
Abstract

Somatostatin analogs (SSAs) have an important role in the
 management of patients with neuroendocrine tumours of the
gastro intestinal tract and pancreas (GEP NETs). These compounds
can control the symptoms induced by the production of hormones
and peptides. The antiproliferative effects of SSAs and especially
tumour shrinkage are less obvious in patients with GEP NETs than
in those with acromegaly. However, based upon phase II experi-
ence there is a strong suggestion of a disease stabilizing effect of
SSAs in selected patients. Those patients with a progressive, non-
functional GEP NET, positive octreotide scintigraphy, a low prolif-
eration index and in the absence of surgical options may benefit
from a first-line medical therapy with SSAs. The exploration of the
 mechanisms of this effect are unclear and hampered by the lack of
suitable preclinical models.

The better understanding of the tumour biology of GEP NETs,
together with the development of new SSAs with better affinity on
all somatostatin receptors, represent an unmet medical need. (Acta
gastro enterol. belg., 2009, 72, 54-58).
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Introduction

The treatment with somatostatin analogs (SSAs)
 represents a cornerstone in the management of patients
with neuroendocrine tumours (NETs) of the gastro -
intestinal tract and pancreas (GEP) (1). The impact on
symptom control by lowering hormone and peptide
production  is well established. The use of SSAs for
their antiproliferative effect in patients with GEP NET
remains a controversial topic, while it is an accepted
indication in patients with acromegaly. In this overview
we will mainly focus on the postulated mechanisms and
observed effects of somatostatin analogs on the disease
control rate (tumour stability or response) of GEP NETs. 

Somatostatin and its analogs

The naturally occuring somatostatins (SSTs) are a
family of peptide hormones (e.g. SST-14 and SST-28),
that bind with high affinity to 5 SST cell surface recep-
tors (SSTR1-5) (1,2). 2004). The action of SST depends

on the site of formation. SSTs inhibit the secretion of
growth hormone and all gastrointestinal hormones (3). In
addition to the inhibition of exocrine and endocrine
secretions. SSTs also influence gut motility, splanchnic
flow, absorption, cell proliferation, cell survival and
angiogenesis. The half-life of natural SSTs is less than
3 min in the systemic circulation, which led to the
development  of synthetic SSAs with longer half-lives
(octreotide, lanreotide and more recently vapreotide). 

All 5 SSTRs bind to the natural SSTs, with similar
affinity except for the SSTR-5 which has a higher
affinity  for SST-28. Synthetic analogues bind mainly to
SSTR-2 and SSTR-5, moderately to SSTR-3 and have a
low affinity for SSTR-1 and -4. The binding affinities of
SST and its analogs are given in table 1 (1). The sig-
nalling pathways that are activated through the SSTRs
are complex and include inhibition of adenyl cyclase or
modulation of mitogen-activated protein kinase (MAPK)
through G-protein-dependent mechanisms. 

Neuroendocrine tumours are a heterogenous group,
which is also reflected in the expression of somatostatin
receptors on the cell membrane of the tumour cells. In
table 1 the expression of the different subtypes of SSTRs
is summarized (1,4). The majority of GEP-NETs express
SSTR-2, for which current somatostatin analogs have the
highest affinity. This may explain the success of these
analogs in the current treatment paradigm.

Preclinical studies on the antiproliferative effect
of somatostatin analogs in GEP NET

While there is a wealth of preclinical work on SST
and its analogs on pituitary cells and medullary thyroid
carcinoma cell lines, there are very limited data
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production. Due to the lack of hormonal secretion, these
patients most often present with advanced disease, caus-
ing abdominal pain, weight loss or jaundice by a locally
inoperable tumor or metastases (11). 

The clinical benefit of any therapy may therefore be
defined as reduction of mortality and/or morbidity, either
caused by hormonal hypersecretion or the tumoral mass.
So far, no prospective trial has been able to assess any
survival benefit in patients treated with somatostatin
analogs. However, there are certainly beneficial effects
in terms of reduction in morbidity. 

Control of clinical symptoms induced by hormonal

hypersecretion

Somatostatin analogs have been evaluated prospec-
tively for the control of the carcinoid syndrome in
patients with the midgut NETs. Between 38% and 88%
of patients experienced a marked reduction in flushing
and/or diarrhea, the cardinal symptoms of the carcinoid
syndrome (12-17). In one such multicentre study of
33 patients diagnosed with the carcinoid syndrome,
treatment with lanreotide was compared with octreotide
administration in terms of efficacy in controlling symp-
toms (17). Clinical benefit was seen in somewhat higher
frequency with octreotide than with lanreotide (68%
 versus 53.8% respectively). 

Similar symptom control was witnessed in patients
with pancreatic NETs. In case of insulinomas – while it
is not considered a first choice therapy – octreotide was
effective in control of hypoglycaemia in more than 50%
of 17 patients (18). SSAs may also be effective in
 alleviating the glucagonoma induced necrolytic migrato-
ry erythema (19,20). Octreotide administration will
improve life threatening diarrhea in more than 90% of
patients with a VIP producing NET (21,22). Insufficient
control of symptoms by SSAs may warrant a dose
increase. 

In addition, therapy with SSA is generally well toler-
ated. Although the formation of gall stones is of concern,

Acta Gastro-Enterologica Belgica, Vol. LXXII, January-March 2009

 regarding GEP NET. This is mainly explained because of
the lack of suitable cell lines and tumour models. 

SSAs have a direct proliferative action that is medi -
ated through SSTRs, including activation of tyrosin
 phosphatases and activation of cellular cascades that
stimulate growth inhibitory pathways, apoptosis and
inhibit angiogenesis (5). 

In addition, SSAs may exert indirect effects by
inhibiting the release of many growth factors. As such,
the presence of SSTRs (e.g. by octreotide scintigraphy)
may not necessarily represent a conditio sine qua non for
the treatment with SSAs.

In the human medullary thyroid carcinoma TT cell
line, which expresses all 5 SSTRs, SST and its analogs
inhibit cell proliferation via SSTR-2 (6). A decrease in
cyclin D1 levels may be an important element in the
SSTR2-mediated anti-proliferative effect (7). 

Interestingly, it was shown in human pancreatic ade-
nocarcinoma that cells lose the ability to express SSTR-
2. Reintroducing this receptor into the pancreatic cancer
cells resulted in inhibition of cell proliferation (8).

Very recently, octreotide was found to inhibit cellular
proliferation in a rodent-derived insulinoma cell line,
through interference with phosphorylation sites in the
Akt/mTOR/p70S6K pathway (9,10). In mice xenograft-
ed with the neuroendocrine cell line BON-1, mean
tumour volume decreased by 50% after 28 days of
treatment  with octreotide.

Clinical benefit of somatostatin analogs in
patients with gastro-entero-pancreatic neuroen-
docrine tumors

Patients may present with clinical symptoms due to
the tumoral mass or hormonal hypersecretion, the latter
being the defining characteristic of a functioning neuro -
endocrine tumor. Nonfunctioning NETs may show posi-
tivity for peptides or amines by immunohistochemistry,
but patients have no clinical symptoms due to hormone
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Table 1. — Expression of somatostatin receptors in GEP NET and binding affinities of somatostatin and

analogs to the SSTR-subtypes (1,4)

SSTR-1 SSTR-2 SSTR-3 SSTR-4 SSTR-5

Expression in mid-gut NET (%) 80 95 65 35 75

Expression in pancreatic NET (%) 

a. Non-functioning 80 100 40 100 60

b. gastrinoma 33 50 17 83 50

c. VIPoma 100 100 100 100 100

d. glucagonoma 67 100 67 67 67

e. malignant insulinoma 33 100 33 100 67

Binding affinities of somatostatin and analogs
(nanomoles, mean ± standard error)

a. Natural somatostatin 14
b. octreotide
c. lanreotide

0.93 ± 0.12
280 ± 80
180 ± 20

0.15 ± 0.02
0.38 ± 0.08
0.54 ± 0.08

0.56 ± 0.17
7.1 ± 1.4
14 ± 9

1.5 ± 0.4
> 1000

230 ± 40

0.29 ± 0.04
6.3 ± 1.0
17 ± 5
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this is rarely (< 1% of patients) symptomatic (1).
Therefore, the treatment with somatostatin analogs
 represents an accepted indication in patients with clinical
symptoms due to hormonal hypersecretion.

Control of tumor growth

The ideal study to demonstrate an antiproliferative
affect would consist of a randomized controlled trial in
patients with NETs, using modern evaluation of response
by RECIST criteria and stratified for proliferation index
(e.g. Ki67), primary location (pancreatic versus midgut
NET) and the presence/ absence of a functional syn-
drome. Ongoing phase III trials will hopefully answer
this important question. The results of the PROMID trial
that randomized patients with midgut NETs to octreotide
or placebo are pending.

Up to now, only phase II studies suggest a tumour-
 stabilizing effect of these compounds. Especially trials
that included patients with documented tumour progres-
sion only, allow to look at stable disease as a proof of
activity (23-31). These trials are summarized in table 2.
When reported, objective response rates are less than
10% (0-7.5%), whereas stable disease is seen in 31.6-
70% of treated patients for 2-36 months. 

We also included in the analysis the control group of
the randomized trial of Arnold (31), who evaluated the
effect of octreotide and interferon versus octreotide
alone. This study did not show a benefit of the combina-
tion, but clearly highlighted the disease stabilizing effect
of octreotide in progressive tumors at the time of inclu-
sion. The variability in efficacy between the phase II
trials  may be due to the inclusion of patients with
unfavourable tumour biology (high proliferation index).
Moreover, those studies that used higher than the usual
dose of SSAs seemed to yield better results (27,28). 
It may very well be that higher doses of octreotide
exert more profound effects with a demonstrated
excellent  safety profile when given 60 mg per month.
Interestingly, in some studies it appeared that patients

with slow-growing tumours were more likely to
respond to SSAs (29,30). In addition to phase II studies ,
there is a wealth of case reports suggesting an anti -
proliferative effect of SSAs. In a case report of a patient
with multiple type 1 gastric NETs, treatment with
octreotide LAR (long acting release) for 9 months led to
normalisation of serum gastrin levels and disappearance
of the tumors (32). In 5 patients with hypergastrinemia
and gastric NETs, octreotide LAR during 1 year resulted
in a significant reduction in tumour load and normalisa-
tion of circulating chromogranin A levels (33). 

Based upon these data, there is a sound rationale to
advocate SSA therapy as first-line medical therapy out-
side clinical trials in patients with well differentiated,
non-functional GEP NET, provided the documentation
of tumour progression, a low proliferation index (< 5%),
a positive somatostatin receptor scintigraphy and the
absence of surgical options (11). In case of documented,
progressive disease during an adequately dosed SSA
therapy, SSAs should be withdrawn. 

Research agenda

We need a better understanding of the tumour biology,
the development of preclinical models and new SST
analogs. Pasireotide is a new and promising SSA, having
a high affinity for SSTR-1, SSTR-2, SSTR-3 and 
SSTR-5. Pasireotide has a 30-40 times higher affinity for
SSTR1 and SSTR5 than octreotide (34). The compound
is under evaluation in phase I-III trials, comparing
pasireotide with octreotide LAR and in octreotide-
 refractory patients (35,36). Preliminary data suggested
that at least some of the refractoriness of NETs to
octreotide may be due to the expression of SSTRs other
than SSTR-2. It remains to be determined whether this
SSA may have a significant antiproliferative effect.

In addition to pasireotide, chimeric analogs that bind
to SSTRs and dopamine-2 receptors, have been devel-
oped (37).
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Table 2. — Results of somatostatin analogs in patients with progressive GEP NET

* Variable criteria (most often > 50% reduction in diameter) ; ** > 25% reduction in diameter.

Author Primary NET Nr of patients Medication Stable disease Regression*

Saltz (23) Mixed 34 Octreotide 50% (2-27 months) 0

Maton (24) Pancreatic 107 Octreotide LAR, various doses 39% 7.5%

Arnold (25) Mixed 52 Octreotide (600-1500 µg/day) 36.5% (3-36 months) 0

Di Bartolomeo (26) Mixed 58 Octreotide (1500-3000 µg/day) 47% (6-32 months) 3%

Erikson (27) Mixed 13 Lanreotide (12,000 µg/day) 70% (for 12 months) 5%

Faiss (28) Mixed 30 Lanreotide (15,000 µg/day) 36% (for 1 year) 6.7%

Aparicio (29) Mixed 35 Various : octreotide or lanreotide 57% (6-48 months) 3

Shojamanesh (30) Gastrinoma 15 Octreotide LAR (20-30 mg/month) 47% (25 ± 6 months) 6%**

Arnold (31) Mixed 52 Octreotide At 3 months : 44.8%
At 6 months : 27.6%
At 1 year : 15.2%

2.9%
1.9%
5.7 %
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Summary

SSAs have an important role in the therapeutic
 algorithm of patients with GEP NETs, by their ability to
control symptoms induced by hormonal secretion. The
literature regarding the anti-proliferative mechanisms of
SSAs and their role in the treatment of NETs is heteroge-
neous and the analysis poses a great challenge. The exist-
ing phase II studies of SSAs in selected patients with
GEP-NETs indicate a disease stabilization under these
compounds. Results of phase III studies are  pending.

Based upon these data and experience outside clinical
trials, there is a sound rationale to advocate SSA therapy
as first-line medical therapy in patients with well differ-
entiated non-functional GEP NET, provided the docu-
mentation of tumour progression, a low proliferation
index (< 5%), a positive octreotide scintigraphy and the
absence of surgical options. The better understanding
of the tumour biology of GEP NETs, together with the
development of new SSAs with better affinity on all
somatostatin receptors, represent important challenges
for the future.

References

1. OBERG K., KVOLS L., CAPLIN M., DELLE FAVE G., DE HERDER W.,
RINDI G., RUSZNIEWSKI P., WOLTERING E.A., WIEDENMANN B.
Consensus report on the use of somatostatin analogs for the management of
neuroendocrine tumors of the gastro-entero-pancreatic system. Review. Ann.

Oncol., 2004, 15 : 966-73. 
2. LAHLOU H., GUILLERMET J., HORTALA M., VERNEJOUL F.,

 PYRONNET S., BOUSQUET C., SUSINI C. Molecular signaling of somato-
statin receptors. Ann. N. Y. Acad. Sci., 2004, 1014 : 121-131.

3. REICHLIN S. Secretion of somatostatin and its physiologic function. J. Lab.

Clin. Med., 1987, 109 : 320-326. 
4. FJÄLLSKOG M.L., LUDVIGSEN E., STRIDSBERG M., OBERG K.,

ERIKSSON B., JANSON ET. Expression of somatostatin receptor subtypes
1 to 5 in tumor tissue and intra tumoral vessels in malignant endocrine pan-
creatic tumors. Med. Oncol., 2003, 1 : 59-67.

5. GARCÍA DE LA TORRE N., WASS J.A., TURNER H.E. Antiangiogenic
effects of somatostatin analogues. Clin. Endocrinol. (Oxf.), 2002, 57 : 
425-441.

6. ZATELLI M.C., TAGLIATI F., TAYLOR J.E., ROSSI R., CULLER M.D,
DEGLI UBERTI E.C. Somatostatin receptor subtypes 2 and 5 differentially
affect proliferation in vitro of the human medullary thyroid carcinoma cell
line TT. J. Clin. Endocrinol. Metab., 2001, 86 : 2161-2169.

7. TAGLIATI F., ZATELLI M.C., BOTTONI A., PICCIN D., LUCHIN A.,
CULLER M.D., UBERTI E.C. Role of complex cyclin d1/cdk4 in somato-
statin subtype 2 receptor-mediated inhibition of cell proliferation of a
medullary thyroid carcinoma cell line in vitro. Endocrinology, 2006, 147 :
3530-3538.

8. ROCHAIX P., DELESQUE N., ESTEVE J.P., SAINT-LAURENT N.,
VOIGHT J.J., VAYSSE N., SUSINI C., BUSCAIL L. Gene therapy for pan-
creatic carcinoma : local and distant antitumor effects after somatostatin
receptor sst2 gene transfer. Hum. Gene Ther., 1999, 10 : 995-1008.

9. GROZINSKY-GLASBERG S., FRANCHI G., TENG M., LEONTIOU C.A.,
RIBEIRO DE OLIVEIRA A. JR., DALINO P., SALAHUDDIN N.,
 KORBONITS M., GROSSMAN A.B. Octreotide and the mTOR inhibitor
RAD001 (Everolimus) block proliferation and interact with the Akt-mTOR-
p70S6K pathway in a neuro-endocrine tumour cell line. Neuroendocrinology,
2008, 87 : 168-181.

10. GROZINSKY-GLASBERG S., GROSSMAN A.B., KORBONITS M. The
role of somatostatin analogues in the treatment of neuroendocrine tumours.
Molecular and Cellular Endocrinology, 2008, 286 : 238-250. 

11. FALCONI M., PLOCKINGER U., KWEKKEBOOM D.J., MANFREDI R.,
KORNER M., KVOLS L., PAPE U.F., RICKE J., GORETZKI P.E.,
WILDI S., STEINMULLER T., OBERG K., SCOAZEC J.Y. Frascati

The antiproliferative effect of somatostatin analogs 57



58 C. Verslype et al.

LAUBER M., PAVEL M., ARNOLD C.N. Octreotide versus octreotide plus
interferon-alpha in endocrine gastro-entero-pancreatic tumors : a randomized
trial. Clin. Gastroenterol. Hepatol., 2005, 3 : 761-71.

32. PROMMEGGER R., BALE R., ENSINGER C., SAUPER T.,
PROFANTER C., KNOFLACH M., MONCAYO R. Gastric carcinoid type I
tumour : new diagnostic and therapeutic method. Eur. J. Gastroenterol.

Hepatol., 2003, 15 : 705-707.
33. FYKSE V., SANDVIK A.K., QVIGSTAD G., FALKMER S.E.,

SYVERSEN U.,WALDUM H.L. Treatment of ECL cell carcinoids with
octreotide LAR. Scand. J. Gastroenterol., 2004, 39 : 621-628.

34. LAMBERTS S.W., VAN DER LELY A.J., HOFLAND L.J. New somato-
statin analogs : will they fulfil old promises ? Eur. J. Endocrinol., 2002, 146 :
701-705.

35. KVOLS L., GLUSMAN J.E., HAHN E.A., WANG E., OBERG K.,

 ANTHONY L., O’DORISIO T.M., DE HERDER W., DARBY CH.,
WIEDENMANN B. AND THE PASIREOTIDE CARCINOID STUDY
GROUP. The effects of pasireotide (SOM230) on health-related quality of
life in patients with metastatic carcinoid tumors refractory or resistant to
octreotide LAR. J. Clin. Oncol., 2007, 25 : 4558.

36. KVOLS L., OBERG K., DE HERDER W., ANTHONY L., GLUSMAN J.,
TRAN L., WIEDENMANN B. Early data on the efficacy and safety of the
novel multi-ligand somatostatin analog, SOM230, in patients with metastat-
ic carcinoid tumors refractory or resistant to octreotide LAR. J. Clin. Oncol.,
2005, 23 : 8024

37. FERONE D., SAVEANU A., CULLER M.D., ARVIGO M., REBORA A.,
GATTO F., MINUTO F., JAQUET P. Novel chimeric somatostatin analogs :
facts and perspectives. Eur. J. Endocrinol., 2007, 156 : 23-28.

Acta Gastro-Enterologica Belgica, Vol. LXXII, January-March 2009


