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Abstract

In the last few years, the therapeutic approach for neuroendocrine neoplasms (NENs)
has changed dramatically following the approval of several novel targeted treatments.
The multitarget tyrosine kinase inhibitor (MTKI), sunitinib malate, has been approved by
Regulatory Agencies in pancreatic NENs. The MTKI class, however, includes several other
molecules (approved for other conditions), which are currently being studied in NENs.
An in-depth review on the studies published on the MTKIs in neuroendocrine tumors
such as axitinib, cabozantinib, famitinib, lenvatinib, nintedanib, pazopanib, sorafenib
and sulfatinib was performed. Furthermore, we extensively searched on the Clinical Trial
Registries databases worldwide, in order to collect information on the ongoing clinical
trials related to this topic. Our systematic analysis on emerging MTKIs in the treatment
of gastroenteropancreatic and lung NENs identifies in vitro and in vivo studies, which
demonstrate anti-tumor activity of diverse MTKIs on neuroendocrine cells and tumors.
Moreover, for the first time in the literature, we report an updated view concerning the
upcoming clinical trials in this field: presently, phase I, Il and Il clinical trials are ongoing
and will include, overall, a staggering 1667 patients. This fervid activity underlines the
increasing interest of the scientific community in the use of emerging MTKIs in NEN
treatment.
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Introduction

Neuroendocrine neoplasms (NENs) are a heterogeneous
family of neoplasms originating from neuroendocrine
cells dispersed in different organs, most frequently in the
digestive system and in the lungs. The last few decades
have witnessed a steady rise in new NEN diagnoses

(Yao et al. 2008a), however, whether this is due to better and
more accurate diagnoses and/or a true epidemiological rise
is yet to be understood. Furthermore, significant struggles
have led to a better understanding of the pathology of
these tumors with a novel, prognostically relevant, WHO
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classification in 2010, updated in 2017 for pancreatic NENs
(Bosman et al. 2010, Lloyd et al. 2017). Briefly, NENs are
histologically classified according to morphology in well-
differentiated and poorly differentiated and then graded,
according to mitotic index and Ki67-based proliferation
index in three tiers: G1, G2 and G3 following standard cut
offs (Bosman et al. 2010, Lloyd et al. 2017).

Classification according to morphology and
proliferation has enabled the construction of treatment
algorithms, e.g. ESMO, NCCN, ENETs (Cives & Strosberg
2017), which include diverse treatments. Indeed, in the
last few years, the therapeutic approach for NENs has
dramatically changed subsequently to the approval
of several novel targeted therapies (Yao et al. 2011).
Moreover, the use of somatostatin receptor agonists,
octreotide, lanreotide and pasireotide, was also shown
to provide further therapeutic advantage (Barbieri et al.
2014). Among these diverse approaches, the multitarget
tyrosine Kkinase inhibitor (MTKI), sunitinib malate,
has been approved by Regulatory Agencies (European
Medicine Agency — EMA and United States Food and
Drug Administration — FDA) in pancreatic NENs (pNEN)
(Raymond et al. 2011). The MTKI class, however, includes
several other molecules (approved for conditions other
than NENSs or rare NEN types), which are currently being
studied for NEN treatment.

This review 1is part of the ‘NIKE' project
(Neuroendocrine tumours Innovation Knowledge and
Education, led by Prof. Annamaria Colao), which, using a
multidisciplinary workshop approach, aims at expanding
knowledge and research in NENs. The review will only
briefly touch on sunitinib, as it is the most utilized MTKI
in NENs and has already had ample space in the literature,
while greater emphasis will be given to the description of
carcinogenetic pathways involved in MTKI action, and the
novel MTKIs themselves such as axitinib, cabozantinib,
famitinib, lenvatinib, nintedanib, pazopanib, sorafenib
and sulfatinib.

MTKI targets and pathways

TKIs are small molecules, which compete with adenosine
triphosphate for binding with the intracellular domain
of RTKs thus preventing phosphorylation and thereby
blocking signal transduction with anti-angiogenic and
anti-tumor activity (Faivre et al. 2006). Unfortunately,
the multiplicity of receptors converging on the same
intracellular mechanisms is frequently cause of acquired
resistance in treated tumors, since the activation of a
different receptor system can by-pass the inhibited one.
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For this reason, the development of therapeutic strategies
that simultaneously target multiple receptors has become
a point of interest. Several MTKIs are presently under
development, and a few are showing particularly favorable
profiles, by reducing cell proliferation and survival as well
as having anti-angiogenic properties thereby emerging as
promising novel approaches for solid tumors (Fig. 1).

Cell proliferation and survival

RTKs represent a diverse group of cell-surface receptors
responsible for mediating cellular responses to extracellular
signals such as growth factors, hormones and cytokines. It
is now well established that RTKs are the main regulators
of cell proliferation and survival, although, depending
on the cell environment and activation state, they can
also induce cell differentiation and growth arrest. RTK
activity is tightly regulated in normal cellular processes
and, aberrant activation, as often occurs in tumors, drives
increased proliferation rate, prolonged cell survival and
favors the progression of metastases (Blume-Jensen &
Hunter 2001). RTKs that are frequently upregulated
in cancers include the receptor families for epidermal
growth factor (EGF), vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF), fibroblast
growth factor (FGF) and insulin/insulin-like growth
factor 1 (IGF1). RTK activity results in the activation of
multiple transduction systems, including the canonical
Ras signaling pathway, leading to the activation of
ERK1/2, which controls processes such as differentiation,
proliferation and cell migration, making RTKs relevant
anti-tumor targets. On the other hand, the activation of
PI3K/AKkt is one of the main anti-apoptotic intracellular
mechanisms.

With greater relevance to this review, alterations in the
activity of various growth factors and their receptors have
been identified in gastrointestinal and pNENs (Chaudhry
etal. 1992, Terris et al. 1998, von Wichert et al. 2000, Shah
et al. 2006). In particular, VEGFRs and PDGFRs have been
widely implicated in driving pNET carcinogenesis (Gilbert
et al. 2013). The presence of VEGFRs in NEN cells, further
highlights the role of VEGF in tumor cell proliferation,
besides the control of angiogenesis and reinforces the role
of inhibitors of this receptor family as treatment options
in NENSs.

Angiogenesis

Angiogenesis in NENs has been studied in detail as
most well-differentiated NENs are hypervascular at
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Figure 1

Simplified representation of ligands and
receptors involved in tyrosine kinase-mediated
signaling in neuroendocrine neoplasms and
targets of the multitarget tyrosine kinase
inhibitors axitinib, cabozantinib, famitinib,
lenvatinib, nintedanib, pazopanib, sorafenib and
sulfatinib. Others** include fms-like tyrosine
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imaging (Rodallec et al. 2006) and histologically present
a well-developed vasculature, as shown by CD31
immunostaining, with high levels of VEGF-A secretion
and VEGF receptor expression (VEGFR-2 and VEGEFR-3)
(La Rosa et al. 2003, Couvelard et al. 2005, 2008). Indeed,
normal endocrine tissue is also highly vascularized and is
able to secrete high levels of VEGF (in particular VEGF-A)
(Christofori etal. 1995, Konstantinova & Lammert 2004) as
a rich vascular network is necessary for normal endocrine
functions such as hormone production and secretion into
the blood stream. VEGF-A secretion and angiogenesis
have been shown to play an important role in NEN
development and progression, as demonstrated by studies
using transgenic mice in which neoplastic endocrine
cells acquire angiogenic properties, with VEGF secretion
upregulation (Hanahan et al. 1996, Inoue et al. 2002). If,
however, we correlate intratumour microvascular density
with aggressiveness in NENs, interesting and paradoxical
findings light. Well-differentiated NENSs
(WD-NENs), with their potentially prolonged survival,
show a markedly richer vascular network compared
to poorly differentiated neuroendocrine carcinomas
(PD-NECs) (Poncet et al. 2009), and this finding is in
stark contrast to what we know of angiogenicity in other
cancer types, where high intratumoral microvascular
density is a sign of aggressiveness. WD-NENs present a
well-organized vascular network due to their slow growth
and ability (as in normal tissues) to produce high levels

| CELL PROLIFERATION |

come to

J kinase 3 receptor (FIt3R), interleukin-2 receptor-
inducible T-cell kinase (Itk), leukocyte-specific
protein tyrosine kinase (Lck), transmembrane
glycoprotein receptor tyrosine kinase (c-Fms),
v-raf murine sarcoma viral oncogene homolog B
(B-Raf), c-MET, AXL, colony-stimulating factor 1
receptor (CSF1R). FGF, fibroblast growth factor;
FGFR, fibroblast growth factor receptor; GFLs,
GDNF family of ligands; PDGF, platelet-derived
growth factor; PDGFR, platelet-derived growth
factor receptor; SCF, stem cell factor; VEGF,
vascular endothelial growth factor; VEGFR,
vascular endothelial growth factor receptor.

A 4

of VEGF, while angiogenesis in PD-NECs is probably
secondary to hypoxia (hence necrosis which is often
seen in the latter and not the former) with low secretion
of VEGE Secretion of VEGF is in part controlled by
hypoxia inducible factors (HIFs) and in particular, HIF1a,
in conditions of hypoxia, accumulates and enhances
transcription of hypoxia-induced genes such as VEGF
(Giatromanolaki & Harris 2001, Maynard & Ohh 2005).
Pinato and collaborators found that overexpression
of HIFla and loss of somatostatin receptor expression
are predictive of reduced survival (Pinato et al. 2014),
while different research groups have either suggested or
refuted a prognostic role of VEGF expression in NENs
(Takahashi et al. 2007, Zhang et al. 2007, Kuiper et al.
2011). What is certain is that WD-NENs are highly
angiogenic (even though active angiogenesis may occur at
a slow rate) and consequently anti-angiogenic treatments
maintain an important rationale, such as the humanized
anti-VEGF-A humanized antibody, bevacizumab, with
known anti-angiogenic activity in NENs (Yao et al. 2008b,
Chan et al. 2012).

The interaction between ligand (VEGF) and receptor
(VEGFR) is one of the possible activation sites of the
PI3K/Akt/mammalian target of rapamycin (mTOR)
pathway, which is one of the most studied pathways in
NENs with a central tumorigenic role both in survival
and proliferation. Other, various targetable tyrosine kinase
receptors other than VEGFR such as PDGFRa and B,
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stem cell factor (c-KIT) and insulin-like growth factor
receptor (IGFR), are overexpressed in NENs with
tumorigenic and angiogenic activity (Chaudhry et al.
1992, Nilsson et al. 1995, Krishnamurthy & Dayal 1997,
Van Gompel & Chen 2004).

In conclusion, most of the newly developed TKI's
bind several receptors (including those active in NENs as
described in the following paragraphs), and have, as their
main effect, the inhibition of VEGFR2. Besides the direct
anti-proliferative effects described in the previous section,
inhibition of angiogenesis is therefore an alternative
mechanism of anti-tumor TKI activity. The definition of
which is the main mechanism of action of TKI's in NENs
remains, however, as yet, poorly understood.

MTKIs approved in NENs: sunitinib

Sunitinib (sunitinib malate) is the most well-known
MTKI in use in NENSs as it has been globally approved in
patients with metastatic or unresectable and progressing
differentiated (grade 1 or grade 2) pNENSs. It is an oral
multitargeted inhibitor of various receptor tyrosine
kinases (VEGFR-1, -2 and -3, IGF-1R, KIT, PDGFR-a and -f,
F1t3R, RET) leading to a decrease in angiogenesis, growth,
proliferation and metastatic spread (Faivre et al. 2006).

Sunitinib was approved on the basis of a randomized,
double-blinded, placebo-controlled phase III study
(Raymond et al. 2011). One hundred seventy-one patients
with well-differentiated metastatic or unresectable pNENs
were recruited, progression-free survival (PFS) was the
primary endpoint while overall survival (OS), objective
response rate (ORR), patient-reported outcomes and
safety were secondary end points. Early results favoring
sunitinib as well as the higher rates of adverse events and
deaths in the placebo arm, led investigators to close the
trial early, before the pre-specified interim analysis. PES
was significantly prolonged in sunitinib-treated patients
compared to placebos (11.4 months vs 5.5 months; HR
0.42; P<0.001); no data on OS were available at the time
of approval. The ORR for sunitinib was 9.3% vs 0% for
placebo (P=0.007), but this did not include some patients
who achieved partial response (due to the aforementioned
early interruption of the study or the impossibility of
RECIST criteria to evaluate sunitinib induced response).
Common adverse reactions included fatigue, diarrhea,
nausea, neutropenia, hypertension and palmar-plantar
erythrodysesthesia syndrome.

A post approval study (open-label phase IV clinical
trial - NCT01525550), accrual (106 patients, 61 treatment-
naive and 45 previously treated patients) eligibility
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criteria (patients with progressive, well-differentiated,
unresectable advanced/metastatic pNENs) and dosage
(continuous sunitinib 37.5mg once daily) has recently
shown preliminary results. Median PFS was 13.2 months
(95% CI, 10.9-16.7) in the total cohort, with no differences
between treatment-naive and previously treated patients.
Sunitinib has now become part of available treatment
algorithms for pNENSs, but it is no longer alone. Numerous
other MTKIs are now being tested, and some have made it
to the clinic, at least in clinical trials. This review aims at
highlighting these emerging treatments and detailing their
preclinical and clinical studies as well as clinical trials.

Emerging MTKIs in the therapy of GEP and
lung NENs and future perspectives

Each emerging MTKI showed its own profile (preclinical
and clinical) and variable efficacy in different NEN
settings. Literature data are summarized in each specific
paragraph for each MTKI.

With regard to ReCTs, 101 were identified. Of the
ReCTs analyzed, 11 matched the initial requirements,
therefore specifically dealing with the aim of the review.
In brief, we detected one study on axitinib (phase II), two
studies on cabozantinib (one phase II, one phase III), one
study on famitinib (phase II), one study on lenvatinib
(phase II), one study on nintedanib (phase II), two studies
on pazopanib (one phase I/II and one phase II), three
studies on sulfatinib (one phase I/II, two phase III), with
an overall estimated enrollment of 1667 patients. Details
of the ReCTs identified are summarized in Table 1.

Axitinib

Axitinib is a potent, selective inhibitor of VEGFR-1, -2
and -3, currently approved for the treatment of advanced
renal cell carcinoma (RCC). To date, there are few studies
on the effect(s) of axitinib in NENs.

In an in vitro model, axitinib induces growth
inhibition in pancreatic endocrine QGP-1 cell lines,
without interfering with VEGFR2 activation through
mechanisms consistent with a cytostatic mechanism
(Gilbert et al. 2013). In an animal transgenic model of
de novo of pNENs (RIP1-Tag2 transgenic mice) (Hanahan
1985), axitinib produced marked reduction in tumor
vasculature with widespread hypoxia although significant
mTOR-dependent resistance mechanisms developed
during the therapy (Allen et al. 2016).

In May 2016, Strosberg et al. published the results of
a phase II open-label, single-arm, prospective clinical trial
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(NCT01435122) (Strosberg et al. 2016) aimed at evaluating
tumor growth control and the safety profile of axitinib
in patients with progressive unresectable/metastatic
extrapancreatic NENs. The study included a total of 30
gastrointestinal, thoracic and unknown primary patients
and 18/30 were functioning (16 carcinoid syndromes, 1
gastrinoma and 1 ectopic ACTH secretion). The primary
tumor had been resected in 22/30 patients before
enrollment and tumor grade was G1: 21 patients and G2: 9
patients. At study entry, 25/30 patients were on octreotide
LAR. Axitinib was given orally at the dose of Smg twice
daily, until progressive disease (PD), or unacceptable
toxicity. After a median follow-up of 29 months, the
study showed a median PFS of 26.7 months (compared
to the estimated median PFS in the absence of treatment
of 8.1 months), with a 12-month PFS rate of 74.5%.
Twenty-seven percent (8/30) patients underwent early
withdrawal due to toxicity, with hypertension being the
most common AE (90%) requiring treatment suspension
in six patients (20%). The authors concluded that, even
if axitinib appears to have an inhibitory effect on tumor
growth, the high rate of hypertension (grade 3 or 4-63%
of patients) might represent a potential limit to its use.

A phase II/III randomized double-blind trial to study
octreotide LAR in combination with axitinib vs octreotide
LAR with placebo in patients with advanced G1-G2 NENs
of non-pancreatic origin (NCT01744249) is at the present
time recruiting patients. The estimated enrollment is
approximately 250 patients and the primary end point
will be PES. Data should be available in 2020.

Pazopanib

Pazopanib is an orally available MTKI exerting anti-tumor
and anti-angiogenic activities by targeting VEGFR-1, -2 and
-3, PDGFRa and B, FGFGR-1, -2 and -3, c-Kit, interleukin-2
receptor-inducible T-cell kinase (Itk), leukocyte-specific
protein tyrosine kinase (Lck), transmembrane glycoprotein
receptor tyrosine kinase (c-Fms) and v-raf murine sarcoma
viral oncogene homolog B (B-Raf) (Kumar et al. 2007,
Ward & Stadler 2010, Zhao et al. 2014). It was approved
by the FDA as a treatment for metastatic RCC in 2009 and
for advanced soft tissue sarcoma in 2012.

Various preclinical experiments have investigated
pazopanib’s action. It dose-dependently inhibits ligand-
induced auto-phosphorylation of VEGFR-2 and PDGF-
induced phosphorylation of c¢-Kit and PDGFRp in
non-neoplastic cells and NCI-H526 tumor cells as well as
inhibiting VEGF-induced proliferation (Kumar et al. 2007).
Pazopanib has also been shown to inhibit neoplastic cell
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growth, survival and migration as well as inhibition of
VEGF-induced upregulation of adhesion molecules on
both endothelial and tumor cells in vitro (Podar et al.
2006, Olaussen et al. 2009, Paesler et al. 2010, Canter et al.
2011, Gril et al. 2011, Hosaka et al. 2012, Bible et al. 2014).
In preclinical in vivo studies, pazopanib inhibited FGF-
and VEGF-induced angiogenesis in two different mouse
models of angiogenesis in a dose-dependent manner
(Kumar et al. 2007) as well as displaying anti-tumor
activity in several human tumor mice xenograft models
of solid tumors (Podar et al. 2006, Kumar et al. 2007,
Hashimoto et al. 2010, Gril et al. 2011, Zhu et al. 2011,
Hosaka et al. 2012, Li et al. 2014).

Data from clinical trials suggest that pazopanib has anti-
tumor activity in advanced NENs, with particular emphasis
on pNENs. The first evidence was from a phase I basket
trial including 63 patients with advanced-stage refractory
solid tumors, where one patient with NEN (primary not
specified) experienced a partial response with pazopanib
(Hurwitz et al. 2009). Consequently, a non-randomized,
open-labeled, single-center phase II study (NCT0109954)
(Ahn et al. 2013) assessed the anti-tumor activity and safety
profile of pazopanib monotherapy (800mg/daily) in 37
metastatic mixed GEP/unknown primary NEN patients.
This study demonstrated an ORR of 18.9% and a disease
control rate of 75.7%, with a median PFS of 9.1 months.
Low baseline chromogranin A levels were associated with
longer OS and better response to pazopanib.

The PAZONET study (NCT01280201) (Grande et al.
2015), a multicenter, open-label, phase II trial, evaluated
the efficacy and safety of pazopanib monotherapy
(800mg/daily) in metastatic or locally advanced NEN
patients (18 pancreatic, 15 gastrointestinal, 5 pulmonary,
3 thymic, 3 with unknown primary site) who had
progressed with at least one prior therapeutic approach.
Twenty-five patients out of the 44 enrolled (59.5%) had
not progressed at 6 months (4 partial responses, 21 stable
diseases) with a median PFS of 9.5 months. The activity of
pazopanib seemed to be greater in patients with pNENs
than in those with gastrointestinal or other primary site
NENSs. The clinical benefit rate varied according to prior
therapy received, as it was comparable between patients
previously treated with MTKIs and mTOR inhibitors
(73% and 60%, respectively) but lower in patients treated
with both agents (25%). Median PES was longer in patients
concomitantly receiving long-acting somatostatin
analogs than in those receiving pazopanib monotherapy.
The most commonly reported grade 3 or 4 AEs were
hepatotoxicity (8%), asthenia (7%), diarrhea (4%) and
hypertension (4%).
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A multicenter, single-group, phase II study
(NCT00454363) (Phan et al. 2015) focused on patients
with metastatic or locally advanced grade 1 or grade 2
pancreatic or extrapancreatic NENs, receiving pazopanib
800mg orally once a day plus octreotide LAR at their pre-
protocol dosage. A total of 52 patients were enrolled and an
ORR was observed in 7 (21.9%) of 32 patients with pNENs
and in none of the extrapancreatic NEN patients. The
median PFS times were 14.4 and 12.2 months for pNENs
and extrapancreatic tumors, respectively. Treatment was
generally well tolerated. A strong association between
chromogranin A reduction and radiographic response to
pazopanib was also documented.

Two ReCTs are recruiting or ongoing with different
end points (Table 1). The first is a phase I/II study of
the combination of temozolomide and pazopanib in
advanced pNENs (NCT01465659) where the main aim
is the evaluation of the maximum tolerated dose of
temozolomide and pazopanib in combination and the
ORR. The second trial is a prospective randomized phase II
trial of pazopanib (NCT01841736) vs placebo in patients
with progressive non-pancreatic differentiated (G1 or
G2) NENSs. This last trial has enrolled 165 patients and is
ongoing but not recruiting.

Sorafenib

Sorafenib is an oral MTKI approved by the EMA and by
FDA for the treatment of patients with HCC, advanced
RCC (when a-interferon or interleukin 2 have failed or
cannot be used) and with progressive differentiated
thyroid carcinoma refractory to radioactive iodine.

Sorafenib targets a large variety of kinases, such as RAF,
VEGEFR, PDGEFR and c-KIT, thus reducing angiogenesis and
tumor cell proliferation (Neuzillet et al. 2017). It inhibits
tumor growth in preclinical models of a broad spectrum
of solid malignancies due to its anti-proliferative, anti-
angiogenic and proapoptotic effects (Wilhelm et al. 2008).
Sorafenib exerts an anti-angiogenic effect by inhibiting the
pro-angiogenic VEGFR-1, VEGFR-2, VEGFR-3 and PDGFR-
beta tyrosine Kkinases in biochemical assays in vitro as well
as inducing apoptosis in several tumor cell lines (even
though the exact mechanism is still not fully understood)
(Wilhelm et al. 2008). The potential activity of sorafenib
in NENs has been investigated in few preclinical studies
and it is primarily due to its anti-angiogenic effect (Pietras
& Hanahan 2005).

In a phase II trial on metastatic NENs, sorafenib
has unfortunately shown anti-angiogenic and anti-
proliferative effects of modest entity coupled with
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frequent grade 3 toxicity (Hobday ef al. 2007). As toxicity
is a concern, and following reports of anti-tumor activity
on solid tumors when coupled with bevacizumab (Azad
et al. 2008), the Spanish Neuroendocrine Tumor Group
performed a phase II study to assess the safety and efficacy
of the combination bevacizumab and sorafenib in patients
with advanced NENs (Castellano et al. 2013). The authors
found that this drug combination provided a high rate
of tumor control and prolonged PFS, but, again, toxicity
was significant. Toxicity seemed to have an additive effect
in some AEs such as mucositis and hypertension and the
authors concluded that a sequencing of therapies rather
than their combination should be advocated. Similar
findings, with a partial response and an important
dose-limiting toxicity, were described by Chan and
colleagues in the phase I trial assessing the combination
of sorafenib with everolimus in patients with advanced
NENSs (Chan et al. 2013). To our knowledge, there are no
available retrospective studies investigating sorafenib in
gastrointestinal or lung NENSs.

In conclusion, sorafenib has demonstrated modest
activity and high toxicity in the treatment of GEP NENS,
especially in combination with other agents.

Other new MTKIs

Nintedanib is an oral MTKI that targets VEGF, PDGF and
FGF receptors (Hilberg et al. 2008, Roth et al. 2009). It is
approved by EMA and FDA for the treatment of locally
advanced, metastatic or locally recurrent non-small-
cell lung cancer and idiopathic pulmonary fibrosis (FDA
only) (Richeldi et al. 2014). Kutluk Cenik and colleagues
demonstrated that nintedanib had no anti-proliferative
effects on preclinical models of lung and pancreatic cancer
(Kutluk Cenik et al. 2013); however, it has been shown to
slow primary tumor growth and metastatic progression, to
reduce microvascular density, and fibroblast activation as
well as inducing hypoxia without promoting endothelial-
to-mesenchymal transition (Yauch et al. 2005, Rhim et al.
2012).

Nintedanib treatment of RiplTag2 transgenic mice
model of neuroendocrine pancreatic carcinoma (Hanahan
1985) showed strong suppression of angiogenesis,
accompanied by a reduced tumor burden, associated with
significantly prolonged survival (Bill et al. 2015). Previous
studies indicate that targeting both VEGF and FGF
pathways leads to tumor growth inhibition in Rip1Tag2
mice since VEGF signaling predominates in the initiation
of tumor angiogenesis while FGF seems to contribute to
its maintenance (Compagni et al. 2000).
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To our knowledge, there are no, as yet, published
clinical studies concerning nintedanib in NENs. However,
promising activity in other solid cancers has been shown
(Han et al. 2016) with good tolerability. A recent meta-
analysis of the risks of gastrointestinal and hepatic toxicities
associated with nintedanib concluded that it is associated
with high risk of high-grade diarrhea and dose-dependent
elevated transaminases (Abdel-Rahman et al. 2016).

Atpresent, amulticenter phase IIstudy (NCT02399215)
of nintedanib (twice daily) is recruiting patients with
locally advanced or metastatic well-differentiated (G1 or
G2) non-pancreatic NENs. Completion is estimated to be
in March 2018 - Table 1.

Cabozantinib (XL-184) is an orally administered
multikinase inhibitor that targets c-MET, VEGFR2, AXL,
KIT, TIE2, FLT3 and RET. Cabozantinib is indicated for the
treatment progressive, unresectable and locally advanced
or metastatic medullary thyroid carcinoma and advanced
kidney cancer (Hoy 2014, Choueiri et al. 2015).

Its kinase-inhibiting profile was reported to affect
in vitro proliferation and migration of human NEN cell
lines (pancreatic BON1, bronchopulmonary NCI-H727
and midgut GOT1 cells), causing arrest in the G2 phase
of cell cycle (Reuther et al. 2016). In vivo, using RIP1-Tag2
transgenic mice, cabozantinib reduced not only pancreatic
tumor burden but also invasion and metastasis, an effect
related to the simultaneous inhibition of ¢-MET and
VEGF signaling (Sennino et al. 2012). These preclinical
data prompted the translation to the clinical setting and
currently one phase II study (NCT01466036) will evaluate
the response rate (primary endpoint) of cabozantinib
in advanced pancreatic neuroendocrine and carcinoid
tumors (expected results: April 2022), and one phase III
study will evaluate the PFS in 395 patients with advanced
or metastatic or not surgically resectable NENs (CABINET
study, NCT03375320).

Lenvatinib is an oral, MTKI directed against VEGFR
1-3, FGFR 1-4, PDGFRa, RET and v-kit Hardy-Zuckerman
4 feline sarcoma viral oncogene homolog. It has recently
been approved for the treatment of radioiodine-refractory
differentiated thyroid cancer but little is known of its effect
on NENs even though it has been shown to have high
ORR and disease control rate in progressive medullary
thyroid cancer patients (Schlumberger et al. 2016). These
results have triggered the design of a ReCT (TALENT
STUDY - NCT02678780), which will assess the efficacy
of lenvatinib in advanced or metastatic G1-G2 NENs
of pancreatic and gastrointestinal origin. The TALENT
STUDY trial is recruiting, primary endpoint is ORR and
expected results are in late 2018 — Table 1.

NENs and multitarget tyrosine 25:9 R462

kinase inhibitors

Sulfatinib, a potent oral MTKI targeting VEGFR
(1, 2, 3), FGFR1 and CSF1R, has shown, in a phase I study
(NCT02133157), an acceptable safety profile as well
as anti-tumor activity in patients with advanced solid
tumors (including NENs) (Xu et al. 2017a). One phase II
study and two phase III studies on the anti-tumor activity
of sulfatinib in advanced NENs are ongoing and two are
still recruiting. Results are expected this year (Table 1)

Famitinib is a new MTKI targeting c-Kit, VEGFR2-3,
PDGFR, FIt1 and FIt3 (Xie et al. 2013). Famitinib prolonged
PFS in metastatic colorectal cancer (Xu et al. 2017b), and
it is presently evaluated in a phase II study in patients
with advanced or metastatic gastroenteropancreatic NENs
(study NCT01994213) (Table 1).

Summary and conclusions

Recent advances in understanding the biology of NENs
have opened the door to numerous new strategies using
targeted agents. In particular, sunitinib, which targets
VEGEF signaling, among others, has made it into the clinic
with approval given for use in patients with metastatic
or unresectable and progressing differentiated (grade 1
or grade 2) pNENs. However, sunitinib is not alone. A
plethora of new or emerging MTKIs have approval for use
in other solid tumors and are awaiting clinical trials to
validate their application in NENs.

The main take home messages are pazopanib has
been shown to be effective and well tolerated in advanced
PNENSs; axitinib has been proven to have antitumoral
effects in advanced extrapancreatic NENs despite causing
severe hypertension in a relevant percentage of patients;
sorafenib is effective in combination with bevacizumab in
advanced NENSs but its use is burdened with considerable
toxic effects. More recent MTKIs cabozantinib, lenvatinib,
sulfatinib and famitinib await the results of ongoing
trials. Furthermore, to date, no clinical data are available
on the efficacy and safety of nintedanib in NET patients
but an ongoing trial is assessing its effects in advanced
extrapancreatic NENs.

Although in vitro and in vivo studies have demonstrated
activity of diverse MTKIs in neuroendocrine cells and
tumors, the voyage from bench to bedside is long and
fraught with possible failures. Our systematic analysis of
ReCTs on emerging MTKIs in the treatment of GEP and
lung NENs gives, for the first time in the literature, an
updated view concerning the upcoming clinical trials
in this field. Presently, phase I, II and III clinical trials
are ongoing and will include, overall a staggering 1667
patients. This fervid activity underlines the increasing
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interest of the scientific community in NEN treatment
and use of new targeted treatments.
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