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Abstract: Somatostatin is a neuropeptide produced by paracrine cells that are located throughout
the gastrointestinal tract, lung, and pancreas, and is also found in various locations of the ner-
vous system. It exerts neural control over many physiological functions including inhibition of
gastrointestinal endocrine secretion through its receptors. Potent and biologically stable analogs
of somatostatin have been developed. These somatostatin analogs show different efficacy on
different receptors, and receptors are varyingly concentrated in specific tissues. Antitumor and
antisecretory effects of somatostatin analogs in cancer have been shown in several in vivo and
in vitro studies. However, these activities have not always yielded into clinically relevant patient
outcome benefit. Somatostatin analogs are of clinical benefit in treating symptoms of ectopic
hormone secretion (adrenocorticotropic hormone, growth hormone-releasing hormone) in lung
cancer, without inducing a significant tumor response. They have also been shown to induce
a statistically significant decrease in bone pain and increase in Karnofsky performance status
in patients with metastatic prostate cancer. Somatostatin analogs alone or in combination with
other agents have only limited antitumoral effect in breast cancer. In gastrointestinal cancers,
studies have not shown an objective tumor response to somatostatin analogs except in endocrine
tumors of the liver with symptomatic and biochemical improvement. In neuroendocrine tumors
of the gastrointestinal system and pancreas, very high symptomatic and biochemical response
rates have been achieved with somatostatin analogs. Antiproliferative activity has been clearly
shown in metastatic midgut neuroendocrine tumors.
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Introduction
Somatostatin is a neuropeptide produced by paracrine cells that are located throughout
the gastrointestinal tract, and is also found in various locations in the nervous system.
It has important roles in controlling autocrine, paracrine, and endocrine functions.'?
Besides the control of growth hormone secretion by the hypothalamic phase, soma-
tostatin also controls many pituitary, pancreatic, and gastrointestinal hormone secretion
(eg, thyroid stimulating hormone, insulin, glucagon, gastric acid).' It inhibits intestinal
motility and absorption, vascular contractility, and cell proliferation. In addition, soma-
tostatin is a neurotransmitter regulating locomotor activity and cognitive functions.?
Somatostatin molecule has two biologically active forms: somatostatin-14 and
somatostatin-28.! Prosomatostatin, which is a prohormone, develops from a precursor
called preprosomatostatin consisting of 116 amino acids. Biologically active soma-
tostatin is generated by proteases from prosomatostatin. Somatostatin has receptors on
normal host cells and exhibits activity through these receptors. To date, five subtypes
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have been recognized: somatostatin receptor 1-5 (SSTR1-5).
Various somatostatin analogs show different efficacy on
different receptors (Table 1), and receptors are varyingly
concentrated in specific tissues (Table 2).

Antitumoral activity

of somatostatin

Antitumor and antisecretory effects of somatostatin in can-
cer have been shown in several in vivo and in vitro studies.
Antitumoral activity occurs through the G-protein coupled
receptors on target cells® and SSTRs on tumor cells.* SSTRs are
associated with guanine nucleotide binding proteins (G proteins)
and through them somatostatin inhibits adenyl cyclase and
sodium/hydrogen exchange activity,® and increases intracel-
lular calcium mobilization by the phospholipase C stimulation.
Major intracellular pathways of somatostatin effects include
inhibition of adenyl cyclase, activation of potassium/calcium
channels, activation of protein phosphatases, and activation of
intracellular tyrosine phosphatase. In addition, somatostatin has
an indirect antiproliferative effect on tumors by the inhibition
of growth factors and tumor angiogenesis.> Antiproliferative
activity of somatostatin analogs have been demonstrated in
breast, kidney, lung, prostate, cervix, and colon cancer studies
in vitro.' This activity may be directly related to the inhibition
of cell growth signaling pathways, or by indirect mechanisms
through the SSTRs on normal host cells. The direct and indirect
mechanisms of antitumoral activity of somatostatin analogs are
summarized in Tables 3 and 4.

Pharmacology of long-acting

somatostatin analogs
Native somatostatin has a very short serum half-life because
of the enzymatic degradation; however, more potent and

Table | Somatostatin analogs’ affinity to receptor subtypes®’

Somatostatin analogs Receptor subtypes

SSTR2, SSTR5
SSTR2, SSTR5
SSTR2, SSTR5

Octreotide
RC-160 (vapreotide)
Lanreotide (BIM23014)

SOM 230 SSTRI-3, SSTRS
Woc-4D SSTR2

JDL SSTR2

CH-275 SSTRI

TT2-32 SSTRI
BIM23052 SSTR5
BIM23056 SSTR3
BIM23066 SSTR2

L-362855 SSTR5

KEI08 All SSTRs

Abbreviation: SSTR, somatostatin receptor.

Table 2 Localization of receptor subtypes’®

SSTR subtype Localization

SSTRI Brain cortex, amygdala, gastrointestinal tract
SSTR2 Brain cortex, pituitary, adrenals

SSTR3 Brain, cerebellum, pituitary

SSTR4 Brain, heart, pancreatic islets

SSTR5 Brain, hypothalamus, pituitary

Abbreviation: SSTR, somatostatin receptor.

long-acting analogs of somatostatin have been developed and
they are biologically stable. During the development of stable
analogs, L-amino acid form was replaced by its D-isomer
at position-8, D-amino acid was introduced at N-terminus
and an amino alcohol was added at the C-terminus. As a
result of these changes, the native form became more stable
against the enzymatic degradation. The disulfide bridge in
the long-acting forms also has a protective effect against the
endopeptidases. Native somatostatin and its derived peptides
are shown in Figures 1 and 2.8

Octreotide long-acting repeatable (LAR) is a long-acting
somatostatin analog, formed by incorporating octreotide into
microspheres of a biodegradable polymer and used as a monthly
injection. After a single intramuscular injection, a serum peak
develops initially followed by a decrease in drug concentration
between the second and seventh day. However, with a slow
increase again, a plateau phase occurs between days 14-42.8°
Injections with 4-week intervals provide a constant and stable
serum drug concentration. Toxicity of microspheres is low and
well tolerated due to biodegradation at 10—12 weeks. There are
three dosage forms used in clinical routine practice: 10 mg,
20 mg, and 30 mg. The most frequent side effects are related to
the gastrointestinal tract, glucose metabolism, and cholelithia-
sis. Adverse effects associated with the injection site are usu-
ally mild and short in duration. Adverse effects of long-acting
somatostatin analogs are summarized in Table 5.

The other slow-release form of somatostatin analog is
lanreotide. In healthy volunteers and acromegalic patients,

Table 3 Direct mechanisms of antitumoral activity of somatostatin
analogs®'°

|. Phosphotyrosine phosphatase activation

2. Tyrosine kinase inhibition

3. Gl arrest in cell cycle by the downregulation of phosphorylation

4. Cell cycle arrest by Ras/mitogen-activated protein kinase pathway
activation

5. Apoptosis of cancer cells by intracellular acidification, endonuclease
activation, and protein-53-Bax induction

6. Inhibition of mitogenic hormones, growth factors, and cytokines
through the inhibition of cyclic adenosine monophosphate and
calcium production
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Table 4
somatostatin analogs®'?

Indirect mechanisms of antitumoral activity of

I. Inhibition of growth factors exocrine and endocrine secretion
(epidermal growth factor, basic fibroblast growth factor, insulin-like
growth factor-1-2, insulin-like growth factor binding protein)

2. Immune modulating effects: lymphocyte proliferation, immunoglobulin
synthesis, inhibition of cluster of differentiation-4+ T-cells derived
interferon-y synthesis

3. Inhibition of tumor angiogenesis (this effect is mediated
predominantly through SSTR2, and to a lesser extent SSTRI and
SSTR4)>&!!

4. Inhibition of fibroblast and monocyte cell migration and adhesion

Abbreviation: SSTR, somatostatin receptor.

the maximum serum concentration is obtained in the sec-
ond hour after injection. Serum concentration continues to
decrease slowly until the eleventh day, and is maintained for
up to 2 weeks. Serum half-life is 4.52 = 0.50 days.®!? The
form containing 30 mg of drug is used in 2-week intervals.
The side effect profile is similar to octreotide. Octreotide
LAR with 20-90 mg/month and lanreotide slow release with
60—120 mg/month dosage studies, including acromegalic
patients and neuroendocrine tumors, provided palliation of
symptoms, and significant toxicity related to increasing dose
was not observed." In studies comparing the efficacy of these
two forms in patients with acromegaly, controversial results
have been obtained.!*!® The data in neuroendocrine tumors
will be discussed in later sections.

Somatostatin analogs in breast

cancer

Expression of SSTRs has been shown in approximately 60%
of breast cancer specimens. However, the distribution of these
receptors in the tumor tissue is not homogenous. Increased
expression of SSTRs are more common in patients with posi-
tive estrogen and progesterone receptor with low epidermal
growth factor receptor expression.!®!” The antiproliferative
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Figure | Structure and enzymatic degradation regions of native somatostatin.

Octreotide sandostatin®

Lanreotide somatuline®

Vapreotide octastatin®

Figure 2 Structure of octreotide and its derived peptides.

effect of somatostatin in breast cancer has been suggested
to be mediated through SSTR2 and SSTR5." In a study by
Vennin et al, only three of 16 postmenopausal patients treated
with octreotide had stable disease without any objective
response.'® In another study, ten postmenopausal women were
treated with a combination of bromocriptine and octreotide
and stable disease was observed in only one patient.!”” In a
study by Stolfi et al, partial response was seen in three of
ten patients with octreotide.?® Anderson et al used a combi-
nation of bromocriptine and octreotide in six patients and
stable disease was obtained in four patients.?! Canobbio et al
treated 36 previously untreated postmenopausal patients with
locally advanced or metastatic breast cancer with lanreotide
and tamoxifen. Four patients had complete response and
twelve patients had partial response.” Di Leo et al reported
no response to lanreotide in ten patients with advanced breast
cancer.”® O’Byrne et al treated 14 advanced breast cancer
patients with vapreotide. No objective tumor response was
observed.” In another study, 135 postmenopausal women
with metastatic breast cancer were randomized to tamoxifen
alone or in combination with octreotide. Objective response
rates were 49% and 43% in the tamoxifen and combination
arm, respectively.?* Bajetta et al randomized previously
untreated metastatic breast cancer patients to tamoxifen com-
bined with either placebo or octreotide. No difference was

Table 5 Side effects of somatostatin analogs

Most common Nausea
Abdominal pain
Headache
Dizziness
Fatigue

Back pain
Biliary effects Gallbladder abnormalities
New gallstones

Glucose metabolism Hyperglycemia
Hypoglycemia
Cardiac events Sinus bradycardia
Conduction abnormalities

Arrhythmias
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observed between groups in tumor response and median time
to progression.”> Combination of octreotide with tamoxifen
and an antiprolactin drug was studied by Bontenbal et al.
They randomized 22 metastatic breast cancer patients to
tamoxifen or combination therapy. Objective response rates
were 36% and 55% in the monotherapy and combination arm,
respectively.?® With these results it is clear that somatostatin
analogs alone or with other agents (tamoxifen, antiprolactin
agents) have a very limited effect in the treatment of breast
cancer. Table 6 provides a summary of these studies.

Somatostatin analogs in lung cancer
Although high SSTR expression has been reported in both
small-cell lung cancer (SCLC) and non-SCLC, the results
obtained with somatostatin analogs in various studies in patients
with SCLC and non-SCLC show huge variation. Elevated
serum or plasma somatostatin levels can be detected depending
on the primary disease, and also may be due to ectopic release
from tumor tissue.* Studies have shown high expression of
SSTR, mainly SSTR2 in SCLC.? Expression of these receptors
were not detected in first trials of non-SCLC, and somatostatin
analogs were thought to bind to receptors in the tumor microen-
vironment. Increased SSTR expression has also been shown

in lung well-differentiated neuroendocrine tumors (bronchial
carcinoids) in comparison to SCLC and non-SCLC.** There
is a limited number of clinical studies with a limited number of
patients with SCLC (Table 7). In a study including 20 patients
(six newly diagnosed and 14 relapsed disease), insulin-like
growth factor-1 level decreased significantly with octreotide
(250 pg/day), but tumor burden did not change.”’” However,
somatostatin analogs have been successfully used in treating
paraneoplastic conditions in patients with SCLC, in addition to
controlling the clinical symptoms of ectopic hormone secretion
(adrenocorticotropic hormone, growth hormone-releasing hor-
mone) in bronchial carcinoids, without providing a significant
objective tumor response.”!

In another study, patients with limited stage and advanced
stage SCLC were divided into three groups: chemotherapy
alone (paclitaxel 190 mg/m? plus carboplatin area under the
curve = 5.5) versus chemotherapy plus 30 mg lanreotide
versus chemotherapy plus 60 mg lanreotide. Patients with
limited disease in the chemotherapy plus 30 mg lanreotide
arm had a significantly better median survival and median
time to progression compared to the other groups.? In
advanced stage patients, no statistically significant differ-
ences were observed.

Table 6 Summary of the studies with somatostatin and its analogs alone or in combination with other agents in breast cancer

Study Treatment and dosage Patient ORR (%) OR Limitations
Vennin et al'® Octreotide 200 (ig/day 16 - 3SD Lack of patient number
Manni et al” Octreotide 200400 pg/day 10 - I SD Lack of patient number
and bromocriptine 5 mg/day
Stolfi et al*® Octreotide 750 pig for 10 days, 10 - 3 PR Lack of patient number
then 500 pg for 5 days
Anderson et al?! Octreotide 200400 pg/day 6 - 4SD Lack of patient number
and bromocriptine 2.5-5 mg/day
Canobbio et al* Lanreotide 20-30 mg/2 weeks 36 4 CR Lack of patient number;
and tamoxifen 30 mg/day 12 PR previously untreated
patients
Di Leo et al® Lanreotide 30 mg/2 weeks 10 - None Lack of patient number;
advanced disease
O’Bryne et al" Vapreotide 3 mg/day initially, 14 - None Lack of patient number;
then 4.5 mg/day and 6 mg/day advanced disease
Ingle et al** Tamoxifen 20 mg/day versus 135 49 versus 43 Il CR+PRversus I3 CR + TTP: 14.2 months versus
tamoxifen 20 mg/day + PR according to individual 10.3 months; 3-year
octreotide 300 Lig/day criteria survival rate: 58% versus
56%; metastatic disease
Bajetta et al*® Tamoxifen + placebo versus 203 21 versus 20 - Previously untreated

tamoxifen + octreotide
Bontenbal et al* Tamoxifen 40 mg/day versus 22
tamoxifen 40 mg/day +
octreotide 0.6 mg/day +
CV205-502 75 ug/day

36 versus 55

patients; metastatic
disease

TTP: 33 weeks versus
84 weeks; time interval

4 CR + PR versus 5 CR +

PR according to UICC
was short for conclusion;
lack of patient number

Abbreviations: CR, complete response; OR, objective response; ORR, overall response rate; PR, partial response; SD, stable disease; TTP, time to progression;

UICC, Union for International Cancer Control.
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Table 7 Summary of the results obtained with chemotherapy * somatostatin analog in small-cell lung cancer

Stage, % CR (%) PR (%) OR (%) Median survival, days Median TTP, days
(LS/AS)
Group A 36/64 7 (15) 17 (36) 24 (52) 300 224
Group B 44/56 13 (30) 18 (42) 30 (72) 476 (P =0.029) 350 (P=0.034)
Group C 45/55 4 (10) 15 (37) 17 (47) 347 294

Notes: Response was assessed according to the Veterans Administration Lung Group; group A, chemotherapy alone (paclitaxel 190 mg/m? + carboplatin area under the
curve = 5.5); group B, chemotherapy plus 30 mg lanreotide; group C, chemotherapy plus 60 mg lanreotide.
Abbreviations: AS, advanced stage; CR, complete response; LS, limited stage; OR, objective response; PR, partial response; TTP, time to progression.

A patient with advanced stage SCLC with poor general
condition benefitted from octreotide treatment.*? In a Phase I
study, two patients with SCLC responded to lanreotide, with an
objective tumor response observed in one patient.” Generally,
somatostatin analogs have not been shown to induce an obvious
decrease in tumor burden in lung cancer, but may enhance che-
motherapy activity due to an antiproliferative effect, especially
in patients with limited stage SCLC.

Somatostatin analogs in prostate

cancer

Since SSTR expression has been shown in prostate cancer
in both in vivo and in vitro studies, the combination of che-
motherapy with somatostatin analogs has been investigated
in some clinical studies (Table 8). In a study including stage
D2 prostate cancer patients who relapsed after castration
and flutamide, somatostatin analogs alone or in combination
with bromocriptine were tested.” In another study including
16 hormone-refractory metastatic prostate cancer patients,
a partial response was observed in two patients treated with
lanreotide.* Only progressive disease was observed in another
study testing the efficacy of octreotide. However, regres-
sion was observed with subsequent therapies used for the
progressive disease, and it is suggested that octreotide had
sensitized the tumor cells to subsequent chemotherapies.*
In a study including 18 patients with stage D2 prostate
cancer, 14 of them were treated with a combination of total
androgen blockade and octreotide. The total response rate
was 33%. Mean disease free survival was 12 months and
17 months in the androgen blockade arm and combination arm,
respectively. Mean overall survival was similar between the
two groups (18.5 months versus 18 months).* Koutsilieris et al
reported improvement in performance status and a decrease
in prostate-specific antigen (PSA) levels in four castration-
resistant prostate cancer patients with combination therapy
of triptorelin, lanreotide, and dexamethasone treatment for
2 months.* Additionally, the number of patients increased,
there was an improvement in quality of life, and a decrease
in PSA levels.* Within 6 months of combination therapy

(triptorelin, lanreotide, and dexamethasone), PSA decline
in ten of eleven patients had been established. A concurrent
decrease in pain related to bone metastases (with a median
duration of 13 months) and improvement in performance status
(Eastern Cooperative Oncology Group performance status less
than two with a median of 11 months) were detected. Median
disease free survival was 7 months and median overall survival
was 18 months.*® Dimopoulos et al treated 40 patients with
hormone-resistant prostate cancer with either estramustine plus
etoposide or lanreotide plus dexamethasone in addition to sur-
gical or medical androgen ablation. Data of 38 patients (20 in
the estramustine plus etoposide group and 18 in the lanreotide
plus dexamethasone group) were analyzed. PSA responses
and partial clinical responses (improvement in performance
status and decrease in pain) were observed. But the difference
was not statistically significant between the groups. Overall
survival was also similar (18.8 months versus 18 months in the
estramustine plus etoposide and lanreotide plus dexamethasone
groups, respectively).’” In another study including 38 patients
with stage D3 androgen ablation-resistant metastatic prostate
cancer, bone metastases were observed at the time of diagnosis.
These patients were randomized into two arms. In the first arm,
zoledronic acid was used in combination with octreotide and
dexamethasone; in the second arm, only zoledronic acid was
used. Two groups were monitored for symptom palliation. The
study was terminated early due to the differences in disease
free survival and overall survival rates. Disease free survival
was 7 months and 1 month and overall survival was 12 months
and 9 months in the first and second arm, respectively.*® In a
study with lanreotide and ethinyl estradiol combination, ten
patients with stage D3 metastatic hormone-resistant disease
were included. In nine of these patients, PSA levels decreased
more than 50% and palliation of metastatic bone pain was
reported in all patients.*” In a study evaluating the effect of
somatostatin analog RC-160 (vapreotide) at the time of relapse,
13 patients with stage D3 androgen-independent metastatic
prostate cancer were included. Eight patients had been treated
with a depot formulation of luteinizing hormone-releasing
hormone agonist. Five patients were initially treated with
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Table 8 Selected studies with somatostatin and its analogs in combination with other agents in prostate cancer

Study Treatment and dosage Patients, n Survival, months Limitations

Vainas et al*® CAB (castration or triptorelin + 4 versus 14 DFS: 12 versus 17 Lack of patient
flutamide) versus CAB + octreotide (total 18) number
(0.4 mg/day for =12 months)

Koutsilieris et al* Triptorelin (3.75 mg/28 days) + 11 PFS (median): 7 (according to PSA Lack of patient
oral dexamethasone (4 mg tapered Working Group criteria); number; not a
to | mg) + lanreotide OS (median): 18; randomized study
(30 mg/14 days) All achieved ECOG/WHO scores < 2

and improvement in bone pain;
PSA decline > 50% of baseline levels
in eight responders

Dimopoulos et al’’ Estramustine 420 mg/day + 40 (38 were OS: 18.8 versus 18
etoposide 100 mg/day versus analyzed) TTP: 6 versus 4
lanreotide 30 mg/14 day +
dexamethasone (4 mg tapered
to | mg)

Mitsiades et al’® Zoledronate (4 mg/4 weeks) 38 PFS: | versus 7 (P < 0.0001); Zoledronate

versus zoledronate + octreotide
(20 mg/28 days) + oral
dexamethasone (4 mg tapered
to | mg)

Vapreotide | mg + LHRH analog 13
(3.75 mg/month)/ketoconazole

(600800 mg/day) in the

orchiectomy group

Gonzalez-Barcena et al*

(18 versus 20)

OS: 9 versus 12 (P < 0.05);
Prostate cancer specific OS:
9 versus 14 (P < 0.05)

monotherapy arm
did not receive
dexamethasone

Median survival: 19 months in

R versus 5 months in NR (P < 0.05);
CR in two patients, PR in four patients,
and SR in two patients (according to
ECOG recommendations for the

PSA evaluation)

Lack of patient
number; no
difference in
response to
vapreotide was
observed between
the patients

Abbreviations: CAB, complete androgen blockade; CR, complete response; DFS, disease free survival; ECOG, Eastern Cooperative Oncology Group; LHRH, luteinizing
hormone-releasing hormone; NR, nonresponder; OS, overall survival; PFS, progression-free survival; PR, partial response; PSA, protein-specific antigen; R, responder;
RR, response rate; SR, stable response; TTP, time to progression; WHO, World Health Organization.

surgical orchiectomy, then with ketoconazole at the time of
first relapse. All patients received vapreotide in addition to
luteinizing hormone-releasing hormone agonist or ketocon-
azole at the time of relapse. Six patients had a statistically
significant decrease in PSA level and two additional patients
achieved a decrease in serum prostatic acid phosphatase levels.
Patients who responded to the therapy showed a statistically
significant decrease in bone pain and increase in Karnofsky
performance status.*

As a monotherapy in prostate cancer, somatostatin ana-
logs seem to have limited effect; however, favorable results
have been reported when administered in combination with
prostate cancer-specific anticancer agents. To prove the effi-
cacy of somatostatin analogs, studies with a greater number of
patients are needed to show the role of somatostatin analog-
containing combination regimens in prostate cancer.

Somatostatin analogs

in gastrointestinal cancer
Hormonal therapies have been tested in chemotherapy-resistant
gastrointestinal cancers, since some of these tumors might be

hormone dependent. Hormone and growth factor secretion
by the gastrointestinal tract is inhibited by somatostatin.*!
Therefore, somatostatin analogs have been tested to inhibit
the secretory functions of the tumoral cells. A limited number
of clinical studies have been conducted,”> and results have
not been favorable so far. In general, studies did not show an
objective tumor response and survival advantage.*'* The lack
of knowledge on the optimal dose and timing of somatosta-
tin analog administration may be the reason for unfavorable
results.

In the study of Klijn et al, a heterogeneous group of 34 meta-
static gastrointestinal tumor patients (14 patients with pancreas
cancer, 16 patients with colorectal cancer, and four patients with
gastric cancer; 14 patients having received prior chemotherapy)
were included. These patients were treated with somatostatin
analog and stable disease was observed in three pancreatic, four
colorectal, and one gastric cancer patient as a best response.
Progressive disease was seen in the remaining 21 patients. Pain
palliation was achieved in the majority of patients.*?

Studies thus far have failed to show any objective tumor
response for pancreatic cancer. Friess et al treated 22 cases
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of advanced pancreatic cancer. Partial or complete remis-
sion was not observed in any patient. Three patients had no
radiological change in tumor burden for 8 weeks. The median
survival for all patients was 20 weeks.*> However, Rosenberg
et al demonstrated a survival advantage with the combination
of octreotide and tamoxifen for pancreatic cancer. In this
study, twelve patients who received this combination therapy
were compared with the previously untreated 68 patients.
Median survival and 1-year survival in the combination
arm versus untreated arm were 12 months versus 3 months
and 59% versus 16%, respectively.*! Antitumoral efficacy
of octreotide and goserelin combination was examined in
14 patients with advanced stage pancreatic cancer. One
patient had partial response and three patients had progres-
sive disease. Nine of the patients had stable disease during
27 months. Time to progression was 3 * 1.8 months. Overall
survival for all the patients was 6 + 1.5 months.** In another
study, locally unresectable, recurrent, or metastatic pancre-
atic adenocarcinoma cases were divided into three groups:
octreotide monotherapy versus 5-fluorouracil-containing
chemotherapy versus 5-fluorouracil plus leucovorin com-
bination therapy. Patients who progressed after octreotide
therapy were randomized to the other two chemotherapy
groups. The time to progression was 42 days in the octreotide
arm and 105 days in the combined chemotherapy arm. There
was no statistically significant difference in overall survival,
which was explained by the randomization of patients to the
chemotherapy arm after the first progression.* In a Phase 11
study, high-dose octreotide was used in inoperable pancreatic
carcinoma. Stable disease was observed in nine of 47 patients.
Partial or complete remission was not observed in any patient.
The median overall survival was 21.4 weeks and median
progression-free survival was 9 weeks.*¢

In a study with advanced gastrointestinal cancer (pan-
creas, stomach, and colorectal cancers), patients who pro-
gressed after first-line chemotherapy were randomized into
two groups. The first group was treated with somatostatin,
and supportive care was given to the second group. Objective
tumor response was not observed in any patient. Stable
disease ratios were 45% and 15% in the first and second
group, respectively, according to the criteria of Miller et al
(P < 0.05). Median survival was 20 weeks and 11 weeks
in the first and second group, respectively.”’” Long-acting
somatostatin analog (SMS 201.995) effect on tumor mark-
ers and Ki-67 was examined in patients with primary rectal
adenocarcinoma. There were 13 patients in the treatment arm
and six patients in the untreated control arm. Ki-67 staining of
the primary tumor in four of twelve patients in the treatment

arm was decreased. Serum carcinoembryonic antigen level
was increased in four patients in the treatment arm after the
surgery. In two of these patients, carcinoembryonic antigen
level was decreased by the somatostatin analog treatment.
These results led Iftikhar et al to suggest that somatostatin
analog therapy can alter the tumor kinetics.*®

Table 9 provides a summary of somatostatin analogs
in combination with other agents in gastrointestinal cancer.

Somatostatin analogs

in hepatobiliary cancers

About 40% of hepatocellular carcinomas express SSTRs.
Antitumoral effect of somatostatin was observed in hepatic
tumors of animal models and in sporadic case reports and some
small clinical studies. A previous trial including 58 patients
treated with short-acting octreotide 250 g subcutaneously,
twice daily, reported by Kouroumalis suggested a survival
advantage for short-acting octreotide compared with best
supportive care (median survival 13 months and 4 months,
respectively; P = 0.002).* However, the randomized, con-
trolled, double-blind HECTOR (Study to Evaluate the Efficacy
of Octreotide in Patients With Inoperable Hepatocellular
Carcinoma) trial showed no survival benefit for hepatocel-
lular carcinoma patients treated with long-acting octreotide
compared with placebo.*® In a systematic review, octreotide
was shown to improve the survival — 6 months and 12 months
in some of the groups — in advanced hepatocellular carcinoma.
Some studies including the octreotide group versus no treat-
ment group showed 6 months versus 12 months of survival
superiority in the octreotide group. Studies in China and
studies including more than 50 patients also reported a similar
survival advantage with octreotide. The variation in the treat-
ment outcomes and survival benefit of octreotide treatment in
hepatocellular carcinoma may be explained by the differences
in patient characteristics and SSTR variations.”!

Limited preclinical studies showed the presence of SSTR
in cholangiocarcinoma.® Due to the presence of SSTR,
somatostatin analogs inhibit the cell growth. However, there
are no clinical studies on somatostatin analog treatment in
cholangiocarcinoma.

Somatostatin analogs in pediatric

tumors

Few data are available in neuroendocrine tumors of child-
hood.* In a 25-year experience of Texas Children’s Hospital,
carcinoid tumor of the lung was found to be the minority
cause of lung masses. Surgical intervention was preferred
as the primary treatment.>
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Table 9 Somatostatin and its analogs in combination with other agents in gastrointestinal cancer

Study Treatment and dosage Patient Results Limitations

Klijn et al*? Octreotide 300-600 Lig/day 34 SD: 27% (for 3-9 months); No survival advantage
PD: 73%;
Median survival: 2 months for pancreatic
cancer, 8 months for colorectal cancer

Friess et al* Octreotide 300600 Lg/day 22 Median survival: 20 weeks; No objective tumor
CR/PR: 0% (according to WHO criteria); response;
Survival analyses correlated with the tumor  maybe higher doses
stage before the therapy (27.5 weeks in needed for monotherapy
stage 3; 14 weeks in stage 4)

Rosenberg et al®®  Octreotide 300 ug/day + 12 Median survival: 52 weeks Lack of patient number;

tamoxifen 20 mg/day

Fazeny et al®® Octreotide 1001500 pg/day + 14

goserelin acetate 3.8 mg/month

Burch et al* 42: octreotide arm;
22: FU arm

22: FU + leucovorin

Octreotide 600-1500 pg/day
versus FU 500 mg/m? IV bolus
for 5 consecutive days or

FU 425 mg/m? + leucovorin arm
20 mg/m?/day for
5 consecutive days

Sulkowski et al*  Octreotide 6000 pg/day 49

Cascinu et al¥ Octreotide 600 ig/day 55: octreotide arm;
versus BSC 52: BSC arm
(total 107)

ORR: 7%;

PR: one patient;

No change of disease: nine patients

(for up to 27 months);

PD: three patients (according to

WHO criteria)

Median TTP: 42 days in octreotide arm,
105 days in chemotherapy arm (P =0.01)

CR/PR: 0%;

SD: 19% (according to RECIST criteria);
Median OS: 21.4 weeks;

Median PFS: 9 weeks

Median survival: 20 versus | | weeks

(P < 0.05)

extent of disease was not
stated

Lack of patient number;
no objective response
was observed

No survival advantage
due to crossover to FU-
based chemotherapy at
the time of progression
on octreotide

No objective tumor
response; a Phase Il
study; median survival
correlates with stage
No objective tumor
response

Abbreviations: BSC, best supportive care; CR, complete response; FU, fluorouracil; 1V, intravenous; ORR, objective response rate; OS, overall survival; PD, progressive
disease; PFS, progression-free survival; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease; TTP, time to progression; WHO,

World Health Organization.

There are limited data about the somatostatin analogs in
pediatric tumors. Most of these data are not about the malig-
nant diseases and almost all of the data have been obtained
with octreotide. In general, benign conditions in which soma-
tostatin analogs have been used are: massive gastrointestinal
bleeding, complications of pancreatitis, chylothorax after
cardiac surgery, chronic diarrhea, gastrointestinal fistulas,
and dumping syndrome.’¢ Somatostatin analogs were
used in endocrine tumors of the gastrointestinal tract, and
biochemical and symptomatic responses were observed.*®
Also, a case treated for thymic carcinoma with octreotide
has been reported. In this case, biochemical response was
observed and the clinical partial response was maintained
for 8 months.’” In 21 patients with advanced osteosarcoma,
only a biochemical response was observed with somatostatin
analogs; a clinical response could not be obtained.’® In con-
clusion, there is a huge gap in the knowledge of somatostatin
analogs in pediatric tumors and larger prospective studies

should be done to clearly show any role of somatostatin

analogs in pediatric tumors.

Somatostatin analogs

in neuroendocrine tumors

Gastroenteropancreatic tumors are derived from pancreatic
islet cells and the stomach, duodenum, and small intestine.
Islet cell tumors are named according to the hormone(s) they
secrete, and the symptoms are dependent on these hormone(s).
Most of these tumors are metastatic and express SSTR to
some degree. The presence of SSTR in neuroendocrine
tumors is variable. The ratio of SSTR in SCLC is 40%, while
it is 80%—90% in carcinoid tumors.****%! Carcinoid tumors
are malignant tumors of enterochromaffin cells and originate
from intestinal submucosa, bronchi, and pancreas.®> Most
carcinoid tumors become symptomatic due to the carcinoid
syndrome (flushing, diarrhea, tricuspid and pulmonary valve
disease, bronchoconstriction, and pellagra) according to the
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increasing level of tumor products in systemic circulation.?
Somatostatin analogs improve symptomatic palliation. The
tumoral regression rate is very low and additional treatment
modalities are often used with somatostatin analogs.®* The
stable disease ratio is approximately 50%.3%%+¢ In general,
the symptomatic response and biochemical response rate with
octreotide LAR versus long-acting lanreotide are 74.2% and
51.4% versus 67.5% and 39%, respectively.®>6

In a Phase I study, 14 patients with carcinoid syndrome
due to foregut, midgut, and hindgut carcinoids had
their octreotide dose increased from 1500 pg/day to
6000 pg/day. The only dose-limiting side effect seen with
the increasing dose was an injection site reaction. Urinary
S-hydroxyindoleacetic acid level remained stable in many
of the patients. Radiological partial response was observed
in four patients. Stable disease was seen in two patients and
progressive disease was observed in seven patients.?® The
Phase I study of lanreotide included 13 patients with foregut,
midgut, and hindgut carcinoids, atypical carcinoid tumors,
and SCLC. The initial dose was 2250 pg/day, which was
increased up to 9000 pg/day. There were five patients with
carcinoid syndrome. Partial response was observed in four
patients. Stable disease and progressive disease were seen
in one and eight patients, respectively. These studies showed
that two somatostatin analogs could be used chronically with
high doses.?®

In a study including 39 patients, lanreotide 30 mg was
used for 6 months. Sixteen had previously received octreotide
treatment. Although some symptomatic palliation was
achieved, no radiological tumor response was observed.®’
In another study including 16 patients with gastroenteropan-
creatic neuroendocrine tumors (ten carcinoid tumors, three
nonfunctional pancreatic tumors, two Zollinger—Ellison syn-
drome, and one glucagonoma), eleven patients had previously
received octreotide treatment. Octreotide LAR was used for
a median 10.7 months. A statistically significant decrease
was observed in most of the patients during the treatment.
Fourteen patients had stable disease and two patients had
progressive disease.

In a study investigating the efficacy of octreotide LAR
in patients with metastatic neuroendocrine tumors who
progressed during lanreotide treatment, octreotide scintig-
raphy was positive prior to treatment in 13 of 15 patients.
Octreotide LAR therapy resulted in 7% of patients with
partial response, 40% with stable disease, and 53% with pro-
gressive disease. Stable disease was continued for a median
7.5 months. The median duration of treatment was 7 months.
The overall biochemical response rate was 41% (33% with

complete response and 8% with partial response) and over-
all clinical response was 75%.% In the PROMID (Placebo
Controlled, Double-Blind, Prospective, Randomized Study
on the Effect of Octreotide LAR in the Control of Tumor
Growth in Patients With Metastatic Neuroendocrine Midgut
Tumors) trial, 85 previously untreated cases of metastatic
well-differentiated neuroendocrine midgut tumors compared
octreotide LAR with placebo. The median time to progression
was 14.3 months and 6 months in the treatment and control
arm, respectively (P < 005). The ratio of stable disease in
the sixth month of the study was 67% in the treatment arm
and 37.2% in the placebo arm.66:6%70

In a study with octreotide pamoate, which included
twelve patients with malignant midgut carcinoid tumors,
all of the patients had received previous systemic therapies
and/or local treatment modalities for the metastatic lesions.
Radiologically stable disease was observed in nine of twelve
patients and progressive disease was observed in three.
Median survival was 37 months when progressive disease
was excluded. In progressive disease, the median survival
was 12 months. Stabilization of tumor growth was observed
in 75% of patients during the median survival of 12 months.
Biochemical markers were stable in 58% of patients and
decreased in 25%.%7!

Prognostic factors for patients with metastatic midgut
carcinoid tumor were examined in a study. The median
survival was 8.06 years in patients receiving a somatostatin
analog and 5.6 years for those who were not (P < 0.05).
Some of these patients also received radionuclide-labeled
somatostatin analogs. The median survival was 9.04 years
in patients receiving radionuclide therapy and 7.21 years for
those who were not (P < 0.05).7

Another somatostatin analog, pasireotide (SOM 230),
affects more than one receptor. Pasireotide connects to
SSTR1-3 and SSTR5 with high affinity. Therefore, SOM
230 could be used in cases resistant to other somatostatin
analogs as well as responsive to them. Pasireotide was used
in a study including 44 patients with metastatic gastroentero-
pancreatic neuroendocrine tumors. Symptom palliation was
not observed with octreotide. Improvement in symptoms was
observed in 27% of patients with pasireotide.®>"

There are also studies with combination treatments
including somatostatin analogs. In some of these, octreotide
monotherapy was compared with a combination of octreotide
and interferon-o.. Although there was no difference in terms
of symptom palliation, combination therapy provided greater
tumor reduction against octreotide monotherapy without any
survival difference between the arms.% Progression-free
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survival (96% versus 69%) and partial tumor response (18%
versus 0%) were better with octreotide plus bevacizumab
compared with octreotide plus pegylated interferon.”® The
combination of everolimus and octreotide LAR was also
investigated in 60 patients with advanced stage low-to-
moderate neuroendocrine tumors and resulted in 22% of
patients with partial response, 70% with stable disease, and
8% with progressive disease. Partial remission rate was better
in endocrine tumors of the pancreas. Median progression-free
survival was 60 weeks. The 1-, 2-, and 3-year survival rate
was 83%, 81%, and 78%, respectively.’

When somatostatin analogs bind to the SSTRs, the inter-
nalization of the receptor—peptide complex stimulates the
retention of the radiopeptide in tumors expressing the receptor.
In order to stabilize the molecule, the peptide labeled with a
radioisotope is bound to a chelator. Due to the small size of
the complex, clearance from the blood occurs rapidly, which
makes this strategy tolerable in terms of systemic toxicity.”
With this principle peptide, radioreceptor treatment has
been developed. Treatment of neuroendocrine tumors with
radionuclide-labeled somatostatin analogs has been reported
to yield favorable results. Partial remission was observed in
10%—-25% of patients with yttrium-90-dodecanetetraacetic
acid-tyrosine3-octreotide (90Y-DOTATATE).% In Krenning
et al’s study, indium-111-diethylenetriaminepentaacetic
acid-octreotide was applied. Of the 30 patients, there
were seven patients with progressive disease, eight with
stable disease, and six with partial remission.” In a study
of 90Y-DOTATATE, 46 patients with neuroendocrine tumor
were included and 89.1% of them were metastatic. Thirteen,
three, and ten of these patients received prior chemotherapy,
radiotherapy, and long-acting somatostatin analog treat-
ment, respectively. 90Y-DOTATATE was given to 45 patients.
After 12 months of follow-up, 47% had stable disease, 31%
had partial remission, and 9% had progressive disease.
Progression-free survival was 37.4 months.”® In a study
of indium-111-pentetreotid, partial remission and obvious
tumor necrosis was observed in 8% and 27% of patients,
respectively. Symptomatic and hormonal response rates were
62% and 18%, respectively. Median survival was 18 months
and this was longer than expected.”” In most of the studies
with 90Y-DOTATATE, similar responses were observed
and objective tumor response ranged between 10%—30%.
90Y-DOTA -lanreotide, unlike indium-111-octreotide, con-
nected to SSTR4 with high affinity. In the MAURITIUS
(Multicenter Analysis of a Universal Receptor Imaging
and Treatment Initiative, a European Study) study, 20.5%
of patients achieved partial response and 43.6% achieved

stable disease after the 3-year follow-up with 90Y-DOTA-
lanreotide. 177-lutetium-DOTATATE therapy was used in
34 patients with gastroenteropancreatic tumors, in which
complete remission was observed in 3%, partial remission
in 35%, stable disease in 41%, and progressive disease in
21% of patients. Studies have shown that weak positivity of
diagnostic indium-111-octreotide scintigraphy, poor general
condition, hepatic involvement, and advanced stage disease
leads to a lower remission rate.®

The overall response rate was 24% in 41 patients (neu-
roendocrine gastroenteropancreatic and bronchial tumors)
treated with 90Y-DOTATATE-labeled somatostatin analog.
This rate was 36% for endocrine pancreatic tumors. The
complete response rate and partial response rate was 2% and
22%, respectively. Stable disease and progressive disease was
observed in 49% and 15% of patients, respectively.®® Imhof
et al applied the same agent to 1109 patients with 25 different
types of neuroendocrine tumors. The morphological tumor
response rate was 34.1%. Stable disease and complete remis-
sion was observed in 5.2% and 0.6% of patients, respectively.
The median survival was 94.6 months from diagnosis.”

In conclusion, somatostatin analogs remain the main
symptomatic therapeutic modality for neuroendocrine
tumors. In general, their effects are limited to symptom con-
trol and stabilization of the disease. Decrease in tumor size
rarely occurs with current somatostatin analogs. There are
minor differences between octreotide LAR and lanreotide in
controlling neuroendocrine tumor hormone release. Inclusion
criteria, cotreatments, and endpoints varied between studies.
Therefore, it is not possible to do a direct comparison of
the analogs in these studies. However, the PROMID study
demonstrated a clear effect of octreotide on the time to tumor
progression and disease stabilization compared with placebo.
For lanreotide, the results of a study that is examining the
efficacy and safety of lanreotide autogel in tumor stabiliza-
tion of patients with progressive neuroendocrine tumors is
expected.

Conclusion

Most of the studies evaluating the effect of somatostatin ana-
logs in breast cancer have included a small number of patients
with advanced stage or metastatic disease, and have shown
that somatostatin analogs alone or in combination with other
agents have limited antitumoral effect. Somatostatin analogs
have not been shown to induce an obvious decrease in tumor
burden in SCLC, but could control the symptoms of ectopic
hormone secretion (adrenocorticotropic hormone, growth
hormone-releasing hormone). Lanreotide has no effect in
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advanced stage SCLC. It is clear that somatostatin analogs
have only limited antitumoral effect when used as a mono-
therapy in prostate cancer. However, favorable results have
been reported when administered in combination with pros-
tate cancer-specific anticancer agents. In metastatic prostate
cancer, somatostatin analogs induce a statistically significant
decrease in bone pain and an increase in Karnofsky perfor-
mance status. Studies in gastrointestinal cancer did not show
an objective tumor response and survival advantage with
somatostatin analogs. Endocrine tumors of the liver could
be an exception. Symptomatic and biochemical responses
have been reported in gastrointestinal cancer, maybe due
to inhibition of gastrointestinal secretion by somatostatin
analogs. There is limited data about somatostatin analogs
in pediatric tumors. In general, octreotide has been used
for benign conditions in pediatric cancer patients. There are
minor differences between octreotide LAR and lanreotide
in controlling neuroendocrine tumor hormone release. In
neuroendocrine tumors of the gastrointestinal system and
pancreas, favorable symptomatic and biochemical responses
have been achieved with somatostatin analogs. Additionally,
antiproliferative activity has been clearly shown with oct-
reotide in metastatic midgut neuroendocrine tumors.
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