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Introduction

Pancreatic neuroendocrine tumors (PanNETSs) are rare neoplasms;
however, they constantly intrigue the scientific community. For
those who are familiar with PanNETs, the reason for this interest is
their multi-faceted clinical presentation on one hand and their chal-
lenging treatment on the other. Even more so nowadays, clinicians
need to become familiar with this pathologic entity, since there is
an increase in both apparent incidence and survival, which in turn
make these diverse neoplasms more prevalent'. We will address two
separate topics, which, in our opinion, are the most interesting ones
in the overall management of these neoplasms. The first topic is
the management of patients with small, asymptomatic lesions; the
second one is the future of treatment for patients with more
advanced disease.

PanNETs: an overview

PanNETs were previously known as islet cell tumors, although it
has been recently suggested that they may arise from pluripotent
pancreatic cells of the ductal/acinar system’. PanNETs comprise
1-2% of all pancreatic tumors and about 7-9% of all gastroen-
teropancreatic neuroendocrine tumors (NETs). PanNETs exhibit
the most aggressive behavior among the latter’°. Most PanNETs
have a slow, indolent growth and are asymptomatic. As a result, the
majority of patients are diagnosed at an advanced stage’. The inci-
dence of this disease is reported to have increased over the years,
with an annual incidence of 0.22 per 100,000 in the USA, while
similar annual incidences have been reported in Europe and Asia
as well. Furthermore, this increasing incidence concerns not only
panNETs but also all GEP-NETs, with as much as a 2.5-fold rise
over a 15-year period. Much of this increased incidence is sug-
gested to be the result of increased detection of asymptomatic
lesions owing to the increased use of abdominal imaging’. There
seems to be a peak of incidence between the sixth and seventh
decade of life, with a slight male predominance™".

PanNETsS can be sporadic or part of hereditary syndromes includ-
ing von Hippel-Lindau, neurofibromatosis, and, the most frequent
of all, multiple endocrine neoplasia type 1 (MEN-1), which is an
autosomal dominant disorder caused by a mutation on chromosome
11q13°.

A primary classification is based on the presence, or not, of secreted
hormones and neuropeptides from the neoplastic cells, with
associated clinical symptoms, thus distinguishing PanNETs as
functioning (F-PanNETs) or non-functioning (NF-PanNETs).
Depending on the hormone produced, different clinical manifesta-
tions arise. On the contrary, NF-PanNETSs don’t produce hormones,
or, if they do, those hormones have no clinical implication. When
NF-PanNETSs are symptomatic, they produce either non-specific
symptoms or mass-related symptoms, the latter depending on
the location and size of the lesion (Table 1)"". NF-PanNETs rep-
resent 60-90% of all PanNETs, while, amongst the F-PanNETs,
insulinoma is the most common, followed by gastrinoma®.

As it is with all malignant diseases, the categorization of patients,
the risk stratification, the grading, and the staging as well as the
recognition of important prognostic factors are imperative in order
to choose the best therapeutic approach and follow-up plan for
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Table 1. Pancreatic neuroendocrine tumors (PanNET):
related hormones and clinical presentation.

Functional pancreatic neuroendocrine tumors

TUMOR HORMONE SYMPTOMS/SIGNS
Insulinoma Insulin Hypoglycemia
Gastrinoma Glucagon Peptic ulcer, diarrhea,
gastroesophageal
reflux disease
Glucagonoma Glucagon Necrolytic migratory

erythema, diabetes,

depression
Somatostatinoma  Somatostatin  Diarrhea, diabetes,
hypochlorhydria,
cholelithiasis
VIPoma Vasoactive Watery diarrhea,
intestinal hypokalemia,
peptide achlorhydria
Non-functioning Pancreatic Mass-related
PanNET polypeptide,  (jaundice, pancreatitis)
neurotensin,
ghrelin

each patient. The currently used classification and staging systems
are those proposed by the World Health Organization (WHO),
the European NET Society (ENETS), and the American Joint
Committee on Cancer (AJCC). Grading in the WHO system, which
is also used by the ENETS, is based entirely on the proliferation
rate of the tumor and categorizes PanNETs into grade 1 well-
differentiated PanNETs (mitoses <2/10 HPF and Ki-67 index
<3%), grade 2 well-differentiated PanNETs (mitoses 2/10-20/10
HPF and Ki-67 index 3-20%), and grade 3 neuroendocrine
carcinoma (mitoses >20/10 HPF and Ki-67 index >20%).
Staging in both the ENETS and the AJCC is based on the
tumor—-node—metastasis (TNM) classification (Table 2). These
systems have been tested and validated for their prognostic
value, and their adoption is now essential in order to improve the
management of patients''~"*. As a matter of fact, WHO classifica-
tion as poorly differentiated neuroendocrine carcinoma has been
reported to be the strongest predictive variable (hazard ratio [HR]
9.9, p<0.001), followed by TNM stage IV (HR 5.9, p=0.020)".
Additionally, among the well-differentiated NETs, the Ki-67
index, a neoplastic proliferation index (the percentage of cells that
stain positive with the Ki-67 antibody) with cut-offs at 3% and
20%, is an essential index of tumor grading. Those with Ki-67 <3%
do better than those with Ki-67 between 3 and 20%, highlight-
ing the importance of accurate tumor grading’. Apart from those
abovementioned factors, others have also been found to have a
predictive value, such as lymph node status. Patients with metas-
tases to lymph nodes have been found to have worse prognosis
than those without. Several studies have reported that these
patients have a statistically significantly shorter estimated mean
survival time of 19 + 5 months compared to patients with no
tumor-infiltrated lymph nodes and with an estimated mean survival
time of 108 = 9 months (p<0.001)'°. These patients also have a
decrease in disease-free survival (DFS) (log-rank <0.0001)"" and a
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Table 2. Pancreatic neuroendocrine tumors: WHO classification and TNM staging.

WHO 2010/ENETS grading

Grade Differentiation
G1 (low) Well

G2 (intermediate) Well

G3 (high) Poorly

Ki-67 Mitotic count/10 HPF
index (%)

<2 <2

3-20 2-20

>20 >20

TNM staging systems for pancreatic neuroendocrine neoplasms according to

AJCC and ENETS

AJCC

T1 Tumors limited to the
pancreas, <2 cm

T2 Tumor limited to the

pancreas, >2 cm

T3 Tumor extended
beyond the pancreas,

but not involving celiac

axis or artery

T4 Tumor involving
celiac axis or superior
mesentery artery

NO No regional lymph
node metastases

N1 Presence of regional
lymph node
metastases

MO No distant metastases

M1 Presence of distant
metastases

AJCC
Stage 1A T1 NO MO
IB T2 NO MO
IIA- T3 NO MO
IIB T1-3 N1 MO
i T4 NO-1 MO
1\ Any T, Any N, M1

ENETS

Tumors limited to the
pancreas, <2 cm

Tumor limited to the
pancreas, 2-4 cm

Tumor extended beyond
the pancreas, or invading
duodenum or common bile
superior mesentery artery
duct

Tumor invading adjacent
structures

No regional lymph node
metastases

Presence of regional lymph
node metastases

No distant metastases

Presence of distant

metastases
ENETS

| T1 NO MO

1A T2 NO MO

B T3 NO MO

A T4 NO MO

B Any T, N1 MO

\") Any T, Any N, M1

AJCC, American Joint Committee on Cancer; ENETS, European Neuroendocrine Tumor Society;
HPF, high power field; TNM, tumor-node-metastasis; WHO, World Health Organization

shorter time to development of metachronous liver metastases
compared to those without metastases (p<0.001)'®. In addition, the
survival of patients with surgically resected p-NETs is reported
to be statistically associated with tumor dimension (<2 cm
versus >2 cm), functional status, radical resection (yes versus no)
(p<0.05)". The more prognostic information we have, the better
we can approach and understand the disease and thus the better we
can approach and manage the patient.

From the diagnostic point of view, when patients present with
symptoms indicative of an F-PanNET (Table 1), laboratory tests
which confirm the oversecretion of the specific pancreatic hormone
should be performed. The measurement of circulating markers,
such as chromogranin A (CgA), pancreatic polypeptide (PP), and
pancreastatin has both a diagnostic and prognostic role for both
functioning and non-functioning tumors®. Nevertheless, histol-
ogy is the diagnostic determinant, particularly the identification of
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neuroendocrine cells expressing CgA and synaptophysin, the neo-
plastic morphology, and the Ki-67 index'”. Once the diagnosis has
been made, the next crucial step is to localize the primary tumor
and to determine the extent of the disease by assessing the nodal
status and/or metastatic spread”’. This can be achieved by imaging
studies, which can be either morphologic imaging modalities
(CT, MRI, or endoscopic ultrasound [EUS]) or functional (soma-
tostatin receptor scintigraphy [SRS] or PET). Morphologic imag-
ing is most widely used for the initial evaluation and staging of
disease, whereas functional imaging is useful for both detec-
tion and prognostic evaluation and can also change treatment
planning’’. EUS has emerged as an important tool not only for
diagnosis but also for staging and prognosis. EUS has higher
sensitivity compared to both CT and MRI (96.7% versus 85.2%
and 70.2%, respectively)””, while being able to detect lesions,
even in cases when the CT study was negative for a primary
lesion in the pancreas. Furthermore, additional information can be
obtained by implementation of fine needle aspiration (FNA).
EUS plays an increasingly valuable role not only in diagnosis
but also in disease prognosis, all of which justifies the inclusion
of EUS in the diagnostic work-up in all patients with a suspected
PanNET?. Functional studies, on the other hand, take advan-
tage of the fact that most PanNETs overexpress somatostatin
receptors with high affinity for the somatostatin analogues
(SSAs) octreotide and lanreotide. By radiolabeling those ana-
logues, SRS or octreoscan reveals lesions which express soma-
tostatin receptors, with diagnostic and therapeutic applications.
Other promising functional studies include 18F-fluorodeoxyglu-
cose (18F-FDG) PET/CT, which measures the metabolic activity
of cancerous tissues and is mainly used for poorly differentiated
neuroendocrine carcinomas, and 68Ga-DOTATATE PET/CT,
which allows molecular imaging of NETs. Molecular imaging is
reported to have high diagnostic sensitivity and specificity and is
useful not only because of its ability to detect occult tumor lesions
but also because it can, subsequently, identify those patients who
will benefit from SSA therapy”*.

Surgery is the cornerstone of PanNET treatment, since complete
surgical resection stands as the only potential cure. An overall
aggressive approach is often recommended, since it has been asso-
ciated with improved survival®*’. A study published in 2016 reports
a median survival of patients with metastatic disease undergoing
resection of the primary site to be 65 months versus 10 months
for those without resection (p<0.0001)*'. In another report, patients
with metastasized PanNETs who underwent palliative primary-
tumor resection showed a significant benefit in both overall
survival (OS) (HR of death=0.41, p<0.001) and cancer-specific
survival (HR of death=0.41, p<0.001)*. Less-invasive (laparo-
scopic resection) and parenchyma-sparing (enucleation and
middle pancreatectomy) procedures have also been validated to be
a safe choice for the surgical treatment of PanNETs* . On the
other hand, in 2015, Lesurtel et al. conducted a systematic review
of the literature and tried to issue practice recommendations for
hepatic resection versus non-resectional liver-directed treatments
in patients with potentially resectable neuroendocrine liver metas-
tases. They didn’t identify any robust evidence that a liver resection
was superior to any other liver-directed therapy in improving OS or
progression-free survival (PES). In cases where liver metastases are
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present but surgery is not practical, other liver-directed therapies
can be used, like TACE (transarterial chemoembolization), TAE
(transarterial embolization), and RFA (radiofrequency ablation), but
there are insufficient data to recommended one over the other™.

Systemic therapy can also be effective in the treatment of patients
with advanced disease and consists of the following broad modali-
ties: SSAs, chemotherapy, targeted therapy, and peptide receptor
radionuclide therapy (PRRT). Systemic therapy is applied in case
of metastatic and/or recurrent disease and it is aimed at prolong-
ing survival, alleviating symptoms, and improving the quality
of life. SSAs (octreotide long-acting release [LAR] and lanre-
otide) are often the first-line treatment for the symptomatic con-
trol of F-PanNETs with well-documented efficacy”. In addition
to their effectiveness in alleviating symptoms, SSAs can also
have an anti-proliferative effect on both F- and NF-NETs, as it
has been demonstrated by two randomized controlled studies
(RCTs), the CLARINET and PROMID trials, which have yielded
evidence of improved PFS. The PROMID trial, which tested octre-
otide LAR on mid-gut NETs, demonstrated a median time to
tumor progression of 14.3 months in the treatment group versus
6 months in the placebo group (p=0.000072). After receiving
treatment for 6 months, 66.7% of patients in the octreotide LAR
group and 37.2% of patients in the placebo group exhibited
stable disease. Functionally active and inactive tumors responded
in a similar way*. Lanreotide, tested in the CLARINET trial,
produced a 32.8-month estimate for median PFS in patients ran-
domized to lanreotide versus an 18.0-month median PFS for
placebo. In addition, for the subgroup of patients with PanNETs,
the median PFS was 29.7 months (lanreotide group) versus
12.1 months (placebo). Furthermore, the long-term safety and
tolerability profile of lanreotide was favorable during a median
treatment duration of 40 months®. Cytotoxic chemotherapy is
a treatment option for those cases where SSAs fail or for high-
grade (grade 3) tumors; however, chemotherapeutic toxicity lim-
its their widespread use. Capecitabine, dacarbazine, 5-fluorouricil,
streptozotocin, and temozolomide are mostly used as single-agent
or combination therapies. The combination of streptozotocin/
doxorubicin, streptozotocin/5-fluorouracil, and, lately, capecit-
abine/temozolomide has been considered to be effective in pro-
longing time to progression and median survival”’. PRRT targets
the somatostatin receptors with radiolabeled SSAs, thus facilitat-
ing the application of localized cytotoxic radiation. *°Yttrium and
""Lutetium are the two radionuclides currently used. PRRT
shows promise but has significant toxicity, mainly renal, and it
is reserved for patients who are resistant to other treatments* .
Targeted therapy will be discussed later on.

Several societies have issued guidelines for the management of
PanNETs, accompanied by comprehensive therapeutic algorithms,
which can aid clinicians in their day-to-day practice*’*+*,

Small, asymptomatic, incidental

In the past few years, there has been a significant increase in the
incidence of small and asymptomatic NF-PanNETs, which is
presumed to be the result of the widespread use of high-
resolution imaging techniques and endoscopic procedures in
screening programs®. However, there is no clear consensus on
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the treatment approach for small (<2 cm) lesions, and the current
treatment options are either surveillance or surgical resection®.
The literature reveals enough studies which have assessed the
OS and DFS of patients with small PanNETs that were either
observed or operated upon, but those studies are mostly small and
retrospective series.

Several studies have supported the observation of small PanNETs.
A matched case-control study was conducted in 2015 in which 104
patients were observed and matched to 77 patients who underwent
surgery based on tumor size at initial imaging. In both groups, the
lesion was <3 cm at initial imaging. The patients who were observed
were followed for a median of 44 months. During the observation
period, there was no change in the median tumor size (1.2 cm,
p=0.7) and no development of locoregional or distant metastases.
The patients who initially had surgery were followed for a median
of 57 months; 6% of these patients had recurrence after a median
of 5 years, and 25% of the patients who were observed had surgery
in the end, mainly because of tumor growth, physician’s prefer-
ence, and patient’s choice. The reported rate of complications for
the resection group was 32%, with 16 patients presenting grade
3 complications. The authors suggest that long-term outcome may
not be compromised by a delayed surgical resection. Additionally,
they suggest that for selected patients with incidentally discovered,
small, asymptomatic, and stable lesions, an initial observation
approach is both reasonable and safe*. Another, also retrospective
study of 35 patients was published in 2016. Of those, 20 underwent
operative resection (OG) and 15 were managed non-operatively
(NOG), while the median duration of follow-up was 30 months.
The median tumor size was 2.3 cm and 1.4 cm, respectively. In
this study, there was no difference in metastases between the OG
and NOG (p=0.3891) and no difference in OS rates (100% versus
90%) (p=0.4292) or in DFS rates (80% versus 85%) (p=0.5337). In
addition, no difference in tumor growth/recurrence was observed
(p=0.4497). Although the small sample size of this study is a
limitation, the authors concluded that patients with small NF-
PanNETs can be managed NOG and have similar outcomes
of those treated OG by resection. Small tumors (<2 cm) in both
the NOG and the OG subgroups did not develop metastases, did
not grow, and did not recur, and there were no deaths over the
28 months of follow-up. The authors reported that the only
adverse outcome that these patients experienced in their
management was operation-related morbidity, which was 35%".
Massironi et al. published the results of a prospective study,
which, although it is a small series, is a valuable addition to the
literature because of its prospective nature. A total of 51 newly
diagnosed patients with PanNET were enrolled; every 3 months
for the first year and then every 6 months, 15 patients with
PanNETs <2 cm were intensively followed up (FU group). All
patients were classed as TNM stage I, except for one (stage IIA).
A total of 21 patients underwent surgical resection (SR group):
two were at TNM stage I, nine were at stage IIA, one was at stage
IIIB, and nine were at stage IV. A total of 15 patients received
systemic therapy (ST group) because of advanced disease or
contraindications to surgery: five were at stage IIA, two were at
stage IIB, and eight were at stage IV. The patients were followed-
up for a median 50 months. The 4-year survival rate in the FU, SR,
and ST group was 100%, 90.5%, and 61%, respectively (p<0.0001).
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The disease remained stable in all but one patient in the FU
group, whereas six patients in the SR group and five in the ST
group showed disease progression. In this study, nearly 50% of
the SR group manifested post-surgery complications, of which
five were mild (post-surgical infection), three were moderate (pan-
creatic fistula), and two were severe (severe hemorrhage) events,
while six patients developed post-surgical endocrine insufficiency
(i.e. diabetes). Data from this report suggest that a “wait-and-
watch” approach to early stage small PanNETs may be a safe
option for carefully selected small PanNETs*. On the other hand,
there are also reports that would support the routine resection
of small, asymptomatic PanNETs. In a retrospective study, the
characteristics, surgical outcomes, and survival of 139 patients
who were surgically treated for incidentally discovered PanNETs
were analyzed. Additionally, the results were compared with
30 patients who had resection for symptomatic NF-PanNETs.
Three patients (7.7%) of a total of 39 with lesions <2 cm had
recurrence or late metastases and died of their disease. The data
from both groups were compared and were found to have no large
difference regarding the patient’s age, tumor size, disease, or sur-
vival. This study suggests that even though small tumor size may
be indicative of a more stable disease, it does not guarantee a
good outcome. The 5-year and 10-year OS rates were 81.7% and
65.4%, respectively, in the symptomatic group compared with
82.8% and 65.1%, respectively, for patients with incidentally
identified tumors (p=0.27). According to the authors, incidentally
detected, NF-PanNETSs can display aggressive behavior and are
potentially lethal lesions, even when small. The authors suggest
that patients with incidentally discovered NF-PanNETs should
undergo tumor resection and careful postoperative surveil-
lance regardless of the tumor size, since there is no size cutoff
beyond which malignant behavior can be safely excluded".
Similarly, Birnbaum e al., after comparing a cohort of 108
patients, 65 (61%) of whom had incidentally diagnosed
tumors, concluded that even though incidentally diagnosed NF-
PanNETs are associated with less aggressive features compared
with symptomatic lesions, benign behavior cannot always be
guaranteed. Specifically, incidental tumors were more frequently
<2 cm (65% versus 42%, p=0.019), stage T1 (62% versus 33%,
p=0.0001), node negative (85% versus 60%, p=0.005), and grade 1
(66% versus 33%, p=0.0001). Pancreas-sparing pancreatectomies
(enucleation/central pancreatectomy) were performed more fre-
quently in incidental lesions (62% versus 30%, p=0.001). In this
setting, surgical resection is recommended for most®’. Finally, data
from the National Cancer Database were analyzed and produced
evidence of an OS advantage for patients undergoing surgery for
PanNETs <2 cm. In this report, 380 patients were studied; 81%
had surgery and 19% were observed. The difference in 5-year OS
between those groups was evaluated. The 5-year OS was 82.2%
for patients who underwent surgery and 34.3% for those who were
observed (p<0.0001). Patients with localized PanNETs <2 cm had
an overall advantage with resection compared to observation, a
fact that was found to be independent of age, comorbidities, tumor
grade, and treatment with non-surgical therapies”'.

Taken together, we can conclude that small, < 2cm, NF tumors with

a low Ki-67 index display less aggressive behavior. However, there
is not enough evidence to clearly support the one approach over the
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other. Only prospective randomized trials can produce more con-
crete evidence on which approach is superior over the other, but
PanNETs are relatively rare and such a trial is difficult to conduct.
We believe that the key point lies in the rigorous selection of the
patients who will be observed, those with low-grade, small tumors.
They must be closely monitored and offered the choice of surgery
early upon the detection of disease progression or if the patient
chooses that approach over observation.

Targeted therapy

There has been substantial progress in our understanding of the
molecular mechanisms driving PanNETs, which in turn led to
a big breakthrough in systemic therapy’”. The mammalian target
of rapamycin (mTOR) is a serine/threonine kinase with a regulat-
ing role in cell growth. It also has an important role in transduc-
ing signals which are mediated through a different pathway, that
of phosphatidylinositol-3 kinase (PI3K)/protein kinase B (AKT).
Furthermore, the effects of a number of growth factors such as
insulin-like growth factor-1 (IGF1) and vascular endothelial
growth factor (VEGF) are mediated through mTOR. Mutations in
genes coding for the members of the mTOR pathway and down-
stream activation of the mTOR pathway have been described in
PanNETs. Genes such as phosphatase and tensin homolog (PTEN)
and tuberous sclerosis 2 (7SC2) have been found to have muta-
tions in PanNETs. In addition, the VEGF pathway is also activated
in PanNETs. Taking advantage of the significant role of these
molecular pathways on cell growth and proliferation, various
inhibitor agents emerged as promising treatment options°.
The most used agents are everolimus (an oral mTOR inhibitor),
sunitinib (an oral multi-targeted tyrosine kinase inhibitor that
is active against VEGFRs, platelet-derived growth factor recep-
tors [PDGFRs], stem-cell factor receptor, glial cell line-derived
neurotrophic factor, and FMS-like tyrosine kinase 3), and beva-
cizumab (a humanized monoclonal antibody against VEGF), all
of which have been thoroughly tested for their efficacy.

RADIANT-3, an international, multicenter, randomized, double-
blinded, phase III trial, enrolled 410 patients who had advanced,
low-grade, or intermediate-grade PanNETSs to receive everolimus
at a dose of 10 mg once daily (207 patients) or placebo
(203 patients). The median follow-up period was 17 months. The
median PFS was reported to be 11.0 months with everolimus
versus 4.6 months with placebo (p<0.001). Those patients who,
owing to the advanced stage of their disease, had a poor prognosis
had a 65% reduction in the relative risk of progression with
everolimus therapy as compared with placebo (p<0.001); 34% of
the patients in the everolimus arm were alive and progression-free
at 18 months as compared with 9% with placebo. Drug-related
adverse effects were reported, mainly in the everolimus group,
and were mostly grade 1 or 2 (stomatitis, rash, diarrhea, fatigue,
and infections). A few years later, data on the final OS was pub-
lished. In the RADIANT-3 study, everolimus was associated with a
median OS of 44 months in patients with advanced progressive
PanNETSs, while the historically reported median survival for this
group is around 27 months™’.

Sunitinib was also tested in an international, randomized, double-
blinded, placebo-controlled phase III trial in patients with
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advanced, well-differentiated PanNETs; 171 patients were enrolled
and randomized in a supportive care group and a sunitinib group
with a 1:1 ratio. The primary end point of the study was PFS, while
objective response rate, OS, and safety of sunitinib were studied
as secondary end points. An improvement in PFS with sunitinib
was indeed observed: 11.4 months as compared with 5.5 months
with placebo (p<0.001). Concerning the secondary end points, the
median OS could not be estimated for either study group, while eight
patients who received sunitinib had a confirmed tumor response
(two had complete responses and six had partial responses), with
an objective response rate of 9.3%. Adverse reactions were also
reported to be more frequent in the sunitinib group but were mainly
grade 1 and 2, with the most common being diarrhea, nausea, asthe-
nia, vomiting, and fatigue®.

In September 2016, Roviello et al. published the results of their
meta-analysis on the available clinical data related to the clini-
cal efficacy of targeted therapies in the treatment of advanced
PanNETs. The report included 1,908 cases. Among these, 1,012
were in the targeted treatment arm and 896 were in the control
arm. The pooled analysis of the use of target agents in PanNETs
revealed a significant increase in PFS compared to the control
group (p=0.003). Moreover, OS and response rate were improved
(»=0.03 and p<0.00001, respectively). These findings provide
adequate support for the routine use of targeted agents for the
treatment of PanNETs™.

However, despite the fact that PanNETSs initially respond to
targeted therapy, they develop resistance to that treatment. In
this case, combination therapy is advocated. It has been hypoth-
esized that resistance to everolimus is based on a reactivation of
mTOR through the IGF1-IGF1R pathway and AKT. Since both
mechanisms have been reported to be inhibited by octreotide, the
combination of everolimus with a SSA seems logical®®. Bajetta
et al. published a phase II multicenter study testing the
everolimus—octreotide LAR combination, concluding that it was
active and well tolerated in patients with advanced PanNETs.

Another approach is the dual inhibition of the mTOR and VEGF
pathways. Their simultaneous or sequential blockade is an
interesting approach in the effort to overcome the resistance.
In a two-stage, single-arm, phase II study by Hobday er al., the
mTOR inhibitor temsirolimus and the anti-VEGF-A mono-
clonal antibody bevacizumab were tested. Patients with well-
differentiated or moderately differentiated PanNETs and pro-
gressive disease by RECIST were identified. They were
administered temsirolimus 25 mg intravenously once a week
and bevacizumab 10 mg/kg intravenously once every 2 weeks.
A total of 58 patients were enrolled, of which 56 patients were
assessed for response. The response rate was 41% (23 of
56 patients) and exceeded by far the goal of a relative risk of
20% set initially by the researchers. PFS at 6 months was 79%
(44 of 56). Median PFS was 13.2 months. Median OS was 34
months. Hypertension (21%), fatigue (16%), lymphopenia (14%),
and hyperglycemia (14%) were the most frequently observed
grade 3 to 4 therapy-related adverse events. These results
indicate that this biologic combination may become an important
addition to systemic therapy for PanNETs*.
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Novel targeted agents have not only provided new treatment
options for patients but also broadened our understanding of the
biology of these tumors. As newer agents are being tested and other
pathways are being understood, it is imperative to plan the optimal
sequential strategy. The identification of biomarkers, which will
help us predict the response to targeted therapy and the nature of
the targeted therapy itself, holds the future, as it brings us closer to
a personalized, patient-tailored treatment.

Conclusion

The diversity of PanNETs is noteworthy, and their management
requires teamwork. Each patient is unique, and the best treatment
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is the one that addresses the unique aspects of each patient. There
is still much to learn and explore in this intriguing disease, but the
future looks promising.

Competing interests
The authors declare that they have no competing interests.

Grant information

The author(s) declared that no grants were involved in supporting
this work.

F1000 recommended

1. Yao JC, Hassan M, Phan A, et al.: One hundred years after “carcinoid”:
epidemiology of and prognostic factors for neuroendocrine tumors in 35,825
cases in the United States. J Clin Oncol. 2008; 26(18): 3063—72.

PubMed Abstract | Publisher Full Text

2. Vortmeyer AO, Huang S, Lubensky |, et al.: Non-islet origin of pancreatic islet
cell tumors. J Clin Endocrinol Metab. 2004; 89(4): 1934-8.

PubMed Abstract | Publisher Full Text

3. Halfdanarson TR, Rabe KG, Rubin J, et al.: Pancreatic neuroendocrine tumors
(PNETS): incidence, prognosis and recent trend toward improved survival.
Ann Oncol. 2008; 19(10): 1727-33.
PubMed Abstract | Publisher Full Text | Free Full Text

4. Metz DC, Jensen RT: Gastrointestinal neuroendocrine tumors: pancreatic
endocrine tumors. Gastroenterology. 2008; 135(5): 1469-92.
PubMed Abstract | Publisher Full Text | Free Full Text

5. Hallet J, Law CH, Cukier M, et al.: Exploring the rising incidence of
neuroendocrine tumors: a population-based analysis of epidemiology,
metastatic presentation, and outcomes. Cancer. 2015; 121(4): 589-97.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

6. Cloyd JM, Poultsides GA: Non-functional neuroendocrine tumors of the
pancreas: Advances in diagnosis and management. World J Gastroenterol.
2015; 21(32): 9512-25.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
7. Frilling A, Akerstrom G, Falconi M, et al.: Neuroendocrine tumor disease: an
evolving landscape. Endocr Relat Cancer. 2012; 19(5): R163-85.
PubMed Abstract | Publisher Full Text

8. Lawrence B, Gustafsson BI, Chan A, et al.: The epidemiology of
gastroenteropancreatic neuroendocrine tumors. Endocrinol Metab Clin
North Am. 2011; 40(1): 1-18, vii.
PubMed Abstract | Publisher Full Text

9. Norton JA, Krampitz G, Jensen RT: Multiple Endocrine Neoplasia: Genetics and
Clinical Management. Surg Oncol Clin N Am. 2015; 24(4): 795-832.
PubMed Abstract | Publisher Full Text | Free Full Text

10. Grozinsky-Glasberg S, Mazeh H, Gross DJ: Clinical features of pancreatic
neuroendocrine tumors. J Hepatobiliary Pancreat Sci. 2015; 22(8): 578-85.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

11.  Ellison TA, Wolfgang CL, Shi C, et al.: A single institution’s 26-year experience
with nonfunctional pancreatic neuroendocrine tumors: a validation of current
staging systems and a new prognostic nomogram. Ann Surg. 2014; 259(2):
204-12.

PubMed Abstract | Publisher Full Text | Free Full Text

12.  Rindi G: The ENETS guidelines: the new TNM classification system. Tumori.
2010; 96(5): 806-9.
PubMed Abstract

13.  Rindi G, Petrone G, Inzani F: The 2010 WHO classification of digestive
neuroendocrine neoplasms: a critical appraisal four years after its
introduction. Endocr Pathol. 2014; 25(2): 186-92.
PubMed Abstract | Publisher Full Text

14. Yang M, Ke NW, Zeng L, et al.: Survival Analyses for Patients With
Surgically Resected Pancreatic Neuroendocrine Tumors by World Health
Organization 2010 Grading Classifications and American Joint Committee on
Cancer 2010 Staging Systems. Medicine (Baltimore). 2015; 94(48): e2156.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

15. Ekeblad S, Skogseid B, Dunder K, et al.: Prognostic factors and survival in 324
patients with pancreatic endocrine tumor treated at a single institution.

Clin Cancer Res. 2008; 14(23): 7798-803.
PubMed Abstract | Publisher Full Text

16. Brunner SM, Weber F, Werner JM, et al.: Neuroendocrine tumors of the
pancreas: a retrospective single-center analysis using the ENETS TNM-
classification and immunohistochemical markers for risk stratification.

BMC Surg. 2015; 15: 49.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

17.  Hashim YM, Trinkaus KM, Linehan DC, et al.: Regional lymphadenectomy is
indicated in the surgical treatment of pancreatic neuroendocrine tumors
(PNETS). Ann Surg. 2014; 259(2): 197-203.

PubMed Abstract | Publisher Full Text | Free Full Text

18.  Krampitz GW, Norton JA, Poultsides GA, et al.: Lymph nodes and survival in
pancreatic neuroendocrine tumors. Arch Surg. 2012; 147(9): 820-7.
PubMed Abstract | Publisher Full Text | Free Full Text

19.  Merola E, Rinzivillo M, Cicchese N, et al.: Digestive neuroendocrine neoplasms:
A 2016 overview. Dig Liver Dis. 2016; 48(8): 829-35.
PubMed Abstract | Publisher Full Text

20. Burns WR, Edil BH: Neuroendocrine pancreatic tumors: guidelines for
management and update. Curr Treat Options Oncol. 2012; 13(1): 24-34.
PubMed Abstract | Publisher Full Text

21.  Sahani DV, Bonaffini PA, Fernandez-Del Castillo C, et al.: Gastroenteropancreatic
neuroendocrine tumors: role of imaging in diagnosis and management.
Radiology. 2013; 266(1): 38—61.

PubMed Abstract | Publisher Full Text

22. Fujimori N, Osoegawa T, Lee L, et al.: Efficacy of endoscopic
ultrasonography and endoscopic ultrasonography-guided fine-needle
aspiration for the diagnosis and grading of pancreatic neuroendocrine tumors.
Scand J Gastroenterol. 2016; 51(2): 245-52.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

23. Ende AR, Sedarat A, Shah P, et al.: Risk factors for aggressive nonfunctional
pancreatic neuroendocrine tumors and the role of endoscopic ultrasound
guided fine-needle aspiration. Endosc Ultrasound. 2016; 5(1): 49-54.

PubMed Abstract | Publisher Full Text | Free Full Text

24. Manta R, Nardi E, Pagano N, et al.: Pre-operative Diagnosis of Pancreatic
Neuroendocrine Tumors with Endoscopic Ultrasonography and Computed
Tomography in a Large Series. J Gastrointestin Liver Dis. 2016; 25(3): 317-21.
PubMed Abstract | Publisher Full Text

25.  Farrell JM, Pang JC, Kim GE, et al.: Pancreatic neuroendocrine tumors: accurate
grading with Ki-67 index on fine-needle aspiration specimens using the WHO
2010/ENETS criteria. Cancer Cytopathol. 2014; 122(10): 770-8.

PubMed Abstract | Publisher Full Text

26. Berardi R, Torniai M, Savini A, et al.: Gastro-entero-pancreatic neuroendocrine
tumors: Is now time for a new approach? World J Clin Oncol. 2016; 7(2): 131-4.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

27. Sadowski SM, Neychev V, Millo C, et al.: Prospective Study of 68Ga-
DOTATATE Positron Emission Tomography/Computed Tomography for
Detecting Gastro-Entero-Pancreatic Neuroendocrine Tumors and Unknown
Primary Sites. J Clin Oncol. 2016; 34(6): 588—96.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

28. Skoura E, Michopoulou S, Mohmaduvesh M, et al.: The Impact of 68Ga-
DOTATATE PET/CT Imaging on Management of Patients with Neuroendocrine
Tumors: Experience from a National Referral Center in the United Kingdom.
J Nucl Med. 2016; 57(1): 34—40.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 8 of 10


http://www.ncbi.nlm.nih.gov/pubmed/18565894
http://dx.doi.org/10.1200/JCO.2007.15.4377
http://www.ncbi.nlm.nih.gov/pubmed/15070966
http://dx.doi.org/10.1210/jc.2003-031575
http://www.ncbi.nlm.nih.gov/pubmed/18515795
http://dx.doi.org/10.1093/annonc/mdn351
http://www.ncbi.nlm.nih.gov/pmc/articles/2735065
http://www.ncbi.nlm.nih.gov/pubmed/18703061
http://dx.doi.org/10.1053/j.gastro.2008.05.047
http://www.ncbi.nlm.nih.gov/pmc/articles/2612755
https://f1000.com/prime/722006323
http://www.ncbi.nlm.nih.gov/pubmed/25312765
http://dx.doi.org/10.1002/cncr.29099
https://f1000.com/prime/722006323
https://f1000.com/prime/725764877
http://www.ncbi.nlm.nih.gov/pubmed/26327759
http://dx.doi.org/10.3748/wjg.v21.i32.9512
http://www.ncbi.nlm.nih.gov/pmc/articles/4548112
https://f1000.com/prime/725764877
http://www.ncbi.nlm.nih.gov/pubmed/22645227
http://dx.doi.org/10.1530/ERC-12-0024
http://www.ncbi.nlm.nih.gov/pubmed/21349409
http://dx.doi.org/10.1016/j.ecl.2010.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26363542
http://dx.doi.org/10.1016/j.soc.2015.06.008
http://www.ncbi.nlm.nih.gov/pmc/articles/4571281
https://f1000.com/prime/727546565
http://www.ncbi.nlm.nih.gov/pubmed/25689919
http://dx.doi.org/10.1002/jhbp.226
https://f1000.com/prime/727546565
http://www.ncbi.nlm.nih.gov/pubmed/23673766
http://dx.doi.org/10.1097/SLA.0b013e31828f3174
http://www.ncbi.nlm.nih.gov/pmc/articles/4048026
http://www.ncbi.nlm.nih.gov/pubmed/21302636
http://www.ncbi.nlm.nih.gov/pubmed/24699927
http://dx.doi.org/10.1007/s12022-014-9313-z
https://f1000.com/prime/725983971
http://www.ncbi.nlm.nih.gov/pubmed/26632896
http://dx.doi.org/10.1097/MD.0000000000002156
http://www.ncbi.nlm.nih.gov/pmc/articles/4674199
https://f1000.com/prime/725983971
http://www.ncbi.nlm.nih.gov/pubmed/19047107
http://dx.doi.org/10.1158/1078-0432.CCR-08-0734
https://f1000.com/prime/727546570
http://www.ncbi.nlm.nih.gov/pubmed/25928025
http://dx.doi.org/10.1186/s12893-015-0033-1
http://www.ncbi.nlm.nih.gov/pmc/articles/4451725
https://f1000.com/prime/727546570
http://www.ncbi.nlm.nih.gov/pubmed/24253141
http://dx.doi.org/10.1097/SLA.0000000000000348
http://www.ncbi.nlm.nih.gov/pmc/articles/4164305
http://www.ncbi.nlm.nih.gov/pubmed/22987171
http://dx.doi.org/10.1001/archsurg.2012.1261
http://www.ncbi.nlm.nih.gov/pmc/articles/3448121
http://www.ncbi.nlm.nih.gov/pubmed/27212431
http://dx.doi.org/10.1016/j.dld.2016.04.008
http://www.ncbi.nlm.nih.gov/pubmed/22198808
http://dx.doi.org/10.1007/s11864-011-0172-2
http://www.ncbi.nlm.nih.gov/pubmed/23264526
http://dx.doi.org/10.1148/radiol.12112512
https://f1000.com/prime/726110699
http://www.ncbi.nlm.nih.gov/pubmed/26513346
http://dx.doi.org/10.3109/00365521.2015.1083050
https://f1000.com/prime/726110699
http://www.ncbi.nlm.nih.gov/pubmed/26879167
http://dx.doi.org/10.4103/2303-9027.175897
http://www.ncbi.nlm.nih.gov/pmc/articles/4770623
http://www.ncbi.nlm.nih.gov/pubmed/27689195
http://dx.doi.org/10.15403/jgld.2014.1121.253.ned
http://www.ncbi.nlm.nih.gov/pubmed/25044931
http://dx.doi.org/10.1002/cncy.21457
https://f1000.com/prime/727546571
http://www.ncbi.nlm.nih.gov/pubmed/27081635
http://dx.doi.org/10.5306/wjco.v7.i2.131
http://www.ncbi.nlm.nih.gov/pmc/articles/4826958
https://f1000.com/prime/727546571
https://f1000.com/prime/726044358
http://www.ncbi.nlm.nih.gov/pubmed/26712231
http://dx.doi.org/10.1200/JCO.2015.64.0987
http://www.ncbi.nlm.nih.gov/pmc/articles/4872030
https://f1000.com/prime/726044358
https://f1000.com/prime/727546573
http://www.ncbi.nlm.nih.gov/pubmed/26471695
http://dx.doi.org/10.2967/jnumed.115.166017
https://f1000.com/prime/727546573

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Fendrich V, Langer P, Celik |, et al.: An aggressive surgical approach leads to
long-term survival in patients with pancreatic endocrine tumors. Ann Surg.
2006; 244(6): 845-51; discussion 852-3.

PubMed Abstract | Publisher Full Text | Free Full Text

Maxwell JE, Sherman SK, O'Dorisio TM, et al.: Liver-directed surgery of
neuroendocrine metastases: What is the optimal strategy? Surgery. 2016;
159(1): 320-33.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Keutgen XM, Nilubol N, Glanville J, et al.: Resection of primary tumor site is
associated with prolonged survival in metastatic nonfunctioning pancreatic
neuroendocrine tumors. Surgery. 2016; 159(1): 311-8.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

E Huttner FJ, Schneider L, Tarantino |, et al.: Palliative resection of the
primary tumor in 442 metastasized neuroendocrine tumors of the pancreas: a
population-based, propensity score-matched survival analysis. Langenbecks
Arch Surg. 2015; 400(6): 715-23.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Uccelli F, Gavazzi F, Capretti G, et al.. Parenchyma-sparing surgery for
pancreatic endocrine tumors. Updates Surg. 2016; 68(3): 313-9.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Drymousis P, Raptis DA, Spalding D, et al.: Laparoscopic versus open
pancreas resection for pancreatic neuroendocrine tumours: a systematic
review and meta-analysis. HPB (Oxford). 2014; 16(5): 397—406.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Al-Kurd A, Chapchay K, Grozinsky-Glasberg S, et al.: Laparoscopic resection of
pancreatic neuroendocrine tumors. World J Gastroenterol. 2014; 20(17): 4908-16.
PubMed Abstract | Publisher Full Text | Free Full Text

Lesurtel M, Nagorney DM, Mazzaferro V, et al.: When should a liver resection be
performed in patients with liver metastases from neuroendocrine tumours? A
systematic review with practice recommendations. HPB (Oxford). 2015; 17(1):
17-22.

PubMed Abstract | Publisher Full Text | Free Full Text

Oberg K, Knigge U, Kwekkeboom D, et al.: Neuroendocrine gastro-entero-
pancreatic tumors: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2012; 23(Suppl 7): vii124-30.

PubMed Abstract | Publisher Full Text

Rinke A, Muller H, Schade-Brittinger C, et al.: Placebo-controlled, double-blind,
prospective, randomized study on the effect of octreotide LAR in the control
of tumor growth in patients with metastatic neuroendocrine midgut tumors:

a report from the PROMID Study Group. J Clin Oncol. 2009; 27(28): 4656—63.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Caplin ME, Pavel M, Cwikla JB, et al.: Anti-tumour effects of lanreotide for
pancreatic and intestinal neuroendocrine tumours: the CLARINET open-label
extension study. Endocr Relat Cancer. 2016; 23(3): 191-9.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Folkert IW, Hernandez P, Roses RE: Multidisciplinary management of
nonfunctional neuroendocrine tumor of the pancreas. World J Gastroenterol.
2016; 22(11): 3105-16.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

van Vliet El, van Eijck CH, de Krijger RR, et al.: Neoadjuvant Treatment
of Nonfunctioning Pancreatic Neuroendocrine Tumors with [177Lu-
DOTAO,Tyr3]Octreotate. J Nucl Med. 2015; 56(11): 1647-53.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Strosberg J, Wolin E, Chasen B, et al.: NETTER-1 phase Il in patients with
midgut neuroendocrine tumors treated with 177Lu-dotatate: Efficacy, safety,
QoL results and subgroup analysis. Annals of Oncology. 2016; 27 (suppl_6).
Publisher Full Text | F1000 Recommendation

Falconi M, Eriksson B, Kaltsas G, et al.: ENETS Consensus Guidelines Update
for the Management of Patients with Functional Pancreatic Neuroendocrine
Tumors and Non-Functional Pancreatic Neuroendocrine Tumors.
Neuroendocrinology. 2016; 103(2): 153-71.

PubMed Abstract | Publisher Full Text | Free Full Text

Kulke MH, Benson AB 3rd, Bergsland E, et al.: Neuroendocrine tumors. J Nat/
Compr Canc Netw. 2012; 10(6): 724-64.
PubMed Abstract | Publisher Full Text

Partelli S, Cirocchi R, Crippa S, et al.: Systematic review of active surveillance
versus surgical management of asymptomatic small non-functioning
pancreatic neuroendocrine neoplasms. Br J Surg. 2017; 104(1): 34—41.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Sadot E, Reidy-Lagunes DL, Tang LH, et al.: Observation versus Resection

F1000Research 2017, 6(F1000 Faculty Rev):663 Last updated: 12 MAY 2017

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

for Small Asymptomatic Pancreatic Neuroendocrine Tumors: A Matched Case-
Control Study. Ann Surg Oncol. 2016; 23(4): 1361-70.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Rosenberg AM, Friedmann P, Del Rivero J, et al.: R ion versus exp
management of small incidentally discovered nonfunctional pancreatic
neuroendocrine tumors. Surgery. 2016; 159(1): 302-9.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Massironi S, Rossi RE, Zilli A, et al.: A wait-and-watch approach to small
pancreatic neuroendocrine tumors: prognosis and survival. Oncotarget. 2016;
7(14): 18978-83.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Haynes AB, Deshpande V, Ingkakul T, et al.: Implications of incidentally
discovered, nonfunctioning pancreatic endocrine tumors: short-term and
long-term patient outcomes. Arch Surg. 2011; 146(5): 534-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Birnbaum DJ, Gaujoux S, Cherif R, et al.: Sporadic nonfunctioning
pancreatic neuroendocrine tumors: prognostic significance of incidental
diagnosis. Surgery. 2014; 155(1): 13-21.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

E Sharpe SM, In H, Winchester DJ, et al.: Surgical resection provides an
overall survival benefit for patients with small pancreatic neuroendocrine
tumors. J Gastrointest Surg. 2015; 19(1): 117-23; discussion 123.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Yao JC, Shah MH, Ito T, et al.: Everolimus for advanced pancreatic
neuroendocrine tumors. N Engl J Med. 2011; 364(6): 514-23.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Fazio N, Buzzoni R, Baudin E, et al.: A Phase Il Study of BEZ235 in Patients
with Everoli resi: it, Ad d Pancreatic Neuroendocrine Tumours.
Anticancer Res. 2016; 36(2): 713-9.

PubMed Abstract | Free Full Text

Phan AT, Dave B: The pivotal role of mammalian target of rapamycin inhibition
in the treatment of patients with neuroendocrine tumors. Cancer Med. 2016;
5(10): 2953-64.

PubMed Abstract | Publisher Full Text | Free Full Text

Jiao Y, Shi C, Edil BH, et al.: DAXX/ATRX, MEN1, and mTOR pathway genes
are frequently altered in pancreatic neuroendocrine tumors. Science. 2011;
331(6021): 1199-203.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Missiaglia E, Dalai |, Barbi S, et al.: Pancreatic endocrine tumors: expression
profiling evidences a role for AKT-mTOR pathway. J Clin Oncol. 2010; 28(2):
245-55.

PubMed Abstract | Publisher Full Text | Free Full Text

Yao JC, Pavel M, Lombard-Bohas C, et al.: Everolimus for the Treatment
of Advanced Pancreatic Neuroendocrine Tumors: Overall Survival and
Circulating Biomarkers From the Randomized, Phase Ill RADIANT-3 Study.
J Clin Oncol. 2016; 34(32): 3906-3913, pii: JCO680702.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Raymond E, Dahan L, Raoul JL, et al.: Sunitinib malate for the treatment
of pancreatic neuroendocrine tumors. N Eng/ J Med. 2011; 364(6): 501-13.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Roviello G, Zanotti L, Venturini S, et al.: Role of targeted agents in
neuroendocrine tumors: Results from a meta-analysis. Cancer Biol Ther. 2016;
17(9): 883-8.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Khagi S, Saif MW: Pancreatic neuroendocrine tumors: targeting the
molecular basis of disease. Curr Opin Oncol. 2015; 27(1): 38—43.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Papaxoinis G, Syrigos K, Saif MW: Novel therapeutic approaches and
mechanisms in neuroendocrine tumors: the role of targeted agents. Discov
Med. 2016; 21(117): 391-402.

PubMed Abstract | F1000 Recommendation

Bajetta E, Catena L, Fazio N, et al.: Everolimus in combination with
octreotide long-acting repeatable in a first-line setting for patients with
neuroendocrine tumors: an ITMO group study. Cancer. 2014; 120(16): 2457-63.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Hobday TJ, Qin R, Reidy-Lagunes D, et al.: Multicenter Phase Il Trial of
Temsirolimus and Bevacizumab in Pancreatic Neuroendocrine Tumors.

J Clin Oncol. 2015; 33(14): 1551-6.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Page 9 of 10


http://www.ncbi.nlm.nih.gov/pubmed/17122609
http://dx.doi.org/10.1097/01.sla.0000246951.21252.60
http://www.ncbi.nlm.nih.gov/pmc/articles/1856628
https://f1000.com/prime/725845372
http://www.ncbi.nlm.nih.gov/pubmed/26454679
http://dx.doi.org/10.1016/j.surg.2015.05.040
http://www.ncbi.nlm.nih.gov/pmc/articles/4688152
https://f1000.com/prime/725845372
https://f1000.com/prime/725844463
http://www.ncbi.nlm.nih.gov/pubmed/26453135
http://dx.doi.org/10.1016/j.surg.2015.05.042
http://www.ncbi.nlm.nih.gov/pmc/articles/4688058
https://f1000.com/prime/725844463
https://f1000.com/prime/725750464
http://www.ncbi.nlm.nih.gov/pubmed/26198970
http://dx.doi.org/10.1007/s00423-015-1323-x
https://f1000.com/prime/725750464
https://f1000.com/prime/727546575
http://www.ncbi.nlm.nih.gov/pubmed/27709476
http://dx.doi.org/10.1007/s13304-016-0400-1
https://f1000.com/prime/727546575
https://f1000.com/prime/727348091
http://www.ncbi.nlm.nih.gov/pubmed/24245906
http://dx.doi.org/10.1111/hpb.12162
http://www.ncbi.nlm.nih.gov/pmc/articles/4008158
https://f1000.com/prime/727348091
http://www.ncbi.nlm.nih.gov/pubmed/24803802
http://dx.doi.org/10.3748/wjg.v20.i17.4908
http://www.ncbi.nlm.nih.gov/pmc/articles/4009522
http://www.ncbi.nlm.nih.gov/pubmed/24636662
http://dx.doi.org/10.1111/hpb.12225
http://www.ncbi.nlm.nih.gov/pmc/articles/4266436
http://www.ncbi.nlm.nih.gov/pubmed/22997445
http://dx.doi.org/10.1093/annonc/mds295
https://f1000.com/prime/1343956
http://www.ncbi.nlm.nih.gov/pubmed/19704057
http://dx.doi.org/10.1200/JCO.2009.22.8510
https://f1000.com/prime/1343956
https://f1000.com/prime/726063715
http://www.ncbi.nlm.nih.gov/pubmed/26743120
http://dx.doi.org/10.1530/ERC-15-0490
http://www.ncbi.nlm.nih.gov/pmc/articles/4740728
https://f1000.com/prime/726063715
https://f1000.com/prime/726230696
http://www.ncbi.nlm.nih.gov/pubmed/27003988
http://dx.doi.org/10.3748/wjg.v22.i11.3105
http://www.ncbi.nlm.nih.gov/pmc/articles/4789986
https://f1000.com/prime/726230696
https://f1000.com/prime/725722634
http://www.ncbi.nlm.nih.gov/pubmed/26272813
http://dx.doi.org/10.2967/jnumed.115.158899
https://f1000.com/prime/725722634
https://f1000.com/prime/727546584
http://dx.doi.org/10.1093/annonc/mdw369.05
https://f1000.com/prime/727546584
http://www.ncbi.nlm.nih.gov/pubmed/26742109
http://dx.doi.org/10.1159/000443171
http://www.ncbi.nlm.nih.gov/pmc/articles/4849884
http://www.ncbi.nlm.nih.gov/pubmed/22679117
http://dx.doi.org/10.6004/jnccn.2012.0075
https://f1000.com/prime/726816361
http://www.ncbi.nlm.nih.gov/pubmed/27706803
http://dx.doi.org/10.1002/bjs.10312
https://f1000.com/prime/726816361
https://f1000.com/prime/725958293
http://www.ncbi.nlm.nih.gov/pubmed/26597365
http://dx.doi.org/10.1245/s10434-015-4986-1
http://www.ncbi.nlm.nih.gov/pmc/articles/4798427
https://f1000.com/prime/725958293
https://f1000.com/prime/725921554
http://www.ncbi.nlm.nih.gov/pubmed/26547726
http://dx.doi.org/10.1016/j.surg.2015.10.013
https://f1000.com/prime/725921554
https://f1000.com/prime/726204886
http://www.ncbi.nlm.nih.gov/pubmed/26959887
http://dx.doi.org/10.18632/oncotarget.7902
http://www.ncbi.nlm.nih.gov/pmc/articles/4951345
https://f1000.com/prime/726204886
http://www.ncbi.nlm.nih.gov/pubmed/21576607
http://dx.doi.org/10.1001/archsurg.2011.102
http://www.ncbi.nlm.nih.gov/pmc/articles/3688044
https://f1000.com/prime/718179191
http://www.ncbi.nlm.nih.gov/pubmed/24238123
http://dx.doi.org/10.1016/j.surg.2013.08.007
https://f1000.com/prime/718179191
https://f1000.com/prime/727546585
http://www.ncbi.nlm.nih.gov/pubmed/25155459
http://dx.doi.org/10.1007/s11605-014-2615-0
https://f1000.com/prime/727546585
https://f1000.com/prime/8689956
http://www.ncbi.nlm.nih.gov/pubmed/21306238
http://dx.doi.org/10.1056/NEJMoa1009290
http://www.ncbi.nlm.nih.gov/pmc/articles/4208619
https://f1000.com/prime/8689956
http://www.ncbi.nlm.nih.gov/pubmed/26851029
http://www.ncbi.nlm.nih.gov/pmc/articles/5076549
http://www.ncbi.nlm.nih.gov/pubmed/27539383
http://dx.doi.org/10.1002/cam4.742
http://www.ncbi.nlm.nih.gov/pmc/articles/5083749
https://f1000.com/prime/7979956
http://www.ncbi.nlm.nih.gov/pubmed/21252315
http://dx.doi.org/10.1126/science.1200609
http://www.ncbi.nlm.nih.gov/pmc/articles/3144496
https://f1000.com/prime/7979956
http://www.ncbi.nlm.nih.gov/pubmed/19917848
http://dx.doi.org/10.1200/JCO.2008.21.5988
http://www.ncbi.nlm.nih.gov/pmc/articles/4288616
https://f1000.com/prime/726734431
http://www.ncbi.nlm.nih.gov/pubmed/27621394
http://dx.doi.org/10.1200/JCO.2016.68.0702
https://f1000.com/prime/726734431
https://f1000.com/prime/8493957
http://www.ncbi.nlm.nih.gov/pubmed/21306237
http://dx.doi.org/10.1056/NEJMoa1003825
https://f1000.com/prime/8493957
https://f1000.com/prime/726621741
http://www.ncbi.nlm.nih.gov/pubmed/27414404
http://dx.doi.org/10.1080/15384047.2016.1210735
http://www.ncbi.nlm.nih.gov/pmc/articles/5036406
https://f1000.com/prime/726621741
https://f1000.com/prime/725233805
http://www.ncbi.nlm.nih.gov/pubmed/25390554
http://dx.doi.org/10.1097/CCO.0000000000000146
https://f1000.com/prime/725233805
https://f1000.com/prime/726570963
http://www.ncbi.nlm.nih.gov/pubmed/27355335
https://f1000.com/prime/726570963
https://f1000.com/prime/718358360
http://www.ncbi.nlm.nih.gov/pubmed/24752410
http://dx.doi.org/10.1002/cncr.28726
https://f1000.com/prime/718358360
https://f1000.com/prime/725270162
http://www.ncbi.nlm.nih.gov/pubmed/25488966
http://dx.doi.org/10.1200/JCO.2014.56.2082
http://www.ncbi.nlm.nih.gov/pmc/articles/4417726
https://f1000.com/prime/725270162

FIOOOResearch F1000Research 2017, 6(F1000 Faculty Rev):663 Last updated: 12 MAY 2017

Open Peer Review

Current Referee Status: v Vv

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Maria Zatelli, University of Ferrara, Ferrara, Italy
Competing Interests: No competing interests were disclosed.

1 Ralph Hruban, Johns Hopkins Hospital, Baltimore, MD, USA
Competing Interests: No competing interests were disclosed.

1 Arvind Dasari, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
Competing Interests: No competing interests were disclosed.

Page 10 of 10


http://f1000research.com/channels/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

