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Summary

Multiple endocrine neoplasia type 1 (MEN1) is a rare
hereditary tumoral syndrome, featured by a combination
of neoplasms of various endocrine and nonendocrine
tissues. Approximately 33% of MEN1-related deaths are
due to the malignant behaviour of well-differentiated
neuroendocrine tumors (NETs), for which a preventive
surgical treatment is not feasible. Somatostatin ana-
logues (SSA) have been employed in the treatment of
NETs in the stage of advanced or metastatic disease, in
order to control the growth and secretion of tumor le-
sions. A longitudinal, open label study named “LARO-
MEN1” was undertaken in order to assess whether early
medical treatment with long-acting SSA could act as a
preventive approach in small MEN1-related gastroen-
teropancreatic (GEP) NETs.
Thirty consecutive patients affected by MEN1 were
screened and 8 patients with small (<2 cm) NETs and ab-
normal laboratory values of at least one of the GEP hor-
mones were administered octreotide acetate slow-re-
lease formulation (LAR) (10 mg i.m. every 28 days).
Octreotide LAR was effective in decreasing GEP hor-
mones and overall safe in the majority of patients up to
six years of treatment, maintaining the disease stable al-
so in terms of tumor size.
The positive outcomes of this study in MEN1 patients re-
inforce the results obtained in advanced NETs on the
use of SSA, opening to the opportunity for preventive
use of octreotide LAR, aimed to delay or even avoid
surgery in these patients. 

KEY WORDS: MEN1; somatostatin analogs; neuroendocrine tumors; soma-
tostatin receptors.

Introduction

Multiple endocrine neoplasia type 1 (MEN1; MIM #131100)
is a rare hereditary cancer syndrome transmitted to off-
spring in an autosomal dominant manner, featured by a
combination of more than 20 different types of endocrine
and non-endocrine tumors (Table 1). A practical definition
of MEN1 is the occurrence of at least two of the three main
“classical” MEN1-related endocrine neoplasias: multiglan-
dular parathyroid tumors, anterior pituitary tumors and neu-
roendocrine tumors (NETs) of the gastro-entero-pancreatic
(GEP) tract (1, 2).
The age-dependent penetrance for the clinical features rises
above 50% by age 20 years and more than 95% by age 40
years (3, 4). In a recent study, a high penetrance of non-
functioning pancreatic neuroendocrine tumors in 15- to 20-
year-old MEN1 patients has been demonstrated, suggesting
that a periodic surveillance is advised in this group of sub-
jects (5).
Approximately one third of deaths in MEN1 patients are
caused by the malignant behavior of NETs for which a pre-
ventive surgical treatment is not advisable (except for pro-
phylactic thymectomy for thymic carcinoid during parathyroid
surgery) (6). This is mainly due to two reasons: 1) the sites
of involvement by tumors (pancreas, duodenum and lungs)
are difficult to evaluate in terms of early detection of the ini-
tial lesions; and 2) they cannot be subjected to prophylactic
ablative surgery (2).
Well-differentiated neuroendocrine tumors occur in 30-80%
of MEN1 patients, ranging from micro-to macro-adenomas,
and invasive metastatic carcinomas. They are generally mul-
ticentric neoplasms, either functioning [gastrinomas (40%),
insulinomas (10%), VIPomas, Glucagonomas (<2%)] or non-
functioning (1, 2). The latter are more frequent (55%) than
previously believed and are usually clinically silent or possi-
bly exert a mass effect (7).
Gastrinoma(s) (40% of MEN1 cases) can give rise to
Zollinger Ellison syndrome (ZES) due to increased gastrin
secretion from multiple, small (<1 cm diameter) NETs, locat-
ed mainly in the duodenal submucosal (8-10). The average
age of ZES onset is 41 yr, one decade earlier than the non-
syndromic counterpart, with an average delay in its diagno-
sis of 3-5 yr or 5-9 yr, according to the considered clinical
series, from its onset (11).
Recent studies have shown that almost two thirds of patients
with MEN1 die for MEN-related causes and in 40-45% the
main cause of death is represented by pancreatic NETs
(pNETs) (12, 13). It has been reported that approximately
50% of MEN1 gastrinomas have metastasized prior to diag-
nosis, mainly to regional lymph nodes and less frequently to
the liver. The occurrence of liver metastases has a poor
prognosis and reduced survival rate (1, 14). Twenty-five per-
cent of people with MEN1/ZES syndrome do not have a fam-
ily history of MEN1 syndrome (10). Pancreatic gastrinomas,
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which are rare in MEN1, are more aggressive than duodenal
gastrinomas and frequently metastasize to the liver (15).
The diagnosis of gastro-intestinal NETs is multimodal, based
on clinical symptoms, hormone levels, radiological and nu-
clear imaging (16). Imaging techniques, such as CT, MRI
and endoscopic ultrasound (EUS) are currently used to de-
termine the location of the primary tumor and for staging of
the disease. Scintigraphy with 111In-labeled octreotide (octre-
oscan) displays a high sensitivity in detecting NETs and esti-
mating their size, since NETs often express somatostatin 2
(sst2) and sst5 receptors (17, 18). Nonetheless, recently in-
troduced techniques of functional imaging such as positron
emission tomography with gallium 68 DOTANOC show
greater sensitivity and specificity for NETs, although their
use in MEN1 is not yet defined as screening method in
asymptomatic patients (13, 19).
The management of MEN1-related small and asymptomatic
NETs is still debated (20). MEN1-related NETs present pe-
culiar characteristics if compared to the sporadic counter-
part, such as a younger age of onset, multifocality and simul-
taneous presence of other tumors. Therefore, applying in
MEN1-related NETs similar therapeutic approaches requires
caution (20). There is no universal consensus on the indica-
tions for entero-pancreatic surgery for patients with MEN1-
related NETs. The size cut-off for surgery has been different-
ly set at 1, 2 or 3 cm as main diameter, as indicated by dif-
ferent studies (21-26). According to recently published con-
sensus guidelines by the European Neuroendocrine Tumor
Society (ENETS), surgery is not recommended in gastrino-
mas less than 2 cm and non-functioning pNETs detected in
functional studies, while surgical treatment is reserved for le-
sions greater than 2 cm (13). A surgical approach should be
advised for patients with either sporadic or MEN1-related in-
sulinomas in the absence of non-resectable metastatic le-
sions (13).
While some studies have shown that well differentiated
NETs in general are very slowly growing tumors and remain
quite stable over time (27, 28), the prognosis of MEN1-relat-
ed NETs remain uncertain (13). Thus, the management of
smaller neuroendocrine lesions in MEN1 is still a matter of
controversy (20).
If surgery is not chosen or not possible, the medical treat-
ment of MEN1 GEP-NETs may include: proton pump in-
hibitors (for the control of ZES-related symptoms) and so-
matostatin analogues (SSAs). Chemotherapy is usually limit-
ed to cases of metastatic disease, and yields poor results
and significant side effects (29). Interferon-alpha produces a
symptomatic response in 40-60% of patients, a biochemical
response in 30-60%, and reduced tumor size in 10-15% (30).
SSAs have been acknowledged as the treatment of choice in
functioning NETs for symptoms control (31, 32). Two recent-
ly published randomized trials have also assessed the an-
tiproliferative effects of long-acting SSAs in NETs in ad-
vanced stage of disease, having as primary endpoint the
progression-free survival. The Randomized Study on the Ef-
fect of Octreotide LAR in the Control of Tumor Growth in Pa-
tients with Metastatic Neuroendocrine Midgut Tumors (PRO-
MID study) and the Controlled Study of Lanreotide Antiprolif-
erative Response in Neuroendocrine Tumors (CLARINET
study) have demonstrated the efficacy and long-term safety
of long-acting octreotide or a gel formulation of lanreotide,
respectively, in terms of prolonged progression-free survival
in patients with non-functioning, somatostatin receptor-posi-
tive, metastatic, well- or moderately differentiated sporadic
NETs (33-36). 

Despite of the availability of different non-surgical approach-
es for NETs, including SSAs, no similar randomized trials
have been pursued focusing on patients with MEN1-related
NETs, aiming to demonstrate the efficacy of medical treat-
ments such as SSAs in terms of symptoms controls and tu-
mor progression (20). Similarly, no study on dose optimiza-
tion of SSAs has been carried out so far in patients with
MEN1.
In patients with MEN1, an initial experience in a small group
of patients with advanced gastrinomas showed the efficacy
of octreotide in terms of reduction of symptoms and hyper-
secretion (37). Recently, a retrospective experience on the
use of SSAa in early, MEN1-related duodeno-pancreatic
NETs has shown that treatment with SSAs (treatment dura-
tion 12-75 months) is effective in maintaining a stable dis-
ease in 80% of patients, with even an effect on tumor growth
in 10% of patients (38).
Since no longitudinal, intervention studies assessing the
usefulness of medical treatment in early neuroendocrine le-
sions are available thus far and in order to contribute to the
research in this interesting area, a preventive treatment
study was undertaken in patients with MEN1-related early,
non metastatic NETs, that would allow the definition of a
common clinical protocol for selected patients with a diagno-
sis of MEN1 and small asymptomatic NETs.

Materials and methods

Study Design: The study, also referred to as the Long Acting
Release octreotide-MEN1 (LARO-MEN1) study, consists of a
clinical prospective, not comparative, open label trial with an
open label design to evaluate the activity and safety of oc-
treotide acetate slow-release formulation (LAR) in patients
with MEN1-NETs with abnormal laboratory values and no in-
dication for surgery. The study was designed to include: 12
months recruitment, 12 months active treatment, and 12
months of observation in a prospective, not comparative,
open label design. The possibility to expand the study to 24
months of treatment was included in the application to the In-
ternal Review Board (IRB). The study was approved by the
IRB of the University Hospital of Florence and an informed
consent was obtained from all participants. 
Study Population: Eight (out of 30 screened) consecutive pa-
tients of both sexes, aged >18 years (age range 30-62
years), evaluated in the period 2005-2006 in the Unit of
Bone and Mineral Metabolism of the University Hospital of
Florence (Italy), were selected on the basis of all of the fol-
lowing criteria: 1) a diagnosis of MEN1, confirmed by history
and genetic testing; 2) a duodenal or pancreatic neuroen-
docrine tumor less than 2 cm in diameter, as assessed by ul-
trasound and/or CT scan, not indicated for surgery; 3) abnor-
mal levels of PP (>85.8 pg/ml); 4) abnormal values of at
least one of the following biochemical parameters: gastrin,
glucagon, insulin, VIP, somatostatin, histamine and chromo-
granin A; 5) positive Octreoscan lesions (as expressing ss2
and ss5 receptors). In this regard, octreoscan was consid-
ered as the gold standard for functional imaging of NETs at
the time of the development of the study protocol. Exclusion
criteria were: abnormal hematocrit, liver function tests (ALT,
AST, alkaline phosphatase and total bilirubin above the stan-
dard range), and renal function (blood urea nitrogen and cre-
atinine levels above the standard range); 6) performance
ECOG status <2.
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Intervention: Octreotide acetate, a synthetic octapeptide, is a
long-acting, somatostatin analogue. In fact, the short half-life
of natural somatostatin would require continuous infusion to
maintain active plasma concentrations, while octreotide, hav-
ing a half-life of 80-100 minutes (about 30 times higher than
that of natural somatostatin) can be administered intermit-
tently (39). After baseline assessment, treatment with subcu-
taneous (sc) octreotide administered every 8 hours was be-
gun, with the aim of improving patient adherence to therapy.
After a run-in period of 14 days with sc octreotide, which was
withdrawn 14 days afterwards, a slow-release formulation of
octreotide LAR 10 mg was administered intramuscularly (im)
every 28 days. This dosage regimen was chosen as appro-
priate since no evidence of the superior effectiveness of
greater dosages of somatostatin analogs in NETs in general
and MEN1-related NET, in particular, was available at the
time of the study design. Octreotide LAR treatment, which
was initially planned to last for 1 year, was extended for an-
other 12 months and then maintained afterwards (up to 72
months) (Table 2). A schematic representation of the inter-
vention is reported in Figure 1.
Evaluation: Baseline assessment included: clinical examina-
tion, abdomen ultrasound and/or contrast-enhanced CT
scan, and determination of PP and other neuroendocrine tu-
mors, as listed above. Clinical and biochemical follow-up
was initially planned every 6 months, up to 12 months, with
yearly re-assessment of tumor lesion by CT scan in the ex-
tension of the study. Radiological antitumoral response was
evaluated taking advantage of the Response Evaluation Cri-
teria in Solid Tumors (R.E.C.I.S.T.), as previously described
(40). Biochemical, hormonal and instrumental evaluation in-
cluded assessment of parathyroid and pituitary function, the
results of which are not shown in this paper.
Baseline characteristics of the patients: All patients had
pNETs. Four out of eight patients (50%) had multifocal pan-
creatic lesions. Maximum diameter of the lesions ranged
from less than 10 mm to 18 mm. Regarding additional GEP
markers, glucagon was increased in 7/8 subjects, while so-
matostatin was high in one patient (Table 2). No patient
showed NET-related symptoms at baseline. Seven out of
eight patients included in the study (87.5%) had primary hy-
perparathyroidism, which had been successfully treated with
subtotal parathyroidectomy before enrollment; 4 patients
(50%) suffered from prolactin-secreting pituitary microadeno-
ma under cabergoline treatment; 1 patient was surgically
treated for prolactin/ACTH secreting pituitary microadenoma.
Patient #3 displayed cutaneous fibromatosis of the back, and
recurrent acute pancreatitis developed after duodenoce-
falopancreasectomy for a gastrinoma, as additional manifes-
tations.
Objectives: The primary objective of this study was to assess
the activity of octreotide LAR in patients with MEN1-related
NETs in terms of a reduction or normalization of PP and/or
the reduction or disappearance of tumor lesions. Secondary
objectives were to evaluate the changes in other gastroin-
testinal hormones related to MEN1 syndrome and assess the
safety and tolerability of the drug.

Results

The main results of the study are reported in Table 2.
All MEN1 patients selected agreed to participate in the
LARO-MEN1 study.
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Octreotide LAR treatment was well tolerated overall, with the
exception of one patient (#5), for whom it was discontinued
after a few days due to a side effect consisting of diffuse ab-
dominal pain under sc octreotide. The pain resolved after the
withdrawal of the drug, but clearly prevented further adminis-
tration of octreotide LAR. Treatment with octreotide LAR was
discontinued after 3 months in patient #7, in whom the oc-
currence of a hypoglycemic crisis led to the diagnosis of in-
sulinoma which required elective surgery (duodenoce-
falopancreasectomy).
A complete response in terms of activity by secreting tumor
tissue was obtained in all patients, with normalization of the
PP values and other GEP hormones (glucagon and somato-
statin) altered at baseline, both in basal conditions (Table 2)
and during stimulation with secretin test (data not shown).
The normalization of PP levels occurred as early as 6
months after the beginning of therapy with octreotide LAR for
the majority of patients (5/6, 83.3%), and was maintained for
up to 12 months (Figure 2). Regarding the efficacy of the
drug in terms of anti-tumoral response, the maximum diame-
ter of the pancreatic lesions remained unchanged, as as-
sessed by CT scan at one year. Patients remained asympto-
matic for the whole study period. In patient #3, the complete
disappearance of nodular skin lesions and resolution of re-
current pancreatitis were documented after just 2 months of
octreotide LAR.
Based on the extremely positive results obtained after the
first year of treatment, both in terms of efficacy and tolerabili-
ty of the drug, an extension of the study for an additional 12
months was obtained. In the second year of treatment with
octreotide LAR, pancreatic lesions and hormonal markers
(both at baseline and after stimulation test) remained stable,
and no side effects were observed (Table 2).
All the subjects who completed the two-year follow-up were
maintained under octreotide LAR treatment (median follow-
up 6.5 years), with the exception of one (patient #2), for

whom the drug was discontinued because of the occur-
rence of gallbladder stones after 2 years of treatment, a
known side effect of octreotide analog treatment (Table 2).
All the other patients had a stable disease in terms of anti-
tumoral response and biomarkers. In particular, the diame-
ter of the main pancreatic lesion remained unchanged,
without occurrence of new lesions other than the ones ob-
served at baseline. So far, in patient #1, who displayed a
multifocal NET at baseline, only the tumor with the maxi-
mum diameter was detectable in the CT-scan performed af-
ter 7 years of treatment with Otreotide LAR. No additional
long-term side effects have been observed over the entire
period of intervention.

Discussion

Neuroendocrine tumors of the gastroenteropancreatic sys-
tem comprise a rare group of malignant neoplasm. Nonethe-
less, they are a common finding in subjects with MEN1 and
represent the major MEN-related cause of death in this
group of subjects. Somatostatin analogues have been shown
to be very useful for symptomatic and biochemical improve-
ment in patients with GEP-NETs. The mechanisms of these
effects are not completely understood, but recent evidences
indicate that they rely, at least in part, on the inhibition of
proliferative signaling pathways, activation of apoptosis, and
modulation of angiogenesis (16, 41, 42). Data from interna-
tional clinical trials have demonstrated the efficacy of oc-
treotide LAR in controlling symptoms related to hormonal hy-
persecretion by functioning NETs and carcinoid syndrome,
but also to control and slow down tumor growth even in func-
tioning tumors in progression (PROMID and CLARINET
studies) (33-36), with an extension of progression-free sur-
vival, while preclinical and clinical studies provide conflicting
results on their antitumor effect in asymptomatic lesions dis-
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Figure 1 - Schematic representation of the study design. After a recruitment period of 12 months, eligible subjects were evaluated and initially treated
with octreotide 0.1 mg administered subcutaneously every 8 hours (i.e. three times daily, t.i.d.). At +14 days octreotide LAR was begun, with an over-
lap of 14 days with octreotide LAR, which was discontinued at +28 days. Subjects had been followed up for 12 months under octreotide LAR treat-
ment. The original study, as registered by the local IRB, was extended to 24 months, as detailed in the text. Then, an active observation period up to
72 months ensued.
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covered during screening procedures in inherited syndromes
(20).
Only a few small, inhomogeneous, mainly retrospective stud-
ies have evaluated the effect of treatment with SSAs in
MEN1 subjects with GEP-NETs (37, 38), so that no definitive
conclusion nor recommendation can be drawn on the use/ef-
fect of these drugs on these patients, with the exception of
the control of the symptoms and the consequential improve-
ment of the physical conditions of patients.
The pilot, open-label study hereby presented is the first lon-
gitudinal, intervention study, which has assessed the efficacy
of octreotide LAR, a well-tolerated drug of proven safety, in
the early treatment of GEP-NETs in a small group of patients
with MEN1, with the aim to delay or avoid surgery. These
subjects have been strictly followed for up to a pre-planned
period of 12-24 months. They were subsequently maintained
under the same treatment and observed up to 72 months af-
terwards by means of biochemical and instrumental assess-
ment. The outcomes of this study are in agreement with the
results of several large clinical trials, which have shown the
efficacy of somatostatin analogues in the treatment of spo-
radic and advanced NETs (33-36) and reinforce data of the
retrospective study by Ramundo et al. on a larger group of
patients with early MEN1-related NETs (20 subjects) treated
with octreotide LAR 30 mg administered i.m. every 28 days
as first-line therapy for a mean follow-up period of about 40
months (38). The fact that in the LARO-MEN1 study no dis-
ease progression was observed administering the minimal
dose of 10 mg i.m. every 28 days might challenge the con-
cept that in MEN1 syndrome the more is the better. Nonethe-
less, further trials are needed regarding this subject.
Genetic testing has decreased the morbidity and mortality
associated with MEN1. Indeed, a differential detection of en-
docrine tumors leads to an early diagnosis as demonstrated

in a multicenter study comparing MEN1 carriers born in the
second half of the twentieth century versus the ones of the
same age born in the first half (43). Moreover, a prospective
clinical study in carriers of a MEN1 mutation revealed that it
is possible to find biochemical evidence of tumor, on aver-
age, 10 years before the clinical symptoms occur, allowing
early pharmacological and/ or surgical intervention. Thus,
genetically positive individuals should be subject to targeted
surveillance for early detection of potentially malignant neu-
roendocrine tumors, the presence of which increases mor-
bidity and mortality related to the syndrome (44).
Octreotide LAR can be proposed as a first-line, early medical
treatment for both sporadic and familial NETs, in a prophy-
lactic way.
In our series of MEN1 patients selected for having an
asymptomatic NET, still with positive biomarkers of the dis-
ease, treatment with octreotide LAR has been demonstrated
to be safe, well tolerated and overall effective in preventing
the progression of the lesions and keeping patients asympto-
matic. Indeed, in the pre-planned one year of treatment, the
drug was promptly interrupted in only one patient for the oc-
currence of mild side effects and in another patient for the
occurrence of symptoms related to insulinoma. In the latter
subject, a more severe disease could be hypothesized from
the beginning, because of high baseline serum levels or neu-
roendocrine biomarkers. Further studies are needed in order
to establish baseline cut-off values above which a careful fol-
low-up for detection of symptomatic disease should be ad-
vised, even under treatment with SSAs. In the second year
extension trial, NETs remained stable in all patients under
octreotide LAR administered at a standard dose from a clini-
cal, biochemical and morphological point of view. In the long-
term, a patient developed a known side effect of SSAs (gall-
bladder stones), which was easily detected during proper
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Figure 2 - Trend of pancreatic polypeptide (PP) in patients under monthly treatment with octreotide LAR.
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imaging follow-up and appropriately treated. In patient #5,
who discontinued treatment early because of diffuse abdomi-
nal pain, signs of disease progression were observed in the
long-term, because of the appearance of other pancreatic tu-
mor foci and an increase of serum levels of neuroendocrine
markers.
After the two-year completion of this longitudinal study, other
MEN1 patients with similar characteristics have been placed
under long-term, monthly, anti-proliferative octreotide LAR
treatment (data not shown), which has been confirmed as a
safe and effective treatment for NETs not meeting criteria for
surgery. Since octreotide LAR is widely used in malignant
carcinoid syndrome, this medical management could also be
extended to patients with pulmonary carcinoids within the
MEN1 syndrome. Indeed, a complete regression of other
MEN1-associated benign lesions (skin neurofibromas) was
observed in one patient under octreotide LAR treatment.
The relatively small number of enrolled subjects, although
recruited in a single referral center in a relatively short period
of time and according to stringent criteria, the initial limited
planned length of the intervention, and the absence of infor-
mation on the baseline histological grading of the pNETs
confirming the supposed low replicative potential in our se-
ries, constitute obvious limits to the LARO-MEN1 study. In
this respect, more extensive multicentric, placebo-controlled,
intervention trials with progression-free survival as primary
objective, as well as studies on dose optimization of SSAs
are needed in order to establish the efficacy of SSAs for clin-
ical use in individuals with early MEN1-related GEP-NETs.
Only through multicentric, well characterized and homoge-
nous clinical series will it be possible to give a more clear
answer regarding the potential beneficial effects, both clinical
and quality of life, that such molecules may offer to patients
with MEN1-related NETs, in particular for those who do not
have the criteria for a surgical solution of the disease, which
is now reserved for bigger lesions and more aggressive
forms.
In the future, the use of drugs directly modulating key path-
ways important in MEN1-related tumorigenesis (AKT mTOR
pathways, microRNA overexpression), alone or in combina-
tion, could offer a new therapeutic opportunity in MEN1-relat-
ed tumors.
In conclusion, this study is the first longitudinal, open-label,
intervention trial, which has demonstrated that long-acting
SSAs are a safe and effective treatment for subjects positive
to EN1 screening with asymptomatic, small sized GEP-NETs
not requiring surgery.
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