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Surgery is considered the treatment of choice in acromegaly, but patients with persistent 
disease after surgery or in whom surgery cannot be considered require medical ther-
apy. Somatostatin receptor ligands (SRLs) octreotide (OCT), lanreotide, and the more 
recently approved pasireotide, characterized by a broader receptor ligand binding pro-
file, are considered the mainstay in the medical management of acromegaly. However, 
in the attempt to offer a more efficacious and better tolerated medical approach, recent 
research has been aimed to override some limitations related to the use of currently 
approved drugs and novel SRLs therapies, with potential attractive features, have been 
proposed. These include both new formulation of older molecules and new molecules. 
Novel OCT formulations are aimed in particular to improve patients’ compliance and to 
reduce injection discomfort. They include an investigational ready-to-use subcutaneous 
depot OCT formulation (CAM2029), delivered via prefilled syringes and oral OCT that 
uses a “transient permeability enhancer” technology, which allows for OCT oral absorp-
tion. Another new delivery system is a long-lasting OCT implant (VP-003), which provide 
stable doses of OCT throughout a period of several months. Finally, a new SRL DG3173 
(somatoprim) seems to be more selective for GH secretion, suggesting possible advan-
tages in the presence of hyperglycemia or diabetes. How much these innovations will 
actually be beneficial to acromegaly patients in real clinical practice remains to be seen.

Keywords: acromegaly, somatostatin receptor ligands, octreotide, lanreotide, pasireotide, somatoprim

iNTRODUCTiON

Trans-sphenoidal surgery is the treatment of choice in acromegaly, because it can provide prompt 
reduction of GH and IGF-1 levels, thereby improving morbidity and mortality (1). Considering 
biochemical remission criteria as normal IGF-1 levels and either GH levels < 0.4 ng/mL after oral 
glucose load or random GH < 1.0 ng/mL (2), successful surgery is obtained in experienced hands in 
about 80–90% of microadenomas and up to 66% of macroadenomas (3).

Determinants of mortality in acromegaly include a serum GH >  2.5 ng/mL and an elevated 
IGF-1 as well as hypertension, cardiovascular and cerebrovascular disease, and hypoadrenalism 
(4–6). Consequently, patients with persistent disease after surgery or in whom surgery cannot be 

Abbreviations: ATG, autogel; CD, Cushing disease; GH, growth hormone; IGF-1, insulin like growth factor 1; LAN, lanreotide; 
MAP, mitogen-activated protein; MRI, magnetic resonance imaging; OCT, octreotide; PAS, pasireotide; PTP, phosphotyrosine 
phosphatases; SR, slow release; SRLs, somatostatin receptor ligand; SST, somatostatin; SSTR, somatostatin receptor; TPE, 
transient permeability enhancer.
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considered, require medical therapy. Somatostatin (SST) recep-
tor (SSTR) ligands (SRLs) octreotide (OCT), lanreotide (LAN), 
and the more recently approved pasireotide (PAS), a new ligand 
with broader receptor binding profile, are considered the main-
stay in the medical management. The response rate to medical 
treatment varies in different studies, but the biochemical control 
rate does not exceed 50–55% of patients (7).

In the attempt to offer a more efficacious and better toler-
ated medical approach, research has focused to override some 
limitations related to the use of approved SRLs (including limited 
efficacy, need for life-long intramuscular or deep subcutaneous 
injections, and some adverse effects).

MeCHANiSMS OF ACTiON OF SRLs

Human SST was isolated in 1973 and identified as the hypotha-
lamic responsible for inhibition of GH secretion (8). However, 
SST is expressed in several other tissues (central nervous system, 
endocrine system, and broadly in the gastrointestinal system). 
SST derives from processing of the 116-aminoacid precursor 
prepro-SST (8). Enzymatic degradation produces two bioactive 
proteins: a 14-aminoacid molecule called “SST-14” and a larger 
28-aminoacid form “SST-28” (9).

The mechanism by which SST acts on the target cells is 
com plex and not entirely understood. Its physiological effects 
include the inhibition of GH secretion from both normal 
pituitary and GH-secreting tumors (8, 10), as well as the inhibi-
tion of cell proliferation and the regulation of endocrine and 
exocrine cells of the digestive tract (11). The potent and broad 
anti-secretory and anti-proliferative activities of SST represent 
suitable properties to apply in clinical practice, with the down-
side of possible broad unwanted effects. However, both native 
SST isoforms have a short half-life (about 2  min) due to the 
presence of multiple enzymatic cleavage sites which result in 
rapid degradation. This limitation has been partially surpassed 
by the development of more stable and potent analogs. Synthetic 
SRLs with both a longer half-life and an increased affinity for 
SSTRs have been developed. For example, the compound “SMS 
201–995” (OCT) exhibits a 19-fold and a 3-fold higher potency 
than native SST on the inhibition of GH and insulin secretion, 
respectively (12). A d-Phe at the N-terminal and l-Thr at the 
C-terminal end and the position 8 substitution of l-Trp by  
d-Trp increase this peptide’s resistance to enzymatic degrada-
tion (13). Compared to native SST half-life of 2–3 min, OCT has 
a half-life of 90–120 min. Furthermore, its pharmacodynamic 
action lasts up to 8–12  h (14). Another synthetic compound 
(“BIM 23104,” LAN) was later developed with similar charac-
teristics (15).

The effects of all SRLs are mediated by their interaction 
with specific G-protein coupled membrane receptors SSTRs. 
Five isoforms of SSTRs, belonging to the family of, have been 
described (SSTR 1–5). Each receptor isoform is encoded by 
genes localized on different chromosomes (15). The gene 
encoding SSTR2 creates two splice variants, a long (SSTR2A) 
and a short (SSTR2B) form (16), differing in length and amino 
acid sequence in their intracellular carboxyl termini. The two 
isoforms have similar affinity for a number of SSTR2-selective 

agonists, but they differ in their ability to couple to adenylyl 
cyclase (17). In pituitary tumors, SSTR2 mRNA is expressed as 
the 2A variant (18).

The SSRTs’ extracellular domain contains the ligand binding 
sites, while the intracellular domain is responsible for second 
messenger activation (19). The affinity of SST-14 and SST-28 
is similar for all the receptor subtypes, except for SSTR5 which 
shows a 10-fold higher affinity for SST-28, suggesting a possible 
different role for this receptor (20). All five SSTRs are present in 
the central nervous system, gastrointestinal tract, endocrine and 
exocrine glands, and inflammatory and immune cells.

The current understanding of SST/SSTRs intracellular 
signaling is mostly based on in  vitro models. The interaction 
between SST and its receptors activates a number of intracellular 
cascades. It causes decrease in intracellular cAMP (due to inhi-
bition of adenylyl cyclase activity) and a reduction in calcium 
ion influx due to the activation of potassium and calcium chan-
nels. Furthermore, SSTRs activation stimulates both mitogen-
activated protein (MAP) kinase and protein phosphatases such 
as calcineurin (which inhibits exocytosis), phosphotyrosine 
phosphatases (PTP) (which dephosphorylate growth factor 
receptor kinases thereby inhibiting mitogenic signaling and 
cell proliferation), and serine threonine phosphatases (which 
activate calcium and potassium channel proteins) (21). SSTRs 
also regulate the phospholipase C and A2 and cyclic guanosine 
monophosphate, proteins involved in signal transduction (22). 
Some differences can be found in the intracellular signal-
ing pathways of each SSTRs isoform: all SSTRs are coupled 
to inhibitory G protein, blocking adenylate cyclase. SSTR1, 
SSTR2, and SSTR3 transduce their anti-proliferative effect by 
stimulating one or more PTPs, which in turn affect MAP kinase 
activity and the survival PI3K pathways. Conversely, SSTR5 
mediates its anti-proliferative effect through PTP-independent  
pathways (23).

Most tumors arising from tissues that express SSTRs maintain 
this expression, offering the possibility of a therapeutic approach 
with SRLs. They are gastrointestinal and bronchopulmonary 
neuroendocrine tumors, as well as several kinds of pituitary 
tumors, medulloblastoma, and medullary thyroid carcinoma 
(24). The final anti-proliferative effect occurs by both “direct” and 
“indirect” mechanisms. The direct effects include promoting both 
cytostatic signaling and cytotoxic action (by induction of apop-
tosis). The “indirect” effects act on the tumor microenvironment 
and include blockade of neo-angiogenesis, inhibition of tumor-
promoting signals secretion from immune cells and blockade of 
paracrine growth factor secretion (23).

SRLs iN THe TReATMeNT OF 
ACROMeGALY

The name “somatostatin” originates from the first appreciated 
function of this molecule as inhibitor of GH (“somatotropin”) 
release (25). It is logical that the first use of SRLs focused on their 
effect in acromegaly, although they are also used for the treatment 
of TSH and ACTH-secreting adenomas and neuroendocrine 
tumors in other areas of the body (25).
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The most commonly used formulations of SRLs are OCT [sub-
cutaneous and long-acting repeatable/release (LAR)] and LAN 
[slow release (SR) or aqueous gel formulation autogel (ATG)] 
(“first-generation SRLs”). Recently, approval for subcutaneous 
PAS for Cushing disease (CD) and (26) PAS-LAR for acromegaly 
was granted both in Europe and the United States.

First-generation SRLs are often considered the first-line 
medical treatment in acromegaly. The safety profile of these SRLs 
is good. The side effects are mainly the result of the activation of 
the receptors expressed in the gastrointestinal tract (cholelithi-
asis, effects on glucose metabolism and gut motility), as well as 
injection site side effects (27). The response to SRLs (control of 
hormonal hypersecretion and tumor shrinkage) in acromegaly 
is variable. The biochemical response varies in different studies, 
ranging between 20 and 80% (28, 29). The different degree of 
response can be due to clinical parameters and to histopathol-
ogy and molecular mechanisms, including SSTR expression or 
activity (30). Most GH-secreting pituitary tumors (more than 
95%) express SSTR2, followed by SSTR5 (more than 85%) and 
SSTR3 and SSTR1 (both in more than 40%). SSTR4 expression 
is rare (25).

The predominant expression of SSTR2 and SSTR5 represents 
the basis for the clinical use of OCT and LAN, molecules that 
have high affinity for these receptors (SSTR2  >  than SSTR5) 
(31). Because SSTR2 and SSTR5 regulate the release of GH from 
somatotropic cells, the primary pharmacodynamic effect of 
both OCT and LAN is a reduction of GH and/or IGF-1 serum 
levels (32). In addition, SSTR2 and SSTR5 can result in tumor 
shrinkage by inhibiting cell proliferation and/or activating cell 
apoptosis (33).

The main factor causing tumor resistance to OCT and LAN 
is the absent or reduced SSTR density (34). Indeed, GH suppres-
sion and tumor shrinkage induced by SRLs correlate with SSTR2 
mRNA levels, and OCT resistance in GH-secreting adenomas 
occurs due to loss of SSTR2A expression (35). Beta-arrestins 
are proteins that bind G-protein-coupled receptors and block 
further signaling by preventing receptor re-circulation to the 
membrane. These proteins have been recently considered 
as important regulator on SSTR2 function (36). Low beta-
arrestin expression and high SSTR2/beta-arrestin ratio have 
been reported to be associated with SRLs responsiveness 
(36). However, these results have been questioned by a recent  
study (37).

Clinically relevant factors predicting poor SRLs efficacy include 
young age, large tumor size, high basal levels of GH, and “sparsely 
granulated” adenoma at histology (which correlates with a spe-
cific radiological pattern at magnetic resonance imaging (MRI) 
and is associated with a lower SSTRA2 expression than “densely 
granulated” tumor) (30, 38). Heterozygous loss-of-function 
mutations in the aryl hydrocarbon receptor interacting protein 
(AIP) are associated with young-onset GH secreting pituitary 
adenomas (39). It has been demonstrated that both familial 
and sporadic AIP mutations are associated with poor response 
to first-generation SRLs (40) and that reduced AIP expression, 
even without mutation, is associated with first-generation SRLs 
resistance (25). This is probably due to the reduced expression of 
SSTR2A in AIP-deficient tumors (41).

Pasireotide has high affinity to SSTR1, SSTR2, SSTR3, and 
SSTR5. Compared to OCT, it has a 40-fold higher affinity and a 
158-fold higher functional activity for SSTR5 (42). Interestingly, 
AIP-deficient tumors resulted equally responsive to PAS com-
pared to non-AIP-deficient tumors, without any difference in 
SSTR5 expression (41). Accordingly, in AIP knockout mouse 
models of pituitary adenoma PAS is effective in controlling 
IGF-1 levels, while OCT does not show any significant effect 
(43). Consequently, low AIP expression seems not to be a relevant 
predictor factor of poor response to PAS.

FiRST GeNeRATiON SRLs: OCT AND LAN

Octreotide
Octreotide was the first SRL introduced in clinical practice, and 
it is still widely used for the treatment of acromegaly. OCT has 
high-affinity binding to SSTR2 and SSTR5. Cell cultures from 
SSTR2 receptor-deficient mice suggest that OCT mediates its 
pharmacological action primarily via the SSRT2 receptor (44). 
Initially, OCT was a subcutaneous or intravenous preparation, 
requiring a three daily injection regimen. The observation that 
continuous infusions were more effective than subcutaneous 
regimen suggested that preparations causing a sustained level 
of the drug may be beneficial (45, 46). Consequently, an intra-
muscular depot preparation using microspheres was introduced 
(OCT-LAR), allowing for monthly injections and facilitating 
the use of the drug. The mean time needed for the OCT-LAR 
20 and 60 mg doses to reach maximum concentration is 22 and 
12.6 days, respectively, with an inter-subject variability in mean 
maximum drug concentration of 32 and 38% (47). The profile of 
OCT-LAR is characterized by a transient increase in OCT blood 
level on day 1, followed by a lag phase (days 2–6) of decreased 
concentration. After 6–8 days, a new increase occurs, reaching a 
plateau concentration maintained for about 30 days (47).

The effects of this formulation have been demonstrated to be 
dose and time dependent (48), and a significant percentage of 
patients treated with OCT-LAR achieved biochemical control 
of acromegaly, a percentage much higher than those already 
reported for regular OCT (49). However, the reported biochemi-
cal efficacy varies among different studies. In some clinical trials 
the percentage of patients reaching biochemical control of 
acromegaly is up to 70%, while surveys including non-selected 
cohort of patients report a biochemical control in less than 50% 
of treated patients (49). A large meta-analysis demonstrated that 
OCT-LAR induces tumor shrinkage in 66.0% of patients, with a 
mean percentage reduction in tumor size of 50.6% (50).

Lanreotide
Lanreotide is an octapeptide analog of natural SST binding with 
high affinity to SSTR2 and with a minor affinity to SSTR5 (32). 
Two formulations have been developed: a LAN-SR obtained by 
combining LAN with microspheres of lactide/glycolide copoly-
mers, allowing administration every 7–28 days (51), and LAN-
ATG, which is a viscous aqueous formulation in ready-to-use 
prefilled syringes that are administered every 28–56  days (52). 
The mean time needed for the LAN-ATG 90 and 120 mg doses to 
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reach maximum concentration is 2.4 and 1.1 days, respectively, 
with inter-subject variability of 52 and 84% for 90 and 120 mg 
doses, respectively. The profile of LAN-ATG is characterized by 
a peak concentration on day 1, followed by a constant decrease 
throughout the treatment period (47). First-line therapy with 
LAN-SR for 6–48 months achieved a significant (20–25%) tumor 
volume reduction in 22–50% of patients and a good biochemical 
control (53, 54), while patients treated with LAN-ATG obtained 
a tumor volume reduction (> 20%) after 48 weeks of treatment 
with 120 mg in the 63% of cases (55). The percentage of patients 
reaching biochemical control ranges between 63 and 78% and 
between 65 and 70% for GH and IGF-1, respectively (53, 54). 
Despite lack of head-to-head studies, it is generally believed that 
OCT-LAR and LAN-ATG have similar biochemical efficacy in 
acromegaly (56). A recent large international clinical trial showed 
that patients previously biochemically controlled with OCT LAR 
every 4  weeks are possible candidates for LAN-ATG 120  mg  
every 6 and 8 weeks, with the advantage of reducing the 
frequency of injections (57). It has recently been shown that 
LAN-ATG “high-frequency” (120 mg/21 days) and “high-dose” 
(180 mg/28 days) regimens were effective in normalizing IGF-1 
in one-third of patients who were incompletely controlled by 
conventional SRLs therapy (58).

PASiReOTiDe

Pasireotide (SOM 230), a “second generation” SRL, is a multire-
ceptor-targeted SST generated by introducing four synthetic and 
two essential amino acids of SST in a cyclohexapeptide structure. 
PAS has high affinity for four of the five human SSRTs: it has a 30-, 
11-, and 158-fold higher activity than OCT on SSTR1, SSTR3, 
and SSTR5, respectively, with a 7-fold lower activity on SSTR2 
(59). PAS has a potent effects on GH release (60). A long-acting 
form has been developed (PAS-LAR) with identical delivery 
system to OCT-LAR. Like OCT-LAR, it is administered via deep 
intramuscular injection. The recommended initial dose is 40 mg 
every 28  days (61), which may be increased to a maximum of 
60 mg every 28 days (62).

In a 12-month randomized phase III double-blind, multicenter 
study including 358 medication-naïve patients, PAS-LAR was 
shown to be more effective than OCT-LAR in serum IGF-1 and 
GH normalization. A significant (≥20%) tumor volume reduc-
tion was seen in 80.8% of PAS-LAR- and 77.4% of OCT-LAR-
treated patients, without difference between the post-surgery 
and de novo groups (63). In the 12-months cross-over extension 
phase (in which patients crossed to opposite treatment), further 
tumor volume reduction was seen in a mean of 25% of cases with 
PAS-LAR and 18% with OCT-LAR. Subjects with inadequate 
biochemical control at end of the study were eligible to switch to 
PAS-LAR or OCT-LAR. Twelve months later, 17.3% of PAS-LAR 
and none of OCT-LAR patients achieved control. The extension 
phase (64) of the core study, involving 120 patients who contin-
ued their randomized therapy, was aimed to evaluate the efficacy 
and safety of PAS-LAR and OCT-LAR for up to 26 months (64). 
Biochemical control was maintained for up to 25 months during 
PAS-LAR treatment. The safety profile of PAS-LAR is compara-
ble to other SRL’s, except for significantly higher frequency and 

degree of hyperglycemia (seen in 62.9% of PAS-LAR vs. 25.0% of 
OCT-LAR treated patients) (64).

Another phase III trial (“PAOLA”) enrolled patients previ-
ously uncontrolled by first generation SRLs, who were either 
switched to PAS-LAR or remained on the previous treatment. 
After 6 months, 15% of PAS-LAR 40 mg and 20% of PAS-LAR 
60  mg patients reached biochemical control, while no patients 
was controlled in the group that remained on first-generation 
SRLs. More patients receiving 40  mg (18.5%) and 60  mg PAS-
LAR (10.8%) had total volume reduction of more than 25% than 
did those who remained on the ineffective therapies (1.5%) (65).

A recent study (PAPE study) assessed the efficacy and safety 
of PAS-LAR in 61 acromegaly patients who were well-controlled 
with first generation of SRLs and weekly pegvisomant. The switch 
to PAS-LAR, either as monotherapy or in combination with 
pegvisomant, controlled IGF-1 levels in the majority of patients. 
Interestingly, in 15 (24.6%) patients, IGF-1 levels remained 
controlled on PAS-LAR 60 mg alone. Overall, PAS-LAR had a 
pegvisomant-sparing effect of 66% of the dose compared to the 
combination of pegvisomant with first generation SRLs. As in 
other PAS studies, hyperglycemia was the most important safety 
issue (66).

SOMATOPRiM

DG3173 (PTR-3173 or somatoprim) is a compound that has 
been identified while screening SRL’s with a SSTR affinity that 
would be most selective for suppression of GH secretion (67). 
This compound binds to human SSTR 2, 4, and 5. In vitro inhibi-
tory effects of somatoprim in human fetal pituitary glands and in 
GH–secreting adenomas on GH secretion are similar to those of 
OCT (68). A study in GH-secreting adenoma cultures showed 
effectiveness in reduction in GH secretion by somatoprim in 10 
of 21 tumors, broader when compared with OCT (5 of 21) (69). 
The most attractive feature of this drug is the apparent absence of 
inhibitory effect on insulin secretion. In fact, studies performed 
in rats found that somatoprim is 1,000-and 10,000-fold more 
potent in inhibiting GH release than glucagon and insulin release, 
respectively (67). The mechanism that mediates this “protective 
effect” on pancreas is unclear (7). These data suggest that this 
molecule may turn out to be a suitable option for patients who are 
unable to tolerate the hyperglycemic or diabetogenic effects com-
monly associated with SRLs and in particular with the use of PAS 
(67). Adding an additional attractive feature, a study performed 
on the non-obese diabetic murine model of insulin-dependent 
diabetes showed that this drug has a positive effect on renal/
glomerular hypertrophy, albuminuria, and changes in glomerular 
filtration rate (70).

A single-dose, randomized crossover study of healthy volun-
teers treated with OCT, somatoprim or placebo, confirmed that 
somatoprim had much less effects on insulin and glucagon release 
as well as on glucose control compared to OCT (71). An interesting 
finding is that a positive response to somatoprim is more likely in 
“sparsely granulated” tumors than in “densely granulated” tumors 
(69), contrary to what observed for first generation SRLs (but not 
for PAS) (41). Somatoprim has a pharmacokinetic profile similar 
to that of OCT (7). Somatoprim is not yet available commercially.
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NOveL OCT FORMULATiONS

CAM2029
The presently available OCT-LAR has been obtained by com-
bining OCT with microspheres of carboxymethylcellulose that 
allows to increase its therapeutic action to 24–42  days (27). 
These microspheres consist of a biodegradable glucose star 
polymer that degrades mostly through hydrolysis. However, 
drug release is not linear and OCT-LAR injections need to 
be administered intramuscularly, with a rather large needle 
(19  G). Therefore, alternative long-acting delivery systems 
that avoid variations in drug absorption and allow for smaller 
needle would be of benefit. CAM2029 is an investigational 
ready-to-use subcutaneous depot OCT formulation, delivered 
via prefilled syringes, aimed to address the limitation of LAR 
(7). This formulation is a liquid solution based on naturally 
occurring lipids, which can be administered by thin needles 
(22–27 G). The drug is injected into subcutaneous or intramus-
cular tissue. The depot formulation absorbs interstitial aqueous 
fluid, resulting in a highly viscous liquid-crystal gel phase (72), 
a spontaneous process deriving from lipid self-assembly. The 
instantaneous gel formation determinates an effective encap-
sulation of the drug from the depot matrix, which assures a 
fast initial release (without the initial peak observed with OCT-
LAR) followed by a consistent slow drug release. The depot is 
eventually biodegraded in the subcutaneous or intramuscular 
tissue (73). Additionally, while OCT-LAR requires refrigeration 
and reconstitution before injection, CAM2029 remains stable 
at room temperature (73), which may allow self- or partner 
home administration.

A phase I randomized open label study aimed to assess the 
pharmacokinetics, pharmacodynamics, safety, and tolerability of 
subcutaneous CAM 2029 has been performed in healthy volun-
teers, showing that this preparation had approximately fourfold 
to fivefold greater OCT bioavailability, with more rapid onset 
and similar duration of effect in terms of suppression of IGF-1, 
when compared with OCT-LAR (72). CAM2029 administration 
was well tolerated, both locally and systemically. As expected, 
the most frequent adverse events for both CAM 2029 and OCT-
LAR were mild-to-moderate gastrointestinal events. CAM2029 
showed a rapid onset and sustained release for up to 4 weeks, 
with a more stable drug release compared to OCT-LAR formula-
tion (72). CAM2029 can be administered a frequency not yet 
determined but likely to be every 4 weeks (7). CAM2029 is not 
yet available commercially.

Oral OCT
Acromegaly represents a chronic condition, and the need for 
injectable drugs has negative effects on patients’ quality of life 
(74). Therefore, the possibility of an oral administration of SRLs 
has been evaluated since the first introduction of OCT in clinical 
practice. However, orally ingested OCT failed to achieve thera-
peutic drug levels following absorption in the jejunum, due to the 
intestinal barrier and too low and very variable enteral absorption 
were reported (75, 76).

A new interest for the oral administration grew after the 
introduction of new technologies, the so called “transient 

permeability enhancer (TPE)” which facilitates the intestinal 
absorption of molecules by transient opening of intestinal 
epithelial tight junctions. With this technique, intestinal perme-
ability is related to molecular size: as demonstrated in vivo in 
rats with dextran molecules, the highest absorption occurred for 
the smallest dextran molecules (4 kDa). This feature represents 
a crucial point, because it reduces the risk of internalization of 
larger intestinal pathogens or immunoglobulins (7, 77). TPE 
technologies have been used to enhance OCT oral absorption 
(78, 79). These OCT capsules consist of a TPE in a medium-chain 
fatty acid salt sodium caprylate and inert excipients, combined 
with OCT in an oily suspension and encapsulated in an enteric 
coating (77). The enteric coating prevents the breakdown before 
reaching the small intestine. Due to transient opening of tight 
junctions, OCT can traverse the open junctions resulting in 
improved absorption. The permeation effect caused by TPE lasts 
only for 1–2 h (77). In vivo primates’ studies showed comparable 
OCT drug levels between oral OCT capsule and subcutaneous 
injections. In particular, rapid reduction of GH levels after 
ingestion of the capsule occurred, and GH remained undetect-
able for more than 2 h. Safety assessment of after 9 months of 
daily oral OCT in monkeys showed no systemic toxic effects 
or organ damage, and no differences in toxicity compared to 
the injectable OCT (77). In particular, no signs of inflammation 
were documented with either formulation on gastrointestinal 
epithelia and mucosa.

In a phase I study conducted in 75 healthy volunteers, oral 
doses of 3, 10, or 20 mg of OCT and a single subcutaneous injec-
tion of 0.1 mg OCT were administered (78). Because of the low 
baseline GH secretion (80), the effect on GH was tested also using 
the GHRH/arginine stimulation test (81). Both basal and GHRH/
arginine-stimulated GH levels were significantly suppressed by 
a single oral OCT dose (78). Oral OCT absorption resulted in 
a dose-dependent increase in systemic OCT exposure. Twenty 
milligrams of orally administrated OCT resulted in exposure 
similar to that of subcutaneous injection of 0.1 mg. Both oral and 
subcutaneous OCT treatments were well tolerated.

After this study, oral OCT was studied in a phase III multi-
center, open-label, dose-titration, baseline-controlled study in 
acromegaly patients (82). One hundred and fifty-five patients 
receiving injectable SRLs with complete or partially control 
were switched to 40  mg/day oral OCT capsules. The drug was 
administered in two divided doses (morning and evening) ≥1 h 
before and ≥2 h after meals. The dose was increased to 60 and 
then up to 80  mg/day if needed, depending on serum IGF-1 
levels. Subsequently, fixed doses were maintained for a 7-month 
treatment and a voluntary 6-month extension. One hundred and 
fifty-one patients underwent at least one biochemical assessment 
after the first oral dose. Of these, 65% maintained biochemical 
response at the end of the treatment period (7 months) and 62% 
at the end of extension treatment (up to 13 months). Predictors of 
responsiveness to oral OCT included good previous control and 
low to mild doses of injectable SRLs. About 89% of subjects expe-
rienced an adverse effect, including gastrointestinal, neurologi-
cal, and musculoskeletal side effects, consistent with the known 
profile of this drug, but clinical control of symptoms related to 
acromegaly improved during the trial (82). Gastrointestinal 
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infections were not increased and only a single case of viral 
gastroenteritis was observed (82).

As mentioned before, the response to OCT therapy is in 
general related to SSTR status of the tumor and the biochemical 
control is dependent by this status as well as by disease activity 
and by and drug levels. However, it has not yet well established 
if these factors are different for oral or injectable OCT (83). Oral 
OCT is not yet available commercially.

OCT Subcutaneous implants
Another possible approach to SRL delivery is based in long-
lasting subcutaneous implants. OCT implant (VP-003) hydrogel 
formulation, which provides stable doses of OCT throughout a 
period of 6 months, has been evaluated in two phase II open-label 
randomized studies in patients with acromegaly with previously 
demonstrated responsiveness to OCT (84). Implants were 
inserted after local anesthesia subcutaneously in the inner aspect 
of the upper arm. In one study, one or two 52 mg implants were 
placed (“52 mg study”). Five patients received one implant and 
six received two. In another study (“84 mg study”), 17 patients 
received a hydrated 17 a non-hydrated 84 mg implant. Implants 
were removed after 6 months. In the 52 mg study (which included 
a wash-out period), GH levels declined from baseline values dur-
ing the first month and remained significantly suppressed during 
the 6-month treatment: 3 of 11 patients (27%) in the 52 mg study 
and 17 of 33 patients (52%) in the 84 mg study achieved IGF-1 
normalization. GH levels were  <  2.5  ng/mL in 73 and 39% of 
patients of 52 and 84 mg study, respectively. Despite higher OCT 
area under the curve with hydrated implants (mostly due to 
higher release during the initial 6 weeks), no significant differ-
ence in efficacy between the two preparations was observed. The 
side effects were mostly limited to the gastrointestinal system and 
were generally mild to moderate in severity (84).

A phase III open label study performed in 163 subjects was 
aimed to validate that an OCT implant (84  mg) is safe and 
efficacious in acromegaly patients responsive to prior monthly 
OCT-LAR injections. The study confirmed that OCT implant 
maintained normal blood levels of GH and IGF-1 (86 vs. 84% 
for OCT-LAR) for 6 months. Diarrhea and headache were more 

frequent with the implant, whereas cholecystitis and hyperten-
sion were more frequent with OCT-LAR (85). This formulation 
is not yet available commercially.

CONCLUSiON AND FUTURe 
PeRSPeCTiveS

The main goals of the medical treatment of acromegaly patients 
are represented by control of tumor growth and normaliza-
tion of GH and IGF-1 hypersecretion, as well as by a clinical 
control of acromegaly related symptoms. SRLs have represented 
a cornerstone of medical treatment of acromegaly for about 
40 years. However, even if extraordinary progresses have been 
obtained in this field, the achievement of disease control with 
currently approved SRLs is sometimes precluded by incomplete 
efficacy, adverse effects, and need for parenteral administration. 
Recent research strategies were aimed to improve the efficacy, 
tolerability, and compliance. These include new molecules and 
new formulation of older molecules. New formulations could 
offer easier or less frequent routes of administration. New mol-
ecules cold offer increased efficacy in a broader percentage of 
patients. Despite the understandable enthusiasm for advances 
in the therapeutic armamentarium, it is important to remain 
critical about the theoretical superiority of a newly developed 
drug (86). Indeed, how much these innovations will actually 
be beneficial to acromegaly patients in real life remains to be 
seen. Furthermore, due to the complex processes and different 
mechanisms involved in pathogenesis of acromegaly, it seems 
unlikely that a single agent will be considered the “perfect agent” 
for all patients. Investigation into the biological heterogeneity of 
GH–secreting tumors, predicting response to therapy according 
to individualized assessments of different SSTRs’ expression, 
tumor size, invasiveness, MRI appearance, granularity, and gene 
expression, could offer new “personalized” targets for medical 
treatment.

AUTHOR CONTRiBUTiONS

The authors contributed equally to this work.

ReFeReNCeS

1. Katznelson L, Laws ER Jr, Melmed S, Molitch ME, Murad MH, Utz A, et al. 
Acromegaly: an endocrine society clinical practice guideline. J Clin Endocrinol 
Metab (2014) 99(11):3933–51. doi:10.1210/jc.2014-2700 

2. Giustina A, Chanson P, Bronstein MD, Klibanski A, Lamberts S, Casanueva FF,  
et al. A consensus on criteria for cure of acromegaly. J Clin Endocrinol Metab 
(2010) 95(7):3141–8. doi:10.1210/jc.2009-2670 

3. Starke RM, Raper DM, Payne SC, Vance ML, Oldfield EH, Jane JA Jr. 
Endoscopic vs microsurgical transsphenoidal surgery for acromegaly: 
outcomes in a concurrent series of patients using modern criteria for 
remission. J Clin Endocrinol Metab (2013) 98(8):3190–8. doi:10.1210/jc. 
2013-1036 

4. Holdaway IM, Bolland MJ, Gamble GD. A meta-analysis of the effect of  
lowering serum levels of GH and IGF-I on mortality in acromegaly. Eur 
J Endocrinol (2008) 159(2):89–95. doi:10.1530/EJE-08-0267 

5. Ayuk J, Clayton RN, Holder G, Sheppard MC, Stewart PM, Bates AS. Growth 
hormone and pituitary radiotherapy, but not serum insulin-like growth 

factor-I concentrations, predict excess mortality in patients with acromegaly. 
J Clin Endocrinol Metab (2004) 89(4):1613–7. doi:10.1210/jc.2003-031584 

6. Dekkers OM, Biermasz NR, Pereira AM, Romijn JA, Vandenbroucke JP. 
Mortality in acromegaly: a metaanalysis. J Clin Endocrinol Metab (2008) 
93(1):61–7. doi:10.1210/jc.2007-1191 

7. Melmed S. New therapeutic agents for acromegaly. Nat Rev Endocrinol (2016) 
12(2):90–8. doi:10.1038/nrendo.2015.196 

8. Brazeau P, Vale W, Burgus R, Ling N, Butcher M, Rivier J, et al. Hypothalamic 
polypeptide that inhibits the secretion of immunoreactive pituitary growth 
hormone. Science (1973) 179(4068):77–9. doi:10.1126/science.179.4068.77 

9. Reisine T, Bell GI. Molecular biology of somatostatin receptors. Endocr Rev 
(1995) 16(4):427–42. doi:10.1210/edrv-16-4-427 

10. Reichlin S. Somatostatin. N Engl J Med (1983) 309(24):1495–501. doi:10.1056/
NEJM198312223092506 

11. Susini C, Buscail L. Rationale for the use of somatostatin analogs as antitumor 
agents. Ann Oncol (2006) 17(12):1733–42. doi:10.1093/annonc/mdl105 

12. Bauer W, Briner U, Doepfner W, Haller R, Huguenin R, Marbach P, 
et  al. SMS 201–995: a very potent and selective octapeptide analogue of 

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1210/jc.2014-2700
https://doi.org/10.1210/jc.2009-2670
https://doi.org/10.1210/jc.
2013-1036
https://doi.org/10.1210/jc.
2013-1036
https://doi.org/10.1530/EJE-08-0267
https://doi.org/10.1210/jc.2003-031584
https://doi.org/10.1210/jc.2007-1191
https://doi.org/10.1038/nrendo.2015.196
https://doi.org/10.1126/science.179.4068.77
https://doi.org/10.1210/edrv-16-4-427
https://doi.org/10.1056/NEJM198312223092506
https://doi.org/10.1056/NEJM198312223092506
https://doi.org/10.1093/annonc/mdl105


7

Paragliola and Salvatori SST Receptor Ligands in Acromegaly

Frontiers in Endocrinology | www.frontiersin.org March 2018 | Volume 9 | Article 78

somatostatin with prolonged action. Life Sci (1982) 31(11):1133–40. doi:10.1016/ 
0024-3205(82)90087-x 

13. Paragliola RM, Prete A, Papi G, Torino F, Corsello A, Pontecorvi A, et  al. 
Clinical utility of lanreotide autogel(R) in gastroenteropancreatic neuroen-
docrine tumors. Drug Des Devel Ther (2016) 10:3459–70. doi:10.2147/DDDT.
S76732 

14. Anthony L, Freda PU. From somatostatin to octreotide LAR: evolution 
of a somatostatin analogue. Curr Med Res Opin (2009) 25(12):2989–99. 
doi:10.1185/03007990903328959 

15. Murphy WA, Lance VA, Moreau S, Moreau JP, Coy DH. Inhibition of rat pros-
tate tumor growth by an octapeptide analog of somatostatin. Life Sci (1987) 
40(26):2515–22. doi:10.1016/0024-3205(87)90073-7 

16. Patel YC, Greenwood M, Kent G, Panetta R, Srikant CB. Multiple gene 
transcripts of the somatostatin receptor SSTR2: tissue selective distribution 
and cAMP regulation. Biochem Biophys Res Commun (1993) 192(1):288–94. 
doi:10.1006/bbrc.1993.1412 

17. Reisine T, Kong H, Raynor K, Yano H, Takeda J, Yasuda K, et al. Splice variant 
of the somatostatin receptor 2 subtype, somatostatin receptor 2B, couples to 
adenylyl cyclase. Mol Pharmacol (1993) 44(5):1016–20. 

18. Panetta R, Patel YC. Expression of mRNA for all five human somatostatin 
receptors (hSSTR1-5) in pituitary tumors. Life Sci (1995) 56(5):333–42. 
doi:10.1016/0024-3205(94)00956-2 

19. Maurer R, Reubi JC. Somatostatin receptors. JAMA (1985) 253(18):2741. 
doi:10.1001/jama.1985.03350420155035 

20. Patel YC, Greenwood MT, Warszynska A, Panetta R, Srikant CB. All five 
cloned human somatostatin receptors (hSSTR1-5) are functionally coupled 
to adenylyl cyclase. Biochem Biophys Res Commun (1994) 198(2):605–12. 
doi:10.1006/bbrc.1994.1088 

21. Patel YC. Molecular pharmacology of somatostatin receptor subtypes. 
J Endocrinol Invest (1997) 20(6):348–67. doi:10.1007/BF03350317 

22. Cervia D, Bagnoli P. An update on somatostatin receptor signaling in native 
systems and new insights on their pathophysiology. Pharmacol Ther (2007) 
116(2):322–41. doi:10.1016/j.pharmthera.2007.06.010 

23. Theodoropoulou M, Stalla GK. Somatostatin receptors: from signaling to 
clinical practice. Front Neuroendocrinol (2013) 34(3):228–52. doi:10.1016/ 
j.yfrne.2013.07.005 

24. Reubi JC. Somatostatin and other peptide receptors as tools for tumor diagno-
sis and treatment. Neuroendocrinology (2004) 80(Suppl 1):51–6. doi:10.1159/ 
000080742 

25. Cuevas-Ramos D, Fleseriu M. Somatostatin receptor ligands and resistance 
to treatment in pituitary adenomas. J Mol Endocrinol (2014) 52(3):R223–40. 
doi:10.1530/JME-14-0011 

26. Lacroix A, Gu F, Gallardo W, Pivonello R, Yu Y, Witek P, et  al. Efficacy 
and safety of once-monthly pasireotide in Cushing’s disease: a 12 month 
clinical trial. Lancet Diabetes Endocrinol (2018) 6(1):17–26. doi:10.1016/
S2213-8587(17)30326-1 

27. Ben-Shlomo A, Melmed S. Somatostatin agonists for treatment of acrome-
galy. Mol Cell Endocrinol (2008) 286(1–2):192–8. doi:10.1016/j.mce.2007. 
11.024 

28. Colao A, Auriemma RS, Pivonello R. The effects of somatostatin analogue 
therapy on pituitary tumor volume in patients with acromegaly. Pituitary 
(2016) 19(2):210–21. doi:10.1007/s11102-015-0677-y 

29. Colao A, Auriemma RS, Pivonello R, Kasuki L, Gadelha MR. Interpreting 
biochemical control response rates with first-generation somatostatin ana-
logues in acromegaly. Pituitary (2016) 19(3):235–47. doi:10.1007/s11102- 
015-0684-z 

30. Paragliola RM, Corsello SM, Salvatori R. Somatostatin receptor ligands in 
acromegaly: clinical response and factors predicting resistance. Pituitary 
(2017) 20(1):109–15. doi:10.1007/s11102-016-0768-4 

31. Strosberg J, Kvols L. Antiproliferative effect of somatostatin analogs in gas-
troenteropancreatic neuroendocrine tumors. World J Gastroenterol (2010) 
16(24):2963–70. doi:10.3748/wjg.v16.i24.2963 

32. Burness CB, Dhillon S, Keam SJ. Lanreotide autogel((R)): a review of its use 
in the treatment of patients with acromegaly. Drugs (2014) 74(14):1673–91. 
doi:10.1007/s40265-014-0283-8 

33. Zatelli MC, Ambrosio MR, Bondanelli M, Uberti EC. Control of pituitary 
adenoma cell proliferation by somatostatin analogs, dopamine agonists and 
novel chimeric compounds. Eur J Endocrinol (2007) 156(Suppl 1):S29–35. 
doi:10.1530/eje.1.02352 

34. Reubi JC, Landolt AM. The growth hormone responses to octreotide in  
acromegaly correlate with adenoma somatostatin receptor status. J Clin 
Endocrinol Metab (1989) 68(4):844–50. doi:10.1210/jcem-68-4-844 

35. Plockinger U, Albrecht S, Mawrin C, Saeger W, Buchfelder M, Petersenn S, 
et al. Selective loss of somatostatin receptor 2 in octreotide-resistant growth 
hormone-secreting adenomas. J Clin Endocrinol Metab (2008) 93(4):1203–10. 
doi:10.1210/jc.2007-1986 

36. Gatto F, Biermasz NR, Feelders RA, Kros JM, Dogan F, van der Lely AJ, et al. 
Low beta-arrestin expression correlates with the responsiveness to long-
term somatostatin analog treatment in acromegaly. Eur J Endocrinol (2016) 
174(5):651–62. doi:10.1530/EJE-15-0391 

37. Coelho MCA, Vasquez ML, Wildemberg LE, Vazquez-Borrego MC, Bitana L, 
Camacho A, et al. Molecular evidence and clinical importance of beta-arrestins 
expression in patients with acromegaly. J Cell Mol Med (2018) 20(10):1–7. 
doi:10.1111/jcmm.13427 

38. Brzana J, Yedinak CG, Gultekin SH, Delashaw JB, Fleseriu M. Growth hor-
mone granulation pattern and somatostatin receptor subtype 2A correlate 
with postoperative somatostatin receptor ligand response in acromegaly: a 
large single center experience. Pituitary (2013) 16(4):490–8. doi:10.1007/
s11102-012-0445-1 

39. Vierimaa O, Georgitsi M, Lehtonen R, Vahteristo P, Kokko A, Raitila A, et al. 
Pituitary adenoma predisposition caused by germline mutations in the AIP 
gene. Science (2006) 312(5777):1228–30. doi:10.1126/science.1126100 

40. Daly AF, Tichomirowa MA, Petrossians P, Heliovaara E, Jaffrain-Rea ML, 
Barlier A, et al. Clinical characteristics and therapeutic responses in patients 
with germ-line AIP mutations and pituitary adenomas: an international 
collaborative study. J Clin Endocrinol Metab (2010) 95(11):E373–83. 
doi:10.1210/jc.2009-2556 

41. Iacovazzo D, Carlsen E, Lugli F, Chiloiro S, Piacentini S, Bianchi A, et  al.  
Factors predicting pasireotide responsiveness in somatotroph pituitary 
adenomas resistant to first-generation somatostatin analogues: an immu-
nohistochemical study. Eur J Endocrinol (2016) 174(2):241–50. doi:10.1530/
EJE-15-0832 

42. Schmid HA. Pasireotide (SOM230): development, mechanism of action 
and potential applications. Mol Cell Endocrinol (2008) 286(1–2):69–74. 
doi:10.1016/j.mce.2007.09.006 

43. Lee WK, Lee Y, Ku C, Lee EJ. The biochemical effect of somatostatin analogs 
on somatotroph-specific aryl hydrocarbon receptor interacting protein knock 
out mice. The Endocrine Society’s 97th Annual Meeting and EXPO. San Diego 
(2015).

44. Gunther T, Culler M, Schulz S. Research resource: real-time analysis of 
somatostatin and dopamine receptor signaling in pituitary cells using a  
fluorescence-based membrane potential assay. Mol Endocrinol (2016) 
30(4):479–90. doi:10.1210/me.2015-1241 

45. Christensen SE, Weeke J, Orskov H, Moller N, Flyvbjerg A, Harris AG, et al. 
Continuous subcutaneous pump infusion of somatostatin analogue SMS 
201-995 versus subcutaneous injection schedule in acromegalic patients. 
Clin Endocrinol (Oxf) (1987) 27(3):297–306. doi:10.1111/j.1365-2265.1987.
tb01156.x 

46. Tauber JP, Babin T, Tauber MT, Vigoni F, Bonafe A, Ducasse M, et al. Long 
term effects of continuous subcutaneous infusion of the somatostatin analog 
octreotide in the treatment of acromegaly. J Clin Endocrinol Metab (1989) 
68(5):917–24. doi:10.1210/jcem-68-5-917 

47. Astruc B, Marbach P, Bouterfa H, Denot C, Safari M, Vitaliti A, et  al. 
Long-acting octreotide and prolonged-release lanreotide formulations have 
different pharmacokinetic profiles. J Clin Pharmacol (2005) 45(7):836–44. 
doi:10.1177/0091270005277936 

48. Stewart PM, Kane KF, Stewart SE, Lancranjan I, Sheppard MC. Depot 
long-acting somatostatin analog (Sandostatin-LAR) is an effective treatment 
for acromegaly. J Clin Endocrinol Metab (1995) 80(11):3267–72. doi:10.1210/
jcem.80.11.7593436 

49. Giustina A, Karamouzis I, Patelli I, Mazziotti G. Octreotide for acromegaly 
treatment: a reappraisal. Expert Opin Pharmacother (2013) 14(17):2433–47.  
doi:10.1517/14656566.2013.847090 

50. Giustina A, Mazziotti G, Torri V, Spinello M, Floriani I, Melmed S. Meta-
analysis on the effects of octreotide on tumor mass in acromegaly. PLoS One 
(2012) 7(5):e36411. doi:10.1371/journal.pone.0036411 

51. Melmed S. Medical progress: acromegaly. N Engl J Med (2006) 355(24): 
2558–73. doi:10.1056/NEJMra062453 

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1016/
0024-3205(82)90087-x
https://doi.org/10.1016/
0024-3205(82)90087-x
https://doi.org/10.2147/DDDT.S76732
https://doi.org/10.2147/DDDT.S76732
https://doi.org/10.1185/03007990903328959
https://doi.org/10.1016/0024-3205(87)90073-7
https://doi.org/10.1006/bbrc.1993.1412
https://doi.org/10.1016/0024-3205(94)00956-2
https://doi.org/10.1001/jama.1985.03350420155035
https://doi.org/10.1006/bbrc.1994.1088
https://doi.org/10.1007/BF03350317
https://doi.org/10.1016/j.pharmthera.2007.06.010
https://doi.org/10.1016/j.yfrne.2013.07.005
https://doi.org/10.1016/j.yfrne.2013.07.005
https://doi.org/10.1159/
000080742
https://doi.org/10.1159/
000080742
https://doi.org/10.1530/JME-14-0011
https://doi.org/10.1016/S2213-8587(17)30326-1
https://doi.org/10.1016/S2213-8587(17)30326-1
https://doi.org/10.1016/j.mce.2007.
11.024
https://doi.org/10.1016/j.mce.2007.
11.024
https://doi.org/10.1007/s11102-015-0677-y
https://doi.org/10.1007/s11102-
015-0684-z
https://doi.org/10.1007/s11102-
015-0684-z
https://doi.org/10.1007/s11102-016-0768-4
https://doi.org/10.3748/wjg.v16.i24.2963
https://doi.org/10.1007/s40265-014-0283-8
https://doi.org/10.1530/eje.1.02352
https://doi.org/10.1210/jcem-68-4-844
https://doi.org/10.1210/jc.2007-1986
https://doi.org/10.1530/EJE-15-0391
https://doi.org/10.1111/jcmm.13427
https://doi.org/10.1007/s11102-012-0445-1
https://doi.org/10.1007/s11102-012-0445-1
https://doi.org/10.1126/science.1126100
https://doi.org/10.1210/jc.2009-2556
https://doi.org/10.1530/EJE-15-0832
https://doi.org/10.1530/EJE-15-0832
https://doi.org/10.1016/j.mce.2007.09.006
https://doi.org/10.1210/me.2015-1241
https://doi.org/10.1111/j.1365-2265.1987.tb01156.x
https://doi.org/10.1111/j.1365-2265.1987.tb01156.x
https://doi.org/10.1210/jcem-68-5-917
https://doi.org/10.1177/0091270005277936
https://doi.org/10.1210/jcem.80.11.7593436
https://doi.org/10.1210/jcem.80.11.7593436
https://doi.org/10.1517/14656566.2013.847090
https://doi.org/10.1371/journal.pone.0036411
https://doi.org/10.1056/NEJMra062453


8

Paragliola and Salvatori SST Receptor Ligands in Acromegaly

Frontiers in Endocrinology | www.frontiersin.org March 2018 | Volume 9 | Article 78

52. UK IBL. Somatuline® Autogel® Lanreotide Injection [Product Monograph]. 
Wrexham, UK: IPSEN Biopharm Limited (2015).

53. Baldelli R, Colao A, Razzore P, Jaffrain-Rea ML, Marzullo P, Ciccarelli E, 
et  al. Two-year follow-up of acromegalic patients treated with slow release 
lanreotide (30 mg). J Clin Endocrinol Metab (2000) 85(11):4099–103. 
doi:10.1210/jc.85.11.4099 

54. Attanasio R, Baldelli R, Pivonello R, Grottoli S, Bocca L, Gasco V, et  al. 
Lanreotide 60 mg, a new long-acting formulation: effectiveness in the chronic 
treatment of acromegaly. J Clin Endocrinol Metab (2003) 88(11):5258–65. 
doi:10.1210/jc.2003-030266 

55. Caron PJ, Bevan JS, Petersenn S, Flanagan D, Tabarin A, Prevost G, et  al. 
Tumor shrinkage with lanreotide autogel 120 mg as primary therapy in acro-
megaly: results of a prospective multicenter clinical trial. J Clin Endocrinol 
Metab (2014) 99(4):1282–90. doi:10.1210/jc.2013-3318 

56. Tutuncu Y, Berker D, Isik S, Ozuguz U, Akbaba G, Kucukler FK, et  al. 
Comparison of octreotide LAR and lanreotide autogel as post-operative med-
ical treatment in acromegaly. Pituitary (2012) 15(3):398–404. doi:10.1007/
s11102-011-0335-y 

57. Neggers SJ, Pronin V, Balcere I, Lee MK, Rozhinskaya L, Bronstein MD, 
et al. Lanreotide autogel 120 mg at extended dosing intervals in patients with 
acromegaly biochemically controlled with octreotide LAR: the LEAD study. 
Eur J Endocrinol (2015) 173(3):313–23. doi:10.1530/EJE-15-0215 

58. Giustina A, Mazziotti G, Cannavo S, Castello R, Arnaldi G, Bugari G, et al. 
High-dose and high-frequency lanreotide autogel in acromegaly: a random-
ized, multicenter study. J Clin Endocrinol Metab (2017) 102(7):2454–64. 
doi:10.1210/jc.2017-00142 

59. Schmid HA, Schoeffter P. Functional activity of the multiligand analog 
SOM230 at human recombinant somatostatin receptor subtypes supports its 
usefulness in neuroendocrine tumors. Neuroendocrinology (2004) 80(Suppl 
1):47–50. doi:10.1159/000080741 

60. Bruns C, Lewis I, Briner U, Meno-Tetang G, Weckbecker G. SOM230:  
a novel somatostatin peptidomimetic with broad somatotropin release inhi-
biting factor (SRIF) receptor binding and a unique antisecretory profile. Eur 
J Endocrinol (2002) 146(5):707–16. doi:10.1530/eje.0.1460707 

61. Novartis Pharmaceuticals. Signifor®LAR Prescribing Information. (2018). 
Available from: https://www.hcp.novartis.com/products/signifor-lar/acromegaly

62. McKeage K. Pasireotide in acromegaly: a review. Drugs (2015) 75(9):1039–48. 
doi:10.1007/s40265-015-0413-y 

63. Colao A, Bronstein MD, Freda P, Gu F, Shen CC, Gadelha M, et al. Pasireotide 
versus octreotide in acromegaly: a head-to-head superiority study. J Clin 
Endocrinol Metab (2014) 99(3):791–9. doi:10.1210/jc.2013-2480 

64. Sheppard M, Bronstein MD, Freda P, Serri O, De Marinis L, Naves L, et al. 
Pasireotide LAR maintains inhibition of GH and IGF-1 in patients with 
acromegaly for up to 25 months: results from the blinded extension phase 
of a randomized, double-blind, multicenter, phase III study. Pituitary (2015) 
18(3):385–94. doi:10.1007/s11102-014-0585-6 

65. Gadelha MR, Bronstein MD, Brue T, Coculescu M, Fleseriu M, Guitelman M, 
et al. Pasireotide versus continued treatment with octreotide or lanreotide in 
patients with inadequately controlled acromegaly (PAOLA): a randomised, 
phase 3 trial. Lancet Diabetes Endocrinol (2014) 2(11):875–84. doi:10.1016/
s2213-8587(14)70169-x 

66. Muhammad A, van der Lely AJ, Delhanty PJD, Dallenga AHG, Haitsma IK, 
Janssen JAMJL, et al. Efficacy and safety of switching to pasireotide in patients 
with acromegaly controlled with pegvisomant and first-generation somatosta-
tin analogues (PAPE study). J Clin Endocrinol Metab (2018) 103(2):586–95. 
doi:10.1210/jc.2017-02017 

67. Afargan M, Janson ET, Gelerman G, Rosenfeld R, Ziv O, Karpov O, et  al. 
Novel long-acting somatostatin analog with endocrine selectivity: potent 
suppression of growth hormone but not of insulin. Endocrinology (2001) 
142(1):477–86. doi:10.1210/endo.142.1.7880 

68. Shimon I, Rubinek T, Hadani M, Alhadef N. PTR-3173 (somatoprim), a 
novel somatostatin analog with affinity for somatostatin receptors 2, 4 and 
5 is a potent inhibitor of human GH secretion. J Endocrinol Invest (2004) 
27(8):721–7. doi:10.1007/BF03347512 

69. Plockinger U, Hoffmann U, Geese M, Lupp A, Buchfelder M, Flitsch J, et al. 
DG3173 (somatoprim), a unique somatostatin receptor subtypes 2-, 4- and 
5-selective analogue, effectively reduces GH secretion in human GH-secreting 
pituitary adenomas even in octreotide non-responsive tumours. Eur 
J Endocrinol (2012) 166(2):223–34. doi:10.1530/EJE-11-0737 

70. Landau D, Segev Y, Afargan M, Silbergeld A, Katchko L, Podshyvalov 
A, et  al. A novel somatostatin analogue prevents early renal complica-
tions in the nonobese diabetic mouse. Kidney Int (2001) 60(2):505–12. 
doi:10.1046/j.1523-1755.2001.060002505.x 

71. Aspireo Reports Data in Further Phase 1b Study: Somatoprim Demonstrates 
Superior Side Effect Profile Over Octreotide. Aspireo Pharmaceuticals (2014). 
Available from: http://www.b3cnewswire.com/201404221061/aspireo-reports- 
data-in-further-phase-ib-study.html

72. Tiberg F, Roberts J, Cervin C, Johnsson M, Sarp S, Tripathi AP, et al. Octreotide 
s.c. depot provides sustained octreotide bioavailability and similar IGF-1 sup-
pression to octreotide LAR in healthy volunteers. Br J Clin Pharmacol (2015) 
80(3):460–72. doi:10.1111/bcp.12698 

73. Boyd BJ, Whittaker DV, Khoo SM, Davey G. Lyotropic liquid crystalline phases 
formed from glycerate surfactants as sustained release drug delivery systems. 
Int J Pharm (2006) 309(1–2):218–26. doi:10.1016/j.ijpharm.2005.11.033 

74. Ben-Shlomo A, Sheppard MC, Stephens JM, Pulgar S, Melmed S. Clinical, 
quality of life, and economic value of acromegaly disease control. Pituitary 
(2011) 14(3):284–94. doi:10.1007/s11102-011-0310-7 

75. Fuessl HS, Domin J, Bloom SR. Oral absorption of the somatostatin analogue 
SMS 201-995: theoretical and practical implications. Clin Sci (Lond) (1987) 
72(2):255–7. doi:10.1042/cs0720255 

76. Kohler E, Duberow-Drewe M, Drewe J, Ribes G, Loubatieres-Mariani MM, 
Mazer N, et al. Absorption of an aqueous solution of a new synthetic soma-
tostatin analogue administered to man by gavage. Eur J Clin Pharmacol (1987) 
33(2):167–71. doi:10.1007/BF00544562 

77. Tuvia S, Pelled D, Marom K, Salama P, Levin-Arama M, Karmeli I, et  al.  
A novel suspension formulation enhances intestinal absorption of macromol-
ecules via transient and reversible transport mechanisms. Pharm Res (2014) 
31(8):2010–21. doi:10.1007/s11095-014-1303-9 

78. Tuvia S, Atsmon J, Teichman SL, Katz S, Salama P, Pelled D, et  al. Oral 
octreotide absorption in human subjects: comparable pharmacokinetics 
to parenteral octreotide and effective growth hormone suppression. J Clin 
Endocrinol Metab (2012) 97(7):2362–9. doi:10.1210/jc.2012-1179 

79. Cano-Cebrian MJ, Zornoza T, Granero L, Polache A. Intestinal absorp-
tion enhancement via the paracellular route by fatty acids, chitosans 
and others: a target for drug delivery. Curr Drug Deliv (2005) 2(1):9–22. 
doi:10.2174/1567201052772834 

80. Rudman D, Kutner MH, Rogers CM, Lubin MF, Fleming GA, Bain RP. 
Impaired growth hormone secretion in the adult population: relation to age 
and adiposity. J Clin Invest (1981) 67(5):1361–9. doi:10.1172/JCI110164 

81. Growth Hormone Research Society. Consensus guidelines for the diagnosis  
and treatment of growth hormone (GH) deficiency in childhood and adoles-
cence: summary statement of the GH Research Society. GH Research Society. 
J Clin Endocrinol Metab (2000) 85(11):3990–3. doi:10.1210/jc.85.11.3990 

82. Melmed S, Popovic V, Bidlingmaier M, Mercado M, van der Lely AJ, Biermasz N,  
et al. Safety and efficacy of oral octreotide in acromegaly: results of a mul-
ticenter phase III trial. J Clin Endocrinol Metab (2015) 100(4):1699–708. 
doi:10.1210/jc.2014-4113 

83. Biermasz NR. New medical therapies on the horizon: oral octreotide. Pituitary 
(2017) 20(1):149–53. doi:10.1007/s11102-016-0785-3 

84. Gadelha MR, Chieffo C, Bai SA, Hu X, Frohman LA. A subcutaneous oct-
reotide hydrogel implant for the treatment of acromegaly. Endocr Pract (2012) 
18(6):870–81. doi:10.4158/EP11388.OR 

85. Chieffo C, Cook D, Xiang Q, Frohman LA. Efficacy and safety of an octreotide 
implant in the treatment of patients with acromegaly. J Clin Endocrinol Metab 
(2013) 98(10):4047–54. doi:10.1210/jc.2013-2262 

86. Stormann S, Schopohl J. Emerging drugs for acromegaly. Expert Opin Emerg 
Drugs (2014) 19(1):79–97. doi:10.1517/14728214.2014.875529 

Conflict of Interest Statement: RS participates to multi-center research projects 
sponsored by Pfizer and Novartis, and has received patient education support 
grants from Ipsen. He has received consulting fees from Pfizer.

Copyright © 2018 Paragliola and Salvatori. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) and the copyright owner are credited and that the original publication in 
this journal is cited, in accordance with accepted academic practice. No use, distribu-
tion or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1210/jc.85.11.4099
https://doi.org/10.1210/jc.2003-030266
https://doi.org/10.1210/jc.2013-3318
https://doi.org/10.1007/s11102-011-0335-y
https://doi.org/10.1007/s11102-011-0335-y
https://doi.org/10.1530/EJE-15-0215
https://doi.org/10.1210/jc.2017-00142
https://doi.org/10.1159/000080741
https://doi.org/10.1530/eje.0.1460707
https://www.hcp.novartis.com/products/signifor-lar/acromegaly
https://doi.org/10.1007/s40265-015-0413-y
https://doi.org/10.1210/jc.2013-2480
https://doi.org/10.1007/s11102-014-0585-6
https://doi.org/10.1016/s2213-8587(14)70169-x
https://doi.org/10.1016/s2213-8587(14)70169-x
https://doi.org/10.1210/jc.2017-02017
https://doi.org/10.1210/endo.142.1.7880
https://doi.org/10.1007/BF03347512
https://doi.org/10.1530/EJE-11-0737
https://doi.org/10.1046/j.1523-1755.2001.060002505.x
http://www.b3cnewswire.com/201404221061/aspireo-reports-data-in-further-phase-ib-study.html
http://www.b3cnewswire.com/201404221061/aspireo-reports-data-in-further-phase-ib-study.html
https://doi.org/10.1111/bcp.12698
https://doi.org/10.1016/j.ijpharm.2005.11.033
https://doi.org/10.1007/s11102-011-0310-7
https://doi.org/10.1042/cs0720255
https://doi.org/10.1007/BF00544562
https://doi.org/10.1007/s11095-014-1303-9
https://doi.org/10.1210/jc.2012-1179
https://doi.org/10.2174/1567201052772834
https://doi.org/10.1172/JCI110164
https://doi.org/10.1210/jc.85.11.3990
https://doi.org/10.1210/jc.2014-4113
https://doi.org/10.1007/s11102-016-0785-3
https://doi.org/10.4158/EP11388.OR
https://doi.org/10.1210/jc.2013-2262
https://doi.org/10.1517/14728214.2014.875529
http://creativecommons.org/licenses/by/4.0/

	Novel Somatostatin Receptor Ligands Therapies for Acromegaly
	Introduction
	Mechanisms of Action of SRLs
	SRLs in the Treatment of Acromegaly
	First Generation SRLs: OCT and LAN
	Octreotide
	Lanreotide

	Pasireotide
	Somatoprim
	Novel OCT Formulations
	CAM2029
	Oral OCT
	OCT Subcutaneous Implants

	Conclusion and Future Perspectives
	Author Contributions
	References


