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gastrinoma and nonsecretory tumors present clinically as mass effect and @

metastases. PNETs occur sporadically or as part of the multiple endocrine
neoplasia type and von Hippel-Lindau and von Recklinghausen syndromes.
Biomarkers for these tumors include peptides that are known to be secreted,
and in addition chromogranins useful for detection, pancreastatin and
Neurokinin A. New techniques are being developed for tumor localization,
including PET scanning and peptide receptor scanning. Neuroendocrine
tumors tend to be more sensitive to containment using somatostatin analogs
and the currently available analog that binds the somatostatin receptors 2
and 5 will soon include agonists that also target the 1, 3 and 4 receptors. This
at least has the theoretical advantage of greater efficacy, if not specificity,
and a wider range of tumor targets. Two new agents have been approved for
treating PNETSs; a tyrosine kinase inhibitor and an mTOR inhibitor, which have
interesting actions on increasing progression-free survival. Perhaps of great
interest is the prediction of response to these agents based upon mutations
involving the tyrosine kinase or mTOR pathway, the MENI gene and the
ret proto-oncogene and the recent recognition of DAXX and ATRX genes
associated with chromatin remodeling. There is emerging concurrence on
the pathology and staging of these tumors. Of additional benefit is the use
of bone alkaline phosphatase and telopeptide as markers of osteoblasts and
osteoclast activation. Surgical excision remains the mainstay of treatment
of the primary tumor and somatostatin analogs control symptoms and may
have some antitumor activity. Recently there has been interest in health-
related quality of life. Of particular interest is the relationship of quality of
life to progression-free survival and to the pathophysiology of these tumors.
A flurry of interest in the use of combination therapies and interventions
based upon known pathophysiology is likely to be rewarded with new and
emerging treatment for PNETs in the not too distant future.

tumors collectively termed gastroenteropancreatic (GEP) neuroendocrine tumors
(NETs). Alcthough rare, there is heterogeneity in their clinical course, histologic S C I E N c E

appearance, molecular derangements and hormone production. Several classification

Classification
Pancreatic neuroendocrine tumors (PNETs) are part of a larger group of indolent F U T U R E
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schemes have been used to attempt to meaningfully cat-
egorize NETs. GEP NETs have been classified based
on their embryologic origin in the GI tract as foregut,
midgut and hindgut NETs. Midgut NETs are more
functionally active in their hormone production, while
hindgut NETs tend to be more clinically silent.

Clinically, NETs are also stratified as being functional
and nonfunctional tumors, based on their ability to pro-
duce clinical syndromes as a result of their hormone secre-
tion. It has become increasingly recognized that PNETs
may present with paraneoplastic syndromes in addition
to the traditional manifestations due to hormone excess,
including fever, myopathies, neuropathies and cachexia
amongst others, which are thought to be due to their abil-
ity to produce a variety of cytokines and to activate oxida-
tive and nitrosative stresses. For a listing of the clinical pre-
sentation, the hormones produced and the common sites
see Table 1. The term paraneoplastic refers to the ability of
some tumors to produce signs and symptoms at a distance
from the site of the primary tumor or metastases, and
which may well develop before the tumor becomes appar-
ent. PNETs also have the capability of causing neuro-
logical manifestations such as peripheral neuropathy and
Eaton—Lambert syndrome, which develop as a result of
autoantibodies elicited by malignant cells that crossreact
with nerve cells leading to neurological sequelae.

Of particular interest is the emergence of a recently
recognized iatrogenic condition, a consequence of
the global explosion of gastric bypass procedures, the
mechanism of which are still obscure. This condition
is termed noninsuloma pancreatogenous hypoglycemia
syndrome (NIPHS). This is a recently recognized syn-
drome occurring in adults who have had gastric bypass.
Although not caused by a distinct PNETs, the presenting
signs and symptoms may be confused with insulinoma.
Therefore, physicians who treat patients with NETs need
to be familiar with this syndrome. Initially described in
adults as sporadic cases, NIPHS has been reported by
Service et al. at the Mayo Clinic developing approxi-
mately 1-3 years after a roux-en-Y gastric bypass and pre-
senting with neuroglycopenic symptoms approximately
1-3 h postprandial 1. With the rising use of gastric
bypass in the USA for weight loss management, other
institutions have since reported similar cases after gastric
bypass [2-4]. Fasting studies are negative for insulinoma
and localizing studies, including computed tomography
(CT) scan, ultrasound and angiography, are negative for
identifying a source of hypoglycemia. Selective arterial
calcium stimulation testing can be equivocal in the set-
ting of NIPHS, often showing elevated insulin levels in
more than one arterial distribution. Usual sites of eleva-
tion include the splenic (the tail and body of pancreas)
and superior mesenteric artery (uncinate process) distri-
butions and less often the gastroduodenal artery (head)
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distribution. Most cases have been successfully treated
with distal pancreatectomy to the level of the superior
mesenteric vein even when calcium stimulation stud-
ies have shown elevated insulin levels predominantly, in
the gastroduodenal artery or superiro mesenteric artery
distribution [s]. Most patients have improvement or reso-
lution of postprandial hypoglycemia. Examination of
pancreatic specimens with NIPHS have shown B-cell
hypertrophy, increased islet cell size with hyperchromatic
nuclei and increased periductular islet cells. Findings are
characteristic of nesidioblastosis, which is seen in neo-
nates and infants with persistent hyperinsulinemic hypo-
glycemia. Patients can be medically managed primarily
or for recurrence with diazoxide. Other useful agents
include acarbose and verapamil. The etiology of NIPHS
after roux-en-Y gastric bypass is unknown. Proposals
include bypass of the proximal intestine, secretion of
GLP-1, decreased ghrelin or hyperinsulinemia with rapid
weight loss. It is unclear if this syndrome will also be seen
in patients who undergo gastric banding.

PNETs
Pancreatic neuroendocrine tumors have an estimated
incidence of less than 1 per 100,000 individuals [6-3].
PNETs are divided into two groups: those associated
with a functional syndrome due to ectopic secretion
of a biologically active substance, and those that are
not associated with a functional syndrome, known as
nonfunctional PNETs (NF-PNETs) [6-9]. Functional
PNETs include insulinomas, gastrinomas, VIPomas,
somatostatinomas, glucagonomas, growth-hormone
releasing factor secreting (GRFomas), and a group of
less common PNETs including PNETs secreting ACTH
(ACTHomas) and causing Cushing’s syndrome, PNETs
causing carcinoid syndrome, PNETs causing hypercalce-
mia and, very rarely, PNETs ectopically secreting lutein-
izing hormone, renin or erythropoietin [¢]. Functional
PNETs and NF-PNETs also frequently secrete a num-
ber of other substances (chromogranins, neuron-specific
enolase, subunits of human chorionic gonadotropin,
neurotensin and ghrelin [6-9]. In terms of relative fre-
quency, NF-PNETs are, at present, the most frequently
found pancreatic endocrine tumors, occurring approxi-
mately twice as frequently as insulinomas, which are
generally more frequent than gastrinomas followed by
glucagonomas, VIPomas and somatostatinomas [6.7.9,10].
PNETs can occur both sporadically and in patients
with various inherited disorders [6,11]. PNETs occur in
80-100% of patients with multiple endocrine neopla-
sia type I (MEN I); in 10-17% of patients with von
Hippel-Lindau syndrome (VHL); up to 10% of patients
with von Recklinghausen’s disease (neurofibromatostis-1
[NE-1]), and occasionally in patients with tuberous scle-
rosis [11]. Of these autosomal dominant disorders MEN1
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Table 1. The clinical presentations, syndromes, tumor types, sites and hormones of gastroenteropancreatic

neuroendocrine tumors.

Clinical presentation
Flushing

Diarrhea abdominal
pain and dyspepsia

Diarrhea/
steatorrhea

Wheezing

Ulcer/dyspepsia
Hypoglycemia

Dermatitis

Dementia
Diabetes

DVT, steatorrhea,
cholelithiasis,
neurofibromatosis

Silent, liver
metastases

Acromegaly

Cushing's syndrome
Pigmentation

Anorexia,
nausea, vomiting,
abdominal pain

Hypoglycemia

Weakness, lethargy,
apathy

Hyperandrogenism,
gynecomastia,
hyperthyroidism

Hypertension

Syndrome

Carcinoid, medullary
carcinoma of
thyroid and
pheochromocytoma

Carcinoid, WDHA, ZE,
PP and MCT

Somatostatin,
bleeding and GI tract

Carcinoid

ZE
Whipple's triad

Sweet syndrome,
pellagra

Sweet syndrome

Glucagonoma and
somatostatin

Somatostatin

Silent

Acromegaly,
gigantism
Cushing's
Pigmentation
Hypercalcemia

Autonomic and

CNS symptoms of
hypoglycemia
Hyponatremia, SIADH

Malignant
hypertension

Tumor type

Carcinoid, C cell tumor
and tumor of chromaffin
cells

Carcinoid, VIPoma,
gastrinoma, PPoma,
medullary carcinoma,

thyroid and mastocytoma

Somatostatinoma and
neurofibromatosis

Carcinoid

Gastrinoma

Insulinoma, sarcoma and
hepatoma

Glucagonoma and
carcinoid

Glucagonoma

Glucagonoma and
somatostatinoma

Somatostatinoma
PPoma
NET, PNET, Pheo

NET, PNET, Pheo
NET
NET, PNET, Pheo

NET, PNET

NET, PNET, Pheo

PET

PET, pheo- and
para-ganglioma

Sites

Mid/ foregut, adrenal medulla,
gastric, thyroid, C cells, adrenal
and sympathetic nervous
system

As above, pancreas, mast cells
and thyroid

Pancreas and duodenum
Gut, pancreas and lung
Pancreas and duodenum
Pancreas and retroperitoneal
liver

Pancreas and midgut

Pancreas

Pancreas

Pancreas and duodenum

Pancreas
Pancreas islet

Pancreas islet, lung, pheo, MTC
Pancreas islet
Pancreas islet and pheo

Pancreas and carcinoid

Lung, pancreas and pheo

Pancreas

Paraganglioma and NET

Hormones

Serotonin,

CGRP, calcitonin,
metanephrine and
normetanephrine

As above, VIP, gastrin,
PP and calcitonin

Somatostatin

SP, CGRP and
serotonin

Gastrin

Insulin, IGF1 and
IGF11

Glucagon and
serotonin

Glucagon

Glucagon and
somatostatin

Somatostatin

PP
GHRH

CRH and ACTH
MSH

PthRP, Pth, TGFB, IL,
250-HD, 1:25 OHD-
bone alk phos, NTx

IGF, IGF2 and prolGF,
GLP-1, GLP-2

ADH, ANP

LH, FSH, prolactin
and TSH

Renin, prorenin
and aldosterone

Adapted from [106,107].

25-OHD: 25-hydroxyvitamin D; ACTH: Adrenocorticotropic hormone; ADH: Antidiuretic hormone; ANP: Atrial natriuretic peptide; CGRP: Calcitonin gene-related
peptide; CRH: Corticotropin-releasing hormone; DVT: Deep vein thrombosis; FSH: Follicle-stimulating hormone; GHRH: Growth hormone releasing growth hormone;
GLP: Glucagon-like peptide; LH: Luteinizing hormone; MCT: Medullary carcinoma of the thyroid; MSH: Melanocyte-stimulating hormone; MTC: Medullary thyroid
carcinoma; NET: Neuroendocrine tumor; NTx: N-telopeptide; Pheo: Pheochromocytoma; PNET: Pancreatic neuroendocrine tumor; PP: Pancreatic polypeptide;

PTH: Parathyroid hormone; PTH-rp: Parathyroid hormone-related peptide; SIADH: Syndrome of inappropriate secretion of antidiuretic hormone; SP: Substance P;
TSH: Thyrotropin-stimulating hormone; VIP: Vasoactive intestinal peptide; WDHA: Watery diarrhea, hypokalemia and achlorhydria; ZE: Zollinger—Ellison.

future science group

Clin. Invest. (2011) 1(10)

1457



Review: Clinical Trial Outcomes

Feliberti, Perry & Vinik

is the most frequent in patients with PNETs [11,12].
MENT is caused by mutations in chromosome 11q13
resulting in alterations in the MENI gene, which has
important effects on transcriptional regulation, genomic
stability, cell division and cell cycle control [11]. Patients
with MENI develop hyperplasia or tumors of multiple
endocrine and nonendocrine tissues including parathy-
roid adenomas (95-100%) resulting in hyperparathy-
roidism; pituitary adenomas (54—-65%), adrenal adeno-
mas (27-36%), various carcinoid tumors (gastric, lung,
thymic; 0-10%), thyroid adenomas (<10%), various
skin tumors (80-95%), CNS tumors (<8%) and
smooth muscle tumors (<10%) [11]. In MENT patients,
80-100% develop pancreatic NF-PNETs, but in most
patients they are small or microscopic, causing symp-
toms in only 0-13% [11]. Gastrinomas (>80% duode-
nal) develop in 54% of MENI patients, insulinomas
in 18% and glucagonomas, VIPomas, GRFomas and
somatostatinomas in <5% [11]. In VHL, 98% of all
the PNETs that develop in 10-17% of the patients are
NEF-PNETs, in the 0-10% of NF-1 patients developing
a pancreatic endocrine tumors, they are characteristi-
cally duodenal somatostatinomas that do not cause the
somatostatinoma syndrome. In tuberous sclerosis, rare
functional and NF-PNETs are reported [11].

NF-PNETs

NF-PNETs are intrapancreatic in location, characteristi-
cally large (70% >5 cm), and at an advanced stage when
first diagnosed with 60—85% having liver metastases in
most series [6,9,13,14]. NF-PNETs are not associated with a
clinical hormonal syndrome, presenting with symptoms
due to the tumor including abdominal pain (40-60%),
weight loss or jaundice [6,89.13,14]. In recent years, they
are increasingly being discovered by chance on imag-
ing studies performed for nonspecific abdominal symp-
toms [6,15]. Although NF-PNETs do not secrete peptides
that cause clinical syndromes, they characteristically
secrete a number of other peptides, which are helpful in
their diagnosis. These include chromogranins, especially
chromogranin A (CgA; 70-100%) and pancreatic poly-
peptide (PP; 50-100%) [6.8.9.13.14]. The presence of an
NEF-PNET is suggested by the presence of a pancreatic
mass in a patient without hormonal symptoms, with an
elevated serum PP or CgA level or a positive octreoscan
(somatostatin receptor scintigraphy [SRS]; discussed in
the next section). However an elevated PP level or CgA
level is not specific for NF-PNETs (6,8,9,13,14].

m Incidence

PNETs have traditionally been described as rare tumors.
Although the incidence of these tumors is low, because
patients often live for many years the prevalence of the
disease is higher. An accurate assessment of the incidence
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and prevalence of NETs has been challenging since these
tumors can be classified under multiple names from car-
cinoid to NETs to functional tumors. A recent study of
the US SEER database by Yao e al. sought to overcome
this challenge by querying the database for all NETs
using multiple International Clasification of Disease
for Oncology, 3rd Edition, codes [16]. This included
codes for functional NETs, islet cell carcinomas, entero-
chromaffin cell carcinoids, atypical carcinoids, goblet
cell carcinoids, composite carcinoids and neuroendo-
crine carcinoids. This analysis showed that the inci-
dence of NETs has increased from 1.09 per 100,000
of the population in 1973 to 5.25 in 2004. The most
common NETs of the gut are carcinoid tumors, with an
incidence of approximately 1.5 cases per 100,000 of the
general population. Another common site of NETs is
the lung, with an incidence of 1.35 per 100,000, whilst
the incidence of PNETs in 2004 was 0.32. NETs occur
more commonly in African—Americans compared with
whites. The most common sites in African—Americans
are the rectum (1.8 per 100,000), small bowel (0.88)
and pancreas (0.36). The estimated 29-year limited
duration prevalence of carcinoids in the USA was
103,312 cases, making carcinoids more prevalent than
pancreatic, gastric or esophageal cancer. In comparison
with other sites of NETS, PNETs were most likely to
present with distant metastases (64%), while present-
ing with localized disease in only 14% of cases. This
was associated with one of the lowest median survivals
of NETs by site of primary, with a median survival of
42 months.

m Pathology & staging

The pathology of these lesions remains confusing and
controversial and there is no universally recognized
classification system. There are a variety of competing
systems currently in use, including those developed by
the WHO and ENETS. The WHO’s 2010 classifica-
tion uses site-specific criteria and grade to classify these
tumors. For example, low-grade GEP-NETs are consid-
ered neuroendocrine neoplasms, grade 1, intermediate-
grade neuroendocrine neoplasms, grade 2, and high-
grade neuroendocrine carcinomas, grade 3 [17]. Despite
the differences among the systems, common elements
include distinction of well differentiated (low and
intermediate grade) from poorly differentiated (high
grade) NETs. Measures of cell differentiation include
mitotic index, Ki67, presence of angioinvasion, size and
functional activity. Proliferative rate of these lesions
also appears important in prognostic assessment [18].
A minimum pathology dataset has been suggested to
standardize the information in pathology reports [19]. A
detailed discussion of the pathology of these tumors is
beyond the scope of this review and, therefore, readers
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are referred to the excellent coverage of this topic in the
NANETS guidelines [18]. The AJCC 7th Edition now
includes staging of PNETs. The staging of PNETs is

identical to the staging of adenocarcinoma [20].

= Molecular genetics

Although NETs of the gastroenteropancreatic system
appear histologically similar, there is heterogeneity in
the hormones produced based on their site of origin and
in association with familial syndromes. Although most
are sporadic, PNETs are unique among NETs in their
association with familial syndromes. The clinical course
and prognosis of sporadic PNETs differs from PNETs
that occur in MENI. For example, surgical resection of
sporadic gastrinoma patients results in better disease-
free survival compared with patients with MENI [21).
PNETs may arise in the setting of MEN1, NF1, VHL
and tuberous sclerosis complex. MENT1 has germline
mutations in the MENI gene which is located on chro-
mosome 11q13 and encodes the nuclear protein menin
that interacts with such nuclear proteins such as junD,
SMAD3 and NF-kB. MENI is a tumor-suppressor
gene. As with all tumor-suppressor genes, loss of het-
erozygosity is required for the mutated gene to be inacti-
vated. In sporadic PNETSs, mutations in the MENI gene
are detectable in only 21% of cases [22]. Interestingly,
over 50% of PNETs exhibit losses at chromosome
11q13 and/or more distal parts on the long arm of the
chromosome. This suggests that there may be a tumor-
suppressor gene distal to the menin gene that may be
involved in tumorigenesis of PNETs. Losses on chromo-
some 1 and gains on 9Q also appear to be important
in the development of sporadic PNETs [23]. This is in
contradistinction to midgut and hindgut NETs, which
frequently show losses on chromosome 18q [24]. Another
mechanism of tumor formation in PNETs includes pro-
moter hypermethylation in silencing tumor-suppressor
gene expression. The most commonly silenced genes are
RASSFIA (75%) pl6/INK4A (40%) and O6-MGMT
(40%) [25]. Alterations in known oncogenes such as Kras
and p53 occur uncommonly in PNETs [26,27].

A study from Johns Hopkins in patients with PNETs
revealed that the three most commonly mutated genes
were MENI, DAXX and ATRX, which are associated
with chromatin remodeling. Patients with these muta-
tions tended to live longer than patients with other
mutations. Mutations in the mTOR pathway were noted
in 14% of tumors [28].

= Tumor markers

Diagnosis of PNETs is based on clinical presentation
and symptoms, biochemical assays and pathology.
Serum markers relate to specific clinical syndromes.
Such markers include serum insulin and pro-insulin
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levels for insulinoma, plasma gastrin levels for gastri-
noma, vas-active intestinal peptide levels in VIPoma
and glucagon levels in glucagonoma. Markers com-
mon to GEP-NETs and useful for NF-NETs include
CgA, which can be elevated in 60-80% of GEP-NETs.
Indeed, CgA remains the most useful and widely avail-
able tumor marker in NETs. However, there are certain
pitfalls in the use of CgA. False elevations may occur
in a variety of conditions including renal insufficiency,
uncontrolled hypertension, pregnancy, steroid treat-
ment and treatment with proton pump inhibitors [29].
A recent finding indicates that breakdown products of
CgA can also be elevated in NETs and can be prog-
nostic. One such product is pancreastatin, which is
derived from the protein CgA. Its effects are thought
to counteract those of insulin. It can be elevated in insu-
lin-resistant states such as gestational diabetes and has
also been found to be elevated in NETs. Calhoun ez 4/.
reported that in 31 carcinoid patients, pancreastatin
levels were elevated in 81% and it was the only elevated
hormone in 57% [30]. Elevated pancreastatin levels in
the setting of carcinoid tumor can provide prognostic
information. Bloomston et a/. reported that in meta-
static carcinoid patients undergoing hepatic arterial
chemoembolization, a pretherapy pancreastatin level
greater than 5000 pg/ml was associated with a decreased
survival 31]. A decrease of at least 20% of pancreastatin
levels after chemoembolization was associated with a
radiologic reduction of tumor bulk.

Determining prognosis

Chromogranin A

Other than the applications of CgA previously dis-
cussed, this marker can be used for prognosis and
follow-up. Jensen et al. found that a reduction on CgA
levels >80% after cytoreductive surgery for carcinoid
tumors predicts symptom relief and disease control; it
is associated with improved patient outcomes, even after
incomplete cytoreduction [32].

Pancreastatin

One of the post-translational processing products of
CgA has been found to be an indicator of poor outcome
when its concentration in plasma is elevated before treat-
ment in patients with NETs. A level of >500 pmol/l
is an independent indicator of poor outcome. This
marker is also known to correlate with the number of
liver metastases, so it would be appropriate to use it in
the follow-up of NET patients. Furthermore, Stronge
et al. found that an increase in pancreastatin levels fol-
lowing somatostatin analogue therapy is associated with
poor survival 33]. Other studies have shown that pan-
creastatin should be measured prior to, during and after
treatment. Plasma levels of this marker >5000 pg/ml at
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pretreatment were associated with increased periproc-
edure mortality in patients with NETs who underwent
hepatic artery chemoembolization [31.

These observations suggest that pancreastatin is poten-
tially very useful as a marker, not only for diagnosis but,
more importantly, for monitoring treatment response.

Neurokinin A

Neurokinin A (NKA) has been shown to have strong
prognostic value. In 2006, Turner ¢t al. showed that, in
patients with midgut carcinoid who had raised plasma
NKA, a reduction of NKA after somatostatin analogue
therapy was associated with an 87% survival at 1 year
compared with 40% if it increased. They also con-
cluded that alteration in NKA can predict improved or
worsening survival [34].

Diagnosis of bone metastasis
Metastases from NETs can be either lytic and/or osteo-
blastic. There may be an increased osteoclast activity con-
tributing to lytic lesions and/or an increase in osteoblastic
activity responsible for blastic metastases. Bone markers
in lytic and osteoblastic metastases therapy include bone
alkaline phosphatase (an indicator of osteoblast func-
tion) and urinary N-telopeptide, which reflects osteoclast
activity or bone resorption. Somewhat paradoxically, only
blastic metastases show an increase in both markers [33].
Increased osteoclast activity predicts a poor out-
come, with a relative risk (RR) for high N-telopeptide
(>100 nmol BCE/mM creatinine) of skeletal-related
events (RR = 3.3; p <0.001); disease progression
(RR=2.0; p<0.001) and death (RR = 4.6; p<0.001) 36].
A detailed discussion of biochemical testing for
specific clinical syndromes is beyond the scope of this
review. The 72 h fast remains the gold standard for the
diagnosis of insulinoma. The presence of elevated fast-
ing gastrin and low gastric pH, with confirmation by a
secretin stimulation test, remains the standard for the
diagnosis of gastrinoma. Table 1 provides a summary
of the clinical syndromes and the hormone/cytokines
produced. For a more detailed discussion, the reader is
referred to the ENETS consensus guidelines [29].

Imaging & localization: imaging of PNETs

m General

Imaging of the primary tumor location and the extent
of the disease is needed for all phases of management of
patients with PNETs. It is needed to determine whether
surgical resection for possible cure or possible cytore-
ductive surgery is needed, if treatment for advanced
metastatic disease is appropriate and, during follow-
up, to assess the effects of any antitumor treatment as
well as the need for deciding whether additional treat-
ments directed at the PNETs are indicated [6,13,37,38].
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Functional PNETs (especially insulinomas and duode-
nal gastrinomas) are often small in size and localiza-
tion may be difficult [6,13,3738]. A number of different
imaging modalities have been widely used including
conventional imaging studies (CT, MRI, ultrasound
and angiography) (39-42; endoscopic ultrasound (EUS)
[6.43.44) functional localizations studies measuring hor-
monal gradients [645-47]; intraoperative methods (par-
ticularly intraoperative ultrasound) [6,48.49] and, recently,
the use of PET scanning preoperatively [42.50-52]. A few
important points in regard to each will be made below.

m Conventional imaging studies for PNETs

(CT, MRI, ultrasound & angiography)

Even though PNETs are highly vascular tumors and
most of these studies are now performed with con-
trast agents, the results with conventional imaging
studies are, to a large degree, dependent on the tumor
size [6,37.39,53.54]. While conventional imaging studies
detect >70% of PNETs of >3 cm, they detect <50%
of most PNETs of <1 cm, therefore these studies fre-
quently miss small primary PNETs (especially insu-
linomas and duodenal gastrinomas) and small liver
metastases [6,37,39,53,54]. At least one of these modalities
is generally available in most centers, with CT scan-
ning with contrast most frequently used as the first
imaging modality.

m Somatostatin receptor scintigraphy

PNETs frequently overexpress somatostatin receptors
(>80% except insulinomas), particularly subtypes SST
2 and 5, which bind various synthetic analogues of soma-
tostatin (octreotide and lanreotide) with high affinity
[6.40-42,55]. A number of radiolabeled somatostatin ana-
logues have been developed to take advantage of this find-
ing in order to image PNETs, with the most widely used
worldwide, and the only one available in the US, being
MIndium-DTPA-octreotide (Octreoscan™) [6,40-42.55].
SRS combined with computerized tomographic detec-
tion (SPECT imaging) is more sensitive than conven-
tional imaging for detection of both the primary (except
insulinomas) pancreatic endocrine tumors and metastatic
PNETs: to liver, bone or other distant sites [40-4255-57].
This sensitivity allows SRS to detect 50-70% of primary
PNET: (less frequent with insulinomas or duodenal gas-
trinomas) and >90% of patients with metastatic disease
[6.40-42,58,59]. SRS also has the advantage of allowing
total body scanning to be carried out quickly and at one
time, and its use has resulted in a change in manage-
ment of 24—47% of patients with PNETs [6,40-42.58,59].
False-positive localizations can occur in up to 12% of
patients, thus it is important to interpret the result within
the clinical context of the patient and by doing so, the
false-positive rate can be reduced to 3% [6.41,59.60].
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= Endoscopic ultrasound

Endoscopic ultrasound combined with fine needle aspi-
ration can be useful in distinguishing a PNET from
adenocarcinoma or some other cause of a pancreatic
mass [6.43.44]. Fine needle aspiration is rarely used to
diagnose functional PNETs because they are sug-
gested by symptoms and the diagnosis is established
by hormonal assays [6.13). EUS is much more effec-
tive for localizing intrapancreatic PNETs than extra-
pancreatic PNETs, such as duodenal gastrinomas or
somatostatinomas (6,13,43]. EUS is particularly helpful in
localizing insulinomas, which are small, almost always
intrapancreatic and frequently missed by conventional
imaging studies and SRS [6,13.43]. EUS can identify
intrapancreatic primary pancreatic endocrine tumors
in approximately 90% of cases [6.43]. EUS can also play
an important role in the management of patients with
MENT1 who have NF-PNETs in 80—-100% of cases or, in
patients with NF-PNETs with VHL syndrome, which
occurs in 10-17% of cases. These NF-PNETs are often
small and their management is controversial [6,11,61-63].
EUS can detect many of these small NF-PNETs and it
has been proposed that serial evaluations with EUS be
used to select which MEN1 or VHL patients should
have surgery [6,11,61-64].

m Functional localization (assessing hormonal
gradients) & PET scanning for PNETs

Assessment of hormonal gradients is now rarely used,
except occasionally in patients with insulinomas or
gastrinomas not localized by other imaging meth-
ods [6.45-4753,65]. When used it is now usually performed
at the time of angiography and combined with selective
intra-arterial injections of calcium for primary insulino-
mas or secretin for a primary gastrinoma or possible met-
astatic gastrinoma in the liver with hepatic venous hor-
monal sampling [6.45-47:53.65]. PET scanning for PNETs
is receiving increasing attention because of its increased
sensitivity [6,50-53]. With PNETs, "C-5 hydroxytryp-
tophan or ®Gallium-labeled somatostatin analogues
have been shown to have greater sensitivity than SRS
or conventional imaging studies and, therefore, may
be clinically useful in the future. At present neither of
these methods are approved for use in the USA and are
therefore not available at the current time [6,42,50-52].

m Intraoperative localization of PNETs
During surgery the routine use of intraoperative ultra-
sound is recommended, especially for PNETs [6.48,49], and
for small duodenal tumors (especially duodenal gastri-
nomas) endoscopic transillumination [6,66,67) in addition
to routine duodenotomy is recommended [6,21,43,67-69].
Standard imaging for these tumors include anatomic
and morphologic imaging, such as CT or MRI, and
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functional imaging such as SRS. The lack of radiation
exposure is a potential advantage of MRI in younger
patients. SRS may provide better staging than conven-
tional imaging techniques and may also provide par-
ticularly useful information prior to patients undergoing
exploration. SRS will also occasionally reveal occult pri-
mary lesions not detected on other imaging modalities.
It may also reveal unsuspected metastatic disease and
provide information on somatostatin-receptor status,
which is important if octreotide treatment is a consider-
ation. For patients with PNETs, endoscopic ultrasound
combined with fine needle aspiration biopsy is often
useful. For patients with tumors in certain sites, such
as liver metastases, image-guided core biopsy may be
useful; however conventional 18 FDG-PET has limited
utility in the routine management of these patients. In
difficule-to-localize insulinomas, their ability to bind
GLP-1 has recently led to the development of GLP-1
receptor imaging techniques [70].

Imaging and localization techniques continue to
evolve. A number of studies have shown a potential role
for ¥Ga-DOTATATE PET in patients with negative
or equivocal SRS. ®Ga-DOTATATE PET identified
more lesions than SRS and changed management in
nearly 71% of patients [71]. These results are similar to
those seen with ®*Ga-DOTATOC PET [51]. A number
of studies have shown that EUS has a high sensitivity
(80%) for detection of PNETs [72]. Contrast enhance-
ment during EUS can improve the detection of PNETs,
and allow distinction between these tumors and con-
ventional adenocarcinoma [73.74]. Indeed, such contrast
enhancement has also been shown to be beneficial in
conventional trans-abdominal ultrasound [7s].

The standard imaging scheme of anatomic and
functional imaging is useful for most patients with
functional and nonfunctional PNETs. More invasive
modalities, such as selective angiography and/or tran-
shepatic portal venous sampling, are required much less
often than in the past due to the improvements in cros-
sectional imaging and the development of SRS. These
more invasive modalities do remain useful in certain
patients, such as those with gastrinoma and insulinoma
in whom conventional noninvasive imaging has failed
to localize the lesion.

Readers interested in more information on imaging
and localization are referred to the ENETS guidelines
on somatostatin receptor imaging [76], and the ENETS
guidelines for radiologic examination [77].

Treatment

m Surgical management

Surgical resection remains one of the cornerstones of
PNETs management. Surgical treatment should be
individualized, based on the extent of the disease and
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the overall medical condition of the patient. A multi-
disciplinary team is essential in devising the treatment
strategy and sequencing of treatments.

Resection of the primary tumor can be curative in
patients who have localized nonmetastatic disease.
Primary tumor size and location are important crite-
ria in helping decide appropriate surgical management.
PNETs >3 cm in size are more often malignant. Patients
with PNETs who undergo surgery should, in general,
have the entire pancreas explored with a combination of
palpation and intraoperative ultrasound. Patients with
gastrinoma should also undergo duodenotomy and
resection of any identified abnormalities, as originally
recommended by Thompson et al. (73].

Patients with metastatic disease may also benefit from
an aggressive surgical approach. For example, resection
of primary small bowel carcinoid tumors should be con-
sidered even in the presence of distant metastases to
prevent future intestinal obstruction [79]. Some authors
have also shown that resecting the primary tumor in
these patients improves survival [80]. Such an approach
is supported by the NANETS guidelines (81].

Even in the face of malignant metastatic disease,
some patients with PNETs may benefit from an aggres-
sive surgical approach with resection of the primary
tumor. Similar results are seen in patients with PNETs.
This was demonstrated by a recent study of PNETs that
analyzed the SEER database and showed an odds ratio
of 0.48 (95% CI: 0.35—0.66) for those who underwent
surgical resection of the primary tumor compared with
those who were recommended for, but did not proceed
with, surgery [82]. The benefit of resecting the primary
tumor was seen in all disease stages, including stage 4.

As always, the aggressiveness of the surgery needs to
be balanced with the potential morbidity and mortal-
ity of surgery. Enucleation of small primary PNETs is
equivalent, and often superior to, pancreatic resection,
particularly for lesions of the pancreatic head [s3]. It
must be recognized that these more limited procedures
may understage some patients, but the effect of such
understaging on long-term outcomes is unknown. To
address this potential problem, lymph node sampling
has been recommended in patients who undergo pan-
creas-sparing procedures [84]. Liver transplantation is
a controversial option in highly selected patients with
neuroendocrine liver metastases. For further infor-
mation on surgical debulking and the role of liver
transplantation, readers are referred to the NANETS
guidelines [81.85].

m Systemic treatment

Systemic treatment is generally reserved for patients
with advanced disease, particularly in patients with
poorly differentiated tumors with high ki67 index.
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Conventional systemic chemotherapy, predominantly
streptozotocin often combined with other agents, has
shown disappointing results. A recent study of 79
chemo-naive patients with locally advanced or meta-
static NETs at various sites examined the response to a
combination of 5-FU, cisplatin and streptozotocin. An
overall response rate of 33%, stable disease in 51% and
progression in 16% were noted. Grade and mitotic index
were the best predictors of response. Median time-to-
progression was 9.1 months, and median overall survival
was 31.5 months [8¢].

Somatostatin analogues have long been a mainstay
in the treatment of metastatic NETs. Somatostatin is
effective in reducing the symptoms of NETs including
flushing and diarrhea. Indeed, response to octreotide
has been shown to correlate with patients who have
a decrease in CgA levels after octreotide testing [87].
Faiss et al. reported in a prospective multicenter trial
evaluating the efficacy of lanreotide, IFNa and their
combination in metastatic NETs, a partial response
or stable disease in 32% of patients treated with lan-
reotide compared with 29.6% for IFNa and 25% for
the combination (88]. This study found that foregut
tumors, of which PNETs comprised 72%, had a sta-
tistically shorter time-to-progression compared with
midgut tumors. Symptoms (diarrhea, flushing) were
more significantly reduced with combination treat-
ment than either monotherapy, but combination
therapy had a higher incidence of side effects and
led to a 25% (seven of 28 patients) interruption of
therapy compared with 14.8 and 12% for IFNa and
lanreotide respectively. The lower response rate of
the somatostatin arm compared with prior studies is
thought to be due to the nonrandom and nonblinded
prior reports, as well as the high number of foregut
tumors, which are less responsive to somatostatin
therapy. The PROMID trial evaluated the efficacy of
somatostatin monotherapy in the form of octreotide
30 mg intramuscular injection every 28 days versus
placebo on time-to-progression in metastatic midgut
NETs [89]. Octreotide showed 66.7% stable disease
at 6 months compared with 37.2% for placebo. This
effect was similar in functional and nonfunctional
carcinoid tumors. The time-to-progression was longer
in the octreotide group at 14.3 versus 6 months. There
was no significant reduction in symptoms (diarrhea
or flushing). A similar study for PNETs has not yet
been conducted.

In view of the limited activity of systemic chemo-
therapy, a variety of other agents have been examined.
Recent interest has included studies of tyrosine kinase
inhibitors such as sunitinib. In a study examining
107 patients with advanced NETs, (carcinoid n = 41;
pancreatic endocrine tumor n = 66) the overall response
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rate to sunitinib was 16.7% and 68% had stable disease.
Median time-to-progression was 7.7 months in pancre-
atic neuroendocrine tumor patients and 10.2 months
in carcinoid patients [90]. A recently reported multina-
tional, randomized, double-blind, placebo-controlled
trial confirmed the activity of sunitinib in patients
with advanced, well-differentiated pancreatic neuroen-
drocrine tumors. A total of 171 patients were entered
on this study. Median progression-free survival was
11.4 months in the sunitinib group, compared with
5.5 months in the placebo group. Nine deaths were
reported in the sunitinib group (10%) versus 21 in the
placebo group (25%) [91]. A small study with temo-
zolimide as monotherapy in 36 patients with advanced
malignant NETs of multiple sites revealed radiologic
response in 14%, stable disease in 53%, and overall
time-to-progression of 7 months [92]. One small study of
29 patients with metastatic carcinoid, pheochromocy-
toma or pancreatic endocrine tumors showed somewhat
better results with the combination of temozolimide and
thalidomide, with a biochemical response rate of 40%,
radiologic response of 25%, and a median duration of
response of 13.5 months. Results were somewhat bet-
ter in pancreatic endocrine tumors than in carcinoid
tumors [93].

Additional excitement has been generated by a
study of mTOR inhibitors, either alone or combined
with octreotide therapy. mTOR is a serine—threonine
kinase involved in the regulation of cell growth and
death through apoptosis. It transduces signals mediated
through the PI3K/Akt pathway and activates down-
stream protein kinases involved in ribosomal biosyn-
thesis and translation of mRNAs vital for cell cycle
progression. Upstream mTOR can be regulated by the
tumor suppressors NF1 and PTEN and the protein
complex TSC1/TSC2. Since neurofibromatosis type 1
and tuberous sclerosis are associated with development
of PNETs, mTOR may be a potential target for medi-
cal therapy in patients with PNETs. Everolimus is an
orally available mTOR inhibitor shown to be effective
in inhibiting tumor growth in preclinical models [94].
A single institutional study of 30 patients with carci-
noid and 30 patients with islet cell tumors treated with
everolimus 5 and 10 mg daily combined with octreotide
LAR 30 mg every 28 days showed a partial response
rate of 22%, stable disease in 70% and progressive dis-
ease in 8% of patients with advanced carcinoid and
islet cell carcinomas (95]. A subsequent multinational
Phase IT study, the RADIANT 1 trial, has reported the
efficacy of everolimus alone and in combination with
octreotide in patients with metastatic PNETs that have
progressed on chemotherapy [96]. Monotherapy with
everolimus produced stable disease in 67.8% of patients
and a partial response in 9.6%, while combination
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therapy resulted in 80% stable disease and 4.4% par-
tial response. Everolimus also resulted in a decrease
in CgA and neuron-specific enolase levels in 50.7 and
68.2% of patients, respectively. An early tumor marker
response (>50% decrease by 4 weeks) was associated
with a significantly longer progression-free survival.
Further trials evaluating the efficacy of everolimus in
NETs are planned. A randomized Phase III, double-
blind, multicenter trial (the RADIANT 2 trial), will
compare the combination of everolimus plus octreotide
LAR with octreotide LAR plus placebo in patients with
advanced carcinoid tumors. The RADIANT 3 trial isa
Phase III trial studying everolimus as first-line therapy
in patients with advanced PNETs. The results of this
trial were recently reported [96]. A total of 410 patients
with radiologic progression of disease were random-
ized to everolimus 10 mg once daily or placebo. The
median progression-free survival was 11 months with
everolimus compared with 4.6 months with placebo,
representing a 65% reduction in estimated risk of pro-
gression or death. The proportion of patients alive and
progression-free at 18 months was 34% with everolimus
compared with 9% with placebo. Toxicities were mostly
grade I or II [97). A Phase II clinical trial (CALGB-
80701) of everolimus with or without bevacizumab
in patients with advanced or metastatic PNETs has
recently been opened.

It remains difficult to assert that one form of systemic
therapy is superior to another, due to the relatively small
size of the available studies, the heterogenous group of
tumors included in the studies, as well as the different
degrees of pretreatment of the patients in these stud-
ies. Agents such as the tyrosine kinase inhibitor suni-
tinib and mTOR inhibitor everolimus appear to give
response rates similar or better to conventional systemic
therapy with less toxicity. In addition, some studies sug-
gest that the mTOR inhibitors have a higher response
rate in chemo-naive patients and appear useful in the
multimodality treatment of these patients.

m Other forms of treatment
The use of conventional external beam radiation ther-
apy is little discussed; however, external beam radiation
therapy can be useful for palliation of painful lesions
including bony metastases. A study from the University
of Michigan (MI, USA), that examined 36 patients
treated at 49 tumor sites, showed effective palliation
in 90% of patients and a 3-year local freedom-from-
progression rate of 49%. A greater benefit was observed
in those patients who received more than the median
of 2 Gy per fraction biologically equivalent dose of
49.6 Gy [98).

Hepatic artery chemoembolization or bland embo-
lization with gel foam remains a mainstay in the
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management of patients with liver metastases. A
recent study of chemoembolization combined with
somatostatin therapy resulted in relief of systems in
78% of patients. Monitoring of serum pancreast-
atin levels predicted a response to this therapy in
which radiographic improvement or stability were
seen in 45% of patients [99]. Very good results have
also been observed in radioembolization using resin
%°Y-microspheres. A total of 148 patients were treated in
185 separate procedures. A complete response was seen
in 2.7%, partial response in 60.5%, stable disease in
22.7% and progressive disease in 4.5% of patients. No
radiation-induced liver failure occurred and median
survival was 70 months [100]. This appears to be a
promising approach.

The use of radiolabeled somatostatin analogues has
also been studied. In a study of 504 patients, treatment
with the analogue "’Lu-DOTA 0, TYR3 octreotate
showed complete response in 2%, partial response in
28% and minor responses in 16% of patients. Median
time-to-progression was 40 months and toxicity was
minor (101]. A more detailed discussion of this topic is
beyond the scope of this review. For details interested
readers are referred to the ENETS consensus guidelines
on peptide-receptor radionuclide therapy [20]. It should
be noted that this therapy in general is quite costly and,
in the USA, this form of therapy is usually not covered
by third party insurance companies.

m Prognosis

A variety of prognostic factors have been identified. In
patients with metastatic disease, grade, mitotic rate and
Ki67 indexes correlated with survival in the metastatic
setting [102]. In patients undergoing resection, a study
of the National Cancer Database revealed that age,
grade and distant metastasis could be used to develop a
post-resection prognostic score [103]. Similar results were
shown by analyzing the SEER database, where advanced
stage, higher grade and age were the strongest predictors
of survival [104].

Patients with metastatic NETs frequently have
prolonged survival. Due to the multiplicity of treat-
ments that are available, and the apparent similarity
in response rates and outcomes, assessment of quality
of life (QOL) is critical. The Norfolk QOL tool is a
seven-domain tool that has been shown to be reliable
and reproducible [105]. Information on the effects of the
various treatments on QOL will be important when it
comes to selecting treatment.

Future perspective

Of critical importance in PNETs is the development
and validation of biomarkers that will allow earlier rec-
ognition and detection as well as enhancement in the
sophistication of techniques for relatively noninvasive
tumor localization. Better biomarkers are needed for
prediction of success of therapy as well as projected mor-
bidity and mortality. While the role of TK and mTOR
have recently drawn attention, a number of other path-
ways are coming to the fore with a great deal of promise
for new therapeutics. The likelihood is that pharmaco-
dynamics and pharmacotherapeutic efficacy will be
greatly enhanced by the emergence of proteomics,
metabolomics and genomics, which have already shown
promise in predicting outcomes. Ultimately, PNETs
have arrived with the need to enhance QOL and tools
have been developed that relate outcomes, progression-
free survival and hormonal and cytokine expression to
the impact on QOL, clearly a highly desirable outcome
for treatment of these tumors.
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Executive summary

= Pancreatic neuroendocrine tumors are uncommon, but the incidence is increasing.

m Advances in molecular genetics have increased the understanding of this diverse group of diseases and identified several new
potential targets for therapy.

m In addition to Chromogranin A, recent data demonstrate that measurement of pancreastatin levels is useful in assessing
response to therapy and prognosis.

m Imaging and localization techniques continue to improve and evolve.

m More cases of noninsulinoma pancreatogenous hypoglycemia syndrome are expected due to the increasing popularity of gastric
bypass surgery. Surgical treatment remains a cornerstone of the management of the patients with neuroendocrine tumors.

m The use of newer agents such as tyrosine kinase inhibitors and mTOR inhibitors have shown promising results in patients with
metastatic disease. Radiologic management of these tumors also continues to evolve.

m Due to the the long disease course, assessment of quality of life will be important in helping select among the
various treatments.
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