case reports”
published as “expert opinions without explicit critical ap-
praisal” (LE: 5; GR: D). Laparoscopic and robotic PPD
resections may be feasible and safe (LE: 3), yet they are
technically demanding [149, 150].

Minimal Consensus Statement on Laparoscopic/
Robotic Surgical Techniques

Laparoscopic enucleation and/or spleen-preserving
DP resection (with/without robotic assistance) can be
applied in insulinoma and NF-DP-NENs <20 mm and
is technically feasible and the current procedure of
choice. In all FDP-NENs and in NF-DP-NENs >20
mm with a higher malignant potential or when malig-
nancy is confirmed, oncologically appropriate lymph
node dissection is mandatory. In experienced hands,
this procedure can be performed laparoscopically. En-
doscopic local excision of duodenal gastrinomas with
laparoscopic extended lymph node dissection should
not be performed. Final recommendations for laparo-
scopic surgery cannot be given for MEN1.
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Advanced Local and Distal Disease

There are no clear recommendations with respect to
the indication, timing, and type of palliative pancreatic
surgery in locally advanced disease or in MEN1 patients
with unresectable hepatic metastases. The indication for
palliative local and distal surgery should always be dis-
cussed within a multidisciplinary team considering all
therapeutic (alternative) options and should be recom-
mended for tumors refractory to nonsurgical treatments
[151]. Patients may benefit from local radical resection of
lymph node and distant metastasis [152].

Possible prognostic benefits may be expected in MEN1
patients after surgical resection of the primary, even in the
presence of disseminated liver metastasis [153]. Surgery
should be carried out to yield a low morbidity rate and be
performed in high-volume referral centers [154-158].

Palliative surgery may be recommended in F- and NF-
DP-NENs with advanced local or distant disease confined
only to the liver if at least 90% or all of the identifiable
tumor burden can safely be removed. Liver metastases in
MENT1 patients are bilobar in 80% of the subjects. In the
case of surgical resection of liver metastasis, the probabil-
ity to achieve an RO resection in the liver is low (approxi-
mately 10%) [88, 154-156, 159].

Minimal Consensus Statement on Surgery in F-
and NF-DP-NENs with Advanced Local and Distal
Disease

The indication for palliative local and distal surgery
should always be discussed within a multidisciplinary
team considering all therapeutic (alternative) options
and should be recommended for tumors refractory to
nonsurgical treatments [151]. Local radical surgery for
F- and NF-DP-NENs with unresectable liver metasta-
ses can be indicated in selected cases with well-differ-
entiated (G1) or moderately differentiated (G2) tu-
mors in the absence of extrahepatic metastases and
peritoneal spreading to reduce local tumor burden (LE:
3; GR: B). The potential benefits of cytoreductive (de-
bulking) surgery in patients with locally resectable F-
DP-NENSs and unresectable liver metastasis are to pro-
vide relief from the symptoms of hormonal excess, to
limit the disease to the liver, and to prevent life-threat-
ening and obstructive complications such as bleeding,
acute pancreatitis, jaundice, or intestinal occlusion
(LE: 3; GR: B) [55, 160, 161]. In patients with G1 or G2
F- and NF-P-NENs, resectable liver metastases, and no
extrahepatic metastasis, liver resection should be con-
sidered as the primary treatment [88].
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Natural Course - Conservative Treatment

Natural Course of Untreated NF-DP-NENs
(Asymptomatic) and Follow-Up Protocols of Treated
DP-NENs

Besides thymic NENs, metastatic DP-NENs are the
most important disease-related cause of death in patients
with MENI1. Therefore, consequent follow-up examina-
tions are mandatory to prevent progressive disease. The
high prevalence and variable malignant potential of F-
and NF-DP-NENs decreasing patients’ life expectancy
outline the need for consistent follow-up protocols. Man-
agement decisions should be made in a multidisciplinary
team and MEN1 patients should be followed individually
by experts [162].

As a result of the genetic background, F- and NF-DP-
NENSs may recur, grow, and metastasize [27, 39, 163, 164].
The most important prognostic factors to be used in fol-
low-up and as a consequence of clinical decision-making
in MEN1-related NF-DP-NENSs are tumor size, grading
(mitotic count/Ki-67 index), and the annual growth rate
[30, 49, 109, 117]. Based on the available evidence docu-
menting an overall indolent nature of NF-DP-NENSs es-
pecially in NENs <20 mm, intensive follow-up does not
seem to be necessary once it is established that tumors do
not show a tendency toward rapid growth, and the fre-
quency of DP-NENs imaging might be decreased (LE: 2a
and 4). The annual growth rate of NF-DP-NENs, as mea-
sured by means of EUS and conventional imaging (MRI/
CT scan), was seen to vary between 0.1 and 1.32 mm per
year [92]. Larger tumor size seems to be associated with a
higher rate of metastasis and a decrease in overall sur-
vival [27, 30, 42, 165].

In a Dutch cohort study, >80% of the DP-NEN's were
WHO grade 1, 16% WHO grade 2, and only one of the
tumors was a WHO grade 3 NEN [165]. Grade 2 NF-DP-
NENSs should be considered high risk [117]. A high Ki-67
index/mitotic count in large (>20 mm) NF-DP-NENs
was associated with poor prognosis. This association was
not seen for WHO grade based on Ki-67 [165]. Irrespec-
tive of the indolent course of most DP-NENs, liver me-
tastasis develops in 15-19% of the patients suffering from
NF-DP-NENs [27, 129]. The presence of liver metastasis
is the most important prognostic factor related to overall
survival in patients with MEN1-related DP-NENs [27, 31,
42, 46, 129)].

From the moment of diagnosing DP-NENs in patients
without liver metastasis, the 5- and 10-year survival rates
were 95 and 86%, respectively, compared to 65 and 50%
for patients with liver metastasis [42]. Optimal radiologi-
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cal follow-up of NF-DP-NENs has not yet been estab-
lished [92]. EUS has the highest sensitivity in detecting
new NF-DP-NENs. A combined strategy of EUS and MRI
seems to be the most useful. However, MRI seems to be
cost-effective for follow-up and could be alone utilized in
patient surveillance. Functional imaging (e.g., with **Ga
octreotate DOTA PET-CT) could be added if NF-DP-
NENS are diagnosed to identify metastasis during follow-
up [92].

Even when measured in combination, the tumor
markers PP, CgA, and glucagon are not helpful in MEN1
DP-NEN screening and follow-up programs [92]. How-
ever, it seems plausible that after a DP-NEN is diagnosed,
the markers can be used for follow-up as a proxy for mea-
suring increase in tumor load or biochemical activity
(LE: 5).

Consensus Statement on the Natural Course of
Untreated NF-DP-NENs (Asymptomatic) and
Follow-Up Protocols of Treated DP-NEN's

Follow-up management should be individualized
and based on various expert opinions. Initial tumor
size, grading (mitotic count/Ki-67 index), and the an-
nual growth rate influence the follow-up strategies.
The annual growth rate varies between 0.1 and 1.32
mm per year. A high Ki-67 index/mitotic count in large
(>20 mm) NF-DPNEN:S is associated with poor prog-
nosis. No studies in MEN1 patients have so far focused
on the usefulness of the tumor markers PP, CgA, and
glucagon for the follow-up of known tumors. Contro-
versies exist regarding the value of various biochemical
and radiological follow-up tests. A consensus for opti-
mal radiological or EUS screening has not yet been es-
tablished. Based on the indolent nature of small (<20
mm) DP-NENSs, intensive follow-up does not seem to
be necessary once it is established that tumors do not
show a tendency toward growing and frequency of DP-
NENs imaging might be decreased (LE: 2a and 4). Liv-
er metastases are the most important prognostic fac-
tors related to overall survival with 5- and 10-year sur-
vival rates around 65 and 50% compared to patients
without liver metastasis with 95 and 86% rates.

Medical Treatment Options

F-DP-NENs
Curative surgery is always the initial treatment of
choice and may theoretically solve the hormone excess
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involved in removing a given F-DP-NEN. To stabilize
hormone excess, medical therapy and therapies directed
against the functioning tumor to prevent hormone-asso-
ciated complications are sometimes needed prior to sur-
gery. To the same end, it is needed in patients with per-
sisting or recurrent hormone excess after local surgical
procedures, as well as those with functioning (unresect-
able) distant metastasis (LE: 2b) [28, 31, 63, 79, 166, 167].

Gastrinoma and ZES

In MEN1-ZES patients, gastric acid hypersecretion is
almost universally present at diagnosis [168-170], and
older studies demonstrated very high complication rates
and high mortality if such hypersecretion is not under
control [31, 140, 167, 171, 172]. Prior to the development
of gastric acid antisecretory drugs effective in ZES, the
principal cause of death in MEN1 patients was complica-
tions of the gastric acid hypersecretory state, not the ma-
lignant nature of the tumor itself [28, 31, 140, 167, 168].
After extended surgical resection, the state of hormone
excess may remain a problem, as patients with MEN1-
ZES are rarely cured [28, 55, 138, 173-175].

The drugs of choice to control gastric acid hypersecre-
tion are PPIs (e.g., omeprazole, lansoprazole, pantopra-
zole, esomeprazole, and rabeprazole) (LE: 2a) [63, 176—
178]. SAs have also been applied to control acid secretion
by reducing circulating gastrin levels. Although PPIs are
first-line options for symptom control, they can be com-
plemented by adding SAs [179].

Insulinoma

Diazoxide, a non-diuretic thiazide analog, has potent
hyperglycemic effects on insulinoma. In MEN1 patients
with insulinomas prior to surgery, hypoglycemia is also
controlled by frequent feedings [71, 77, 180, 181]. At
times, the use of long-acting SAs (lanreotide or octreo-
tide) is recommended [71, 77, 180, 181].

Glucagonoma, VIPoma, and Somatostatinoma

In other F-DP-NENs (such as glucagonomas, VIPo-
mas, and somatostatinomas), the hypersecretory state
sometimes associated with severe electrolyte shifts needs
to be acutely managed prior to any other treatment di-
rected against the F-DP-NENs (LE: 2b). With regard to
these rare F-DP-NENS, the drugs of choice for the acute
and long-term control of the hypersecretory state are
long-acting SAs in patients with unresectable VIPomas,
glucagonomas, and in the small number of clinically pe-
culiar patients with somatostatinomas [71, 179].

622 Neuroendocrinology 2021;111:609-630
DOI: 10.1159/000511791

Hypercalcemia of primary hyperparathyroidism
makes it sometimes difficult to medically control the hor-
mone excess state, especially in patients with MEN1-ZES.
If parathyroid surgery is not possible, medical treatment
of hyperparathyroidism should include the administra-
tion of calcium-sensing receptor agonists such as cinacal-
cet [182, 183].

Minimal Consensus Statement on Conservative
(Medical) Treatment Options for F-DP-NENs

Medical treatment of the hormone excess states in
MENI1 patients with F-DP-NENs is similar to that rec-
ommended for patients with sporadic F-DP-NENs.
Antisecretory drug requirements can change with
time, and patients with ZES are recommended to have
their acid-secretory control checked every 6-12
months. Diazoxide should be initiated at a dose of 3-8
mg/kg per day divided into 3 or 4 daily doses. If not ef-
fective, the analog can be increased to a maximum dai-
ly dose of 15 mg/kg. Because SAs also decrease gluca-
gon and growth hormone secretion, administration
may occasionally worsen hypoglycemia and patients
should be well controlled before leaving the hospital.
In patients with F-DP-NENs and uncured hyperpara-
thyroidism, consideration should thus be given to cor-
recting hyperparathyroidism first, especially if medical
control of the hypersecretory state is difficult.

SA Treatment in Small (<20 mm) NF-(G1/G2)

DP-NENs

Although several studies have demonstrated that NF-
DP-NENs <20 mm yield a low oncological risk and that
progression-free survival may be identical in patients un-
dergoing active surveillance compared to surgery [30,
184], concerns over unpredictable tumor progression or
the development of distant metastases affect patients as
well as their referring physicians, not only following ac-
tive surveillance. Experience with SAs in MEN1 DP-
NENSs is limited as to the development of new DP-
NENs, tumor growth, and the development of lymph
node and/or distant metastasis during surveillance, and
no final recommendations can thus be given [185-187].

In a preliminary study, Faggiano et al. [188] evaluated
the efficacy of SA Lanreotide Autogel® (LAN group) in a
prospective study comparing patients in the LAN group
and patients in the group with active surveillance not re-
ceiving any therapy (AS group). In the LAN group, single
patient had an objective tumor response, the majority had
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stable disease, and the minority had tumor progression.
In the AS group, NEN progression was documented in
the majority of subjects.

Biotherapy — Targeted Therapy — Radiotherapy -

Liver-Directed Therapy

The treatments for locally advanced and/or metasta-
sized and therefore unresectable/non-curable F- and NF-
DP-NENSs related to MEN1 include biotherapy (e.g., SAs,
inhibitors of receptors and monoclonal antibodies), che-
motherapy, and radiological therapy [189]. However,
there is a lack of clinical trials with a greater number of
MENI1 patients with DP-NENs but instead various case
reports revealing the efficacy of these treatment regimens.

Advanced F-DP-NENs

Long-acting SAs have been seen to control hypoglyce-
mia in a number of “malignant” insulinomas [190, 191].
Everolimus has recently demonstrated significant effica-
cy in controlling hypoglycemia in patients with metastat-
ic insulinomas refractory to other therapies [192].

In glucagonoma, cytotoxic treatments with streptozoto-
cin plus 5-fluorouracil (5-FU)/doxorubicin or temozolo-
mide plus/minus capecitabine are valid alternatives to
everolimus and sunitinib. This type of tumor is also sensi-
tive to peptide radioreceptor therapy (PRRT) with lute-
tium-177 (Y’Lu)-DOTATATE and yttrium-90 (°°Y)-
1,4,7,10-tetra-azacyclododecane-1,4,7,10-tetra-acetic acid-
Tyr3-octreotide (DOTATOC). Everolimus is also quite
effective in VIPoma in controlling the clinical symptoms
related to VIP production by reducing circulating VIP lev-
els. Finally, PRRT can be applied in these patients with clin-
ical benefit. The medical treatment for somatostatinoma
includes the same type of treatment as for NF-DP-NENS.

Advanced NF-DP-NENs

Metastatic NF-DP-NENs are commonly given first-line
treatment with the cytotoxic agent streptozotocin (plus
5-FU or doxorubicin or temozolomide plus capecitabine).
Due to problems in many countries to obtain streptozoto-
cin, more and more patients are now starting on everoli-
mus or sunitinib as first-line medications [200].

Radioactive treatments with SA-based radioactive
peptides such as 177Lu and 90Y have been applied with
significant efficacy in patients with malignant F-DP-NE-
Ns (gastrinomas and insulinomas) and NF-DP-NENs
[201, 202]. Radioactive treatment with PRRT has yielded
significant clinical benefits in patients with various DP-
NENS, thus representing a valid alternative to everolimus
and sunitinib. Up to now, and with the exception of 4 case
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reports, there is little experience in applying PRRT in ad-
vanced MEN1 F- and NF-DP-NENSs as a first-line treat-
ment [193, 194].

In these patients, good palliative response to PRRT
was observed without any major hematological or renal
toxicity. However, the optimal sequencing with targeted
drugs and/or chemotherapy and/or PRRT needs to be de-
fined in advanced F- and NF-DP-NENs, also in MEN1,
when data from prospective randomized trials with PRRT
in DP-NENs become available [151]. Recent preclinical
studies have identified potentially new targeted therapeu-
tic options for treating MEN1-associated NENs, such as
epigenetic modulators, Wnt pathway-targeting f-catenin
antagonists, Ras signaling modulators, Akt/mTOR sig-
naling modulators, novel SSTR analogs, anti-angiogenic-
drugs, and MEN1 gene replacement therapy [195].

DP-NECs (G3)

In a Dutch cohort study, approximately 1% of DP-
NENs within MEN1 was graded as G3 (=NEC) [165]. The
important recommendations concerning DP-NENs have
recently been summarized and follow the concepts ap-
plied to sporadic DP-NECs [196]. For NECs, the guide-
lines generally summarize that systemic chemotherapy is
indicated in advanced inoperable disease, provided that
the given patient has adequate organ function and perfor-
mance status.

Minimal Consensus Statement on Conservative
Treatment Options for Small NF-DP-NENS, Locally
Advanced F- and NF-DP-NENs, and DP-NECs

SAs may be effective as antiproliferative therapies in
MENI1-related P-NENs <20 mm, suggesting the use of
these compounds to arrest the development of new tu-
mor lesions as well as to delay or avoid pancreatic sur-
gery. Everolimus and sunitinib may be considered now
as first-line treatments for advanced NF-DP-NENs,
competing with cytotoxic therapies such as strepto-
zotocin plus 5-FU or doxorubicin and/or temozolo-
mide plus/minus capecitabine. PRRT with SA-based
agents such as '’ Lu-DOTATATE and *° Y-DOTA-
TOC is recommended after failure of medical therapy.
Up to now, the value of PRRT as first-line treatment in
advanced F-and NF-DP-NENs seems promising. DP-
NECs are a domain for medical treatment. The combi-
nation of cisplatin and etoposide, or alternative regi-
mens substituting carboplatin for cisplatin or irinote-
can for etoposide, is recommended as first-line therapy.
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Medical treatment options

The concurrence of pregnancy and MEN1 is very rare.
There are only 3 cursory case reports of 4 females and
MENI1 with gastrinoma or NF-P-NENSs before or during
pregnancy [197-199]. In all patients, pregnancy and the
time after delivery was uneventful considering individual
aspects of the functionality, grade, and stage of the DP-
NENSs. They influence the sequence of necessary diagnos-
tic follow-up intervals, as well as the methods, the type,
and timing of treatment.

Arguments for and against pregnancy are to be dis-
cussed with the patient and her family. Because of the rar-
ity, there are no guidelines on how to advise young fe-
males with genetically confirmed MEN1 with regard to
planning conception and, in unplanned pregnancy, how
to follow NENs and pregnancy.

An individualized, multidisciplinary approach is to be
developed involving gynecologists and neonatologists
along with medical oncologists, endocrinologists, sur-
geons, and anesthesiologists. In addition, the patient’s
family is to be included when decisions for pregnancy are
made, and a range oflegal, ethical, religious, personal, and
emotional factors are to be taken into account.

Minimal Consensus Statement on F- and NF-
DP-NENs MENI1 and Pregnancy

Pregnancy does not change the diagnosis and treat-
ment of gastrinoma and insulinoma. The symptoms of
gastrinoma may be usefully controlled by the application
of gastric antisecretory drugs, either prescribing H2-re-
ceptor antagonists or PPIs. H2-receptor antagonists are
the preferred conservative treatment. PPIs should ide-
ally be restricted to well-defined indications if no other
treatment options are available and if the benefits out-
weigh the risks. The use of PPIs has shown an increased
risk of congenital malformations. Uncontrolled hypo-
glycemia caused by insulinoma during pregnancy may
cause fetal demise. Maintaining and monitoring reason-
able levels of blood glucose through increased food in-
take, as frequently administered, may avoid complica-
tions. Diazoxide is the first line of medical treatment if
conservative actions fail. Surgical treatment in localized
insulinoma remains the only curative method. If conser-
vative treatment fails, it is scheduled after 28 weeks of
pregnancy or after birth. There is no clear evidence that
functionality recurs in “surgically cured” F-DP-NENSs.
There are no arguments against pregnancy in asymp-
tomatic, localized NENs <20 mm because there is no ev-
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idence that DP-NENs progress during pregnancy. Sup-
porting teams of physicians should generally advise
women with metastasizing disease requiring ongoing
treatment against pregnancy. Liver-directed therapies as
well as PRRT using radioactive drugs or chemotherapeu-
tic agents and systemic therapies with targeted agents
such as everolimus and sunitinib may be teratogenic and
increase the risk of fetal demise.
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