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neuroendocrine tumors
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Metformin (MET) has recently emerged as a potentially active agent in cancer prevention and
treatment. MET is thought to exert its antitumor effects either via modification of systemic
metabolism or through cell-autonomous effects (e.g., activation of AMPK and inhibition of
the mTOR pathway). Preliminary findings of the PRIME-NET study suggest that the addition
of MET to treatment with everolimus (EVE) and/or somatostatin analogs (SSAs) can provide
clinical benefit in diabetic neuroendocrine tumor (NET) patients. In light of this and other
retrospective evidence of MET’s anticancer activity in NETs, prospective studies are needed.
A pilot, single-arm, open-label, prospective study (MetNET-2 trial, NCT02823691) was
designed to evaluate the safety of MET in combination with lanreotide in well-differentiated
gastrointestinal (WD Gl) and lung NETs.
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Neuroendocrine tumors (NETs) are a group of malignancies that arise from neuroendocrine cells
residing in all the tissues of the body and that can dedifferentiate into tumor cells. Once considered
rare, the incidence of NETs has risen worldwide in recent years [1.2]. The Surveillance, Epidemiology
and End Results Registry identified 64,971 patients with NETs in the USA in the period from 1973
to 2012, with a significant increase in the reported annual age-adjusted incidence rate of NETs
from 1.09/100,000 to 6.98/100,000 [1].

Somatostatin analog (SSA) therapy with Lanreotide Autogel® (Ipsen, Slough, UK [LAN, admin-
istered every 28 days at the maximum dose of 120 mg]) or octreotide long-acting release (OCT
LAR) constitutes one of the most important therapeutic options for the gastrointestinal (GI) and
lung carcinoid treatment in both functioning and nonfunctioning tumors. These long-acting
SSAs are considered the gold standard therapy for the control of endocrine syndromes associated
with NETs. In GI and pancreatic (p) NETs, complete or partial symptom control is generally
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achieved in at least 50% of syndromic patients
receiving SSA therapy, though clinical response
in over 70-90% of functioning NETs has been
reported [3-5].

Two randomized, placebo-controlled,
Phase III trials (PROMID and CLARINET
studies) demonstrated that OCT and LAN
can exert an antiproliferative effect in patients
with advanced gastroenteropancreatic (GEP)-
NETs [6.7]. Prospective data on the antiprolifera-
tive effect of SSAs in well-differentiated (WD)
bronchopulmonary NETs are lacking, but lim-
ited information from retrospective, case-list
and unrandomized studies shows a significant
percentage of disease stabilization in the majority
of patients analyzed (s,9].

New combinations with SSAs and other
investigational drugs are currently under evalu-
ation with the aim to improve clinical outcomes,
while maintaining a good tolerability profile and
health-related quality of life. MetNET-2 is one
of the first studies designed to explore the safety
of Metformin (MET) in combination with LAN
in advanced GI NETs and lung carcinoids.

Study rationale

SSAs have a direct and an indirect antiprolifera-
tive effect on neuroendocrine neoplasms [10,11].
SSAs indirectly induce the inhibition of growth
factor secretion (GH, IGF-1, FGF, VEGF, EGF,
PDGF, TGF) and tumor angiogenesis by inter-
acting with peritumoral vascular somatostatin-2
(SST-2) receptors and inhibiting growth factors.
Immunomodulatory effects are mediated by
natural killer lymphocytes and monocytes [10].
SST receptors 1-5 directly inhibit cell prolif-
eration by downregulation of MAPK pathways
and $572/3 induce apoptosis by activation of the
p53/BAX pathway [10,11]. The primary or second-
ary mechanism of SSA resistance is usually asso-
ciated with the compensatory overexpression of
intracellular drivers activated by growth factors
targeting IGF-1, VEGF and PDGF receptors
and through the dysregulation and constitutive
activation of the PI3K/AKT/mTOR pathway
and genetic aberration (mutation of phosphate
and tensin homolog, PI3K, 7SC2, NFI and
LKBI) [10].

Evidence for the antiproliferative effect of
LAN 120 mg is supported by clinical trial effi-
cacy data on progression-free survival (PFS)
in patients with GEP NETs published in July
2014 (CLARINET study) (7]. The study showed
that in 204 patients with nonfunctioning GEP
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NETs, naive to previous SSA treatment, there
was a 53% risk reduction of death or disease pro-
gression after 24 months of treatment with LAN
120 mg every 28 days compared with placebo
(HR: 0.47; 95% CI: 0.30-0.73; p < 0.001).

A number of studies have identified diabetic
patients being at an increased risk for the devel-
opment of cancer [12]. MET is a widely prescribed
antidiabetic drug with established efficacy, cou-
pled with a favorable safety profile and low cost.
An increasing number of studies have associated
MET treatment with a decrease in cancer risk.
Moreover, MET has also been associated with
improved outcomes in cancer patients [12-16]. In
a recently published systematic review and meta-
analysis, Coyle et al. [16] enrolled 24,178 patients
affected by colorectal, prostate, breast and
urothelial cancer. The authors showed that MET
use was associated with a significant benefit in all
the outcomes, in particular in early-stage colo-
rectal cancer and prostate cancer, suggesting its
use as an adjuvant agent [16]. These possible pleio-
tropic effects of MET may establish it as a cancer
prevention and treatment option. Larger studies
are expected to better investigate the potential
antineoplastic effects of MET. The possible
molecular antiproliferative effect of MET is char-
acterized by modulation of insulin secretion and
IGF-1R (indirect mechanism) and by activation
of AMPK mediated by LKBI oncogene expres-
sion (direct mechanism). This driver is also cor-
related with the negative modulation of the Ras/
Raf/MAPK pathway and the 7SCI-2/mTOR
complex [1718]. The anticancer effects of MET
on human pancreatic neuroendocrine BON 1
cells in vitro are known. MET dose dependently
inhibited neuroendocrine BON 1 cell viability,
with suppression of mTORCI signaling evi-
denced by the suppression of 4ebpl, pP70S6K
and S6 phosphorylation, with compensatory
AKT activity [19].

Available data about the effects on NETs of
SSAs and MET in association are limited. The
most relevant and recent clinical data include
a retrospective analysis by the Spanish neuro-
endocrine study group [20], and the PRIME-
NET study, designed after evidence from a
small mono-institutional retrospective cohort
of patients that MET intake was associated with
increased PFS in diabetic pNET patients receiv-
ing everolimus (EVE) plus OCT [2122]. In the
Spanish study, 92 patients with advanced G1-G2
GEP and lung NETs received EVE: 25 were dia-
betics and 11 were treated with MET. A better
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outcome was achieved in the patients treated
with MET than in the diabetic patients treated
with non-MET agents (median PFS: 34.1 vs
8.2 months, respectively, HR: 0.12; 95% CI:
0.02-0.57; p = 0.008) [20]. The retrospective
PRIME-NET study evaluated 445 patients
(209 normoglycemic and 236 hyperglycemic)
with advanced WD pNET treated with EVE
with or without SSAs at 24 Italian centers.
Overall, median PFS was 15.1 months in the
normoglycemic patients versus 32 months in
the hyperglycemic groups (HR: 0.63; 95% CI:
0.50-0.80; p = 0.0002) [22].

In particular, the study highlighted a sta-
tistically significant difference in the median
PES among diabetic patients receiving MET
(44.2 months) versus diabetic patients receiv-
ing insulin or diet (20.8 months) and normo-
glycemic patients (15.1 months), respectively
(HR: 0.45; 95% CI: 0.32-0.62; p < 0.00001
for comparison between patients taking MET
and nornoglycemic patients) [22]. Several factors
may potentially bias these experiences. Firstly, all
are retrospective studies. Moreover, the potential
role of important factors such as surgery, dosage
and duration of exposure to MET are not always
clearly specified. Finally, the selected inclusion
criteria are often too vague to identify the real
effect of MET. Prospective evaluation is needed
to confirm these findings. The Fondazione
IRCCS Istituto Nazionale dei Tumori, Milan,
is currently conducting a prospective, single-
center, open-label, Phase II, proof-of-concept
study (MetNETT1 trial, NCT02294006) to
investigate the activity and safety of EVE in
combination with OCT and MET in patients
with advanced WD pNETs [23]. Moreover,
building on these preliminary data, we designed
the MetNET-2 trial. The aim of this second trial
is to define the safety of concomitant treatment
with LAN and MET in progressive advanced
GI NETs or lung carcinoids, and to evaluate as
a secondary objective the possible synergistic
effect of this combination.

Treatment plan

¢ Study design & target population
MetNET-2 is a pilot, single-arm, open-label,
prospective study designed to evaluate the safety
of LAN (120 mg every 28 days) in combina-
tion with MET (2550 mg daily) in patients with
advanced progressive WD GI NETs or lung
carcinoids. The study population will include
20 normoglycemic and/or hyperglycemic
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patients with a histologically confirmed diag-
nosis of WD G1-G2 NET [2425]. Patients will
continue therapy until radiological disease pro-
gression or intolerable toxicity. The planned
enrollment period is 24 months and the overall
study duration is about 3 years.

¢ Primary & secondary objectives

The primary objective is the evaluation of the
safety profile, as assessed by the incidence report
of adverse events (AEs) and severe AEs (SAEs).
An AE is defined as any undesirable medical
condition or significant change in laboratory
parameters that occurs at any time from the
informed consent signature until the end of the
study, even if no study drug has been adminis-
tered. An SAE is defined as any AE that results
in death, that is life threatening, that places
the subject at immediate risk of death or that
results in hospitalization, prolongation of exist-
ing hospitalization or in a persistent significant
disability. AE intensity will be determined
using the latest version of the National Cancer
Institute Common Terminology Criteria for AEs
( CTCAE Scale ver. 4.03).

Evaluation of the activity of LAN in combina-
tion with MET is a secondary exploratory objec-
tive. According to Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1 [26] the
objective response rate and disease control rate
will be evaluated. Furthermore, time to progres-
sion, defined as the time from the first study drugs
administration to the first clinical, biochemical or
radiological progression will be assessed. Another
secondary objective is the evaluation of the prog-
nostic and predictive role of genetic biomarkers
in treated patients. We plan to investigate several
genes involved in the pathways related to MET
and/or SSA activity. Tumor samples will be ana-
lyzed using a custom panel covering the coding
sequences of 111 genes, including LKBI, TP53,
KRAS, TP53/BAX, IGFIR, VEGFR, PDGFR and
AKT, PIK3CA, phosphate and tensin homolog,
mTOR, TSC2 and NFI.

¢ Dose & schedule of therapy

Patients will receive LAN (120 mg every 28 days,
equivalent to one cycle), plus MET (2550 mg
daily maximum dose, as oral administration).
If well tolerated, the MET starting dose of
850 mg/day will be increased up to 1700 mg/day
at day 14 and up to 2550 mg/day at day 28
(maximum dose). Clinical and physical exami-
nation, tolerability assessment and laboratory

www.futuremedicine.com

CLINICAL TRIAL PROTOCOL

1679



CLINICAL TRIAL PROTOCOL Pusceddu, Prinzi, Lo Russo et al.

1680

Cycle 1 Cycle 2 Cycle n
2550 mg
i 1700 mg
Metformin f
dose escalation 850 mg 4
Screening period W0 w2 w4 w8 Wn |
Lanreotide ATG
120 mg

Figure 1. MetNET-2 trial: study design and schedule. The treatment will be administered until
disease progression or intolerable toxicity. The metformin starting dose of 850 mg/day, will be
increased up to 1700 mg/day at day 14 and up to 2550 mg/day at day 28 (maximum dose), if well
tolerated. Lanreotide Autogel 120 mg will be administered every 28 days.

W = week

evaluations (renal function, liver function, meta-
bolic assessment, venous blood gas, urinalysis,
C-peptide and insulin) will be performed at days
7, 14 and 28 (and at further visits) to evaluate
the safety of the combination therapy until the
maximum MET dose. In patients intolerant to
the escalating or the maximum MET dose, the
treatment dose will be reduced and tolerability
retested. The treatment period is scheduled to be
until clinical or radiological disease progression,
according to RECIST version 1.1 (Figure 1).

e Statistical plan

Sample size & power consideration

A single-stage A'Hern design will be used for the
sample size determination. The null hypothesis
that the SAE rate (as measured on the CTCAE
Scale ver. 4.03) related to treatment is 25% will
be tested against a one-sided alternative. Twenty
patients will be enrolled. The null hypothesis will
be rejected if not more than 2 out of 20 patients
experience severe toxicity. This design yields a
type L error rate of 10% and a power of 85% with
a maximum of toxicity rate of 5%.

Demographic & other baseline characteristics
Descriptive statistics (means and standard devi-
ation or frequency tables, depending on their
nature) will be used to summarize demographic
characteristics, medical history and physi-
cal examination abnormalities of all patients
included in the study. Concomitant medications
will be summarized by individual data listings
and summary tables.

Future Oncol. (2017) 13(19)

Populations

The following populations will be used in the
analysis of this study: the Safety population
will comprise all those patients who receive at
least one dose of study drugs combination, as
soon as any of the two drugs is received. The
Intention-to-Treat population will comprise all
those patients who receive at least one dose of
study drugs combination and who have at least
one efficacy evaluation after baseline visit.

Analysis of feasibility

Descriptive statistics are calculated for efficacy
data from the efficacy population (Intention-to-
Treat population: all patients who received at least
one dose of LAN plus MET). Descriptive rather
than inferential statistics are performed because
this is a noncomparative exploratory investigation.

Interim analysis
No interim analysis is foreseen for the study.

Statistical assumptions & statistical software
Statistical tables and analyses will be conducted
using SAS®, version 9.2 or higher, statistical
software package.

¢ Ethics, informed consent & safety

The study protocol and procedures were designed
following Good Clinical Practice guidelines and
the principles set forth by the Helsinki Declaration.
Written and signed informed consents will be
obtained from all the enrolled patients before any
study-specific procedure takes place.
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Table 1. Study procedures and assessments.

CLINICAL TRIAL PROTOCOL

Procedure and assessments Screening WO (start w2 W4 Wé w8 Wn EOS

period treatment) (every

4 weeks)

Clinical history and demography X
Prior and concomitant medications X X X X X X X X
Clinical and physical examination, X X X X X X X X
bodyweight, assessment of blood
pressure, saturation test, vital signs
Written informed consent X
Clinical laboratory tests (renal function, X X X X X X X X
liver function, glucose, lipid profile,
venous blood gas, HbA1c level, urinalysis,
C-peptide, insulin)
HBV and HCV viral markers X
Oral glucose tolerance test X
Dosage of Cga, NSE and urinary 5-HIAA¥ X X Xt X
Dosage of VitB12, FT3, FT4, TSH X X Xt X
ECG, cardiac evaluation and Echo® X X8 X5
Likert scale evaluation collection? X X X X X X X X
CT scan or MRI, with or without contrast X Xt
Tumor sample collection X
Evaluation of increasing metformin dose X X X
Adverse events X X X X X X
Serious adverse events X X X X X X
#*Requested every 4 months after starting therapy.
Only in functioning patients.
#0nly if clinically required.
5-HIAA: 5-Hydroxyindoleacetic acid; CgA: Chromogranin A; CT. Computed tomography; Echo: Echocardiogram; ECG: Electrocardiogram; EOS: End of study; NSE: Neuron-specific
enolase; W: Week; HBV: Hepatitis B virus, HCV: Hepatitis C virus.

e Criteria

Inclusion criteria: adult patients (male or female,
age older than 18 years) with advanced non-
resectable, progressive NETs within 6 months
before study inclusion; histological diagnosis of
WD (Gl and G2) GI or lung NETs; Eastern
Cooperative Oncology Group performance
status (ECOG PS) £2; life expectancy of more
than 12 months; functioning or nonfunction-
ing NETs; type 2 diabetic or normoglyce-
mic patients (the assessment of Oral Glucose
Tolerance Test, according to American Diabetes
Association guidelines 2015 [27], will be per-
formed in screening phase); tumor tissue avail-
able for analysis; documented OctreoScan/posi-
tron emission tomography (PET) Ga® uptake/
immunohistochemical stain of SST-2 receptors
within 6 months before study entry; adequate
liver, kidney and bone marrow function. Written
informed consents will be obtained before any
study-specific procedure takes place (Table 1).

¢ Study limitations
The most important limitations of this study are
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the small number of patients planned for this
analysis, and the lack of a control group, which
prohibits comparative analysis.

We remark that the primary objective of the
MetNET-2 trial will be the evaluation of the
safety and the tolerability of the combination
of LAN with MET; therefore, evaluation of the
efficacy (objective response rate, disease control
rate and time to progression) of this regimen will
be only an exploratory objective.

In this preliminary pilot evaluation, we will
enroll patients with both WD GI NETs and
lung carcinoids, despite differences in their
clinical management and prognosis. This hetero-
geneity is a further limitation of the study, but
this explorative analysis could be helpful for the
selection of patients for any future prospective
Phase 11 trial.

Conclusion

The aim of this pilot, single-arm, open-label,
prospective study is to examine the safety of
LAN in combination with MET in WD GI
NETs or lung carcinoids. Although in a small
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and heterogeneous population, the MetNET-2
trial has the potential to generate useful prelimi-
nary data about the possible synergistic effects
of this combination, with the rationale to evalu-
ate this combination in a future Phase II trial
in both diabetic and normoglycemic patients
and in both WD Gl and/or lung NET patients.
Moreover, the evaluation of the prognostic
and predictive role of genetic biomarkers in
treated WD GI NETs or lung carcinoids could
be a future area of focus in patient treatment
selection.
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EXECUTIVE SUMMARY

Study rationale

e The CLARINET study involving 204 patients with GI NETs showed a 53% reduction in the risk of death/progression of

disease versus placebo.

e SSAs have a direct and an indirect antiproliferative effect on neuroendocrine neoplasms.

e Preliminary findings of the PRIME-NET study suggest that the addition of MET to therapy with EVE and/or SSAs alone
can provide clinical benefit in diabetic NET patients.

Study design

e MetNET-2 is a pilot, single-arm, open-label, prospective study with the aim to evaluate the safety of Lanreotide Autogel
(LAN; 120 mg every 28 days) in combination with MET (2550 mg daily) in 20 normoglycemic and/or hyperglycemic
patients with advanced, progressive, WD GI NETs or lung carcinoids.

Primary & secondary objectives

e The primary objective is the evaluation of the safety profile, as assessed by the incidence report of AEs and SAEs.

e The secondary objective: evaluation of the activity of LAN in combination with MET and the evaluation of the

prognostic and predictive role of genetic biomarkers in treated patients.

Dose & schedule of therapy

e Patients will receive LAN (120 mg every 28 days, equivalent to one cycle), plus MET (2550 mg daily maximum dose, as
oral administration). If well tolerated, the MET starting dose of 850 mg/day will be increased up to 1700 mg/day at day
14 and up to 2550 mg/day at day 28 (maximum dose).

e The treatment period is scheduled to be until clinical or radiological disease progression, according to RECIST

version 1.1.

Criteria

e Inclusion criteria: adult patients with advanced nonresectable, progressive NETs; histological diagnosis of WD (G1 and
G2) Gl or lung NETs; ECOG PS <2; life expectancy of more than 12 months; functioning or nonfunctioning NETSs; type
2 diabetic or normoglycemic patients; tumor tissue available for analysis; documented OctreoScan/PETGa®® uptake/
immunohistochemical stain of SST-2 receptors within 6 months before study entry; adequate liver, kidney and bone
marrow function. Written informed consent will be obtained before any study-specific procedure takes place.
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