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1. Introduction
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Hepatocellular carcinoma (HCC) is the most common primary liver cancer and affects about 8% of cirrhotic patients, with a
recurrence rate of over 50%. There are numerous therapies available for the treatment of HCC, depending on cancer staging
and condition of the patient. The complexity of the treatment is also justified by the unique pathogenesis of HCC that involves
intricate processes such as chronic inflammation, fibrosis, and multiple molecular carcinogenesis events. During the last three
decades, multiple in vivo and in vitro experiments have used somatostatin and its analogs (SSAs) to reduce the proliferative
and metastatic potential of hepatoma cells by inducing their apoptosis and reducing angiogenesis and the inflammatory
component of HCC. Most experiments have proven successful, revealing several different pathways and mechanisms
corresponding to the aforementioned functions. Moreover, a correlation between specific effects and expression of somatostatin
receptors (SSTRs) was observed in the studied cells. Clinical trials have tested either somatostatin or an analog, alone or in
combination with other drugs, to explore the potential effects on HCC patients, in various stages of the disease. While the
majority of these clinical trials exhibited minor to moderate success, some other studies were inconclusive or even reported
negative outcomes. A complete evaluation of the efficacy of somatostatin and SSAs is still the matter of intense debate, and, if
deemed useful, these substances may play a beneficial role in the management of HCC patients.

that the majority of patients are at risk of recurrence, and
this is attributable to intrahepatic metastasis or multicentric

Liver cancer is the fourth most frequent type of cancer and
has been a rising cause of concern for the global medical
community [1]. Despite significant diagnostic and therapeu-
tical advances, hepatocellular carcinoma (HCC) still has
recurrence rates of over 50%, even after aggressive treat-
ments, such as curative resection [2—4]. Recent studies show

hepatocarcinogenesis [5].

HCC, the most frequent primary liver cancer, is more
common in males and certain ethnic groups [6]. Its inci-
dence increases markedly among patients with chronic viral
hepatic infections and cirrhosis. Up to 8% of cirrhotic
patients might develop HCC at some point in their lives
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[1]. Despite these viral causes, chronic alcohol consumption
remains the leading cause of hepatocellular carcinoma [7],
and this is in part explained by the fact that alcoholism is
by far more prevalent than hepatitis B and C infections
[8]. The risk of HCC is also increased by metabolic condi-
tions such as diabetes mellitus and obesity. This etiological
variety implies that patients with HCC will also carry the
burden of the underlying disease, and their management will
require a more complex approach, often involving an inter-
disciplinary team to address cardiovascular, neurological,
metabolic, or renal complications as well as any other asso-
ciated pathologies [9-11]. Also, the presence of rare subtypes
of HCC or atypical presentations can further delay the treat-
ment and worsen patient prognosis [12, 13].

There are several therapies employed against HCC, rang-
ing from potentially curative to palliative and symptomatic
[14]. The most promising treatments are those involving
liver resection, transplantation, and local ablation [15], but
for a host of causes, only about 20% of the HCC patients
can benefit from such radical treatments [16, 17]. Conse-
quently, most HCC patients will be subjected to palliative
or symptomatic treatment, with survivability of about 40%,
at most [18]. Treatment options are evaluated based on the
patient’s condition and the severity of the carcinoma itself,
among other factors [19]. While there are various evaluation
systems employed, the BCLC staging system is the most
widely adopted in Europe and the USA and is of interest
to all medical specialties involved in the management of
HCC patients [14, 20].

Due to the limited therapeutic options, especially in
advanced HCC, and the relatively low efficiency of the avail-
able drugs in terms of improving overall survival, there is a
high need for the development of new treatments [21]. A large
number of new molecular targeted drugs are tested in clinical
trials [22]. Recently, several alternative treatments for HCC
have come into focus. The use of oncolytic viruses, the
application of stem cell research and peptide vaccines, and
even the modulation of the intestinal microbiota have been
considered [23]. The use of natural compounds is increasingly
investigated and also seems promising, especially when used
in association with conventional treatment [24-27].

Another important therapeutic solution for HCC may be
the use of somatostatin and its analogs (SSAs), which have
been employed mostly in patients towards the later stages
of HCC. In this review, we summarize the published exper-
imental and clinical results and present the current research
on the correlation between the action of somatostatin and
SSAs in HCC and the expression of somatostatin receptors
(SSTRs).

2. Somatostatin and Hepatocellular Carcinoma

2.1. General Actions of Somatostatin. Somatostatin can be
thought of as a wide-ranging inhibitory peptide, with diverse
functions depending on the target tissue [28]. More specifi-
cally, it may function as a neurotransmitter, a neuromodula-
tor, an endocrine hormone, or a paracrine factor, while its
role as a trophic factor has also been proposed [29, 30].
Physiologically, its levels are very low due to its prompt deg-
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radation by ubiquitous peptidases [31]. It exists in two iso-
forms known as SRIF14 and SRIF28—SRIF standing for
somatotropin release inhibitory peptide. It is noteworthy
that the inhibitory effects of somatostatin are directed not
only towards the release of peptides per se but also towards
the target tissues; it is possible for somatostatin to simulta-
neously and independently block the release of gastrin and
of gastric secretion [32]. Frequently, the inhibitory effects
of somatostatin are so potent as to be able to inhibit the asso-
ciated peptides regardless of the type and intensity of the
stimuli [28].

Somatostatin was isolated from the gastrointestinal tract,
genitourinary system, heart, eyes, thyroid, thymus, and skin
[33-35]. The presence of somatostatin was also identified in
the central nervous system, where the concentration of
somatostatin is sufficient to inhibit growth hormone release
from the pituitary gland via the hypothalamic-pituitary
axis [36].

2.2. Somatostatin in the Treatment of Hepatocellular
Carcinoma. The importance of neuroendocrine factors in
various cancers has been emphasized in recent research
[30, 37, 38]. Studies on somatostatin, ever since its discovery,
have demonstrated its inhibitory effects on the secretion of
numerous hormones, as mentioned above. So, it is reason-
able to assume that its administration by reducing glucagon,
gastrin, and insulin levels will have an adverse effect on the
cells targeted by these polypeptides acting as trophic factors
[39, 40]. This might exert at least an antiproliferative if not
an apoptotic effect.

It is known that one of the major antiproliferative
actions of somatostatin is exerted via the mitogen-activated
protein kinase (MAPK) pathway, which leads to cell cycle
arrest in the G1 phase [41]. This has been shown to occur
due to the upregulation of the p2lcipl/wafl and p27kipl
kinase inhibitors [42]. Nevertheless, there are other signaling
mechanisms associated with this function, as we will further
elaborate in this paper. The specific mechanism depends
upon the type of receptor expressed in the studied cells
[43]. Somatostatin can induce apoptosis, either by following
a pathway involving the p53 protein [44] or by other p53-
independent mechanisms [45, 46]. It can also exert the same
effects by increasing the expression of the Fas-Fas ligand sys-
tem, which promotes apoptosis [47].

The antineoplastic effect of somatostatin may be attrib-
uted to its potential to modulate immune pathways,
although further research is required on the topic [48]. It is
also possible that somatostatin reduces oxidative stress [49]
and NO production [50], which further contribute to the
antineoplastic effect.

Somatostatin also reduces the levels of proinflammatory
cytokines in rat liver stellate cells [51], and this anti-
inflammatory action may be beneficial in HCC. Other effects
on stellate cells have also been reported, but this remains
subject to further research [52, 53]. Furthermore, somato-
statin may reduce the activity of MMPs which are associated
with Kupffer cells [43].

The mentioned antitumoral effects of somatostatin on
HCC are presented in Table 1.
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TasLE 1: Classification of therapeutic actions of somatostatin on HCC.
Level Effect type Mechanism Reference
MAP kinase pathway—G1 phase arrest [41, 42]
Antiproliferative Other mechanisms (specific receptors) [43]
Trophic factor secretion inhibition [39, 40]
Cellular p53-dependent [44]
) p53-independent [45, 46]
Apoptotic . S
Trophic factor secretion inhibition [39, 40]
Fas-Fas ligand expression increase [47]
Immune pathway modulation [48]
Antineoplastic Reduction of oxidative stress [49]
) Reduction of NO production [50]
Systemic . .
Decrease of proinflammatory cytokine levels [51]
Anti-inflammatory Potential direct effect on stellate cells [52, 53]
Reduction of Kupffer cell-related MMP activity [43]

The current research consensus for the HCC metastasis
seems to indicate that the PEBP1 (RKIP) gene is the main
culprit behind the invasive behavior. In general, the expres-
sion of PEBP1 is found to be much lower in cancer cells
[54], and therefore, its upregulation might limit the metasta-
tic potential. PEBP1 can act by inhibiting metastasis, acting
as a tumor suppressor gene [55]. Huang et al. showed that
increased concentration of somatostatin in SK-Hep-1 and
HepG2 cancer cell lines can be correlated with increased
expression of the PEBP1 gene and therefore with decreased
invasive and metastatic potential [56].

Apart from influencing the endogenous expression of
specific proteins which regulate the invasive and metastatic
potential of the HCC cells, somatostatin may also be used
for the direct and indirect downregulation of proteins
related to the destruction of the extracellular matrix, the pre-
requisite for cancer invasion and metastasis. Highly invasive
cancers such as HCC are characterized by abnormal activity
levels of both intracellular and extracellular molecules. A
paradigm of intracellular proteins was that of the RKIP as
mentioned before, while extracellular related molecule
research focuses on matrix metalloproteinases (MMPs) [56].

Recent data has shown MMPs as promising targets to
avert or minimize the invasiveness of cancer cells, while
the overexpression of these enzymes presents a direct corre-
lation with cancer metastasis prognosis [57, 58]. In the path-
ogenesis of HCC, MMPs are involved in many processes
related directly or indirectly to pathogenesis, such as fibrosis,
weakening of the matrix, and tissue destruction [59-61].
While antibodies against these specific enzymes are cur-
rently experimented with, their use in integrated clinical
practice remains elusive [62]. Somatostatin may regulate
the activity of MMPs directly or indirectly, via IGF [63].

Therefore, somatostatin exhibits two types of antimeta-
static potential effects: the direct control on antimetastatic
genes and the influence on the activity of specific enzymes
that promote metastasis. These functions of somatostatin
are also exerted by its analogs, and there were several reports
of metastasis halt or even reversal [64, 65]. However, no
definitive evaluations for this effect of either somatostatin

or SSAs are available at the moment, and further research
is required on the subject.

2.3. Somatostatin Analogs in the Treatment of Hepatocellular
Carcinoma. In modern clinical practice, somatostatin has
been replaced, in many instances, by analogs due to the easier
administration and the potentially severe side effects of using
pure somatostatin [66]. More specifically, somatostatin
administration must be performed intravenously, due to its
half-life of approximately 3 min; therefore, its window of
action is rather limited. Moreover, postinfusion hypersecre-
tion rebound is also present, and growth hormone and insulin
are secreted in pathological values, shortly after the activity of
the administered somatostatin has ended [67].

There are several somatostatin-derived synthetic analogs
available for the treatment of HCC. Early research has
shown that somatostatin analogs inhibit tumor growth in
animals [68, 69]. However, a consensus on the efficacy of
such a treatment has not been reached, mainly due to the
different research parameters which make comparison and
evaluation of results difficult [1].

While there is little difference in the affinity of somato-
statin receptors for SRIF-14 and SRIF-28, there is a marked
affinity difference in the binding of the somatostatin analogs.
All somatostatin analogs have a very high affinity for SST,
and generally higher affinity than somatostatin for the other
SSTRs. Whereas octreotide and lanreotide have a great affin-
ity for SST, and SST and to a lesser extent SST [70], pasir-
eotide has a high affinity for receptors SST,, SST5, and SST,
[71]. Since different types of SSTs have been identified in
different types of HCC, it may be of paramount importance
to identify the type of SST or SST's which are more prevalent
and adjust the SSA treatment accordingly [52, 72-75].

The numerous experiments on the action of somatostatin
and its analogs (e.g., [44, 52, 76-85]) did not always exhibit a
unified corpus of conclusions. While many researchers
replicated the originally determined antiproliferative and/or
apoptotic effects, others did not manage that, and some even
had conflicting results, depending on the dose of somatostatin
or SSA employed.



However, it is the general research consensus that both
somatostatin and its analogs exert a direct antiproliferative
and apoptotic effect, which is modulated by the different
types of somatostatin receptors [43]. The different mecha-
nisms associated with these actions seem to be SSTR-
dependent. While some SSTRs may be implicated in the
same type of responses, they are associated with different
signaling pathways, as seen in Table 2.

Similar to somatostatin, SSAs can induce cell cycle arrest
by stopping the hepatoma cells in the G, phase, through spe-
cific receptors and the corresponding signaling pathways
[86, 87, 93, 95]. The activation of SSTR, and/or its heterodi-
merization with SSTR; can induce apoptosis [42, 94]. The
activation of these receptors yields the same results, whether
it is performed by somatostatin or by SSAs. Inhibitory effects
of octreotide and other analogs on liver tumors have been
reported [96-98]. The inhibition of trophic factor secretion
by somatostatin and its analogs might act as an antiprolifer-
ative and an apoptotic factor on HCC [39, 40].

Somatostatin analogs also activate the Fas-Fas ligand
system [47], which induces the formation of the death-
inducing signaling complex and forms an integral part of
the anticancer immune function [99]. The ligation of Fas
with FasL results in the activation of caspase-mediated
apoptosis [100-102]. However, such mechanisms depend
upon the serum levels of the analog. For the specific case
of the octreotide, in vitro studies have revealed a concentra-
tion threshold, which if exceeded, the octreotide exerts
antiproliferative effects, but if not, it actually promotes
proliferation [43, 96].

Recent data showed that opioids bind to the somatostatin
receptors, inducing the PTP signaling cascade [103]. The opi-
oid growth factor and its receptor are also capable of halting
cancer cell proliferation by inhibiting DNA replication [104].
This is especially important since functional opioid receptors
have not been identified in HCC cell lines [43].

Octreotide has also shown direct and indirect inhibitory
effects on angiogenesis [105-107]. Direct inhibition involves
the SSTRs while indirect effects occur through inhibition of
the vascular endothelial growth factor or of the adenylyl
cyclase [39, 108, 109]. An octreotide and celecoxib combina-
tion has been successfully employed as an antiangiogenic
agent [110].

It is possible that the SSA-induced immune pathway
modulation may exert an antineoplastic effect, but this needs
to be corroborated by further research [48, 111, 112].

Octreotide reduces the inflammatory component of
HCC through a dual effect of decreasing the concentration
of proinflammatory cytokines while increasing the anti-
inflammatory cytokines [113]. It was also suggested that
liver macrophages are downregulated by octreotide [114].
In addition, the TGFbl1 secretion by the Kupffer cells is
inhibited when these cells are exposed to octreotide, and this
may contribute to the anti-inflammatory effects of SSAs
[114]. SSAs also demonstrate antineoplastic effects by reduc-
ing oxidative stress and NO production [49, 50, 115].

2.4. In Vitro and Animal Experiments Involving Somatostatin
Analogs. The initial success of somatostatin analogs in
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in vitro experiments in the treatment of other types of carcino-
mas [93] led to the investigation of the potential of this com-
pound on patients suffering from HCC [77]. Initial reports
showed that octreotide exerts dose-dependent apoptotic
effects on Bel-7402 hepatoma cells, therefore introducing it
as a potential antineoplastic drug [80]. Further research used
the longer-lasting lanreotide, in a series of in vitro and
in vivo experiments; the in vitro data showed lanreotide to
exert a dose-dependent apoptotic potential on human HepG2
cells in the S-phase [78]. Wang et al. [79] determined that
octreotide induces apoptosis and dose-dependent inhibition
of cell proliferation on SMMC-7721 HCC cells. They also
recorded tumor growth inhibition when xenografting the cell
line to mice which was considered a consequence of an
octreotide-induced decrease in DNA synthesis.

The study of Liu et al. [44], using octreotide on both
normal liver cells and HCC cells, verified the apoptotic
effect on the pathological cell lines and correlated it with
the expression of SSTR,, which is uniquely expressed in
those cells. Again, the effect was dose-dependent. In most
of these studies, a decrease in the synthesis of a-fetoprotein,
a marker for proliferative activity, was observed. However,
Reynaert et al. [52] did not manage to replicate the antipro-
liferative effect of somatostatin analogs, when using specific
SSTR agonists, but noted that the metastatic potential of
the cells was significantly reduced and correlated with the
expression of SSTR;.

Hua et al. [83] did not succeed in reproducing the results
of previous studies [44, 77, 78] on the Bel-7402 cell line and
noted no quantifiable apoptotic effect but noticed that after
exposure to octreotide, the SSTR, expression levels were
decreased. On the other hand, when these cells were xeno-
grafted to rats, it prevented the growth of the xenograft
and HCC development, similar to previous reports [52].

An interesting experiment was performed by Xie et al. [82]
who used two cell lines, HepG2 and HepG2x, the latter having
a transfected HBV X gene. This gene codes for a small peptide,
of 154 amino acids, which stimulates several cellular transduc-
tion pathways, in many cell types, including hepatocytes [116].
They noted that the apoptosis of the first cell line was signifi-
cantly increased, but the second cell line was unresponsive,
even when octreotide was used in combination with lamivu-
dine, an antiretroviral medication, frequently used to treat
AIDS/HIV and chronic hepatitis B. This was positively corre-
lated with the decreased expression of SSTR, and SSTR; in the
cells transfected with the HBV X gene.

Grant et al. [88] used a HEK 293 cell clone which
expressed both a hemagglutinin- (HA-) tagged SSTR, and
a c-Myc-tagged SSTR.. This cell clone was specifically cho-
sen for its relatively low SSTR expression levels, compared
to physiological conditions [117]. They determined that
the p21 and p27Kipl cyclin-dependent inhibitors, associated
with SSTR,, were involved in cell cycle arrest. Ma et al. used
the SMMC-7221 cell line and found that apoptosis positively
correlates with the dosage and exposure time to octreotide
and is achieved through the activation of the Fas-FasL ligand
system [47]. Tsagarakis et al. reported that high doses of
octreotide inhibited proliferation, while low doses of octreo-
tide promoted proliferation in the HepG2 line [96].
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TaBLE 2: Specific effects of SSTR stimulation and associated signaling pathways [66, 86-93].

Strongest

Receptor agonist Signaling pathway Effect Reference
Tyrosine phosphatase SHP-2 stimulation Cell evdle arrest
SSTR, All SSAs Induction of MAPK-ERK pathway and p21:Wafl:Cipl yee a . [41, 52]
. Reduced metastatic potential
Adenylyl cyclase modulation
Modulation of the ERK, ,, pathway and activation of SHP-1, .
SHP-2, and PTP Apoptosis
SSTR, Vapreotide ) i " ) Cell cycle arrest; (82, 83, 87, 88]
Modulation of the p21 and p27kipl pathways antineoplastic
Adenylyl cyclase modulation
SSTR, Lanreotide Adenylyl cyclase modulation Apoptosis [42, 94]
MAP kinase pathway, Ca**-channels, K*-channels,
SSTR, Octreotide and Na"-H+ antiporter Cell cycle arrest [41]
Adenylyl cyclase modulation
s . Cell cycle arrest
SSTR, Octreotide Guanylate cyclase inhibition and MAP klr_lase—ERK pathway Antineoplastic (41, 82, 84]
Adenylyl cyclase modulation Apoptosis

Klironomos et al. used hepatic stellate cells isolated from
rats, to study the effects of somatostatin in their proliferation
in correlation with the expression of SSTRs [85]. They deter-
mined that the effects of octreotide were subject to the cyto-
kine microenvironment of those cells, but they noted that
collagen production was reduced, mirroring the results of
the research of Reynaert et al. who used somatostatin on
the same cell line [118].

By using octreotide, lanreotide, and SOM230, another
somatostatin analog, Lii et al. replicated the apoptotic effect of
earlier researches using the Bel-7402 cell line [84]. Their study
had also an in vivo component where the tumor cell lines were
xenografted on mice, and it was observed that survival and
quality of life were improved. These effects were attributed to
the variations of SSTR expression in the cancer cells.

Octreotide also inhibited tumor progress in rats after
partial hepatectomy [119], and further experiments con-
firmed these findings [120, 121]. The combination of a
COX 2 inhibitor with SSAs demonstrated antiproliferative
effects [98], a combination also proving successful in rabbits
[97]. Following transcatheter arterial embolization, a combi-
nation treatment of octreotide with celecoxib also inhibited
metastasis and angiogenesis [122]. A recent experiment on
Sprague-Dawley rats has also raised the possibility of using
octreotide preventatively in nonalcoholic steatosis, to pre-
vent HCC development [123].

Lanreotide was also proven to have antiproliferative and
apoptotic actions [124] and also to decrease fibrosis and
angiogenesis in a series of animal experiments [125, 126].
In addition, lanreotide administration in rats was proven
to prevent malignant transformation, an effect associated,
most probably, with the reduction of oxidative stress [115].
The results of the mentioned in vitro experiments with SSAs
are summarized in Table 3.

2.5. Clinical Evidence Involving Somatostatin Analogs as
Single Treatment. An early clinical trial on patients with
HCC using subcutaneous octreotide reported an improved
median survival rate, compared to the control group; also,

there were reports of tumor size decrease, and in some
patients, the tumor disappeared [77]. The study concluded
that octreotide administration can improve life expectancy
and the quality of inoperable patients.

Positive results of octreotide were also reported in a
retrospective study although the small size of the studied
sample does not allow for a statistical evaluation [127].

Several case reports recorded excellent results when
using octreotide for the treatment of advanced HCC [64,
128]; lanreotide was also found effective in metastatic
HCC, and the positive response was correlated with SSTR,
expression [65].

In the clinical trial of Raderer et al., intramuscular injec-
tion of lanreotide was used in patients with inoperable HCC
and resulted in partial response to treatment and improve-
ment in the quality of life for some patients [78]. The con-
sensus of the researchers was that, most likely, the doses of
lanreotide administered were suboptimal and that higher
doses might achieve more significant results. However, fur-
ther clinical trials using octreotide demonstrated an overall
increase in survivability [129-136].

Conversely, there were clinical trials that reported no
significant difference between the control and the treated
group [137-140]. The use of pasireotide as a second-line
treatment was mostly unsuccessful in another trial [141].
However, possible explanations for these results include an
improper choice of the control and the treatment groups
and the trial parameters. Furthermore, there were retrospec-
tive observational studies that found octreotide administra-
tion to be ineffective in altering the survival rate of the
patients, albeit 40% of them were alcoholics, which is a mit-
igating factor in the potential success of such therapies [103].

A study on less than 30 patients tested octreotide and
found limited beneficial clinical results [142]. Although the
results may seem disheartening, as pointed out by Samona-
kis et al., the choice of patients and the statistical processing
of results may leave a lot to be desired [143]. The study of
Cebon et al. [144], which used octreotide, mentioned that
patients reported improvement in some symptoms, but it
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TaBLE 3: In vitro experiments with SSAs and their results.
Somatostatin . .
Cell line Mechanism Result References
analog
SSA RC- Chinese Hamster Inhibition 9f CCK—lnd.uce(; intracellular Inhibition of cell prghferatlf)n in
1604+CCK Ovary (CHO) cells c¢GMP formation and activation of p42-MAP response to the administration of [93]
kinase phosphorylation and activity cholecystokinin
. Potential action through the SST3 and/or ~ Antiproliferative effect proportional to
Lanreotide Human HepG2 cells insulin and IGF the SSA dose established (78]
Octreotide Human BEL-7402 Potentially correlated to the antineoplastic ~ Antiproliferative effect proportional to [80]
cells effect of SSA the SSA dose established
. SMMC-7721 HCC  Antineoplastic action potentially attributable Antiproliferative and apoptotic effgct
Octreotide . and also decreased tumor growth in [79]
cells to decreased DNA synthesis -
xenografted mice
Chinese Hamster . . s
SSA RC-160 Ovary (CHO) A Gijop ro.tem-c.oup l.ed recept.or 1n.h1b1ts cell Inhibition of cell proliferation [87]
proliferation via ERK signaling
DG-44 cells
Octreotide Sﬁl;r/{ng;l;lzelp ii’d Some mechanism most probably associated — Antiproliferative effect proportional to [44]
’ with SST3 the SSA dose established
L-02 cells
Human HepG2, N
Recep tor HuH?7, and hepatic Signaling pathways linked to SST's Reduceq figration of cancer cells but [52]
agonists no antiproliferative effect observed
stellate cells (HSCs)
Octreotidet ~ Human HepG2 and Signaling pathways linked to SSTR2 and Increased apoptotic effect on the [82]
lamivudine HepG2x SSTR5 HepG2 cell line
Inhibiting adenylate cyclase, activating ERK1/
L-779,976 HEK 293 cell clone 2, and inducing the cyclin-dependent kinase Inducement of cell cycle arrest [88]
inhibitor p27(Kip1)
Octreotide SMMC-7221 cells Activation of the Fas-FasL ligand system Inducement of apoptosis [47]
Octreotide Human Bel-7402 Some mechanisms linked to SSTR2 No antiproliferative effect but no [83]
xenografted HCC development
Inhibition of proliferation at high
Octreotide Human HepG2 cells Caspase-mediated signaling pathways octreotide doses and proliferation of [96]
promotion at low octreotide doses
. . . Varied effect. General reduction in
Octreotide Rat hepatic stellate A mechams.m related to the cytokine collagen synthesis related to PDFG and [85]
cells (HSCs) environment of HSCs
TGFbl
Octreot.1de, Human Bel-7402 Some mechanisms linked to SSTR . Apoptotic ¢ ﬂfec.t. observe.d and .
lanreotide, cells expression variation improved survivability and life quality [84]
SOM230 P after the xenograft on mice

did not record any overall amelioration in the quality of life
of the patients examined, while some also minor anticancer
activity of the octreotide was registered. Overall, it was
believed, however, that this trial had not been a success.
Another factor that evaluates the results of this study was
the variable length of the treatment, which was subject to
disease progression and/or toxicity of the compound or
withdrawal at the patient’s or the doctor’s discretion. In
addition, 22% of the patients were alcoholics, a factor that
must be considered in the objective assessment of the trials’
results. The study of Dimitroulopoulos et al. [145] reported
the doubling of the survival rate of patients with hepatitis-
induced cirrhosis, who expressed SSTRs. Patients with a lack
of SSTR expression did not respond to the treatment.

A small observational study using octreotide by Shah
et al. [146] had some mixed results, with 6 patients, out of
the original 22, surviving past 10 months, with advanced

HCC developed on hepatitis B infection, and being of Asian
descent, potentially indicating a racial aspect of the response
to therapy.

2.6. Clinical Evidence Involving Somatostatin Analogs in
Combined Treatment. Following the encouraging results of
using SSAs in the treatment of HCC, further clinical trials were
developed combining SSAs with other forms of treatment.

In one trial, octreotide was combined with tamoxifen but
failed to provide any clear benefit, when compared to the
results of the control group, which was treated solely with
tamoxifen [147]. Pan et al. used tamoxifen, combining it
with octreotide and chemotherapy, and demonstrated posi-
tive results in about 40% of the patients whose treatment
included octreotide [81]. About 52% of the participants of
this trial were alcoholics. Octreotide was also combined with
sorafenib, and moderately positive results were achieved, but
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TasBLE 4: Clinical trials evaluating the role of SSAs in the treatment of HCC.
Somatostatin analog Trial Trial = Patients/ Result References
type length  controls
Octreotide R <4years 28/30 [P] Median survival levels of treated patients increased significantly [77]
Lanreotide NR  Variable  21/0 [N] Insignificant improvement in most patients; minor life quality 78]
improvement of some patients
Octreotide R Variable 12/13 [P] Overall increase in the survivability of treated patients [129]
Octreotide R 7 mo. 35/35 [N] No tumor regression, and no.lmprovement in life quality of the [137]
patients
Octreotide/lanreotide NR na 32/27 [P] Overall improved surv1va.l rate of the. SSA-treated patients and [130]
superior life quality

Octreotide NR  6mo. 63/0 [N] No significant prolongation of survival observed [156]
N . . .

Octreotide-+tamoxifen R 3 mo. 2415 [P] Response of 43% of the patients treat.ed with octreotide and [157]
doubling of their survival

Octreotide R Variable 32/33 [P] Improvement of the survival rate of the treated group [131]

Octreotide NR Variable 30/0 [P] Increase of survivability and life quality of patients [136]

Octreotide R Variable 20/25 [P] Improvement of the survival rate of the treated group [132]

. [N] Similar survivability between the treated patients and the control

Octreotide NR  32mo. 41/33 group treated with TACE [140]

Octreotide NR 2 years 26/0 [N] Very limited beneficial response to treatment [142]

Octreotide NR <12 mo. 63/0 [N] No improvement of Pa.tlent life qua%lty and minor anticancer [144]

activity of octreotide
Octreotide+rofecoxib R 6mn11r; 71/0 [P] Increased survivability in patients with high IGF and VEGF levels [149]
Octreotide R 3years  31/30 [P] Response of those patients expressing SSTRs and doubling of the [145]
survival rate

Octreotide+tamoxifen R  Variable 56/53 [N] No clear benefits in patient survival [147]

Octreotide R Variable 60/59 [N] No significant improvement and no objective tumor regression [138]

Octreotide R Variable 16/14 [P] Moderate increase of the survival rate of the treated group [134]

L . o - o
Octreotide NR 54 mo. 35/0 [P] Significant tumqr regression (14./0) and clear clinical benefits (80%) [154]
in association with VEGF levels
Octreotide NR  72mo. 95/0 [P] Positive results for the group receiving the octreotide treatment [127]
Octreotide NR 30 mo. 2200 [P] Positive results for 6 patients of Asmn qescent who had hepatitis B- [146]
induced cirrhosis
Octreotide R 2years 135/137 [N] No improvement in patient surV}val rate and negative consequence [139]
on patient life quality
Octreotide+sorafenib NR Variable 50/0 [P] Slightly positive results on the survivability of some patients [148]
Octreotide R Variable 21,24 [P] Increase of survival rate of t.he t.reated group and significant 1-year [133]
survival increase
Octreotide+sorafenib NR  Variable  50/0 [P] Reduction of.0X1.daltlve stress in the tr.eated group, potentially [153]
signifying an antineoplastic effect

Octreotide+heparin NR 1 year 84/63 [P] Significant reduction in tumor metastasis of the treated group [150]

Octreotide NR 5 years 99/0 [P] Higher survivability in patients with higher SSTR expression [155]

Pasireotidereverolimus NR  Variable 24/0 [N] No clear benefit frorp the comb-matlon of pasireotide and [151]
everolimus was discerned

Octreotide-celecoxib R 3 years 35/36 [P] Prolonged overal.l su.rv1val, enhanced tumor respons.e, and reduced [152]

postembolization syndrome of the treated patients
Pasireotide NR <54 mo. 20/0 [N] Limited clinical benefit of pasireotide as a second- or third-line [141]

treatment

Abbreviations: [P]: positive results; [N]: negative results; R: randomized study; NR: nonrandomized study; mo.: months; n/a: not available.

further evaluation of the potential of this pharmacological =~ were associated with the IGF and VEGF levels of the patients,
combination is required [1, 148].

Octreotide was also tested in combination with rofecoxib ~ combination. When octreotide was combined with heparin,
in the randomized trial of Treiber et al. [149]. Positive results in posttranscatheter arterial chemoembolization (TACE)

indicating the potential antiangiogenetic effect of the applied



patients, during the yearly follow-up, the metastasis incidence
decreased in the treated patients; the control group had been
treated with heparin only [150].

Everolimus and pasireotide were also tested in combina-
tion, but no clear benefit could be discerned and a quarter of
the treated patients developed hyperglycemia [151]. About
60% of the patients were alcoholics, and treatment discon-
tinuation was brought about by disease progression. Finally,
lanreotide and celecoxib were combined with quite positive
results; serum VEGF levels were correlated with positive
response [152]. The combination of octreotide with sorafe-
nib seemed to reduce serum NO levels, and this is possible
evidence of a reduction of oxidative stress, thus signifying
a potential antineoplastic effect [153].

Moreover, SSAs were also considered supplementary
therapeutic means to surgical interventions in several
clinical trials. Montella et al. used octreotide following radio-
frequency ablation, with positive results, in inoperable
patients [154]. Additionally, Liu et al. tested the effects of
octreotide administration, following curative surgery on
HCC hepatitis B-positive patients, and determined that sur-
vivability was higher in those patients whose HCC cells had
high SSTR expression [155]. However, neither of these two
studies were randomized nor had a control group; therefore,
supplementary data is required for a more accurate assess-
ment of their results. The trials mentioned above are sum-
marized in Table 4.

It should be noted that a number of studies reporting
negative results for the use of SSAs were conducted on
patients belonging to the most advanced stage of the disease
(i.e., BCLC stage D), where survival is very limited and the
treatment is usually symptomatic, not contributing to the
improvement of life expectancy. Therefore, it appears that
SSAs are more suitable for HCC patients belonging to BCLC
stages where kinase inhibitors, monoclonal antibodies,
immune checkpoint inhibitors, or other new agents are
employed, an opinion also shared by other authors [43].

3. Conclusions

Both somatostatin and its analogs have proved useful, in a clin-
ical setting, for the treatment of various malignancies, and their
use in oncologic therapy is still a subject of research. From both
in vivo and in vitro experiments, it has been determined that
both somatostatin and SSAs share apoptotic, antiproliferative,
antineoplastic, and anti-inflammatory properties, although
some of these effects can be exerted via different mechanisms.
A distinct difference is that the antiangiogenic effect has so
far been associated only with SSAs.

The results of the clinical trials involving SSAs are
mixed, mostly due to the heterogeneity of the trials in regard
to design, lot selection, and inclusion criteria. However, the
positive reports are encouraging. There seems to be potential
use for SSAs, especially considering that many patients may
be ineligible for chemotherapy. SSAs may also provide a via-
ble alternative to other emerging therapies for HCC with
minor or major side effects where the gravity depends
mostly on the specifics of the patient.

Analytical Cellular Pathology

Overall, somatostatin and its analogs appear to be prom-
ising candidates in the treatment of HCC, and further stud-
ies regarding their effectiveness and safety may reveal their
definitive role in the multimodal approach of HCC patients.
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