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Abstract: Pancreatic neuroendocrine tumors (pNETS) constitute a heterogenous group of malignancies
with varying clinical presentation, tumor biology and prognosis. The incidence of pNETs has steadily
increased during the last decades with an estimated incidence 2012 of 4.8/100,000. Recent whole genome
sequencing of pNETS has demonstrated mutations in the DNA repair genes MUTYH and point mutations
and gene fusions in four main pathways from chromatin remodeling, DNA damage repair, activation of
mechanistic target of rapamycin (mTOR) signaling and the telomere maintenance. This new information
will be the foundation for new therapies in the near future for malignant pNETs. The functioning pNETs
constitute about 30-40% of all pNETs displaying nine different clinical syndromes: insulinoma, Zollinger-
Ellison, Verner-Morrison, glucagonoma, somatostatinomas, ectopic adrenocorticotropic hormone (ACTH)
and parathyroid hormone related peptide (PTH-rP) syndromes. Single patients might also present carcinoid
syndrome. The diagnostic work-up include histopathology with the new WHO 2017 Classification,
biomarkers (CgA, NSE), radiology and molecular imaging including CT-scan, magnetic resonance imaging
(MRI), ultrasound and PET-scan. A cornerstone in the treatment of pNETs is surgery which is rarely
curative but can reduce the clinical symptoms by debulking which also include radiofrequency ablation,
embolization of liver metastases. Medical treatment includes chemotherapy and the targeted agents such
as everolimus, sunitinib and peptide receptor radiotherapy (PRRT). Somatostatin analogs has for the last
decades been the main stay for management for clinical symptoms related to functioning pNE'Ts and is often
combined with new targeted agents as well as chemotherapy. Long-term management of functioning pNETs
need a combination of different procedures, surgery, local ablation, targeted agents and somatostatin analogs.

Future therapies might be based on the recent advances in molecular genetics and tumor biology.
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Introduction for many years but recently a paper presented a whole
. i f 102 di ic NETs,
Neuroendocrine tumors of the pancreas are a heterogenous, ger.mme sequencing o ) spora _IC panFreatlc o s
malignant discase with varying tumor biology and clinical which showed some new and interesting findings. Clinically,

presentation. The annual incidence of all pancreatic sporadic pNETs contain a larger than expected proportion

neuroendocrine tumors (pNETs) is 0.8/100,000, that
includes both functioning and non-functioning pNETs (1).
Non-function tumors contribute 60% of all pNETs. The
median overall survival of localized disease is 250 months,
for regional disease about 9 years and for distant metastases
25 months (1). The genetic background has been unsolved
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of germ line mutations, including previously unreported
mutations in the DNA repair genes (MUTYH), CHEK?2
and BRCA2. Together with mutations in the MEN1
and VHL, these occur in 17% of the patients. Somatic
mutations including point mutations and gene fusions were

commonly found in genes involved in four main pathways;
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chromatin remodeling, DNA damage repair, activation of
mechanistic target of rapamycin (mTOR) signaling and
telomere maintenance. In addition, a subgroup that was
identified and related with hypoxia, and HIF signaling (2).
This genetic information will of course give important data
for future therapies. About 30-40% of patients with pNETs
present, a clinical syndrome related to a specific hormone
excess state (3).

The diagnosis is based on histopathology, biomarkers
and radiology. The pathology report should contain
information about specific staining for chromogranin A,
synaptophysin and the proliferation marker Ki-67 (4,5).
Based on proliferation (Ki-67) the tumors are divided into
NET G1 (Ki-67 <3%), NET G2 (Ki-67, 3-20%), NET
G3 (Ki-67 >20%) and neuroendocrine carcinoma (NEC)
G3 (Ki-67 >20%, poorly differentiated). mixed adeno-
neuroendocrine carcinoma (MiNEN) (WHO 2017) (6,7).

Circulating biomarkers include chromogranin A, neuron
specific enolase (NSE) as general markers and specific markers
are plasma gastrin, insulin, pro-insulin, glucagon, vasoactive
intestinal peptide (VIP), adrenocorticotropic hormone (ACTH),
parathyroid hormone related peptide (PTH-rP) usually taken
in relation to clinical symptoms (see later) (8,9). Radiology
include standard CT-scans, ultrasound and magnetic
resonance imaging (MRI) but nowadays positron emission
tomography (PET) combined with CT-scan or MRI. Ga68-
DOTATATE/TOC/CT is today the most sensitive diagnostic
and staging procedure. Other isotopes are C11-SHTP or
F18-DOPA. Somatostatin receptor scintigraphy is replaced in
most countries by Ga68-DOTATATE PET/CT-scans (10).
Endoscopic ultrasonography is another sensitive method to
localize the primary tumor in the pancreas (11).

The treatment of functioning pancreatic neuroendocrine
tumors (FpNETs) has at least two goals; one to control
the clinical symptoms and the hormone excess but also
the tumor growths, which can sometimes be rather
aggressive and rapid. There are ten well-established pNETs
syndromes, which nine are associated with functional
syndromes. The last one is non-functioning tumors which
in a strict sense are not non-functional due to secretion of
a number of different products; chromogranin A, NSE,
pancreatic polypeptide, ghrelin, neurotonin and so forth
(3,12). These agents are not resulting in any specific clinical
syndrome. The nine functional pNETSs include; gastrinomas
releasing gastrin with the clinical syndrome, called
Zollinger-Ellison syndrome, insulinomas, Verner Morrison
syndrome (VIPomas), secreting vasoactive intestinal
peptide, glucagonomas, somatostatinomas, GRFomas,
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secreting growths hormone releasing factor ACTHomas
and pNET secreting serotonin causing carcinoid syndrome
and pNETs causing hypercalcemia by secreting PTH-
rP (3,12). In addition to these well-established pNET
syndromes, there are pNET secreting luteinizing hormone,
renin, GLP1, IGF1, erythropoietin, enteroglucagon
and cholecystokinin (12-14). These syndromes are not
discussed in this review since they are very rare with just
single patients in each group. pNET syndromes caused
entirely by NETs in the pancreas are insulinoma and
glucagonoma. Other syndromes that classifies as pNET
syndromes can occur in NETs at extra pancreatic sites.
For example, duodenal gastrinoma causing Zollinger
Ellison syndrome, duodenal somatostatinomas associated
with somatostatinoma syndrome. VIPomas occurring in
neural tissue (ganglioneuroma) and GRFomas occurring
in the small intestine (12,15). This article will focus on
recent advances as well as controversies in the management
of functional pNETs. Most of the reports on an efficacy
of the advances in control of hormone excess stage are
reported in case series, case reports or retrospective studies.
In addition, symptom control is frequently not the primary
endpoint and the studies are usually single center studies.
For each of the FpNETs, the hormone excess state needs
to be controlled as quickly as possible sometimes before the
diagnosis and staging of the disease is established. Control
of hormone excess is necessary during tumor localization
and this procedure can be time consuming and be difficult in
some of the FpNETs (16). The primary tumor can be small
and therefore not localized by conventional cross-sectional
imaging (CT, ultrasound, MRI). Recently, positron emission
tomography with Gallium68-labled somatostatin analogs
as well as C11 labeled 5-hydroxytryptophan (5-HTP) are
very sensitive and help in localization of both primary tumor
and in the staging of the disease. Endoscopic ultrasound is
another sensitive method to localize the primary tumor in the
pancreas (10,11).

Treatment of functioning pancreatic neuroendocrine
tumors (FpNETs) in general

Numerous studies have demonstrated that cytoreductive
surgery can facilitate the management of hormone excess
state and should therefore be considered in any patients
with increasing refractory symptoms. The general
opinion is that cytoreductive surgery or debulking can be
considered in patients with 70-90% of the visible disease
is resectable. Despite lack of control studies, the ENETS
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Guidelines recommend surgery for curative intent
whenever possible (16). Unfortunately, only 5-15% of the
patients with FpNETs that have metastatic disease to the
liver, have potentially completely resectable disease with
a possibility of surgical cure (16). Liver transplantation is
the ultimate hepatic debulking procedure and occasionally
used in patients with refractory hormone excess stage with
the tumor confined to the liver (16). Liver directed therapies
include trans arterial embolization (TAE), trans arterial
chemoembolization (TACE), radioembolization or selective
internal radiotherapy (SIRT) as well as radiofrequency
ablation (RFA) (17). TAE and TACE can be safely performed
since NET metastases in the liver are highly vascular and
derive their blood supply primary from the hepatic artery,
whereas the normal liver parenchyma is supplied primarily by
the portal vein. The procedure is performed percutaneously
in most cases and only occlusion (TAE) or with
co-administration of chemotherapeutic agents (TACE,
usually doxorubicin, streptozotocin, fluorouracil or
cisplatinum). The procedures can reduce the hepatic tumor
mass to 80% of the patients with the duration of up to 45
months (18). Radiofrequency ablation (SIRT) involves
use of Yttrium-90 (Y-90) microspheres with either resin
microspheres (SIR-Spheres) or Y-90 glass microspheres
(Thera-Spheres). The procedure can be repeated taken one
lobe at the time. The response rates have been up to 75-80%
and lasting for 20-40 months (17). Radiofrequency ablation
(RFA) mostly performed in combination with surgery,
especially to remove isolated metastases. Besides the use of
RFA as an anti-tumor treatment, a number of studies have
reported enhanced symptomatic control of FpNETs (19,20).

Medical treatment of pNETS

Streptozotocin, an alkylating agent that has been used
for more than 50 years in the treatment of functioning
pNETs. The first case being an insulin producing tumor
thereafter, multiple studies of streptozotocin alone or in
combination with 5-FU or doxorubicin has demonstrated
effective response rates in up to 40% of the patients and
a duration of >2 years (21-24). In recent years, treatment
with temozolomide plus capecitabine has been applied with
response rates up to 70% in non-randomized trials (25-27).
Both cytotoxic treatments are still considered first line
treatment by international guidelines (ENETS, NANETS)
(21,28). In NEC G3, the recommended treatment is
carboplatin/cisplatin plus etoposide (29). Cytotoxic
treatment can definitely control clinical symptoms related
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to hormone production by the pNETS, usually it takes some
time to receive significant decrease in circulating hormone
levels. Therefore, this kind of treatments are usually
combined with somatostatin analogs for more rapid
control of clinical symptoms. Biotherapy for NETs
emerged in the 1980s when somatostatin analogs and
interferons were investigated in small series of patients
with malignant carcinoid syndrome. During the past
decades, a long-acting, repeatedly depot formulation
of octreotide, Sandostatin LAR® have been available
as well as a second somatostatin analog, lanreotide
with either depot formulation (Somatuline Autogel®)
has been developed for treatment of hormone related
symptoms, both GI and pancreatic NETs (30-33). In
the recent years, strong evidence has emerged that
somatostatin analogs can inhibit the growths of NETs
(34-36). Indirect anti proliferative mechanisms include
inhibition of circulating growth factors such as, vascular
endothelial growth factor as well as inhibition of tumor
angiogenesis. Direct mechanism involve of somatostatin
receptors binding which inhibit cellular proliferation
and mediate apoptosis (37). Definite evidence of growth
inhibition of somatostatin analogs at doses of 20-30 mg
for octreotide LAR and 90-120 mg for Somatuline
Autogel, reported in two randomized phase III trials
(34,35). Somatostatin analogs can control clinical
symptoms in up to 60% of patients with functioning
tumors (37). In patients refractory to standard doses
of somatostatin analog, high-dose treatment has been
attempted by either shortened the interval between the
injections every 2—-4 weeks and increasing the dose of
octreotide up to 60 mg, lanreotide up to 180 mg can
completely or partially control the clinical symptoms in
about 40-60% of the patients (38,39). Pasireotide is a
novel somatostatin analog binding to 4/5 somatostatin
receptors. The analog has particularly been applied in
patients with the carcinoid syndrome, with a significant
reduction of diarrhea and flushing in about 30% of the
patients, as well as in patients with functioning pNETs
and the Cushing’s syndrome due to ACTH-production
(38,40). Interferons (IFN-a) might exert a direct anti
proliferative effect on tumor growths besides reducing
circulating hormone levels. Interferon has been used in
G1 NETs of the small intestinal tract with biochemical
responses in up to 60%, tumor response in 9-10%
(41,42). Interferon has been applied in patients with
FpNETs, in particular VIP-producing tumors refractory
to somatostatin analogs showing control of symptoms
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and hormone levels for extended periods of time (41).
Several studies have evaluated the combination of
somatostatin analogs and interferon, indicating some
additional benefit by combining the both (41).

Targeted agents

The mTOR-inhibitor everolimus is registered worldwide
for treatment of pNETs as well as GI and lung-NETs
in patients with advanced progressive disease (43,44).
Two placebo controlled prospective randomized phase
III studies have supported the results for everolimus
significantly prolonged the progression free survival in
each of these groups of patients (43,44). Everolimus is
also effective in controlling the hormone excess state in
patients with refractory, functioning NET syndromes. It
has been particularly useful for treatment of refractory
malignant insulin producing tumors to control the
hypoglycemia and in VIP-producing pNETs (45,46).
The tyrosine kinase inhibitor, sunitinib that inhibits
tyrosine kinase activity of PDGFRs, VGFR1, VGFR2,
cKIT and FRT3 is approved worldwide for the treatment
of pNETs (47). The approval was based on the results
of a double blind, prospective placebo controlled, phase
III study, which demonstrated that sunitinib extended
the progression free survival in these patients, as well as
increased over all survival. Sunitinib is in principal used
for antiproliferation in patients with pNETs and it also
reported to effectively control hormone excess in patients
with refractory symptoms and pNET syndromes (48,49).
Another tyrosine kinase inhibitor, pazopanib as well as
cabozantinib has demonstrated some activity in pNETs,
both for antiproliferation and hormone control.

Peptide receptor radiotherapy (PRRT) with 177-Lutetium
labelled somatostatin analogs.

Studies of PRRT using radio labelled somatostatin analogs
have demonstrated a clear anti-tumor efficacy in patients
with both GI and pNETs. PRRT was recently approved
by EMA for treatment of all types of NETs based on the
NETTER-1 trial and data from several phase II trials
(50,51). A recent study in small intestinal NETs indicated a
significant anti-tumor response would certainly result in an
approval in the US quite soon. PRRT has been considerably
effective in controlling hormone excess state in patients

with refractory FpNET syndromes (52-54).
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Clinical syndromes
Insulinoma

In more than 90% of patients with insulinoma, the
treatment is curative by surgical resection. The tumors
are usually solitary and benign (15,16). In about 3% of
the patients, insulinomas occur in patients with multiple
endocrine neoplasia type 1 (MENT) in which they can be
recurrent and multiple (55). The control of the hormone
excess in patients with insulinomas is usually only needed
during the preoperative period as well as in the group
of patients with malignant insulinomas. The primary
treatment has been glucose infusions with frequent small
feedings and the use of diazoxide, which can control
symptoms in 50-60% of the patients (56). Somatostatin
analogs are also used and are effective in about 50% of
the patients (57). However, in some patients they can
worsen the symptoms by inhibiting counter regulatory
mechanisms such as glucagon/growth hormone release (58).
In patients with malignant insulinomas (<10% of all cases),
the hormone excess can be difficult to control. Treatment
with everolimus has demonstrated significant efficacy,
other treatment options has been with the tyrosine kinase
inhibitor, sunitinib as well as peptide receptor radiotherapy
(PRRT) (45,46,48,49,51). Liver directed therapy including
TACE/TAE, radioembolization, radiofrequency ablation
(RFA), ablated treatment such as ethanol or microwave of
metastases has been effective in many instances. Increasing
doses of octreotide/lanreotide in refractory cases can be of

value (17,18,38,39).

Zollinger-Ellison syndrome

The majority of patients with Zollinger-Ellison
syndrome require life-long treatment of the gastric
acid hypersecretion. Only 25-35% of the patients with
Zollinger-Ellison are cured long-term by surgery. About
25% of the patients have MEN1 with multiple small
gastrinomas frequently with lymph node metastases (59-61).
The symptomatic control of gastric acid hypersecretion is
highly effective with proton pumping inhibitors (PPIs) or
histamine H2 receptor antagonists (60,62). Somatostatin
analogs are also effective but rarely used because they require
parental administration compare to the orally active PPIs and
histamine H2 receptor antagonist (62). Antitumor treatment
includes everolimus, sunitinib, PRRT, liver directed therapies
including TACE/TAE and radioembolization.
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Verner-Morrison syndrome (VIPoma syndrome)

Patients with Verner-Morrison syndrome are rarely
cured by surgery due to presentation of metastatic
disease at diagnosis. Therefore, life-long treatment of
hormone excess is usually required (3,59). The main
stay of treatment is the use of somatostatin analogs
octreotide/lanreotide which controls the large volume
diarrhea in 70-90% of the patients, although, some
patients become refractory (15,16). Alpha interferon has
also demonstrated a significant anti-secretory effect in
patients with Verner-Morrison syndrome refractory to
somatostatin analog (41). Antitumoral therapy such as
everolimus and sunitinib can also control the secretory
state as well as PRRT. Liver directed therapies including
TACE/TEA, radioembolization, radiofrequency
ablation can control the disease for various periods of
time. By increasing the dose of octreotide/lanreotide in
refractory cases, control of the disease can be obtained
temporarily.

Glucagonomas

The majority of patients with glucagon producing tumors
(glucagonomas) present metastatic disease. Somatostatin
analog can control many of the symptoms related
to the syndrome, such as the skin rash, diabetes and
thromboembolism (37). Newer therapies such as everolimus
and sunitinib is of course of value together with PRRT and
liver targeted treatments. PRRT is also very effective in
controlling the clinical symptoms as well as control of the
tumor growth.

ACTH-producing pNETs

Ectopic Cushing’s syndrome is due to pancreatic ACTH-
producing tumors in up to 16% of the cases. Cushing’s
syndrome can be the only sign of a functional pNET
and occurs in 3-4% of patients with Zollinger-Ellison
syndrome (63). It usually is a development associated
with a poor prognosis since these tumors mostly
are aggressive. In a large number of cases, bilateral
adrenalectomy is the only way to control the clinical
symptoms. The hypercortisolemia can be controlled
by metyrapone and ketoconazole. Recently, other
classes of drugs have been used and been reported to be
effective including gluco cortical receptor antagonist
(mifepristone). Adrenal specific therapy; etomidate,
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osilodrostat and fluconazole (63,64). Other agents
are somatostatin analogs including pasireotide (38),
dopamine receptor agonist cabergoline. In addition,
PRRT has been reported to be of help in controlling the
hypercortisolemia.

General comments

Somatostatin analogs as well as gastric acid anti-secretory
agents, PPIs and H2 receptor antagonist have made it
possible to control hormone excess states in many subtypes
of FpNETs. However, the control of hormone excess stage
can be particularly difficult in patients with insulin and VIP
as well as ACTH-producing pNETs. Therefore, additional
treatment is necessary with targeted agents like everolimus
and sunitinib as well as PRRT. Patients with FpNETs
have two problems regarding management, antitumor
treatment and treatment of the hormone excess state.
The antitumor treatments, for example chemotherapy
and targeted agents, while effective against tumor growth,
they may not control the hormone excess state. Therefore,
combined therapies might be necessary to be able to
manage these difficulties. The long-term treatment of
hormone excess state remains an obstacle in many patients
due to drug resistance developing with time, particularly
in patients with malignant insulinomas, VIPomas and
pancreatic ACTHomas. A combination of cytotoxic
therapy such as streptozotocin plus 5-FU, temozolomide
plus capecitabine together with somatostatin analogs, are
able to control FpNETs for very long periods. PRRT is
another option and can be combined with somatostatin
analogs in controlling clinical symptoms long-term. The
targeted agents like everolimus, sunitinib as well as PRRT
were originally developed for control of tumor growth. As
an additional effect, it was also noticed a clear reduction
in secreted hormones and thereby improvement of clinical
symptoms. Telotristat ethyl was recently registered for
treatment of patients with the carcinoid syndrome depending
on excess of serotonin secretion from the tumor (65). There
are a small number of pNETs with serotonin production
and signs of carcinoid syndrome which might be treated
with this new compound (66). High dose treatment with
somatostatin analogs is now in different clinical trials, mostly
with octreotide (40-60 mg/4 w) and lanreotide (180 mg/4 w)
which might give a clinical benefit to patients with refractory
symptoms to standard doses of somatostatin analogs. For
the moment, most attention is focusing on preventing tumor
growth. Therefore, no particular new agents only controlling
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hormone secretion and clinical symptoms are viewable in the

developing pipelines at various pharmaceutical companies.
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