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 Despite initial therapeutic success through androgen 
ablation in patients with advanced prostate cancer, the 
vast majority progress to androgen independence. The 
median overall survival from the primary hormonal 
treatment is in the range of 23–37 months and depends 
on multiple tumor-related risk factors like Gleason score 
and the presence of biochemical markers  [1] . One key to 
the practical management is the classification of prostate 
cancers into 3 groups based on endocrine sensitivity: 
 hormone-naïve; androgen-independent with preserved 
hormone sensitivity to castrate levels of testosterone (an-
drogen-independent prostate cancer, AIPC), and andro-
gen-independent with loss of hormone sensitivity (hor-
mone-resistant prostate cancer, HRPC). Failure of the de-
finitive local therapy (e.g. radical prostatectomy, external 
radiation or low-dose rate brachytherapy), which occurs 
in almost 15,000 patients/year as documented by the 
German Tumor Registry in Munich, requires further in-
tervention with salvage androgen deprivation. Multiple 
therapeutic strategies for inducing castrate levels of se-
rum testosterone are available to date. If a decision can be 
made to begin hormonal therapy, the strategy must be 
thoroughly discussed with the patient and adapted to in-
dividual needs (including watchful waiting) in balancing 
the potential benefits versus adverse effects. The optimal 
timing of hormonal therapy for patients with disease pro-
gression remains difficult to establish  [2] . Traditionally, 
gonadal androgen ablation, luteinizing hormone-releas-
ing hormone (LHRH) analogs or castration is the first 
choice. A non-traditional option is peripheral androgen 
blockade: non-steroidal anti-androgen combined with a 

 Key Words 

 Prostate cancer  �  Growth hormone inhibitors  �  
Somatostatins 

 Abstract 

  Objective:  Despite initial therapeutic success through an-
drogen ablation in patients with advanced prostate cancer, 
the vast majority progress to androgen independence. So-
matostatin (SST) analogs are a viable therapeutic modality 
before resorting to chemotherapy or immunotherapy. Their 
mechanism of action is related to a reduction in the IGF-1 
(survival factor, reaction on neuroendocrine cells) appearing 
incrementally after long-term androgen deprivation and a 
possible suppression of GnRH receptors in prostate cancer 
following exposure to LHRH agonists.  Methods:  The com-
puterized databases Medline, NCBI and OMIM were searched 
for the terms, somatostatin and prostate cancer, in parallel 
with printed bibliographic references. Forty-two studies 
were included and 267 patients with androgen-indepen-
dent prostate cancer (AIPC) who were treated with SST ana-
logs alone or in combination with other medications, e.g. 
dexamethasone, were analyzed.  Results:  In 42 studies with 
267 AIPC patients, SST analogs were found to be effective, 
particularly when combined with estrogens or corticoste-
roids. The side effects are mild and related to the gastroin-
testinal tract.  Conclusions:  It would be interesting to study 
SST analogs in randomized trials including patients with 
well-defined AIPC. Whether SST analogs could be given ear-
lier during sequential hormonal therapy remains to be stud-
ied.  Copyright © 2008 S. Karger AG, Basel 
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5 � -reductase inhibitor stops the conversion of testoster-
one to its active metabolite 5 � -dihydrotestosterone and 
the binding to the androgen receptor (AR)  [3] . As it does 
not interfere with the circulating testosterone levels and 
avoids the systemic side effects of hormonal intervention, 
this approach represents a promising investigational 
therapy for patients with prostate-specific antigen (PSA)-
only disease. This clinical outcome is driven by an altered 
sensitivity of the AR and induced by secondary muta-
tions within the AR gene  [4] . At this point, withdrawal of 
the anti-androgen may result in a short-term clinical re-
sponse based on augmented receptor sensitivity to very 
low levels of testosterone.

  This endocrine withdrawal syndrome usually lasts not 
longer than 4–6 months and is accompanied by enhanced 
apoptosis and tumor shrinkage  [5] . Patients develop re-
sistance to androgen withdrawal therapies mainly as a 
consequence of mutations in the AR gene. As the AR gene 
is X-linked, only one mutated allele suffices for pheno-
typic alterations  [6] . At this stage, somatic point muta-
tions within the hormone-binding domain provide selec-
tive growth advantage to androgen-independent cells 
which spread under androgen deprivation. However, 
some mutant receptors might still be responsive, e.g., to 
progesterone or estrogens. Therefore, secondary or se-
quential hormonal manipulation may be useful  [7] .

  A surrogate end point for success after each sequence 
is a 50% or greater PSA decrease within 12 weeks. The 
rationale to switch from one sequence (or step) to anoth-
er sequence is a measurable progression of disease despite 
castrate serum testosterone or progressive disease, as ev-
idenced by at least 1 new lesion on the bone scan or rising 
PSA (minimum 5 ng/ml with 2 consecutive increases of 
50%)  [7] . The AIPC, though resistant to castration, is still 
sensitive to secondary hormonal manipulations among 
which somatostatins (SSTs) are of interest. SSTs are a 
family of regulatory peptides which can act as hormones 
and can exert a paracrine or autocrine regulation or func-
tion as a monotransmitter, but mainly they inhibit cell 
secretion and proliferation  [8] . In suppressing growth 
hormone (GH) secretion, SSTs interfere with the produc-
tion of insulin-like growth factor-1 (IGF-1), which may 
stimulate prostate cancer cells. This mitogenic effect is 
modulated by IGF-binding proteins. As a serine protease 
PSA is capable of clearing IGF-1 from its binding protein. 
Thus, IGF-1 can bind to its prostatic receptors  [9] .

  Growth factor stimulation plays an essential role in 
the upregulation of survival signals. Apparently, GH-de-
pendent and -independent production of the IGF family 
are involved in the pathological growth of prostate cancer 

cells  [10, 11] . Production decreases when combined with 
a corticosteroid GH-independent IGF-1, and a direct cy-
totoxic effect on prostate cancer cells is added when com-
bined with an estrogen  [12] . In addition to the efficacy of 
SST analog administration, this novel concept of anti-
survival factor (ASF) therapy – a term coined by Koutsi-
lieris et al.  [10]  – was reviewed.

  Materials and Methods 

 The computerized databases Medline, NCBI and OMIM were 
searched for the terms, somatostatin and prostate cancer, in par-
allel with printed bibliographic references. Forty-two studies 
were included and 267 patients with AIPC who were treated with 
SST analogs alone or in combination with other medications, e.g. 
dexamethasone, were analyzed.

  SST Analogs in Prostate Cancer: Background 

 Many studies suggested that specific mutations lead-
ing to androgen independence are already present at ini-
tial stages in a subset of primary tumors cells, and later it 
was found that they were dominant through clonal selec-
tion  [13] . Further mutations within the AR gene  [4]  pro-
vide a selective growth advantage to this preexisting clone 
of androgen-independent cells which spread under con-
ditions of androgen deprivation. The frequent occur-
rence of AR gene amplifications  [14]  determines the in-
crease in AR sensitivity to very low levels of androgens 
 [4] . Thus, cellular proliferation may be promoted under 
incomplete androgen blockade of either a surgical or 
medical type. In addition, androgen withdrawal is also 
able to trigger secondary AR gene amplification and in-
creases AR sensitivity  [6] . Moreover, it induces neuroen-
docrine differentiation of prostate cells which secrete 
neuropeptides and IGF-1, two epigenetic mechanisms of 
tumor resistance  [10] . Clinically, the development of neu-
roendocrine differentiation can be assessed by measur-
ing the chromogranin A level  [15] . It was proposed that 
the local bioavailability of these neuropeptides and 
growth factors (EGF, IGF-1 and IGF-2) accounts for anti-
apoptotic mechanisms representing survival factor-me-
diated resistance to androgen withdrawal therapy  [10] . 
This is the basis for ASF therapy.

  Several studies have investigated the benefit of succes-
sive ‘on’ and ‘off ’ hormonal interventions (intermittent 
androgen deprivation) aiming at preserving the apoptot-
ic potential of the tumor cells. These hormonal regimes 
proved capable of overcoming true AIPC, characterized 
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by a rapidly increasing PSA or even the presence of vis-
ceral metastases. At this stage (D3), studies have explored 
the usefulness of SST analogs. These regulatory peptide 
products were isolated during the search for a GH  [16] . 
After purifying the major SST-14 peptide, precursor 
forms of greater molecular weight were subsequently rec-
ognized. The SST-28 form, or pro-SST, is a 28 amino acid 
polypeptide with SST-14 making up the C-terminus. The 
two bioactive forms act in different ways on five types of 
SST receptors (SSTRs), are highly unstable, have a very 
short half-time, and differ significantly in their relative 
potency  [17] . Different functional SSTRs are co-expressed 
in the brain, pituitary gland, pancreas, kidneys, adrenals, 
thyroid and prostate. The prostate cancer cell lines,
LNCaP, PC-3 and DU 145, have been shown to express 
SSTR-1, -2 and -3  [17] .

  Differences between normal and cancerous prostate 
tissue are of note: the prostate epithelium expresses
SSTR-4, stromal cells primarily express SSTR-2, and cells 
from benign prostatic hyperplasia predominantly express 
SSTR-3  [18] ; the prostate cancer cells and neuroendocrine 
cells appear to be rich in SSTR-1 and SSTR-4, while SSTR-
2 was found in the stroma  [19] . This supports the hypoth-
esis in which SSTR-2 expression may control the cancer 
cell through stromal influence  [20] . In normally dividing 
cells, SST has a clear anti-proliferative action and this ef-
fect is likely to be mediated through the receptor subtypes 
SSTR-1, 4 and 5 involved in cell cycle arrest  [21]  ( fig. 1 ). 
On tumor cells, SSTs may act through different mecha-
nisms like the suppression of GH and inhibition of the 
release of various peptide hormones secreted by the neu-
roendocrine cells developing in AIPC  [22] . These peptides 
apparently activate anti-apoptotic pathways, coined sur-
vival pathways  [23] . Long-acting SSTs were developed by 
Schally  [24]  resulting in octapeptide super analogs being 
more potent than native SST. They suppress the IGF-1 
production comparable to native efficiency, if adminis-
tered subcutaneously. Individual doses ranging from 150 
to 1,500  � g/day must be adjusted individually.

  Octreotide long-acting release is a SST analog de-
signed for monthly injections. Like the endogenous SST, 
octreotide long-acting release inhibits the secretion of 
GH as well as various peptide hormones secreted by neu-
roendocrine cells. The action of octreotide preparations 
is thought to be meditated through the SSTR-2 receptor 
pathway.

  Lanreotide and its slow-releasing form, lanreotide SR 
(Somatuline � ), are SST analogs with a good affinity to 
SSTR-2 and 5  [12]  ( fig. 2 ). Once prostate cancer becomes 
hormone-resistant (HRPC), they express SSTR-1 and 4, 
thus the commercially available octapeptide SST analogs 
have limitations ( fig. 2 ). A dextran-conjugated derivate, 
sms-d70, was applied to 10 patients with HRPC. Only 
stabilization of pain was recorded in a phase-I trial when 
sms-d70 was injected subcutaneously up to 50 mg/week. 
If injected intravenously (5–10 mg/week up to 14 months) 
3 patients had a  1 50% PSA decline  [25] . Another way to 
approach HRPC is coupling the SST analogs to cytotox-
ic agents for tumor targeting. Such an analog of SST,
AN-238, consisting of the radical 2-pyrrolinodoxorubi-
cin (AN-201) linked covalently to the SST octapeptide 
carrier RC-121, was initially used to target xenografts
of PC-3 human androgen-independent prostate cancer, 

SSTR-1
SSTR-4 j Cell cycle inhibition
SSTR-5

SSTR-2
SSTR-3 j Pro-apoptotic

SSTR-1 j Angiogenesis

  Fig. 1.  Somatostatin receptor-activated signal transduction path-
ways responsible for growth inhibition  [12, 21] . 

 SSTR-1 H SOM-230 

 SSTR-2 H Lanreotide, Octreotide, Vapreotide, SOM-230 

 SSTR-3 H SOM-230,MLanreotide, Octreotide Vapreotide 

 SSTR-4 M  SOM-230 

 SSTR-5 H Lanreotide, SOM-230,MOctreotide, Vapreotide 

, 

  Fig. 2.  Somatostatin receptor affinity of 
somatostatin analogs  [21, 39] . 
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which express SSTR-2 and 5 inhibiting tumor growth 
 [26, 27] . Another advance is the development of radiola-
beled carriers like the SST analog octreoscan to detect 
and treat SSTRs expressing tumors  [28] . Radioactive 
treatment targeted to the prostatic tumor was tested us-
ing radiolabeled lanreotide    [29] . In a recent update, the 
efficacy of  111 In- and  90 Y-DOTA-lanreotide was tested in 
neuroendocrine tumors  [30] .

  Clinical Experiences with SST Analogs in AIPC 

 Monotherapy 
 In 1994, Logothetis et al.  [31]  conducted one of the ear-

liest studies on SST analogs in 22 patients with hormone-
refractory carcinoma of the prostate. Doses of 100 mg 
octreotide in subcutaneous preparations were adminis-
tered every 8 h for 6 weeks, aiming at evaluation for tox-
icity and clinical response. While only 2 patients dropped 
out due to intolerable gastrointestinal side effects, no pa-
tient had clear evidence of tumor regression. On the con-
trary, there was an impression of accelerated tumor 
growth with the use of octreotide. Among the treated pa-
tients, 12 developed new osseous and visceral metastases, 
1 suffered disseminated intravascular coagulation and 2 
reported neurological complications. However, as 6 pa-
tients underwent further chemotherapy and 5 of them 
achieved tumor regression, it was concluded that octreo-
tide might sensitize tumor cells to subsequent chemo-
therapy. In another open study, 5 patients with metastat-
ic prostate cancer received octreotide (0.4–1 mg/day s.c.) 
resulting in a temporary halt in rising PSA for up to 3 
months  [32] . In treating 24 patients, Vainas et al.  [33]  
reached similar conclusions. In another phase-II trial 14 
patients with metastatic prostate cancer were treated with 
0.4 mg octreotide in addition to androgen withdrawal. 
Octreotide was well tolerated and 6 of 14 patients re-
sponded (mean survival 18.5 months)  [33] .

  Lanreotide was tested in a dose-escalation trial of 25 
patients with metastatic HRPC  [34] . Four up to 24 mg/
day of lanreotide was administered by continuous intra-
venous infusion for at least 28 days. Toxicities included 
grade-I diarrhea, bloating, infection, nausea and flatu-
lence, symptoms which were, however, self-limiting and 
occurred only during the initial therapy. Continuous in-
fusion of 24 mg/day of lanreotide appeared to be well tol-
erated, but the clinical activity in HRPC was inadequate 
 [34] . In a phase-I–II study 30 patients with AIPC received 
weekly 4–24 mg lanreotide s.c. over 12 weeks; 20% re-
sponded with a 50% PSA decline lasting for an average of 

38 weeks  [35].  After SST receptor scintigraphy Acosta and 
Abrahamsson  [36]  treated 11 patients with AIPC in an 
open study. Octreotide 0.3 mg/day was injected subcuta-
neously over 2 weeks. Then 30 mg/month was injected 
intramuscularly over 8 months. Nine of 11 patients had a 
 1 50% PSA decline and 8 of 11 responded with a  1 50% 
reduction in osseous metastases. Side effects were mild 
with diarrhea and nausea.

  Combination Therapy 
 The ASF therapy introduced by Koutsilieris et al.  [37]  

should enhance the efficacy of SST analog administra-
tion in AIPC. For this purpose the SST analogs should 
not be used alone. Accordingly, 4 patients in a case study 
were treated with 30 mg lanreotide i.m. every 14 days 
along with 4 mg dexamethasone daily plus standard hor-
mone ablation. For all 4 patients a good clinical response 
was reported  [37] . Subsequently, 11 patients who had re-
lapsed after LHRH-A plus anti-androgen and its with-
drawal received lanreotide 30 mg for 14 days plus 4 mg 
dexamethasone (tapered down to 1 mg after the 2nd 
month) plus LHRH-A: 10 of 11 patients responded (8 of 
11 had a  1 50% PSA decline). Remarkably, all 11 had a sig-
nificant improvement in bone pain with an overall sur-
vival of 18 (range 6–22; 95% CI 16–20) months. IGF-1 
levels were reduced by 60%  [38] . The same group re-ex-
amined this therapeutic combination in 38 patients using 
20 mg octreotide i.m. every 28 days, 4 mg daily oral dexa-
methasone for the 1st month and standard LHRH-A 
therapy. 23 of 38 patients had a partial response ( 6 50% 
PSA decline), 8 of 38 had stable and 7 of 38 progressive 
disease. The median prostate cancer-specific survival 
was 16 (95% CI 11.9–20.1) months. Again the IGF-1 was 
significantly suppressed from 181.6 to 93.9 ng/ml at the 
PSA nadir. It is of note that 17 of 38 patients previously 
received estramustine phosphate plus etoposide or mito-
xantrone. Thirteen patients with relapsing prostate can-
cer after gonadal androgen deprivation (8 had a LHRH 
analog, 5 had orchiectomy; a transient ketoconazol in-
duced remission in the orchiectomized patients lasting 10 
months) received the SST analog vapreotide (1 mg subcu-
taneously t.i.d.). Eight of 13 patients had a 71  8  8% PSA 
decline; 2 additional men responded with a fall in pros-
tatic acid phosphatase. In accordance with the ECOG cri-
teria, there were 2 complete, 4 partial responses and 2 
stable diseases  [39] . The combination of estramustine 
(420 mg/day) plus lanreotide (73.9 mg i.m.) every 4 weeks 
lead to a long-term survival in 1 patient; his marker of 
neuroendocrine differentiation, chromogranin A, was 
816 ng/ml and came down to 12 ng/ml with a lasting PSA 
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of 0.1 ng/ml  [40] . In a randomized phase-II trial Dimo-
poulos et al.  [41]  compared the efficacy of estramustine 
plus 100 mg etoposide for 21 days versus 30 mg lanreotide 
i.m. every 14 days, 4 mg tapered down to 1 mg dexameth-
asone daily and LHRH-A in 40 AIPC or HRPC patients. 
The results proved equally efficient for both regimens. Di 
Silverio and Sciarra  [42]  treated 10 patients with 1 mg oral 
ethinylestradiol daily to suppress testosterone and 73.9 
mg lanreotide intramuscularly every 4 weeks, while 
LHRH-A was discontinued. The PSA response rate was 
90% and the serum chromogranin A declined. Moreover, 
the performance status along with the bone pain im-
proved in all patients over a median duration of 18 
months. The median progression-free survival was 18.5 
months. Sciarra et al.  [12]  summarized data on 20 pa-
tients receiving lanreotide plus ethinylestradiol leading 
to a 95% PSA response, general improvement in the per-
formance status and lessened bone pain. They reempha-
sized the need to monitor the degree of neuroendocrine 
cell differentiation with chromogranin A. Chromogranin 
A is the quantitatively major secretory protein of vesicles 
inside neuroendocrine prostate cells. The differences in 
the expression of SSTRs between primary and AIPC are 
likely to be related to the changes in the neuroendocrine 
phenotype during androgen deprivation. Circulating 
chromogranin A is only marginally affected by hormones 
or chemotherapy but suppressed by SST analogs  [8] . Fi-
nally, an interesting mechanism is related to the observa-

tion that LHRH receptors are expressed in prostate can-
cer after exposure to an LHRH agonist  [43] . It remains to 
be demonstrated whether lanreotide suppresses GnRH 
receptors in the prostate.

  Conclusion 

 Due to the high incidence of rising PSA following un-
successful local therapy with curative intent of prostate 
cancer, sequential hormonal manipulation plays an in-
creasingly important role  [3] . To enhance the longevity of 
the patients, secondary hormonal manipulations have to 
be employed. SST analogs are a viable therapeutic modal-
ity before resorting to chemotherapy. Their mechanism 
of action is related to a reduction of the IGF-1 (survival 
factor, reaction on neuroendocrine cells) appearing in-
crementally after long-term androgen deprivation and a 
possible suppression of GnRH receptors in prostate can-
cer following exposure to LHRH agonists.

  In 42 studies with 267 AIPC patients, SST analogs 
were found to be effective, particularly when combined 
with estrogens or corticosteroids. The side effects are 
mild and related to the gastrointestinal tract. However, it 
would be interesting to study SST analogs in randomized 
trials including patients with well-defined AIPC. Wheth-
er SST analogs could be given earlier during sequential 
hormonal therapy remains to be studied.
 

 References 

  1 Hellerstedt BA, Pienta KJ: The current state 
of hormonal therapy for prostate cancer. CA 
Cancer J Clin 2002;   52:   154–179. 

  2 Aus G, Abbou CC, Bolla M, Heidenreich A, 
Schmid H-P, van Poppel H, Wolff J, Zattoni 
F: EAU guidelines on prostate cancer. Eur 
Urol 2005;   48:   546–551. 

  3 Schmid H-P, Keuler FU, Altwein JE: Rising 
prostate-specific antigen after primary treat-
ment of prostate cancer: sequential hormone 
manipulation. Urol Int 2007;   79:   95–104. 

  4 Linja MJ, Visakorpi T: Alterations of andro-
gen receptor in prostate cancer. J Steroid Bio-
chem Mol Biol 2004;   94:   255–264. 

  5 Hochberg Z, Pacak K, Chrousos GP: Endo-
crine withdrawal syndromes. Endocr Rev 
2003;24:   523–538. 

  6 Setlur SR, Rubin MA: Current thoughts on 
the role of the androgen receptor and pros-
tate cancer progression. Adv Anat Pathol 
2005;   12:   265–270. 

  7 Lam JS, Leppert JT, Vemulapalli SN, Shvarts 
O, Belldegrum AS: Secondary hormonal 
therapy for advanced prostate cancer. J Urol 
2006;   175:   27–34. 

  8 Mosca A, Dogliotti L, Berruti A, Lamberts 
SW, Hofland LJ: Somatostatin receptors: 
from basic science to clinical approach. Un-
labeled somatostatin analogues-1: prostate 
cancer. Dig Liver Dis 2004;   36(suppl 1):S60–
S67. 

  9 Sutkowski DM, Goode RL, Baniel J, Teater C, 
Cohen P, McNulty AM, Hsiung HM, Becker 
GW, Neubauer BL: Growth regulation of 
prostatic stromal cells by prostate-specific 
antigen. J Natl Cancer Inst 1999;   91:   1663–
1669. 

 10 Koutsilieris M, Mitsiades C, Lembessis P, 
Sourla A: Cancer and bone repair mecha-
nism: clinical applications for hormone re-
fractory prostate cancer. J Musculoskelet 
Neuronal Interact 2000;   1:   15–17. 

 11 Gennigens C, Menetrier-Caux C, Droz JP: 
Insulin-like growth factor (IGF) family and 
prostate cancer. Crit Rev Oncol Hematol 
2006;   58:   124–145. 

 12 Sciarra A, Bosman C, Monti G, Gentile V, 
Gomez AM, Ciccariello M, Pastore A, Salva-
tori G, Fattore F, di Silverio F: Somatostatin 
analogues and estrogens in the treatment of 
androgen ablation refractory prostate ade-
nocarcinoma. J Urol 2004;   172:   1775–1783. 

 13 Chatterjee B: The role of the androgen recep-
tor in the development of prostatic hyperpla-
sia and prostate cancer. Mol Cell Biochem 
2003;   253:   89–101. 

 14 Wallen MJ, Linja M, Kaartinen K, Schleutker 
J, Visakorpi T: Androgen receptor gene mu-
tations in hormone-refractory prostate can-
cer. J Pathol 1999;   189:   559–563. 

 15 Sciarra A, Cardi A, Dattilo C, Mariotti G, di 
Monaco F, di Silverio F: New perspective in 
the management of neuroendocrine differ-
entiation in prostate adenocarcinoma. Int J 
Clin Pract 2006;   60:   462–470. 



 Schmid   /Gregorin   /Altwein   

 

Urol Int 2008;81:17–2222

 16 Krulich L, Dhariwal AP, Mc Cann SM: Stim-
ulatory and inhibitory effects of purified hy-
pothalamic extracts on growth hormone
release from rat pituitary in vitro. Endo-
crinology 1968;   83:   783–790. 

 17 Viollet C, Prevost G, Maubert E, Faivre-Bau-
mann A, Gardette R, Kordon C, Loudes C, 
Slama A, Epelbaum J: Molecular pharmacol-
ogy of somatostatin receptors. Fundam Clin 
Pharmacol 1995;   9:   107–113. 

 18 Hansson J, Bjartell A, Gadaleanu V, Dizeyi 
N, Abrahamsson PA: Expression of somato-
statin receptor subtypes 2 and 4 in human 
benign prostatic hyperplasia and prostatic 
cancer. Prostate 2002;   53:   50–59. 

 19 Dizeyi N, Konrad L, Bjartell A, Wu H, Gada-
leanu V, Hansson J, Helboe L, Abrahamsson 
PA: Localization and mRNA expression of 
somatostatin receptor subtypes in human 
prostatic tissue and prostate cancer cell lines. 
Urol Oncol 2002;   7:   91–98. 

 20 Reubi JC: New specific radioligand for one 
subpopulation of brain somatostatin recep-
tors. Life Sci 1985;   36:   1826–1836. 

 21 Lamberts SW, de Herder WW, Hofland LJ: 
Somatostatin analogs in the diagnosis and 
treatment of cancer. Trends Endocrinol 
Metab 2002;   13:   451–457. 

 22 Hejna M, Schmidinger M, Raderer M: The 
clinical role of somatostatin analogues as an-
tineoplastic agents: much ado about noth-
ing? Ann Oncol 2002;   13:   653–668. 

 23 Koutsilieris M, Mitsiades CS, Bogdanos
J, Dimopoulos T, Karamanolakis D, Mila-
thianakis C, Tsintavis A: Combination of
somatostatin analog, dexamethasone, and 
standard androgen ablation therapy in stage 
D3 prostate cancer patients with bone metas-
tases. Clin Cancer Res 2004;   10:   4398–4405. 

 24 Schally AV: Oncological applications of so-
matostatin analogues. Cancer Res 1988;   48:  
 6977–6985. 

 25 Joensuu TK, Nilsson S, Holmberg AR, Mar-
quez M, Tehnhunen M, Saarto T, Joensuu H: 
Phase I trial on sms-d70 somatostatin ana-
logues in advanced prostate and renal cell 
cancer. Ann NY Acad Sci 2004;   1028:   361–
374. 

 26 Plonowski A, Schally AV, Nagy A, Sun B,
Szepeshazi K: Inhibition of PC-3 human
androgen-independent prostate cancer and 
its metastases by cytotoxic somatostatin an-
alogues AN-238. Cancer Res 1999;   59:   1947–
1953. 

 27 Plonowski A, Schally AV, Nagy A, Sun B, 
Halmos G: Effective treatment of experi-
mental DU-145 prostate cancers with target-
ed cytotoxic somatostatin analog AN-238. 
Int J Oncol 2002;   20:   397–402. 

 28 de Herder WW, Kwekkeboom DJ, Valkema 
R, Feelders RA, van Aken MO, Lamberts SW, 
van der Lely AJ, Krenning EP: Neuroendo-
crine tumors and somatostatin: imaging 
techniques. J Endocrinol Invest 2005;   28
(suppl):132–136. 

 29 Smith-Jones PM, Bischof C, Leimer M, Glu-
dovacz D, Angelberger P, Pangerl T, Peck-
Radosavljevic M, Hamilton G, Kaserer K, 
Kofler A, Schlangbauer-Wadl H, Traub T, 
Virgolini I: DOTA-Ianreotide: a novel so-
matostatin analog for tumor diagnosis and 
therapy. Endocrinology 1999;   140:   5136–
5148. 

 30 Kaltsas GA, Papadogias D, Makras P, Gross-
mann AB: Treatment of advanced neuro-
endocrine tumours with radiolabelled so-
matostatin analogues. Endocr Relat Cancer 
2005;   12:   683–699. 

 31 Logothetis CJ, Hossan EA, Smith TL: SMS 
201–995 in the treatment of refractory pros-
tatic carcinoma. Anticancer Res 1994;   14:  
 2731–2734. 

 32 Verhelst J, de Longueville M, Ongena P, De-
nis L, Mahler C: Octreotide in advanced 
prostatic cancer relapsing under hormonal 
treatment. Acta Urol Belg 1994;   62:   83–88. 

 33 Vainas G, Pasaitou V, Galaktidou G, Maris 
K, Christodoulou K, Constantinidis C, Kort-
saris AH: The role of somatostatin analogues 
in complete antiandrogen treatment in pa-
tients with prostatic carcinoma. J Exp Clin 
Cancer Res 1997;   16:   119–126. 

 34 Figg WD, Thibault A, Cooper MR, Reid R, 
Headlee D, Dawson N, Kohler DR, Reed E, 
Sartor O: A phase I study of the somatostatin 
analogue somatuline in patients with meta-
static hormone-refractory prostate cancer. 
Cancer 1995;   75:   2159–2164. 

 35 Maulard C, Richaud P, Droz JP, Jessueld D, 
Dufour-Esquerre F, Housset M: Phase I–II 
study of the somatostatin analogues Ianreo-
tide in hormone-refractory prostate cancer. 
Cancer Chemother Pharmacol 1995;   36:   259–
262. 

 36 Acosta S, Abrahamsson PA: Somatostatin 
analogue treatment of patients with hor-
mone refractory prostate cancer: first clini-
cal results. Eur Urol 2001;   39(suppl):80. 

 37 Koutsilieris M, Tzanela M, Dimopoulos T: 
Novel concept of antisurvival factor (ASF) 
therapy produces an objective clinical re-
sponse in four patients with hormone-re-
fractory prostate cancer: case report. Pros-
tate 1999;   38:   313–316. 

 38 Koutsilieris M, Mitsiades C, Dimopoulos T, 
Ionnaidis A, Ntounis A, Lambou T: A com-
bination therapy of dexamethasone and so-
matostatin analog reintroduces objective 
clinical response to LHRH analog in andro-
gen ablation-refractory prostate cancer pa-
tients. J Clin Endocrinol Metab 2001;   86:  
 5729–5736. 

 39 Gonzales-Barcena D, Schally AV, Vadillo-
Buenfil M, Cortez-Morales A, Hernandez 
LV, Cardenas-Cornejo I, Comaru-Schally 
AM: Response of patients with advanced 
prostatic cancer to administration of so-
matostatin analog RC-160 (vapreotide) at the 
time of relapse. Prostate 2003;   56:   183–191. 

 40 Cerulli C, Sciarra A, Salvatori G, di Silverio 
F: Long-term response to combination ther-
apy with estramustine and somatostatin an-
alogue in a patient with androgen ablation-
refractory prostate cancer. Urology 2004;   64:  
 1231.e1–1231e3. 

 41 Dimopoulos MA, Kjamouris C, Gika D, De-
liveliotis C, Giannopoulos A, Zervas A, Ala-
manis C, Constantinidis C, Koutsilieris
M: Combination of LHRH analog with so-
matostatin analog and dexamethasone ver-
sus chemotherapy in hormone-refractory 
prostate cancer: a randomised phase II study. 
Urology 2004;   63:   120–125. 

 42 Di Silverio F, Sciarra A: Combination thera-
py of ethinylestradiol and somatostatin ana-
logue reintroduces objective clinical re-
sponses and decreases chromogranin A in 
patients with androgen ablation refractory 
prostate cancer. J Urol 2003;   170:   1812–1816. 

 43 Halmos G, Arencibia JM, Schally AV, Davis 
R, Bostwick DG: High incidence of receptors 
for luteinizing hormone-releasing hormone 
(LHRH) and LHRH receptor gene expres-
sion in human prostate cancers. J Urol 2000;  
 163:   623–629. 

  


