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Abstract Neuroendocrine tumors (NETs) [carcinoids,

pancreatic neuroendocrine tumors (pNETs)] are becoming

an increasing clinical problem because not only are they

increasing in frequency, but they can frequently present

with advanced disease that requires diagnostic and treat-

ment approaches different from those used in the neo-

plasms that most physicians are used to seeing and treating.

In the past few years there have been numerous advances in

all aspects of NETs including: an understanding of their

unique pathogenesis; specific classification systems devel-

oped which have prognostic value; novel methods of tumor

localization developed; and novel treatment approaches

described. In patients with advanced metastatic disease

these include the use of newer chemotherapeutic approa-

ches, an increased understanding of the role of surgery and

cytoreductive methods, the development of methods for

targeted delivery of cytotoxic agents, and the development

of targeted medical therapies (everolimus, sunitinib) based

on an increased understanding of the disease biology.

Although pNETs and gastrointestinal NETs share many

features, recent studies show they differ in pathogenesis

and in many aspects of diagnosis and treatment, including

their responsiveness to different therapies. Because of

limited space, this review will be limited to the advances

made in the management and treatment of patients with

advanced metastatic pNETs over the past 5 years.
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Abbreviations

ACTHomas ACTH-secreting pancreatic

neuroendocrine tumors

CNS Central nervous system

ENETS European Neuroendocrine Tumor

Society

ESMO European Society for Medical

Oncology

GI Gastrointestinal

GI-NETs Gastrointestinal neuroendocrine

tumors (carcinoids of gastrointestinal

tract)

TAE/TACE Transarterial embolization/

chemoembolization

IGF Insulin-like growth factor

UICC/AJCC/WHO International Union for Cancer

Control/American Joint Cancer

Committee/World Health

Organization

MRI Magnetic resonance imaging

NANETS North American Neuroendocrine

Tumor Society

NCCN National Comprehensive Cancer

Network

NETs Neuroendocrine tumors (carcinoids,

pancreatic neuroendocrine tumors)
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NF-pNETs Nonfunctional pancreatic

neuroendocrine tumors

pNETs Pancreatic neuroendocrine tumors

PDGFRs Platelet-derived growth factor

receptors

PRRT Peptide receptor radionuclide

therapy

RFA Radiofrequency ablation

SIRT Selective internal radiation

SRS Somatostatin receptor scintigraphy

VEGFR Vascular endothelial growth factor

receptor

VIPomas Vasoactive intestinal peptide-

secreting pancreatic neuroendocrine

tumors

Introduction

This article will concentrate on recent advances in the

treatment of patients with pancreatic neuroendocrine

tumors (pNETS) with advanced metastatic disease. This

brief review is undertaken because not only are pNETs as

well as other gastrointestinal neuroendocrine tumors (GI-

NETs) (carcinoids), receiving increased attention recently,

but also because there have been a number of advances in

their understanding and treatment. pNETs are receiving

increased attention because it is increasingly appreciated

they are more frequent than previously believed; also, they

are frequently more malignant than previously generally

thought and can be a source of considerable morbidity,

because many patients have a protracted course [1]. Other

important advances include an increasing understanding

that they have a different pathogenesis from pancreatic

adenocarcinomas and GI-NETs [1–5]; the development of

standardized classification systems that have prognostic

significance [6–11]; the increased standardization of

pathological reporting/classifications [12, 13]; the devel-

opment of highly sensitive imaging modalities (primarily

using somatostatin receptor imaging) [14, 15]; and the

development of new target medical treatments (the

mammalian target of rapamycin [mTOR] inhibitor, ever-

olimus; the tyrosine kinase inhibitor, sunitinib) [16–21]; as

well as other novel treatments such as peptide receptor

radionuclide therapy (PRRT) using radiolabeled somato-

statin analogues [22–24]. These changes have led to the

recent publication of numerous general consensus guide-

lines for pNET management/treatment, including those

from the European Neuroendocrine Tumor Society

(ENETS) [25]; the North American Neuroendocrine

Tumor Society (NANETS) [26]; the European Society for

Medical Oncology (ESMO) [27], and those from the

Nordic countries [28], as well as more specific consensus

guidelines for the treatment of metastatic disease to the

liver [29, 30] or more distant sites [29, 31–33]. In this

article, advances in the past 5 years for pNETs will be

briefly reviewed, concentrating on the evolving treatment

of advanced metastatic disease.

Pancreatic neuroendocrine tumors (pNETs) are neuro-

endocrine tumors of the duodenal-pancreatic region that

present many challenging problems in diagnosis and

treatment [3, 7, 25, 26]. These problems occur both

because pNETs can be hormonally active, ectopically

secreting various biologically active substances that can

cause specific syndromes requiring treatment (Table 1),

and because 50–80 % are malignant (except for insulino-

mas) and require treatment approaches that differ from

those used for most common adenocarcinomas [3, 7, 20,

25, 34, 35].

Most physicians consider pNETs to be very uncommon

neoplasms that generally pursue a benign course. Both of

these commonly held beliefs are only partially true. pNETs

are not uncommon in autopsy studies, occurring in

0.5–1.5 % in various Western studies [3] and in 2.5 % in

Japan [36]. However, pNETs are uncommon clinically

because fewer than 1/1,000 of those that are found in

autopsy studies cause clinical symptoms, with the result

that they have a clinical incidence of 1–5 new cases/

100,000 population per year with a prevalence of

10/100,000 population, resulting in their causing 1–4 % of

all clinically apparent pancreatic tumors [3, 7]. In 2010 a

study [37] reported the incidence of pNETs in Japan as

2.23/100,000 population/year, with a prevalence of 1.27/

100,000 population. pNETs, similar to other NETs (carci-

noids), are increasing in frequency in recent studies, par-

ticularly nonfunctional pNETs (NF-pNETs) detected in

imaging studies performed for nondescript symptoms,

screening, or other suspected diseases [38–40]. In terms of

the relative frequency of the pNET syndromes (Table 1), in

early series NF-pNETs comprised 1/3 of all pNETs

reported, with a frequency approximately equal to that of

insulinomas and slightly greater than that of gastrinomas

[3, 41, 42]. In more recent series, NF-pNETs comprise a

larger proportion of pNETs, in some cases reaching 75 %

of the series [43], with up to 50 % of patients asymptom-

atic and 38 % with NF-pNETs discovered incidentally [25,

39, 40, 43]. The remaining pNETs are less common than

NF-pNETs, insulinomas, and gastrinomas and are only

infrequently seen (Table 1). In Japan, functional pNETs

(F-pNETs) are reported to occur 30 % more frequently

than NF-pNETs (prevalence-1.27 vs. 0.97/100,000) [37],

with the most frequently occurring F-pNET being insuli-

noma (prevalence-0.37/100,000 population), which was

fivefold more frequent than gastrinomas, 15-fold more

frequent than glucagonomas, and [53-fold more frequent
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than somatostatinomas and vasoactive intestinal peptide-

secreting pNETs (VIPomas) [37].

Also, in contrast to what is commonly believed, pNETs

are frequently malignant ([50 %, except for insulinomas)

(Table 1) and not infrequently pursue an aggressive course

with metastases to the liver as well as more distant sites [3, 7,

42]. In one large population study from England of 4104

cases of malignant digestive endocrine tumors (pNETs,

carcinoids), the 5-year survival was 56 % [44]. The extent,

development, and growth of liver metastases are all associ-

ated with a poor prognosis [3, 42, 45–50] and their presence

at some point occurs in up to 80 % of pNET patients in some

series (Table 1). This is in contrast to lymph node metastases

alone, which, in most series, have no or a minimal prognostic

effect [34, 47, 51]. Median survivals for pNET patients with

localized, regional, or distant disease for the 1310 patients in

the United States Surveillance, Epidemiology, and End

Results (SEER) database [45] were 124, 70, and 23 months,

respectively. This resulted in 5- and 10-year survivals for

pNET patients with localized disease of 71 and 52 %,

respectively; for patients with regional disease 55 and 38 %,

and for patients with distant metastases 23 and 9 % [45].

At initial presentation, the different pNETs vary in the

percentage of patients with liver metastases, with a rela-

tive order of: insulinomas (5–15 %) \ gastrinomas (20–

35 %) \ somatostatinomas \ NF-pNETs, glucagonomas,

adrenocorticotropic hormone (ACTH)-secreting pNETs

(ACTHomas), and VIPomas (60–90 %). The marked effect

of the presence of liver metastases is shown well by studies in

patients with gastrinomas, where the 10-year disease-related

survival in patients without liver metastases with or without

lymph node metastases was 96 %, whereas for patients who

Table 1 Pancreatic neuroendocrine tumors: hormonal states, malignancy, location, and frequency

pNET Syndrome name Primary location Malignancy

(%)

Hormone causing the

syndrome

Incidence (#

new/million/

year)

Functional pNETs

Gastrinoma Zollinger-Ellison

syndrome

Pancreas (30 %) Duodenum

(60–70 %) Other (5–10 %)

60–90 Gastrin 0.5–1.5

Insulinoma Insulinoma Pancreas (100 %) 5–15 Insulin 1–3

VIPoma Verner-Morrison,

Pancreatic cholera,

WDHA

Pancreas 85–95 %, other

(neural, periganglionic,

adrenal; 10 %)

70–90 Vasoactive intestinal peptide 0.05–0.2

Glucagonoma Glucagonoma Pancreas (100 %) 60–75 Glucagon 0.01–0.1

Somatostastinoma Somatostastinoma Pancreas (50–60 %)

Duodenal/jejunal

(40–50 %)

40–60 Somatostatin \0.1 %;

uncommon

GRFoma GRFoma Pancreas (30 %), lung

(54 %), jejunal (75 %),

other [adrenal, foregut,

retroperitoneal] (13 %)

30–50 Growth hormone-releasing

factor

Unknown

ACTHoma ACTHoma 4–25 % of all ectopic

Cushing’s syndrome

95 ACTH \0.1 %;

uncommon

pNET causing

carcinoid

syndrome

pNET causing carcinoid

syndrome

Pancreas (100 %) (\1 % of

all carcinoid syndrome)

60–90 Serotonin, tachykinins Uncommon

(\50

cases)

pNET causing

hypercalcemia

PTHrPoma Pancreas (100 %) [85 PTHrP, other unknown \0.1 %;

uncommon

Very rare

F-pNETs

pNET secreting renin,

luteinizing hormone

(LH), erythropoietin,

IGF-11 (\5 cases)

Pancreas (rare) Unknown Renin, LH, erythropoietin,

IGF-11

\5 cases

Nonfunctional

(NF) pNET

PPomas NF-pNET Pancreas (100 %) 60–90 None. Secretes pancreatic

polypeptide (PP) (60–85 %),

chromogranin A, but causes

no symptoms

1–3

PP pancreatic polypeptide, ACTH adrenocorticotropic hormone, GRF growth hormone-releasing factor, IGF-11 insulin-like growth factor 2,

PPoma- pancreatic neuroendocrine tumor (pNET) secreting pancreatic polypeptide, PTHrP parathyroid hormone-related peptide, WDHA watery

diarrhea, hypokalemia, and achlorhydria
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developed liver metastases during follow up it was 85 % and

for those with any liver metastases originally it was reduced

to 26 % [47]. Furthermore, these studies also show the

marked effect of the extent of the liver metastases on survival

in patients with gastrinomas, with a 10-year survival of 96 %

in patients without any metastases, 78 % in patients with

liver metastases limited to one hepatic lobe, 80 % in those

with limited metastatic disease in both lobes (\5 lesions),

and 16 % in patients with diffuse metastases in both lobes

[47, 48]. Unfortunately, only 3–15 % of patients in various

series have limited liver metastases that might be surgically

completely resectable and therefore specific treatments need

to be directed at either the liver metastases or more distant

disease in a significant proportion of pNET patients [52–54].

Staging, classification, and identification of prognostic

factors prior to treatment

Recently a number of classification systems, which have

prognostic value, have been proposed for pNETs as well as

other NETs [6, 8, 9, 11, 13, 55, 56]. These include a WHO

classification in 2004 [12]/2010 [57], a European Neuro-

endocrine Tumor Network (ENETN) classification in 2006

[58], and an International Union for Cancer Control/

American Joint Cancer Committee/World Health Organi-

zation (UICC/AJCC/WHO) classification in 2010 [57, 59].

These classification systems propose TNM staging, which

is based on primary pNET size and location, histological

differentiation (well- or poorly differentiated), extent of the

tumor (including local and distant metastases, and inva-

sion), and the presence/absence of a hormonal syndrome,

as well as tumor grading using a measure of prolifera-

tive activity (such as the Ki-67 index or mitotic index)

[6, 8, 9, 11, 13, 55, 56]. The WHO classification distin-

guishes between well-differentiated and poorly differenti-

ated pNETs, with the well-differentiated pNETs called

neuroendocrine tumors (79–100 %) [44, 60–62], graded as

G1 (Ki-67 B2 %) or G2 (Ki-67- 2–20 %), and poorly

differentiated pNETs called neuroendocrine carcinomas

(0–21 %) [44, 60–62] and graded as G3 (Ki67 [20 %) [57,

63]. In a number of studies [8, 11, 13, 62, 64], including

one in Japan [65] the TNM staging has been shown to have

important prognostic value for pNETs. Similarly, the tumor

grade has been shown to have important prognostic value

[64, 66] and is particularly important for treatment deci-

sions, as discussed below, with well-differentiated pNETs

treated differently from poorly differentiated tumors [7, 13,

60, 67, 68]. It is therefore important that, during the pre-

treatment evaluation, all patients with pNETs with

advanced disease have a tumor biopsy and proper histo-

logical assessment of the pNET, allowing its proper clas-

sification [7, 9, 10, 63, 69].

At present, as in the past, patients with pNETs with

advanced disease, similar to all patients with pNETs,

require assessment of the tumor extent and location for

their proper management, and therefore imaging studies

are required to choose the proper treatment [3, 14, 25, 26,

70]. Surgery remains the only potentially curative treat-

ment modality and only thorough imaging studies can

suggest whether this may be a treatment option in any

pNET patient, including those with advanced disease [3,

14, 25, 26]. Initially in most centers a conventional

imaging study [ultrasound, computed tomographic (CT)

scan, magnetic resonance imaging (MRI) study, the latter

two with contrast] is used to assess tumor extent and the

possible location of the primary lesion [3, 14, 25, 26].

Increasingly the use of somatostatin receptor scintigraphy

(SRS), which is based on the over/ectopic expression of

somatostatin receptors by pNETs, is also routinely used,

because numerous studies have demonstrated that SRS is

more sensitive than conventional imaging studies for

localizing pNETs, particularly for evaluating the extent of

metastatic disease present [3, 14, 25, 26, 71, 72] (Fig. 1).

An example of the increased sensitivity of SRS is shown

in Fig. 1 in a patient with a previously resected pNET in

whom, during a follow -up evaluation the CT scan did not

show any recurrent pNET; however, SRS demonstrated

metastatic disease both in the liver and in lymph nodes.

Initially SRS included the widespread use of 111In-pente-

treotide (Octreoscan; Mallinckrodt, Maryland Heights,

MO, USA) [3, 14, 23, 25, 26, 71], and more recently

there has been an increasing use of positron emission

tomographic scanning using primarily 68Ga-radiolabeled

somatostatin analogues [3, 15, 23, 25, 73–75]. The

increased value of SRS has been shown in recent studies

in which the use of SRS after conventional imaging

studies changed the clinical management in 12–53 %

(mean 30 %) of patients with pNETS [41, 73, 76, 77]. The

SRS imaging result primarily affected the management of

patients with advanced pNETs by providing information

about the presence and density of somatostatin receptors

in the pNET, which can affect the results/use of PRRT

with radiolabeled somatostatin analogues (see section

below on PRRT); the identification of distant metastases,

especially to bone; and the identification of additional

liver metastases or the identification of progression of

metastatic disease either prior to or while the patient is

receiving anti-tumor therapy [73–77]. The identification of

bone metastases may have a particular effect on the

management course, because these metastases are not

infrequent in patients with pNETs with liver metastases

(occurring in 33 % of pNET patients in one study) [78];

the presence of bone metastases is associated with a poor

prognosis [47, 51] and is a contraindication to surgery

generally; and their presence in certain sites many require
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specific directed therapies [32, 75]. Functional localization

studies measuring hormonal gradients, which are used to

localize functional pNET primaries not identified by other

modalities, particularly after intra-arterial calcium stimu-

lation for insulinomas or after secretin stimulation for

gastrinomas, are only infrequently used for localizing

metastatic disease in the liver [79–82].

Prior to and during the treatment of patients with

advanced metastatic pNETs it is important to remember

that the tumor behavior may differ markedly in different

patients, which may affect the treatment approach. A

number of clinical, laboratory, and histological factors, in

addition to the tumor TNM classification and grading, are

reported to have important prognostic value in patients

with advanced disease and can be useful for planning

treatment in different patients (Table 2). Poor prognosis is

associated not only with the presence of liver metastases,

but also with several features of liver metastases, including

their extent, number, and rate of growth prior to treatment.

A poor prognosis is also associated with the presence or

development of bone or extrahepatic metastases; a new

ectopic hormonal syndrome, particularly Cushing’s syn-

drome; various histological features that affect the grading/

TNM classification, including high proliferative indices

(Ki-67, mitotic count, poor differentiation) and the eleva-

tion of various tumor markers including alkaline phos-

phatase and chromogranin A (Table 2). Because the

presence or the development of these prognostic factors in

patients with pNETs with advanced disease can have an

effect on clinical management they should be assessed in

all patients both prior to and throughout their treatment

protocols.

Fig. 1 Computed tomographic (CT) scan (top) and somatostatin

receptor scintigraphy (SRS) (bottom) results in a patient with

previously resected pancreatic neuroendocrine tumor (pNET). This

patient previously (2 years prior) had a pNET resected and during

follow up the CT scan was negative, as was the magnetic resonance

imaging (MRI) scan and abdominal ultrasound (not shown); however,

SRS performed with 111In-penetreotide (Octreoscan) demonstrated

metastases both in the liver and in lymph nodes. These results

illustrate the greater sensitivity of SRS over conventional imaging

studies (CT, ultrasound, MRI) for detecting metastases in patients

with malignant pNETs [3, 14, 25, 26, 71, 72]

Table 2 Prognostic factors in patients with liver metastases from

pNETs or other NETs

Prognostic factor for decreased survival Reference

Older age (p, c, p–c) [44, 50, 208]

Male gender (p, p–c) [44, 54]

Extent of liver metastases

Diffuse [ localized (p, p–c)a [47, 48, 54, 102, 209]

Number of liver metastases (p, c) [47, 50, 210]

Time liver metastases diagnosed

Present initially [ developed

on follow up (p)

[47]

Development of bone or extrahepatic

metastases (p, p–c)

[47, 51, 211]

Development of ectopic Cushing’s

syndrome (p)

[47, 212]

Rate of growth of liver metastases

Rapid [ slow, none (p, c) [49, 50]

Initial surgery doneb

No [ yes (p, p–c) [50, 54]

Presence of carcinoid syndrome

or carcinoid heart disease (c)

[210]

Increased serum tumor markers

Alkaline phosphatase (p–c) [208]

Chromogranin A (p, c, p–c) [50, 210, 213]

Tumor histology

Poorly differentiated (p–c) [44]

High Ki-67 [ low Ki-67, Grade (p, p–c) [214, 215]

Tumor characteristic

pNET [ small intestine [44]

p shown in studies including only pNETs, p–c shown in studies

including pNETs and carcinoids, c shown in studies including only

carcinoids
a Diffuse [ localized refers to diffuse metastases having a worse

prognosis than localized liver metastases
b Surgery for primary or liver metastases prior to study entry
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Specific treatments of patients with well-differentiated

pNETs with advanced disease

Patients with advanced metastatic, hormonally active

pNETs have two treatment problems that must be dealt

with. Unfortunately in most cases no treatment, except for

surgical cure, which is rarely possible, controls both of

these problems and therefore they must both be considered.

First, the hormone-excess state must be controlled because

if inadequately treated, it can lead rapidly to complications

and death. Next, therapy has to be directed at the metastatic

pNET itself. In the case of NF-pNETs, which are not

associated with a hormonal syndrome, the treatment can

immediately be directed at the metastatic pNET itself.

It is now generally agreed that patients with well-dif-

ferentiated pNETs (grades 1 or 2, Ki-67 B20) (termed

neuroendocrine tumors) [63] should be treated differently

from patients with poorly differentiated pNETs (termed

neuroendocrine carcinomas) [63] (grade 3, Ki-67 [20) [7,

68, 83, 84]. Therefore, as discussed above, it is essential

that a complete histological assessment of the tumor is

available from a biopsy prior to treatment [9, 10, 69]. The

current terminology of poorly differentiated pNETs

includes tumors in the older literature described as high-

grade neuroendocrine carcinomas, small cell carcinomas,

undifferentiated carcinomas, anaplastic carcinomas, and

large cell neuroendocrine carcinomas [63, 68, 83]. Poorly

differentiated pNETs, similar to the behavior of poorly

differentiated NETs in other sites, have a high occurrence

of metastatic spread even in patients that appear to have

localized disease, and therefore surgical resection is rarely

curable [68, 83]. Furthermore, the medical treatment of

poorly differentiated pNETs differs from that of advanced

well-differentiated pNETs, in that the poorly differentiated

pNETs are treated with cisplatin- and etoposide-based

protocols as the initial therapy, which will be briefly dis-

cussed below [68, 83, 84].

Control of the hormone excess-state in the patient

with advanced pNET

In a patient with a functional pNET it is essential to first

control the hormone-excess state (VIPoma, insulinoma,

Zollinger-Ellison syndrome, etc.) and to maintain control

throughout all other anti-tumor treatments, because numer-

ous studies demonstrate that if untreated or inadequately

treated, the hormone-excess states are frequent causes of

death [3, 25, 26, 41]. The acid hypersecretion in Zollinger-

Ellison syndrome can be controlled by the use of parenteral

or oral proton pump inhibitors, and if these are not available,

high doses of histamine H2-receptor antagonists [3, 25, 85,

86]; the hypoglycemia in insulinoma can be controlled by

frequent small feedings and the use of diazoxide, which

controls the insulinoma hypersecretion by an effect on ATP-

sensitive K? channels [25, 26, 87]; and the hypersecretion of

other hormones can be controlled by the use of short- and

long-acting somatostatin analogues (Octreotide-LAR, Lan-

reotide-Autogel, Ipsen Pharma Biotech, Signes, France) [3,

25, 26]. Somatostatin analogues are also effective in some

patients with insulinomas, although in others the hypogly-

cemia may be exacerbated because of the inhibition of

counter-regulatory hormones [25, 88, 89]. Some newer

methods have been recently described in refractory cases,

especially in patients with malignant insulinomas and

patients with insulinomas who cannot undergo surgical

removal because of increased risk. These methods include

ethanol ablation of the functional pNET [90–93]; the use of

the mTOR inhibitor, everolimus, which has been effective at

controlling the hypersecretory state as well as the tumor

growth (see later section on Targeted therapy) [16, 17, 94–

96]; and, recently, PRRT with radiolabeled somatostatin

analogues has helped control the hypoglycemia in patients

with malignant insulinomas in whom it was difficult to

control the hypoglycemia [87, 97].

Surgical treatment of advanced pNETs

Specific tumoral resection

Surgical resection remains the only curative treatment for

patients with pNETs and therefore it is generally recom-

mended that it be carried out if all of the imaged disease

or [90 % can be removed [25, 26, 52, 53, 96, 98].

Unfortunately, in the patients with liver metastases, \15 %

of patients have limited disease in the liver which might be

surgically completely resectable, and therefore other spe-

cific treatments need to be directed at either the liver

metastases or more distant disease in a significant propor-

tion of pNET patients [25, 52–54, 99, 100]. In general,

debulking surgery is not recommended where resection

cannot be complete or cannot result in the removal

of [90 % of the metastatic tumor, because studies show

this does not result in improved survival compared with

that in patients who do not undergo debulking surgery [21,

25, 26, 98, 101, 102]. Furthermore, removal of the primary

pNET in patients with unresectable liver metastases is not

routinely recommended, because in patients with NF-

pNETs, surgical resection of the primary tumor did not

extend survival in patients with unresectable liver metas-

tases [103]. Besides the small group of pNET patients with

limited liver metastases, surgery is also playing an

increasing role in patients with pNETs that were thought

unresectable because of vascular involvement, not because

of the presence of liver metastases. In one recent study

[104], 17 % of 273 patients (46 patients) with pNETs had

evidence on preoperative imaging studies of major vessel
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involvement (portal vein [ superior mesenteric vein or

artery [ inferior vena cava [ splenic vein) and were

originally thought to be not resectable. At surgical explo-

ration, in 91 % of the 46 patients the pNET could be sur-

gically removed, with only 19 % requiring vascular

reconstruction, resulting in 30 % remaining cured at 5-year

follow up [104]. The authors of that study concluded that

patients with pNETs with vascular abutment/invasion and

even those with associated nodal or limited hepatic

metastases should undergo surgical exploration [104]. This

proposal is supported by a number of case reports and

smaller series, including studies from Japan [105–109].

Particularly important in this group of patients are those in

whom the pNET invades the splenic or mesenteric vein

causing occlusion, which can result in portal hypertension,

gastric/esophageal varices, and abdominal symptoms and/

or severe upper gastrointestinal bleeding secondary to the

varices [104]. In a number of studies the bleeding was

completely resolved by resection of the pNET and the

spleen [104, 110, 111].

Liver transplantation for advanced metastatic pNETs

In contrast to its non-use in most metastatic neoplasms,

liver transplantation continues to be used in selected

patients with metastatic pNETs confined to the liver [3, 29,

112–115]. However, its use for metastatic pNETs or other

NETs remains controversial [21, 29, 115]. In a review in

2008 [116] of 85 patients with metastatic NETs (both

pNETs [47 %] and carcinoids) who underwent hepatic

transplantation in France, the overall 5-year survival rate

was 47 %, the disease-free survival was 20 %, and the

postoperative in-hospital mortality was 14 %. Independent

factors for poor prognosis identified in this review [114]

were an accompanying upper abdominal exenteration

(relative risk [RR]; 3.7); primary NET in the duodenum or

pancreas (RR = 2.93), and hepatomegaly (RR = 2.63).

An analysis of the United Network for Organ Sharing

database [21] between November 1988 and March 2011

identified 185 liver transplants for NETs in the United

States; their overall 5-year survival was 58 %, which was

less than the 74 % seen for all other patients transplanted.

In a review [115] of reports from 24 monocentric series of

liver transplantations for NETs involving 4–24 patients per

center and 5 multicentric studies involving 30–103 patients

per center, a number of risk factors were identified. The

risk factors for a poor prognosis included, in a number of

studies, the presence of extrahepatic metastatic disease at

the time of the transplant; the performance of abdominal

exenteration or multivisceral transplantation at the time of

the liver transplant; the presence of a metastatic pNET

rather than a metastatic GI carcinoid; age [50 years; the

presence of extensive liver involvement ([50 %) compared

with less involvement; and the presence of various histo-

logical features of the NET including a Ki-67 index of

[10 % and abnormal E-cadherin staining. Because of the

small percentage of patients who are disease-free after

5 years, the ENETS 2012 consensus guidelines for pNETs

[29] conclude that liver transplantation should be viewed as

providing palliative care and that cure remains the excep-

tion. It was therefore recommended [29] that liver trans-

plantation be reserved for patients suffering life-threatening

hormonal disturbances refractory to other treatments or

patients with NF-pNETs with diffuse metastases refractory

to all other treatments. Important selection criteria include a

low Ki-67 (\10 %), normal E-cadherin in the tumor, no

extrahepatic disease, the presence of a well-differentiated

NET (grade G1 or G2), preferably age \50 years, and the

transplantation performed without other concomitant large

tumor resections [3, 21, 29, 30, 115].

Liver-directed strategies for treatment of advanced

metastatic pNETs

Liver-directed strategies for hepatic metastases include

various locoregional therapies including radiofrequency

ablation (RFA), cryotherapy, hepatic arterial embolization,

hepatic arterial chemoembolization, and hepatic arterial

radioembolization [3, 29, 93, 117–119]. Similar to pallia-

tive liver surgery, there are no randomized trials of the

comparative effectiveness of various hepatic locoregional

therapies [29]. Therefore, the choice of which approach is

used depends to a large degree on local expertise, but also

on the location and extent of the liver metastases. Hepatic

locoregional approaches are primarily considered in

patients with metastatic pNETs with metastases limited to

the liver or those patients having hepatic-predominant

metastatic disease, especially in patients with functional

pNETs in whom the hormone-excess state is not well

controlled by other modalities [29, 119].

Liver-directed strategies: radiofrequency ablation

and other locally ablative therapies

Locally ablative therapies (RFA, cryotherapy, ethanol

injections) of metastatic liver tumor foci can be performed

either using radiological techniques or at the time of sur-

gery (laparoscopic/general surgery) [21, 29, 118, 120–123].

Of these therapies, RFA is the most commonly used and is

increasingly used either alone or in combination with other

treatments, particularly surgery [3, 21, 120–122, 124].

Various studies use different selection criteria, but factors

that limit its effectiveness or are considered to be relative

contraindications include large metastatic tumor deposits

([3.5–5 cm), large numbers of lesions ([5–15 lesions),

and metastatic deposits near vital structures [3, 21, 29,
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120–122, 124]. In one of the largest recent reports,

involving 127 patients with metastatic NETs [122], of

whom 69 were treated with RFA and the others by surgical

resection (n = 29) or embolization (n = 29), RFA had the

lowest complication rate, resulted in shorter hospital stays,

and provided effective symptom relief in 91 % of the

patients for a mean of 20 months. In other studies, response

rates of 80–95 % are reported, with responses lasting up to

3 years [3, 21, 120, 123, 124]. RFA generally has low

morbidity (\15 %), although, rarely, more serious com-

plications can occur (bleeding, abscess formation) [3, 21,

120, 123]. In the NANETS 2010 guidelines and the ENETS

2012 guidelines [26, 29], it was stated that RFA’s effec-

tiveness had not been established by any controlled study;

however, it was stated that RFA could be an effective

antitumor therapy and could be used for relieving symp-

toms in patients with pNET liver metastases as well as

other metastatic NETs to the liver. Ablative therapies such

as RFA [26, 29] were recommended for palliative therapy

either in order to avoid a major surgical procedure or to

effectively supplement a surgical procedure.

Liver-directed strategies: embolization

and chemoembolization

Embolization and chemoembolization are based on the

finding that pNET metastases in the liver are highly vas-

cular and they derive their blood supply primarily from the

hepatic artery (70–80 %), whereas normal liver tissue

derives most of its blood supply from the portal vein [3, 29,

117, 125, 126]. Therefore, occlusion of the hepatic arterial

supply to the tumor affects the tumoral metastases much

more than the normal liver. Although this occlusion can be

performed at surgery, it is primarily performed using

interventional radiology via sequential intra-arterial cath-

eterization with either embolization of hepatic transarterial

branches (transarterial embolization; TAE) alone or with

the co-administration of chemotherapeutic agents (tran-

sarterial chemoembolization; TACE, with the agents

doxorubicin, 5-fluorouracil, cisplatin, mitomycin C, and

streptozotocin being used [3, 93, 117, 125, 127]. Contra-

indications to the use of TAE/TACE include hepatic

involvement of [50–75 % by the tumor, portal venous

occlusion, liver failure, post-surgical biliary reconstruction,

and poor performance status [3, 21, 125, 128]. In various

studies, 50–100 % of patients with malignant pNETs had a

symptomatic response and 25–86 % had an objective

tumor response, the mean duration of which was

6–45 months [93, 120, 125, 127, 129, 130]. Although

improved survival was reported in some studies after TAE

or TACE in patients who were not surgical candidates,

there are no randomized studies that have demonstrated

this [3, 93, 119, 128]. Both TAE and TACE can be

associated with side-effects with a mortality rate of \6 %

and complication rates of 10–80 %, including a post-

embolization syndrome of abdominal pain, nausea/vomit-

ing, and fever [21, 93, 117, 125, 131]. Serious complica-

tions rarely occur, but include abscess of the liver,

gallbladder necrosis, hepatic failure, and renal failure [21,

93, 117, 125, 131]. In both the recent NANETS 2010 and

ENETS 2012 guidelines [26, 29] it was concluded that

either TAE or TACE should be considered for palliative

treatment in patients with hepatic-predominant pNETs that

are not surgically resectable, especially if they are symp-

tomatic despite therapy; it was also concluded that TAE or

TACE are effective at controlling symptoms in most

patients and result in an objective tumor response in 50 %;

and they should be performed only in experienced centers.

Liver-directed strategies: radio-embolization or selective

internal radiation therapy (SIRT)

Radio-embolization or SIRT with 90Yttrium (90Y) micro-

spheres is a relatively new treatment, and because of the

limited number of patients treated, it was considered still

investigational in the recent ENETS 2012 guidelines [29].

Whereas 90Y microspheres have been used for some time

to treat patients with unresectable liver metastases from

colorectal cancer and hepatocellular carcinoma [132, 133],

increasingly SIRT is now being used in patients with un-

resectable pNETs and other neuroendocrine tumors. To

date, more than 500 patients have been treated with 90Y

microspheres in 16 different studies [133–144]. Two types

of 90Y microspheres are currently used for the treatment of

unresectable liver metastases: 90Y resin microspheres (SIR-

spheres, Sirtex Medical, Inc., North Ryde, NSW, Austra-

lia), which have a 20- to 60-lm diameter and a load of

approximately 50 Bq/sphere, and glass microspheres

(TheraSpheres, Nordion (Canada), Ottawa, Canada), which

have a 20- to 30-lm diameter with a radioactive content of

2500 Bq/sphere [132, 133, 135]. 90Y is a beta emitter with

a half-life of 64.2 h and an average energy of 0.94 MeV,

resulting in a tissue penetration of 2.5 mm and a maximum

tissue range of 1.1 cm; therefore, the radiation adminis-

tered in the liver is completely absorbed by the liver. Prior

to the intra-arterial administration of the 90Y microspheres

a pretherapeutic angiography is performed with the injec-

tion of 99mTc-labeled macroaggregates of albumin, to

determine that the catheter tip is in the appropriate location

and to avoid injection of the 90Y microspheres into the

gastroduodenal or cystic arteries, which can result in gas-

trointestinal ulceration or cholecystitis, respectively, if the

catheter is in the wrong location when the 90Y micro-

spheres are injected [132, 133]. A second potentially seri-

ous complication that can occur is radiation pneumonitis

due to the 90Y microspheres collecting in the lung because
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of hepatic-pulmonary shunting, which can occur in patients

with advanced metastatic disease [132, 133]. The amount

of shunting can be calculated from the results of the 99mTc-

albumin pretherapeutic angiographic studies, and the dose

of the administered 90Y microspheres can be appropriately

adjusted to avoid radiation pneumonitis [132, 133]. The

mean overall objective response rate (complete and partial

responses) with 90Y microspheres reported from 12 studies

including more than 400 patients with unresectable hepatic

metastases from various NETs (including pNETs) was

55 % (range 12.5–89 %) and stable disease was seen in

32 % (range 10–60 %) [135]. In four studies in which

symptomatic response was assessed, there was improved

quality of life or amelioration of symptoms post- 90Y

microspheres treatment, and the mean survival was

30 months [135, 137, 138, 140]. Contraindications to the

use of SIRT include inadequate liver reserve, the presence

of excess shunting (due to vascular abnormalities) to the

gastrointestinal tract or to the lung, the inability to isolate

the liver arterial tree from the gastric and small bowel

branches, and the presence of a compromised portal vein

[133, 142, 145]. In general, the side effects of SIRT are

reported to be less severe than those of chemoembolization

or embolization [133]. Grade 2 and 3 constitutional side-

effects (weight loss, fatigue, fever) occur in 43 and 1 % of

patients; gastrointestinal side-effects (nausea, vomiting,

pain, ulceration) in 25 and 5 %; radiation pancreatitis

in \1 %, radiation-induced liver disease in \1 %, and

radiation pneumonitis in \1 % [133, 142, 145].

Medical treatment of advanced metastatic pNETs

Chemotherapy of advanced metastatic pNETs

In contrast to the treatment of patients with metastatic

carcinoid tumors, chemotherapy continues to play an

important role in the treatment of pNET patients with

advanced metastatic disease [3, 29, 146, 147]. The rec-

ommended chemotherapeutic regimens differ for patients

with metastatic pNETs with well-differentiated tumors and

those with poorly differentiated tumors [3, 29, 68, 125]. In

this section, the chemotherapy of well-differentiated

pNETs will be briefly discussed and in a later section the

treatment of poorly differentiated pNETs is covered. There

is no complete agreement on when chemotherapy, in the

realm of all pNET anti-tumor treatments, should be used.

In almost all studies chemotherapy is reserved for patients

with inoperable disease, usually those with diffuse liver

metastases, and it has not been shown to be beneficial as

adjuvant therapy post-resection of liver metastases [3, 29,

125, 147, 148]. Because of its frequent side-effects,

increasingly chemotherapy is recommended if biotherapy

or targeted therapy fails, if the tumor is rapidly growing, if

the metastatic pNET is symptomatic, or if markers of poor

prognosis (such as bone or distant extrahepatic metastases)

are present [3, 29, 32, 47, 49, 149]. Chemotherapy in

patients with G1–G2 well-differentiated metastatic pNETs

generally involves combinations of streptozotocin and

5-fluorouracil, with or without doxorubicin, and has an

objective response rate of 20–45 %; complete responses

are rare and the median responses are generally short

(6–20 months) [3, 29, 119, 125, 150]. Poor responses are

reported in patients with extensive liver involvement

([75 % tumor replacement) and in those who have

received prior chemotherapy [150]. Streptozotocin-based

treatments have considerable morbidity, with 70–100 % of

patients developing some side-effect, including nausea/

vomiting (70–100 %); also, 15–40 % may develop some

degree of renal toxicity with long-term treatment [3, 125,

150]. Recently, temozolomide combined with capecitabine

has been reported to show promise in the treatment of

advanced pNETs [151–154]. In a recent retrospective study

involving 30 patients [151], a partial response rate of 70 %

was reported when temozolomide and capecitabine was

used as first-line treatment for metastatic well-differenti-

ated pNETs; the median progression-free survival rate was

18 months, the 2-year survival rate was 92 %, and only

4/30 (13 %) patients experienced a grade 3 or 4 adverse

event. The efficacy of temozolomide-based treated for

pNETs is supported by the results of other studies of this

treatment [152–154], as well as by a study of cellular

mechanisms determining NET responsiveness to alkylating

agents such as temozolomide [66]. In the study by Kulke

et al. [154], low tumoral levels of the DNA repair enzyme

O6-methylguanine DNA methyltransferase (MGMT)

occurred in pNETs and were associated with a high

response to alkylating agents in these tumors, similar to

that reported in other tumors, whereas carcinoid tumors

possessed high levels of MGMT and these high levels were

associated with a low response rate (2 %). Both the ENETS

2012 [29] and the NANETS 2010 [26] guidelines recom-

mend the use of chemotherapy in selected patients with

advanced metastatic inoperable well-differentiated (G1 or

G2) pNETs and especially in patients with advanced un-

resectable progressive tumors, particularly if rapidly

growing, symptomatic, or large-volume disease is present.

Biotherapy of advanced metastatic pNETs

Biotherapy of advanced metastatic pNETs: treatment with

somatostatin analogues Increasing evidence supports the

conclusion that somatostatin analogues are not only

effective for controlling the hormone-excess state in

functional pNETs, but that these analogues also have

important anti-tumor growth effects [3, 26, 29, 155–159].

The basis for the use of somatostatin analogues in patients
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with pNETs, similar to their use in other NETs, is that these

tumors overexpress at least one of the five subtypes of

somatostatin receptors (sst1–5) in 70–100 % of patients;

also, in numerous experimental models of various tumors,

including NETs, somatostatin analogues have anti-growth

effects [3, 155–159]. Both in patients with pNETs, as well

as in those with other NETs, there have been numerous

studies reporting the effects of somatostatin analogues on

tumor growth; however, to date, in only one study [i.e., the

PROMID (Placebo controlled, double-blind, prospective,

Randomized study of the effect of Octreotide LAR in the

control of tumor growth in patients with metastatic Midgut

tumors) study], in patients with GI-NETs (metastatic

midgut carcinoid tumors), has a randomized, placebo-

controlled trial been completed [160], although such a trial

is also being carried out in patients with pNETs using

Lanreotide-Autogel (120 mg/month) [CLARINET (Con-

trolled study of Lanreotide Antiproliferative Response in

NETs) study], but the results are not yet reported [29, 161].

In the PROMID study [160], octreotide LAR significantly

extended the time to tumor progression (14.3 vs. 6 months,

p \ 0.000072) resulting in 67 % of the octreotide-treated

patients having stable disease at 6 months compared with

37 % of the controls (p = 0.0079). In this study [160],

patients with functional (carcinoid syndrome) and non-

functional metastatic midgut carcinoid tumors responded

equally; however, there was no effect on overall survival,

perhaps because of the low numbers of deaths in both

groups. Detailed analysis of factors associated with

response showed the tumor response was significant only in

patients with low hepatic tumor load (\10 %) and was

more favorable in patients with resected primary tumors

[160]. In various studies reporting the effect of somato-

statin analogues on pNET tumor extent, objective tumor

responses with a decrease in pNET tumor size are

uncommon, occurring in \10 % of all patients; however,

tumor stabilization is frequent, occurring in 40–80 % of

patients [3, 26, 29, 155, 157–159]. Some studies report the

tumoristatic effect is more frequently seen in slow-growing

pNETs with low proliferative rates; therefore, some rec-

ommend that patients with rapidly growing pNETs or those

with higher proliferative indices be initially treated with

other modalities [3, 29, 149, 157, 162, 163]. In some cases

the tumoristatic effect (growth stabilization) can be long-

lasting ([2 years) [149, 164, 165]. At present it is unclear

by which exact mechanism(s) the antigrowth effects of

somatostatin analogues are mediated in vivo, although

different studies suggest these mechanisms could include

the ability of these analogues to stimulate apoptosis, acti-

vate phosphatases, suppress the release of various stimu-

latory growth factors, inhibit the signaling of various

growth factor receptors such as that through the insulin-like

growth factor (IGF) 1 receptor, have immunomodulatory

effects, and inhibit angiogenesis [166]. In general, with

long-term treatment with somatostatin analogues, side-

effects occur in 50 % of patients, but these effects are mild

and uncommonly lead to cessation of therapy [41]. The most

frequent side-effects are pain at the injection site, and gas-

trointestinal symptoms [15–20 %] that frequently resolve

with prolonged treatment, with the latter effect perhaps being

due to the motility effects of somatostatin analogues [41,

155, 157, 167]. Potentially more important long-term side-

effects are the development of glucose intolerance/diabetes;

steatorrhea, which is usually mild; and cholelithiases (with

10–80 % [mean 29 %] of patients developing biliary/gall-

bladder sludge, although only 1 % develop symptomatic

gallbladder disease) [41, 167]. At present the exact role of

somatostatin analogues for anti-growth effects in patients

with pNETs is unclear because of the lack of data from a

controlled trial. The ENETS 2012 guidelines conclude that

somatostatin analogues may be of use in pNET patients with

slowly proliferative metastatic disease, and therefore should

be considered as a therapeutic option if tumors are G1 [29].

Similarly the NANETS 2010 guidelines conclude that

somatostatin analogues are often first tried for their anti-

proliferative effects because of their low side-effect profile.

Lastly, in the recent National Comprehensive Cancer Net-

work (NCCN) guidelines, somatostatin analogues are

included as one of the therapies to be considered (level 2B

evidence) for patients with locoregional, unresectable, and/

or metastatic pNETs [168, 169].

Biotherapy of advanced metastatic pNETs: treatment with

interferon Similar to somatostatin analogues, interferon

is reported to be effective at controlling symptoms caused

by the hormone-excess state of various functional PNETs,

as well as having an anti-growth effect, which is primarily

tumoristatic, resulting in tumor stabilization (30–80 %),

rather than resulting in a decrease in tumor size (\15 % of

cases) [3, 7, 157]. The anti-tumor effect of interferon is

thought to be partially mediated by stimulating an increase

in bcl-2, resulting in decreased proliferation, by blocking

the cell-cycle progression in the G1 phase; by inhibiting

angiogenesis by decreasing the expression of vascular

endothelial growth factor (VEGF) and VEGF receptor (R);

by up-regulating somatostatin receptors (sst2 subtype); and

by stimulating the immune system [3, 7, 157]. Side-effects

develop in almost all patients with interferon treatment,

with the most frequent being a flu-like syndrome

(80–97 %); followed by anorexia, weight loss (60 %), and

fatigue (51 %). These side-effects frequently resolve with

continued treatment. Other side-effects include bone-mar-

row toxicity (leucopenia, anemia, thrombocytopenia);

hepatotoxicity (31 %); hyperlipidemia (31 %); autoim-

mune disorders, particularly thyroid disease (19 %); and,

rarely, central nervous system (CNS) side-effects,
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including depression, mental disorders, and visual prob-

lems [3, 157]. The ENETS 2012 guidelines concluded that

patients with low proliferating (G1), slowly progressive

pNETs and those with somatostatin-negative tumors should

be considered as candidates for interferon treatment; that

interferon treatment should be avoided in patients with

large hepatic burdens; that somatostatin analogue treatment

has less severe side-effects and thus should be considered

first; and that if interferon treatment is used it should be

titrated individually so that the leukocyte count is reduced

to approximately 3,000/ll [29, 167].

Targeted medical therapy of advanced metastatic

pNETs

Targeted medical therapy: mTOR inhibitors (everolimus)

mTOR (Fig. 2) is a serine-threonine kinase that plays an

important role in mediating proliferation, cell growth, and

apoptosis in both normal and neoplastic tissues [2, 4, 170,

171]. Numerous in vitro and in vivo studies provide evidence

that this molecule plays an important role in the growth of

NETs, particularly pNETs [4, 16, 17, 146, 170–174].

Everolimus [RAD001, Affinitor, Novaritis AG, Basel

Switzerland (Fig. 2)] is an orally active mTOR inhibitor that

has been shown to have anti-growth effects in a number of

studies involving pNETs [170, 175, 176], including a recent

large, placebo-controlled, double-blind trial [RADIANT-3

(RAD001 In Advanced Neuroendocrine Tumors, Novaritis

AG, Basel, Switzerland) trial] [17]. In this latter study [17],

410 patients with advanced, progressive pNETs were treated

with everolimus (10 mg/day) or placebo, and everolimus

demonstrated a significant improvement in progression-free

survival (11 vs. 4.6 months, p \ 0.0001) and increased by a

factor of 3.7 the proportion of patients with progression-free

survival at 18 months (37 vs. 9 % with placebo). A subgroup

analysis [17] demonstrated that everolimus treatment was of

benefit in different subgroups of patients, including those

with or without previous anti-tumor treatments. Overall

survival was not different between the two groups of

patients; however, patients randomly assigned to placebo

were able to cross-over to everolimus if the disease pro-

gressed, therefore limiting the ability to calculate the effect

of everolimus alone on overall survival [16, 17]. A sub-

sequent analysis [177] of 40 Japanese patients (23 treated

with everolimus, 17 with placebo) included in the everolimus

RADIANT-3 study described above [17], showed that ev-

erolimus treatment resulted in a significant 17-month

improvement in progression-free survival, (19.45 vs.

2.8 months), and an 81 % reduction of progression/death

(hazard ratio [HR] = 0.19, 95 % confidence interval [CI]

0.08–0.48, p \ 0.001). In the RADIANT-3 study [17] ev-

erolimus caused a twofold increase in adverse events, with

most events being grade 1 or 2, although grade 3 or 4 adverse

events did occur. The most common grade 3 or 4 side-effects

were hematological, diarrhea, stomatitis, or hyperglycemia

(ranging from 3 to 7 %) [17]. The side-effects were generally

manageable with dose reduction or drug interruption, or both

[17].

This study [17] resulted in the approval of everolimus

for use in both Europe and the United States in patients

with pNETs that were unresectable or metastatic and well-

differentiated. However, there is no agreement on the exact

place or sequence of use of everolimus in the treatment of

patients with advanced, unresectable pNETs. The ENETS

2012 [29] guidelines conclude that everolimus represents a

novel therapeutic option in patients with surgically non-

resectable pNETs after progression following chemother-

apy. They conclude that, at present, everolimus, similarly

to sunitinib (discussed below) should be considered as

Fig. 2 Mammalian target of

rapamycin (mTOR) pathway

and everolimus. Activation of

the PI3 K (phosphoinositde

3-kinase)-Akt pathway is

observed in many types of

cancers. This pathway is

involved in cell growth and

proliferation, through the serine-

threonine kinase mTOR. mTOR

acts as a central regulator of

growth, proliferation, cellular

metabolism, and angiogenesis.

Everolimus is a targeted oral

inhibitor of mTOR and

demonstrates anti-tumor activity

in pancreatic neuroendocrine

tumors (pNETs), as shown in

the figure. IGF-1 Insulin-like

growth factor-1
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first-line therapy only in selected cases [29]. In contrast, the

United States NCCN [168] and a recent review of treat-

ment of patients with metastatic pNETs to the liver [21]

listed the use of everolimus as a possible first-line treat-

ment for unresectable well-differentiated pNETs.

Targeted medical therapy: tyrosine kinase inhibitor

(sunitinib)

The tyrosine kinase receptors are a family of receptors

consisting of more than 20 members which include the

receptors for epidermal growth factor and related peptides

(EGFR), IGFRs, platelet-derived growth factor receptors

(PDGFRs), hepatocyte growth factor (c-MET), stem cell

factor (receptor = c-KIT), VEGFRs, and a number of

others. These receptors function as tyrosine kinases when

activated, which results in the phosphorylation of numer-

ous tyrosine kinase receptor residues which activate or

function as docking sites for numerous intracellular mole-

cules that are particularly important in mediating growth-

related cascades, angiogenesis, apoptosis, and differentia-

tion [172, 178].

Numerous studies have shown that pNETs, similar to

other NETs, frequently possess a number of tyrosine kinase

receptors and that these receptors can have important

growth effects in these tumors [130, 178–184]. Because of

this feature, a number of inhibitors of growth factor cas-

cades have been developed, and these inhibitors, including

monoclonal antibodies to growth factors or their receptors,

as well as small molecule inhibitors of the receptor’s

tyrosine kinase activity, show promise in the treatment of

pNETs and other NETs [19, 178, 182]. In this section,

results with the best-studied member of this class of

inhibitors for pNETs (sunitinib) will be briefly reviewed

and in a later section on future treatments, a number of

others will be briefly discussed.

Sunitinib (SU11248; Sutent, Pfizer, New York, NY) is an

orally active, small molecule inhibitor of the tyrosine kinase

activity of PDGFRs, VEGFR-1, VEGFR-2, c-KIT, and

FLT3 [178]. Numerous in vitro and in vivo studies, as well as

Phase 2 studies [182, 185] and a recently completed inter-

national double-blind, randomized Phase 3 study [18], have

demonstrated that sunitinib has anti-growth activity in

pNETs. In a Phase 2 study [186] in Japanese patients, 12

patients with pNETs with unresectable/metastatic disease

were enrolled and received 37.5 mg/day of sunitinib. The

clinical benefit ratio was 75 %, including 42 % with a partial

tumor response and 33 % with stable disease lasting for

C24 weeks [186]. In the international double-blind, multi-

center Phase 3 study [18], 171 patients with progressive

malignant pNETs were randomly assigned to either sunitinib

(37.5 mg/day) (n = 86) or placebo (n = 85). Sunitinib

treatment resulted in a doubling of the progression-free

survival (11.4 vs. 5.5 months for placebo, p \\0.001), an

increase in the rate of objective tumor response (9 vs. 0 %,

p = 0.007), and an increase in the overall survival [18].

Similar to everolimus, sunitinib was effective in various

subgroups, including patients who had or had not previously

received other anti-tumor treatments [16, 18]. Sunitinib

treatment was associated with a threefold increased occur-

rence of side-effects compared with the control, although

most side-effects were grade 1 or grade 2. However, some

grade 3 or 4 adverse events did occur, with the most common

being neutropenia (12 %), and hypertension (9.6 %) [18].

Despite these side-effects no difference was noted in a

quality of life index with sunitinib treatment, and the side-

effects were generally manageable with either dose reduc-

tion, cessation of treatment, or both [16, 18].

This Phase 3 study [18] resulted in the approval of

sunitinib for use in both Europe and the United States in

patients with well-differentiated pNETs that were unre-

sectable or metastatic. However, there is no agreement on

the exact place or sequence of use of sunitinib in the

treatment of patients with advanced, unresectable pNETs.

The ENETS 2012 [29] guidelines conclude that sunitinib,

similar to everolimus, represents a novel therapeutic option

in patients with surgically non-resectable pNETs after

progression following chemotherapy. They conclude that,

at present, everolimus/sunitinib should be considered as

first-line therapy only in selected cases [29]. In contrast, the

United States NCCN [168] and a recent review of treat-

ment of patients with metastatic pNETs to the liver [21]

listed the use of everolimus/sunitinib as a possible first-line

treatment for unresectable well-differentiated pNETs.

Peptide receptor radionuclide therapy (PRRT)

with radiolabeled somatostatin analogues

Peptide receptor radionuclide therapy (PRRT) with radio-

labeled somatostatin analogues is based on the over/ectopic

expression of somatostatin receptors by 60–100 % of

pNETs, which allows targeting of a cytotoxic radiolabeled

compound to the tumor [3, 22, 187–189]. Two different

radiolabels are most frequently used: analogues labeled

with 90Yttrium(90Y), which strongly emit b-particles, have

a maximum energy of 2.27 MeV, maximal tissue pene-

tration of 12 mm, and a half-life of 2.7 days; or somato-

statin analogues labeled with 177Lutetium (177Lu), which

emit b-particles and gamma rays, have a maximum energy

of 0.5 MeV, maximal tissue penetration of 2 mm, and a

half-life of 6.7 days [3, 22, 189]. A number of different

somatostatin analogues and attached chelators to allow

binding of the radioisotope have been used in various

studies, with the most frequent chelators being DTPA

(diethylene triamine penta-acetic acid) and DOTA

(1,4,7,10-tetraazacyclododecane-1,4,7,10-tetra-acetic acid)
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and with the most used peptide-chelator combinations

being [DOTA0,Tyr3]octreotate (DOTATATE) or [DOTA0,

Tyr3]octreotide(DOTATOC)[22, 189]. 90Y-[DOTA0,Tyr3]

octreotide, 90Y-[DOTA0,Tyr3]octreotate, or 90Y-[DOTA0]

lanreotide were examined in 10 studies involving more

than 440 patients with various malignant NETs (pNETs,

carcinoids), and these treatments resulted in complete

tumor response occurring in 0–6 % of the patients, partial

tumor regression in 7–37 %, and tumor stabilization (i.e.,

no additional growth) in 42–86 % [3, 22, 187, 189]. Results

with 177Lu [DOTA0,Tyr3]octreotate were reported from

510 patients with various malignant NETs (40 % pNETs),

with a complete response being found in 2 %, partial tumor

regression in 28 %, minor tumor response in 16 %, and

tumor stabilization in 35 % [190–192]. In one of these

studies [190], in which tumor response was assessed in 310

patients with NETs (40 % pNETs), prognostic factors for

any response with 177Lu-[DOTA0,Tyr3]octreotate were the

presence of high uptake of the radioisotope by the tumor on

the Octreoscan and a Karnofsky performance score of [70

[22, 190]. The median duration of an objective response

was 46 months and the median disease-related survival was

not reached ([48 months). Factors associated with

decreased disease-specific survival after 177Lu -[DOTA0,

Tyr3]octreotate treatment [190] included failure to achieve

a tumor response and the presence of progressive disease

(p \ 0.001), extensive liver involvement compared with

moderate/none (p \ 0.001), Karnofsky index of B70

(p = 0.001), baseline weight loss (p = 0.001), the pres-

ence of bone metastases (p = 0.004), and the presence of

a gastrinoma/insulinoma/VIPoma (p = 0.04). Side-effects

did occur with PRRT but were usually mild [3, 22, 189,

190, 192]. Acute side-effects with such treatment (pain,

vomiting, nausea) occurred in approximately 30 % of

patients, but were usually mild and could be treated

symptomatically [3, 22, 189, 190, 192]. More severe

side-effects included hematological toxicity (15 % tran-

sient, 0.8 % developed a myelodysplastic disorder), liver

toxicity (0.6 %), and renal toxicity, primarily with

patients receiving 90Y-labeled somatostatin analogues

(these side-effects could be limited by co-administration

of an amino acid solution with the treatment) [3, 22,

189, 190, 192]. Although a number of analyses com-

paring the results of PRRT with those of other anti-

tumor therapies for patients with unresectable meta-

static NETs (pNETs and carcinoids) have suggested that

PRRT is a promising therapy [190, 193, 194], no pro-

spective, controlled study supports these conclusions at

present, although one such study is now underway.

Hence, in the NANETS 2010 [26], the ENETS 2012

[25], the Nordic 2010 [28], and the ESMO [27] guide-

lines, PRRT is listed as an experimental or investiga-

tional treatment.

Possible future treatments of patients with

well-differentiated pNETs with advanced disease

Other strategies targeting the mTOR pathway

With basic science studies, as well as results showing the

effectiveness of the mTOR inhibitor, everolimus, support-

ing the importance of the mTOR pathway in pNET path-

ogenesis and growth, a number of other newer therapies are

also being aimed at this pathway. These include the pos-

sibility of overcoming resistance to the mTOR inhibitors

that frequently emerges over time with continued treat-

ment, in part due to the up-regulation of AKT via the IGF-

1R/PI3K pathway, by down-regulating this effect with the

simultaneous use of somatostatin analogues or the inhibi-

tion of IGF-1 signaling by administering the monoclonal

antibody, cixutumumab. In turn, the PI3 K/AKT/mTOR

pathway can be inhibited at different points by the use of

kinase inhibitors such as BEZ235 or INC128 [19, 195]. In

addition, another mTOR inhibitor (temsirolimus) shows

promise and is being evaluated [172, 196], as well as ati-

primod, a pro-apoptotic and anti-angiogenic compound

which inhibits both the STAT3 and mTOR/AKT pathways

[172].

Strategies targeting angiogenesis

pNETs, similar to other NETs, are highly vascular tumors

[172, 179]. A number of studies report the effect of bev-

acizumab, a monoclonal antibody directed against VEGF,

combined with other therapies (octreotide, temozolomide,

capecitabine, everolimus) having some benefit in patients

with various NETs (pNETs and carcinoids)[19, 119, 172,

178, 179, 197–199]. Thalidomide is an orally active

immunomodulatory agent that causes inhibition of tumor

necrosis factor (TNF)-alpha, but that also has anti-angio-

genic activity, principally by inhibiting the VEGF and

basic fibroblast growth factor (FGF) pathways [172]. It is

being further evaluated in well-differentiated metastatic

NETs, because it showed activity in one study when

combined with temozolomide in the treatment of advanced

NETs (carcinoids and pNETs) [172, 200]. The IGF-1R1

can be inhibited by MK-0646, a monoclonal antibody that

blocks IGF-1R, or by AMG479, which is a human mono-

clonal antibody that antagonizes IGF-1R by inhibiting its

interaction with IGF-1 or IGF-2; these two monoclonal

antibodies are being evaluated in NETs [19, 173, 201].

Strategies targeting growth factor receptors using other

tyrosine kinase inhibitors

In addition to sunitinib, whose results with pNETs are

reviewed above, numerous other tyrosine kinase inhibitors
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show some activity in various NETs, including pNETs, and

are undergoing additional studies. These include imatinib,

with activity against bcr-abl, PDGFR, and c-KIT; sorafe-

nib, an inhibitor of VEGFR-2, VEGFR-3, RAF, PDGFR,

FLT-3, and c-KIT; vatalanib, an inhibitor of VEGF-1 (Flt-

1), VEGFR-2 (FLK-1/KDR), and at higher concentrations

c-KIT, PDGFR-beta, and c-FMS Tk; gefitinib (Iressa;

Astra-Zeneca, Wilmington, DE) a small molecule inhibitor

of the EGFR [172, 202]; and pazopanib, with activity

against VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-alpha,

PDGF-beta, and c-Kit [172, 178, 182, 198, 201];

Strategies targeting somatostatin receptors

Both octreotide and lanreotide, the currently approved

somatostatin analogues used in the treatment of pNETs,

have high affinity for only somatostatin receptor subtypes 2

and 5 (sst2, sst5). However, pNETs and other NETs fre-

quently possess other somatostatin receptor subtypes [3,

156, 157, 188]. Pasireotide (SOM230) has high affinity for

sst1, sst2, sst3, and sst5 [203] and it is being evaluated both

for its possible enhanced anti-growth effects on NETs and

for its antisecretory effects [19, 202].

Treatment of patients with poorly differentiated pNETs

with advanced disease

Poorly differentiated pancreatic neuroendocrine tumors

account for \1 % of all malignant pNETs and 2–3 % of all

pNETs [68]. These high-grade malignancies are charac-

terized by histological features characteristic of aggressive

growth (Grade 3 with high Ki 67 index, [20 %, but usually

50–90 %; presence of necrosis; nuclear atypia), rapid

growth, and poor clinical prognosis [8, 63, 66, 68, 83, 204].

Poorly differentiated pNETs differ from the well-differ-

entiated pNETs discussed in the sections above not only in

their biological behavior and prognosis, but also in a

number of other features. These include: poorly differen-

tiated pNETs frequently have low densities or the absence

of somatostatin receptors, and therefore somatostatin

receptor scintigraphy is rarely useful in these patients and

somatostatin analogues are not used for their antiprolifer-

ative action in these tumors; on immunohistochemical

staining, these poorly differentiated pNETs may lack

chromogranin A; however, synaptophysin is usually pres-

ent and is therefore is useful to help identify the tumor as a

NET; and in up to 40 % of poorly differentiated pNETs,

elements of non-neuroendocrine cancers may be present

[63, 68, 83]. To image the extent of poorly differentiated

pNETs, CT scanning, MRI scanning, and [18F]-fluorode-

oxy-glucose positron emission tomographic scanning are

usually used for both the initial staging and to monitor

response to therapy [83]. Most patients with poorly dif-

ferentiated pNETs have regional or distant metastases at

diagnosis, and although surgery is rarely curative it should

be considered in patients with limited disease at initial

presentation [66, 68]. Systemic chemotherapy should be

used in patients with inoperable disease if the patients have

adequate performance status and no contra-indications [68,

83]. The recommended treatment is cisplatin-based drugs

combined with etoposide either alone or in combination

with other agents (vincristine, paclitaxel); such treatment

induces remission in 14–80 % of patients, with a mean

duration of response of \12 months [27, 68, 83, 84, 147,

205, 206]. This chemotherapy can be associated with major

toxicity, especially myelosuppression and gastrointestinal

toxicities (nausea/vomiting) [84, 206, 207].
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