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A b s t r a c t

Gastroenteropancreatic neuroendocrine tumors (GEP/NET) are unusual and 
rare neoplasms that present many clinical challenges. They characteristically 
synthesize store and secrete a variety of peptides and neuroamines which 
can lead to the development of distinct clinical syndrome, however many 
are clinically silent until late presentation with mass effects. Management 
strategies include surgery cure and cytoreduction with the use of soma-
tostatin analogues. Somatostatin have a broad range of biological actions 
that include inhibition of exocrine and endocrine secretions, gut motility, 
cell proliferation, cell survival and angiogenesis. Five somatostatin recep-
tors (SSTR1-SSTR5) have been cloned and characterized. Somatostatin an-
alogues include octreotide and lanreotide are effective medical tools in the 
treatment and present selectivity for SSTR2 and SSTR5. During treatment 
is seen disapperance of flushing, normalization of bowel movements and 
reduction of serotonin and 5-hydroxyindole acetic acid (5-HIAA) secretion. 
Telotristat represents a novel approach by specifically inhibiting serotonin 
synthesis and as such, is a promising potential new treatment for patients 
with carcinoid syndrome. To pancreatic functionig neuroendocrine tumors 
belongs insulinoma, gastrinoma, glucagonoma and VIP-oma. Medical man-
agement in patients with insulinoma include diazoxide which suppresses in-
sulin release. Also mTOR inhibitors may inhibit insulin secretion. Treatment 
of gastrinoma include both proton pump inhibitors (PPIs) and histamine 
H2 – receptor antagonists. In patients with glucagonomas hyperglycaemia 
can be controlled using insulin and oral blood glucose lowering drugs. In 
malignant glucagonomas smatostatin analogues are effective in controlling 
necrolytic migratory erythemia. Severe cases of the VIP-oma syndrome re-
quire supplementation of fluid losses. Octreotide reduce tumoral VIP secre-
tion and control secretory diarrhoea. 
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Introduction

Neuroendocrine tumors of the gastrointestinal tract and pancreas 
may produce one of several peptide hormones. These tumor products 
are released into the circulation and are subsequently transported to the 
various target organs on which they exert their action. Generally, this ex-
cessive hormone production will be reflected by a characteristic clinical 
syndrome. A good therapeutic approach in patients with an endocrine 
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tumor of the gastrointestinal tract and excessive 
hormonal secretion is to control both problems in 
tandem [1–3]. Symptomatic medical therapy of 
these disorders currently consists of biotherapy 
using somatostatin analogues and/or interferons, 
or other symptomatic therapies aimed at treat-
ment and correction of tumor-related deficiencies 
or disorders [4, 5].

Somatostatin analogues

Somatostatin is a small cyclic peptide hormone, 
which is present in the human body in the molec-
ular forms SRIF-14 (consisting of 14 amino acids) 
and SRIF-28 (consisting of 28 amino acids) [6]. 
Somatostatin has diverse biological effects in dif-
ferent organ systems. These effects are mediated 
through specific somatostatin receptors (ssts) on 
the target tissue [7]. The presence of ssts has also 
been demonstrated throughout the human gastro-
intestinal mucosa and pancreas. The gastrointesti-
nal transit time, secretion of intestinal hormones 
by intestinal endocrine cells, the peptide-induced 
secretion of intestinal fluid and the resorption of 
intestinal fluid can be inhibited through the action 
of somatostatin on these receptors [8]. Ssts be-
long to the family of G-protein coupled receptors. 
Five different sst subtypes have been cloned and 
characterized. These receptor subtypes have been 
named sst1-5. Sst binding studies, somatostatin 
mRNA determination, and/or sst immunohisto-
chemistry have identified abundant expression 
of ssts in endocrine tumors of the gastrointesti-
nal tract and pancreas [9, 10]. In general, sst ex-
pression varies between patients and between 
tumors, but sst2 predominance is found in more 
than 80% of these tumors [11, 12]. Apart from the 
usefulness as a  tumor marker, the expression of 
ssts by human tumors has other important clinical 
implications, such as inhibition of tumor peptide 
hormone secretion by somatostatin analogues 
and inhibition of tumor growth by somatostatin. 
For therapeutic purposes, structural analogues of 
somatostatin have been synthesized. Octreotide 
acetate (Sandostatin) is a  synthetic octapeptide, 

which can be administered by multiple (2–3 times 
daily) subcutaneous (s.c.) injections, or by continu-
ous s.c. infusion and by the intravenous (i.v.) route, 
either as a single injection or as a continuous infu-
sion over many hours or days. A slow-release de-
pot intramuscular (i.m.) formulation of octreotide 
(Sandostatin LAR) which has to be administered 
every 4 weeks is also available [13]. Another cy-
clic analog, lanreotide (Somatuline) has become 
available, either as a slow-release i.m. depot for-
mulation (Somatuline PR) which needs to be ad-
ministered every 10–15 days, or as a slow-release 
deep s.c. depot preparation, which has to be ad-
ministered once every 4 weeks (Somatuline Auto-
gel) [14]. Octreotide and lanreotide have compara-
ble binding profiles and bind with a high affinity 
to sst2 and sst5, show a low affinity to sst3, and 
no affinity to sst1 and sst4 (Table I). Tumors and 
metastases that bear predominately sst2, or sst5, 
can be visualized in vivo after injection of radio-
labelled octapeptide analogues [15, 16]. Soma-
tostatin analogues have proven antiproliferative 
effects. The CLARINET study was a  randomized, 
double-blind, placebo-controlled, multinational 
study of the somatostatin analogue lanreotide 
in patients with advanced well-differentiated or 
moderately nonfunctioning, somatostatin recep-
tor positive neuroendocrine tumors of grade 1 or 
2 (Ki67 below 10%). The tumors originated in the 
pancreas, midgut, hindgut or were of unknown or-
igin. Lanreotide treatment, as compared with pla-
cebo, was associated with significantly prolonged 
progression-free survival (median not reached) 
vs. a median of 18.0 months in the placebo group 
[17–20].

Interferon-α

Interferon is an antiviral and antitumor agent. 
Five interferon classes have been described. Re-
combinant interferon-α2a (Roferon A) and inter-
feron-α2b (IntronA) are the most frequently used 
interferons in the treatment of neuroendocrine 
tumors of the gastrointestinal tract and pancre-
as [21]. The effects of interferon-α are mediated 

Table I. Somatostatin congener binding affinities to sst subtypes

Variable SST

SST1 SST2 SST3 SST4 SST5

Somatostatin 14 0.93–2.30 0.20–0.30 0.60–1.40 1.50–1.80 0.30–1.40

Octreotide 280–1140 0.40–0.60 7.10–34.5 850–1000 6.30–7.00

Lanreotide 180–2330 0.50–0.80 14.0–107 230–2100 5.20–17.0

Pasireotide 9.30 1.00 1.50 100 0.20

BIM-23A760 662–853 0.03 52.0–160 1000 3.10–42.0

Affinity to sst = IC50 value (Nm) = (Mean ± SEM).
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via the interferon type 1 receptors. The antitumor 
effects of interferon-α have been proposed to oc-
cur through antiproliferative, apoptotic, differen-
tiation and anti-angiogenic immunomodulatory 
mechanisms [22]. Another proposed effect of in-
terferon-α is the induction of fibrosis within liver 
metastases [23]. 

Carcinoid syndrome

Carcinoids of the small intestine (previously 
designated as midgut carcinoids) are the most 
likely to cause carcinoid syndrome. After metasta-
sizing to the liver, bioactive amines may reach the 
systemic circulation and carcinoid syndrome en-
sues. These small intestinal carcinoids account for 
75–90% of all cases of carcinoid syndrome [24]. 

Medical therapy of carcinoid syndrome 

Treatment of carcinoid syndrome with 
somatostatin analogues 

The use of somatostatin analogues to block 
the release of vasoactive peptides and amines is 
the mainstay for the control of the symptoms of 
carcinoid syndrome. Medical therapy for carcinoid 
syndrome usually consists of either 300–1500 μg 
s.c. octreotide (Sandostatin), injected in total dai-
ly dosages; 20–60 mg slow release i.m. octreotide 
(Sandostatin LAR), injected every 2–4 weeks; 30 mg  
slow release i.m. lanreotide (Somatuline PR), in-
jected once every 2 weeks; or 90–120 mg slow 
release s.c. lanreotide (Somatuline Autogel), in-
jected once monthly. This medical therapy usually 
results in the complete amelioration of flushing 
episodes in 60% of patients, while in > 85% the 
frequency and/or severity of the flushing periods 
can be reduced to < 50%, leading to a significant-
ly improved quality of life. A significant improve-
ment in the quality of life (QoL) and in the global 
health status was observed after therapy with so-
matostatin. The patients completed the European 
Organization for the Research and Treatment of 
Cancer Quality of Life Questionnaire C30 before 
and after therapy. The score increased significant-
ly after therapy to a mean value of 78.2, up from 
69 (scale range 0–100). Furthermore, improve-
ment was observed in the emotional and social 
aspect of life [25]. Disappearance of diarrhea (less 
than four bowel movements per day) is observed 
in > 30% of patients, and > 50% improvement in 
> 75% of patients with this therapy. Biochemically, 
a significant reduction of the increased urinary ex-
cretion of the serotonin breakdown product 5-hy-
droxyindoleacetic acid (5-HIAA) has been found in 
> 50% of patients [25, 26]. In addition, objective 
antineoplastic effects have been recently report-
ed with this therapy [27]. However, insensitivity 
to somatostatin analogues may develop in time 

[28]. Octreotide acetate comes in two forms: an 
aqueous (s.c. or i.v.) immediate release product, 
and a  sustained release (long acting repeatable 
– LAR) form. The aqueous form is widely used 
initially in a  long-term treatment plan as a  test 
compound for the tolerability of the LAR form. To 
test the safety and efficacy, and discover any pos-
sible allergic reactions in individual patients, so-
matostatin analogue therapy should be initiated 
with, for example, short-acting octreotide (100 μg  
s.c. 2–3 times daily). The short-acting form of 
octreotide is also commonly used following the 
administration of the sustained-release form, as 
a rescue injection for periods when the patient is 
exhibiting breakthrough or recalcitrant symptoms 
[29]. In the past, ultrahigh doses of somatostatin 
analogues have shown beneficial effects. Ultra- 
high-dose lanreotide therapy (5  mg s.c. three 
times a day) in patients with metastatic GEP/NET 
shows improvement in control of both symptoms 
and proliferation in at least some patients refrac-
tory to conventional therapies. High-dose soma-
tostatin analogue treatment showed an antipro-
liferative effect in a study including patients with 
neuroendocrine tumors. To explore this therapeu-
tic strategy further, a study was performed on the 
effect of high-dose formula of octreotide (160 mg 
i.m. every 2 weeks) in midgut carcinoid patients. 
In this group of patients octreotide therapy man-
aged to improve symptoms and stabilize hormone 
production and tumor growth in 75% of the pa-
tients [30, 31]. Furthermore, it has been shown 
that the measurement of octreotide blood levels 
with a  highly sensitive and specific octreotide 
assay might be helpful. Octreotide long acting 
repeatable (LAR) is widely used for the control of 
symptoms of functional neuroendocrine tumors. 
At dose of 30 mg/mo. up to 40% of patients re-
quire subcutaneous octreotide administration. Oc-
treotide acetate binds to the sst2 receptor with an 
affinity of 1 × 10–9 mol/l when the concentration 
in the blood is 10 000 pg/ml. Octreotide concen-
tration in serum can be determined by radioim-
munoassay. Frequent measurement of octreotide 
levels may be useful to guide octreotide therapy 
in patients with poorly controlled symptoms or 
those patients experiencing tumor growth [27]. 
Side-effects usually subside within a  few weeks, 
but can include abdominal discomfort, delayed 
gastric emptying, bloating, and sometimes fat 
malabsorption steatorrhea. Side-effects which 
can develop later are gallstones and persistent 
steatorrhea, which results in fat soluble vitamin D  
deficiency, calcium malabsorption and vitamin B12  
deficiency [32–34]. 

Pasireotide (S0M 230) is a  novel multi-ligand 
with a high binding affinity for sst subtypes 1, 2,  
3 and 5 (sst1, sst2, sst3, sst5). A phase II clinical 
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trial showed that this drug was effective in con-
trolling the symptoms of diarrhea and flushing in 
27% of patients with small bowel carcinoids who 
were refractory or resistant to the standard ther-
apeutic dose of octreotide [35, 36]. BIM-23A760 
is another compound being tested which targets 
sst2 and the dopamine D2 receptors [37].

Interferon-α treatment of carcinoid syndrome

The interferons interferon-α2a and interfer-
on-α2b (IFN) bind to specific interferon receptors 
on neuroendocrine tumor cells. The human inter-
feron receptor (IFNAR) is comprised of subunits 
IFNAR1 and IFNAR2. Binding of IFN to its receptors 
mediates the antiviral and antiproliferative effect 
[38]. After binding of IFN to its receptor, a signal 
transduction cascade is activated, leading to the 
transcription of multiple tumor suppressor genes. 
IFN-α acts on specific enzymes, such as 2’,5’-oli-
goadenylate (2-5A) synthetase and p-68 kinase, 
leading to the degradation of peptide hormones 
and inhibition of protein synthesis. In neuroendo-
crine tumors, the indications for interferon treat-
ment are roughly similar to those of somatostatin 
congeners except in a carcinoid crisis. Interferon-α 
may, therefore, be used as a second line approach 
for symptomatic therapy. Symptomatic response 
and quality of life improvement have been ob-
served in approximately 40% of patients, with 
a greater beneficial effect on flushing than with 
diarrhea. Partial tumor regression occurred in 
5.7%, and stabilization of serotonin secretion and 
tumor growth in 44.8% of patients with midgut 
carcinoid tumors [38]. The reported rate of tumor 
stabilization is considered to be slightly, but not 
significantly, higher than with somatostatin con-
geners. Faiss et al. reported a multicenter prospec-
tive randomized study showing that interferon α 
and somatostatin analogues, or a  combination 
of the two, had comparable antiproliferative ef-
fects in neuroendocrine gastroenteropancreatic 
tumors [39]. Recombinant interferon-α2a and 
interferon-α2b are the most widely used. There 
is essentially no difference in clinical responses 
between the different subtypes of interferon-α. 
However, lower response rates have been reported 
for  interferon-α2a, which might be related to the 
development of neutralizing interferon antibod-
ies. The recommended doses are 3–9 × 106 U s.c.  
every day or every other day. However, it is im-
portant to titrate the dose in each individual ac-
cording to tolerance. The biochemical response 
varies from 15% to 45%. The combination of a so-
matostatin congener with interferon-α does not 
seem to significantly increase therapeutic efficacy 
[40, 41].

These results are very encouraging, but the treat-
ment also has significant side effects which have 

to be managed by dose titration in each individ-
ual patient. The minor side effects of interferon-α 
are flu-like symptoms (which generally respond to 
paracetamol), anorexia and weight loss (60%), and 
fatigue (50%). Major side effects are bone morrow 
toxicity (31%), hepatotoxicity (31%), autoimmune 
disorders, depression and other mental disturbanc-
es. Polyethylene glycosylated recombinant inter-
ferons are available and have demonstrated fewer 
side effects and easier administration.

Other therapies for carcinoid syndrome

In patients with carcinoid syndrome, biother-
apy with somatostatin congeners and interferon 
are the treatments of choice. Before the intro-
duction of these drugs, opioids (opium tincture) 
and loperamide were the only useful drugs in 
controlling diarrhea, as they increase intestinal 
transit time. Blockade of serotonin receptors 
can also ameliorate diarrhea. LX1032 (telotri-
stat etiprate) is designed to reduce serotonin 
production in patients with metastatic carcinoid 
tumors, thus relieving gastrointestinal and, pos-
sibly, other symptoms experienced by patients 
with carcinoid syndrome. Telotristat etiprate is 
an orally bioavailable, tryptophan hydroxylase 
(TPH) inhibitor with potential antiserotoninergic 
activity. Telotristat represents a  novel approach 
by specifically inhibiting serotonin synthesis and, 
as such, is a promising potential new treatment 
for patients with carcinoid syndrome. TELESTAR 
was a  double-blind phase 3 study that enrolled 
135 patients with carcinoid syndrome which was 
not adequately controlled on SSA therapy. Top line 
results from TELESTAR showed that patients who 
added telotristat etiprate to the standard of care, 
somatostatin analog depot, at both 250 mg and 
500 mg doses experienced a  statistically signifi-
cant reduction from baseline compared to placebo 
in the average number of daily bowel movements 
[42]. Diarrhea is not always the consequence of 
excessive hormonal secretion. It may deteriorate, 
or even start, after small bowel resection for a pri-
mary ileal carcinoid. In such cases, diarrhea can 
result from short bowel disease and/or bacterial 
overgrowth with the subsequent deconjugation 
of bile acids. Malabsorption steatorrhea can result 
from serotonin-induced hypermotility. In patients 
who have undergone a  right hemicolectomy, 
medical interventions aim to reduce colonic bile 
acids (with bile acid sequestrants such as chole-
styramine) and treat bacterial overgrowth using 
antibiotics. Fat absorption can be improved using 
pancreatic enzyme supplementation, especially in 
patients treated with high doses of somatostatin 
congeners. Some beneficial effects of blocking the 
histamine 1 and 2 receptors with a combination of 
somatostatin congeners have also been reported 
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[43]. Cyproheptadine has been shown to reduce 
diarrhea, but not flushing. It is a  pan serotonin 
receptor blocker and is indicated in serotonin 
syndrome. Limitations include drowsiness at the 
recommended dose of 12 mg daily. A liquid form 
is available and can be titrated gradually. Pellagra 
is treated with niacin substitution [44]. Because 
flushing and diarrhea may be associated with 
particular precipitants, life style adjustments may 
be required: patients should avoid known precip-
itants such as alcohol, spicy foods, and strenuous 
exercise. 

Peptide receptor radionuclide therapy (PRRT) 
of gastroenteropancreatic tumors

An individualized approach towards PRRT 
with somatostatin analogues has proven to be 
an effective (anti-tumor effects, progression-free 
survival and survival) and safe treatment for 
sst-positive, unresectable neuroendocrine tumors. 
Overexpression of somatostatin receptors (usual-
ly sst2) on NET cells and developments in radio-
labeling of somatostatin analogues gave way to 
clinical studies on radiopeptide therapy (PRRT). 
Studies with the two most often used radiopep-
tides 90Y-DOTA-TATE and 177Lu-DOTA-TATE re-
sulted in a response (complete or partial) in about 
30% of treated patients [45–48]. Currently, the 
maximum tolerated dose is defined by the dose 
to the critical organs, kidney and bone marrow. 
In an attempt to increase the efficacy of PRRT, 
clinical trials that followed used β-emitting ra-
dionuclides, such as 90Y or 177Lu. Radionuclides 
emitting β-irradiation have greater therapeutic 
potential because of the higher linear energy 
transfer (LET). Also with β-emitting radionuclides, 
the emitted particle range exceeds the cell diam-
eter. Furthermore, the ability to irradiate neigh-
boring cells is an advantage in tumors which are 
characterized by a  heterogeneous somatostatin 
receptor tissue distribution, with regions of high 
density next to regions which lack expression of 
the receptor. NETTER-1 was the first phase III mul-
ticentric, stratified, open, randomized, controlled, 
parallel-group study comparing 177Lu-DOTA-TATE 
with octreotide LAR (30 mg) in one arm and oct-
reotide LAR (60 mg) in the second arm. The pri-
mary endpoint was progression-free survival (PFS) 
assessed per RECIST 1.1 criteria. In patients treat-
ed with radiolabeled somatostatin analogues me-
dian PFS was not reached. In patients treated with 
octreotide 60 mg median PFS was 8.4 months. It is 
also worth mentioning that the best results were 
obtained with the administration of a mixture of 
90Y and 177Lu. It is very likely that future PRRT 
will be carried out in various forms of combina-
tions with other, non-radionuclide mediated treat-
ment modalities [49–55].

Pre- and peri-intervention strategies

Patients with midgut carcinoids are pre-treated 
with short- or long-acting somatostatin analogues 
to prevent an anesthesia-induced carcinoid crisis 
during surgery for tumor manipulation, chemo-
embolization or endoscopic procedures, or other 
interventions such as teeth extraction [56, 57]. 
Carcinoid tumors may express adrenoceptors. Spi-
nal anesthesia can lead to reduced blood pressure 
and secondary release of catecholamines from 
the adrenals. For this reason, this type of anes-
thesia is not recommended for carcinoid patients. 
For the same reason, adrenergic drugs should be 
avoided. In cases of carcinoid crisis, the surgical or 
nonsurgical manipulation should be temporarily 
interrupted, blood volume should be substituted 
under the guidance of hemodynamic parameters 
and additional doses of i.v. octreotide in combina-
tion with i.v. glucocorticoids should be adminis-
tered. For postoperative pain, epidural analgesia 
is preferred [58, 59].

Medical therapy of gastrinoma

Almost all the symptoms that patients with 
Zollinger-Ellison syndrome (ZES) present are due 
to the effects of the gastric acid hypersecretion 
which is characteristic of this disease (mean bas-
al acid output is 6–7 fold higher than normal). 
Only late in the course of the disease do symp-
toms arise due to the gastrinoma itself, such 
as abdominal pain due to tumor invasion, bone 
pain, or gastric/biliary obstruction. The charac-
teristic symptoms of acid hypersecretion are due 
to the peptic ulcer disease (PUD) which develops 
in these cases: gastroesophageal reflux disease 
(GERD); complications from the PUD/GERD; and 
diarrhea (either induced by gastric acid, or due to 
fat malabsorption steatorrhea). These symptoms 
can occur in 50–80% of patients.

In gastrinoma patients, gastric acid hypersecre-
tion should, therefore, always be treated first. In 
the past, surgery (total gastrectomy) was the only 
effective means of controlling the effects of acid 
hypersecretion. At present in almost all patients 
gastric acid hypersecretion can be controlled 
medically except for the rare patient (< 1%) who 
cannot or will not take oral medications regularly. 
Both proton pump inhibitors (PPIs) and high dose 
histamine H2-receptor antagonists are effective, 
but PPIs are the drugs of choice because of their 
greater potency, longer duration of action and 
ease of administration [60]. Octreotide and lan-
reotide in dosages comparable to those used for 
carcinoid syndrome can also control acid hyper-
secretion in patients with gastrinomas and have 
a  favorable outcome for prognosis and survival 
of patients [61, 62]. The combination of PPI and 
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somatostatin congeners offers an advantageous 
additive effect on gastric acid suppression.

Medical therapy of insulinoma

In patients with insulinomas, prolonged peri-
ods without glucose intake should be avoided by 
administering frequent carbohydrate-rich meals 
and/or by continuous glucose infusion either 
during the night or for a full 24-hour period [63, 
64]. Octapeptide somatostatin analogues are of 
limited use in non-metastatic insulinomas, be-
cause less than 40% of these tumors express sst 
subtypes that bind these drugs [65–67]. Caution 
has to be taken in somatostatin analogue therapy 
in these patients, since hypoglycemia may wors-
en due to a more profound suppression of coun-
terregulatory hormones, such as glucagon and 
growth hormone, than tumor-produced insulin. 

The best approach is to determine whether 
there are sst2 and/or sst5 receptors on the tumor 
using [111In- DOTA] lanreotide, 111In-pentet-
reotide SPECT, or 68Ga-DOTANOC PET/CT. A sub-
sequent test dose of short-acting octreotide can 
then be administered and blood glucose levels 
monitored over a  period of 3–4 h. When these 
levels increase, the patient might benefit from 
one of the longer acting somatostatin congeners. 
β-receptor blockers may improve hypoglycemia by 
counteracting insulin sensitivity and insulin re-
lease. This needs careful consideration, as higher 
doses of β-blocker will mask symptoms of hypo-
glycemia. Diazoxide is effective in controlling hy-
poglycemia, acting to reduce insulin secretion by 
opening ATP-sensitive potassium (KATP) channels 
in insulinoma cells and has an extrapancreatic hy-
perglycemic effect of increasing gluconeogenesis. 
Daily dosages of 50–300 mg are generally used. 
Side effects are edema, renal impairment, and hir-
sutism. Thiazide diuretics enhance the effects of 
diazoxide by further antagonizing insulin release 
and counteracting edema from sodium retention. 
Verapamil, glucocorticoids and phenytoin, drugs 
which might all reduce insulin secretion, have also 
been used with variable success [68, 69]. 

Recent studies have demonstrated that ab-
normalities in the mammalian target of rapamy-
cin (mTOR) pathway may be critical to the de-
velopment of neuroendocrine tumors. Aberrant 
signaling upstream of mTOR in cancer cells then 
causes increased production of angiogenic growth 
factors and cell growth or proliferation, in addi-
tion to growth factor signaling. mTOR inhibitors 
may inhibit tumor growth by blocking signaling 
downstream of vascular endothelial growth factor 
(VEGF) and insulin-like growth factor receptors. 
In the fasting state, when mTOR is up-regulated, 
insulin production by the pancreatic β-cells is in-
creased. Conversely, mTOR inhibition results in re-

duced insulin secretion by β-cells. Hyperglycemia 
and impaired glucose tolerance have, therefore, 
been reported as important side effects of the  
mTOR inhibitor everolimus [70]. In metastatic in-
sulinomas mTOR inhibitors can reduce hypogly-
cemic episodes by reduction of the tumor mass,  
by reduction of the insulin secreting capacity, or 
by increasing insulin resistance [71, 72]. In the 
RADIANT-4 study everolimus was used for the 
treatment of advanced nonfunctional neuroen-
docrine tumors of the lung or gastrointestinal 
tract. Treatment with everolimus was associated 
with significant improvement in progression-free 
survival in patients with progressive lung or gas-
trointestinal neuroendocrine tumors. The safety 
findings were consistent with the known side-ef-
fect profile of everolimus. Everolimus is the first 
targeted agent to show robust anti-tumor activity 
with acceptable tolerability across a broad range 
of neuroendocrine tumors, including those arising 
from the pancreas, lung, and gastrointestinal tract 
[73, 74]. The clinical study RADIANT-3 showed the 
same effect in tumors of the pancreas [75, 76]. 
Other therapies directed at reducing tumor mass 
and, thereby, reducing insulin hypersecretion in 
patients with metastatic, malignant insulinomas 
are streptozotocin-based chemotherapy sched-
ules and peptide receptor radiotherapy [77–79]. 

Medical therapy of glucagonoma

In patients with glucagonomas, hyperglycemia 
can be controlled using insulin or oral blood glucose 
lowering drugs [80, 81]. In both benign and malig-
nant glucagonoma, octreotide and lanreotide are ef-
fective in controlling necrolytic migratory erythema, 
but less effective in the management of weight loss 
and diabetes mellitus, and ineffective in reducing 
the incidence of venous thrombosis, all common 
presenting conditions in glucagonoma. Aspirin ther-
apy or low-dose heparin has been used for the pre-
vention of thromboembolic disease. Topical or oral 
zinc therapy has been used to ameliorate necrotic 
migratory erythema [82]. Hypoaminoacidemia and 
mineral deficiencies should also be corrected.

Medical therapy of VIPom

Severe cases of the VIPoma syndrome (Verner- 
Morrison syndrome) often require intensive in-
travenous supplementation of fluid losses (often 
exceeding 10 l/day) and careful correction of elec-
trolyte and acid-base abnormalities. Octapeptide 
somatostatin congeners reduce tumor VIP secre-
tion by more than 50% and inhibit intestinal wa-
ter and electrolyte secretion. By this mechanism, 
these drugs control secretory diarrhea in more 
than 50% of patients, and in another 25%, sig-
nificant clinical improvement is attained. Gluco-
corticoids can also potentially improve diarrhea, 
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presumably by inhibition of VIP release and by en-
hancing sodium absorption in the intestinal tract. 
Further control of diarrhea can be acquired using 
loperamide and opiates [83]. Higher i.v. doses of 
octreotide may be required as the s.c. route may 
not be effective in patients with severe diarrhea.

Medical therapy of other hypersecretion 
syndromes

Cushing’s syndrome in patients with ectopic 
adrenocorticotropin (ACTH) production can be 
controlled by somatostatin congeners, cabergo-
line, ketoconazole, metyrapone, etomidate, mife-
pristone, by combinations of these agents, or by 
laparoscopic biadrenalectomy [84–87]. Acromega-
ly in patients with ectopic growth hormone-releas-
ing hormone (GHRH) production can be controlled 
by somatostatin congeners, cabergoline, growth 
hormone receptor blockers, or by combinations of 
these agents [88–90].

Humoral hypercalcemia of malignancy in pa-
tients with paraneoplastic parathyroid hormone 
related peptide (PTHrp) production can be con-
trolled by somatostatin congeners and bisphos-
phonates, but not by cinacalcet [91, 92].

The future of medical therapy in patients 
with neuroendocrine tumors

Somatostatin binds with high affinity to all sst 
subtypes 1 to 5 (sst1-5), whereas the octapeptide 
congeners octreotide and lanreotide only bind 
with a high affinity to sst2 > sst3 > sst5. As de-
tailed above, new classes of sst subtype-selective 
analogues have been developed. As every sst has 
distinct biological functions, these new congeners 
may prove valuable, both in the treatment of tu-
mors that are sensitive to the currently available 
octapeptide analogues, and also in tumors that 
express sst subtypes other than sst2 and sst5. Pa-
sireotide (S0M230) is a so-called universal soma-
tostatin analogue with high affinity for sst1, sst2, 
sst3, and sst5 receptor subtypes [93].

New drugs which interact and cross talk with 
multiple receptor families are being developed. 
These sst subtype homo- or heterodimers may 
have properties which are distinct from the usual 
responses of individual receptors in terms of inter-
nalization, agonist-induced desensitization, and 
functional activity. BIM-23A760, an example of 
such a compound, targets sst2 and dopamine D2 
receptors [94]. More sst antagonists are currently 
in pre-clinical development [95].

The cholecystokinin (CCK) and gastrin recep-
tor subtype CCK2 (CCK-B, CCKBR) is expressed 
in some of the endocrine tumors of the gastro-
intestinal tract and pancreas (particularly in in-
sulinomas) where subtype CCK1 (CCK-A, CCKAR) 
receptors can also be expressed. The expression 

of bombesin and gastrin-releasing peptide (GRP) 
receptor subtypes (neuromedin B receptor sub-
type (BB1), GRP receptor subtype (BB2), BB3 and 
BB4) has been studied in both endocrine and 
non-endocrine tumors of the gastrointestinal 
tract and pancreas. Gastrinomas preferentially 
express BB2, while ileal carcinoids often express 
BB1 [96].

Ongoing studies examine the expression of 
neurotensin receptors (such as receptor subtype 
NRT1), substance P (such as receptor subtype 
NK1), neuropeptide Y and other peptides in en-
docrine tumors of the gastrointestinal tract and 
pancreas. Analogues and/or antagonists of recep-
tors detailed above may also interfere with the se-
cretion of tumor products and peptides, resulting 
in a positive influence on tumor-related endocrine 
syndromes. High levels of glucagon-like peptide-1 
(GLP-1) receptor expression in human insulinomas 
and gastrinomas provide an attractive target for 
imaging, therapy, and intraoperative tumor local-
ization using exendin-4-diethylenetriaminepen-
taacetic acid (DTPA) conjugates [97–99]. LX1032, 
a drug which was designed to reduce diarrhea in 
patients with metastatic carcinoid tumors, is cur-
rently undergoing clinical trials.

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1. Kaltsas GA, Besser GM, Grossman AB. The diagnosis 

and medical management of advanced neuroendocrine 
tumors. Endocr Rev 2004; 25: 458-511.

2. Modlin IM, Oberg K, Chung DC. Gastroenteropancreatic 
neuroendocrine tumours. Ĺancet Oncol 2008; 9: 61-72.

3. Oberg K, Ferone D, Kaltsas G. ENETS Consensus guide-
lines for the standards of care in neuroendocrine tu-
mors: biotherapy. Neuroendocrinology 2009; 90: 209-13.

4. Kulke MH, Anthony LB, Bushnell DL. NANETS treatment 
guidelines: well-differentiated neuroendocrine tumors of 
the stomach and pancreas. Pancreas 2010; 39: 735-52.

5. Boudreaux JP, Klimstra D, Hassan MM. NANETS consen-
sus guideline for the diagnosis and management of 
neuroendocrine tumors: well-differentiated neuroen-
docrine tumors of the jejunum, ileum, appendix, and 
cecum. Pancreas 2010; 39: 753-66.

6. Brazeau P, Vale W, Burgus R. Hypothalamic polypeptide 
that inhibits the secretion of immunoreactive pituitary 
growth hormone. Science 1973; 179: 77-9.

7. Reisine T, Bell GI. Molecular biology of somatostatin re-
ceptors. Endocr Rev 1995; 16: 427-42.

8. Lamberts SW, Van der Lely AJ, De Herder WW. Oct-
reotide. N Engl J Med 1996; 334: 246-54.

9. Reubi JC. Peptide receptor expression in GEP-NET. Vir-
chows Arch 2007; 451 (Suppl. 1): 47-50.

10. Korner M, Eltschinger V, Waser B. Value of immunohis-
tochemistry for somatostatin receptor subtype sst2a 
in cancer tissues: lessons from the comparison of anti- 
sst2a antibodies with somatostatin receptor autoradi-
ography. Am J Surg Pathol 2005; 29: 1642-51.



P. Gut, J. Waligórska-Stachura, A. Czarnywojtek, N. Sawicka-Gutaj, M. Bączyk, K. Ziemnicka, J. Fischbach, K. Woliński, J. Kaznowski,  
E. Wrotkowska, M. Ruchała 

522 Arch Med Sci 3, April / 2017

11. Papotti M, Bongiovanni M, Volante M. Expression of so-
matostatin receptor types 1-5 in 81 cases of gastroin-
testinal and pancreatic endocrine tumors. A correlative 
immunohistochemical and reverse-transcriptase poly-
merase chain reaction analysis. Virchows Arch 2002; 
44: 461-75.

12. Reubi JC, Waser B, Schaer JC. Somatostatin receptor sstl-
sst5 expression in normal and neoplastic human tissues 
using receptor autoradiography with subtype-selective 
ligands. Eur J Nucl Med 2001; 28: 836-46.

13. Oberg K, Kvols L, Caplin M. Consensus report on the use 
of somatostatin analogs for the management of neu-
roendocrine tumors of the gastroenteropancreatic sys-
tem. Ann Oncol 2004; 15: 966-73.

14. Ambrosini V, Campana D, Bodei L. 68Ga-DOTANOC PET/
CT clinical impact in patients with neuroendocrine tu-
mors. J Nucl Med 2010; 51: 669-73.

15. Wild D, Macke HR, Waser B. 68Ga-DOTANOC: a  first 
compound for PET imaging with high affinity for soma-
tostatin receptor subtypes 2 and 5. Eur J Nucl Med Mol 
Imaging 2005; 32: 724.

16. Kwekkeboom DJ, Krenning EP, Scheidhauer K. ENETS 
Consensus Guidelines for the Standards of Care in Neu-
roendocrine Tumors: somatostatin receptor imaging 
with 111-In-pentetreotide. Neuroendocrinology 2009; 
90: 184-9.

17. Caplin ME, Pavel M, Ćwikła JB, et al.; CLARINET Investi-
gators. Anti-tumour effects of lanreotide for pancreatic 
and intestinal neuroendocrine tumours: the CLARINET 
open-label extension study. Endocr Relat Cancer 2016; 
23: 191-9.

18. Kos-Kudła B. Treatment of neuroendocrine tumors: new 
recommendations based on the CLARINET study. Con-
temp Oncol (Pozn) 2015; 19: 345-9.

19. Phan AT. Lanreotide depot/autogel in neuroendocrine 
tumors: subgroup analyses from the CLARINET study. 
Clin Adv Hematol Oncol 2015; 13 (8 Suppl. 8): 6-8.

20. Kaltsas G, Grossman AB. The expanding role of soma-
tostatin analogues in the treatment of neuroendocrine 
tumours: the CLARINET study. Clin Endocrinol (Oxf) 
2015; 83: 759-61. 

21. Oberg K. Interferon in the management of neuroendocrine 
GEP-tumors: a review. Digestion 2000; 62 (Suppl. 1): 92-7.

22. Faiss S, Pape UF, Bohmig M. Prospective, randomized, 
multicenter trial on the antiproliferative effect of lan-
reotide, interferon alfa, and their combination for thera-
py of metastatic neuroendocrine gastroenteropancreat-
ic tumors – the international lanreotide and interferon 
alfa study group. J CIin Oncol 2003; 21: 2689-96.

23. Gut P, Czarnywojtek A, Fischbach J, et al. Chromogranin A 
– unspecific neuroendocrine marker. Clinical utility and 
potential diagnostic pitfalls. Arch Med Sci 2016; 12: 1-9.

24. Modlin IM, Pavel M, Kidd M. Somatostatin analogues 
in the treatment of gastroenteropancreatic neuroen-
docrine (carcinoid) tumours. Aliment Pharmacol Ther 
2010; 31: 169-88.

25. Davies AH, Larsson G, Ardill J, et al.; EORTC Quality of 
Life Group. Development of a disease-specific quality of 
life questionnaire module for patients with gastrointes-
tinal neuroendocrine tumours. Eur J Cancer 2006; 42: 
477-84.

26. Rinke A, Muller HH, Schade-Brittinger C. Placebo-con-
trolled, double-blind, prospective, randomized study 
on the effect of octreotide LAR in the control of tumor 
growth in patients with metastatic neuroendocrine 
midgut tumors: a report from the PROMID Study Group. 
J Clin Oncol 2009; 28: 4656-63.

27. Hofland LJ, Lamberts SW. The pathophysiological con-
sequences of somatostatin receptor internalization and 
resistance. Endocr Rev 2003; 24: 28-47.

28. Faiss S, Rath U, Mansmann U. Ultra-high-dose lanreotide 
treatment in patients with metastatic neuroendocrine 
gastroenteropancreatic tumors. Digestion 1999; 60: 
469-76.

29. Welin SV Janson EL, Sundin A. High-dose treatment with 
a  long-acting somatostatin analogue in patients with 
advanced midgut carcinoid tumours. Eur J Endocrinol 
2004; 151: 107-12.

30. Eriksson B, Renstrup J, lmam H. High-dose treatment 
with lanreotide of patients with advanced neuroendo-
crine gastrointestinal tumors: clinical and biological ef-
fects. Ann Oncol 1997; 8: 1041-4.

31. Woltering EA, Mamikunian PM, Zietz S. Effect of oct-
reotide LAR dose and weight on octreotide blood lev-
els in patients with neuroendocrine tumors. Pancreas 
2005; 31: 392-400.

32. Wymenga AN, Eriksson B, Salmela Pl. Efficacy and safety 
of prolonged-release lanreotide in patients with gastro-
intestinal neuroendocrine tumors and hormone-related 
symptoms. J CIin Oncol 1999; 17: 1111-7.

33. O’Toole E Ducreux M, Bommelaer G. Treatment of car-
cinoid syndrome: a prospective crossover evaluation of 
lanreotide versus octreotide in terms of efficacy, patient 
acceptability, and tolerance. Cancer 2000; 88: 770-6.

34. Ruszniewski P, Ducreux M, Chayvialle JA. Treatment of 
the carcinoid syndrome with the longacting somatosta-
tin analogue lanreotide: a prospective study in 39 pa-
tients. Gut 1996; 39: 279-83.

35. Kos-Kudła B, Bolanowski M, Handkiewicz-Junak D, 
Jarząb B. Diagnostic and therapeutic guidelines for gas-
trointestinal neuroendocrine tumors (recommended 
by the Polish Network of Neuroendocrine Tumors). En-
dokrynol Pol 2008; 59: 41-56.

36. Foltyn W, Zajęcki W, Marek B. The value of the Ki-67 
proliferation marker as a prognostic factor in gastroen-
teropancreatic neuroendocrine tumours. Endokrynol Pol 
2012; 63: 362-6.

37. Blicharz-Dorniak J, Kos-Kudła B, Kudła M, Foltyn W. Poly-
peptide growth factors in gastroenteropancreatic neu-
roendocrine tumours. Endokrynol Pol 2007; 58: 42-9. 

38. Chill JH, Nivasch R, Levy R, Albeck S, Schreiber G, An-
glister J. The human interferon receptor: NMR-based 
modeling, mapping of the IFN-alpha 2 binding site, 
and observed ligand-induced tightening. Biochemistry 
2002; 41: 3575-85.

39. Kölby L, Persson G, Franzén S, Ahrén B. Randomized clin-
ical trial of the effect of interferon alpha on survival in 
patients with disseminated midgut carcinoid tumours. 
Br J Surg 2003; 90: 687-93.

40. Arnold R, Rinke A, Klose KJ. Octreotide versus octreotide 
plus interferon alfa in endocrine gastroenteropancreatic 
tumors: a randomized trial. Clin Gastroenterol Hepatol 
2005; 3: 761-71.

41. Wymenga AN, De Vries EG, Leijsma MK. Effects of on-
dansetron on gastrointestinal symptoms in carcinoid 
syndrome. Eur J Cancer 1998; 34: 1293-4.

42. Saslow SB, Scolapio JS, Camilleri M. Medium-term ef-
fects of a new 5HT3 antagonist, alosetron, in patients 
with carcinoid diarrhoea. Gut 1998; 42: 628-34.

43. Pavel M, Hörsch D, Caplin M, et al. Telotristat etiprate 
for carcinoid syndrome: a single-arm, multicenter trial.  
J Clin Endocrinol Metab 2015; 100: 1511-9.

44. Kvols LK, Martin JK, Marsh HM. Rapid reversal of carci-
noid crisis with a somatostatin analogue. N Engl J Med 
1985; 313: 1229-30. 



Management of the hormonal syndrome of neuroendocrine tumors 

Arch Med Sci 3, April / 2017 523

45. Brabander T, Teunissen JJ, Van Eijck CH, et al. Peptide re-
ceptor radionuclide therapy of neuroendocrine tumours. 
Best Pract Res Clin Endocrinol Metab 2016; 30: 103-14.

46. Baum RP, Kluge AW, Kulkarni H, et al. [(177)Lu-DOTA]
(0)-D-Phe(1)-Tyr(3)-Octreotide ((177)Lu-DOTATOC) for 
peptide receptor radiotherapy in patients with ad-
vanced neuroendocrine tumours: a phase-II study. Ther-
anostics 2016; 6: 501-10. 

47. Basu S, Ranade R, Thapa P. Metastatic neuroendocrine 
tumor with extensive bone marrow involvement at 
diagnosis: evaluation of response and hematological 
toxicity profile of PRRT with (177)Lu-DOTATATE. World  
J Nucl Med 2016; 15: 38-43.

48. Ranade R, Basu S. 177Lu-DOTATATE based PRRT in pa-
tients of metastatic neuroendocrine tumor with single 
functioning kidney: evaluation of tolerability and effect 
on renal function parameters. J Nucl Med Technol 2016; 
44: 65-9. 

49. Kunikowska J, Królicki L, Sowa-Staszczak A, Pawlak D, 
Hubalewska-Dydejczyk A, Mikołajczak R. Nephrotoxic-
ity after PRRT – still a  serious clinical problem? Renal 
toxicity after peptide receptor radionuclide therapy with 
90Y-DOTATATE and 90Y/177Lu-DOTATATE. Endokrynol 
Pol 2013; 64: 13-20.

50. Kwekkeboom DJ, Krenning EP. Peptide receptor radio-
nuclide therapy in the treatment of neuroendocrine tu-
mors. Hematol Oncol Clin North Am 2016; 30: 179-91.

51. Bodei L, Kidd M, Prasad V, Modlin IM. Peptide receptor 
radionuclide therapy of neuroendocrine tumors. Front 
Horm Res 2015; 44: 198-215.

52. Halperin DM, Dasari A, Yao JC. [(177)Lu-DOTA(0),Tyr(3)]- 
octreotate in the treatment of midgut neuroendocrine 
tumors. NETTER 1 STUDY. Future Oncol 2016; 12: 313-21.

53. Kunikowska J, Królicki L, Sowa-Staszczak A, et al. Pol-
ish experience in peptide receptor radionuclide therapy.  
Recent Results Cancer Res 2013; 194: 467-78.

54. Pach D, Sowa-Staszczak A, Kunikowska J, et al. Re-
peated cycles of peptide receptor radionuclide thera-
py (PRRT)--results and side-effects of the radioisotope 
90Y-DOTA TATE, 177Lu-DOTA TATE or 90Y/177Lu-DOTA 
TATE therapy in patients with disseminated NET. Radio-
ther Oncol 2012; 102: 45-50.

55. Kunikowska J, Królicki L, Hubalewska-Dydejczyk A, 
Mikołajczak R, Sowa-Staszczak A, Pawlak D. Clinical 
results of radionuclide therapy of neuroendocrine tu-
mours with 90Y-DOTATATE and tandem 90Y/177Lu-DO-
TATATE: which is a better therapy option? Eur J Nucl Med 
Mol Imaging 2011; 38: 1788-97.

56. Janssen M, Salm EF, Breburda CS. Carcinoid crisis during 
transesophageal echocardiography. Intensive Care Med 
2000; 26: 254.

57. Banasch M, Schmitz F. Diagnosis and treatment of gas-
trinoma in the era of proton pump inhibitors. Wien Klin 
Wochenschr 2007; 119: 573-8.

58. Akerstrom G, Falconi M, Kianmanesh R. ENETS consen-
sus guidelines for the standards of care in neuroendo-
crine tumors: pre- and perioperative therapy in patients 
with neuroendocrine tumors. Neuroendocrinology 2009; 
90: 203-8.

59. Tomassettĺ P, Migliori M, Caletti GC. Treatment of type II 
gastric carcinoid tumors with somatostatin analogues. 
N Engl J Med 2000; 343: 551-4.

60. Burgess JR, Greenaway TM, Parameswaran V. Octreotide 
improves biochemical, radiologic, and symptomatic in-
dices of gastroenteropancreatic neoplasia in patients 
with multiple endocrine neoplasia type I (MEN-I). lmpli-
cations for an integrated model of MEN-1 tumorigene-
sis. Cancer 1999; 86: 2154-9.

61. Gut P, Fischbach J, Kamiński G, Ruchała M. Contempo-
rary methods of therapy and follow-up of neuroendo-
crine tumours of the gastrointestinal tract and the pan-
creas. Contemp Oncol (Pozn) 2012; 16: 371-5.

62. Jensen RT. Gastrointestinal endocrine tumours. Gas-
trinoma. Baillieres Clin Gastroenterol 1996; 10: 603-43.

63. Shojamanesh H, Gibril F, Louie A. Prospective study of 
the antitumor efficacy of long-term octreotide treat-
ment in patients with progressive metastatic gastrino-
ma. Cancer 2002; 94: 331-43.

64. Service FJ. Insulinoma and other islet-cell tumors. Can-
cer Treat Res 1997; 89: 335-46.

65. De Herder WW, Niederle B, Scoazec JY. Well-differentiat-
ed pancreatic tumour-carcinoma: insulinoma. Neuroen-
docrinology 2006; 84: 183-8.

66. Reubi JC, Waser B. Concomitant expression of several 
peptide receptors in neuroendocrine tumours: molecu-
lar basis for in vivo multireceptor tumour targeting. Eur 
J Nucl Med Mol Imaging 2003; 30: 781-93.

67. Bertherat J, Tenenbaum F, Perlemoine K. Somatostatin 
receptors 2 and 5 are the major somatostatin receptors 
in insulinomas: an in vivo and in vitro study. J Clin Endo-
crinol Metab 2003; 88: 5353-60.

68. Grycewicz J, Scibór Z, Cwikła JB, Lewiński A, Cypryk K. 
Recurrent hypoglycaemia in a  type 2 diabetes patient 
– diagnostic difficulties. Arch Med Sci 2010; 6: 126-9.

69. Fajans SS, Floyd JC, Thiffault CA. Further studies on di-
azoxide suppression of insulin release from abnormal 
and normal islet tissue in man. Ann NY Acad Sci 1968; 
150: 261-80.

70. Luna B, Feinglos MN. Drug-induced hyperglycemia. 
JAMA 2001; 286: 1945-8.

71. Service FJ. Hypoglycemic disorders. N Engl J Med 1995; 
332: 1144-52.

72. Stehouwer CD, Lems WF, Fischer HR. Malignant insuli-
noma: is combined treatment with verapamil and the 
long-acting somatostatin analogue octreotide (SMS 
201-995) more effective than single therapy with either 
drug? Neth J Med 1989; 35: 86-94.

73. Yao JC, Fazio N, Singh S, et al.; RAD001 in Advanced 
Neuroendocrine Tumours, Fourth Trial (RADIANT-4) 
Study Group. Everolimus for the treatment of advanced, 
non-functional neuroendocrine tumours of the lung or 
gastrointestinal tract (RADIANT-4): a randomised, place-
bo-controlled, phase 3 study. Lancet 2016; 387: 968-77.

74. Anthony LB, Pavel ME, Hainsworth JD, et al. Impact of 
previous somatostatin analogue use on the activity of 
everolimus in patients with advanced neuroendocrine 
tumors: analysis from the phase III RADIANT-2 trial. 
Neuroendocrinology 2015; 102: 18-25.

75. Lombard-Bohas C, Yao JC, Hobday T, et al. Impact of 
prior chemotherapy use on the efficacy of everolimus 
in patients with advanced pancreatic neuroendocrine 
tumors: a subgroup analysis of the phase III RADIANT-3 
trial. Pancreas 2015; 44: 181-9.

76. Yao J, Wang JY, Liu Y, et al. A randomized phase II study 
of everolimus for advanced pancreatic neuroendocrine 
tumors in Chinese patients. Med Oncol 2014; 31: 251.

77. Leibowitz G, Cerasi E, Ketzinel-Gilad M. The role of 
mTOR in the adaptation and failure of beta-cells in type 
2 diabetes. Diabetes Obes Metab 2008; 10: 157-69.

78. Bourcier ME, Sherrod A, DiGuardo M. Successful con-
trol of intractable hypoglycemia using rapamycin in an 
86-year-old man with a pancreatic insulin-secreting is-
let cell tumour and metastases. J Clin Endocrinol Metab 
2009; 94: 3157-62.



P. Gut, J. Waligórska-Stachura, A. Czarnywojtek, N. Sawicka-Gutaj, M. Bączyk, K. Ziemnicka, J. Fischbach, K. Woliński, J. Kaznowski,  
E. Wrotkowska, M. Ruchała 

524 Arch Med Sci 3, April / 2017

79. Kulke MH, Bergsland EK, Yao JC. Glycemic control in pa-
tients with insulinoma treated with everolimus. N Engl  
J Med 2009; 360: 195-7.

80. Kwekkeboom DJ, De Herder WW, Van Eijck CH. Peptide 
receptor radionuclide therapy in patients with gastroen-
teropancreatic neuroendocrine tumors. Semin Nucl Med 
2010; 40: 78-88.

81. Fischbach J, Gut P, Matysiak-Grześ M, et al. Combined 
octreotide and peptide receptor radionuclide therapy 
((90)Y-DOTA-TATE) in case of malignant insulinoma. 
Neurol Endocrinol Lett 2012; 33: 273-8.

82. Eriksson B, Annibale B, Bajetta E. ENETS Consensus 
Guidelines for the Standards of Care in Neuroendocrine 
Tumors: chemotherapy in patients with neuroendocrine 
tumors. Neuroendocrinology 2009; 90: 214-9.

83. Bloom SR, Polak JM. Glucagonoma syndrome. Am J Med 
1987; 82: 25-36.

84. Wermers RA. Fatourechi V, Wynne AG. The glucagono-
ma syndrome. Clinical and pathologic features in 21 
patients. Medicine 1996; 75: 53-63.

85. Eldor R, Glaser B, Fraenkel M, Doviner V, Salmon A, Gross 
DJ. Glucagonoma and the glucagonoma syndrome – cu-
mulative experience with an elusive endocrine tumour. 
Clin Endocrinol (Oxf) 2011; 74: 593-8.

86. Nikou GC, Toubanakis C, Nikolaou P, et al. VIPomas: an 
update in diagnosis and management in a series of 11 
patients. Hepatogastroenterology 2005; 52: 1259-65.

87. De Herder WW, Lamberts SW. Octapeptide somatosta-
tin-analogue therapy of Cushing’s syndrome. Postgrad 
Med J 1999; 75: 65-6.

88. Kaltsas G, Androulakis II, De Herder WW. Paraneoplas-
tic syndromes secondary to neuroendocrine tumours.  
Endocr Relat Cancer 2010; 17: 173-93.

89. Pivonello R, Ferone D, De Herder WW. Dopamine recep-
tor expression and function in corticotroph ectopic tu-
mors. J Clin Endocrinol Metab 2007; 92: 65-9.

90. Pivonello R, Ferone D, Lamberts SW. Cabergoline plus 
lanreotide for ectopic Cushing’s syndrome. N Engl J Med 
2005; 352: 2457-8.

91. Drange MR. Long-acting lanreotide induces clinical and 
biochemical remission of acromegaly caused by dis-
seminated growth hormone-releasing hormone-secret-
ing carcinoid. J Clin Endocrinol Metab 1998; 83: 3104-9.

92. Van Hoek M, Hofland U, De Rijke YB. Effects of soma-
tostatin analogs on a  growth hormone-releasing hor-
mone secreting bronchial carcinoid, in vivo and in vitro 
studies. J Clin Endocrinol Metab 2009; 94: 428-33.

93. Mantzoros CS, Suva U, Moses AC. Intractable hypercal-
caemia due to parathyroid hormone-related peptide 
secretion by a carcinoid tumour. Clin Endocrinol 1997; 
46: 373-5.

94. Srirajaskanthan R, McStay M, Toumpanakis C. Parathy-
roid hormone-related peptide-secreting pancreatic neu-
roendocrine tumours: case series and literature review. 
Neuroendocrinology 2009; 89: 48-55.

95. Weckbecker G, Briner U, Lewis I. SOM 230: a new soma-
tostatin peptidomimetic with potent inhibitory effects 
on the growth hormone/insulin-like growth factor-I axis 
in rats, primates, and dogs. Endocrinology 2002; 143: 
4123-30.

96. Ginj M, Zhang H, Eisenwiener KP. New pansomatostatin 
ligands and their chelated versions: affinity profile, ag-
onist activity internalization, and tumour targeting. Clin 
Cancer Res 2008; 14: 2019-27.

97. Reubi JC, Wenger S, Schmuckli-Maurer J. Bombesin re-
ceptor subtypes in human cancers: detection with the 
universal radioligand (125)I-[D-TYR(6), beta-AlA(l 1),  

PHE(]3), NLE(14)] bombesin(6-14). Clin Cancer Res 
2002; 8: 1139-46.

98. Christ E, Wild D Forrer E, et al. Glucagon-like peptide-1 
receptor imaging for localization of insulinomas. J Clin 
Endocrinol Metab 2009; 94: 4398-405.

99. Wild D, Behe M, Wicki A. [Lys40(Ahx-DTPA- l11- In) 
NH2-exendin-4, a very promisin ligand for glucagon-like 
peptide-1 (GLP-I) receptor targeting. J Nucl Med 2006; 
47: 2025-33.


