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ABSTRACT. Pancreatic endocrine neoplasms are rare pancreatic tumours that may occur

sporadically or as part of inherited syndromes such as multiple endocrine neoplasia-1
syndrome, von Recklinghausen disease, von Hippel-Lindau syndrome and tuberous
sclerosis complex. Recent advances in the genetics and pathology of hereditary
syndromes have provided valuable insights into the pathophysiology and biology of
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sporadic pancreatic endocrine neoplasms. Evolving molecular data on the biology of

these neoplasms have the potential for diagnostic, therapeutic and prognostic use.

Pancreatic endocrine neoplasms (PENs) are rare neo-
plasms accounting for less than 3% of all pancreatic
neoplasms [1]. PENs may be categorised as functional or
non-functional tumours based on the characteristic
clinical syndromes they cause owing to specific hormone
synthesis and secretion. Non-functional PENs costitue
almost half of all PENs. Insulinomas and gastrinomas
account for up to 50% of the functional PENs. PENs
demonstrate a variable malignant potential; while 90% of
insulinomas are benign, 60% of other functional and non-
functional PENs show malignant characteristics [2].

Recent advances in pathology and genetics coupled
with detailed studies of patients with hereditary syn-
dromes of PENs have led to better understanding of
histogenesis, molecular genetics and dominant oncolo-
gical pathways employed by these tumours. It is now
believed that some PENSs, despite remarkable similarity
to the pancreatic islet cells, originate from pluripotent
cells in the pancreatic exocrine (ductal/acinar) system.
Continued progress in the field of molecular genetics has
provided useful information about the causative genes,
their locations and their putative functions, leading to
better understanding of inherited syndromes charac-
terised by the development of PENs. All four hereditary
PEN syndromes, inherited as autosomal dominant dis-
orders, are characterised by germline mutations leading
to inactivation of the tumour suppressor genes. It is
interesting to note that a subset of sporadic PENs are
associated with variable loss of chromosome fragments or
somatic inactivation of tumour suppressor genes involved
in the pathogenesis of hereditary PEN syndromes.

In addition to standard cross-sectional modalities (multi-
detector CT, MRI and ultrasonography), somatostatin
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receptor CT/single-photon emission CT (SPECT) and
endoscopic and intra-operative sonography play important
roles in accurate tumour detection and localisation. While
surgery is curative with low-stage tumours, a spectrum of
treatment modalities (including the use of somatostatin
analogues and small-molecule tyrosine kinase inhibitors)
are being investigated to treat patients with advanced,
symptomatic disease. Cross-sectional imaging also plays a
major role in detecting recurrences and monitoring treat-
ment response following targeted therapies.

Pancreatic endocrine neoplasms:
epidemiology, taxonomy and natural history

Pancreatic endocrine neoplasms are discovered most
commonly in the fourth and fifth decades of life and
demonstrate a slight female predominance [3]. The
incidence of PENs in unselected autopsy studies is as
high as 1.6% and rises to 10% in autopsies at which the
whole pancreas is examined both grossly and micro-
scopically [4]. A substantial increase in the incidence of
these tumours has been noted over the last 30 years, due
in part to increased detection secondary to advances in
imaging technologies and techniques [5].

PENs are classified clinically as functional or non-
functional depending on the presence or absence of sym-
ptoms related to intrinsic hormone release. Functional
PENs such as insulinomas, gastrinomas, glucagon-
omas, somatostatinomas and vasoactive intestinal peptide
tumours (VIPomas) present with symptoms arising from
hormonal hypersecretion, and thus present early while
they are still small (Table 1). Non-functioning PENs (NF-
PENs) tend to be larger in size at time of presentation,
with the majority detected in asymptomatic individuals or
in individuals with symptoms related to mass effect or
metastasis [6]. Of note, although NF-PENs produce no
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Table 1. Summary of the most common pancreatic neuroendocrine neoplasms

Tumour Symptoms and clinical findings Primary location Malignant (%)

Insulinoma Hypoglycaemia, Pancreas (equally throughout) 5-15
neuroglycopenic symptoms

Gastrinoma Abdominal pain, Gastrinoma triangle >50
diarrhoea, peptic ulcers

Glucagonoma Necrolytic migratory Pancreas (tail) >60
erythema, hyperglycaemia,
venous thrombosis, weight loss

VIPoma Watery diarrhoea, Pancreas (tail > head, body); >50

hypokalaemia, achlorhydria
(WDHA syndrome)

Somatostatinoma Hyperglycaemia, cholelithiasis,
diarrhoea, steatorrhoea
Non-functioning Abdominal pain, weight loss
tumours

rarely adrenal and
periganglionic tissue
Pancreas, duodenum >60

Pancreas (head > body, tail) 60-90

VIPoma, vasoactive intestinal peptide tumours.

clinical signs of hormonal excess, they may produce a
precursor hormone that is functionally inert or occurs in
amounts too small to be clinically relevant. The relative
frequency of PENs varies in surgical or medical series, but
most recent studies suggest the following relative order of
incidence: NF-PENSs, insulinomas, gastrinomas, glucago-
nomas, VIPomas, somatostatinomas, others [7]. Up to 90%
of insulinomas are found in the pancreas, with an even
distribution in the head, body and tail. Almost 80%
of sporadic gastrinomas are located in the gastrinoma
triangle, defined superiorly by the junction of cystic and
common bile duct, inferiorly by the junction of second and
third part of duodenum, and medially by junction of body
and neck of pancreas [3, 8].

The biological profile and growth pattern exhibited by
each subtype of PEN has been found to be independent
of the clinical classification. Thus, in 2004, the World
Health Organization devised a clinicopathological clas-
sification for pancreatic endocrine neoplasms (Table 2).

Most PENs occur sporadically (90%). However, they
may occur as part of the following hereditary syndromes:
multiple endocrine neoplasia-1 (MEN-1), von Reckling-
hausen disease (neurofibromatosis-1; NF-1), von Hippel-
Landau (VHL) syndrome and tuberous sclerosis complex

(TSC) [9]. All these syndromes demonstrate an autosomal
dominant inheritance pattern with a specific mutation of
the causative genes (MEN VHL, NF-1 and TSC1/2), all of
which function as tumour suppressor genes. The molecular
and clinical genetics of tumour susceptibility syndromes in
which PENs may occur have greatly contributed to the
understanding of tumorigenesis (Table 3).

In contrast to ductal adenocarcinoma, the most com-
mon pancreatic neoplasm, which shows a 5-year survival
rate of less than 5%, PENs (including malignant tumours)
portend a better prognosis. Completely resected PENs
show an overall median survival of 7 years, and even
unresectable tumours, in the absence of widely metastatic
disease, are associated with a median survival in the order
of 5 years [10].

Pancreatic endocrine neoplasms: histogenesis
and histopathology

PENs were originally hypothesised to arise from
immature stem cells of the neuroendocrine system
referred to as APUD (amine precursor uptake and
decarboxylose) cells [11], yet recent studies suggest an

Table 2. Clinicopathological classification of endocrine tumours of the pancreas

Well-differentiated endocrine tumour

Benign behaviour: confined to the pancreas, non-angioinvasive, <2 cm in size, =2 mitoses and =2% Ki-67-positive cells/10 HPF
Uncertain behaviour: confined to the pancreas, =2 cm in size, >2% Ki-67 positive cells/10 HPF or angioinvasive, perineural

invasion
Well-differentiated endocrine carcinoma

Low grade malignant with gross local invasion and/or metastases
Poorly differentiated endocrine carcinoma, small-cell carcinoma, high grade malignant, >10 mitosis/HPF

HPF, high power fields; Ki-67, antigen/protein that is a proliferation marker.

Table 3. Genetic syndromes associated with pancreatic endocrine neoplasm (PEN)

Syndrome Gene location Gene product PEN frequency and tumour type

MEN-1 1193 Menin 80-100% (non-functioning, gas-
trinoma, insulinoma)

VHL 3p25.5 pVHL 12-17% (all non-functioning)

NF-1 17q11.2 Neurofibromin 6% somatostatinoma

TSC 9934 (TSC1) 16p13.3 (TSC2) Hamartin, tuberin <5% either functioning or non-
functioning

MEN-1, multiple endocrine neoplasia-1; NF-1, neurofibromatoses-1 (von Recklinghausen disease); TSC, tuberous sclerosis

complex; VHL, von Hippel-Landau.
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Figure 1. High-power photomicrograph using the chromo-
granin stain reveals diffusely positive cytoplasmic staining of
the tumour cells.

exocrine lineage of some PENs. Histologically, how-
ever, PENs are similar to endocrine tumours from other
primary sites. The growth pattern within the tumour
itself can be solid, nested, trabecular, ribbon-like, tubu-
loacinar or glandular; mixed patterns within a tumour
are common [12, 13]. The monotonous tumour cells show
nuclei with finely stippled chromatin. The cytoplasm
varies from pale to moderately eosinophilic. By immu-
nohistochemistry, more than 95% of PENs label for
chromogranin and/or synaptophysin, the latter being
more consistently expressed (Figure 1) [14]. Barring two
exceptions (insulinomas, which show amyloid deposi-
tion, and somatostatinomas of the periampullary duo-
denum, which may show psammoma bodies), the
histological pattern is not distinctive enough to deter-
mine the functional status of the tumours [13]. Cystic
change in PENSs histologically has been felt to represent a
degenerative alteration within the tumour. In one review
on cystic lesions in the pancreas, cystic PENs represent-
ed 1.5% of the tumours studied [15]. Calcifications and
osseous metaplasia have also been identified within
these tumours [16].

Multiple endocrine neoplasia-1: loss of menin,
a tumour suppressor gene product

MEN-1 syndrome is an autosomal dominant disorder
that is characterised by multifocal endocrine tumours
involving the anterior pituitary, parathyroid, stomach,
duodenum, pancreas, adrenal cortex and lungs. In
addition, various uncommon tumours may occur in the
skin, central nervous system and soft tissues such as
angiofibromas and collagenoma [17, 18]. Typically,
patients with MEN-1 syndrome present with hyperpar-
athyroidism in the third decade of life, and develop
clinical symptoms related to PEN between the ages of 35
and 50 years (in 20-70% of cases) [18]. In a large
pathology series, almost all patients with MEN-1 were
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found to harbour a small, non-functioning PEN at
autopsy [19]. A variety of PEN subtypes are found in
MEN-1 patients, including NF-PENs (80-100%), gastri-
nomas (20-61%), insulinomas (7-31%) and other func-
tioning tumours (<5%). A strong association of NF-PENs
and gastrinomas is seen with MEN-1, whereas insulino-
mas, VIPomas and glucagonomas have been shown less
frequently with the MEN-1 syndrome [20]. Overall,
about 10% of PENs are found to be associated with
MEN-1. MEN-1 syndrome is also diagnosed in 20-25% of
all patients with gastrinomas and 4% of patients with
insulinomas [21].

The pancreatic tumours associated with MEN-1 syn-
drome are typically multiple and widespread (Figures 2
and 3). The most characteristic MEN-1 pancreatic lesion is
pancreatic microadenomatosis, defined as the presence of
numerous pancreatic microadenomas (up to 5mm in
diameter) [22]. Gastrinomas seen with MEN-1 may also
arise in the duodenum. In contrast to sporadic PENs, the
tumours associated with MEN-1 tend to present at an
earlier age (30-50 years), have a higher rate of post-
operative recurrence and are a common cause of death in
these patients [19].

MEN-1 syndrome is the result of an inactivating
mutation of the MEN-1 gene. The MEN-1 gene is a
tumour supressor gene that is located on chromosome
11q13 (gene product: menin). Genetic mapping studies
show somatic loss of heterozygosity (LOH), suggesting
the two-hit hypothesis. Initially, a germline mutation
affects the MEN-1 gene, making the carrier of the
inherited defective gene heterozygous and predisposed
to tumour development (first hit), and then a somatic
inactivation of the unaffected allele by LOH occurs
(second hit), resulting in the development of MEN-1-
associated lesions [23, 24].

Menin is a cell cycle-regulated nuclear protein, and is
assumed to play an important role in pathways control-
ling cell growth and differentiation during embryogenesis
and post-natal life. Menin has been shown to interact with
numerous proteins involved in regulation of transcrip-
tion, DNA replication, mitosis, apoptosis, genome integ-
rity, growth factor signalling pathways and extracellular
matrix organisation [18, 25]. Menin binds to activating
protein-1 transcription factor JunD and neuronal factor kB
(NF-xB), resulting in inhibition of transcription caused by
each of these proteins. Menin also interacts with SMA/
mothers against decapentaplegic (MAD) Drosophila homo-
logue protein 3 (SMAD3), and the SMAD1/5 complex
results in enhanced transcriptional activation and trans-
forming growth factor f (TGFB) signalling. Studies of
menin in irradiated cells have indicated that menin may be
important for repairing DNA damage.

Multiple allelic deletions involving chromosomes 6, 8,
10, 11, 18 and 21 have also been demonstrated in PEN
arising in MEN-1 patients [26]. Inter- and intratumoral
genetic heterogeneity or variation is noted, suggesting that
there is chromosomal instability in these tumours [26].

It has been noted that 5% to 93% of PENs from patients
with sporadic PENs (not caused by MEN-1) show LOH
at the MEN-1 locus (11q13), and from 27% to 39%
of the sporadic tumours had a mutation in the MEN-1
gene [27-30]. The most common sporadic PENs contain-
ing somatic MEN-1 mutations are gastrinomas and
NF-PENs [29-31]. These observations suggest that the
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(2) (b)

Figure 2. 48-year-old male with multiple endocrine neoplasia-1 and elevated gastrin levels. (a, b) Axial contrast-enhanced CT in
the arterial phase shows two hypervascular lesions (white arrows) in the pancreas head and body. At time of surgery the entire
pancreas was found to be studded with multiple gastrinomas. Total pancreatectomy was performed. Incidental note is made of

bilateral adrenal adenomas.

MEN-1 gene may be involved in the pathogenesis of both
familial and sporadic PENs, and also suggest a possibility
of additional tumour suppressor genes located on the
distal part of 11q that may co-operate with the MEN-1
gene in the pathogenesis of PENs.

von Hippel-Lindau disease: dysregulation of
hypoxia-inducible factor pathway due to von
Hippel-Lindau gene inactivation

VHL syndrome is characterised by retinal or central
nervous system haemangioblastomas, clear cell renal

carcinomas, and a phaeochromocytomas, as well as
pancreatic cystic tumours and PENs [32]. Pancreatic
lesions are noted in 20-75% of patients with VHL [33];
however, the majority of these pancreatic lesions are
reported to be true cysts (91%). Other pancreatic lesions
associated with VHL include cystadenomas (12%), PENs
(10-17%), haemangioblastomas (<1%) and adenocarci-
nomas (<1%) [34].

Endocrine pancreatic tumours in VHL patients are being
increasingly recognised and emerging as life-threatening
lesions because other serious associated diseases (i.e. renal
carcinomas, symptomatic central nervous system haeman-
gioblastomas and phaeochromocytomas) are now well

(b)

Figure 3. 31-year-old male with multiple endocrine neoplasia-1 and history of subtotal thyroidectomy for medullary cancer. (a, b) Axial
contrast-enhanced CT in the arterial phase shows multiple hypervascular lesions (white arrows) in the pancreatic head and tail.
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recognised and better managed [35]. Almost all VHL-
related pancreatic PENs reveal LOH of the VHL gene locus
on chromosome 3p25 [36]. The gene product pVHL is a
tumour suppressor protein and is involved in oxygen-
dependent, proteosomal degradation of the alpha subunit
of hypoxia-inducible factor (HIF-2), a key regulator of the
tissue hypoxia response mechanism. Inactivation of VHL
thus leads to inappropriate up-regulation of HIF and its
downstream hypoxia response genes, including vascular
and somatic growth factors, resulting in angiogenesis and
cell proliferation. Investigations in a kindred with VHL
PEN revealed LOH in other sites of chromosome 3p,
suggesting that apart from the VHL gene, other suppressor
genes, not yet identified, may cause these tumours [37].

PENSs in the setting of VHL syndrome have been seen
to occur in young patients, may be multiple (up to five),
can be located anywhere in the pancreas, are functionally
inactive (immunohistochemistry may however demon-
strate focal positivity for pancreatic polypeptide, soma-
tostatin, glucagon and/or insulin in 30-40% of cases)
and are not associated with either microadenomas or
nesidioblastosis [38—-40]. VHL-related pancreatic PENs
also grow slowly. Although VHL-related tumours are
often multifocal, precursor lesions have not been iden-
tified in a systematic analysis of 14 patients [36]. The
distinguishing feature of VHL PEN on histology is clear
cell morphology, seen in up to 60% of tumours [36].

The risk of malignancy in PEN in association with
VHL syndrome seems to be directly proportional to the
diameter of the tumour, as with sporadic PEN. In the
largest reported series of 30 patients, the median size of
the tumour in patients without metastases was 2cm
(n=25) compared with 5cm for those with metastases
(n=5) [39].

Allelic loss on chromosome 3p has also been described
in one-third of sporadic PENs; however, the region of
allelic loss did not involve the VHL locus [41]. A novel
gene located close to the VHL locus is thus suspected to be
associated with development of sporadic PENS. It has also
been noted that the tumours with 3p allelic loss were
associated with metastatic disease, whereas PENs show-
ing an intact 3p region were more likely to be benign [41].

Neurofibromatosis-1: loss of neurofibromin, a
tumour suppressor protein

NF-1, a neurocutaneous phakomatosis, is clinically
characterised by the presence of café au lait spots on the
skin, cutaneous or subcutaneous neurofibromas, optic
gliomas, benign iris hamartomas and specific dysplastic
bone lesions. The prevalence of NF-1 has been estimated to
be 1 in 4500 newborns [42]. Duodenal somatostatinomas
are the most frequent endocrine tumours in NF-1, and
uncommonly pancreatic somatostatinomas (16 times less
common than duodenal somatostinomas), insulinomas or
pancreatic NF-PEN and gastrointestinal stromal tumours
are also noted. Characteristically these tumours occur
in the periampullary region, cause biliary dilatatio
and present with jaundice and/or pancreatitis. NEF-1
and sporadic duodenal somatostatinomas differ from
sporadic pancreatic somatostatinomas in the frequency
of clinical somatostatinoma syndrome (1-2 vs 66%), mean
tumour size (2.8 vs 5.9 cm), psammoma body production

686

S Philips, S N Shah, R Vikram et al

(61% vs 0%) and the presence of metastases (30% vs 71%)
[43, 44].

The NF-1 gene is a tumour suppressor gene that is
located on 17q11.2 and encodes a protein called neurofi-
bromin. Neurofibromin affects cell proliferation/growth
and signalling by regulating the activation of p21 Ras by its
Ras guanosine triphosphatase (GTPase) protein-activating
activity, binding microtubules, modulating adenylate
cyclase activity and interacting with the cellular cytoske-
leton [45]. This is also linked with the genes responsible for
TSC, regulating especially TSC2 through the mammalian
target of rapamycin (mTOR) pathway. The mTOR is a
serine threonine kinase that participates in the regulation
of apoptosis, proliferation and cell growth through
modulation of cell cycle progression. It has been shown
that the NF-1 gene acts as a negative regulator of mTOR;
therefore LOH of the NF-1 gene results in loss of
neurofibromin expression, mTOR activation and hence
tumour development [46]. These observations suggest that
therapy targeting mTOR could be of benefit for NF-1-
associated PEN.

Tuberous sclerosis complex

TSC is a multisystem disorder exhibiting a wide range
of manifestations characterised by hamartomatous
lesions in the brain, skin, eyes, heart, lungs and kidneys.
TSC has a prevalence of 110000 and demonstrates
autosomal dominant mode of transmission with a
penetrance of up to 100%. Two-thirds of the cases result
from new dominant mutations. The diagnosis of TSC is
usually based on both the clinical and radiological
findings.

TSC is caused by inactivating mutations in either the
TSC1 gene at 9934 or the TSC2 gene at 16p13 [34]. The
products of the TSC1 and TSC2 genes, hamartin and
tuberin, respectively, form a dimer that mediates a key
step in the phosphoinositide 3-kinase signalling path-
way. They are also important for regulation of the small
GTPase, rheb, which, in turn, is involved in regulating
the activity of mTOR, a master controller of protein
translation, integrating information on growth stimuli,
cellular energy levels, nutrient availability, hypoxia and
cell growth [47].

Both functional PENs and NF-PENs are reported in a
small percentage of patients with TSC and usually occur
in patients with TSC2. Gastrinomas and insulinomas are
the most common functional PENs described in TSC, and
some of these may be malignant [48, 49].

Pancreatic endocrine neoplasms: role of
imaging

Non-invasive imaging techniques for localising pan-
creatic endocrine tumours include ultrasound, contrast-
enhanced imaging, CT, MRI and somatostatin receptor
scintigraphy with SPECT/CT. Conventionally, angiogra-
phy and venous sampling have also been used; however,
they are seldom performed now. More recently, endo-
scopic ultrasound (EUS) and EUS-guided five-needle
aspiration (EUS-FNA) have become preferred modalities
for diagnosing PENs, with excellent sensitivity for
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detection of tumours that are too small to be detected
with conventional cross-sectional imaging [50].

Contrast-enhanced ultrasound (CEUS) can be performed
in conjunction with greyscale and Doppler examination by
using a wide array of transabdominal, intra-operative or
endoscopic transducers [51]. The contrast agents consist of
stabilised gas microbubbles (measuring >10 um), which act
as blood pool tracers and produce harmonic signals at low
acoustic powers [52]. The contrast agents are non-embolis-
ing and non-toxic, and only mild adverse reactions have
been recorded [52]. CEUS involves acquisition of dynamic
images (arterial, portal venous and delayed phases)
following IV injection of a second-generation contrast agent
such as sulphur hexafluoride. CEUS allows real-time
depiction of tumour angioarchitecture with high contrast
and spatial resolution. Studies on detection of PENs by
CEUS have reported high sensitivity, specificity, positive
predictive value and negative predictive value of 94%, 96%,
75% and 99%, respectively [53].

PENSs, on account of rich vascularity, usually show rapid
and marked enhancement, appearing hyperechoic in
comparison with surrounding parenchyma in the arterial
phase, with washout giving a slight hypoechoic appear-
ance on the delayed phase (Figure 4). Uncommonly, the
tumours may show persistent enhancement, becoming
more obvious during the portal venous phase. An

advantage of CEUS over CT or MR techniques is the
ability to constantly monitor the lesion for evaluation of
peak enhancement, in contrast to CT/MR, where timing of
imaging is far more critical and lesions may be missed if
imaging is performed early or late [54]. Other advantages
of CEUS include its non-invasive nature, cost-effectiveness
and potential use in patients with renal failure.

A dedicated multiphase contrast-enhanced CT or
dynamic gadolinium-enhanced MRI is a prerequisite
for optimal assessment of pancreatic endocrine neo-
plasms. A study comparing multiphasic CT and MRI
found similar effectiveness of both techniques in identi-
fication and localisation of these tumours [55]. Although
PENs are classically considered hypervascular in the
arterial phase, the degree of enhancement in the arterial
phase and timing of enhancement may be variable. In fact,
some of the PENs may remain isodense to the pancreas on
arterial phase and are best identified on the unenhanced
and/or venous phase (Figure 5). Multiple studies have
thus concluded that multiphasic scanning leads to
improved detection of pancreatic islet cell tumours [56,
57]. As the conspicuousness of the tumour, as well as the
metastasis lesions, depends on density difference between
tumour and surrounding parenchyma, low-density oral
intraluminal agents are used to improve the identification
of tumours and also facilitate three-dimensional (3D)

(b)

Figure 4. (a) Greyscale ultrasound image shows a solid mass (arrow) with internal anechoic areas/debris in the region of
pancreatic body (star). (b) Contrast-enhanced ultrasound image obtained in the arterial phase (20s) shows marked enhancement
of solid elements (arrow) leading to a hyperechoic appearance. Central cystic/necrotic elements are non-enhancing (star). Figure
courtesy of Dr R Sinha, FRCR, FICR, MD, Warwick Hospital and Medical School, Warwick, UK.
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(a)

(b)

Figure 5. (a) Axial T, weighted MRI shows a lesion with high T, signal in the pancreatic head (arrow). The lesion remained
isointense to the rest of the pancreatic parenchyma on all phases following contrast administration. (b) Axial post-gadolinium
image in the portal venous phase shows no definite lesion. The arrow in (b) points to the expected location of the tumour.
Surgical pathology revealed a moderately differentiated neuroendocrine tumour.

volumn-rendering technology. A commonly used proto-
col involves 500 ml of water given orally over 30 min with
an additional 250ml of water immediately prior to the
study to achieve adequate distention of the stomach and
duodenum. Small tumours are also easier to detect on
reformatted and 3D images than axial images alone
(Figure 6). A common pitfall is mistaking vascular
structure for small arterially enhancing lesions on the
axial images; however, the vessels are apparent on the
reformatted and 3D images.

Tumour enhancement also depends on the tumour size.
While small lesions commonly demonstrate homoge-
neous enhancement, larger lesions often exhibit a hetero-
geneous enhancement pattern (Figures 7 and 8) [57, 58]. A
ring-like peripheral enhancement is also considered

Figure 6. 47-year-old female with history of unintentional
weight loss with elevated pancreas polypeptide. Coronal
reformatted contrast-enhanced CT image in the arterial phase
shows a 2.4-cm exophytic pancreatic body mass (arrow).
Pathology revealed a well-differentiated low grade pancreatic
endocrine neoplasm.
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characteristic both within the primary tumour and its
metastasis (Figures 9 and 10). Most PENs are solid;
however, cystic variants have been reported. Cystic
PENs are more likely to be associated with MEN-1 and
more likely to be non-functional (Figures 11 and 12) [59].
An optimal MRI protocol for detection of PENs
should include breath-hold T, weighted sequences, axial
in-phase and opposed-phase T; weighted images,
and breath-hold T; weighted fat-suppressed sequences
acquired before and after contrast administration. The T,
fat-suppressed sequence shows excellent contrast
between the low-signal intensity (SI) tumour and
normally bright pancreatic parenchyma secondary to
acinar proteins [60]. The tumours usually exhibit high SI
on T, weighted fat-suppressed images (Figure 13) [61].

Figure 7. Coronal reformatted image from the arterial
phase showing a partly exophytic endocrine tumour (arrow)
arising from the proximal pancreatic body infiltrating the
hepatoduodenal ligament. Multiple arterially enhancing
lesions are seen throughout the liver, consistent with
metastasis, proven by core biopsy.
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Figure 8. 33-year-old female with a large solitary hypervas-
cular neoplasm in the head of the pancreas (white arrow)
with central necrosis (star). The body and tail of pancreas is
normal (chevron).

Pancreatic endocrine neoplasms: clinical and
imaging features of specific subtypes

Functioning pancreatic endocrine neoplasms

Insulinoma, gastrinoma, glucagonoma and VIPomas
are the most common functional PENs.

Insulinoma

Insulinomas are usually benign, small, solitary tumours
within the pancreas, although MEN-1-related insulinomas
may be multicentric. Most insulinomas are under 2cm in
size with an equal distribution in the head, body and tail of
the pancreas. The highest incidence is found in the fifth and
sixth decades, and females are more frequently affected
(male-to-female ratio, 4:6) [62]. Insulinomas may present as
diffuse hyperplasia or microadenomatosis in 2% of cases
[63]. Tumours that produce a hypoglycaemic syndrome are
usually larger than 1cm; microadenomas are typically
functionally silent.

Figure 9. 51-year-old female with heartburn and nausea.
Axial contrast-enhanced CT shows a peripherally enhancing
lesion (arrow) in the pancreatic body. Pathology following
surgical enucleation revealed a gastrinoma.

The British Journal of Radiology, June 2012

Figure 10. Axial gadolinium-enhanced arterial phase image
showing the targetoid appearance with intense peripheral
arterial enhancement (arrow) and central necrosis (star).

Two recent studies employing multidetector, multi-
phase contrast-enhanced thin section CT have reported
sensitivities of 83% and 94% for detection of insulinomas
[57, 64]. Typically, insulinomas are hypervascular, and
show intense enhancement during the arterial and portal
phases following contrast administration (Figure 14).
The enhancement is usually uniform, but may also be

Figure 11. 67-year-old female with incidental detection of a
pancreatic tail mass. Reformatted coronal contrast-enhanced
CT shows a round cystic mass in the pancreatic tail with a
thick enhancing wall (arrow). Laparoscopic splenic preser-
ving distal pancreatectomy showed a well-differentiated
neuroendocrine tumour with cystic change.
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(b)

Figure 12. (a) Axial contrast-enhanced CT (CECT) image shows a thick-walled cystic lesion (thick arrow) with a suspicious mural
nodule (thin arrow) in the pancreatic tail. The patient was lost to follow-up and a repeat CECT was performed 1 year later. (b)
Axial CECT image shows significant increase in size of pancreatic mass (thick arrow) with eccentric solid component, also larger.

The patient also developed hepatic metastasis in the interval (star).

targetoid [65]. Because small tumours are non-contour-
deforming, detection of the vascular blush is essential for
the diagnosis of small tumours. Many small lesions are
easier to detect in the arterial phase [66]. Multiplanar
reconstructions can improve detection and localisation of
small tumours. In a recent retrospective series of 30
patients with post-operative diagnosis of insulinoma,
63% of the tumours had been identified prospectively
and 83% retrospectively on CT. The study reported the
following causes for the false-negative studies: proximity

of the lesions to the vessels, cystic/pedunculated mass
and non-inclusion of 3D images for interpretation [57].
On MR, insulinomas show low SI on T; weighted
images and high SI on T, weighted images. They are
especially well visualised on Ty and T, weighted images
with fat suppression. On dynamic contrast-enhanced T,
weighted images, the tumours show typical enhance-
ment pattern as on CT scan.

The reported sensitivity of EUS for the detection of
insulinoma ranges between 82 and 94% (Figure 15). The

(b)

Figure 13. 34-year-old female with family history of multiple endocrine neoplasia-1 and hyperparathyroidism. (a) Axial contrast-
enhanced CT from the arterial phase shows mild/vague enlargement of pancreatic head/uncinate process (arrow) without a discrete
lesion and mild extrahepatic biliary dilatation. (b) Coronal half-Fourier acquisition single-shot turbo spin-echo image shows a lobulated
T intermediate-high signal intesnity mass (arrow) causing extrinsic mass effect on the distal common bile duct, proven to represent a
pancreatic endocrine neoplasm.
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Figure 14. 35-year-old with hypoglycaemic attacks, elevated
proinsulin blood level (640 pmoll~") and very low fasting
blood sugar. Axial contrast-enhanced CT in the arterial phase
reveals an intensely enhancing mass (arrow) in the pancrea-
tic neck, consistent with an insulinoma.

combination of thin section multislice CT and endo-
scopic ultrasound was demonstrated to have a combined
sensitivity for pre-operative detection of insulinomas of
100% [57, 64]. Somatostatin-receptor scintigraphy (SRS),
which has a major role in imaging other PENS, is less
useful in locating insulinomas as these tumours have a
lower density of somatostatin receptors and generally
do not express the somatostatin subtype-2 cell-surface
receptor.

Gastrinoma

Gastrinoma is the second most common endocrine
tumour of the pancreas. Gastrinomas cause hypersecre-
tion of gastrin, resulting in hyperacidity, Zollinger—Ellison

Figure 15. Endoscopic ultrasound image shows a well-
defined hypoechoic mass (arrow) in the distal pancreatic
body/tail. The spleen (star) is noted on the right of the image.
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Figure 16. Coronal fast imaging employing steady-state
acquisition image shows an intermediate signal mass (arrow)
consistent with a gastrinoma in the typical boundaries of the
gastrinoma triangle.

syndrome, abdominal pain and diarrhoea. They are more
often extrapancreatic and multiple compared with insu-
linoma. 90% of the gastrinomas occur in the gastrinoma
triangle and are frequently small (3-5mm in diameter;
Figure 16) [67]. Associated gastric rugal hypertrophy and
wall thickening, indicating hyperplastic gastritis and
peptic ulcer disease, are often useful in the diagnosis.
Metastases to the liver or lymph nodes are seen in up to
70-80% of cases at the time of diagnosis. Gastrinomas tend
to be less vascular than insulinomas [63]. EUS has a
sensitivity of 80-94% for detection of intrapancreatic
tumours and 70% for detection of extrapancreatic
tumours [68]. SRS also has high sensitivity, ranging
between 74 and 87%, for detection of gastrinomas
(Figure 17) [68].

Figure 17. Fused axial image from CT/single-photon emission
CT using octreotide showing intense uptake (arrow)
in the distal body and tail of the pancreas consistent with
presence of a neuroendocrine tumour.
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Figure 18. 42-year-old male with incidental finding of a
pancreatic mass. Axial contrast-enhanced CT in the arterial
phase shows a hypervascular mass in the pancreatic tail (star)
as well as hypervascular liver metastasis (arrows).

Glucagonoma and VIPoma

Glucagonomas and VIPomas usually tend to be large
solitary tumours, commonly occurring in the tail of the
pancreas (Figure 18) [69]. Most of these are solid and
enhancing but may show cystic change. Approximately
60-70% of glucagonomas and 50% of VIPomas present
with metastasis at the time of diagnosis [70]; however,
glucagonomas tend to grow slowly and patients survive
for many years [69-71]. SRS is the imaging of choice for
detection of VIPomas, with a sensitivity of up to 88% for
detection.

Non-functioning pancreatic endocrine neoplasms

90% of non-functioning tumours are malignant at the
time of presentation. They are almost always very large,
ranging from 3 to 24 cm in diameter (Figures 19 and 20)
[72]. Recent studies have shown that NF-PENs are

Figure 19. Axial contrast-enhanced CT in the portal venous
phase shows an infiltrative mass in the body and tail of
pancreas (star). Biopsy revealed intermediate-grade neu-
roendocrine carcinoma.
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smaller than previously reported, probably because of
increasing detection of incidental lesions through wide-
spread use of cross-sectional imaging (Figure 21) [73].
Calcifications can be seen in approximately 20% of cases
and are usually discrete, nodular or shell-like [74].
Calcification has also been reported more frequently in
malignant than in benign neoplasms. On MRI, NF-PENs
show high SI on T, weighted image with homogeneous
enhancement [12]. Imaging findings that are suggestive
of malignancy include necrosis, invasion of retroperito-
neal structures and discrete nodular calcification. The
liver and lymph nodes are the most common sites for
metastasis. Like the primary tumour, liver metastases
tend to be hypervascular to the normal hepatic parench-
yma or show uniform peripheral ring enhancement [3].

Malignant non-functioning tumours often present
similarly to adenocarcinoma. Pre-operative accurate dif-
ferentiation between PENs and exocrine pancreatic
tumours is very important because PENs reveal more
indolent behaviour, higher resectability, better response
to chemotherapy and better prognosis compared with
adenocarcinomas [3]. Imaging findings that are useful in
the differentiation of endocrine tumours from ductal
adenocarcinomas include the high SI on T, weighted
images, hypervascular primary tumour and liver metas-
tases, presence of calcification lack of vascular encase-
ment, lack of ductal obstruction, and lack of desmoplastic
reaction [75]. In contrast to the frequent occurrence of
venous thrombosis in pancreatic ductal adenocarcinoma,

&N
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Figure 20. 18-year-old female with a large non-functioning
neuroendocrine tumour. Coronal contrast-enhanced CT show-
ing a large mass with areas of necrosis in the retroperitoneum.

The British Journal of Radiology, June 2012



Review article: Pancreatic endocrine neoplasms

Figure 21. 60-year-old male with incidentally detected
1.5cm peripherally calcified mass in the pancreatic tail,
during workup for back and left flank pain, with 40 |b of
unintentional weight loss. Coronal reformatted contrast-
enhanced CT from arterial phase demonstrates minimal
enhancement within the tumour (arrow). Surgical pathology
from distal pancreatectomy showed well-differentiated
endocrine neoplasm of benign behaviour.

thrombosis is rare in the setting of pancreatic endocrine
neoplasms. Peritoneal metastasis and/or regional lymph
node enlargement, characteristic features of pancreatic
ductal adenocarcinoma, are generally not present in
pancreatic endocrine tumours.

Management and prognosis

In contrast to patients with adenocarcinoma of the
pancreas, those who have pancreatic endocrine carcino-
mas can achieve long-term survival even if their disease
is advanced. Strategies for management of neuroendo-
crine tumours include complete surgical resection, as
well as medical management. For functional tumours,
biotherapy with secretory inhibitors such as somatostatin
analogues and interferon-a can be used. Treatment for

metastatic tumours may include systemic chemotherapy,
hepatic artery embolisation or radiofrequency ablation
for hepatic lesions. In general, well-differentiated tu-
mours do not demonstrate a high degree of sensitivity to
chemotherapy which has been explained by their low
mitotic rates, high levels of antiapoptotic protein bcl-2
and increased expression of the multidrug resistance
gene [76].

Recent advances in delineation of molecular pathogen-
esis in the genetic PEN syndromes has provided insights
into the pathogenesis of sporadic tumours and demon-
strated potential molecular targets where targeted
disruption may prevent tumour progression. PENs
frequently produce multiple growth factors including
vascular endothelial growth factor (VEGEF), platelet-
derived growth factor (PDGF), insulin-like growth
factor (IGF-1), basic fibroblast growth factor and trans-
forming growth factor, as well as expressing receptors
for these (VEGFR, PDGFR, IGF-1R) and other growth
factors (epidermal growth factor receptor, EGFR) [77].
These are potential molecular targets for directed
therapy (Figure 22). Multiple such novel targeted thera-
pies are currently under investigation, directed at vari-
ous growth factors and receptors on the gastrointestinal
PEN surface, including a monoclonal antibody to VEGF
(bevacizumab), as well as small-molecule inhibitors of
the intracellular tyrosine kinase domain of VEGFR or
other growth factor receptors: sunitinib, sorafenib,
vatalanib, imatinib (gleevac), gefitinib [78, 79].

In the preliminary report of a Phase II trial evaluating
gefitinib, a small-molecule inhibitor of the EGFR tyrosine
kinase domain, a 6-month progression-free survival was
noted in 7 out of 24 PEN patients. Prior to therapy all
patients had radiographic evidence of progression [80,
81]. Sunatinib maleate (SU-11248) is a selective inhibitor of
tyrosine kinases such as VEGFR-1 to -3, PDGEFR, fibro-
myalg syndrome-like tyrosine kinase 3, c-KIT and RET
with antitumour activity caused by inhibition of angio-
genesis and its antiproliferative effects (Figure 23) [82]. In
a Phase 2 multicentric trial in patients with advanced
neuroendocrine tumours, overall objective response rate
achieved was 16.7%, and 68% of patients had stable
disease in pancreatic tumours [83]. Sirolimus (rapamycin)

Growth factor

Monoclonal antibodies
g | Cetuximab (EGFR)
Erbitux (EGFR)
Bevacizumab ( VEGFR) Figure 22. Diagram demonstrating
the sites and mechanism of action of
= z = novel agents for the management of
Growth factor receptor (tyrosine kinasey ;7 b i — pancrea?cic endocrine neopgiasm. The
Sunitanib (VEGFR, PDGFR, c-Kif) growth factor receptors when occu-
Soranefib (VEGFR<PDGFR, Raf-1) pied by their respective growth factors
Phosphorylation Imatinib (Abl, PDGFR, c-Kif) (in an autocrine or paracrine manner)
lead to autophosphorylation of the
nTOR activation mTOR inhibitors intracellular tyrosine kina'se compo-
—— i in) nent of the receptor. This activates
flapesy the mammalian target of rapamycin
Evemnlimue (RAD 001) (mTOR) pathway (among others), ulti-
Protein translation Temsirolimus (CCI-779) mately promoting protein synthesis,

/ ﬂ \'h'nlifa'ation,
Growth factors invasion, cell
Angiogenesis survival
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cell cycle progression and cell survival.
The pathway can be inhibited by
monoclonal antibodies to growth fac-
tor receptors, tyrosine kinase inhibi-
tors or downstream mTOR inhibitors.
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(b)

Figure 23. Axial contrast-enhanced images of the liver from a patient on sunatinib therapy for metastatic neuroendocrine
tumour. (a) Pre-treatment axial contrast-enhanced CT (CECT) image shows a well-defined enhancing lesion (arrow) in the liver,
consistent with a metastatic lesion. (b) Post-treatment axial CECT image at the same level reveals evidence of necrosis within the
lesion (arrow), suggesting treatment response. Multiple other low-density areas correspond to other metastatic lesions, not well

visualised on the pre-treatment CT.

and its derivatives block mTOR and yield antiproliferative
activity. Temsirolimus and everolimus have also been
evaluated in endocrine tumours and significant clinical
benefits have been found in Phase 2 trials of both these
drugs [84, 85].

Conclusion

There is a wide spectrum of non-functional and
functional PENs with characteristic histogenesis, pathol-
ogy, natural history and tumour biology. Functional PENs
are characterised by specific hormone excess syndromes.
A variety of imaging modalities permit detection and
staging of PENs that allows optimal management.
Surveillance imaging studies assist in detecting recur-
rences as well as documenting treatment response. The
malignant PENs demonstrate variable biological beha-
viour, with prognosis being better than that of pancreatic
cancers even when the disease is advanced. The emerging
knowledge of the molecular biology of PENs has
facilitated the development of new targeted therapies. It
is hoped that these novel agents may play a greater role in
the future to improve quality of life and prolong disease-
free survival for patients with PENs.
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