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ABSTRACT

Purpose: Prostate cancer progression to androgen ablation refractory stage D3 corresponds to
cancer cell escape from androgen withdrawal induced apoptosis. Of note, salvage chemotherapy
can extend the median survival of approximately 10 months in patients with stage D3. Therefore,
novel therapeutic strategies that target the molecular basis of androgen resistance are required.
Materials and Methods: The MEDLINE and Current Content databases were used to find
studies of the use of estrogens and somatostatin analogues for D3 prostate adenocarcinoma. We
also analyzed the rationale and clinical results of our combination therapy using lanreotide and
ethinylestradiol.
Results: Negative experiences have been reported with somatostatin analogues as monotherapy. On the other hand, the median progression-free survival reported in our experience
using lanreotide acetate plus ethinylestradiol clearly surpassed the 10-month survival historically described in stage D3 cases.
Conclusions: The use of somatostatin analogues in combination therapy for D3 prostate cancer
sustains the novel concept in cancer treatment in which therapies may target not only cancer
cells, but also the microenvironment in combination, which can confer protection from apoptosis.
KEY WORDS: prostate, prostatic neoplasms, estrogens, somatostatin, adenocarcinoma

Prostate cancer progression to androgen ablation refractory stage D3 corresponds to cancer cell escape from androgen withdrawal induced apoptosis.1 In this development enhancement of growth factor stimulation has an essential role
in the up-regulation of survival signals and constitutive proliferation. Of note, salvage chemotherapy can extend the
median survival of approximately 10 months in stage D3
cases.2, 3 Therefore, novel therapeutic strategies that target
the molecular basis of androgen resistance are required.
We have previously proposed a combination therapy of
ethinylestradiol and somatostatin analogue to reintroduce
objective clinical responses in patients with metastatic androgen ablation refractory prostate cancer.4 In this study we
reviewed the literature on the use of estrogens and somatostatin analogues for prostate adenocarcinoma and analyzed the rationale and clinical results of our combination
therapy.

MATERIALS AND METHODS

The MEDLINE and Current Contents databases were used
to identify studies of the use of estrogens and somatostatin
analogues for D3 prostate adenocarcinoma. Research was
mainly focused on studies performed in the last 20 years.

ESTROGENS

Estrogen therapy continues to have an active role in the
secondary treatment of prostate cancer, producing biochemical prostate specific antigen (PSA) responses in a quarter to
two-thirds of patients.5 Smith et al reported that low dose
diethylstilbestrol (DES) (1 mg daily) produced biochemical
responses in 43% of men in whom primary androgen deprivation therapy failed.6 Other trials have shown response
rates of 62% to 79% with a mean time to progression of 6 to
7.5 months.7–9 A review of high dose intravenous fosfestrol
treatment as secondary treatment in 139 men with progressive metastatic disease showed biochemical responses in 37%
and a palliative benefit in 53%.10
The mechanism of action of estrogens in prostate cancer
consists in different targets. Estrogens effect negative feedback
inhibition of the luteinizing hormone releasing hormone (LHRH) axis, producing biochemical castration within 3 to 9 weeks.
As shown in hormone insensitive prostate cancer cell lines, they
can also exert a direct cytotoxic effect at the prostate cell level,
leading to mitotic arrest and apoptosis.5, 11 Cunha et al suggested that estrogens may influence prostate carcinogenesis via
paracrine mechanisms mediated by the stromal microenvironment.12 At the human bone level Moverare et al noted that
effects of estrogen receptor (ER) ␣ activation may be also mediated by insulin-like growth factor I (IGF-I) expression.13
Moreover, in prostate cancer cell lines Grande et al found that
estrogens down-regulate endothelin-1, a mediator of the osteo-
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blastic response of bone to metastatic prostate cancer and also
a modulator of several effects in prostate tissue, including cell
growth, inhibition of apoptosis and angiogenesis.14
DES is the prototypical estrogen for prostate adenocarcinoma treatment. European Organisation for the Research
and Treatment of Cancer trial 30805 demonstrated the
equivalent efficacy of 1 mg DES daily to orchiectomy15 and 1
trial showed superior results over antiandrogen monotherapy.16 However, use has been limited primarily by cardiovascular toxicity. Earlier European Organisation for the
Research and Treatment of Cancer trials demonstrated an
11% rate of cardiovascular mortality in 185 men on 3 mg DES
daily.17 In different countries the use of DES as estrogen
therapy for prostate cancer has been discontinued and the
synthetic estrogen ethinylestradiol is used instead.18 As with
DES, different doses are reported for ethinylestradiol.18, 19 A
dose of 0.05 to 1 mg ethinylestradiol daily has proved to be
able to lower plasma testosterone permanently below the
castrate level.18
Interest in estrogen therapy has been also rekindled by
recent trials suggesting that parenteral administration of
estrogens may avoid much cardiovascular toxicity.20 Most
recently Ockrim et al reported encouraging biochemical results in 20 patients with locally advanced or metastatic cancer treated with transdermal estradiol patches.21
In conclusion, the last International Consultation on Prostate Cancer recommended that estrogens should remain a
mainstay of secondary therapy.5 Efforts should be made to
secure more reliable availability of the preparation and avoid
the cardiovascular toxicity of DES.
SOMATOSTATIN ANALOGUES

Native somatostatin is characterized as an inhibitory peptide with exocrine, endocrine and autocrine activity.22 The
general inhibitory function of somatostatin is wide ranging
and it affects a number of organ systems. The effect of somatostatin on various organ systems is thought to be mediated
via specific somatostatin receptors (SSTRs). To date 5 subtypes (SSTRs 1 to 5) have been identified and cloned in
human tissue.23 While all 5 subtypes display an affinity
similar to that of somatostatin, there are major differences in
the binding of currently available somatostatin analogues24, 25 to various SSTR subtypes. The highly SSTR2
affine octapeptide somatostatin analogues such as octreotide
remain the drugs of choice for application in a majority of
pure neuroendocrine (NE) tumors since such tumors most
often predominantly express SSTR2.26 However, other somatostatin derivates such as lanreotide, which have good affinity for SSTR5 in addition to that for SSTR2, may advantageously identify SSTR5 expressing tumors. Not only
octreotide and lanreotide, but also other somatostatin analogues such as vapreotide have been analyzed in human
prostate cancer.27 Octreotide, lanreotide and vapreotide bind
with high affinity to SSTR2 and to a lesser extent to SSTR5,
have low affinity for SSTR3 and do not bind SSTR1 and
SSTR4.25 More recently the new somatostatin analogue
SOM-230 has been introduced.28 SOM-230 binds with high
affinity SSTR1, SSTR2, SSTR3 and SSTR5, and with low
affinity SSTR4. In rats, monkeys and dogs SOM-230 potently
and dose dependently decreases IGF-I.29 Clinical trials are
needed to investigate the pharmacokinetic, toxicity and antiproliferative action at different tumor levels of this new
compound.
Investigations concerning the exact intracellular mechanisms effected by different SSTRs with regard to cellular
proliferation and apoptosis induction are ongoing. In humans
SSTR2 and SSTR5 have been involved in the control of
growth hormone (GH) release and SSTR5 appears to be important in the control of insulin release.30 Important data
have been presented on SSTR activated signal transduction

pathways that are responsible for growth inhibition and apoptosis induction. SSTR3 and to a lesser extent SSTR2 can
induce apoptosis, and SSTR1, SSTR4 and SSTR5 have an
inhibitory effect on the cell cycle, while SSTR1 might be
involved in angiogenesis.30 Recently SSTR subtype expression was characterized in various neoplastic tissues.26 There
appears to be a predominance of only 1 or 2 SSTR subtypes in
most tumors investigated.
The occurrence and localization of SSTRs in the prostate
has been a matter of debate with conflicting results. In patients with prostate cancer undergoing radical prostatectomy
Halmos et al observed on reverse transcriptase-polymerase
chain reaction that SSTR1 and SSTR5 are expressed in prostate homogenates.31 However, reverse transcriptasepolymerase chain reaction tends to overestimate the real
contribution of various messengers for receptors and it also
detects mRNA from immune cells, nerves and vessels. In
benign and malignant human prostatic tissues Reubi et al
noted on somatostatin radioligand binding that octreotide
only binds to the stromal structures of prostate tissue and
not to prostate cancer cells, suggesting high SSTR2 expression only in fibromuscular cells.32 On the contrary, radioligand SST-28 binding was found in prostate cancer cells,
suggesting preferential expression of SSTR1, which was also
confirmed by in situ hybridization studies.32 Reubi et al evaluated approximately 200 tumors for SSTR subtype protein
expression using a specific binding assay.26 They noted that
prostate carcinomas predominantly expressed SSTR1, although some specimens showed unspecific binding with no
displacement by any somatostatin selective compound. This
might in part be explained by the finding that somatostatin
analogues could produce dimerization with other G-protein
coupled receptors, leading to increased binding affinity and a
change in SSTR subtypes.25, 33 The group also reported that,
on the contrary, SSTR2 is expressed in nonneoplastic human
prostatic stroma.26, 32 Other, more recent immunohistochemical and in situ hybridization studies have permitted the
identification of specific somatostatin subtype proteins in
human prostatic tissue. Hansson et al confirmed that messenger RNA for SSTR2 is preferentially located in the stromal compartment, while SSTR4 is confined to the epithelial
prostatic cells and, furthermore, is up-regulated in prostate
cancer compared to benign prostatic hyperplasia (BPH).34 By
the immunohistochemical analysis of radical prostatectomy
specimens Dizeyi et al identified SSTR1 in cancerous and NE
prostatic cells, whereas SSTR2 was found in the stroma and
in peritumor blood vessels.35 SSTR3 was demonstrated to be
present on the cell membrane of BPH and malignant areas.
Strong SSTR4 immunoreactivity was found in tumor cells
compared with less intensity in adjacent BPH areas. On the
contrary, SSTR5 was not detectable.
Long acting somatostatin analogues have been developed
that are specifically designed for antitumor activity. Schally
synthesized more than 300 analogues using solid phase
methods, resulting in octapeptide super analogues, which are
more potent and have a longer duration of action than native
somatostatin and octreotide.36
Several clinical trials have demonstrated impressive efficacy of somatostatin analogues for various hypersecretory
disorders resistant to standard therapy.23 They have also
proved useful for the management of symptoms caused by
neuroendocrine diseases. The primary effect of somatostatin
analogues is not a direct cytotoxic effect of neuroendocrine
cells, but rather inhibition of the release of various peptides
hormones secreted by neuroendocrine cells.23 The observation that somatostatin analogues inhibit the release of various neuroendocrine products has stimulated interest in their
use as antiproliferative and pro-apoptotic agents.
Antiproliferative and pro-apoptotic actions of somatostatin
analogues have been demonstrated in various tumor models,
including those of the breast, prostate, colon and pancre-
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as.36 –38 However, SSTRs were not expressed in all experimental tumor models, also suggesting indirect mechanisms
of somatostatin analogue mediated tumor control. They could
be accomplished via the inhibition of GH or tumor growth
factors such as IGF-I.30 Other potential mechanisms are
through the inhibition of tumor angiogenesis or immune
modulation. Several experimental studies suggest that somatostatin analogues inhibit angiogenesis in vitro and in vivo.39
Moreover, somatostatin analogues have a wide therapeutic
index and they are apparently free of major side effects.36
Most reported side effects are gastrointestinal in nature,
including minor nausea, diarrhea and constipation.
Clinical trials of and experience with somatostatin analogues as monotherapy for prostate cancer have shown negative results (see table).4, 40 – 47 Octreotide was used to treat
patients with advanced hormone refractory prostate cancer
in a study of Logothetis et al.43 The dose of octreotide applied
in 24 cases was 0.1 mg subcutaneously every 8 hours for 6
weeks. No patients had objective evidence of tumor regression and in 10 serum prostate acid phosphatase increased at
an accelerated rate after 1 to 2 months of treatment. However, 6 patients underwent salvage chemotherapy after octreotide therapy, of whom 5 achieved objective tumor regression. Therefore, the group concluded that octreotide
monotherapy might stimulate prostatic tumor growth but it
may also sensitize tumor cells to subsequent chemotherapy.
A total of 30 patients with hormone refractory prostate
cancer were treated with a slow release formulation of lanreotide (30 mg intramuscularly once weekly) by Maulard et
al.44 Toxicity related to treatment was minor, and performance status and bone pain improved in 40% and 35% of
patients, respectively, but a PSA decrease of at least 50% was
reported in only 20%.
SOMATOSTATIN ANALOGUES IN COMBINATION THERAPY:
RATIONALE AND FIRST EXPERIENCE

The mechanism of action of somatostatin analogues may
suggest the use of these drugs not as monotherapy, but
rather as combination therapy for tumors such as prostate
cancer. Also, in breast cancer favorable results have been
obtained by the use of somatostatin analogues in combination therapy. A total of 22 postmenopausal patients with
metastatic breast cancer were randomized to 40 mg tamoxifen daily or a combination of 40 mg tamoxifen plus 0.2 mg
octreotide 3 times daily subcutaneously.48 An objective response was found in 36% of the patients treated with tamoxifen alone and in 55% of those treated with combination
therapy.
The management of metastatic neoplasms has traditionally relied on therapeutic modalities, which almost exclusively aim at directly inducing cancer cell death. However,
the in vivo response of malignant cells to anticancer therapies is directly influenced by the local microenvironment in
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which they reside (or metastasize).49 Microenvironment factors may attenuate the antitumor activity of several cytotoxic
agents on neoplastic cells. In particular, organ sites frequently involved in metastatic advanced disease appear to
confer on neoplastic cells protection from anticancer drug
induced apoptosis. This protection may be mediated by several mechanisms, including growth factors, cytokines released by the normal cellular and constituents of the hosttissue microenvironment.50 Also, stromal factors may confer
increased survival on cancer cells. In prostate cancer cell
lines Ozen et al observed that fibroblast growth factor expression is increased.51 They reported the unexpected dependence of prostate cancer cells on fibroblast growth factor
receptor signal transduction to arrest in the G2 phase of the
cell cycle before cell death. As previously presented,26, 32, 52
SSTR2 is predominantly expressed in prostatic stroma.
Therefore, SSTR2 may also be involved in cancer cell control
through the stromal influence.
Additional emphasis should be placed on the design of
novel treatments that can neutralize the protection that the
microenvironment offers to tumors cells. An example of the
role of the microenvironment in protecting tumor cells from
anticancer therapies is in the setting of hormone refractory
prostate cancer. For years it has been a widely accepted
notion that resistance to hormonal therapy is an outcome
exclusively determined at the genetic level and involving
mutations that neutralize pro-apoptotic intracellular pathways and/or activate anti-apoptotic ones.49 It is now well
documented that this resistance can also be conferred by
epigenetic mechanisms.52 These mechanisms result from the
interaction of tumor cells with the local microenvironment at
local or metastatic sites. Mediators of this interaction are
also neuropeptides secreted by NE cells in prostate tissue
and IGF-I. The locally bioavailability of these peptides and
growth factors on prostate cancer cells activates antiapoptotic mechanisms more than proliferative direct effects.
They represent real survival pathways involved in prostate
cancer progression and androgen deprivation therapy resistance. The development of survival factor mediated resistance
to anticancer therapies is a major hurdle preventing long lasting clinical responses to conventional or investigational therapies.49 This realization led to the novel concept of antisurvival
(ASF) therapy for prostate cancer as a component of anticancer
treatments and to the concept of combination therapy for hormone refractory disease. This approach is novel because, instead of attempting directly to induce cancer cell apoptosis, it
aims at neutralizing the protective effect conferred on cancer
cells by survival factors. This neutralization alone may not
induce apoptosis but it can enhance the sensitivity or reverse
the resistance of tumors cells to other anticancer strategies with
direct cytotoxic effects.49, 50, 52
On this basis, Koutsilieris et al first proposed combination
therapy with dexamethasone and long acting somatostatin

Clinical experiences with somatostatin analogues for hormone refractory prostate cancer
Dose

No.
Pts

Octreotide
Octreotide
Octreotide
Octreotide
Lanreotide

100 g ⫻ 3/Day subcutaneously
600–1,350 g/Day subcutaneously
400–1,000 g/Day subcutaneously
100 mg ⫻ 4/Day subcutaneously
30 mg ⫻ 1/Wk intramuscularly

7
10
5
22
30

Lanreotide
Octreotide
Lanreotide ⫹ dexamethasone

4–24 mg/Day subcutaneously
Not clarified
30 mg/14 Days intramuscularly ⫹
4 mg/day orally

25
14
11

Lanreotide acetate ⫹ ethinylestradiol

73.9 mg ⫻ 1/4 Wks intramuscularly ⫹ 1 mg/day orally

10

Treatment

Results
Pain decrease
Disease progression after 21 days
Temporary halt in PSA increase
Prostate tumor growth stimulation
20% Partial response (PSA decrease), 40% improved performance status
No modifications
Symptom-free responses
90% objective (PSA decrease) ⫹
symptomatic response, 7-mo
progression-free survival
90% Objective (PSA decrease) ⫹
symptomatic response, 18.5-mo
progression-free survival

References
Carteni et al40
Dupont et al41
Verhelst et al42
Logothetis et al43
Maulard et al44
Figg et al45
Vainas et al46
Koutsilieris et al47
Di Silverio and Sciarra4
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analogue in patients with stage D3 prostate cancer, ie patients with metastatic prostate cancer that had become refractory to combined androgen blockade.47 In this setting GH
independent and GH dependent production of IGF-I has been
implicated in the development of an epigenetic form of cancer
cells resistance to pro-apoptotic therapies. Among its diverse
pharmacological effects dexamethasone acts to downregulate the GH independent local bioavailability of IGF-I,
whereas somatostatin analogue suppresses the level of GH
dependent IGF-I. In particular, dexamethasone decreases
the hydrolysis of IGF binding proteins (BPs), thereby, increasing the local concentration of IGFBPs.50 Koutsilieris et
al reported that the increased IGFBP concentration decreases the bioavailability of IGFs to prostate cancer cells
and osteoblasts.50 On the other hand, using primary human
fetal pituitary cell cultures it was demonstrated that GH
secretion was suppressed equally by somatostatin analogues
preferential for SSTR2 or SSTR5.53 Patients with GH secreting pituitary adenomas who received somatostatin analogues
showed a significant decrease in circulating, GH dependent
IGF-I.54
This paradigm of an ASF therapy, which was practically an
antiIGF-I therapy, yielded objective responses and major
improvement of bone pain and performance status in D3
cases. The treatment schedule includes administration of
oral dexamethasone plus long acting somatostatin analogue
(lanreotide or octreotide as intramuscular injections) in combination with androgen ablation therapy. In the initial cohort
of patients receiving combination therapy median overall
survival clearly surpassed 12 months and post-relapse performance status and bone pain were significantly improved
compared to baseline status even months after relapse. The
stimulating feature of this ASF approach is that its combination with LH-RH analogues can reintroduce clinical responsiveness to LH-RH analogues.
COMBINATION THERAPY WITH ETHINYLESTRADIOL
AND SOMATOSTATIN ANALOGUE: RATIONALE AND
CLINICAL EXPERIENCE

We have previously analyzed whether the combination of
ethinylestradiol and lanreotide can offer objective responses
and/or symptomatic improvements in patients with stage D3
prostate cancer.4 We followed the study design of Koutsilieris
et al.47 As did Koutsilieris et al, we evaluated patients with
metastatic androgen ablation refractory prostate cancer.
However, in contrast to Koutsilieris et al, we discontinued
LH-RH analogue and started combination therapy with ethinylestradiol and lanreotide acetate.

The rationale for our combination therapy was: 1) to inhibit the protective (anti-apoptotic) effect of the NE system
on prostate adenocarcinoma cells (somatostatin analogue), 2)
use a new mechanism to induce castration (estrogen) and 3)
to add a direct cytotoxic effect on prostate cells (estrogen) (fig.
1). Some studies have shown that the number of NE tumor
cells55, 56 and serum chromogranin A (CgA) increase during
hormonal therapy55–59 for prostate adenocarcinoma. As previously underlined, at the cellular level refractoriness to androgen ablation therapy occurs principally because prostate
cancer cells can be rescued from androgen ablation induced
apoptosis. It has been shown that Bcl2 proto-oncogene, which
is an anti-apoptotic factor, is preferentially expressed in foci
of prostate adenocarcinoma cells in the vicinity of NE differentiation.60, 61 In hormone refractory (D3) prostate cancer NE
cells may protect prostate adenocarcinoma cells from anticancer therapies through the neutralization of pro-apoptotic
intracellular pathways.
The rationale for somatostatin analogue therapy for D3
prostate tumors is not only to induce directly cancer cell
apoptosis, but also neutralize the protective effect conferred
on cancer cells by survival factors derived by NE prostate
cells and the microenvironment. The somatostatin analogues
octreotide and lanreotide are highly SSTR2 affine.25, 26 Considering the predominant localization of SSTR2 in the stromal compartment of the prostate and peritumor blood vessels35 and not on NE prostate cells, the effects of these
analogues might be indirect by stromal control. However,
somatostatin analogues seem to interact at tissue level, also
through a receptor binding independent mechanism.23
The antigonadotropic effect of estrogens has been exploited
therapeutically. Experimental and clinical evidence suggests
that estrogen therapy may be superior to castration in terms
of efficacy for advanced prostate cancer.6, 9, 15, 18, 19 Moreover,
after analyzing prostatectomy specimens of untreated and
treated (combined androgen blockade [CAB]) patients with
prostate cancer Kruithof-Dekker et al reported that androgen deprivation leads to up-regulation of estrogen receptor
expression in prostate cancer tissue.62 Torlakovic et al underlined that in particular ER ␤ was expressed in 93% of
prostate adenocarcinomas and it was positively associated
with primary Gleason score and grade.63 PC-3, an aggressive
prostate cancer cell line with invasive properties in nude
mice, expressed higher levels of ER ␤ than the LNCaP, nonmetastasizing cell line, whereas no difference for ER ␣ expression could be observed.63 These findings suggest that ER
␤ may have a role in the process of prostate adenocarcinoma

FIG. 1. Rationale for our combination therapy with somatostatin analogue and estrogen
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dedifferentiation. However, another experience did not show
statistically significant differences in ER ␤ expression between androgen dependent and hormone refractory prostate
carcinomas.64 It has been supposed that the beneficial effect
of estrogens is based not only on the decrease in the androgen
concentration, but also on a simultaneous, direct cytotoxic
effect3, 5, 11 on prostate cancer cells. In hormone prostate cancer cell lines Robertson et al found that estrogen cytotoxicity
at the prostate tissue level was ER independent.11 Grande et
al found that estrogens down-regulate endothelin-1, a mediator of the osteoblastic response and pain responses of bone
to metastatic prostate cancer and a modulator of cell growth,
apoptosis and angiogenesis, also at the prostate cancer level.14 These data support our rationale, that is to discontinue
LH-RH analogue and substitute estrogen therapy for it. An
important question is whether the responses achieved in our
study were most likely indirect evidence of a potential survival benefit offered by combination therapy rather than a
response to lanreotide only or ethinylestradiol only.
As previously shown, in advanced hormone refractory prostate cancer negative experiences have been reported with the
use of somatostatin analogues as monotherapy.40 – 46 On the
other hand, the median progression-free survival reported in
our study clearly surpassed the 10-month survival historically described in patients with stage D3 even when estrogen
therapy or salvage chemotherapy is administered.3, 12 However, additional studies are required to elucidate fully the
precise in vivo mechanism of action for the combination of
estrogens with somatostatin analogues.
In our first experience we prospectively evaluated 10 consecutive patients with stage D3 disease who received combination therapy consisting of 1) oral ethinylestradiol (1 mg
daily) and 2) lanreotide (73.9 mg lanreotide acetate intramuscularly every 4 weeks) (fig. 2).4 In this first experience
90% of cases (95% CI 55.5 to 99.8) had an objective complete
(PSA less than 4 ng/ml) or partial (at least a 50% PSA
decrease from baseline) clinical response to combination
therapy, corresponding to a statistically significant (compared to baseline refractoriness) rate of re-introduction of
responsiveness to the combination with lanreotide and ethinylestradiol (McNemar’s paired chi-square test p ⬍0.01). In
all cases PSA responses were accompanied by a concomitant,
statistically significant decrease in the bone pain score

FIG. 2. Study design for our trial of lanreotide acetate and ethinylestradiol combination therapy in D3 prostate cancer cases. im,
intramuscularly.
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(p ⱕ0.0001) as well as by significant improvement in the
Eastern Cooperative Oncology Group (ECOG) performance
status score (p ⬍0.0001). The symptomatic improvement
in pain and performance status appeared to be temporally
associated with changes in objective response markers and
it is suggested that the main mechanism of action of this
combination therapy affects mechanisms regulating the
growth and/or survival of metastatic cells rather than involving a nonspecific anti-inflammatory or analgesic effect.47 The rate and time to achieve the symptomatic and
objective responses that we described are comparable to
those in the study of Koutsilieris et al.47 However, with our
combination therapy we achieved a longer duration of objective responses. In particular, the median duration of the
bone pain response, ECOG response and progression-free
survival was 17.5 (95% CI 12 to 19), 18 (95% CI 12 to 19)
and 18.5 (95% CI 14 to 21) months in our study, and 13
(95% CI 12 to 14), 19 (95% CI 13 to 25) and 7 (95% CI 3 to
10) months in the study of Koutsilieris et al.47
Comparison of serum CgA at baseline, during followup, at
maximal response and at relapse from therapy revealed a
significant change in CgA during the course of combination
therapy (Friedman’s nonparametric ANOVA p ⬍0.0001). We
observed a significant decrease in serum CgA during the
administration of combination therapy (median maximum
decrease 38.4%, 95% CI 33.2 to 50.3, range 28.6% to 64.9%)
compared with baseline CgA.
In our patients time to CgA nadir was lower than time to
PSA nadir. Therefore, it seems that the CgA response preceded the PSA response. In our study baseline CgA was
similar to that reported in other experiences with metastatic
prostate cancer.59, 60 The significant decrease in circulating
CgA documented in this cohort of patients suggests that a
reduction in NE activity on prostate cancer cells may be a
mechanism accounting for at least part of the encouraging
responses that were observed. A possible mechanism for such
a response was suggested by Hansson34 and GonzalezBarcena27 et al, namely that lower IGF-I induced by somatostatin analogue therapy may decrease NE prostatic activity
and secretion. Again, this may support the indirect activity of
somatostatin analogue therapy on prostate cancer.
Interestingly patient serum CgA was not significantly increased at relapse, suggesting that NE activity may not be
involved at relapse from this combination therapy. The modifications in CgA reported in our study are lower compared
with those observed in pathologically confirmed NE tumors,
such as small cell carcinoma of the lung. However, we must
remember that NE differentiation of prostate adenocarcinoma consists of NE cells with focal distribution in the common prostatic adenocarcinoma.59, 60 A limit of our analysis
may be the determination of only serum CgA expression.
However, none of our patients presented with a history of
other disorders known to interfere with CgA levels. Some
groups have reported a significant correlation between serum
and tissue expression of CgA in prostate cancer.59, 60 Moreover, in 8 cases we had the opportunity to analyze CgA
expression at the prostate tissue level by immunohistochemistry. Prostate tissue specimens were obtained by transrectal
ultrasound guided prostate biopsy, and formalin fixed and
paraffin embedded prostate specimens were sectioned to 5
m prior to analysis. Diffuse immunohistochemical staining
for CgA was found in biopsies obtained in D3 cases at baseline from our therapy. On the contrary, limited and focal CgA
staining was noted in cases with an objective clinical response to our combination therapy (fig. 3).
No major treatment related side effects were reported during combination therapy. In all cases gynecomastia and mild
breast pain developed. It is true that none of our patients had
a history of severe cardiovascular diseases at baseline but the
dose of ethinylestradiol (1 mg) and the duration of followup
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FIG. 3. Immunohistochemical staining for CgA in D3 cases at baseline (A) and at objective clinical response to combination therapy with
ethinylestradiol plus lanreotide acetate (B). Formalin fixed, paraffin embedded prostate specimens were obtained and sectioned to 5 m prior
to analysis. Dark stained cells were indicative of diffuse CgA staining (A), and focal and limited CgA staining (B). Reduced from ⫻400.

FIG. 4. Mean serum CgA and serum PSA at baseline, at response and at relapse from combination therapy. Combination treatment was
associated with significant mean CgA decrease (p ⬍0.0001). In contrast, combination therapy relapse was not associated with significant
increase in CgA vs those during response to therapy (p ⬎0.05).

FIG. 5. Mean bone pain and ECOG scores at baseline, at response and at relapse from combination therapy. Combination treatment was
associated with significant improvement in ECOG and bone pain (p ⬍0.0001). Symptomatic improvement in pain and performance status
appeared to be temporally associated with changes in objective response markers.

(no longer than 24 months) may also have contributed to
differences vs other experiences with estrogen therapy.17, 20
As of January 2004, 20 patients with D3 disease have been
included in our analysis and received combination therapy
with ethinylestradiol and lanreotide (unpublished data). Criteria for inclusion and the study protocol were similar to
those previously described.4

Figures 4 to 6 show clinical results achieved in this population of 20 D3 prostate adenocarcinoma cases. Results continue to be encouraging and supportive of the rationale for
our combination therapy. In particular, in January 2004 19
of the 20 cases (95%) showed an objective (complete in 5 or
25% and partial in 14 or 70%) clinical response to combination therapy, as demonstrated by at least a 50% PSA de-
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nylestradiol and lanreotide had a favourable toxicity profile,
offered objective and symptomatic responses in patients with
limited treatment options and refractoriness to conventional
hormonal therapy strategies and, in particular, offered a median overall survival that was superior to the 10-month median
survival in patients with hormone refractory disease. This combination therapy also sustains the novel concept in cancer treatment, in which therapies may target not only cancer cells, but
also its microenvironment in combination, which can confer
protection from apoptosis.
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FIG. 6. Kaplan-Meier projections (cumulative proportion of patients) for cancer specific (ex) and progression-free (prog) survival in
20 D3 cases receiving ethinylestradiol plus lanreotide therapy.
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