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ABSTRACT

Neuroendocrine tumors are rare neoplasms. During the last two decades, somato-
statin analogs, exerting their activity through both receptor binding and enzymatic
inhibition mechanisms, have been a key option in the management of neuroen-
docrine tumors. The treatment of neuroendocrine tumors with high doses of so-
matostatin analogs determined high rates of tumor stabilization, but the dose-re-
sponse of somatostatin analogs on symptomatic relief and stabilization of tumor
growth remains unpredictable. Several studies have indicated a higher efficacy of so-
matostatin analogs in well-differentiated, low-grade malignancy tumors that express
a high density of somatostatin receptors. Synthesis of new, more effective molecules,
with different pharmacokinetic profiles, receptor affinity and binding stability, will
ease the clinician’s tasks and improve patient expectancies in terms of survival and
quality of life. Further studies are needed to clarify mechanisms underlying the bet-
ter antiproliferative effect of higher doses of somatostatin analogs and to determine
the optimum dose to saturate specific receptor subtypes. Free full text available at
www.tumorionline.it

Introduction

Neuroendocrine tumors (NETs) are rare neoplasms, with a mean incidence estimat-
ed at 1-2 new cases per 100,000 people per year1. The age-adjusted incidence for diges-
tive system NETs increased 720% over the last 30 years2. In most cases, NETs are low-
grademalignancies with a long survival, such asmalignant formswith lymph node and
liver metastases (15-20%). Poorly differentiated, high-grade malignancy tumors with
possible lung, bone, brain and skin metastases always have an unfavorable prognosis.
According to synthesis and secretion of aspecific peptides, NETs are classified as

functioning (with clinical symptoms of hormonal excess, about 20% of cases) and
nonfunctioning (without clinical symptoms). Atypical signs and symptoms can help
to identify NETs, i.e., flushing and chronic refractory diarrhea which occur in carci-
noid syndrome, diabetes and necrolytic migratory erythema which result from
glucagonoma, and erosive gastritis with diarrhea from gastrinoma.
An early anatomic classification of NETs was based on their embryological origin

(foregut, midgut and hindgut). A recent pathologic review classified NETs in tumors
and carcinoma according to their malignancy grade, combining traditional morpho-
logical criteria (like istotype and grading) to histochemical parameters (like biological
activity, angioinvasivity, mitotic and cell proliferation index), which are crucial for a
correct prognosis3.
In relation to disease status and variable biological behaviors, diagnostic proce-

dures and therapy may be different. For advanced NETs, surgery can be combined
with conventional chemotherapy, whereas biological therapy (hormone therapy and
immunomodulating agents) can be effective in low-grade malignancy forms.
Among the latter therapies, somatostatin analogs (SSAs) have demonstrated their

value in NET treatment regimens. Furthermore, to decisively stimulate the interest of
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clinicians in a not well known neoplastic disease, SSAs
often allow modification of the therapeutic approach,
with a balance between the aggressive approach of the
surgeon and the watchful waiting approach of the on-
cologist and endocrinologist, resulting in an improve-
ment in quality of life.

Somatostatin analogs

Of the many hundreds of SSAs synthesized, notewor-
thy are octreotide (SMS 201-995) and lanreotide (BIM
23014), as well as octastatine or vapreotide (RC-160),
which was used in a Scandinavian experimental trial4.
In the two last decades, the role of SSAs has undergone
a number of transformations, contributing to better un-
derstand the specific properties of these molecules.
In the meantime, new therapeutic opportunities have

been developed through pharmacological studies, and
prognostic aspects have been clarified by pivotal im-
muno-histochemical studies. For a better understanding
of the strategic role played by SSAs in themanagement of
NETs, it is necessary to highlight the following aspects.
The therapeutic space for SSAs cannot be considered

exclusive as a complete antineoplastic option. Since
one molecule entirely satisfying the therapeutic needs
of patients with NETs does not exist, the ideal spirit with
which we have to approach the treatment of these tu-
mors is the integration with more molecules, such as
chemotherapeutic and immunomodulating agents in
association with surgery.
For a long time, the clear division between benign and

malignant forms prevented the correct classification of
a number of intermediate forms. Today, the observation
of several factors expressed by the neoplastic cell can be
of great help for a better definition of the prognosis
within a wide range of therapeutic options, with SSAs
playing a prominent role.
The different embryological origin of NETs (ecto/en-

dodermic) determines different natural histories of the
disease and, sometimes, a different response to the
therapy.
The prognosis strongly depends on the clinician’s cul-

tural approach. For instance, surgeons are trained to
consider exploratory methods even in advanced dis-
ease. Surgical tumor debulking is an option that does
not significantly modify life expectancy but consider-
ably improves the quality of life5, mainly in patients
with symptomatic low-grade NETs. Cytoreductive sur-
gery has a role inmoderating the use adjuvant therapies
for residual tumor.

Pharmacological profile

In addition to their recognized suppressive effects on
secretory symptoms, SSAs induce an antiproliferative

effect through two different mechanisms – 1) a direct
action, mediated by somatostatin receptors (SSTRs) ex-
pressed by tumor cells (with antimitotic and apoptotic
effects), and 2) indirect actions, independent of the re-
ceptors, which include inhibition of growth-promoting
hormone and growth factor secretion and antiangio-
genic and immunomodulating activity6. The inhibition
of mitosis is mediated by the interaction with SSTR2 and
SSTR5 subtypes and results in blocking cell division7.
The induction of apoptosis (programmed cell death)
seems to be due to two different actions: interaction
with SSTR3

8 and inhibition of insulin-like growth factor
19 with a 70% correlation for biochemical response and
disease stabilization10,11.
The antiproliferative actions of SSAs are also based on

an antiangiogenic effect mediated by inhibition of both
vascular endothelial growth factor12 and tyrosine ki-
nase6. Finally, antitumor effects due to changes in the
activity of components of the immunocompetent sys-
tem, such as natural killer cells, have been reported dur-
ing SSA treatment6,13.
In the past decade, several studies have been per-

formed with the aim of verifying the antiproliferative ef-
fect of SSAs. Stabilization of disease was obtained in 40-
63% of cases. A wider variability (0-31%) was reported
for partial responses, with higher rates for high dosages
(6000 µg/day) of octreotide, thus supporting a dose-re-
sponse relationship14-22 (Table 1). Similar results were
obtained with high doses of lanreotide and for RC-
1604,11,23-33 (Table 2).
In the last years, the study that has probably given de-

finitive confirmation of the ability of long-acting SSAs to
control tumor growth is the PROMID trial, the first ran-
domized, double-blind, placebo-controlled, multicen-
tre, phase IIIb study of octreotide LAR (Long-Acting Re-
lease) in patients with locally inoperable or metastatic
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Table 1 - Antiproliferative activity of octreotide (50-6000
µg/day)

Author(s) Year No. cases PR (%) SD (%) PD (%)

Gorden15 1989 94 13 63 24
Kvols et al21 1989 66 17 – –
Eriksson et al20 1990 14 28.5 – –

(16-21 mo)
Öberg et al22 1991 22 9 – –
Arnold et al16 1992 68 4.4 50 45
Anthony et al14 1993 13 31 15 54
Saltz et al18 1993 34 0 50 –

(0-27 mo)
Arnold et al17 1994 47 0 40 –
di Bartolomeo et al19 1996 58 3 43 –

(>6 mo)

Total 416 11.7 43.5 41

PR, partial response; SD, stable disease; PD, progressive disease.



midgut NETs. A total of 85 treatment-naïve patients was
randomized to receive either octreotide LAR 30
mg/month or placebo for 18 months, until tumor pro-
gression or death. Median time to progression in the oc-
treotide LAR group and the placebo group was 14.3 and
6months, respectively. After 6months of treatment, sta-
ble disease was seen in 64% and 37.2% of patients treat-
ed with octreotide and with placebo, respectively. Near-
ly two-thirds of patients treated with the analog
achieved stable disease at 6 months.With the study, oc-
treotide LAR showed a more favorable response than
placebo, and it should be considered the standard cure
in patients with metastatic well-differentiated midgut
NETs34.

Frequently occurring neuroendocrine tumors
and somatostatin analogs

Octreotide treatment of gut NETs improved bio-
chemical indexes in 90% of cases with gastrinoma35

and reached a complete objective response in two
studies36,37. In 90% of patients with benign insulinoma,
octreotide therapy did not achieve an objective re-
sponse; hormone secretion was poor and clinically im-
portant hypoglycemia was observed38. In VIPomas, oc-
treotide was efficient in the control of watery diarrhea
in 56% of patients, whereas biochemical indexes were
improved in 60%35,39. Furthermore, two studies
showed that the drug induced a reduction in metasta-
tic tumor size40,41. In the glucagonoma syndrome, oc-
treotide obtained glycemic control in 10-90% of pa-
tients42, the control of necrolytic migratory erythema
in 55-90% of cases43,44, and the control of diarrhea in
70% of cases45. The control of symptoms in malignant
carcinoid syndrome, with dosages between 150 and
750 µg/day, was obtained in 77% of cases for diarrhea
and in 87% for flushing46. Biochemical control, in
terms of 5-hydroxyindoleacetic acid levels, was ob-
tained in 70-87% of cases with dosages of 50 to 200
mg/day22. In the same study, 28% of assessable pa-
tients showed objective tumor response22. Mean sur-
vival was more than 3 years, superior to that observed
with chemotherapy22.

Infrequent neuroendocrine tumors
and somatostatin analogs

In a patient with metastatic growth factor-releasing
hormone tumor, treatment with octreotide (2000
µg/day) gave a complete response on secondary local-
izations and a partial response >50% on the primary lo-
calization, which were stable for more than 6 years47.
The conventional treatment of advanced pheochromo-
cytoma resulted in a survival >5 years in 45% of cases. A
case report on the administration of octreotide (600
µg/day) in a patient describes good control of pain,
blood pressure and catecholamine release, but the ob-
jective control of the disease was poor48. In a patient
with a metastatic paraganglioma, treatment with oc-
treotide (500 µg/day) had beneficial effects, reducing
meta-iodobenzylguanidine uptake, with an improve-
ment in Karnofsky index, digestive function and biolog-
ical parameters49. The therapeutic benefits obtained
with octreotide in the treatment of advanced medullary
carcinoma of the thyroid are poor, except a good control
of diarrhea. In Merkel cell carcinoma, chemotherapy
guarantees a 3-year survival in 55% of cases. In a patient
suffering from metastatic Merkel cell carcinoma, treat-
ment with octreotide (1000 µg/day) determined the im-
mediate disappearance of metastasis and a complete
remission of disease after 10 months, which was stable
for 3 years50. The combination of octreotide (1500
µg/day) and prednisone produced a complete clinical
response in a patient with a malignant thymoma and
pure red-cell aplasia. The patient remained in complete
remission for more than 2 years without surgical inter-
vention51.

Dosage and limitations of treatment
with somatostatin analogs

The dose of SSAs influences the history of the disease
and, in particular, symptom control, tumor stabiliza-
tion, and, in a few cases, tumor objective response4,14,30.
Several studies have demonstrated that SSTRs are ex-
pressed mainly in cells of well-differentiated tumors
with a low-grade of malignancy, that some advanced tu-
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Table 2 - Somatostatin analogs: objective response (882 patients)

Octreotide Lanreotide Lanreotide 10 Lanreotide 30 Lanreotide 30 RC-160
Dose 50-6000 µg/d 2250-15000 µg/d 10 mg × 3/mo 30 mg × 2/mo 30 mg × 3/mo 1.5 mg (CI)

PR 0-31% 14.1% – 6.9% – –
SD 40-63% 47% 90% 45% 77.7% 68%
PD 24-54% 52.4% – 39.1% – 24%
No. cases 416 62 10 341 18 35

PR, partial response; SD, stable disease; PD, progressive disease; CI, continuous infusion.



mors can lose part of the five distinct receptor subtypes
(SSTR1-5)52,53, and that subtypes of somatostatin recep-
tor can assemble as functional homo- and het-
erodimers54. In principle, non-functioning tumors and
an in vivo low density of membrane-bound SSTRs (Oc-
treoScan®) thus represent the main limitations for the
treatment of NETs with SSAs. Usually, the in vivo ab-
sence of receptors is seen in poorly differentiated tu-
mors with an unfavorable prognostic index, where a
treatment with SSAs is not recommended. However, the
apparent absence/low-density of receptors may be due
the expression of other SSTR subtypes (SSTR1, SSTR3,
SSTR4) not evidenced by OctreoScan®. In these cases,
SSA treatment in patients with functioning tumors
could guarantee an effective symptom control, as de-
scribed in a paper in 4% of cases55.

Long-acting somatostatin analogs

The introduction of SSAs in an LAR formulation (oc-
treotide LAR 10, 20, 30 mg; lanreotide 30, 60, 90 mg, Au-
togel® 60, 90, 120 mg) eased their use and improved pa-
tient compliance. In the case of octreotide, for instance,
the switch allowed a change from 90 subcutaneous ad-
ministrations/month to one or two intramuscular ad-
ministrations every 28 days. The different clearance of
octreotide and lanreotide, as well as the differences in
the carrier microparticles, determines a different phar-
macokinetic profile, which results, in the case of lan-
reotide, in a higher number of administrations per
month. According to the characteristics ofmolecule and
carrier, the steady state is reached in a maximum of 90
days, and often a daily rescue treatment is required for
symptom control56. With a correct use of LAR doses, at
steady state there is no evidence of tachyphylaxis (typi-
cal of subcutaneous administration). In fact, these for-
mulations allow a constant receptor saturation and
avoid desaturation, resulting in less drug efficacy over
time.
Receptor desensitization could be due to the selection

of SSTR-negative cell clones rather than to internaliza-
tion and receptor down-regulation57,58. Another hypoth-
esis, yet to be proved, could involve new SSTR subtypes
unable to keep a stable binding with the SSAs. Finally, it
should be pointed out that SSAs, in addition to a natural
affinity for some SSTR subtypes, may have a different
binding stability, with a higher clearance as for lan-
reotide59,60. For this reason, two recent studies evaluated
the possibility of alternating lanreotide and octreotide.
At present, results are controversial and further investi-
gations are needed61,62. Affinity for the cellular receptor
and binding stability are the key points for SSAs to be in-
vestigated in future studies.
Treatment with high doses of SSAs in progressive

metastatic NETs has been evaluated in a number of
studies2,32,63-66. In a personal research, the high rate of

disease stabilization (66.6%) confirmed that SSAs have a
better response in well-differentiated tumors with a low
grade of malignancy, a low proliferation index and an in
vivo high receptor-specific density. The control of func-
tioning disease (for chronic refractory diarrhea only)
was obtained in more than 90% of cases, with an im-
provement in quality of life62.

New somatostatin analogs

New possibilities to regulate cellular hormonal sensi-
tivity with higher receptor affinity are now under evalu-
ation. The studies deal with subtype-selective agonists
of the SSTR, somatostatin peptidomimetics67, receptor
homo/heterodimerization54 and hybrid molecules68. In
this evolving picture, SOM-230 (pasireotide) – a cyclo-
hexapeptide analog developed to treat acromegalic tu-
mors, Cushing’s syndrome and NETs – was introduced.
SOM-230 binds with a high affinity to four out of the five
SSTR subtypes, with IC50 for SSTR5 >SSTR2 >SSTR3

>SSTR1. The affinity for SSTR4 is less than 100 nM. Com-
pared to octreotide, SOM-230 has a receptor affinity 30,
5, 40 and 2.5 times higher for SSTR1, SSTR3, SSTR5, and
SSTR2, respectively. The high affinity for SSTR5 is the ba-
sis for the enhanced effect in lowering insulin-like
growth factor 1 plasma levels, whereas the antiprolifer-
ative and proapoptotic effects are based on the inhibi-
tion of SSTR5 and SSTR3. The latter subtype may also
have a role in immunological responses, because hu-
man peripheral B- and T-lymphocytes exclusively ex-
press SSTR3 .
SOM-230, which contains only six modified and un-

modified amino acids instead of the 14 amino acids in
somatostatin, shows a very favorable t½ of nearly 24 h,
longer than that of octreotide and lanreotide. SOM-230
inhibits the secretion of the growth hormone in human
growth hormone-secreting pituitary tumors, ACTH re-
lease by corticotroph tumor cells in Cushing’s syn-
drome, and prolactin secretion from prolactinomas and
controls symptoms related to functioning NETs.
To date, despite promising premises, a real advantage

for SOM-230 in comparison with currently used SSAs
has not been shown68,69.

Discussion

SSAs can guarantee an optimum control in more than
80% of functioning NETs, without major side effects.
Despite experimental and clinical evidence of disease
control and favorable responses, mainly in low-grade
malignancy tumors, SSAs effects are often unpre-
dictable and sometimes independent of receptor status,
with a possible deficit of internalization of receptor
message. Some response indexes for a strategic use of
SSAs have been identified: tumors with well-differenti-
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ated grading, tumors with a low proliferation index, tu-
mors with a small number of mitosis, tumors with a low
grade of malignancy, and tumors with in vivo high re-
ceptor density.
Analogously, to have a suitable pharmacological re-

sponse to control tumor growth, the selection of the SSA
should consider the following aspects: high selectivity
for SSTR2 and SSTR5 and high binding stability and low
clearance.
Finally, the dosage of the selected SSA should guaran-

tee an optimum receptor saturation. Plasma levels
should be at least 0.5 ng/ml for octreotide and a little
higher for lanreotide. Furthermore, to avoid tachyphy-
laxis, a better control of hormonal symptoms and tumor
could be reached. In some studies, an increase in thera-
peutic doses gave better antineoplastic control, proba-
bly due to a dose-response relationship and a more fa-
vorable Karnofsky index62. The SSA treatment of pa-
tients with non-functioning NET (metastatic or not) re-
mains controversial, as does their use as adjuvant ther-
apy after surgical debulking, radiofrequency ablation or
tumor embolization70.

Conclusions

To date, SSAs are a milestone for the management of
NETs and the control of NET-related syndromes. In the
future, new,more potentmolecules –with different phar-
macokinetics, receptor affinity and stability – will ease
the tasks of the clinician, prolong patient life expectancy,
and improve quality of life. Current in vitro and in vivo
data suggest a role for high-dose SSAs in the treatment of
patients with NETs, in particular in non-responders to
standard dosages. However, further studies are needed to
clarifymechanisms of proliferation control by high doses
and to define the optimumdose to properly saturate spe-
cific SSTRs. Recently, SSAs were also associated with a
small number of new targeted agents in the treatment on
NETs, particularly sunitinib malate71, mammalian target
of rapamycin (mTOR) kinase inhibitor everolimus72, and
vascular endothelial growth factor ligand-bindingmono-
clonal antibody bevacizumab73, whose results are still be-
ing evaluated by the clinicians.

References

1. Cirillo F: The epidemiology of neuroendocrine tumours.
The dimension of a problem, a problem of dimension: Eur
J Oncol, 10: 55-62, 2005.

2. Modlin IM, Oberg K, Chung DC, Jensen RT, de HerderWW,
Thakker RV, Caplin M, Delle Fave G, Kaltsas GA, Krenning
EP, Moss SF, Nilsson O, Rindi G, Salazar R, Ruszniewski P,
Sundin A: Gastroenteropancreatic neuroendocrine tu-
mours. Lancet Oncol, 9: 61-72, 2008.

3. Solcia E, Klöppel G, Sobin LH: Histological typing of en-
docrine tumours. WHO, Springer-Verlag, Berlin, Heidel-
berg, 2000.

4. Eriksson B, Janson ET, Bax ND, Mignon M, Morant R,
Opolon P, Rougier P, Oberg KE: The use of new somatostatin
analogues, lanreotide and octastatin, in neuroendocrine
gastro-intestinal tumours. Digestion, 57: 77-80, 1996.

5. Que FG, Nagorney DM, Batts KP, Linz LJ, Kvols LK: Hepatic
resection for metastatic neuroendocrine carcinomas. Am J
Surg, 169: 36-42, 1995.

6. Lamberts SWJ, Krenning EP, Reubi JC: The role of so-
matostain and its analogs in the diagnosis and treatment
of tumors. Endocrine Rev, 12: 450-482, 1991.

7. Froidevaux S, Eberle AN: Somatostatin analogs and ra-
diopeptides in cancer therapy. Biopolymers, 66: 161-183,
2002.

8. PollakMN, Schally AV:Mechanism of antineoplastic action
of somatostatin analogs. Proc Soc Exp Biol Med, 217: 143-
152, 1998.

9. Scarpignato C, Pelosini I: Somatostatin analogs for cancer
treatment and diagnosis: an overview. Chemotherapy, 47:
1-29, 2001.

10. Imam H, Eriksson B, Lukinius A, Janson ET, Lindgren PG,
Wilander E, Oberg K: Induction of apoptosis in neuroen-
docrine tumors of the digestive system during treatment
with somastostatin analogs. Acta Oncol, 36: 607-614, 1997.

11. Eriksson B, Renstrup J, Imam H, Oberg K: High dose treat-
ment with lanreotide of patients with advanced neuroen-
docrine gastrointestinal tumors: clinical and biological ef-
fects. Ann Oncol, 8: 1041-1044, 1997.
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