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It gives me great pleasure to introduce this comprehensive and exceptionally
informative book on uncommon pancreatic neoplasms, including cystic, endocrine,
and unusual solid tumors. 

Although individually they are deemed “uncommon”, viewed together these
neoplasms are of very high clinical interest and importance. Furthermore, advances
in imaging have made it possible to detect small lesions in the pancreas in asymp-
tomatic patients, and the neoplasms discussed in this volume can frequently be
treated by surgery alone or by a multimodal approach with curative intent. 

In bringing together Italian experts in pathology, imaging, surgery, and
medical oncology to write this book, the editors, Professors Paolo Pederzoli
and Claudio Bassi, have aimed to provide an integrated coverage that will
acquaint clinicians and surgeons more closely with the described pathologies,
reflecting their complexity and highlighting the state of the art in diagnosis
and treatment, both surgical and medical. Without doubt they have succeeded
in this goal! All aspects, from clinical presentation, genetics, and pathology
through to diagnostic imaging, treatment, and follow-up, are considered with
the degree of care expected by the discerning reader.

It is my belief that the wide range of specialists involved in the care of patients
with the described neoplasms will benefit enormously from this book, which pro-
vides all the tools needed for modern pathological classification and clinical man-
agement of these patients.  Optimal surgical treatment is certainly based upon such
a thorough multidisciplinary approach.

My congratulations to Paolo and Claudio for this fine achievement!

Rome, September 2012 Gianluigi Melotti
President, Italian Society of Surgery
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It is with a true sense of delight that I offer readers this book on rare pancre-
atic neoplasms. When the director of the Italian Society of Surgery (SIC) and
my good friend Dr. Melotti invited me to choose a topic related to pancreatol-
ogy as the subject of a book, I decided to focus on rare pancreatic neoplasms
rather than on pancreatic ductal adenocarcinoma. 

The term "rare," as referred to pancreatic neoplasms, has recently become
a matter of discussion, since the widespread use of more sophisticated imag-
ing technologies has resulted in the detection of an increasing number of
asymptomatic lesions in the pancreas. More frequently, these lesions are cys-
tic in nature; only a few of them are neoplasms harboring malignant potential.
Given that most of these conditions are scarcely known from a biological
standpoint, their clinical management is challenging and highly debated.

This book is divided into three parts, covering: cystic pancreatic neo-
plasms, neuroendocrine pancreatic neoplasms, and uncommon pancreatic
solid neoplasms. Each section has been coordinated by an experienced pan-
creatic surgeon from our Surgical Department who is recognized for his
expertise in the respective area. This experience has been broadened through
collaborations with specialists from numerous other fields, including gas-
troenterologists, pathologists, oncologists, radiologists, and molecular biolo-
gists. Not surprisingly, the integration of these perspectives has been very
successful, since multidisciplinarity is one of the main strengths of the Verona
pancreatic group. 

The primary goal of this book is to offer readers a thorough, useful, read-
able, and understandable manual that presents an overview of rare pancreatic
neoplasms and emphasizes the need for their multidisciplinary management.
It is designed for rapid consultation whether by students, trainees, or experts
in the field. 

I would like to thank Prof. Claudio Bassi in particular for joining me with
great enthusiasm in the supervision of this book's preparation. I also thank the
coordinators of each section, Prof. Massimo Falconi, Prof. Roberto Salvia, and
Dr. Giovanni Butturini, for their excellent work.
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Finally, my appreciation is directed at all the coauthors involved in this
project, for their helpfulness and remarkable dedication to the creation of an
accessible, unique and up-to-date manual. 

I believe this collective effort will long serve as a valuable resource for
readers interested in broadening their knowledge of some of the most fascinat-
ing and challenging topics in modern pancreatology.

Verona, September 2012 Paolo Pederzoli
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It was during the early 1970s that Dr. Pederzoli, recently graduated from the
prestigious University of Padua, decided to follow Professor Adamo Dagradi
to the newly founded University of Verona. According to local legend, Paolo
Pederzoli made this move since he had heard that in the city of Romeo and
Juliet he would be able to focus on the pancreas. The same legend reports that
the young pupil had to first ask his mentor: “Ok, so where is the pancreas?”. 

Many years have passed since that day, and time has flowed “like the water
of the Adige River, where it makes a “U” turn in the city of Verona, as if it did
not want to leave its beauty” (Berto Barbarani, Verona’s most famous poet). 

That same Paolo Pederzoli who has never left his adopted city, has convert-
ed his devotion to the pancreas into a stunning professional career, recognized
at the highest levels not only in Italy but also abroad. The “secret” of this suc-
cess is contained in the following pages, which reveal a thorough and exhaus-
tive knowledge of pancreatic diseases, including discussions of uncommon
lesions rarely seen outside high-volume centers, and the logic underlying the
adoption of a multidisciplinary approach to their diagnosis and management.

This book presents the most recent findings on cystic, neuroendocrine,
and other uncommon pancreatic neoplasms, with particular emphasis on their
surgical pathology. A decision-making algorithm for each entity is provided
in detail, while the above-mentioned multidisciplinary approach encompass-
es issues related to a variety of specialties, such as gastroenterology, oncolo-
gy, endocrinology, and molecular biology. Clearly, this manual offers special-
ists in different areas of pancreatology a unique guide to uncommon pancre-
atic diseases. 

But are these diseases really “uncommon”? Certainly, a high-volume terti-
ary care center, such as the one directed for decades by Professor Pederzoli,
cannot be considered representative of the “outside” reality. On the other hand,
it is surprising how often a radiologist from a low-volume hospital must deal
with small and asymptomatic pancreatic cysts. Our knowledge of these cysts
has advanced to the stage that they can be regarded as extraordinary in vivo
models whose developing pattern can be clinically monitored.
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It is not only the morphologic features distinguished using sophisticated
imaging techniques that have improved our understanding of pancreatic dis-
eases. Tremendous advances also have been made in elucidating both the car-
cinogenic pathways that result in cystic neoplasms such as intraductal papil-
lary mucinous neoplasms and the complex biology of neuroendocrine tumors. 

Collectively, a deeper understanding of these uncommon diseases, some of
which are precursor lesions of ductal adenocarcinoma, will equip us with cru-
cial models that can be applied to unravel the biology of their more frequent-
ly occurring malignant counterparts. 

Professor Pederzoli concludes his academic career by having involved all
of his closest collaborators and colleagues in the creation of this valuable
work: Thank you Paolo for your enthusiasm and for your passionate dedica-
tion to the challenging task of assembling this book. Your leadership, intense
determination, and deep commitment to this wonderful profession that you
have chosen will continue to inspire us in our own careers. 

Verona, September 2012 Claudio Bassi 
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Part I

Cystic Pancreatic Neoplasms 

Roberto Salvia

Although considered uncommon, cystic neoplasms of the pancreas have been
increasingly diagnosed due to the widespread use of cross-sectional imaging.
In fact, in tertiary care centers with experience in pancreatic surgery, the pro-
portion of pancreatic resections carried out for cystic neoplasms has doubled
in the last two decades; in parallel, the number of patients enrolled in surveil-
lance protocols has dramatically increased.  

Pancreatic cystic neoplasms encompass a broad spectrum of benign,
malignant, and borderline lesions. Many aspects of their biological behavior
have been recently clarified, although an understanding of the natural history
of mucinous forms—and especially of branch-duct intraductal papillary muci-
nous neoplasms (IPMNs)—is limited by the difficulty of distinguishing accu-
rately between benign, malignant, and potentially malignant lesions before
surgical resection. Furthermore, current guidelines for the management of
pancreatic cystic neoplasms are based on the assumption that these lesions can
be classified correctly on the basis of their cross-sectional imaging features.
However, there is a certain degree of morphological overlap between differ-
ent lesions such that the possibility of an inaccurate preoperative characteri-
zation must always be taken into account. Yet, some aspects of the manage-
ment of pancreatic cystic neoplasms remain unclear, and, especially for muci-
nous neoplasms, the clinical and radiological work-up is not always able to
predict the likelihood of progression to invasive cancer in a given patient.
This has generated controversies as to whether patients should be offered
resection or, alternatively, enrolled in surveillance protocols with periodic
imaging. This is a relevant issue because these neoplasms are mostly diag-
nosed in asymptomatic patients who underwent cross-sectional imaging for
unrelated problems.
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Among the many other unsettled aspects are the appropriate timeframe for
surveillance, the role of cyst-fluid analysis and cytology, the role of atypical
resections and of lymphadenectomy, and the recurrence rate of IPMNs and
their association with other non-pancreatic neoplasms.

The diagnosis of pancreatic cystic neoplasms requires both a familiarity
with the morphological spectrum of these lesions and the collaboration
between surgeons, radiologists, gastroenterologists and pathologists, to
increase the likelihood of appropriate management. At our institution, more
than 6000 patients with pancreatic diseases presented between 1985 and 2011:
20% had cystic lesions. In the same period, more than 2200 pancreatic resec-
tions were carried out; of these, 23% were for cystic neoplasms. Thus, this
section provides an overview of the current knowledge of pancreatic cystic
neoplasms, with a particular focus on their more controversial aspects.

Another crucial aspect is the possibility to correctly predict the biological
behavior of these lesions in order to ensure their proper clinical management.

The ability to detect genetic alterations in the cystic fluid, including the
overexpression of oncogenes and the deletion of their suppressors, once rou-
tinely achievable, will likely provide us with the information we need to treat
these patients.

This year the results of a consensus conference were published. Yet, as sci-
entists we should remember that “expert opinions” form only the base of the
pyramid of scientific evidence. With an increase in the number of clinical
research projects and less reliance on consensus conferences we will be able
to clarify the actual incidence, clinical behavior, and the best management of
these uncommon (from a pathological point of view) diseases. Furthermore,
our therapeutic experience must be communicated in order to accumulate evi-
dence with the power of statistical significance. 
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Although cystic neoplasms of the pancreas were first reported in 1830, by

Becourt [1], the classification of these lesions has become clearer only in the

past three decades, following the work by Compagno and Oertel, who in 1978

divided these lesions in two different types: benign tumors with glycogen-rich

cells, and mucinous cystic neoplasms with overt and latent malignancy [2].

The WHO classification of the exocrine tumors of the pancreas, published in

1996 [3], classified cystic neoplasms on the basis of the histopathological fea-

tures of the cystic wall. The presence and characteristics of the epithelial lin-

ing allow pancreatic cystic neoplasm to be distinguished from other neoplas-

tic non-epithelial lesions (lymphangioma, mixoid tumor, or leiomyoma), non-

neoplastic epithelial lesions (lymphoepithelial cysts, retention cysts,

enterogenous cysts, mucinous non-neoplastic cysts, unclassifiable cysts, duc-

tal ectasia), non-neoplastic, non-epithelial lesions (pseudocysts), and other

tissue alterations mimicking cystic neoplasms (chronic pancreatitis, fibrosis,

autoimmune pancreatitis). The 2010 WHO histological classification of pan-

creatic cystic neoplasms is presented in Table 1.1 [4].
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Table 1.1 Histological classification of pancreatic cystic tumors (from [5])

Benign
Acinar cell cystadenoma
Serous cystadenoma

Premalignant lesions
Intraductal papillary mucinous neoplasms with low- or intermediate-grade dysplasia
Intraductal papillary mucinous neoplasms with high-grade dysplasia
Intraductal tubulopapillary neoplasms
Mucinous cystic neoplasms with low- or intermediate-grade dysplasia
Mucinous cystic neoplasms with high-grade dysplasia 

Malignant
Acinar cell cystoadenocarcinoma
Intraductal papillary mucinous neoplasms with an associated invasive carcinoma
Mucinous cystic neoplasms with an associated invasive carcinoma
Serous cystoadenocarcinoma
Solid-pseudopapillary neoplasms
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2.1 Definition and Epidemiology

Serous cystic neoplasms (SCNs) are composed of non-atypical cuboidal,
glycogen-rich, epithelial cells that produce a watery fluid. They are almost
always benign lesions (serous cystadenomas), as only a very small number of
malignant variants (serous cystoadenocarcinomas) has been described. 

SCNs occur more frequently in middle-aged women. While any portion of
the pancreatic gland can be affected, they are usually detected in the pancre-
atic head [1]. 

Five variants of SCN have been described: microcystic, macrocystic or
oligocystic, mixed micro-macrocystic, von Hippel-Lindau (VHL)-associated,
and solid. The majority of serous cystadenomas are microcystic, with a hon-
eycomb-like appearance.

2.2 Serous Cystic Adenoma

2.2 1 Clinical Presentation

The majority of serous cystic adenomas (SCAs) are asymptomatic and thus
incidentally discovered, typically on cross-sectional imaging performed for
unrelated complaints. When present, the most common symptom is abdominal
discomfort or low-grade pain. Weight loss, palpable mass, jaundice, and
obstruction of the upper gastrointestinal tract are uncommon and may be



ascribed to a mass effect on surrounding organs. A correct clinical and radio-
logical diagnosis is of paramount importance because this neoplasm, unlike
other cystic neoplasms of the pancreas, is almost always benign. Whenever
possible, a conservative approach is considered to be the treatment of choice.

Although symptoms may not be helpful for diagnostic purposes, they can
grossly indicate a benign or malignant neoplasm. The diagnosis of SCA should
also be considered in the presence of von Hippel-Lindau (VHL) syndrome,
which is a genetic condition that in 15–30% of cases is associated with cystic
lesions, including SCA [2, 3].

2.2.2 Diagnostic Imaging

Ultrasound (US) is usually the first step in the diagnostic work up of patients
with suspected SCAs. In fact, due to its widespread use in clinical practice, US
has significantly increased the number of incidental SCA observations. The
diagnosis is easily made when sonography shows a mass with lobulated mar-
gins, no posterior acoustic enhancement, and an internal honeycomb-like
architecture, due to the presence of multiple septa delimiting small (< 2 cm
diameter) cystic spaces (Fig. 2.1). In 10–30% of cases, calcifications within
the septa are seen, and even less frequently a central calcified scar [4]. The
microcystic appearance is also typical of SCA associated with VHL syndrome
but in these cases the lesion is multicentric or diffusely involves the whole
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Fig. 2.1 Serous cystadenoma: ultrasound (US). Sonographic scans show a hypoechoic lesion with
sharp margins in the head of the pancreas (black arrow). Within the lesion, anechoic areas can be
observed, corresponding to the cystic spaces (white arrow)



gland. There are two reasons why US may fail to recognize the microcystic
pattern of SCA: (1) in the presence of a sponge-like mass in which the multi-
plicity of the small cysts and the thick fibrous stroma produce the false impres-
sion that the tumor is solid, and (2)  in cases of mixed tumors, when the macro-
cystic component conceals the microcystic one, resulting in the misdiagnosis
of a macrocystic mass. The macrocystic type is easily detectable even when
the tumor is small. The appearance is that of a sharply marginated, hypoechoic
mass; however, if there are sparse, thin central septa the differential diagnosis
from other cystic masses is very difficult. In mixed SCAs, together with the
microcysts, larger (> 2 cm) cystic spaces can be found at the periphery of the
lesion, resulting in a mixed pattern. The macrocyst can enlarge up to 8–10 cm,
such that recognition of the true nature of the tumor becomes difficult. The
false-negative rate is low and is due to tumor location (tail) or patient charac-
teristics (obesity, meteorism). 

The computed tomography (CT) appearance of SCA depends on the macro-
scopic feature of the tumor and on the timing of data acquisition. Microcystic
tumors are seen as an unenhanced mass, sometimes deforming the profile of
the gland, when peripherally located. The density is homogeneous and may be
the same or slightly superior to that of water but more frequently hypodense
compared to adjacent pancreatic parenchyma (Fig. 2.2). Calcifications may
occur in 30% of the cases; when present, they are centrally located (Fig. 2.2)
and punctate or globular, as opposed to the lamellar calcifications seen in
mucinous cystic tumors [5]. A central fibrous scar is visible in 47% of the
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Fig. 2.2 Serous cystadenoma: Coronal multiplanar reconstructed, contrast-enhanced CT shows a
multicystic, microcyst focal pancreatic lesion in the head of the pancreas. The lesion shows a cen-
tral scar and a central calcification (arrow)



cases, especially in larger masses since it forms later in tumor development
(Fig. 2.2). Maximal visualization of the septa is possible on contrast-enhanced
CT in the pancreatic parenchymal phase as well as based on the honeycomb
appearance. A cystic mass with a central calcification in conjunction with a
central scar is highly indicative of SCA. In the mixed forms, peripheral macro-
cysts are even more easily recognizable on CT than by US, making the diag-
nosis easier. In the delayed phase of contrast enhancement, septal recognition
is very difficult due to the intracystic liquid. Macrocystic patterns are indistin-
guishable from other macrocystic masses of the pancreas, such as mucinous
cystic tumors. 

Magnetic resonance imaging (MRI) is increasingly assuming a major role
in the work up of these patients due to its capability to simultaneously assess
the pancreatic parenchyma and the pancreatic ductal system. In the microcys-
tic pattern of SCA, even a small content of fluid within the dense septa of a
“sponge-like” mass can be seen on MRI; however, this technique has the dis-
advantage that it is insensitive to calcifications [6] (Fig. 2.3). In macro-micro-
cystic forms, the two components are well recognizable. An even better eval-
uation of the spatial relation between the mass and the biliary or pancreatic
duct is obtained with magnetic resonance cholangiopancreatography (MRCP),
which distinguishes these tumors from intraductal papillary mucinous neo-
plasms (IPMNs), particularly when the tumor is located in the head or the
uncinate process of the gland. MRCP should be routinely carried out in the
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Fig. 2.3 Serous cystadenoma: Axial T2-weighted MRI shows a serous cystadenoma of the head of
the pancreas. The neoplasm shows the multicystic, microcystic features responsible for the “hon-
eycomb” pattern



staging of these tumors since it helps to distinguish microcystic SCA from
intraductal tumors of the peripheral branches, with their septate appearance
[7]. The presence/absence of communication with the pancreatic duct system
is diagnostic and is useful for the differential diagnosis between SCA and
IPMN. 

In the oligocystic forms of SCA, the MRI aspects are non-specific and do
not lead to a definitive differential diagnosis from mucinous forms.

2.2.3 Pathology

Serous cystadenomas frequently present as a well-circumscribed, round, cys-
tic masses ranging from 1 to 25 cm in their greatest dimension, depending on
whether the lesions are symptomatic (large lesions) or an incidental finding.
SCAs show no communication with the pancreatic ducts. Macroscopically,
they are subdivided into five subtypes according to the number, dimensions,
and distribution of the individual lobules:
1. Microcystic or classic type: The relatively well circumscribed neoplasm

features bosselated margins. On sectioning, these lesions are sponge-like,
formed by innumerable cysts that range in diameter from 1 to 5 mm, with
only few larger (up to 1–2 cm) cysts, frequently peripherally located. The
cysts are filled with clear, watery fluid. Typically, this type presents with a
central stellate scar that frequently shows calcium deposits. These deposits
are the pathological basis of the typical “sunburst” pattern of calcification
seen on radiological studies (Fig 2.4a);

2. Macrocystic or oligocystic type: These neoplasms are characterized by a
small number of locules and are less well-demarcated than the microcystic
variant, due to extension of the cysts into the adjacent pancreatic parenchy-
ma. The fluids contained in the cysts may vary from the classic clear and
watery to bloody and brown. The cut surface shows the presence of a dis-
tinct number of cysts (oligocystic) or sometimes a single cyst (unilocular)
> 2 cm in diameter, even reaching 10–15 cm (Fig 2.4b). In this form, the
central scar is characteristically lacking such that these tumors usually
present as an ill-defined growth;

3. Mixed micro-macrocystic type: In this form, a mixture of micro- and
macro-locules is typically present, sometimes with a central scar;

4. Solid type: In a minority of cases, there is a pure solid growth lacking
either cystic locules or a central scar. These are usually small lesions,
measuring 2–4 cm in their greatest dimension, and comprising small acini
lined by the typical serous cells;

5. Serous cystic neoplasms associated with VHL syndrome: This form is char-
acterized by multiple, mixed type, serous adenomas that may partly or dif-
fusely involve the entire pancreas. The epithelial serous cells are virtually
indistinguishable from those occurring sporadically.
Microscopically, the five subtypes are indistinguishable from one another,
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as they exhibit a typical cuboidal to almost flat serous epithelium. The cells
are characterized  by a clear cytoplasm and round nuclei, with inconspicuous
nucleoli. Neither cytological atypia nor mitotic activity are seen. Intracellular
glycogen is characteristic (deposits positive for periodic-acid–Schiff, diastase-
sensitive) (Fig 2.5). The neoplastic stroma is highly vascular, creating a fine
supporting network. The septa separating the larger cysts are hyalinized and
contain hemosiderin-laden macrophages, sometimes with entrapped islets of
Langerhans and exocrine acini. 

Immunohistochemically, the epithelium shows positivity for low molecular
weight cytokeratins (CK 7, 8, 18, and 19), diffuse membrane staining for
EMA, and focal staining for CA 19-9. Serous cystic neoplasms associated with
VHL syndrome show a dysregulation of the VHL/HIF (hypoxia-inducible fac-
tor) pathway, with the expression of HIF-1α. 
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Fig. 2.4 a Microcystic serous 
cystoadenoma. Sponge-like lesion 
formed by multiple small cysts that 
coalesce into a central stellate scar
with sunburst calcifications. 
b Macrocystic serous cystadenoma.
On sectioning, this lesion appears 
as a single cyst > 2 cm in diameter,
and is less well demarcated than the
mcrocystic counterpart. 
The central scar is lacking

a

b



The finding of a mass in the pancreatic head with the above-mentioned fea-
tures in a female patient without dilation of the main pancreatic duct, a normal
parenchyma, and calcifications leads to the diagnosis of SCN. The diagnosis
can be considered definitive when the lesion shows a mixed aspect, with
macrocysts in the periphery of a microcystic core. Despite the microcystic
aspect, when in a male patient the cystic mass is located in the uncinate
process and associated with a main duct dilation, the diagnosis is more diffi-
cult. In these cases, the differential diagnosis will include a branch-duct
IPMN, such that it is mandatory to demonstrate a relationship between the
mass and the main pancreatic duct. MRCP is useful for this purpose, but when
the lesion is very close to the main duct endoscopic retrograde cholangiopan-
creatography may be necessary. As previously noted, SCNs can appear as solid
lesions, leading to a misdiagnosis with other brightly enhancing solid lesions,
such as non-functioning neuroendocrine tumors. In these cases, MRI will be
able to detect the microcystic aspect and a peripheral wall. 

Macrocystic SCNs lack proper radiological characterization on US, CT, and
MRI; instead, endoscopic US seems to be the only technique able to supply fur-
ther information. Analysis of the cyst fluid for CEA helps in differentiating
mucinous from serous cysts, as in the former values are usually > 192 ng/ml
(sensitivity 75% and specificity 84%, accuracy 79%). CEA values < 5 ng/ml pre-
dict a benign cyst (sensitivity 54%, positive predictive value 94%) [8].
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Fig. 2.5 Serous cystadenoma. Typical histologic appearance of epithelial lining, consisting of
cuboidal cells with clear cytoplasm (a), glycogen-filled, and PAS-positive (b)

a
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2.2.4 Treatment

Resection is generally carried out in symptomatic patients with very large
SCAs or when the tumor cannot be distinguished from other cystic tumors of
the pancreas (mucinous cystadenoma, IPMN). Some authors recommend
resection for all SCAs but we believe that a more selective approach should be
considered.

In a report by Tseng et al. [9], 106 patients  with SCNs were analyzed to
better define the natural history of the disease and its optimal management. In
that series, 47% of the patients were asymptomatic while among those with
symptoms abdominal pain was the most common. The large lesions (> 4 cm)
were significantly associated with the presence of symptoms. In 24 patients,
serial radiography was available and analyzed; the median growth rate was 0.6
cm/year, but in tumors > 4 cm it was 1.98 cm/year [9]. 

However, a recent study from our institution of 145 patients with SCN
enrolled in a surveillance protocol with serial MRI + MRCP showed that the
overall mean growth rate was only 0.28 cm/year. There were two distinct phas-
es of growth during follow-up: 0.1 cm/year during the first 7 years and  0.6
cm/year thereafter. The oligocystic/macrocystic variant, a history of other non-
pancreatic malignancies, and patient age were demonstrated to impact tumor
growth. Tumor size at the time of diagnosis was not a predictor of growth and
therefore should not be used for decisional purposes. A surveillance protocol
with MRI + MRCP can be proposed for all patients with well characterized and
asymptomatic SCN, but those with factors that impact tumor growth should be
informed of the increased likelihood of a pancreatic resection in the long-term.
A follow-up time frame of 2 years seems to be appropriate [10].

2.3 Serous Cystoadenocarcinoma

Although SCNs are considered as benign in virtually all cases, serous cys-
toadenocarcinomas have been described, none of them at our institution. To
date, about 25 cases have been reported in the literature, implying a risk of
malignancy of around 3% [11]. Patients with cystoadenocarcinoma were
between 52 and 81 years of age; two-thirds were women [5] and most were
asymptomatic.
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3.1 Definition and Epidemiology

Mucinous cystic neoplasms (MCNs) are pancreatic cystic epithelial neo-
plasms occurring almost exclusively in women. They are formed by epithelial
cells producing mucin and supported by an ovarian-type stroma, without com-
munication with the pancreatic ductal system. According to the grade of
epithelial dysplasia, these tumors are classified as MCN with low-grade dys-
plasia, moderate dysplasia, or high-grade dysplasia (carcinoma in situ). If
there is an invasive carcinoma component, the lesions are designated MCN
with associated invasive carcinoma [1]. 

MCNs are preferentially located in the body and tail of the pancreas. The
patient age at presentation range is broad, with an average that seems to
depend on the degree of malignancy of the neoplasm. Thus, patients with
malignant MCN are typically older, suggesting a time-related degeneration of
the tumor from an initially benign lesion. The incidence of malignancy for
MCN is 17.5%, as reported in the MGH-Verona series [2]. An early diagnosis
of MCN is essential since the prognosis for patients with the malignant form
is the same as for those with ductal adenocarcinoma, while for patients with
“in situ” MCNs surgery could be curative.

At best, MCN is a pre-malignant lesion and it is therefore important to dis-
tinguish it from other cystic lesions of the pancreas. On pathological exami-
nation, the same tumor may simultaneously exhibit all the various degrees of
malignant transformation. This is of great pathogenic relevance as it suggests
an adenoma-carcinoma sequence [3]. 



3.2 Clinical Findings

The symptoms in MCNs are non-specific and are not particularly helpful in the
differential diagnosis of pancreatic cystic lesions. The most frequent symp-
toms are abdominal discomfort or pain. Uncommonly, the patient complains of
abdominal pain located in the upper quadrants that irradiates to the flanks,
which could guide a pancreatic localization. However, there may also be non-
specific symptoms suggestive of malignancy, such as weight loss, anorexia,
and obstructive jaundice. 

3.3 Diagnostic Imaging

Two patterns of MCN are seen on diagnostic imaging procedures: macrocystic
multilocular and macrocystic unilocular [4]. While not pathognomonic, the
former is frequently located in the body-tail of the gland. On ultrasound (US)
images, macrocystic multilocular forms appear as a sharply defined mass sur-
rounded by a variably thickened wall (Fig. 3.1). Thin septae delimit the cystic
spaces, and calcifications are a common finding. On computed tomography
(CT) scan, the pre-contrast phase can easily reveal calcifications. The density
of the content of these tumors depends on the amount of mucin or the fluid-
fluid level from underlying bleeding. This pattern is clearly demonstrated by
contrast medium, as the walls and septae are of lower enhancement than the
surrounding pancreatic parenchyma because of the fibrous tissue composition
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Fig. 3.1 Mucinous cystedenoma
ultrasound. The sonographic
scan shows a hypoechoic lesion
in the head of the pancreas. The
lesions has a macrocystic pat-
tern, as indicated by the large
anechoic central areas



and minimal vascularization.  The outer wall and septae are of similar thick-
ness. The macrocystic unilocular pattern is less specific and may simulate any
other pancreatic cystic mass, at US and at CT. Consequently, in cases with
unique cysts with a thin wall, no calcifications, and no parietal nodules the
diagnosis is not easily made. 

From the radiological point of view, a thickened wall, the presence of pap-
illary projections arising from the wall or septae, evidence of peripheral calci-
fications, and invasion of the surrounding vascular structures are considered
the best signs of malignancy (Fig. 3.2). The diagnosis will be clearer if extra-
capsular extension of the lesion is detected on CT contrast-enhanced images.
When thick walls, thick septae, and calcifications are simultaneously present,
the probability of malignancy is 95%. When fewer than three signs are pres-
ent, the probability of malignancy decreases, and it is zero when there are no
calcifications and the septae and the wall are thin. Since calcifications cannot
be detected by magnetic resonance imaging (MRI), the primary imaging
modality for these patients is CT. 

The predominant fluid content of MCNs renders them brighter on T2-
weighted MRI, which well depicts the presence, features, and distribution of
the internal septae. Magnetic resonance cholangiopancreatography (MRCP) is
optimal for the non-invasive assessment of the pancreatic duct system
(Wirsung and Santorini ducts) (Fig. 3.3). When the mass is clearly isolated
from the ductal system, thereby excluding the possibility of an intraductal
tumor, further examination with MRCP is not required (Fig. 3.3).
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Fig. 3.2 Mucinous cystedenoma.
Axial contrast-enhanced com-
puted tomography scan shows a
oligocystic-macrocystic lesion in
the body-tail of the pancreas.
The cystic lesion contains a
mural nodule on the non-
dependent wall of the lesion
(arrow)



3.4 Pathology

The overwhelming majority of MCNs occur in the body-tail of the pancreas,
where the tumor presents as a round mass with a smooth surface and a fibrous
pseudocapsule of variable thickness and frequently containing calcifications.
The size of these neoplasms in their greatest dimension ranges from 2 to 35
cm, with an average of 6–10 cm. The cut section shows either a unilocular or
a multilocular tumor with cystic spaces ranging in diameter from a few mil-
limeters to several centimeters and containing either thick mucin or a mixture
of mucin and hemorrhagic-necrotic material. The internal surface of unilocu-
lar tumors is usually smooth and glistening, whereas multilocular tumors often
show papillary projections and mural nodules. There is no significant size dif-
ference among the different MCN categories, whereas the malignancy of the
tumor correlates significantly with the presence of papillary projections and/or
mural nodules and multilocularity. As noted above, the tumor does not com-
municate with the duct of Wirsung or the secondary ducts.

Microscopically, MCNs show two distinct components: an inner epithelial
layer and an outer densely cellular “ovarian-like” stromal layer (Fig. 3.4). The
mucin-producing epithelium exhibits a spectrum of differentiation, ranging
from histologically benign appearing columnar epithelium to severely atypical
epithelium. 
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Fig. 3.3 Mucinous cystedenoma. Axial T2-weighted magnetic resonance image shows a cystic
macrocystic lesion in the body-tail of the pancreas, with hypointense mural nodules on the non-
dependent wall of the lesion (arrow)



The recent World Health Organization (WHO 2010) classification of
MCNs [5] comprises the three above-mentioned types: MCN with low-grade
dysplasia, with moderate-grade epithelial dysplasia; and with high-grade dys-
plasia, characterized by severe dysplasia-carcinoma in situ changes (Fig. 3.5).
The presence of carcinomatous stromal invasion defines MCNs with associat-
ed invasive carcinoma. The invasive component usually resembles the com-
mon ductal adenocarcinoma.

Immunophenotypically, the mucinous epithelial cells show immunoreactiv-
ity  with epithelial markers, including EMA, CEA, cytokeratins 7, 8, 18, and
19, and MUC5AC, a gastric-type marker of mucin. Focally, there is positivity
for intestinal type mucins (MUC2) in goblet cells scattered within the epithe-
lium. The invasive component is frequently positive for MUC1 and p53. The
ovarian-like stroma is positive for vimentin, smooth-muscle actin, and proges-
terone receptors (Fig. 3.6a), while the luteinized epithelioid cells stain for α-
inhibin (Fig. 3.6b). 

3.5 Differential Diagnosis

The macrocystic multilocular pattern is considered typical but it is not pathog-
nomonic. Oligocystic serous cystic neoplasms (SCNs), solid pseudopapillary
tumors (cystic variant), and cystic endocrine tumors are identical in appear-
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Fig. 3.4 Mucinous cystic neoplasm with low-grade dysplasia. The cyst wall is lined with a mild-
ly dysplastic columnar epithelium supported by an “ovarian-like” stroma
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Fig, 3.5 Mucinous cystic neoplasm with high-grade dysplasia. Papillary projections lined by
severe dysplastic epithelium

a

b

Fig. 3.6 Mucinous cystic neoplasm. 
The ovarian-like stroma shows nuclear
positivity for progesterone receptors (a)
and α-inhibin cytoplasmic positivity 
in the luteinized cells (b)



ance to MCNs. In these cases, clinical history and laboratory data are essential
for the correct diagnosis. Oligocystic SCN can almost never be pre-operative-
ly differentiated from benign MCN. 

In neuroendocrine and pseudopapillary tumors, the cystic component is due
to previous necrosis and intratumoral bleeding. In the former, the clinical syn-
drome might suggest the diagnosis; in the latter, MRI will enhance the differ-
ences in the appearance of the fluid content.

Pseudocysts make the diagnosis challenging, as they can resemble the
macrocystic unilocular pattern of MCN. If the clinical history is silent, MCN
should be suspected. 

3.6 Treatment

When possible, all MCNs should be resected, both cystadenomas and cystade-
nocarcinomas. Current thinking is that all MCNs have the potential to progress
to malignancy. Given the life-expectancy of most of these patients, almost
always middle-aged women, there is a high risk of development of mucinous
cystadenocarcinoma, which, unfortunately, has a very low rate of resectability
and a very poor prognosis. Predictors of malignancy are: large size (≥ 4 cm)
and the presence of nodules, septae, and “eggshell” calcifications. In these
cases, surgical “standard” pancreatic resection should be performed, avoiding
middle pancreatectomies and spleen-preserving distal pancreatectomies [6, 7].
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4.1 Solid Papillary Neoplasms

4.1.1 Definition and Epidemiology

Solid papillary neoplasms (SPNs) are a low-grade malignant neoplasm occur-
ring predominantly in young women. The tumors are composed of poorly cohe-
sive, monomorphic epithelial cells forming solid and pseudopapillary structures
that frequently undergo hemorrhagic-cystic degeneration (WHO 2010).

Among the cystic neoplasms, SPNs of the pancreas are the least common.
They were reported for the first time in 1959 by Franz [1]. Since then, this
tumor has been described under different names: solid tumor, cystic-solid,
papillary-epithelial, and cystic papillary. In the last few years, the number of
literature reports of patients with SPNs has increased, owing to the improved
recognition of these lesions. 

SPN is a slow-growing, low-aggressive tumor, and even when malignant
usually has a favorable prognosis [2]. However, 10–15% of all patients have
metastases, which are frequently present at the time of first diagnosis [3].
From an epidemiological point of view, most (> 90%) of the patients with
SPNs are young females, between 30 and 40 years of age. The relationship
between tumor development and risk factors is not  yet known. 



4.1.2 Pathology

Macroscopically, SPNs are typically large, round, well-circumscribed masses
that exhibit variable proportions of solid and cystic areas filled with hemor-
rhagic fluid and necrotic debris. Regarding their macroscopic appearances, at
the extreme ends of the spectrum are the exclusively solid SPNs (usually the
smaller lesions) and the entirely cystic SPNs (usually the larger tumors). The
latter may be easily mistaken for a pseudocyst. 

Microscopically, the tumors are composed of a mixture of solid and cystic
areas, often surrounded by a fibrous capsule. The tumor cells, both in solid
areas and lining the pseudopapillae, are monomorphous, with round to oval
nuclei and an eosinophilic, granular cytoplasm (Fig. 4.1). PAS-positive glob-
ules, stromal myxoid degeneration, necrotic changes with foam cells, and
hemorrhage are characteristically present. Mitotic figures are virtually absent,
consistent with the low proliferative fraction (Ki-67 index < 2%).
Pathologically, the most important differential diagnosis included with SPNs
is endocrine neoplasms. The immunophenotype may help to distinguish the
two, as SPNs are positive for CD10, vimentin, and nuclear β-catenin 
(Fig. 4.2). Progesterone receptor (PR) positivity supports the hypothesis of
their pathogenetic role. 

SPN should be regarded as a carcinoma of low malignant potential and a
favorable clinical course, although both the invasion of vital structures and
metastases have been reported [4-8]. Over 95% of patients with SPNs limited
to the pancreas are cured by complete surgical resection. Only a few patients
die of metastasizing tumor [9-11]. 
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Fig. 4.1 Solid-pseudopapillary neoplasm. Pseudopapillary structures with fibrovascular cores
(left) and a solid area showing small monomorphic cells (right)



4.1.3 Clinical Findings

Abdominal pain is the predominant and, sometimes, the only symptom pres-
ent. The pain may be associated with a palpable abdominal mass, anorexia, or
weight loss, but any of these signs may occur in isolation. The appearance of
an abdominal mass is not considered to be a symptom. Rather, these patients
usually complain of a full sensation and abdominal discomfort, and only on
examination can a mass be appreciated, especially in the left upper quadrant.
The simultaneous presence of pain and an abdominal mass does not suffice to
confirm the pancreatic origin of the lesion. 

The non-specific clinical features and the young mean age at the time of
presentation are frequent reasons for the tendency to underestimate this tumor,
by patients and doctors. For the latter, it could be useful to divide these
patients based on the anatomical location of the lesion. In our experience,
abdominal pain is more often present when the tumor is located in the body-
tail of the pancreas, and in some cases is related to weight loss and abdominal
discomfort, when a mean tumor diameter of 8.8 cm is reached. Fewer symp-
toms occur with tumors with a mean diameter of 5.4 cm and located in the
head of the pancreas; in such cases, jaundice is seen in 4% of patients and gas-
trointestinal discomfort in 8%. Thus, it can be assumed that symptoms, in par-
ticular abdominal pain, are related to the size and behavior of the tumor, which
involves near-by structures. This is different from the abdominal pain associ-
ated with ductal carcinoma of the pancreas, which is due to retroperitoneal
nerve infiltration. The difference between the sizes and symptoms of SPNs are
probably due to their slow evolution and low grade of malignancy.
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Fig. 4.2 Solid-pseudopapillary neoplasm. Cytoplasmic and nuclear β-catenin immunostaining in
neoplastic cells (left); a weak membranous positivity is seen in normal pancreas (right)



4.1.4 Laboratory Findings

Laboratory data are not significant in these tumors due to the lack of a specific
tumor marker. Chromogranin A, which has a higher sensitivity for endocrine
tumors (68%), could be useful in the differential diagnosis between non-func-
tioning endocrine neoplasms and SPNs [12], although the literature reports a
positive result in the absence of an endocrine tumor in 19% of cases [13]. In
our experience, the chromogranin A test was always negative in SPNs.

4.1.5 Diagnostic Imaging 

Solid papillary neoplasms are well-vascularized and encapsulated masses with
definite margins [14] (Fig. 4.3). Calcifications and septa may be seen inside
the mass but they are not pathognomonic. Instead, the distinctive findings of
these tumors are the alternation of solid and cystic areas, in which a necrotic
hemorrhagic component may be present [15] (Fig. 4.4a, b). These findings
may be seen in the same lesion, possibly with differences in the proportions of
the two components. 

The lesions are sometimes reported as cystic even though the finding of a
rich vascularization could lead to their being mistaken for neuroendocrine
tumors.
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Fig. 4.3 Solid pseudopapillary neoplasm (SPN). Axial contrast-enhanced computed tomography
shows a solid pseudopapillary neoplasm in the head of the pancreas that appears hypodense, with
an heterogeneous pattern



4.1.6 Treatment 

Surgical treatment must be considered in all the patients diagnosed with SPNs,
based on the still unknown biological behavior and potential malignancy of
these tumors. The laparoscopic approach has been shown to be safe and feasi-
ble, if expertise is available; the median follow-up is 47 months (range 5–98).
Care must be taken during surgery to prevent specimen rupture [16].
Metastatic disease is not considered a contraindication to surgery, as survival
after the resection of liver metastases exceeds 5 years (range 6 months to 17
years). Recurrences are seen mainly in malignant SPNs but the long-term sur-
vival of these patients has been reported if they are treated [17-19]..
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Fig. 4.4 Solid pseudopapillary 
neoplasm (SPN). a Axial fat-
saturated T1-weighted 
magnetic resonance image
shows hypointense solid
pseudopapillary neoplasm in
the head of the pancreas. 
The internal areas of the 
neoplasm are hyperintense on
T1-weighted images, sugges-
tive of the presence of methe-
moglobin. b On the axial fat-
saturated T2-weighted image,
the solid pseudopapillary 
neoplasm appears 
hyperintense, with an 
heterogeneous pattern



4.2 Acinar Cell Cystadenoma, Cystadenocarcinoma, 
and Other Cystic Neoplasms

4.2.1 Acinar Cell Cystadenoma

Acinar cell cystadenoma (ACA) is a benign cystic lesion lined by cells with
cytological features of acinar differentiation and evidence of pancreatic exocrine
enzyme production [20]. ACAs show no clear age predilection; with patients
ranging in age from 16 to 66 years, but there is a female predominance. 

ACAs can be divided into two categories: clinically recognized macroscopic
lesions and incidental microscopic findings. Macroscopically, the former are
well circumscribed, cystic lesions with a thin, fibrous pseudocapsule that in
some cases can instead be thick and contain calcifications.  Microscopically, the
cysts are lined by a single layer of cuboidal or columnar cells, with little tenden-
cy to pseudostratification or crowding, and with the typical features of acinar
cells, i.e., cytoplasmic eosinophilic granules and immunoreactivity for the aci-
nar marker trypsin (Fig. 4.5a, b). Thus, ACAs are thought represent the benign
counterpart of the well-recognized acinar cell cystadenocarcinoma [21-24].

28 M. Paini et al.

a

b

Fig. 4.5 Acinar cell cystadenoma. 
a Cyst lined by columnar cells (H&E
staining). b Immunohistochemical
expression of the acinar differentia-
tion marker trypsin



4.2.2 Acinar Cell Cystadenocarcinoma

Rare examples of cystic acinar cell carcinoma have been reported as “acinar
cell cystadenocarcinomas” [22, 25]. In contrast to ACAs, the patients are fre-
quently men, with a mean age of 50–60 years.  Macroscopically, these neo-
plasms are large masses, with diameters up to 35 cm, that contain multiple
cysts, with a diameter ranging from a few millimeters to several centimeters.
Hemorrhage and necrosis have been reported [26]. Microscopically, the multi-
ple cysts, are admixed with tubular and solid areas. The lining cells show the
typical acinar differentiation, with a cytoplasm filled with deeply eosinophilic
granules in the apex and basophilic staining at the base. The cells composing
cystic acinar cell carcinomas showed clear signs of atypia, with many mitoses;
areas of necrosis are frequently present as well. 

The prognosis of these patients, as reported in the literature, is similar to
that of patients with the solid counterpart of these tumors. Most patients pres-
ent with metastatic disease, either at the time of diagnosis or a few months
post-operatively.

4.2.3 Other Cystic Neoplasms

This category includes very rare lesions, which account for less than 5% of
cystic neoplasms.

Cystic endocrine neoplasms are characterized by solid growth, with mas-
sive degenerative changes. They may be confused with other cystic neo-
plasms but the preoperative diagnosis can be obtained with fine-needle aspi-
ration biopsy, which reveals the characteristic cytology [27, 28]. The diagno-
sis may be confirmed by the immunohistochemical demonstration of
endocrine markers, such as chromogranin A and synaptophysin, and of hor-
mone production [29].

Lymphoepithelial cysts are benign, uncommon lesions characterized by
mature squamous epithelium associated with lymphoid tissue [30]. They are
more common in men, with a mean patient age of 56 years. Macroscopically,
they may occur predominantly as extrapancreatic lesions and in any case are
well demarcated from the surrounding pancreatic parenchyma. They are either
multilocular (60% of cases) or unilocular (40% of cases), and their mean
dimension is 4.7 cm. The cyst wall is usually thin and the inner surface of the
cysts is smooth or finely granular. Microscopically, the lining epithelium of
the cysts is stratified squamous epithelium, admixed with flat or cuboidal
epithelium. The cyst wall and the septae are filled with dense lymphoid tissue
composed of CD3-positive T cells, frequently associated with germinal centers
formed by B cells. The differential diagnosis is essentially with serous cys-
tadenoma and mature teratoma. These cysts have no malignant potential. 

Mature teratoma is a benign extragonadal germ cell tumor with mature tis-
sues derived from all three germinal layers [31]. They have no gender predom-
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inance; the mean age of these patients is 29 years. Macroscopically they pres-
ent both solid and cystic areas, with frequent calcifications. Microscopically,
the cystic spaces are lined by squamous epithelium, admixed with respiratory
and columnar epithelium. Suppurative inflammation is frequently present.
Mature teratomas have no malignant potential.
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5.1 Introduction

After 30 years during which intraductal papillary mucinous neoplasms
(IPMNs) were considered to be rare neoplasms of the pancreas, we now know
that they represent a specific entity that is seen in daily clinical practice. This
awareness has highlighted the need for an improved understanding of pancre-
atic diseases. In fact, nowadays, IPMNs are the most frequent cystic neoplasm
of the pancreas; this is the case ev en in asymptomatic patients, in whom they
are detected as an incidental finding [1]. In our experience, IPMNs are one of
the most common indications for pancreatic resection.

Since the first report by Ohashi, in 1982 [2], knowledge of this emerging
disease has significantly improved, to the extent that it has been included in
the classification of exocrine pancreatic neoplasms proposed by the World
Health Organization (WHO), beginning in 1996 [3]. The WHO defines IPMNs
as intraductal papillary mucinous neoplasms with tall, columnar, mucin-con-
taining epithelium, with or without papillary projections, involving the main
pancreatic duct and/or its branch ducts. In the two decades since this descrip-
tion, updates of the WHO classification have been published, first in 2000 [4]
and again in 2010 [5]. Consequently, some authors now distinguish two dif-
ferent entities among intraductal neoplasms according to the site of origin:
main duct-IPMN (MD-IPMN) and the less-aggressive branch duct-IPMN
(BD-IPMN) [6, 7]. 

The first guidelines on the management of mucinous tumors of the pancreas
were developed during a consensus conference held in Sendai, Japan, in 2005. 



5. 2 Epidemiology

The diagnosis of IPMN has significantly improved in the last 15 years but the
true incidence of these neoplasms is unknown. It is clear that IPMNs occurred
before 1982, but they were misclassified as mucinous cystic neoplasms or
mucinous ductal cancers and probably also misdiagnosed as chronic pancreati-
tis. The increased incidental diagnosis of these cystic lesions, their unification
under the common name of IPMN, and the acceptance by clinicians of this
new terminology has enabled an estimation of its incidence in patients under-
going resection, for whom the reported value is around 0.8/10 [8]. A slightly
higher incidence in men is widely accepted, while patients undergoing resec-
tion are typically in the 6th decade of life, in both men and women [9].

Recently some authors have reported a higher incidence of extrapancreatic
neoplasms among patients with IPMNs than in either patients with other pan-
creatic disorders or in the general population [10, 11]. If we consider patients
with pancreatic adenocarcinoma (PADC) and those with IPMN, the risk for
colonic adenomatous polyps, Barret’s metaplasia, and urinary tract malignan-
cies is significantly higher in the IPMN group. There is no difference regard-
ing malignant tumors that have a high incidence in the general population
(skin, breast, colorectal, and lung cancers). A group from the Mayo Clinic was
the first to show a higher incidence of malignant and benign neoplasms, the
latter being possible precursors of future malignancies. To explain this higher
incidence, two hypotheses have been formulated: the increased medical sur-
veillance of patients with IPMN (often incidentally diagnosed), and common
genetic or extragenomic risk factors for both IPMN and extrapancreatic neo-
plasms. Another interesting finding is that the majority of extrapancreatic neo-
plasms are detected before or coincidently with IPMN. However, before a
screening program aimed at the early detection of colonic, esophageal, or uri-
nary malignant diseases in IPMN patients can be established, further data are
needed.

5.3 Pathology

As noted above, the new 2010 WHO classification recognizes two different
entities: MD-IPMN and BD-IPMN. The former are characterized by involve-
ment of the main pancreatic duct, with or without associated involvement of
the branch ducts (combined or mixed IPMNs). MD-IPMN usually presents as
a dilated (≥ 1 cm) main pancreatic duct filled with mucus that may extrude
through a bulging ampulla. In some cases, this appearance may mimic that of
a cyst along the main pancreatic duct. MD-IPMNs are usually located in the
proximal portion of the gland (75%) but they can spread to the rest of the main
pancreatic duct; BD-IPMNs more commonly involve the uncinate process,
even if they have been described in the whole gland, as well as in the head,
neck, and distal pancreas. In BD-IPMNs, the side branches of the pancreatic
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ductal system are involved. These neoplasms appear as a cystic lesion commu-
nicating with a non-dilated main pancreatic duct. The communication might be
macroscopically demonstrable or not; this is usually related to the amount of
mucus produced.

Multifocal involvement of the gland by two or more BD-IPMNs is not an
uncommon finding. In recent years the diagnosis of multifocal IPMNs at our
institution has dramatically increased, whereas metachronous IPMN may
reflect either multifocality or a “field defect,” predisposing the entire ductal
epithelium to the development of this neoplasm.

Non-invasive IPMNs are classified into three categories based on the high-
est degree of cytoarchitectural atypia: low-grade dysplasia, moderate dyspla-
sia, and high-grade dysplasia/carcinoma in-situ. Invasive neoplasms are clas-
sified as IPMN with associated invasive carcinoma. At least four cell-types
have been described, according to their histology and mucin immunopheno-
type: 
1 MUC2+, CDX2+:  intestinal type (Fig. 5.1 a, b)
2 MUC2-/CDX2-/MUC1+: pancreatobiliary (Fig. 5.2 a, b)

5 Intraductal Papillary Mucinous Neoplasms 35

a

b

Fig. 5.1 Intraductal papillary muci-
nous neoplasm (IPMN), intestinal
type papillae, with moderate dyspla-
sia (a) and MUC2-positivity (b)



3 MUC5AC+/ MUC6+ and MUC1-/MUC2-/CDX2-: gastric foveolar type
(Fig. 5.3a, b)

4 MUC1+/MUC2+/CDX2-: oncocytic types (Fig. 5.4)

Patients with the first type have a good prognosis while those with the sec-
ond type have a poorer prognosis. In the third type there is frequent involve-
ment of branch ducts; the fourth type is not yet clinically well characterized. 

The invasive component, present in approximately one-third of patients, is
either a tubular or a mucinous invasive component. The former resembles the
conventional ductal carcinoma (Fig. 5.5), while the latter shows features of
colloid (mucinous non-cystic) carcinoma (Fig. 5.6). Although MUC2+ intes-
tinal IPMNs can be considered as precursors of MUC2+ mucinous non-cystic
carcinoma, characterized by good prognosis, MUC2-/MUC1+ pancreatobiliary
IPMNs appear to be closely associated with an aggressive tubular carcinoma
[12, 13]. The progression from benign IPMN to malignancy can be radiologi-
cally detected, considering either the increase in the diameter of the main duct
or the cyst, or the emergence of a mural nodule [14].
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a

b

Fig. 5.2 IPMN, pancreatobiliary
type papillae, with severe dysplasia
(a) and MUC1-positivity (b)
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a

b

Fig. 5.3 IPMN-branch-duct, gastric
type, of the uncinate process, with
low-grade dysplasia (a) and
MUC5AC-positivity (b)

Fig. 5.4 IPMN-oncocytic type. The papillary
proliferations are lined by cells with a finely
granular cytoplasm and containing nuclei
with prominent nucleoli



Interestingly, IPMNs can be associated with familial syndromes. For
example, they have been detected in asymptomatic family members of
patients with familial pancreatic cancer [15], in patients with Peutz-Jeghers
syndrome (PJS), with inactivation of the STK11/LKB1 gene [16], and in asso-
ciation with familial adenomatous polyposis (FAP) [17]. These findings high-
light that in patients with IPMN screening for curable pancreatic neoplasia
may be possible.

In our experience in collaboration with the Massachusetts General
Hospital, among 140 patients with MD-IPMNs who were treated by resection,
12% had adenoma, 28% borderline disease, 12% carcinoma in situ, and 42%
invasive carcinoma. Similar data have been reported by other authors [18, 19].
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Fig. 5.5 IPMN with tubular-
type carcinoma, characterized
by infiltrating, irregular tubu-
lar structures, similar to those
of ordinary ductal carcinoma

Fig. 5.6 IPMN with “mucon-
odular” carcinomatous 
transformation. Whole-
mount macrosection from 
a duodenopancreatectomy
shows multiple areas of 
nodular gelatinous
carcinomatous tissue



Tanaka et al. found that MD- and BD-IPMNs were associated with malignan-
cy in 70% and 25% of the cases, respectively, while the rate of invasive carci-
noma was 43% for MD-IPMN and 15% for the BD type. Thus, these two neo-
plasms seem to have a significantly different biological behavior, which may
influence clinical decision-making with regard to the appropriate management
of these two entities.

Moreover, it is not uncommon to recognize different degrees of dysplasia
within the same surgical specimen. In our experience, the average age of
patients with malignant MD-IPMN is 6.4 years older than that of patients with
adenoma or borderline tumor; these observations support the theory of a clon-
al progression to malignancy in this variant [20]. 

5.4 Genetics

Regarding the molecular pathogenesis of IPMNs, KRAS activating mutations
have been identified as an early event that increases in occurrence according
to the histological severity of the neoplasm. Mutations in the KRAS, p16, and
p53 genes are present but are less common in IPMN than in ductal carcinoma,
and DPC4 loss is usually not detected. In a study of 23 cases of resected
IPMNs, Wada et al. showed that 65% had a KRAS mutation. A loss of heterozy-
gosity (LOH) in 9p21 (p16) increased from 12.5% in adenomas to 75% for car-
cinomas while LOH in 17p13 (p53) was present only in invasive carcinomas
[20]. These results suggest LOH in 9p21 (p16) as an “early” event and LOH in
17p13 (p53) as a later event, providing additional support for a clonal progres-
sion process.

A recent report showed that DNA damage checkpoint activation due to
CHK2 inactivation occurs in the early stage of IPMN and seems to prevent its
progression whereas p53 accumulation was mostly detected in malignant
IPMNs. It was suggested that the DNA damage checkpoint exerts selective
pressure on the p53 mutation and that a disturbance of CHK2 inactivation or
p53 mutation contributes to the carcinogenesis of IPMNs.

Several other genetic alterations have also been reported in IPMNs.
AKT/PKB and HER2/EGFR activation has been demonstrated in a large por-
tion of these neoplasms, while CDKN2A/P16 expression is frequently lost,
suggesting a correlation with the hypermethylation of the promoter region of
P16, more frequently detected in high-grade neoplasms. Some IPMNs show
abrogation of TP53, especially those with high-grade atypia [21-26]. Despite
frequent hemizygous or homozygous deletions of chromosome 18q, SMAD4 is
completely retained in IPMNs [27, 28].

Mutation of STK11/LKB1, a PJS gene, and the abrogated expression of
DUSP6/MKP-3, a gene identified in the deleted region 12q21-q22, suggest a
role for these molecules in the development of a subset of IPMNs [29, 30].
Aberrant hypermethylation of at least one CpG island is detected in about 80%
of IPMNs, with the overall number of methylated loci significantly higher in
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high-grade tumors. Genes encoding cyclin D2, TFPI-2 and SOCS-1 have been
reported as aberrantly methylated in IPMNs [31].

Global gene expression analysis performed for IPMNs revealed that many
of the overexpressed genes are also highly expressed in pancreatic ductal ade-
nocarcinomas. In addition, gene expression profiles evidenced the up-regula-
tion of the genes encoding members of the trefoil factor family (TFF1 and
TFF3), CLD4, CXCR4, S100A4, and mesothelin. Some of the encoded pro-
teins have been suggested to play a role in the progression to the invasive form
of IPMNs [32-34]; among the underexpressed genes in IPMNs,
CDKN1C/P57KIP2 has been shown to be epigenetically down-regulated. 

Recent investigations suggest the involvement of the sonic hedgehog
(SHH) pathway  in the tumorigenesis of IPMN and that SHH measurement of
pancreatic juice may provide some advantages in the treatment or follow-up of
a subset of patients with these tumors. The study by Ohuchida et al. [35] pro-
vides an outstanding survey of the SHH pathway involvement of IPMN, with
its possible clinical implications. The involvement of this pathway was further
supported by the report of Jang et al. [36] in their study of the immunohisto-
chemical expression of SHH in IPMNs. 

Fascin expression was found to be significantly higher in borderline neo-
plasms and carcinomas than in adenomas, suggesting that overexpression is
involved in the progression of IPMNs. Thus, fascin could become a new ther-
apeutic target for the inhibition of IPMN progression or, at least in the short
term, a prognostic marker of IPMN [37]. 

PIK3CA mutations have been reported in 11% of IPMNs, providing evi-
dence that the oncogenic properties of this gene contribute to these neoplasms
[38]. 

Recent results suggest that HTERT expression in epithelial cells is an indi-
cator of malignant transformation in IPMN. Immunohistochemical detection
of HTERT in cells derived from pancreatic juice may therefore ´provide a
powerful diagnostic tool and, in this case, a marker of the malignant progres-
sion of IPMN [39]. 

MUC4 and MUC5AC were recently evaluated as potential markers in dis-
tinguishing more aggressive IPMNs from less malignant ones, in a study by
Kanno et al. [40].

5.5 Clinical Presentation

There are no signs or symptoms suggestive of IPMNs. Patients with MD-
IPMN are more often symptomatic, complaining of abdominal pain, pancreati-
tis, steatorrhea, jaundice, diabetes, or weight loss [41]. Even though some
patients with BD-IPMN may present with the above-described symptoms,
most are asymptomatic and the neoplasms are incidentally detected during a
radiological work-up performed for unrelated problems [42, 43].

It is remarkable that, unlike in pancreatic adenocarcinoma, jaundice is an
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uncommon presentation of IPMN and occurs only in 15–20% of patients.
Jaundice and steatorrhea at presentation are a cause for concern as together
they are associated with a much higher incidence of malignant IPMN (8- and
5- fold, respectively). A recent onset or worsening of diabetes is more common
in patients with IPMNs with invasive carcinoma (3-fold). In our experience,
patients with benign IPMNs had a higher frequency of abdominal pain and a
longer duration of symptoms.

5.6 Diagnostic Work-up

Previously, Ohhashi’s triad, consisting of a bulging ampulla of Vater, mucin
secretion, and dilated main pancreatic duct, was an indicator of IPMN. Today,
the great majority of IPMNs are characterized on cross-sectional imaging
study, such as computed tomography (CT) or magnetic resonance cholan-
giopancreatography (MRCP). The radiological and endoscopic features of
IPMNs vary according to the morphologic type of the neoplasm. The typical
feature of MD-IPMNs is dilatation of the main pancreatic duct > 1cm 
(Fig. 5.7), eventually extending into the secondary branches, which may
appear as cysts (Fig. 5.8). The dilatation can involve the duct of the distal pan-
creas or, if it is located in the head or in the uncinate process, may be present
throughout because of an obstructive effect. BD-IPMN appears as cysts or a
cluster of cysts without dilatation of the main duct and is more commonly
located in the head-uncinate process. Between 39% and 64% of BD-IPMNs are
multifocal (Fig. 5.9a, b). 
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Fig. 5.7 Main pancreatic duct IPMN (MD-IPMN). Coronal magnetic resonance cholangio-pancre-
atography (MRCP) shows diffuse dilatation of the main pancreatic duct due to the involvement of
the entire pancreatic ductal system
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Fig. 5.8 Side-branch IPMN
(SB-IPMN). Coronal MRCP
shows a cystic dilatation of a
side branch in the head of the
pancreas, connected with the
Wirsung duct

Fig. 5.9 Multifocal SB-IPMN. Coronal MRCP
shows a cystic dilatation of multiple side
branches located along the whole pancreas
(a). Axial T2-weighted image shows the con-
nection between the cystically dilated side
branches and the main pancreatic duct (b)

a

b



Calcifications are detected in 11% of cases. Nodules and papillary projec-
tions, which are significantly associated with the presence of a malignant
neoplasm, usually appear as filling defects within the cystic lesions (Fig.
5.10). The pancreatic gland may be enlarged, with signs of pancreatitis, or it
may be atrophic. CT and MRCP can localize the tumor and assess its relation-
ship with nearby vessels and other organs. MRCP is particularly useful in the
characterization of single or multifocal BD-IPMNs, given the ability of this
imaging technique to demonstrate a communication between the main duct
and the cyst. 

At our institution, in the initial assessment of patients with suspected
IPMN we additionally use contrast-enhanced ultrasound (US), which is able to
identify and characterize the “cysts” in detail [44].

In those cases in which the diagnosis is uncertain, endoscopic ultrasound
(EUS) may be helpful, as it can well identify the dilated main pancreatic duct.
In addition, EUS demonstrates the morphological details of any solid compo-
nent, nodules, or small projections, in the main duct and/or in the cyst commu-
nicating with it. EUS is also a safe method for fluid sampling and targeted
biopsies by fine-needle aspiration or core biopsy. Examination of fluid sam-
pled from an IPMN provides diagnostic information about the tumor, reveal-
ing its viscous aspect, the presence of mucin or mucinous cells, and carci-
noembryonic antigen levels [45]. However, it is important to keep in mind that
the puncture is done through the gastric or duodenal wall, potentially allowing
the needle to carry tumor cells.
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Fig. 5.10 MD-IPMN: mural nodule. Axial T2-weighted image shows dilatation of the main pan-
creatic duct, with a mural nodule on the non-dependent wall of the duct (arrow), indicative of
malignant IPMN, which was surgically confirmed



Cytologic examination of the pancreatic juice and the subsequent detection
of a KRAS mutation can also be helpful and, to a limited extent, may predict
the likelihood of malignancy, even though this procedure has a low sensitivi-
ty (< 20%). More recent work has shown that high-grade atypia on cytology
has a sensitivity of 72% for malignancy for all mucinous cysts (mostly IPMN)
[46]. We consider EUS as a second-level procedure that should be performed
only in selected cases. 

In recent years, intraductal endoscopy and/or peroral pancreatoscopy have
been introduced but experience is limited and further studies are needed.

Blood tests that include tumor markers are mandatory, with measurements
of CEA, Ca19-9, and Ca125. 

Clinical history, radiology, and endoscopy should contribute to obtaining a
correct diagnosis of IPMN and to differentiate it from other cystic neoplasms,
such as serous cystadenoma or mucinous cystic neoplasms, and from other
cystic lesions of the pancreas (pseudocyst, true pancreatic cyst). Once IPMN
is identified, the following step is the differential diagnosis between MD- and
BD-IPMN and the determination of those parameters associated with a high
risk of malignancy. Jaundice, steatorrhea and new or worsening diabetes
should raise suspicion for degeneration. A lesion > 30 mm in diameter, a dilat-
ed main pancreatic duct (> 10 mm), and the presence of nodules, thick walls,
or papillary projections are morphological aspects that should always alert cli-
nicians [47].

5.7 Management 

During the consensus conference held in Sendai in 2005, a group of surgeons,
gastroenterologists and pathologists edited the first guidelines pertaining to
the management of IPMNs. Before 2005, all patients with a diagnosis of IPMN
were considered to be at risk of developing malignancy, and therefore surgery
was always proposed. Since the Sendai meeting, two different approaches
have been defined when considering MD-IPMN (including the mixed form)
and BD-IPMN.

5.7.1 Main Duct-IPMNs

Patients with MD-IPMN or the mixed form, when surgically fit, should always
be candidates for resection because of the high prevalence of in situ and inva-
sive carcinoma found in resected specimens (70%). Of note is the observation
that in patients with MD-IPMNs there may be malignancy regardless of the
presence or absence of symptoms. Accordingly, the radiological aspect of
these lesions can determine the indication for surgery. 

The surgical management of MD-IPMNs is challenging. While in other
pancreatic tumors preoperative imaging can accurately locate the tumor and
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thereby allow the planning of a pancreatic resection, this is not always the case
in MD-IPMNs. Segmental dilatation of the main duct, as seen on preoperative
studies, may occur both proximal and distal to the tumor, because of mucus
overproduction. In such case, localization of the neoplasm is more difficult.

A typical resection (pancreaticoduodenectomy, left pancreatectomy, total
pancreatectomy, according to the site and extension of the disease) with lymph
node dissection is mandatory. Limited resections, such as middle pancreatec-
tomy, have been proposed for MD-IPMN, but in our experience with MD-
IPMN patients this results in a high rate of positive resection margins and
recurrences, with similar results reported by other authors [48]. Consequently,
in this setting we recommend standard resections. Since IPMN extends along
the pancreatic duct and may do so without macroscopic tumor, it is important
to exclude residual tumor on frozen section [49].

Three different aspects of the ductal mucosa can be detected by analyzing
the surgical margin: (1) normal ductal epithelium in the main duct means that
radical resection has been achieved; (2) de-epithelialized or a denuded epithe-
lium should not be considered as a negative margin since local recurrence is
also possible; (3) adenoma, borderline, or carcinoma requires an extension of
the surgical resection up to total pancreatectomy.

In cases of de-epithelialization, adenoma, or borderline tumor at the surgi-
cal margin, the optimal surgical strategy is controversial: we usually extend
the resection by a few centimeters to obtain a new margin, aiming to achieve
a negative resection margin. In our experience involving 140 patients with
MD-IPMN who underwent surgical resection, the rate of negative margins in
the surgical specimen was 58.5%, and the results of the intraoperative frozen
section analysis modified the surgical plan, leading to an extension of the
resection or to total pancreatectomy in 29 patients (20.7%) [50]. 

Recurrence in the pancreatic remnant may develop even if the transection
margin is negative and even in patients with noninvasive disease. The presence
of a positive resection margin, multicentric IPMNs with synchronous skip
lesions along the main duct that are still present (but not detectable) at the time
of surgery, and metachronous lesions (given that IPMN may be a marker of a
“field defect” associated with a propensity for tumor development) may
explain recurrence in the pancreatic remnant after the resection of a MD-
IPMN.

For all these reasons, the role of total pancreatectomy in IPMN must be
carefully evaluated and tailored to each single patient. Some authors have
reported that for malignant IPMNs the frequency of recurrence (local recur-
rence or distant metastases) is similar whether or not total pancreatectomy is
performed [51, 52]; Chari et al. reported a recurrence rate of 62% after total
pancreatectomy and of 67% after partial pancreatectomy [19]. The risks and
long-term complications of total pancreatectomy must be considered and dis-
cussed with patients. Finally, in patients with MD-IPMN undergoing pylorus-
preserving pancreaticoduodenectomy, pancreaticogastrostomy may be pre-
ferred instead of pancreaticojejunostomy because it allows direct endoscopic
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access to the pancreatic stump during follow-up, leaving open the possibility
of pancreatic juice sampling for cytological examination [53].

5.7.2 Branch-Duct IPMNs

The prevalence of malignancy is much lower (25%) in BD-IPMNs than in
MD-IPMNs and it is predictable on the basis of symptoms, tumor size, and
morphological criteria. Thus, a strict follow-up is advocated for patients with
BD-IPMN < 3 cm, with no nodules or duct dilatation (which would imply a
combined IPMN). Follow-up consists of MRCP repeated 6 months after the
first diagnosis and then yearly, together with measurement of Ca19-9 levels,
unless there is an increase in size, the development of nodules, or the onset of
symptoms. It should be emphasized that this non-operative approach should be
carried out in experienced centers and that data from large series are still need-
ed for its validation (Fig. 5.11a, b).

In our earlier experience of 109 patients with BD-IPMN [54], 20 patients
(18.3%) underwent immediate surgery because of the presence of symptoms
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Fig. 5.11 SB-IPMN evolution.
Coronal MRCP obtained in
June 2000 shows multifocal
side-branch IPMNs. The num-
ber and size of the dilated side
branches were unchanged in
May 2005

a

b



and/or parameters associated with malignancy. A pathological diagnosis of
BD-IPMN was always confirmed; an invasive carcinoma was diagnosed in two
patients (10%) and a carcinoma in situ in one (5%). Eighty-nine patients
(81.7%) were followed for a median of 32 months. After a mean follow-up of
18.2 months, in five patients (5.6%) an increase in size of the lesion was deter-
mined and surgery was performed. The pathological diagnosis was branch-
duct adenoma in three patients and borderline in two. None of the patients had
malignant changes on follow-up. This study suggests that in very selected
cases a non-operative approach is safe and feasible. It also provides further
evidence that the biological behavior of BD-IPMN is different than that of the
main-duct type.

Other authors have described similar experiences in the conservative man-
agement of BD-IPMN. Cauley et al. [55] followed 244 patients with BD-
IPMN (described as low risk IPMN); in this group, 32 patients (12%) devel-
oped a new indication for resection and two (1%) developed invasive cancer
during a mean surveillance of 35 months. No patient with an increasing size of
the cyst developed malignancy. In a follow-up of 103 patients, Sawai et al.
[56] reported that progression to invasive cancer occurred in 3.9%. 

With more data emerging in the literature, it appears that cyst size does not
correlate well with the risk of malignancy [57, 58]. The threshold of 3 cm for
observing BD-IPMN is currently under scrutiny. According to Markov-based
normograms in guiding the indication for surgery, a cyst size > 2 cm favours
overall survival regardless of quality of life (QOL), but with a QOL-adjusted
survival a 3-cm threshold is more appropriate [59]. This has prompted calls for
a review of the Sendai criteria for observing BD-IPMNs. The Heidelberg unit
has suggested that only BD-IPMN cysts < 1–1.5 cm should be observed for
surgically fit patients [60]. Clearly, controversies remain regarding the best
treatment strategies for patients with BD-IPMNs [61] 

In terms of the surgical approach, a typical resection should be performed
for BD-IPMNs. For asymptomatic patients with a small single lesion (< 3 cm)
at the neck of the pancreas, without any suspicion for malignancy, a middle
pancreatectomy is an option. In the case of multifocal disease, a total pancre-
atectomy or an extended standard resection ensures radical treatment; howev-
er, a more selective approach can be considered, with segmental resection of
the largest lesion (or of the lesion “suspected” of malignancy) and non-opera-
tive management with strict follow-up of the remnant BD-IPMN. 

Indications for surgery in multifocal BD-IPMN follow the same rules as
established for uni-focal BD-IPMN: symptomatic patients and suspicion of
malignancy. 

5.7.3 Combined IPMNs

The origin of the mixed form of IPMNs is unknown; that is, whether they orig-
inate from MD-IPMN or arise as a combined form. Regardless of their patho-
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genesis, their biological behavior is known to be similar to that of MD-IPMNs
and their treatment follows the same rules: high risk of malignant change and,
for all surgically fit patients, an indication for surgery [62].

5.8 Post-operative Follow-up

After resection, strict follow-up is necessary. Patients with malignant IPMN
have an obviously higher risk of recurrence, but neoplastic recurrence can
arise even in the presence of a benign tumor with negative resection margins,
particularly for MD-IPMNs. It is important to detect a recurrence or the devel-
opment of a new disease in the remnant since this is an indication for a second
resection. In our experience with 140 patients with MD-IPMN who underwent
resection, eight (7%) developed a recurrence in the remnant. Of these, seven
had invasive carcinoma at initial histology and one had an adenoma with neg-
ative resection margins; this patient underwent a completion pancreatectomy
for carcinoma in situ.

In our opinion, clinical examination, biochemical assessment, and US, CT,
or MRCP—performed every 6 months in patients with malignant tumors and
yearly for those with benign IPMNs—offers a safe follow-up approach. In
patients with multifocal BD-IPMN treated by partial pancreatectomy, strict
follow-up should be performed to evaluate the remnant gland or lesions in the
remaining pancreas and the eventual development of new lesions. MRCP is
particularly useful in this setting [63].

5.9 Prognosis

The survival of patients with IPMN, even when malignant and invasive, is
always better than that of patients with pancreatic ductal adenocarcinoma. In
our experience, based on a follow-up of 137 patients treated by resection, 5-
and 10-year disease specific survival (DSS) for 80 patients with adenoma, bor-
derline, and in situ carcinoma was 100%, while for 57 patients with invasive
carcinoma the DSS was 60% and 50%, respectively. In another large series, the
5-year DSS for patients with IPMN with invasive carcinoma ranged from 36%
to 43% [64].

In a recent study [65] based on a multivariate analysis, we identified three
independent factors associated with poor prognosis in invasive IPMN carcino-
ma: Ca19-9 value > 37 U/ml (adjusted for jaundice), a family history of pan-
creatic cancer, and a lymph node ratio (LNR) > 0.2. These three factors are
associated with a 5-year survivals of 44.2%, 16.7%, and 11%, respectively.
However, it is still difficult to define the impact on clinical practice of these
prognostic factors. Only a family history and Ca19-9 levels can be determined
preoperatively and are therefore able to influence decision-making, for exam-
ple, in those patients with BD-IPMN in whom surgery may not be the first
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option. Our current strategy is to recommend early surgery for patients with
high-risk lesions; the early detection of signs of malignancy or recurrence may
be prognostically beneficial for these patients.
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6.1 Introduction

Cystic tumors are uncommon pancreatic lesions but, at least according to our
experience, they account for 30% of radical pancreatic resections. This high
frequency can be explained by several reasons but especially by the increas-
ingly widespread use of modern imaging techniques, such that in the clinical
workup of unrelated conditions, suspicious cystic pancreatic lesions are often
incidentally revealed. The resulting likelihood of early detection has
improved the management of these patients.

Thus far, the efficacy of chemo- or radiotherapy in treating  malignant cys-
tic tumors has not been demonstrated, leaving surgery as the only therapeutic
option. The responsibility of the surgeon in such cases is two-fold, as he or
she will be involved in the diagnosis and then in the treatment (resection) of
the lesion.

However, for patients in whom surgery is not or not yet an option, close
follow-up is mandated. This applies to patients with a benign or indetermi-
nate lesion and to those with coexisting critical conditions. In these patients,
the updated WHO classification is useful to understand the relationship
between the biological behavior of the tumor and the prognosis. More recent-
ly, oncologists have increasingly contributed to the diagnosis and manage-
ment of patients with malignant cystic neoplasms, as discussed in the follow-
ing section.



6.2  The Role of the Oncologist in the Diagnosis and
Management of Malignant Cystic Neoplasms

Cystic neoplasms of the pancreas are relatively rare lesions. Most of them are
either benign or low-grade indolent neoplasias, with a prognosis significantly
better than the dismal outcome of patients with ductal adenocarcinoma [1].

As extensively described elsewhere in this book, cystic neoplasms have
been classified by the WHO into four types: serous cystic neoplasms (SCNs),
intraductal papillary mucinous neoplasms (IPMNs), mucinous cystic neo-
plasms (MCNs), and solid pseudopapillary neoplasms (SPNs). This distinction
is very important since the four types differ in their malignant potential, which
in turn determines their correct management. The mucinous types, i.e., IPMNs
and MCNs, are of particular relevance for medical oncologists because of the
well-established malignant potential of these tumors.

6.2.1 Serous Cystic Neoplasms

The malignant degeneration of SCNs of the pancreas is very rare. Moreover,
the benign and malignant variants have very similar histological appearances,
with the only distinguishing characteristic of malignant lesions being their ten-
dency to invade surrounding structure. Metastases to regional lymph nodes,
liver, lung, and bone marrow also have been reported. Nonetheless, the prog-
nosis of these patients is very good, and an aggressive surgical approach, when
feasible, is the preferred therapeutic approach [2-5] . As noted above, to date,
there have been no studies or reports in which chemotherapeutic strategies
have been used in this setting.

6.2.2 Mucinous Cystic Neoplasms

In contrast to SCNs, mucinous cystic and intraductal papillary neoplasms
share a high tendency to become malignant. At histological evaluation of these
tumors, it is common to find all the different steps of tumor progression. Thus,
the pathologist must carefully search for foci of carcinoma in situ or invasive
carcinoma, neither of which may be visible grossly. Surgery remains the main-
stay of cure for patients with MCNs and IPMNs. The timing of surgery and the
most appropriate technique are defined based on a multidisciplinary evalua-
tion, considering the preoperative, radiological, and pathological diagnosis,
symptoms, size and growth rate of the lesion, and the age and performance sta-
tus of the patient. When indicated, resection is usually curative. An appropri-
ate follow-up program is then defined based on the risk of recurrence. In
selected cases, surgery can be considered also in metastatic disease, as some
studies have reported the long-term survival of these patients. As for SCNs,
medical oncologists have a marginal role in the management of MCNs and
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IPMNs given that, due to the low incidence of malignant and metastatic cystic
neoplasms, there are no or only a few clinical studies addressing the efficacy
of radio- or chemotherapeutic strategies or the use of common cytotoxic drugs
in their treatment. 

Several risk factors for malignancy have been defined for patients with
MCNs, including tumor size > 4 cm, associated mural nodules, septa, and
eggshell calcifications. Surgery, intended as a “standard” pancreatic resection,
is the most important and curative approach. If the histological evaluation
finds evidence of an invasive carcinoma, a strict follow-up must be pro-
grammed, since the risk of recurrence and metastases is high even if the prog-
nosis of these patients is better than that of patients with classical adenocarci-
noma, with 5-year survival rates ranging from 15 to 33% [6, 7]. There are a
few cases in which mucinous cystadenocarcinoma was detected during preg-
nancy or in the post-partum period. As MCNs are diagnosed almost exclusive-
ly in women, a role for sex hormones in tumorigenesis can be hypothesized.
This relationship is also supported by the ovarian-tumor-like stroma that char-
acterizes MCNs. The clinical management in these cases is more complicated,
both from the surgical and the oncological point of view [8-10]. Of note, a case
of mucinous cystadenocarcinoma during hormone replacement therapy has
been reported [11]. It is therefore crucial that women with cystic masses of the
pancreas who need hormonal treatment or who wish to become pregnant are
carefully monitored, since either of these conditions can be associated with the
evolution and transformation of MCN.

Patients with metastatic MCN have a poor prognosis, and they are usually
treated according to the same regimen used in patients with adenocarcinoma.
Metastatic MCNs can spread to the peritoneum. In one report, a patient with
advanced mucinous cystadenocarcinoma with peritoneal dissemination was
treated with gemcitabine, with a marked shrinkage of the tumor [12]. In anoth-
er, intraperitoneal chemotherapy with cisplatin was administered in the treat-
ment of pseudomyxoma peritonei associated with a pancreatic mucinous cys-
tadenocarcinoma, with very good long-term results [13]. A single case of
Sister Mary Joseph’s nodule, as an umbilical metastasis of mucinous cystade-
nocarcinoma, was described [14]. In two cases of unresectable cystadenocar-
cinoma, a combination regimen in which 5-fluorouracil was administered with
radiation therapy showed good activity, with marked reduction in tumor size
and carcinoembryonic antigen (CEA) levels, allowing subsequent resection of
the lesions [15]. Rare tumors, such as anaplastic carcinoma, osteoclast-like
giant cell tumor, carcinosarcoma, and undifferentiated carcinoma, can be asso-
ciated with MCNs; these entities need to be recognized because of their high-
ly aggressive behaviors [16, 17].

A molecular genetic distinction among the various types of cystic neo-
plasms was recently described, by determining the exon sequences of DNA
from the neoplastic epithelium of these tumors. The analysis of only five genes
(VHL, RNF43, CTNNB1, GNAS, and KRAS) was sufficient to distinguish
among the different cystic neoplasms [18]. Of note, all five genes encode
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either components of the E3 ubiquitin ligase complex or proteins that hence
become resistant to degradation by this complex. In a separate study, GNAS
mutations at codon 201 were detected in 66% of the DNA samples isolated
from IPMN cyst fluids. Over 96% of these IPMNs had either a GNAS or a
KRAS mutation and more than half had both mutations. Interestingly, most of
the invasive adenocarcinomas that developed in association with IPMNs con-
tained GNAS mutations. These mutations were not found either in other types
of pancreatic cystic neoplasms or in invasive adenocarcinomas not associated
with IPMNs, indicating that GNAS mutation provides a novel molecular path-
way leading to IPMN-related pancreatic carcinoma [19]. Thus, when com-
bined with clinical and radiological data, molecular genetic profiles could lead
to a more accurate diagnosis and to a more patient-tailored treatment plan. 

6.2.3 Intraductal Papillary Mucinous Neoplasms

These tumors can be precursors of invasive carcinomas. Their malignant
potential differs depending on the origin of the lesion, as those from the main
duct (MD-IPMN) have a higher risk of malignancy than those from branch
ducts (BD-IPMN). Surgery is crucial in the management of MD-IPMNs but
should also be considered in BD-IPMNs > 3 cm in diameter and in IPMNs
with nodules or duct dilatation (mixed IPMN), since in this case the malignant
potential is higher. There are no data regarding the efficacy of adjuvant thera-
py in any of the IPMN types [20]. Interestingly, some authors reported a high-
er incidence of extrapancreatic malignancies and preneoplastic lesions, espe-
cially but not exclusively in the gastrointestinal tract, in patients with IPMNs
than in the general population. Thus, the oncologist must bear this information
in mind with respect to the long-term follow-up of these patients [21]. 

6.3 Conclusions

There are very few data supporting the use of chemotherapy in the manage-
ment of patients with pancreatic cystic neoplasms. Adjuvant treatment is not
routinely suggested, considering the low incidence of malignancy of these
lesions. In the metastatic setting, there are no specific treatments with demon-
strated efficacy; therefore, the common chemotherapeutic regimens used for
advanced pancreatic adenocarcinoma should be considered in appropriate
cases. Nonetheless, surgery is the only therapeutic strategy that can offer high
curative rate to patients with malignant pancreatic cystic neoplasms.
Accordingly, every patient should be evaluated carefully to determine eligibil-
ity for pancreatic resection, based on a multidisciplinary assessment.
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Part II

Neuroendocrine Pancreatic Neoplasms

Massimo Falconi

Pancreatic neuroendocrine neoplasms (PanNENs) are rare entities, with a
wide spectrum of clinical presentations. Affected patients seek medical assis-
tance due to symptoms resulting from either hormonal hypersecretion or mass
effects. Thus, PanNENs are clinically defined as functioning or non-function-
ing, depending on the presence or absence of a syndrome related to inappro-
priate hormone secretion. In approximately 10–48% of cases, these tumors are
not associated with obvious signs or symptoms of hormone hypersecretion.
PanNENs differ both biologically and clinically from pancreatic adenocarci-
noma since most are characterized by an indolent course and are associated
with longer survival. PanNENs are found in 0.5–1.5% of autopsies; their
annual incidence in the population is  only 5–10 cases per million persons.
Consequently, specific treatment recommendations have been traditionally
drawn from a few small series or anecdotally, such that the management of
PanNENs is still a matter of debate. In particular, it is unclear whether surgery
alters their natural progression. The appropriate surgical approach is strictly
correlated with the characteristics of the tumor although a widely accepted
strategy is still lacking. This is also due to the heterogeneity of these tumors,
accounting for their classification according to various clinical-pathological
parameters (WHO Classification) and prognostic factors (TNM staging). The
clinical behavior of PanNENs varies from benign to low-grade malignant for
well-differentiated tumors/carcinomas to high-grade malignant for poorly dif-
ferentiated carcinomas. The two major categories of well-differentiated and
poorly differentiated tumors reflect the distinct phenotypes and genetic back-
grounds and thus perhaps also a distinct histogenesis. Surgical options in the
treatment strategy vary from a typical pancreatic resection to total pancreate-
ctomy. The former is usually mandatory for large and localized sporadic pan-
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creatic tumors or in the presence of symptoms. For small and asymptomatic
lesions, more conservative surgery (enucleation or central pancreatectomy) is
more appropriate. Given the relatively indolent biological behavior of
PanNENs, surgery also has a significant role in locally advanced and metasta-
tic forms. In the setting of MEN 1 syndrome or von Hippel Lindau disease,
tumor size and possible symptoms should be considered in the evaluation of
proper treatment. Despite recent improvements in the classification, diagno-
sis, and treatment of PanNENs, the relation between pathological and clinical
characteristics, type of treatment, and prognosis is only partially understood. 

The following chapters focus on all of these aspects of PanNENs, cover-
ing important issues ranging from epidemiology to surgery and from patholo-
gy to medical targeted and non-targeted treatments. The discussions contained
herein are based on surveys of the most recent literature.
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7.1 Epidemiology of Pancreatic Neuroendocrine Neoplasms

Since the description of the first neuroendocrine neoplasm (NEN), published
by Oberdorfer at the beginning of the last century [1], the epidemiology of
gastroenteropancreatic-NENs (GEP-NENs) has significantly changed, espe-
cially over the last decades. In the largest and most recent series of NENs,
including those of the GEP type as well as thoracic and unknown primary
NENs, a dramatic increase in their age-adjusted incidence in the USA between
1973 and 2004 was reported, from 1.1 to 5.2 per 100,000 inhabitants per year
[2]. Many factors are likely to have contributed to this increase, including the
improved classification of NENs and the widespread use of endoscopy for
cancer screening and of other sensitive imaging procedures such as endoscopy
ultrasound (EUS) and computed tomography CT [3].

Regarding pancreatic NENs (PanNENs), in the series of Yao et al. [2] the
reported incidence was 0.32 per 100,000 per year, lower than that of lung,
ileal, and rectal NENs (1.35, 0.67, and 0.86 per 100,000 respectively).
However, the autoptic incidence of PanNENs is greater, at 1.5% per year, indi-
cating that a consistent subgroup of these tumours is under-diagnosed [4].

In a recent Italian survey conducted in 13 referral centers, among 820
patients with NENs, including 63% with GEP-type, 33% with thoracic-type,
and 4% with unknown primary origin, a pancreatic origin accounted for 31%
of the entire population whereas 50% were GEP-NENs, identifying the pan-
creas as the most common site of NEN origin [5]. The higher prevalence of
pancreatic tumors in this study may have been due to the inclusion of both
sporadic and MEN1-NENs.



PanNENs are classified as functioning (F-) and non-functioning (NF-) accord-
ing to the accompanying presence of a hormonal syndrome (Table 7.1). NF-
PanNENs represent the majority, accounting for 30–40% (up to 60-80% in recent
series), whereas, among functioning tumors, insulinomas (17%) are the most fre-
quent neoplasm, followed by gastrinomas (15%), VIPomas (2%), glucagonomas
(1%), and somatostatinomas (< 1%) [6]. The peak incidence is during the fifth
decade of life, with no difference in the distribution between the sexes.

7.2 Inherited PanNENS

PanNENs are usually sporadic, but they can belong to an inherited syndrome,
mainly multiple endocrine neoplasia type 1 (MEN1), which is an autosomal
dominant syndrome due to a germline mutation in the MEN1 gene, located on
chromosome 11q13 [7]. Other classical features of this syndrome are parathy-
roid and pituitary tumor/hyperplasia. PanNENs are a frequent manifestation in
MEN1, are diagnosed a decade earlier than their sporadic counterpart, and are
reported as the cause of death in at least one third of MEN1 patients. 

The most common PanNENs in MEN1 are non-functioning forms, with a
prevalence ranging from 80 to 100%, whereas gastrinomas and insulinomas,
the most frequently functioning tumors, occur with a mean prevalence of 54%
(range 20–61%) and 18% (range 7–31%) respectively [8]. PanNENs are often
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Table 7.1 Biochemical and clinical characteristics of PanNENs

Type Peptide Site Malignancy MEN1- Clinical
of PanNEN (%) associated (%) manifestation

Insulinoma Insulin Pancreas 10 10 Hypoglycemia

Gastrinoma Gastrin Pancreas, 80 25 ZES (peptic
Duodenum ulcer, diarrhea,

epigastric pain)

VIPoma VIP Pancreas 80 8.7 Watery diarrhea,
hypokalemia,
achlorhydria

Glucagonoma Glucagon Pancreas 60 3 NME, DM,
PP weight loss,

anemia, glossitis,
thromboembolism

Somatostatinoma Somatostatin Pancreas, 80 1 DM, steatorrhea,
Duodenum diarrhea,

cholelithiasis

Non-functioning PP Pancreas 60 20–30 Mass symptoms

ZES, Zollinger-Ellison syndrome; VIP, vasoactive intestinal peptide; NME, necrolytic migratory
erythema; DM, diabetes mellitus; PP, pancreatic polypeptide.



multiple and NF-PanNENs can coexist with insulinomas and gastrinomas in
the same patient. 

In our experience, in 16 out of 31 (52%) patients with PanNENs associated
with MEN1, PanNEN was the manifestation that led to the diagnosis of MEN1,
since the almost constant presence of hyperparathyroidism is either very often
unrecognized or considered sporadic [9]. Thus, if biochemical screening for
MEN1 was performed in all patients with PanNENs, an increased number of
sporadic PanNENs would be diagnosed as MEN1. Although the prevalence of
PanNENs in MEN1 patients has been assessed in several series, the prevalence
of MEN1 in PanNENs has not been evaluated, except in the Italian survey, in
which the association of NENs with MEN1 occurred in 1 of every 14 patients
[5]. Accordingly, clinical and biochemical screening is mandatory in every
PanNEN patient in order to determine whether it represents MEN1 syndrome,
especially in patients with co-existing primary hyperparathyroidism and/or pitu-
itary adenoma, in the presence of multiple lesions, and/or patients of young age.
The clinical suspicion of MEN1 should always be confirmed by a MEN1 muta-
tional analysis. In the event of a positive result, screening can be performed on
all relatives and an early diagnosis of the neoplasms made.

The autosomal dominantly inherited von Hippel Lindau (VHL) syndrome is
caused by mutations in the VHL gene, located on chromosome 3p25-26. It is
associated with PanNENs in 12.3–30% of cases, as well as with other neo-
plasms, such as renal cell carcinoma, pheochromocytoma, spinal, central nerv-
ous system and retinal hemangioblastoma, endolymphatic sac neoplasm, and
epididymal cystadenoma [10]. VHL-associated PanNENs are usually non-func-
tioning and can be malignant in 17% of cases, mainly in tumors > 3 cm in size.

Rarely, PanNENs occur as a component of tuberous sclerosis, another
genetic disorder.

7.3 Non-functioning Pancreatic NENs

From a clinical point of view, NF-PanNENs are defined as tumors without
clinical symptoms arising from hormonal hypersecretion. Small incidental NF-
PanNENs are increasingly being recognized because of the more widespread
use of new and more sensitive imaging procedures [11]. Most neoplasms
≤ 2 cm are likely to be benign or intermediate-risk lesions and only 6% of
these are malignant when incidentally discovered [12].

However, when NF-PanNENs are diagnosed because they have become
symptomatic, they are frequently in an advanced stage, with liver metastases.
In these cases, the most frequent presenting symptoms are abdominal pain,
weight loss, anorexia, and nausea; less frequently, patients present with intra-
abdominal hemorrhage, jaundice, or a palpable mass [13]. At first diagnosis,
the incidence of liver metastases ranges from 32% to 73%. The median over-
all survival of patients with NF-PanNENs is 38 months, with a 5-year survival
rate of 43%. Factors that are more significantly associated with poor survival
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are the presence of distant metastases, mainly in liver and bone, and the degree
of tumor differentiation [13].

7.4 Insulinoma

Insulinomas are the most common F-PanNENs, with an annual incidence of four
cases in one million people. Moreover, these tumors are the most frequent cause
of hyperinsulinemic hypoglycemia in adults. Whereas the mean age of patients
presenting with sporadic insulinomas is 45 years (range 8–82),  MEN1-associat-
ed tumors are typically diagnosed at a younger age (25 years or less). A slight
female preponderance (female to male ratio 1.4:1) has also been reported [14].

Malignant insulinomas are seen in < 10% of patients and multiple insulino-
mas in about 10%, most typically in association with MEN1 syndrome.
Extrapancreatic localizations (mainly in the ileum, spleen, and duodenal wall)
account for < 1% of the cases.

The clinical presentation of insulinoma has changed over the last few
years. Although hypoglycemic symptoms usually appear during fasting, post-
prandial hypoglycemia, previously considered a very uncommon presenta-
tion, is increasingly being reported at the time of diagnosis [15]. In fact, in a
large series from the Mayo Clinic, post-prandial hypoglycemia was described
in 6% of the patients as the only symptom and in 21% it was associated with
fasting hypoglycemia [16]. Symptoms of hypoglycemia can generally be clas-
sified into two major groups: neuroglycopenic, due to brain glucose depriva-
tion, and neurogenic, due to adrenergic activation. In the first group, dizzi-
ness, tiredness, diplopia, headache, blurred vision, mental confusion, abnor-
mal behavior, epilepsy, and coma are seen, while in the second group sweat-
ing, trembling, sensation of warmth, anxiety, weakness, nausea, vomiting,
and palpitations are characteristic. Insulinoma should be suspected in the
presence of Whipple's triad (symptoms or signs consistent with hypo-
glycemia; glucose level < 50 mg/dl; relief of symptoms after administration
of glucose). To confirm the diagnosis, the supervised 72-h fasting test is con-
sidered the "gold standard" [17], although in a few cases it can produce neg-
ative results, especially in patients with post-prandial symptoms [16]. In
2009, the Endocrine Society’s clinical practice guidelines for the management
of hypoglycemic disorders established a lower cut-off of insulin of ≥ 3 μU/ml
(≥ 18 pmol/l), replacing the previous cut-off of 6 μU/ml (36 pmol/l), in the
presence of glycemia < 55 mg/dl, whereas the cut-offs of C-peptide and
proinsulin were not modified (respectively, ≥ 0.6 ng/ml or 0.2 nmol/l and 
≥ 5 pmol/l ). These new criteria were suggested when, at the end of the 1990s,
a more sensitive insulin assay became available. Only after the biochemical
diagnosis of insulinoma should imaging procedures be performed, with the
aim of localizing the tumor as this is of paramount importance in planning the
surgical strategy [15].
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7.5 Gastrinoma

Zollinger-Ellison Syndrome (ZES) is a rare endocrine disorder (incidence
1–1.5 cases/million/year) caused by ectopic gastrin hypersecretion from duo-
denal or pancreatic gastrinomas [18]. Gastrinoma is the second most common
type of F-PanNEN after insulinoma [11]. In the sporadic form, it occurs most
frequently in individuals between the ages of 48 and 55 years and it is slight-
ly more common in males (54–56%). In 20-30% of patients, ZES is part of
MEN1 and symptoms occur at an earlier age (32–35 years). 

Clinical presentation is characterized by severe peptic ulcer (75–98% of
cases), heartburn (44–56%) nausea/vomiting (12–30%), diarrhea (30–75%),
gastrointestinal bleeding (44–75%), and weight loss (7–53%) [19-21]. These
symptoms correlate with the high gastric acid output due to gastrin hypersecre-
tion. Disease manifestations have changed recently, reflecting the widespread
use of proton pump inhibitors (PPIs). These drugs mask the typical symptoms,
resulting in a diagnostic delay that could have a negative impact on clinical
course and prognosis. In fact, multiple ulcers or ulcers located in unusual sites
are seen less frequently than in the past; instead, nowadays, the majority of
ZES patients harbor a single typical duodenal ulcer. Helicobacter pylori is
positive in < 50% of patients. In addition, the resolution of diarrhea following
PPI use by patients with duodenal ulcer has been advocated as a criterion sug-
gestive of a ZES diagnosis [22]. Although patients with MEN1 most common-
ly have parathyroid hyperplasia as the initial manifestation, ZES onset can pre-
cede the diagnosis of hyperparathyroidism in 45% of cases [23]. Chronic
hypergastrinemia in ZES/MEN1 can stimulate the proliferation of parietal
cells and gastric enterochromaffin-like cells, leading to gastric carcinoid (type
2) development. Finally, in 6% of patients with ZES, Cushing’s syndrome, due
to ectopic ACTH secretion, can complicate the clinical course and worsen the
prognosis [18]. 

In ZES, the primary tumor is located in the duodenum (50–70%) or pan-
creas (25–40%). Duodenal lesions are even more prevalent in patients with
MEN1 (70–90%); these tumors are generally small (< 1 cm) and multifocal.
Metastases are very frequent, mainly in patients with pancreatic tumors > 2
cm, and occur firstly in regional lymph nodes and in the liver (70–80% at diag-
nosis) and later in bones (12%) [1]. The presence of liver metastases has a neg-
ative impact on the prognosis and in 25% of patients gastrinoma shows an
aggressive behavior, with an overall 10-year survival of 30% [24].

The biochemical diagnosis of ZES requires the demonstration of an inap-
propriate elevation of serum gastrin in spite of hyperchlorhydria. Accordingly,
in these patients autoimmune atrophic gastritis, in which hypergastrinemia is
secondary to hypochlorhydria, must be ruled out. Basal gastrin levels elevated
> 10-fold, in the presence of gastric pH < 2, is diagnostic of ZES [19]. Since
hypochlorhydria induced by PPI is the most frequent cause of high gastrin lev-
els, this class of drugs need to be discontinued at least 1 week before the diag-
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nostic work-up. In these cases, physicians should be aware of the possible
complications due to acid hypersecretion. When diagnosis is equivocal, a pos-
itive secretin stimulation test, defined as a gastrin increase > 120 pg/ml over
the basal level, is considered diagnostic [19]. 

7.6 VIPoma

The association of refractory diarrhea and hypokalemia was first described by
Priest and Alexander [25] and Verner and Morrison [26], in 1957 and 1958,
respectively. Only 15 years later, in 1973, the syndrome was correlated with
elevated levels of circulating vasoactive intestinal polypeptide l (VIP) and VIP-
secreting tumor (VIPoma) [27]. VIPoma is a rare tumor, with an annual esti-
mated incidence of 0.1/million individuals [18]. Its prevalence in PanNENs is
0.6–1% (11) and the mean patient age at presentation is 48–51 years [28, 29].

VIP stimulates intestinal and pancreas secretion and inhibits electrolyte
and water absorption in the bowel as well as gastric acid secretion. In addition,
it induces bone reabsorption, glycogenolysis, and vasodilatation. These effects
account for the clinical presentation, which includes watery diarrhea, the most
prominent symptom (100%); hypokalemia (< 3 mEq/l), achlorhydria, weight
loss (45%), metabolic acidosis, hypercalcemia (50%), carbohydrate intoler-
ance (50%), and flushing (0–33%) [30-32]. Diarrhea is characterized by a
large fecal volume that can exceed 6–8 l per day and does not subside after
fasting and/or following treatment with antidiarrheal medications. It is inter-
mittent in 53% or continuous in 47% of cases [18]. Marked asthenia, muscu-
lar weakness, and cramps are common, striking symptoms and are correlated
with hypokalemia. This electrolyte alteration can be so severe (< 2.5 mEq/l) as
to cause cardiac rhythm alterations and even sudden death. Hypotension can
occur as a consequence of dehydration and vasodilatation. A VIPoma crisis
can be life-threatening, with patients requiring intensive care based on treat-
ment with somatostatin analogues, corticosteroids, and aggressive fluid and
electrolyte replacement. However, in other cases, VIPomas sometimes present
at the onset as NF-PanNENs. 

Most VIPomas are sporadic and 70–80% originate from the pancreas,
mostly from the tail (50–75%). Other sites are the retroperitoneum, medi-
astinum, lung, jejunum, and sympathetic ganglia. In 40–70% of patients, the
tumors are metastatic at presentation. VIPomas are multifocal in 4% of
patients and associated with MEN1 in 8.7% [18].

Regarding tumor characteristics and disease prognosis, Soga et al. (28), in
their large series (241 patients), found statistically significant differences
between pancreatic vs. extrapancreatic tumors in terms of frequency of an
accompanying syndrome (84 vs. 96%), tumor size > 2 cm (79 vs. 100%), rate
of metastases (56 vs. 29%), and rate of malignancy (64 vs. 33%). In that study,
the 5-year survival rate for patients with pancreatic VIPoma was 69% (60% in
patients with metastases vs. 94% in those without metastatic disease). In the
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Mayo Clinic series reported by Smith et al., mean survival was 3.6 years, with
the longest survival reaching 15 years [31].

The diagnosis is based on the coexistence of compatible symptoms and ele-
vated serum VIP levels (mean levels in three large series were 963, 683, and
698 pg/ml) [29-31]. VIPoma can produce additional peptides, including pan-
creatic polypeptide, calcitonin, gastric inhibitory peptide, gastrin, glucagon,
insulin, somatostatin, growth-hormone-releasing hormone, and peptide histi-
dine methionine (PHM) [30].

7.7 Glucagonoma

Glucagonoma is a very rare F-PanNEN, with an annual estimated incidence of
1/20 million; only 3% of cases are associated with MEN1 syndrome. The so-
called glucagonoma syndrome typically consists of necrolytic migratory ery-
thema (NME, 70% of cases), diabetes mellitus (76–94%), weight loss (70-
80%), anemia (80%), glossitis (30%), and thromboembolism (10–30%). The
etiopathogenesis of NME is largely unknown but is thought to involve a reduc-
tion of plasma amino acid concentrations (glutamine and alanine) and hypovi-
taminosis B as a result of the hyperglucagonemia [33]. Pancreatic polypeptide,
which very often is co-secreted in excess in glucagonomas, can play a role in
the development of NME and weight loss: in fact, it potentiates the catabolic
effects of glucagon by inhibiting food intake and stimulating energy expendi-
ture [34]. High levels of glucagon (> 500 pg/ml, normal value 50–200 pg/ml)
are usually associated with the syndrome, whereas a slight elevation (between
200 and 500 pg/ml) is also seen in patients with renal and liver failure, burns,
Cushing syndrome, diabetic ketoacidosis, a hyperosmolar non-ketosis state,
acute pancreatitis, myocardial infarction, severe infection, and fasting [35]. By
the time of diagnosis, almost 60% of patients already have metastases [36].

7.8 Somatostatinoma

Somatostatinoma is a rarer PanNEN than glucagonoma, with an annual inci-
dence of 1 case/40 million. The pancreas is the most common site of somato-
statinoma (68%), followed by the duodenal wall (19%), the ampulla of Vater
(3%), and the small intestine (3%) [37]. Only 1% of somatostatinomas are
associated with MEN1 syndrome, whereas a duodenal localization is found in
von Recklinghausen's disease (neurofibromatosis type 1) in up to 50% of cases
[38]. Pancreatic somatostatinomas are usually malignant (80%), of large
dimension, and present with liver metastases. In rare cases they are associated
with a typical syndrome that includes diabetes mellitus (due to the inhibition
of insulin release), biliary stasis, and gallstones (due to the inhibition of bil-
iary motility), diarrhea, and steatorrhea (due to alterations in intestinal motil-
ity and a reduction of pancreatic enzyme secretion) [39].
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8.1 Introduction

Pancreatic endocrine neoplasms (PanNENs) are epithelial tumors affecting
adults between the ages of 40 and 60 [1]. They are usually solitary and spo-
radic but may be part of hereditary syndromes, including multiple endocrine
neoplasia type 1 (MEN1), von Hippel Lindau (VHL), neurofibromatosis type
1 (NF1) and tuberous sclerosis complex (TSC). 

PanNENs are clinically defined as functioning (F-) or non-functioning
(NF-). Patients with F-PanNEN present with a syndrome related to inappro-
priate hormone secretion. These tumors include insulinomas, gastrinomas,
glucagonomas, VIPomas, and somatostatinomas [2-7]. The majority of
patients harbor NF-PanNENs and usually present with mass-related symptoms
of abdominal pain, nausea, or weight loss. With the exception of insulinomas,
most PanNENs, either functional or non-functional, are diagnosed when they
have developed into extensive malignant disease, and liver metastases are
common. Patients with well-differentiated NF-PanNENs have a 5-year sur-
vival rate of approximately 65% and a 10-year survival rate of 45% [3, 8, 9].

8.2 Classification

The 2010 classification of the World Health Organization (WHO) (Table 8.1)
identifies two categories based on tumor morphology: well-differentiated neu-
roendocrine neoplasms (PanNENs) and poorly differentiated neuroendocrine



carcinomas (NECs) [10]. The latter are invariably high-grade malignancies
while the former include more than 90% PanNENs with a clinical behavior
varying from indolent to malignant, which cannot be predicted based on either
tissue architecture or cytological features.

8.3 Pathology

Macroscopically, PanNENs are usually solitary, solid masses, from 1 to 5 cm
in diameter, with rounded borders. The expansive pattern of growth deter-
mines compression and deviation of the main pancreatic and biliary ducts and
of adjacent structures when extending outside the pancreas. The usual
PanNEN is rich in small vessels and has scant fibrotic stroma. Necrotic yel-
lowish foci can be observed in larger masses. Features of malignancy evident
at macroscopic examination include involvement of the perivisceral fat and
invasion of the duodenal wall or adjacent organs. PanNENs may have unusu-
al features, including cystic aspects, and may lead to be misinterpreted as cys-
tic neoplasia; more rarely, they show considerable fibrosis, mimicking ductal
adenocarcinoma.

Microscopically, the majority of PanNENs are well-differentiated tumors
that grow as solid nests or with trabecular patterns (Fig. 8.1), although glan-
dular, acinar, and cribriform features are observed as well. A rich vasculariza-
tion is typical. Necrosis can be present as either confluent areas ("infarct-like")
in large tumors, or as punctate foci. Cytologically, PanNENs are composed of
small to medium-sized cells with a finely granular cytoplasm and round or
oval nuclei with salt-and-pepper chromatin. Tumoral infiltration of the duode-
num and/or the biliary duct wall together with lymph node metastases identi-
fy the malignant forms, as does the involvement of the peripancreatic fat. 

Immunohistochemistry serves to confirm the endocrine nature of the neo-
plasia and thus to differentiate PanNENs from other neoplasms, based on the
use of antibodies to at least one general endocrine marker, either synapto-
physin [11] or chromogranin A (CgA) [12]. The cytosolic neuron-specific eno-
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Table 8.1 World Health Organization classification of PanNEN (from [1])

Well-differentiated neuroendocrine neoplasm (NEN)

NEN G1

NEN G2

Poorly differentiated neuroendocrine carcinoma (NEC)

Large-cell NEC

Small-cell NEC



lase (NSE) [13] and protein gene product 9.5 (PGP 9.5) [14] are less specific
and their diagnostic utility is limited. PanNENs may express the normally pro-
duced pancreatic hormones (insulin, glucagon, somatostatin, and pancreatic
polypeptide), or hormones of ectopic origin (gastrin, vasoactive intestinal
polypeptide, adrenocorticotrophic hormone), or bioamines (serotonin). While
any of these may be demonstrated by immunohistochemistry, the information
has no clinical application.

Proliferative activity has a recognized prognostic value [10, 15], and its
assessment by Ki67 immunostaining is a routine practice in several institu-
tions, including ours (Fig. 8.2).

Poorly differentiated NECs are solid masses with extensive necrosis.
Histologically, they resemble small-cell carcinomas or large-cell endocrine
carcinomas of others organs, with a high mitotic rate, a proliferative activity
of > 20%, and abnormal immunostaining for p53 that correlates with intra-
genic mutations in the TP53 gene [8, 10, 16]. NECs are usually negative for
CgA while synaptophysin persists in the neoplastic cells. 
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Fig. 8.1 a A typical well-differen-
tiated neuroendocrine neoplasm. 
b A typical poorly differentiated
neuroendocrine carcinoma (H&E
staining)

a

b



8.4 Staging and Grading 

The European Neuroendocrine Tumor Society (ENETS) has proposed a tumor-
node-metastasis (TNM)-based staging system for PanNEN [17] to which sub-
sequent modifications have been proposed [18]. The TNM system is based on
the evaluation of the following parameters: size, extrapancreatic invasion, and
lymph node and liver metastasis. The clinical need to differentiate between
carcinomas at the same stage is facilitated by the use of a grading system based
on the measurement of the proliferative activity, by counting mitosis or assess-
ing the immunohistochemical Ki-67 index. Both the TNM staging and the
tumor grading systems have been shown to be valid tools for prognostic strat-
ification of PanNENs in clinical practice [19, 20]. 
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Fig. 8.2 Immunohisto-
chemical staining for Ki67
shows 1% positive cells (a)
and 15% positive cells (b)

b

a



8.5 Genetics

Most PanNENs occur sporadically (90%), but they may be part of four hered-
itary cancer syndromes [9]: Multiple endocrine neoplasia type 1 (MEN1), von
Hippel-Lindau disease (VHL), neurofibromatosis type 1 (NF1), and tuberous
sclerosis complex (TSC). Of note, studies concerning these familial syn-
dromes have furnished clues as to the molecular mechanisms involved in spo-
radic PanNEN tumorigenesis. The genetic aberrations associated with
PanNENs include chromosomal alterations, epigenetic changes such as methy-
lation, and mutations in single genes. The functional genomic alterations are
found at the RNA level and include protein-coding mRNAs and regulatory
small RNAs known as “non-coding RNAs” [21]. 

Accumulating evidence points towards a tumor suppressor pathway and
chromatin remodeling as the most important mechanisms associated with
PanNENs. Genome-wide analyses by comparative genomic hybridization
have shown that virtually all PanNENs display chromosomal alterations [22-
24]. Chromosomal losses are slightly more frequent than gains, whereas
amplification events are uncommon. The presence of numerous regions of
chromosomal losses and gains suggests the existence of two molecular sub-
groups: one showing frequent allelic imbalances (AI) and another showing
low AI [25, 26]. These two subgroups have been shown to correspond to ane-
uploid and near-diploid tumors, respectively, and their identification was
suggested to have prognostic value [26]. The total number of genomic
changes per tumor appears to be associated with both tumor burden and dis-
ease stage, suggesting the accumulation of genetic alterations during tumor
progression. A strong correlation has been found between sex-chromosome
loss and an aggressive behavior of PanNENs, namely, the presence of local
invasion or metastasis [27]. Retinoblastoma and TP53 gene defects have
never been observed in PanNENs but are consistently present in NECs [16].
DNA methylation of the RASSF1A gene has been suggested as a major event
in PanNENs [28, 29], possibly leading to gene inactivation. However, a very
recent study demonstrated RASSF1A expression in the presence of promot-
er methylation [30]. Mutations in oncogenes are never or rarely observed in
PanNENs [31, 32]. Instead, mutations in tumor suppressor genes represent
the major genetic anomaly encountered in this type of tumor. Indeed, muta-
tions in the tumor suppressor gene MEN1 are the most common anomaly
associated with PanNENs [33, 34]. MEN1 encodes for the scaffold protein
menin, which is known to interact with several proteins involved in, for
example, transcription regulation, maintaince of genome stability, and his-
tone modification. 

A recent systematic whole-exome analysis exploiting next-generation
sequencing technologies confirmed that MEN1 gene mutations are the most
relevant anomalies in PanNEN [32]. More interestingly, mutually exclusive
mutations were found in genes involved in chromatin remodeling (ATRX and
DAXX). The majority of the mutations in these genes were associated with the
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loss of corresponding proteins that normally associate to form a macromolec-
ular complex. This complex is involved in the deposition of histone H3 fami-
ly member H3.3 at transcriptionally silent regions of the genome, including
telomeres, and therefore is responsible for correct nucleosome assembly, the
dysfunction of which likely leads to increased DNA damage and genome insta-
bility. Furthermore, the loss of ATRX/DAXX seems to be associated with ALT
(alternative telomere lengthening), a crucial mechanism by which PanNENs
maintain telomere length [35]. 

In addition to alterations in chromatin-associated genes, other tumor sup-
pressor genes that have been found mutated in PanNENs are PTEN and TSC2,
which are negative regulators of the mTOR pathway. Activation of mTOR
pathways in primitive PanNENs was already demonstrated in analyses of
expression profiles, which revealed the down-regulation of the TSC2 gene and
alteration of TSC2 and PTEN protein expression in the vast majority of tumors
analyzed [36].

Finally, global microRNA expression analysis revealed that the overex-
pression of a specific microRNA (miR-21) is strongly associated with an
aggressive clinical behavior of PanNENs [37]. MicroRNAs are small non-cod-
ing RNAs that regulate gene expression by targeting specific mRNAs for
degradation or translation inhibition. MiR-21 has several targets, including
PTEN, whose expression is therefore reduced following up-regulation of the
microRNA, leading to mTOR activation as well.  

8.6 Conclusions

In patients with PanNENs, the pathology report must include information per-
mitting disease classification, staging, and grading in order to obtain a prog-
nostic evaluation. Genes involved in sporadic PanNEN tumorigenesis mainly
belong to tumor suppressor pathways that are responsible for chromatin
remodeling and the maintenance of genome stability. The direct consequences
of these defective pathways are consistent chromosomal alterations that are a
hallmark of PanNENs. Finally, global expression profiling analysis has fur-
nished a strong rationale for the use of targeted therapy in the treatment of
advanced-stage disease.  
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9.1 Introduction

Pancreatic neuroendocrine neoplasms (PanNENs) are a heterogeneous group
of rare tumors of the pancreas originating from totipotential stem cells or dif-
ferentiated mature endocrine cells within the exocrine gland. [1] Although
rare, occurring in fewer than 1 in 100,000 people per year [2, 3], the frequen-
cy of PanNENs is progressively increasing as a result of better awareness by
clinicians, radiologists, and pathologists [2]. 

These neoplasms  usually occur sporadically but can occasionally be asso-
ciated with genetic syndromes, such as multiple endocrine neoplasia type 1
(MEN1), von Hippel–Lindau disease, neurofibromatosis type 1, and tuberous
sclerosis [4].

PanNENs produce and secrete hormones to a variable degree. When they
produce symptoms related to excessive hormone production, the tumors are
classified as syndromic or functioning pancreatic endocrine neoplasms (F-
PanNENs) [5]. 

F-PanNENs are classified according to the name of the predominant hor-
mone they secrete [5]. The two most common F-PanNENs are insulinoma and
gastrinoma, followed by VIPoma, glucagonoma, somatostatinoma, and carci-
noids [5].

In F-PanNENs, the role of imaging is mainly to detect the tumor [6, 7],
which is usually quite small at diagnosis. Imaging also verifies lesion number
and location and determines the exact location of the neoplasm, within and/or
outside of the pancreas (in tumors with ectopic locations). 



Non-functioning pancreatic endocrine neoplasms (NF-PanNENs) comprise
about two-thirds of PanNENs (range: 10–48%), and more than half of all NF-
PanNENs are malignant [5, 8-13]. They tend to manifest late, as large masses
causing compression symptoms, or may be detected incidentally in asympto-
matic patients. The role of imaging studies is to characterize the tumor, differ-
entiating it from other tumor entities and in particular from ductal adenocarci-
noma. This is an important distinction because malignant NF-panNENs have a
more favorable prognosis (5-year survival rate 40% vs. 3%–5% for adenocar-
cinoma) [11, 12]. 

As they are often malignant [14,] NF-PanNENs also require accurate stag-
ing and appropriate follow-up.

Multiple imaging techniques have been employed in the evaluation of
PanNENs, including ultrasonography (US), computed tomography (CT), and
magnetic resonance imaging (MRI). Here we describe the imaging techniques
available for the assessment of these rare lesions, pointing out the specific fea-
tures of each imaging tool. 

Also, the typical and atypical imaging features and diagnostic strategies
available for both F-PanNENs and NF-PanNENs are analyzed.

9.2 Ultrasound

9.2.1 Imaging Technique

Trans-abdominal US represents a low cost, widely available imaging tool for
evaluating PanNENs [15]. However, it does not allow lesion characterization,
and correct interpretation of imaging strictly depends on the expertise and
skills of the radiologist performing these procedures. Such limitations obvi-
ously become significant only in cases in which the pancreatic lesion is small
or when an appropriate differential diagnosis is needed. 

Also, trans-abdominal US may be diagnostically limited if either the
patient’s body habitus or gas in the bowel prevents a complete examination of
the pancreas [16]. 

Recently published studies have shown that contrast-enhanced ultrasound
(CEUS) can improve the identification of small F-PanNENs and the character-
ization of NF-PanNENs [17-20]. The intravenously injected contrast material
(Sonovue, Bracco, Milan, Italy), together with the possibility to continuously
visualize the lesion, allows a dedicated study to be performed, with depiction
of the typical hypervascular enhancement pattern shown by the majority of
PanNENs [17-20].

Endoscopic ultrasound (EUS) of the pancreas uses a high-frequency probe
to generate images of the various regions of the pancreas [21]. Also, if a mass
is present, biopsies can be performed through a conventional endoscope [22].
Patients undergoing EUS should fast starting at midnight of the night before
the procedure. Intravenous access is established, and the patient is sedated.
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After a preliminary endoscopic examination of the upper gastrointestinal tract,
an endo-sonographic scope with a water-filled balloon in place is advanced as
far into the duodenum as possible, and the duodenum, ampulla, and pancreas
are visualized. Difficulty can be encountered if peristalsis is excessive or
because of poor patient compliance. 

Intraoperative ultrasound (IOUS) takes advantage of the direct placement
of the US probe very close to the area of interest. Thus, because of the short
distance of the probe to the target, e.g., the pancreas, a high-frequency trans-
ducer (7.5 or 10 MHz) can be used, yielding images with greater spatial reso-
lution [23]. 

During IOUS of the exposed pancreas, the head of the gland is mobilized
and the lesser sac is opened. The peritoneal cavity can be filled with warm
saline. The transducer is enclosed in a sterile sheath and the pancreas is eval-
uated along its transverse and longitudinal planes, which permits visualization
of both deep and superficial lesions [23, 24]. IOUS can be used to confirm the
location of lesions identified preoperatively and to detect small lesions missed
on other imaging studies.

9.2.2 Imaging Findings

Commonly, at trans-abdominal US the texture of the pancreatic gland can be
considered as comparable to that of the liver. Pancreatic parenchyma is usual-
ly relatively hypoechoic in younger patients. An increase of fibrous and/or
fatty tissues within the pancreas is usually associated with a relative increase
in echogenicity compared to normal liver. 

When detectable, small PanNENs (either functioning or non-functioning)
appear as well-circumscribed nodules embedded in the pancreatic gland.
These lesions are clearly hypoechoic compared to the normal pancreatic
parenchyma [15, 17]. The majority of small lesions, measuring < 3 cm in
diameter, are usually quite homogeneous on unenhanced US [17]. Small iso-
echoic lesions represent an important limitation for this imaging tool since
they are frequently missed, especially in younger patients, because of the rel-
atively hypoechoic appearance of the normal gland (Fig 9.1c). 

At CEUS, PanNENs typically show early intense enhancement, indicative
of hypervascular oval-shaped nodules distinct from the surrounding tissues
(Fig. 9.1b, d) [17-20, 25].

Trans-abdominal US usually permits the correct identification of large
PanNENs. The majority of these tumors appear as inhomogeneous hypo-/isoe-
choic masses relative to the normal pancreatic and liver parenchyma (Fig. 9.2)
[25]. Most NF-PanNENs are large at presentation, with a well-defined multi-
lobulated border and a compressive rather than an infiltrative pattern of
growth [20, 25].

NF-PanNENs cannot be reliably characterized using conventional US.
(Figs. 9.1, 9.2); however, once they are detected on baseline scan, CEUS
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allows for their dynamic evaluation and characterization. The early and
intense enhancement and the slow washout of hypervascularized tumors can
be documented (Figs. 9.1, 9.2) and is a key feature in the differential diag-
nosis with adenocarcinoma, which usually appears as a hypovascular mass
[20, 25].

Small lesions, measuring < 3 cm in diameter, usually enhance homoge-
nously [17].

Intralesional necrosis and or hemorrhagic areas, frequently encountered in
large lesions, result in inhomogeneous central hypoechoic areas better depict-
ed at CEUS [15, 20, 25].

Large lesions may be associated with the encasement of arterial or venous
vessels and with peri-tumoral lymphadenopathy.

Metastatic disease in the liver occurs in about 30% of cases [13, 25] and
represents a clear sign of malignancy. The US appearance of the liver metas-
tases is variable. Hyperechoic nodules or a target-like appearances at baseline
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Fig. 9.1 Trans-abdominal US and CEUS imaging findings of small PanNENs. Small iso-echoic
tumor (arrows) located on the pancreatic head (a), showing early intense enhancement (arrows)
on CEUS (b). Typical small hypoechoic insulinoma of the pancreatic head (arrows in c), seen as
a hypervascular focal lesion (arrows); for comparison, normal parenchyma as seen on  CEUS (d)



US suggests an endocrine nature of the primary tumor, but this pattern is not
specific. In other cases, the metastases show a non-specific hypoechoic pattern
[15, 25]. A dedicated CEUS study of a suspected liver lesion may point out the
typical hypervascularity shown by endocrine tumors during their early dynam-
ic study (Fig. 9.3).

EUS visualizes islet-cell tumors as a relatively hypoechoic area compared
with the adjacent pancreas, with smooth and at times slightly irregular margins
that are well demarcated. 

In the identification of small lesions located in the pancreatic head, EUS
has high sensitivity but it may be limited in completely evaluating the tail of
the pancreas, depending on its location [26]. A recently published study
demonstrated the value of EUS in the preoperative assessment of patients with
MEN1 [27].

In the identification of small F-PanNENs during surgery, a combination of
intraoperative palpation and IOUS was found to achieve the best results due to
the complementary nature of these two techniques.
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Fig. 9.2 Trans-abdominal US and CEUS imaging findings of NF-PanNENs. A large hypoechoic
tumor (arrows) located on the pancreatic body (a), showing early intense enhancement (arrows)
on CEUS (b). Large well-defined hypoechoic NF-PanNEN of the pancreatic head (arrows in c),
seen as a hypervascular focal lesion (arrows) at CEUS (d)



9.3 Computed Tomography

9.3.1 Imaging Technique

Multidetector computed tomography (MDCT) is a widely available imaging
technique capable of providing, in a short examination time, images character-
ized by excellent spatial and contrast resolution. The MDCT protocol should
include both unenhanced and enhanced scans, as the former, obtained at base-
line, can be useful in the detection of intralesional calcifications (which may
occur in F- and NF-PanNENs) (Fig. 9.4), and to accurately plan the dynamic
contrast-enhanced study.

The intravenous administration of iodinated contrast agent is needed to optimal-
ly visualize the pancreatic parenchyma, increasing contrast resolution [28]. 

PanNENs are frequently hypervascular focal lesions, appearing as high-attenu-
ating lesions during early contrast-enhancement phases [29, 30] (Figs. 9.5, 9.6).
Accordingly, the protocol should include at least two contrast-enhanced phases
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Fig. 9.3 Large liver metastasis from a NF-PanNEN/C studied using trans-abdominal US and
CEUS and MDCT. A large, slightly hypoechoic, focal liver lesion (arrows) can be appreciated in
the left lobe (a). The lesion shows early intense enhancement (arrows) on CEUS (b). At MDCT,
during arterial pancreatic phase (c), the lesion has the typical hypervascular pattern of endocrine
tumors, with subsequent washout during portal venous phase (d)



[30-32], acquired, respectively, with a 40- to 45-s delay (arterial pancreatic
phase) and a 70- to 80-s delay (portal venous phase) after the administration
of contrast material (calculated by using the bolus-tracking technique). 

However, about 30% of these tumors will have an atypical vascular pattern,
resulting in iso- or even hypoattenuating lesions with respect to adjacent pan-
creatic parenchyma (Fig. 9.7) [13].

In our experience, in most cases the best enhancement is obtained during
the arterial pancreatic phase [13]; nonetheless, additional contrast-enhanced
scans should be taken in selected cases. An early arterial phase, acquired with
a delay of 20–25 s (vascular arterial phase), may be useful in the detection of
small tumors characterized by subtle brief enhancement. In addition, it may
allow detailed arterial vascular mapping, which is useful for staging locally
advanced tumors and for treatment planning (Fig. 9.8). 

A late venous phase, acquired with a delay of about 120 s, may be useful
for depicting a delayed hypervascular enhancing pattern. A multi-phase imag-
ing protocol therefore offers the advantage of increasing the possibility of
demonstrating the typical hypervascular pattern of PanNENs, to allow loco-
regional staging and the detection of liver metastases [13].
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Fig. 9.4 Calcification in PanNENs. Unenhanced CT scan points out a tiny F-PanNEN located in
the pancreatic tail, with intralesional calcifications (a). These are not depicted on T1-weighted
MRI (b). A large NF-PanNEN located in the pancreatic head, with intralesional calcifications
depicted on unenhanced axial (c) and coronal (d) scans



Curvilinear reconstructions should be used to highlight the relationship
between primary tumors and the pancreatic and biliary ductal systems (Fig. 9.9).

The patient can be administered a glass of water immediately before the
examination, to assure optimal filling of the stomach and duodenum with a
low-contrast medium and for better definition of the gastric and duodenal wall.
We usually avoid administrating oral iodinated contrast material, to avoid the
misinterpretation or masking of hypervascular lesions ectopically located
within the duodenal or small-bowel wall.

9.3.2 Imaging Findings

Baseline CT usually depicts PanNENs as isodense masses with respect to nor-
mal parenchyma (Figs. 9.5a, 6a, 7a). Thus, the tumor might be missed on an
unenhanced scan, unless it has a large diameter and/or is associated with a dis-
torted morphology of the gland [13]. 
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Fig. 9.5 Typical tiny insulinoma studied by MDCT. The lesion (arrow) appears isodense on base-
line unenhanced scan (a). During a contrast-enhanced study, the lesion (arrow) shows the typical
hyperdensity on axial (b) and para-coronal reconstructed images obtained from the arterial pan-
creatic phase (c), showing washout during the venous phase (d)

b



Tumor inhomogeneity may be caused by globular or lamellar calcifica-
tions, seen both in F-panNENs (mostly insulinomas) and in NF-PanNENs, in
these cases often associated with large areas of necrosis (Fig. 9.4a, b, d) [33]. 

During dynamic contrast-enhanced study, both functioning and non-func-
tioning PanNENs usually appear as well-defined round or oval-shaped hyper-
vascular masses [33]. At MDCT, the most frequent peak-enhancement phase is
the arterial pancreatic phase whereas rapid washout is frequently seen in the
portal venous and late venous phases (Fig. 9.6).

Achieving an intense enhancement is also useful to better define the dimen-
sions of the tumors and to evaluate the relationship with adjacent structures
[34] (Fig. 9.10). 

Enhancement is usually homogeneous in small lesions, measuring < 3 cm
in diameter [13, 33]. Conversely, large tumors, measuring > 3 cm in diameter,
are typically inhomogeneous because of the presence of intralesional necrotic
areas or cystic degeneration [13, 35], appearing as hypodense areas compared
with the viable hypervascularized neoplastic tissue (Fig. 9.9). 
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Fig. 9.6 Typical enhancement pattern of NF-PanNEN/Cs studied by MDCT. The lesion (star)
appears isodense on baseline unenhanced scan (a). During contrast-enhanced study, the tumor
(star) shows the typical hyperdensity on axial images obtained during arterial pancreatic (b) and
portal venous phases (c). Para-coronal reconstructed images obtained during the portal venous
phase better depicts encasement of the superior mesenteric vein (arrows in d)



MDCT, due to its high spatial, contrast, and temporal resolution, is advan-
tageous in loco-regional staging, depicting the encasement of both the arterial
(superior mesenteric artery or the celiac axis) and venous (superior mesenteric
vein and portal vein) vessels [13, 33]. Three-dimensional reconstruction of the
peri-pancreatic vessels may be of help in treatment planning (Fig 9.8).

Neoplastic thrombus within the peri-pancreatic veins has the same density
as the mass from which it derives, thus displaying a slightly lower density than
the vascular lumen.

Secondary phenomena, such as bile duct dilation or vascular encasement,
may be well-demonstrated by means of MDCT, using axial native images and
multi-planar dedicated reconstructions (Fig. 9.9b) [13]. Also, dilatation of the
biliary tree may be depicted in case of tumors located in the pancreatic head.

Depending on its location, the primary tumor may dislocate or compress
adjacent structures such as the stomach and duodenum, spleen and left kidney,
and the adrenal gland (Fig. 9.11). Frank invasion into adjacent viscera is rare
and is usually associated with the presence of an endocrine carcinoma.
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Fig. 9.7 Atypical enhancement pattern of PanNEN/Cs studied by MDCT. The lesion (arrow)
appears isodense on baseline unenhanced scan (a). During contrast-enhanced study, the tumor
(arrow) is isodense on axial images obtained during arterial pancreatic (b) and portal venous phas-
es (c, d). Multiple, tiny, slightly hypodense liver metastases are seen in segments V and VI (arrow-
head)



Even if less accurate than MRI in identifying liver metastases, MDCT rep-
resents a reliable tool for the identification of metastatic involvement of the
liver in case of PanNENs [13, 33]. 

There is no difference between the metastases of F-PanNENs and NF-
PanNENs. These lesions usually share imaging features of primary tumors,
i.e., slightly hypodense compared with the normal parenchyma on unenhanced
CT scan, and hyperdense hypervascular lesions (sometimes with a target-like
pattern) on arterial enhanced scan [30, 36]. Liver metastases typically show
washout during portal venous and late venous phases, resulting in lesions
hypodense to normal liver parenchyma (Fig. 9.3c, d). Calcifications may be
present as well. 
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Fig. 9.8 Vascular encasement demonstrated using MDCT reconstructions. A large inhomogeneous
NF-PanNEN/C of the pancreatic head is associated with complete encasement of multiple vessels
(arrows), depicted on axial images. The volume-rendering reconstructed image obtained from the
arterial pancreatic dataset (b) clearly shows the encasement of multiple vessels, including the
superior mesenteric artery (arrows). Maximum-intensity projection (MIP) reconstructions (c, d)
in another patient show involvement of the celiac axis



Hypovascular liver metastases may be associated with hypovascular pri-
mary tumors (Fig. 9.7).

The typical features of NF-PanNENs, such as a well-demarcated hypervas-
cular mass with a compressive pattern of growth, are present in about 70% of
patients [13, 15, 28, 33]. In the other 30%, the pattern is non-specific and a
reliable differential diagnosis with ductal adenocarcinoma is not possible [37],
since the tumor is mainly hypodense compared with the pancreatic parenchy-
ma (Fig. 9.7). 

When the mass is large and well-circumscribed, a ductal adenocarcinoma
can be excluded, but the problem of differential diagnosis from other rare,
solid tumors remains, including solid variants of micro-cystic cystadenoma
and pancreatic metastases.

PanNENs may appear as iso-attenuating to normal pancreas in pancreatic
phase CT images, and sometimes are better delineated in the portal venous
phase [13, 38]. Late enhancement of the tumor may be explained by extensive
necrosis, resulting in a slower washout from the mass, due to the reduced vas-
cularization [39]. 
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Fig. 9.9 Involvement of the main pancreatic duct, demonstrated using MDCT and MRI. A large
inhomogeneous NF-PanNEN/C of the pancreatic head is associated with the complete upstream
dilatation of the main pancreatic duct (arrows in a). The dilatation is better depicted using curvi-
linear reconstruction in the para-coronal plane (b). Dilatation of the main pancreatic duct (arrows)
is well-depicted using contrast enhanced MRI, as seen on the axial plane (c) and on the MRCP
image (d)



9.4 Magnetic Resonance Imaging

9.4.1 Imaging Technique

In patients with PanNENs, the information obtained with MRI is similar to that
obtained with CT, with the additional advantage that the patient is spared radi-
ation exposure. However, due to its relatively limited availability and the
longer examination time, MRI is not as widely used as CT for imaging pancre-
atic tumors. 

State-of-the-art MRI of pancreatic neoplasms is optimally performed with
1.5 Tesla gradient systems using phased-array coils to improve the signal-to-
noise ratio, optimized with thin slices and a small field of view [13, 40].
Breath-hold acquisitions are obtained with fast spin echo (FSE) or gradient
echo (GRE) sequences and echo planar imaging. A moderately T2-weighted
FSE and single-shot FSE (SSFSE) should be obtained, followed by T1-weight-
ed in-phase GRE and T1-weighted opposed-phase GRE. 
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Fig. 9.10 Involvement of peri-tumoral vessels, assessed using MDCT and MRI. A relatively small
but inhomogeneous NF-PanNEN/C of the pancreatic head is located close to the superior mesen-
teric vein (arrow) on axial portal-enhanced MRI (a) and MDCT (b). Coronal reconstructions
obtained using MRI (c) do not rule out vessel, involvement (arrows). Conversely, MDCT (d), with
its higher spatial resolution, demonstrates the presence of an adipose interface between tumor and
vessel (arrows)



T1-weighted images with fat suppression have proven to be useful for
imaging the pancreatic gland, allowing high contrast resolution between the
normal bright parenchyma and the surrounding hypointense retroperitoneal fat
[41]. Coronal and axial magnetic resonance cholangiopancreatography
(MRCP) with SSFSE accurately depicts the pancreatic ducts. 

For the evaluation of PanNENs, fat-suppressed three-dimensional spoiled
GRE sequences after the administration of gadolinium-DTPA are acquired in
arterial phase (30–40 s), portal phase (70–80 s), and equilibrium phase (180 s)
[13, 40, 41]. The acquired images should cover the upper abdomen, including
the entire liver, thus improving the detection and characterization of loco-
regional lymph-nodes and hepatic lesions [13].

Similar to contrast-enhanced helical CT, additional gadolinium enhanced
scans can be obtained in the early arterial (scan delay 20 s) or late venous (120 s)
phases, which increases the possibility of imaging the typical hypervascular
enhancement pattern of these tumors [13, 31, 42].
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Fig. 9.11 Infiltration of adjacent structures as assessed using MDCT (a, b) and MRI (c, d). A large
inhomogeneous NF-PanNEN/C of the pancreatic tail infiltrates the splenic hilum and peri-pancre-
atic fat (arrow), as well-depicted with both modalities



9.4.2 Imaging Findings

On T1-weighted images, the normal pancreas exhibits medium to high signal
intensity, similar to or slightly less than that of liver, but lower than that of
retroperitoneal fat.

Fat suppression should be used, especially for T1 sequences, to increase
pancreatic conspicuity, since with this technique the pancreas assumes a bright
signal intensity that facilitates the detection of focal lesions [41, 42]. In
patients with fatty involution of the pancreas, the signal intensity of this organ
increases on T1-weighted sequences according to the amount of fat present
within the parenchyma. Consequently, the pancreatic bed appears as an area of
very low signal intensity on fat-sat sequences, which therefore are of little use
in the visualization of small tumors (Fig. 9.12). 

T2-weighted images with fat suppression may be useful for the evaluation
of peri-pancreatic structures and inflammatory changes, but they are not strict-
ly needed for imaging panNENs. On TSE T2-weighted images, the pancreas
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Fig. 9.12 Typical MRI finings of insulinoma. The on baseline unenhanced scan shows the lesion
(arrow) as hypointense on the fat-saturated, T1-weighted, axial image (a) and hyperintense on the
coronal T2-weighted image (b). During the contrast-enhanced study, the lesion (arrow) shows the
typical hypervascularity on axial images obtained during the arterial pancreatic phase (c) and sub-
sequent washout during late venous phase (d)



demonstrates intermediate signal intensity, similar to that of the liver. The sig-
nal may be intermediate to low on HASTE sequences.

The surface of the normal pancreatic parenchyma may be either smooth or
lobulated. 

Pancreatic ducts appear as low-signal intensity tubular structures on T1-
weighted sequences and as high-signal intensity structures on heavily T2-
weighted scans. At MRCP, heavy T2-weighting and fat suppression provide a
cholangiogram useful for the evaluation of pancreatic and biliary duct involve-
ment.

The typical MRI features of panNENs include a pancreatic mass of low sig-
nal intensity on T1-weighted images and of intermediate to high intensity on
T2-weighted images (Fig. 9.12). As previously stated, the better intrinsic con-
trast resolution of this imaging technique may be advantageous for the identi-
fication of very small primary tumors, which frequently appear hypointense
relative to the normal parenchyma on T1-weighted sequences. Lesion con-
spicuity is usually enhanced by fat-suppression.

Small lesions, which account for the majority of F-panNENs and some
incidentally detected NF-PanNENs, are often quite homogeneous.
Conversely, larger tumors may appear markedly inhomogeneous due to
intralesional necrosis or hemorrhage, which may be seen as hyperintensity on
T1-weighted images [43] and inhomogeneous hyperintensity on T2-weighted
images (Fig. 9.13). 

Cystic tumors have been described [35] and are often associated with wide-
spread intralesional necrosis. Cystic lesions are usually unilocular, with con-
tents that are hypointense on T1-weighted and hyperintense on T2-weighted
images [44]. The cystic wall may show variable thickness [44]. The appearance
of these tumors may be similar or even identical to that of other cystic tumors
of the pancreas. Sometimes, intense enhancement of a peripheral ring-shaped
viable tumor will suggest the diagnosis of cystic NF-panNENs (Fig. 9.14);
however, in the majority of cases, a definitive diagnosis can only be obtained
by histological examination of the resected specimen.

Among their atypical features, some islet tumors may have a low signal
intensity on T2-weighted images due to the presence of abundant fibrous tis-
sue [45]; in such cases they may be indistinguishable from ductal adenocarci-
noma. 

As seen for CT, during dynamic contrast-enhanced study, the majority of
PanNENs show a typical hypervascularity [13, 31, 33, 46], resulting in hyperin-
tense lesions compared to normal pancreatic and liver parenchyma (Figs. 9.11c,
d, 9.12, 9.13).

In general, small tumors are depicted as homogeneously enhancing lesions
(Fig. 9.12), whereas large tumors may appear markedly inhomogeneous dur-
ing dynamic studies, since central necrotic areas remain hypointense on T1-
weighted images even after contrast medium administration (Fig. 9.13).

The highest signal intensity is most frequently reached in the pancreatic
phase [13] although the lesions may remain hyperintense during the portal
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enhanced phase [30, 45]. Alternatively, some lesions may show early washout
during the portal and late venous phases. 

Persistent hyperintensity during late enhanced phases is found mainly in
the larger lesions, where the neoplastic thrombosis of the draining veins
results in retention of contrast medium [30].  

The usefulness of delayed gadolinium-enhanced T1-weighted images
(obtained 5–10 min following injection) has been postulated in scirrous
tumors, showing delayed enhancement [31] (Fig. 9.15).

As for CT, the best dynamic phase for studying endocrine tumors is still a
matter of debate; however, without any radiation exposure, modern fast
breath-hold sequences should be used to obtain multiple contrast-enhanced
phases during dynamic study, including early arterial, arterial pancreatic, por-
tal venous, and late venous phases.

Multi-phasic dynamic study enhances the likelihood of detecting liver
metastases, frequently imaged as hypervascular hepatic lesions [13, 36, 45]
during the arterial pancreatic phase (Fig. 9.16). Metastases can also be depict-
ed as hypovascular focal liver lesions during portal and late venous phases.
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Fig. 9.13 Typical MRI findings of large NF-PanNEN/Cs. Pre-contrast examination shows a large
tumor of the pancreatic head with upstream dilatation of the main pancreatic duct (short arrow).
The lesion is markedly inhomogeneous on axial (a) and coronal (b) T2-weighted images and on
the axial T1-weighted image, presenting intralesional necrosis and cystic changes with a fluid-
fluid level (long arrow). After gadolinium administration (d), tumor inhomogeneity due to cystic
change is confirmed (long arrow)



The value of liver-specific Gd-chelates in the identification of both primary
pancreatic tumor and hepatic metastases has been reported [47, 48]. Delayed
hepato-biliary phase, obtained after the administration of liver-specific con-
trast material, can detect small metastases that other sequences may have
failed to demonstrate [48].

9.5 Other Radiologic Diagnostic Tests

Before non-invasive cross-sectional imaging methods were introduced, selec-
tive arteriography of the proper or common hepatic artery, the gastroduodenal,
splenic, superior mesenteric, and at times the dorsal pancreatic artery was the
principal technique for localizing these hypervascular endocrine tumors of the
pancreas. The arteriographic appearance of all islet cell tumors is similar for F-
PanNENs and NF-PanNENs. It is not possible to distinguish a functioning
from a non-functioning tumor or one type of functioning tumor from another.
However, the marked hypervascularity and intense homogeneous staining permit
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Fig. 9.14 Cystic PanNEN studied using MDCT and MRI. A large cystic PanNEN of the pancre-
atic tail can be recognized on the axial images acquired during portal venous phase, both at MDCT
(a, b) and at MRI (c, d). The ring-shaped pattern of enhancement (arrowheads) is better depicted
on the latter. A differential diagnosis with other cystic pancreatic tumors cannot be obtained in this
case

b

d



the distinction of PanNENs from other tumors such as pancreatic adenocarci-
noma [49]. Arterial and venous involvement can often be demonstrated in larg-
er lesions. 

Neovascularity and portal vein invasion indicate that the tumor is malig-
nant. 

Portal venous sampling (PVS), also called pancreatic venous sampling or
trans-hepatic venous sampling, involves catheterization of the portal vein
using a trans-hepatic approach [50]. The branches of the extrahepatic portal
venous system are selectively catheterized and blood samples obtained. The
sample with the highest concentration of tumor cells comes from the vein that
drains the area of the tumor. 

In case of arterial stimulation with venous sampling, the tumor is stimu-
lated to secrete hormones by a specific injected secretagogue, and venous
samples are obtained from the right and left hepatic veins [49] at 0.5, 1, and
2 min after each injection. If the hormone concentration increases, the arteri-
al supply to the tumor can be identified and therefore the region where the
tumor is located. If the hormone concentration increases after the drug has
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Fig. 9.15 Atypical delayed enhancement of a PanNEN of the pancreatic body. A relatively small
NF-PanNEN is hypointense on the pre-contrast T1-weighted image (a) and slightly hyperintense
on the T2-weighted image (b). The tumor is hypovascularized during the arterial pancreatic phase
(c) but shows delayed enhancement, resulting in an isointense lesion with a thin hyperintense rim
on the enhanced axial image acquired at the time of late venous phase (d)



been injected into the proper hepatic artery, the presence of hepatic metas-
tases can be diagnosed. 

Based on the measurement of the hormone concentration in each venous
sample, these diagnostic methods were employed in the past for evaluating
functioning tumors. However, due to high cost and relative invasiveness, these
tools are no longer used in clinical routine. 

9.6 Imaging Features of Functioning F-PanNENs

Among the islet cell tumors of the pancreas, insulinoma is the most common
endocrine tumor, followed by gastrinoma, VIPoma, glucagonoma, somato-
statinoma, and other, rarely encountered pancreatic secretory tumors. 

In functioning tumors, the clinical data and laboratory tests often permit an
accurate clinical diagnosis, so that cross-sectional imaging is used to localize
the tumor within or eventually outside the pancreas, guiding the surgeon to the
appropriate tumor resection. 
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Fig. 9.16 Liver metastases studied using MRI. Large metastases appear homogeneously hyperin-
tense on the T2-weighted image (a, b). Small metastases are hypervascular during arterial pancre-
atic phase (c), whereas a large lesion may show inhomogeneity due to central necrosis (d)



Patients suffering from MEN1 pose a radiologic challenge, because of the
possibility of multiple pancreatic and extrapancreatic tumors (mainly located
in the duodenal or gastric wall). 

9.6.1 Insulinoma

Insulinomas are frequently small at detection, often measuring < 2 cm, at diag-
nosis due to the fact that symptoms related to hypoglycemia can occur even
with small amounts of insulin.

Most insulinomas (90%) are benign solitary lesions; sporadic lesions are
more frequently encountered in women (60%), especially between the fifth
and sixth decades of life.

Malignancy should be suspected in case of large (> 2  cm) lesions or
intralesional calcifications.

The appearance of liver metastases is similar to that of the primary tumor,
i.e., hypervascular during arterial phases and showing washout during portal
and late venous phases.

Patients suffering from MEN1 tend to present with multiple tumors, espe-
cially in case of presentation at a young age.

On abdominal US, when detectable according to their location and to patient
habitus, insulinomas may appear as hypoechoic lesions compared to normal
parenchyma; however, in many cases they are iso-echocic with respect to the
surrounding parenchyma. In addition, due to their frequently small size, a mass
effect cannot be considered as a reliable finding for lesion detection. When a
tumor is visualized or suspected on the basis of a baseline scan, the intravenous
administration of sonographic contrast material may help in its identification, as
it typically appears at CEUS as a hypervascular focal lesion [17].

Endoscopic ultrasound provides excellent results for tumors in the head of
the pancreas (sensitivity 83%) but poor sensitivity (38%) for those located in
the tail [21]. 

On CT, these lesions are usually isodense to normal parenchyma on base-
line scan. The presence of calcifications may help in the detection of a small
lesion, especially in case of poorly enhancing lesions. 

The majority of insulinomas appear as brightly enhancing, round to oval
masses that demonstrate rapid washout in the portal and late venous phases [33].
Over two-thirds are located to the left of the superior mesenteric artery [51]. 

Iso-vascular or hypovascular lesions are difficult to localize and may
require additional imaging studies for lesion identification.

On MRI, insulinomas frequently show low signal intensity on T1-weight-
ed fat-suppressed images and high signal intensity on T2-weighted images
[52]. However, some tumors may be iso-intense to the pancreas on pre-con-
trast T1 sequences. Occasionally, an insulinoma can show low signal intensi-
ty on T2-weighted sequences due to the presence of a fibrous or sclero-hya-
line stroma [52].  Diffusion-weighted sequences and the ADC map may help
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in the identification of these tumors based on their high sensitivity and con-
trast resolution [42].

Most insulinomas show intense enhancement with gadolinium throughout
the lesion, and some may demonstrate ring-like peripheral enhancement [53].
The presence of fibrous tissue diminishes the degree of enhancement during
the early dynamic study and may be associated with delayed enhancement in
some instances.

In conclusion, MDCT and MRI are the best imaging techniques for preop-
eratively diagnosing small pancreatic insulinomas, but in either case optimal
technique and state-of-the-art equipment are mandatory. In cases in which CT,
MRI, EUS, and scintigraphy results are negative, IOUS at the time of surgical
resection represents the last opportunity to confirm these tumors in patients in
whom strong clinical suspicion persists, and/or to find additional tumors.
IOUS is particularly important in patients with multiple lesions and MEN1
since under these conditions ectopic tumors, which may be multiple, are quite
frequent and difficult to find with CT or MRI [27].

9.6.2 Gastrinoma

Gastrinomas are usually larger than insulinomas at diagnosis (> 2 cm), multi-
ple in 60% of patients, malignant in 60–65%, and associated with MEN1 in
20–60%. 

Most of these tumors are located in the so-called gastrinoma triangle
(between the junction of the head and neck of the pancreas, the second and
third portion of the duodenum, the junction of the cystic duct and the common
bile duct). Although gastrinomas are usually slow growing, approximately
50% of patients with gastrinoma have metastases at the time of diagnosis. 

Gastrinomas are hypervascular tumors. They are best visualized by using
thin-slice sections and a dual-phase CT protocol, with arterial and portal
venous phases [54, 55]. The imaging technique is therefore similar to that used
for other functioning tumors. 

Due to their larger size, pancreatic gastrinomas are usually easily detected
by MDCT; however, ectopically located tumors are more challenging. 

Metastases to the liver and loco-regional lymph-nodes tend to be similar in
appearance to the primary tumor [36]. 

MRI can also be employed for the identification and staging of gastrino-
mas, with some studies reporting sensitivities of 20–62% [54, 55]. 

EUS was shown to be cost-effective compared with a control group exam-
ined by venous sampling [56]. 

Results with angiography vary greatly across studies [54]. CT and MRI
have the advantage of staging the entire abdomen and pelvis, which is not pos-
sible with the limited depth penetration of EUS. In equivocal or negative cases
with a high clinical suspicion, somatostatin-receptor scintigraphy is very
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effective in assessing both the primary tumor in the pancreas or ectopic sites
and metastatic lesions to the liver. 

9.6.3 VIPoma

On average, these tumors share similar imaging feature with other functioning
endocrine tumors. VIPomas are usually > 3 cm in diameter at the time of diag-
nosis and may be malignant in over 60% of the cases [57, 58]. 

The majority of the neoplasms are located in the body or tail of the pan-
creas [58]. Occasionally, tumors causing a similar clinical syndrome are locat-
ed in the adrenal glands, retroperitoneum, ganglia of sympathetic chain, lung,
and as intestinal carcinoids [57, 58]. Rarely, these tumors are associated with
MEN1 [59]. Statistical data concerning the accuracy of imaging studies are not
available.

MDCT, MRI, US, and angiography have been used to localize the primary
lesion and to identify metastases. On contrast-enhanced imaging studies, the
latter, mainly involving the liver, frequently show intense enhancement simi-
lar to the appearance of the primary tumor.

9.6.4 Glucagonoma

Glucagonomas are intrapancreatic tumors mostly involving the head and neck
of the gland. 

They occur with a slight prevalence in women, with a peak age of 55 years
[60]. The tumor is malignant in about 60% of patients, and the 5-year survival
is 50%.  When not diagnosed on the basis of clinical and laboratory findings,
glucagonomas become symptomatic, causing symptoms related to mass effect,
locoregional infiltration, and lymph node and liver metastases.

CT, MR, angiography, and US have been used successfully to diagnose and
stage these tumors, but in all reports the conclusions were based only on anec-
dotal references [10, 61]. 

9.6.5 Somatostatinoma

Somatostatinomas are usually solitary, aggressive lesions occurring in the
fourth to sixth decades of life. Metastases at the time of diagnosis have been
described in more than 70% of patients in some series [62]. This tumor is usu-
ally located within the pancreas, where it tends to be quite large (2–10 cm in
diameter); 75% occur in the head [51]. 

However, somatostatinomas may also arise within small bowel loops, the
duodenal ampulla, or the peri-ampullary region [62]. 
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A prevalence of duodenal locations for men and pancreatic locations for
women has been described [63]. When the small bowel is involved, the neo-
plasm can be considered as a carcinoid that consists almost completely of
somatostatin-containing cells but produces little somatostatin. 

Extrapancreatic lesions, with a mean diameter of about 2 cm, are frequent-
ly diagnosed early because of the presence of symptoms such as jaundice,
bleeding, and ulcerations. 

The radiologic features of somatostatinomas resemble those of other neu-
roendocrine tumors. 

Imaging studies usually demonstrate a hypervascular lesion, with or with-
out hypervascular lymph nodes and liver metastases [64].  

The demonstration of ectopically located tumors, involving the duodenum
or intestinal loop, may be challenging for radiologists. In suspected cases, a
dedicated protocol including filling of the duodenal and intestinal loops with
water or oral contrast material may facilitate the detection of ectopically locat-
ed primary tumors.

9.6.7 Other F-PanNENs 

Other, very rare functioning endocrine tumors of the pancreas have been occa-
sionally described, including corticotropinoma, ACTHoma, and GRFoma.
Their clinical diagnosis is challenging because they are clinically not associ-
ated with a specific endocrine syndrome. 

Like all the other functioning endocrine tumors, these rare neoplasms usu-
ally demonstrate the features of a hypervascular mass without or with liver
metastases. 

9.7 Diagnostic Strategies for F-PanNENs

Functioning endocrine tumors of the pancreas continue to challenge the radi-
ologist. Earlier reports showed that up to 27% of patients have tumors not
detected preoperatively with either helical CT or MRI. Sensitivities that
approach 90–95% for lesions located in the pancreatic head region are
achieved with EUS, but its sensitivity is limited for lesions located in the tail;
also, EUS cannot be used for reliable preoperative staging.

Ectopically located, extra-pancreatic F-NENs are likewise imaged with dif-
ficulty, especially when they are small in diameter.

Overall, arteriography and venous sampling are no longer routinely
employed even in difficult cases, because of the inherent technical problems
associated with the test and the higher cost.

More recently, somatostatin-receptor scintigraphy and positron emission
tomography have been used to establish or confirm the presence of ectopic
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lesions or small masses suspected on CT or MRI, and to improve results in
assessing metastatic disease. 

The best results are reportedly obtained with a combination of intraopera-
tive palpation and IOUS due to their complementary nature during surgery.

Somatostatin-receptor techniques can be used for treatment and to monitor
its success in patients with functioning tumors of the pancreas [65].

9.8 Diagnostic Strategies for NF-PanNENs

In most cases, NF-PanNENs are found by chance in patients suffering from
non-specific symptoms (palpable mass, dyspepsia, etc.). In these settings, the
diagnosis is usually late, and either US or CT is the first method to suggest the
diagnosis. With the recent increase in the number and quality of cross-section-
al imaging studies, a significant percentage of these lesions are discovered
incidentally in asymptomatic patients. 

The role of the radiologist is to characterize the lesion, demonstrating the
typical hypervascular enhancement pattern, using CT, MRI, or CEUS. 

However, since a definite characterization is not objectively possible with
imaging, fine-needle biopsy is always advisable before treatment.

The prognosis of patients with NF-PanNENs is much better than that of
patients with ductal adenocarcinomas, and therefore a surgical attempt inte-
grated with chemotherapy is indicated even in more advanced stages of the
disease. Accurate staging of the tumor can be obtained with CT or MRI [13]. 

MDCT and MRI findings are virtually identical: but based on its wide
availability and slightly higher accuracy in preoperative staging, the former
should be considered as the imaging tool of choice [13]. 

Nuclear medicine could improve tumor staging, as it is able to identify dis-
tant metastases and to assess the potential benefits of treatment with somato-
statin analogues, either cold or radiolabeled. The presence of somatostatin
receptor subtype 2 is promising in terms of treatment success. Moreover, in the
follow-up of these tumors, due to the further advantage of identifying distant
metastases, nuclear medicine techniques may be advisable, given that CT and
MRI are able to distinguish scar tissue from the residual or relapsing tumor
only with difficulty, especially in operated patients.

9.9 Differential Diagnosis

The diagnosis of F-PanNENs usually does not pose any dilemmas. Problems
that arise in the differential diagnosis between NF-PanNENs and the other
pancreatic masses vary according to the radiological aspect of the tumor,
which in turn is strictly dependent on its vascular behavior.

The most typical variant of NF-PanNENs, characterized by a solid hyper-
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vascularized appearance at imaging, is usually easily diagnosed on CT, MRI,
and CEUS due to its conspicuous enhancement after contrast medium admin-
istration. Characterization of these tumors is also facilitated by the presence of
hypervascularized hepatic metastases. 

Rare tumors that show a hypervascular enhancement pattern during the
arterial pancreatic phase and potentially mimicking the solid variant of NF-
PanNENs include acinar carcinoma [66] and serous cystadenoma, in their
solid variant [67]. Ductal adenocarcinoma, in rare cases, exhibits strong
enhancement, necessitating a differential diagnosis.

Finally, hypervascularized pancreatic metastases, especially from renal
tumors, must be taken into account, since they may have the same pattern [68].
However, the differential diagnosis is simple if there is a known primary tumor
and other synchronous or metachronous metastases. 

Moreover, pancreatic metastases, which can appear many years after iden-
tification of the primary tumor, are frequently multiple.

The solid hypovascularized variant of NF-PanNEN cannot be reliably char-
acterized using cross-sectional imaging, and biopsy is always needed. If an
infiltrating growth pattern is depicted at imaging, with or without associated
hypovascularized liver metastases, imaging will not allow the differential
diagnosis with pancreatic adenocarcinoma.

When the tumor presents as an expansive growth pattern with well-defined
contours, especially in young women, the differential diagnosis must include
a solid pseudopapillary tumor.

Finally, rare cystic endocrine tumors cannot be differentiated on the basis
of imaging findings from mucinous cystic tumors (especially unilocular
lesions) or solid pseudopapillary tumors in their cystic variant.

An intrapancreatic accessory spleen should be considered in the differen-
tial diagnosis of F-NENs and NF-PanNENs. It can be ruled out based on dif-
ferences in vascular behavior, or in some cases in signal intensity at baseline
MRI.
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10.1 Introduction

The surgical management of pancreatic neuroendocrine neoplasm (PanNEN) is
often challenging due to the heterogeneous presentation and the different bio-
logical behavior of these neoplasms. Recent research advances have led to more
accurate recommendations for the management of these tumors [1-3].  This
chapter summarizes the state of the art concerning the indications for surgery
and the optimal surgical approach of sporadic tumors as well as PanNENs asso-
ciated with multiple endocrine neoplasm type 1 (MEN1) syndrome.

10.2 Sporadic Disease

Surgery of sporadic PanNENs should be tailored according to the stage of the
disease and the biological behavior of the tumor(s). 

10.2.1 Functioning PanNENs of Unknown Primary

When primary tumor cannot be assessed but the presence of a hormonal syn-
drome related to endocrine pancreatic tumor hypersecretion has been ascer-
tained, the main aim is to identify the lesion. Despite the widespread use of
high-quality imaging techniques, insulinomas and gastrinomas remain unde-
tected in 10-20% of cases [4, 5]. However, the absence of a preoperative local-



ization should not be considered a contraindication for surgery in patients with
proven functional disease.

In these cases, an exploratory laparotomy should include a careful abdom-
inal inspection of the liver, stomach, and mesentery. The pancreatic gland
should be well exposed according to the Kocher maneuver and its superior and
inferior margins accurately dissected. The entire pancreatic gland is then
accessible for a bi-digital manual examination and the parenchyma can be
thoroughly explored by intraoperative ultrasound (IOUS) with a 7.5- or 10-
MHz probe. Macroscopically, insulinomas appear as gray-reddish masses,
with a harder consistency than the surrounding parenchyma; the ultrasound
examination reveals a hypoechogeneic aspect. An intraoperative localization,
as determined by IOUS, can be achieved in 92–98% of the cases [4-6]. IOUS
can also assess the relationship of the tumor with the main pancreatic duct,
guiding the surgeon in an enucleation or a standard pancreatic resection. 

Whereas IOUS is able to identify nearly 91% of pancreatic gastrinomas, the
detection rate decreases to approximately 30% for duodenal gastrinomas. In this
setting, pancreatic exploration must be followed by a trans-illumination of the
duodenum and a 3-cm incision of the descending duodenum, in order to assess
the medial wall, where the majority of gastrinomas are found. The accuracy of
duodenotomy is indeed higher than either palpation alone or IOUS imaging asso-
ciated with trans-illumination [4, 5]. The surgical procedure should also include
a resection of the peri-pancreatic lymph nodes as well as a lymphadenectomy of
the celiac trunk and hepatic ligament, based on the risk of a primary lymph node
gastrinoma.

In all cases, a careful intraoperative examination of the specimen by the
pathologist is mandatory in order to confirm the presence of  the lesion. 

If this protocol fails, “blind” resections are discouraged and patients should
undergo strict follow-up while the hypersecretion symptom is controlled by
medical therapy [7].

10.2.2 Localized PanNENs

When a PanNEN is localized, surgery is the treatment of choice. Nevertheless
with the advent of high-resolution imaging techniques, small non-functioning
PanNENs are increasingly discovered, and it is now debated whether all small
and asymptomatic lesions should be routinely resected [8]. In this subgroup of
patients, non-operative management has been recently advocated for inciden-
tally discovered PanNENs < 2 cm [9]. Although data on the non-operative
management of these forms are still lacking, a strict yearly follow-up seems to
be a reasonable recommendation. Any significant increasing in the size of
these tumors should be promptly recognized and patients should be addressed
to surgery. 

The optimal surgical resection for localized PanNEN is still debated. Two
main surgical approaches are currently available: typical (i.e., pancreatico-
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duodenectomy or left pancreatectomy with or without spleen preservation) and
atypical (i.e., enucleation or middle pancreatectomy) resections. The surgical
choice is based on technical considerations (site, proximity to Wirsung duct,
etc.) and on the aggressiveness of the disease, which is mainly correlated with
the size of the lesion [8, 9] and with the invasion of nearby organs. A typical
pancreatic resection is always recommended in the presence of large PanNENs
(main diameter > 2 cm), organ invasion and/or clinical symptoms. Typical
pancreatic resections are associated with a high incidence of peri-operative
complications as well as exocrine and endocrine insufficiency. These compli-
cations along with the increasingly incidental recognition of small and asymp-
tomatic lesions have led to the increased use of parenchyma-sparing tech-
niques or atypical resections, such as enucleation and middle pancreatectomy.
Atypical resections have been proposed in the management of PanNENs, espe-
cially when they are well-demarcated and small in size [10]. In the absence of
others signs of malignancies, tumor size represents the main criteria in the
choice of the most appropriate surgical approach. Currently, a diameter of 2
cm seems to be reasonably safe for a limited resection [10]. A middle pancre-
atectomy can be appropriate for small tumors of the pancreatic body whereas
an enucleation should be considered only if the main pancreatic duct can be
safely preserved. Atypical resections reduce  the risk of long-term
endocrine/exocrine impairment as pancreatic parenchyma is spared by these
techniques [11, 12]. However, atypical resections are associated with a high
rate of pancreatic fistulas although the latter are mostly transient and with a
low clinical impact [11]. Second-look surgery for those tumors with high-
grade malignancy is mandatory after an atypical resection. Furthermore, the
most recent guidelines suggest that nodal sampling with intraoperative patho-
logical examination should be always performed [13]. 

10.2.3 Locally Advanced PanNENs

When a PanNEN is locally advanced and a potentially curative resection is
feasible (R0–R1), a more aggressive surgical approach is justified. Several
authors have demonstrated the benefit in terms of survival after pancreatic
resection of locally advanced PanNENs when no residual macroscopic disease
is present along the surgical margins [14].  

Surgery always includes a typical pancreatic resection with standard lym-
phadenectomy, associated, if necessary, with nearby organ resection or vascu-
lar resection. Splenectomy is routinely performed in distal pancreatectomy.
During this procedure, the adrenal gland, retroperitoneal tissue, and left kid-
ney can be easily removed, if infiltrated. Tumors of the pancreatic head that
involve the stomach can be removed by a Whipple procedure, while those
infiltrating the colon require standard or segmental colon resection. When the
entire pancreatic gland is involved, total pancreatectomy should  be consid-
ered. A portal or superior mesenteric vein infiltration can occasionally occur;
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in these cases, the surgeon can achieve negative resection margins by perform-
ing segmental resection of the superior mesenteric vein or splenomesenteric
portal vein confluence. By contrast, an arterial resection is rarely performed
when the mesenteric-celiac arterial axis is completely involved. The presence
of celiac trunk invasion is not an absolute limitation for distal pancreatectomy,
as prior reports have described efficacious dissection of the central-axis arter-
ies or graft substitution; however, these procedures can be associated with
severe diarrhea due to denervation of the intestinal plexa. The role of lym-
phadenectomy in these tumors is still a matter of debate, but a regional lymph
node dissection along the hepatoduodenal ligament, celiac trunk, and superior
mesenteric artery should be a standardized technique for invasive PanNENs.

When locally advanced pancreatic carcinomas present with massive local
infiltration and resection would be incomplete, leaving macroscopic residual
disease, there is no support for cytoreductive surgery (R2). A partial resection
would, in fact, expose the patient to a high risk of bleeding and to the possible
spread of tumor cells in the peritoneum. Recurrence, moreover, is the rule,
with no guarantee of there being any advantage in terms of survival.

10.2.4 Metastatic PanNENs

Surgery also plays an important role in metastatic disease, although the pres-
ence of extra-abdominal disease should always be ruled out preoperatively.
Hepatic surgery might require a wide range of different types of resections
according to the number of liver metastases, their locations, and the hepatic
reserve [15-17].  The operation can be performed as a one- or two-step proce-
dure and always requires an accurate IOUS evaluation. Complete resection is
associated with a 5-year survival rate of 60–80% compared with 30% in unre-
sected patients [18-21]. However, due to the high incidence of multifocal and
bilateral metastases, with liver involvement frequently exceeding 75%, a rad-
ical liver resection is possible in < 20% of patients [18].  However, recurrence
is the rule, with a median time to progression of 16–20 months and a 5-year
survival of 50–60% [22].

Debulking resections (R2) might be alternatively offered with palliative
intent to all patients in whom 90% of the tumor burden can be safely removed,
as part of a multimodal approach (combined or followed by other ablative
therapy, peptide receptor radionuclide therapy, bio- and chemotherapy) [17].
Metastatic disease also can be treated by other interventional procedures [17,
23], mainly trans-arterial embolization (TAE), trans-arterial chemo-emboliza-
tion (TACE), and radiofrequency ablation (RFA). Such procedures can be used
as loco-regional ablative therapy per se or as an adjunct to palliative surgery.
TAE or TACE are endovascular interventional radiology procedure that may
be used to treat multiple or large liver metastases. Data regarding survival
after TACE for metastatic PanNENs are still lacking although the procedure
has been demonstrated as effective in reducing tumor size [24, 25].  RFA may
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be performed either intraoperatively or via a percutaneous approach, with a
low morbidity rate in either case, although its role is still limited to selected
patients [26]. 

Cytoreductive surgery limited to the primary tumor in patients with unre-
sectable metastases is proposed in selected cases to alleviate mass-related
symptoms by reducing tumor burden. Moreover, the analysis of retrospective
series has demonstrated a measurable advantage in terms of survival after
debulking [27] . 

Liver transplantation is limited to 1% of patients. The main criteria for this
approach include the presence of multiple metastases not amenable of other
invasive procedures, the absence of extra-abdominal disease, a low Ki-67
value, and stable disease 1 year after diagnosis. Nevertheless, outcomes after
transplantation for PanNEN liver metastases are heterogeneous and the effica-
cy of this strategy is still unclear [3]. 

10.2.5 Laparoscopic Approach for PanNENs

Both distal pancreatectomy and enucleation can be safely performed laparo-
scopically. The advantages of minimally invasive surgery are less postopera-
tive pain, a better cosmetic result, a reduced length of hospital stay, and a
faster postoperative recovery; the rate of pancreatic fistula formation is com-
parable to that observed after open surgery. It has been demonstrated that
laparoscopic resections are safe and feasible in patients with presumed benign
PanNENs whilst they are still a controversial procedure for those with malig-
nancies. Whereas the laparoscopic approach is optimal for insulinomas and
small non-functioning tumors, the role of laparoscopic surgery for gastrinomas
is probably limited [28, 29]. 

10.3 PanNEN in Multiple Endocrine Neoplasia Type 1 (MEN1)
Syndrome 

Patients with MEN1 usually develop synchronous or metachronous PanNENs
of various types: gastrinomas (54%), insulinomas (18%), and non-functional
tumors (80–100%). The association of PanNENs with hereditary diseases such
as MEN1 changes the surgical strategy due to the tendency towards disease
multicentricity and the high rate of recurrence. To date, whereas surgery
remains mandatory in case of tumor-related symptoms and a functioning
tumor (e.g., insulinoma), the role of surgical treatment in small (< 2 cm) non-
functioning PanNENs or gastrinomas is still unclear [30-32]. Small non-func-
tioning PanNENs are commonly asymptomatic and their incidence is increas-
ing due to better detection following the widespread use of modern cross-sec-
tional imaging techniques. In MEN1 patients, only a few small tumors devel-
op liver metastases or influence survival. Most recent studies suggests the
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active follow-up of small lesions and to operate only in the event of larger
tumors (> 2 cm) and/or tumors growing or metastasizing during follow-up
[32]. Similarly, since patients with small gastrinomas have excellent long-term
survival also without surgical treatment and Zollinger–Ellison syndrome is
easily controlled with medical treatment, surgery is commonly recommended
only for lesion > 2 cm.

When surgery is indicated, the procedure ranges from enucleation to total
pancreatectomy [6, 30]. The latter, although effective, is not generally recom-
mended; instead, total pancreatectomy should be limited only to those patients
in with multicentric lesions and a familial history of high mortality due to the
disease. Enucleation is rarely the only needed procedure, mostly in small non-
functioning PanNENs or benign functioning tumors such as insulinomas. Due to
the high rate of multi-centric lesions, IOUS is always mandatory and it often
leads to the decision to perform a subtotal distal pancreatectomy, with enucle-
ation of those tumors located in the head of the pancreas or in the duodenal sub-
mucosa. When associated with an appropriate lymphadenectomy and duodeno-
tomy for patients with suspected gastrinomas, the procedure is commonly called
“Thompson’s procedure.” When a gastrinoma is associated, a pancreatico-duo-
denectomy generally results in a higher rate of cure (77–100%), although expe-
rience is poor since the procedure is rarely recommended [30, 33]. The associ-
ated high postoperative and long-term morbidity is commonly compared to the
increasing evidence of good long-term survival (100% at 15 years) of patients
with gastrinomas < 2 cm treated conservatively [31]. Pancreatico-duodenectomy
may be advisable in patients with large tumors in the pancreatic head or duode-
nal tumor and in the presence of lymphadenopathy.

10.4 Conclusions

Despite recent advances in our understanding of neuroendocrine tumors, the
appropriate surgical  treatment of PanNENs remains challenging [34]. The
optimal surgical strategy should be always tailored to the tumor's characteris-
tics as well as the patient's symptoms, comorbidities, and life expectancy.
Accordingly, these patients should be referred to highly experience centers in
order to optimize the surgical indications and reduce operative morbidity.
Moreover, proper communication with the patient and a multidisciplinary
decision-making process are key elements in disease management, especially
in advanced disease.
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11.1 Introduction

Nuclear medicine imaging depicts the expression of certain target molecules
and evaluates the functional aspects of lesions within tissues. The molecular
information can be combined with the mainly anatomical information provid-
ed by other diagnostic modalities, e.g., conventional radiological imaging
with ultrasonography (US), computed tomography (CT), magnetic resonance
imaging (MRI), contrast-enhanced US (CEUS), endoscopic US (EUS), intra-
operative US (IOUS), and selective angiography with hormonal sampling.
Thus, nuclear medicine imaging can identify specific molecular changes
linked to the target expression of macroscopic lesions within tissues. 

Neuroendocrine neoplasms (NENs) are characterized by the presence of
receptors for somatostatin (SSTR) and/or for other hormone-like peptides on
the cell membrane, and/or by the presence of neuroamine uptake mechanisms.
Six subtypes of SSTR have been identified by molecular analysis (sstr1, sstr2a,
sstr2b, sstr3, sstr4, and sstr5). Each receptor exerts its action by inhibiting
adenylyl cyclase activity. SSTR density is markedly elevated in malignant
neuroendocrine cells (from 80 to 2000 fmol/mg protein), while SSTR expres-
sion is relatively low within normal neuroendocrine tissues [1]. NENs can
also have the property of taking up amino acids and transforming them into
biogenic amines by means of decarboxylation; for instance, they can convert
the amino acid tyrosine into L-DOPA, which is subsequently decarboxylated
to dopamine, oxidated to norepinephrine, and methylated to yield epinephrine,
which is accumulated in pre-synaptic vesicles. The expression of membrane



transporters, enzymes, and the neurosecretory vesicles for catecholamines
constitute the pathophysiologic background for radionuclide imaging of trans-
formation.

Finally, since the high glucose metabolism of tumors is directly related to
cell proliferation (depending on the genetic expression of glucose transporters,
GLUT), the capability of NEN cells to accumulate the radiopharmaceutical
[18F]FDG typically is related to cell dedifferentiation and high biological
aggressiveness, as typically observed in the most malignant forms of NENs. 

11.2 Radiopharmaceuticals

Over the last 20 years the use of radiolabeled somatostatin analogues as high-
affinity tracers for specific binding to SSTRs has allowed successful gamma-
camera functional imaging of NENs, initially with single-photon-emitting
radiopharmaceuticals (using conventional gamma cameras), then also with
positron-emitting radiopharmaceuticals (using positron emission tomography,
PET). In this regard, whole-body somatostatin receptor scintigraphy (SRS) has
revolutionized the diagnostic and therapeutic approach to patients with NENs.

All radiopharmaceuticals currently in use for imaging SSTR-positive neo-
plasms are based on octreotide, a long-acting 8-amino acid analog of the
native 14- or 28-amino acid human peptide hormone somatostatin (Fig. 11.1);
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Fig. 11.1 Octreotide amino acid structure. (Reproduced from [2],  with permission)



in fact, native somatostatin has an extremely short plasma half-life, which lim-
its the ability to detect its specific tissue accumulation following systemic
administration. Octreotide binds to sstr2 with high affinity (Kd 0.1–1 nM),
whereas it exhibits a moderate affinity (within the 10–100 nM range) for sstr3

and sstr5, and a very low affinity for sstr1 and sstr4.
The presence of octreotide-binding SSTRs on NENs allows the in vivo

functional visualization of these tumors with the use of radiolabeled somato-
statin analogues. 123I-[Tyr3]-octreotide was the first radiotracer developed for
this purpose. However, its clinical application was limited by the relatively
high background radioactivity in the abdomen and by its relatively short half-
life, both in physical terms (13 h for 123I) and in biological terms (fast dehalo-
genation in vivo). 111In-[DTPA D-Phe]-octreotide, or 111In-pentetreotide, has
instead been widely used and is still employed for the clinical assessment of
NENs, because of its better in-vivo stability and the fact that the longer phys-
ical half-life of 111In allows scintigraphic imaging also at relatively delayed
times after administration (up to at least 24 h post-injection). It is a registered
trademark of Mallinckrodt Inc., under the name of Octreoscan.

A number of 99mTc-labeled somatostatin analogues have more recently
been developed (e.g., 99mTc-depreotide, 99mTc-vapreotide, 99mTc-P829), con-
sidering that, for gamma-camera imaging, the photon emission of 99mTc is
more suitable than that of 111In. Particularly promising is 99mTc-EDDA-
HYNIC-TOC in the imaging of sst2/5-positive tumors, as it is superior to 111In-
pentetreotide [3, 4]. Nevertheless, the development of PET tracers has prompt-
ed a totally new era in receptor imaging of NENs, further modifying the diag-
nostic work-up for the assessment of these tumors.

Single-photon imaging with radio-iodinated meta-iodobenzylguanidine
([123I]MIBG) and PET imaging with [18F]-DOPA or [18F]-dopamine are high-
ly sensitive in the detection of tumors arising from the adrenal medulla; these
compounds are also taken up by non-adrenomedullary pancreatic NENs
(PanNENs), which sometimes express transporters and neurosecretory vesi-
cles for catecholamines (Fig. 11.2).

More recently, the use of 68Ga-labeled somatostatin analogues has further
expanded the nuclear medicine armamentarium, such that advanced PET/CT
imaging of NENs allows their molecular/functional characterization. 68Ga-
labeled somatostatin analogues consist of a somatostatin-like peptidic struc-
ture that actively binds SSTRs, together with a chelant (DOTA) and the
positron-emitting radionuclide (68Ga). Most clinical experience so far accumu-
lated has been obtained with three radiolabeled peptides: 68Ga-DOTA-TOC
(1,4,7,10-tetraazacyclododecane,1,4,7,10-tetraacetic acid Tyr3 octreotide),
68Ga-DOTA-NOC (1,4,7,10-tetraazacyclododecane,1,4,7,10-tetraacetic acid
1-Nal3 octreotide), resulting from an amino acid exchange at position 3 of
octreotide, and 68Ga-DOTA-TATE (1,4,7,10-tetraazacyclododecane,1,4,7,10-
tetraacetic acid Thr8 octreotide). In 68Ga-DOTA-NOC there is a simple amino
acid substitution in position 3 of octreotide, while in 68Ga-DOTA-TATE a car-
boxylic acid group replaces the alcohol group at the C-terminus of the peptide,
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resulting in the formation of DOTA-D-Phel-Tyr3-Thr8-octreotide. All three
bind with high affinity to sstr2 and sstr5, while DOTA-NOC has good affinity
also for sstr3 [5, 6]. The binding affinity of 68Ga-DOTA-TATE for sstr2 is con-
siderably higher than that of 111In-DTPA-octreotide, while its binding affinity
for sstr5 is lower; for sstr3, it has negligible affinity and for sstr1 and sst44 lit-
tle or none [7, 8].

The labeling procedure of 68Ga-DOTA-peptides is easily and quickly car-
ried out at an on-site radiochemical laboratory, with relatively low overall
costs. In fact, 68Ga can be eluted from commercially available 68Ge/68Ga gen-
erators, which can be used for approximately 9–12 months because of the long
physical half-life (270.8 days) of the mother radionuclide 68Ge. 68Ga (with a
physical half-life of 68 min) has an 89% positron emission and a 3.2% gamma
emission (1077 keV). The 68Ga eluate is first concentrated and purified using
a micro-chromatography method [9], with peptide labeling subsequently
achieved within 15 min, with a > 95% yield.
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Fig. 11.2 123I-MIBG SPECT/CT in a patient with a pancreatic insulinoma. While prior scintigra-
phy with Octreoscan was negative, the 123I-MIBG scan clearly visualized the tumor, located in the
head of the pancreas. (Reproduced from [2], with permission)



11.3 Nuclear Medicine Imaging of PanNENs

Soon after its introduction into clinical practice, Octreoscan imaging was
reported to be very useful for patients with NENs as it explores the whole body
and provides important clinical indications, allowing the accurate detection
and localization of the primary tumor based on its expression of SSTRs.
Moreover, this imaging technique provides valuable information for staging
disease extent, for identifying metastases to soft tissue or bone, and for restag-
ing NEN patients during follow-up. In this regard, it should be emphasized
that SRS (with either single-photon or positron emitting radiopharmaceuticals)
cannot be considered as a true “diagnostic” procedure, i.e., for differentiating
NENs from other tumors; in fact, several other types of tumors can also
express SSTRs with high density, besides the possibility of SSTR expression
also in benign lesions (e.g., chronic granulomatous diseases). The diagnosis of
NENs is mostly based on clinical/biochemical findings, while imaging plays
an important role for localizing the disease site(s), which is not an easy task
even with high-resolution imaging techniques such as CT and/or MRI for
tumors that can be very small and distributed virtually throughout the entire
body. Thus, the main role of SRS in the initial approach to patients with a
newly diagnosed NEN is its ability to localize the exact site(s) of the tumor(s),
also as a possible guide for surgical resection.

Nuclear medicine imaging of NENs is crucial for planning therapy also in
patients with non-resectable lesions; in fact, the tumor expression and density
of SSTRs can guide therapeutic decision-making in NEN patients, by identify-
ing those who will benefit from therapy with “cold” vs. radiolabeled somato-
statin analogues as well as those who are candidates for chemo-radiotherapy.

SRS with Octreoscan is highly sensitive for the detection and staging of
PanNENs. In general, gastrinomas abundantly express SSTRs; in particular,
about 50% of gastrinomas express sstr2 and sstr5, 33% express sstr1, 17%
express sstr3, and 83% express sstr4 [10]. Whole-body SRS has a pivotal role
in these NENs [11, 12], identifying with 60–90% sensitivity both the primary
lesion and metastases [13, 14]. However, few studies have been published sup-
porting the usefulness of SRS in patients with somatostatinomas. Although
some authors [15] reported that these tumors can be SSTR-negative in binding
assays and in receptor autoradiography experiments (mainly because the high
levels of circulating somatostatin induce receptor down-regulation), in vivo
visualization of somatostatinomas with SRS has been reported to be effective
both within the pancreas and at distant metastatic sites [16].

Among the SSTRr receptors, sstr2 is expressed in 100% of the patients with
glucagonomas, while sstr1, sstr3, sstr4, and sstr5 are expressed in approximate-
ly two-thirds [10]. In these patients, SRS has a sensitivity of approximately
70% for primary tumor detection and distant staging. Since most pancreatic
VIPomas express all five SSTR subtypes [10], SRS in these patients (who usu-
ally present with a large tumor in the tail of the pancreas) is useful for lesion
localization and characterization, and for the detection of distant metastases.
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The overall sensitivity of SRS is about 86%, being much lower, as expected,
for lesions < 1 cm  in size [17].

Insulinomas often present as a small lesion characterized by low sstr2

expression [18]. About 50% of these tumors express sstr1, while 15–20%
express sstr3 and sstr4 [19]. Therefore the sensitivity of SRS for insulinomas
can be as low as 50–60% [13, 20]. Although non-malignant insulinomas
rarely express SSTRs, in malignant insulinomas functional evaluation with
SRS is highly recommended for tumor detection and staging as well as for
determining the indications for therapy based on somatostatin analogs [21].
Secondary insulinomas often have higher sstr2 expression than the primary
tumor [13, 22, 23].

In the initial approach to patients with newly diagnosed PanNENs, the inte-
gration of SRS data with those provided by anatomic imaging is crucial. Due
to the recent introduction into clinical routine of SPECT/CT hybrid equipment,
radionuclide imaging can now provide the surgeon with detailed functional
and topographic information for tissue sampling and resectability; in addition,
it can exclude false-positive findings due to accessory spleen, recent surgical
scars, and any other cause of granulomatous-lymphoid infiltrate that may
mimic a tumor. Moreover, correlative imaging can aid the nuclear physician in
correctly identifying small lesions that might have reduced SSTR expression
because of recent treatments, as well as de-differentiated disease, both of
which may lead to false-negative results at SRS (Fig. 11.3).

The diagnostic impact of SRS is mainly during initial staging, as the tech-
nique has been shown to modify the therapeutic strategy in up to 53% of
patients with NENs. In fact, because of its high sensitivity in detecting distant
metastases (61–96%), SRS may prevent surgery with curative intent in those
patients whose tumors have already metastasized [24, 25]. Moreover, SRS is
the most accurate imaging modality for the “one-shot” detection of liver and
extrahepatic metastases in patients with pancreatic NENs (Fig. 11.4), although
sensitivity can be adversely affected by the small size typical of metastatic
lesions.

SRS also may be useful in the follow-up of patients, in particular to moni-
tor the efficacy of treatment. In this regard, changes in functional volume have
been reported to be more reliable than RECIST (Response Evaluation Criteria
in Solid Tumors) and correlate well with the long-term clinical response [26].
Moreover, SRS can aid in the identification of potentially responsive patients
for treatment with unlabeled somatostatin analogues (such as octreotide
acetate), or with tumor-targeted somatostatin analogues radiolabeled with
either 90Y or 177Lu. In the former approach, it is still debated whether the sen-
sitivity of SRS is reduced in patients concurrently receiving therapeutic doses
of octreotide acetate; thus, consideration should be given to temporarily sus-
pending therapy before administering the radiopharmaceutical.

As alluded to above, the introduction of receptor PET radiopharmaceuticals
has prompted a new era in receptor imaging for NENs. Based on its unique
pharmacokinetics, 68Ga-DOTA-TOC achieves high tumor/non-tumor ratios
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within a short period after its administration and is even better than DOTA-
TOC containing other metal ions. In particular, 80% of the activity is accumu-
lated in the tumors within 30 min, renal clearance is fast, and the radioactivi-
ty concentration in tissues not expressing SSTRs is very low. The combination
of high contrast and fast imaging, as well as the better spatial resolution of
PET compared with single-photon imaging allows the detection of smaller
lesions not identified at SRS; this feature becomes of paramount importance in
tailoring the clinical management of NENs on a patient-to-patient basis [27].
Moreover, the ability of PET to accurately quantify uptake in each lesion (in
terms of SUV) allows the use of such data for monitoring the response to ther-
apy. Finally, PET imaging with 68Ga-DOTA-somatostatin analogues involves
less radiation exposure for the patient than is the case for imaging with 111In-
pentetreotide.

Current data show that, despite some differences in receptor binding affin-
ity among the three different 68Ga-DOTA-somatostatin analogues (-TOC, -
NOC, -TATE), there is no direct clinical correlate regarding advantages in the
clinical accuracy of one radiopharmaceutical over the others. All of them have
in fact been reported to provide clinically accurate and valuable information
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Fig. 11.3 Octreoscan examination in a patient with an NEN in the head of the pancreas. (a) Low-
dose CT image, (b) trans-axial SPECT image, (c) fused hybrid Octreoscan SPECT/CT CT imag-
ing. While planar imaging revealed only faint uptake (d), SPECT/CT imaging clearly improved
visualization of the tumor
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for NEN imaging, as consistently demonstrated by high tumor/non-tumor
ratios, and definitely higher sensitivity than SRS [28]. Moreover, 68Ga-DOTA-
TOC and 68Ga-DOTA-TATE can mimic as closely as possible the in vivo phar-
macokinetic patterns of their 90Y- or 177Lu-labeled counterparts used for pep-
tide receptor radionuclide therapy (PRRT) [29]. 

68Ga-DOTA-peptide PET performs better than CT and/or single-photon
SRS for locating well-differentiated NEN lesions, accurately detecting even
small-sized tumors, in particular metastatic sites in lymph nodes or bone [30]
or tumors with unusual anatomical locations [31]. However, it should be
underlined that the detection of a greater number of lesions does not always
impact disease stage or the therapeutic approach.

In 84 patients with NEN, 68Ga-DOTA-TOC PET/CT was reported to have
97% sensitivity for the detection of SSTR-positive lesions, superior to both CT
(61%) and single-photon SRS (52%) [32]. In another series of 51 patients with
well-differentiated NEN, 68Ga-DOTA-TOC showed 97% sensitivity and 92%
specificity in the early detection of bone metastases, much higher than CT and
SRS [33].

Staging, clinical management, and the therapeutic approach can be changed
when unsuspected metastatic disease or local relapse is identified, or SSTR
expression on NEN cells by 68Ga-DOTA-peptides is confirmed/excluded,

124 M. Federghini et al.

a b

c

Fig. 11.4 Comparison between Octreoscan (a whole-body planar image) and 68Ga-DOTA-TOC
PET/CT (b MIP and c trans-axial fused PET/CT images). Liver metastases were detected only by
68Ga- DOTA-TOC PET/CT. (Image courtesy of Prof. Stefano Fanti, Nuclear Medicine Service,
“S. Orsola” University Hospital, Bologna, Italy)



unlike conventional imaging. In 50 out of 90 NEN patients, 68Ga-DOTA-NOC
PET/CT was reported to impact the therapeutic approach with PRRT or with
unlabeled somatostatin analogue treatment in 36 patients, surgical treatment
in six patients; surgical treatment was excluded in another six patients, radio-
therapy in one patient, liver transplantation in one patient, and further diag-
nostic assessment in one patient [34]. In 51 patients with NENs, 35 with neg-
ative and 16 with equivocal 111In-DTPA-octreotide uptake on SRS, 68Ga-
DOTA-TATE PET detected significantly more lesions than SRS and modified
management in 70.6% of the patients, subsequently considered candidates for
PRRT [35].

Non-invasive quantification of the receptor expression pattern is especial-
ly useful for selecting those patients eligible for targeted therapy with either
radiolabeled or cold somatostatin analogs as the most appropriate therapeutic
approach. High uptake of 68Ga-DOTA-peptides reflects a high SSTR expres-
sion on well-differentiated NENs, associated with slower growth rate and a
higher likelihood of response to targeted therapy with either hot or cold
somatostatin analogs. The SUVmax derived from 68Ga-DOTA-NOC PET/CT
has recently been reported to be a helpful prognostic factor of outcome in this
regard. Out of 44 patients with NENs, the SUVmax was significantly higher in
those with stable disease/partial response and provided valuable information
to distinguish those patients showing progressive disease at follow-up. In par-
ticular, an SUVmax > 19.3 allowed the selection of patients with slower disease
progression [35]. Although there is no agreement on the use of 68Ga-DOTA-
peptides for assessing response to PRRT [31], they are widely employed to
quantify the presence of SSTRs, radiopharmaceutical biodistribution prior to
treatment [36], and to predict and assess the response to peptide receptor ther-
apies in NENs.

Compared with MIBG scintigraphy, radiolabeled somatostatin analogues
have been shown to be more accurate for detecting gastro-entero-pancreatic
NENs and their metastases. Similar results have been observed with
[18F]DOPA PET. In patients with well-differentiated NEN, 68Ga-DOTA-TATE
showed marginally higher sensitivity than 18F-DOPA (96% vs. 56%) [37].

Preoperative localization of the lesions in patients with congenital hyperin-
sulinism is currently the only application of [18F]DOPA PET in pancreatic
malignancy. Hyperfunctioning pancreatic lesions have greater L-DOPA uptake
and conversion to dopamine than normally functioning pancreatic tissue,
which expresses only low levels of aromatic amino acid decarboxylase. The
high sensitivity of this imaging approach could allow mini-invasive laparo-
scopic surgery with limited resections, reducing therefore the risk of long-term
diabetes [38]. On the other hand, euglycemic and hyperinsulinemic adult
patients show [18F]DOPA uptake in the whole pancreas, the main limitation for
identifying insulinomas or β-cell hyperplasia.

Several papers have demonstrated that NENs with a positive [18F]FDG PET
have increased aggressiveness, irrespective of either grading or the Ki67 pro-
liferation index [39]. In fact, high glucose metabolism of tumors depending on
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increased GLUT expression  is directly related to cell proliferation and failed
differentiation [40]. The dedifferentiation of neoplastic NEN cells typically
tends to increase their uptake of [18F]FDG. Thus, a high glucose metabolic
state can provide crucial prognostic information (Fig. 11.5).

68Ga-DOTA-TOC has been reported to detect a higher number of tumors in
well-differentiated NENs than is the case with [18F]FDG [41]. Compared with
[18F]FDG PET/CT, 68Ga-DOTA-TATE PET/CT has higher uptake by well-dif-
ferentiated, low-grade NENs. [18F]FDG does not provide valuable information
in the assessment of well-differentiated, relatively slow growing NENs, char-
acterized by a low metabolic rate and therefore low glucose consumption.
Instead, it has an important role in higher grade, poorly differentiated NENs,
which have a high fraction of proliferating cells (positive Ki-67 staining in >
5% of cells); furthermore, for lesions with low SSTR expression [18F]FDG
PET better demonstrates progression on morphological imaging over a period
of < 6 months [42] than either CT or MRI. 

Therefore, the use of radiopharmaceuticals with different mechanism(s) of
uptake, i.e., an SSTR tracer (68Ga-DOTA-peptides) and a metabolic tracer
([18F]FDG), may provide more accurate information on tumor biology, and
thus more accurate patient management. Detecting the presence of undifferen-
tiated areas/lesions with high glucose metabolism has a relevant impact in the
selection of standard chemotherapy over PRRT.

11.4 Peptide Receptor Radionuclide Therapy

PRRT is a new modality that uses radiolabeled peptides for treating unre-
sectable or metastasized NENs. The rationale for such therapy is to convey
radioactivity inside the tumor cells, where sensitive targets, such as DNA, can
be hit as a result of internalization of the somatostatin receptor and radiola-
beled analogue complex. 
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Fig. 11.5 “Flip-flop” pattern of neuroendocrine tumors. Higher 18[F]FDG uptake combined with
lower Octreoscan uptake correlates with higher disease aggressiveness (and vice versa)



Several peptides labeled with therapeutic radiometals, such as 90Y or 177Lu,
have been explored for therapeutic purposes. Among these, 90Y-DOTA-TOC
and 177Lu-DOTA-TATE are the most widely employed radiopeptides. The
choice of these two particular molecules derives from pharmacokinetic consid-
erations. The pharmacokinetic profiles of DOTA-TOC and DOTA-TATE are
particularly favorable, with a rapid plasma clearance after administration and
a relevant renal excretion (about 70% of the injected dose in urine after 24 h)
[43, 44]. 90Y has a higher β-particle emission than 177Lu. Based on an analysis
of the residence times for DOTA-TATE and DOTA-TOC, 177Lu has greater
advantages when labeling DOTA-TATE, while in view of the higher renal dose
from 177Lu-DOTA-TATE,90Y is better in the labeling of DOTA-TOC.

Tumor candidates for PRRT with radiolabeled somatostatin analogs are
basically sstr2-expressing NENs, and SRS is currently the most accurate and
validated method to assess the presence of SSTR overexpression. The
absorbed dose depends on the activity residing in the tumor and on its mass.
With equal amounts of radioactivity accumulation, smaller masses have high-
er chances of volume reduction, due to a higher absorbed dose. This is con-
firmed by clinical data evaluating the response to therapy in relatively large
groups of patients: those with a limited volume of liver metastases responded
to PRRT, while those with a high tumor load did not [45]. 

PRRT with either 90Y-DOTA-TOC or 177Lu-DOTA-TATE is generally well
tolerated, without serious acute side effects. Due to their radiosensitivity at the
cumulative activities normally reached, the kidneys are the critical organs in
PRRT, particularly after 90Y-DOTA-TOC administration. The administration
of L-lysine and/or L-arginine in order to competitively inhibit proximal tubu-
lar re-absorption of the radiopeptide can reduce the renal dose by 9–53% [46-
48]. A median 7.3% decline in creatinine clearance per year was reported after
90Y-DOTA-TOC therapy, compared to 3.8% per year after 177Lu-DOTA-TATE.
Cumulative and per-cycle renal absorbed dose, patient age, the presence of
hypertension, and diabetes are factors contributing to the decline of renal func-
tion after PRRT [49]. Kidney radiation toxicity is typically evident several
months after irradiation, due to the slow repair properties of renal cells. 

Fertility can be temporarily impaired in men undergoing PRRT, due to radi-
ation damage to Sertoli cells. Finally, it must be considered that treating func-
tioning NENs with PRRT may result in acute cell rupture and hence the exac-
erbation of clinical syndromes (such as hypoglycemia, carcinoid, or Zollinger-
Ellison syndromes), sometimes severely to the extent that further hospitaliza-
tion and adequate care are required [50, 51].

Dosimetry estimates for normal organs and malignant lesions are a fundamen-
tal aid in planning PRRT, in order to deliver the maximum dose to the tumor while
remaining within the therapeutic window with respect to the dose delivered to the
normal organs, particularly the kidney (the dose limiting organ) and the bone mar-
row. Individual pre-therapeutic dosimetry is necessary for patient selection and
therapy planning, because there are enormous differences amongst patients regard-
ing radiopeptide uptake in normal organs and in tumor tissues.
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The radiopeptide that has been most extensively studied for PRRT is 90Y-
DOTA-TOC. Despite differences in clinical phase I–II protocols from various
centers, complete and partial remissions have been recorded in 10–30% of
patients. In a first report, 29 patients were treated with a dose-escalating
scheme consisting of four or more cycles of 90Y-DOTA-TOC with cumulative
activities of 6.12 ± 1.35 GBq/m2. Twenty of these patients showed disease sta-
bilization, two had partial remission, four minor remission, and three had dis-
ease progression [52]. Although patients with pancreatic NENs had an objec-
tive response rate of 38%, a significant reduction of clinical symptoms was
observed in the majority of the patients treated [53]. Toxicity was generally
mild and involved the kidney and bone marrow. 

Genuine phase II studies with 90Y-DOTA-TOC are still lacking, but expe-
riences in selected series of patients, mostly retrospective, have been reported
in the literature. A tentative categorization of the objective response according
to tumor type was attempted in a meta-analysis of results in GEP tumors.
PanNENs were the tumors that better responded to PRRT [54]. According to
this review, the results obtained with [90Y-DOTA0,Tyr3]octreotide and [177Lu-
DOTA0,Tyr3]octreotate are very encouraging. There are several reasons that
might explain a certain variability in the rate of tumor responses observed after
PRRT with [90Y-DOTA0,Tyr3]octreotide: (a) the administered activities vary
both in terms of total administered dose and schedule of treatment (single
cycle vs. multiple cycles, dose-escalating protocols vs. fixed activities, etc.);
(b) differences between patients as well as tumor characteristics; (c) degree of
uptake on Octreoscan imaging; (c) estimated total tumor burden; (d) extent of
liver involvement.

Therefore, differences in patient selection play an important role in deter-
mining treatment outcome; however, a direct, randomized comparison of the
various treatments is still lacking (Table 11.1). Figure 11.6 provides an exam-
ple of an objective response to 90Y-DOTA-TOC therapy in a patient with gross
liver metastases from a pancreatic insulinoma treated with 23 GBq adminis-
tered in seven sequential cycles.
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12.1 Introduction

Neuroendocrine neoplasms (NENs) are a relatively rare form of cancer whose
incidence has sharply increased in the last decade. The diagnosis and treat-
ment of these tumors have evolved in parallel. The recent 2010 WHO classi-
fication started a nosological (r)evolution based on a clearer distinction
between: (1) neuroendocrine tumor and carcinoma and (2) grading and stag-
ing. Moreover, only a few months ago, the FDA approved everolimus and
sunitinib for daily clinical use in patients with advanced “well/moderately”
differentiated pancreatic NENs (PanNENs) [1].

National databases and data collected by referral centers have shown that
gastro-entero-pancreatic (GEP)-NENs are most frequently located in the
jejunum/ileum and pancreas, with a relative incidence of 16–29% and
31–34%, respectively.  Moreover, they are characterized by higher loco-
regional and distant metastatic spread; with an out-of-organ spread rate of
71–89% and 54–86%, respectively, making them the predominant NENs in
oncological/non-surgical series [2].

In addition to the biological heterogeneity of NENs, the rarity of the dis-
ease and the paucity of related series have been problematic for the quality of
clinical trials, such that interpretation of the results is often challenging. A
recent survey of studies published between 2000 and 2010 reported six phase
III and 34 phase II trials, the majority of which (78%) were single-arm stud-
ies, often including more than one tumor type (43%). Furthermore, tumor dif-
ferentiation and Ki67 index were reported in only 37% and 12% of the ana-



lyzed trials, respectively [3]. As a further methodological drawback, the
results of these studies were frequently ambiguous, due to the lack of routine
evaluation of disease status at the time of enrollment. In the largest published
series of NENs/carcinomas (NEN/Cs) treated with 177Lu-DOTA-TATE, only
43% of patients had documented progressive disease (PD) before peptide
receptor radionuclide therapy (PRRT) enrollment [4]. Not even in the PRO-
MID study, which evaluated the ability of somatostatin analogues (SSAs) to
control the growth of advanced midgut well-differentiated NENs, was PD a
required inclusion or stratification criterion. Disease status was reported in
only 50% of the published trials and only 20% of them included progressive
cases at baseline [5]. 

Unlike patients with other types of cancers, those with NENs can benefit
from a multi-disciplinary approach, including in the metastatic setting.
Strategies including surgery for loco-regional or metastatic disease, even if
only for tumor debulking purposes, have been proven to confer a survival
advantage in some patients. Based on a SEER retrospective survival analysis
of 728 patients with PanNENs, surgery for locally advanced and  metastatic
disease is advocated in selected cases due to the significant survival advan-
tage: 129 vs. 64 months for resected vs. non-resected localized metastatic dis-
ease, and 60 vs. 31 months for distant metastatic disease [6]. In addition to
aggressive approaches to the management of advanced NENs, nowadays the
primary need is to determine sequential strategies that optimize the use of all
therapeutic options. Randomized head-to-head trials comparing different ther-
apeutic strategies are lacking, while indirect and retrospective comparisons of
published data are potentially misleading. 

Another highly current topic is the effectiveness of response evaluation in
patients receiving the new medical therapeutic options. While the efficacy of
chemotherapeutic regimens can, in most cases, be properly assessed according
to WHO or RECIST parameters, the molecular targeted agents require differ-
ent criteria, as tumor size measurements according to RECIST could underes-
timate the real clinical benefit of these tailored drugs. Perfusion/functional
computed tomography (CT), contrast-enhanced magnetic resonance imaging
(MRI), and positron emission tomography (PET) with 2-[fluorine-18]-fluoro-
2-deoxy-D-glucose (FDG) are emerging as novel resources for dimensional
and/or functional imaging of these tumors. Although still limited in numbers,
the experiences described to date with perfusional CT scans are encouraging.
In 22 patients with advanced carcinoid tumors and liver metastases, beva-
cizumab treatment significantly reduced tumor blood flow and volume com-
pared to baseline and to the untreated controls. However, due to the limited
number of patients, a significant correlation with standard outcome parameters
could not be determined [7]. In a larger series of patients with advanced low-
to intermediate-grade NENs, the combination of bevacizumab and everolimus
resulted in a partial remission (PR) rate of 26%. A functional CT (fCT) evalu-
ation showed a significant association between standard RECIST criteria and
fCT parameters (baseline permeability surface, blood flow mean transit time,
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intralesional blood flow and volume) in responding patients [8].
Clearly, these novel therapeutic approaches demand a new analytical

approach, one that integrates a wide range of clinical and imaging skills,
resources and perspectives in disease evaluation and the development of
unambiguous guidelines regarding the treatment of these patients. 

12.2 Chemotherapy

In contrast to the low chemosensitivity of other NENs, PanNENs show mod-
erate/good responsiveness to some antiblastic agents. In a literature search of
publications since 1980, we collected 35 papers (published in extenso) and
nine abstracts addressing the issue of chemotherapy for PanNENs. Among the
papers, 14 were retrospective surveys (mono- or poly-centric) and 21 were
prospective studies (of which only three were randomized). Ten were
“PanNEN-dedicated” and ten others  were selected because they included at
least ten cases of PanNENs; seven studies also enrolled patients with poorly
differentiated disease. Mono- and poly-chemotherapy were evaluated in six
and 16 trials, respectively, either as a single-arm study or in the context of a
randomized trial. Regarding progressive disease, in three of the 20 studies
(15%) it was among the inclusion criteria, while in six of the 20 (30%) it
specifically was not. In the remaining studies, no such information was pro-
vided. The great majority of enrolled patients had undergone previous treat-
ment, most of them with an SSA.

Single-agent chemotherapy in PanNEN was shown to have a limited role.
Dacarbazin (DTIC) yielded a response rate (RR) of 26%, with a median pro-
gression-free survival (PFS) of 10 months [9]; for streptozototcin (STZ), the
RR was 21–36% with a PFS of 16.5–33 months [10, 11], and with chlorzotocin
(CTZ) a PR of 30% with a PFS of 17 months was reported [12]. Temozolomide
was tested in a heterogeneous population of 36 patients with thoraco-abdomi-
nal NENs, including only 12 PanNENs; the global RR was 8% and PFS did not
exceed 7 months [13].

In one of the first random controlled trials (RCTs) comparing mono- and
poly-chemotherapy in the setting of PanNENs, STZ was tested against the
combination of STZ and 5-fluorouracil (STZ/5-FU); both the RR of 36 vs.
63% and the overall survival (OS) of 16.5 vs. 26 months significantly favored
the combination arm. The same study compared, in a three-arm RCT, CTZ
alone, and two STZ-based regimens: STZ/5-FU and  doxorubicin/STZ
(ADM/STZ); the latter was significantly superior to STZ/5-FU in terms of RR,
PFS, and OS (45 vs. 69%, 13 vs. 22 months, and 17 vs. 26 months, respective-
ly) [12]. The same combination was not able to reproduce similar results in
two other poly-chemotherapy single-arm retrospective studies, in which
STZ/ADM resulted in a RR of 6–36%, a median PFS of 3.9–16 months, and
an OS of 20.2–24 months [14-17]. Oxaliplatin, which has a moderate activity
in well-/intermediate-differentiated NENs, was tested together with
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capecitabine in a series of 40 patients with WD-NEN (well-differentiated neu-
roendocrine neoplasm) (15 PanNENs); a PR was obtained in 27% of the
patients, with a median PFS of 20 months and an OS of 40 months [18].
However, when used in combination with gemcitabine, oxaliplatin did not
have a similar efficacy, probably because of the limited activity of gemcitabine
in this histotype [19]. The GEMOX regimen was tested in a heterogeneous
group of 20 patients with thoracic, GEP, and unknown-primary NENs; (only 5
PanNENs). The overall RR was 17%, with a median PFS of only 7 months and
an OS of 23.4 months [20].

Intensification with three-drug regimens has produced only a slight
increase in efficacy. The attempt to intensify regimens by adding a third drug
to the above-mentioned doublets, although never tested in a RCT, does not
seem to lead to significant clinical improvement. Dacarbazin and cisplatinum
were the most frequently tested drugs in combination with STZ/5-FU or 5-
FU/ADM backbones. The RR for the triplets ranged from 19.5% to 58%; the
PFS from 9.1 to 21 months, and the OS from 21 to 38 months [21-25].

The combination of temozolomide and capecitabine has shown promising
results. The efficacy of this regimen was tested in 30 patients with PanNENs,
yielding a PR of 70%, a median PFS of 18 months, and an OS of 92% at 2
years [26]. The encouraging activity of this doublet has a biological rationale;
the DNA repair enzyme O6-methylguanine DNA methyltransferase (MGMT)
contributes to the resistance of tumor cells to temozolomide. As demonstrated
by a recent immunohistochemistry analysis of NEN samples, 51% and 0% of
pancreatic and small-intestine NENs, respectively, showed MGMT deficiency
[27]. This could represent the biological basis for the higher sensitivity of pan-
creatic, compared to other NENs following temozolomide treatment. Whether
MGMT deficiency can serve as a predictive marker of response to temozolo-
mide warrants further studies. Similarly, the intracellular depletion of MGMT
by the co-administration of capecitabine may account for the observed syner-
gistic effect.

The most relevant features of the main chemotherapy trials are summarized
in Table 12.1.

12.3 Targeted Therapies

The PI3K-Akt-mTOR pathway is a key regulator pathway in the biology of
NENs [28-35] and its constitutive activation has been described in many
malignancies, including these tumors. Some genetic syndromes have evi-
denced the role of a loss or the down-regulation of tumor suppressor phos-
phatase and tensin homologue (PTEN) or tuberous sclerosis 2 (TSC-2) in the
constitutive activation of the PI3K-Akt-mTOR pathway. These alterations
have been frequently described also in NEN tumorigenesis; 85% of PanNENs
show altered levels of TSC2 and/or PTEN and in both cases the degree of
down-regulation inversely correlates with prognosis, as demonstrated in a
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series of 72 patients with PanNENs [36]. Furthermore genome sequencing
together with expression profiling has identified somatic mutations implicated
in the self-maintenance of activated signaling along this pathway. 

Data from clinical trials have supported the central role of the PI3K-Akt-
mTOR pathway in PanNEN tumorigenesis. In the RADIANT-1 study,
everolimus was administered either alone or in combination with octreotide
long-acting release (LAR), if such treatment was ongoing at baseline.  The pri-
mary endpoint was RR in the largest stratum of everolimus monotherapy (n =
115 patients).  In these patients, the RR was 9.6% vs. 4.4% for patients in the
everolimus + octreotide stratum. No conclusions could be drawn regarding
possible interactions between everolimus and SSA because: (a) it was not a
randomized study; (b) the number of patients in the everolimus stratum great-
ly exceeded that in the combination arm; and (c) the biology of the patients
enrolled in the two strata differed. Specifically, in the stratum with everolimus
alone, 19% of SSA-naïve patients had a syndromic tumor, including those who
might have benefited from inclusion in the stratum  with everolimus and SSA.
PFS in the SSA + everolimus stratum was longer than in the everolimus alone
stratum (16.7 vs. 9.7 months) [37]. The antitumor activity and safety of
everolimus in the treatment of NENs confirmed the conclusion of a previous
phase II study. This trial similarly intended to evaluate the activity of
everolimus in combination with octreotide LAR in patients with advanced
PanNEN. The overall RR (ORR) was somewhat higher than in RADIANT-1
(30% in the arm comprising patients treated with the same everolimus dose).
However, the population differed between the studies: in the first study, the
percentage of patients (34%) enrolled with stable disease was higher and a
minority of them (43%) were pretreated with chemotherapy [38]. 

The RADIANT-3 study further explored the role of everolimus in the man-
agement of 410 patients with advanced PanNENs, in a randomized fashion
against placebo. Pretreatment with chemotherapy was a stratification criteria
and SSA treatment was allowed in both arms during the trial. The trial design
enabled cross-over at PD, with PFS as the only suitable primary endpoint in
order to evaluate clinical benefit. PR, defined according to RECIST, was
obtained in 5% of the patients in the everolimus arm but 64% of patients
receiving the drug experienced some degree of tumor shrinkage, compared to
21% in the placebo arm. In addition, everolimus reduced tumor proliferation,
as shown by a decreased in the Ki67 index on paired re-biopsies. However, the
most striking benefit following everolimus treatment was longer time to dis-
ease progression. Specifically, the adjudicated central review PFS was 11.4
and 5.4 months for the everolimus and placebo arms, respectively, resulting in
a reduction of the risk of progression for the experimental arm of nearly 65%.
No subgroup was disadvantaged: neither chemotherapy-pretreated patients nor
those with moderately differentiated tumors. The homogeneous selection of
patients with PanNENs and progressive disease together with the adequate
sample size enrolled renders the results of this trial essentially unquestionable.
Nonetheless, some concerns remain regarding the biology of the tumors
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included in the study, since: (a) 70% of the patients had a diagnosis of PD
within 3 months before enrollment and nothing is known about pre-progres-
sion disease behavior; (b) 17% of the patients had moderately differentiated
tumors for which not even a median Ki67 was reported [39]. The lack of this
information could make it difficult to compare this trial with others. The RR
and PFS obtained with everolimus of 5% and 11.4 months, respectively, must
be compared with those obtained with other strategies. PRRT with Lu-DOTA-
octreotate on Octreoscan-positive PanNENs lead to RRs ranging from 36% for
non-functioning pancreatic tumors to 60% for insulinomas, with a global PFS
of nearly 40 months. STZ-based chemotherapy, according to a historical study,
obtained an RR in 69% of PanNEN-bearing patients, with a median PFS of 22
months. Head-to-head comparisons, in the context of a phase III RCT, of the
currently available therapeutic strategies are warranted. 

NENs are highly vascularized tumors.  High levels of VEGF expression  by
PanNENs is a negative prognostic factor related to higher microvessel densi-
ty, a higher incidence of metastases, and a shorter PFS. Many different anti-
angiogenic drugs are now available for clinical use, both as specific target
agents or as pleiotropic kinase inhibitors. Bevacizumab was tested in a phase
II randomized study against pegylated interferon-α (PEG-IFNα) in a popula-
tion of 44 patients with carcinoids (excluding pancreas primaries) who
received a stable dose of octreotide. In the bevacizumab arm, 18% of patients
achieved a PR, with 77% SD in contrast to the PEG-IFNα arm, in which no PR
was documented and SD was obtained in 68% of patients [8]. The results of
many trials, including bevacizumab in combination with either chemotherapy
or other targeted agents, in patients with advanced, are awaited. A prospective
randomized phase III trial testing bevacizumab + octreotide LAR vs. IFNα +
octreotide LAR, as well as other phase II single-arm clinical studies (TMZ +
bevacizumab, CAPOX + bevacizumab, FOLFOX + bevacizumab, everolimus
+ bevacizumab) are ongoing.

Sunitinib was also tested as anti-angiogenetic multi-target agent in NENs.
The first experience, in a single-arm phase II trial, showed promising results.
In that study, 109 patients with advanced NENs (66 PanNENs and 41 carci-
noids) were evaluated. A PR was obtained in 16.7% of the PanNEN patients,
with a median PFS of 7.7 months; among those with carcinoids, the RR was
2.4%, with a PFS of 10.2 months [40]. The assumed major clinical benefit of
sunitinib in the subgroup of patients with PanNENs led to a phase III study in
which only patients with advanced PanNENs were enrolled. The 171 patients
were randomly assigned to receive sunitinib (37.5 mg/day) or placebo togeth-
er with best supportive care. Patients with PD in the placebo arm were allowed
to enter an open-label sunitinib extension protocol; thus, the primary end point
was necessarily PFS, as in the everolimus registrative phase III study.
Noteworthy baseline characteristics of the enrolled patients were: 22% with
tumors having a Ki67 > 10% and 66% pretreated with chemotherapy in the
experimental arm. Patients in both arms were allowed to receive SSAs accord-
ing to the investigators’ discretion. Both these percentages were well-balanced

12 Targeted and Other Non-receptor-mediated Therapies 141



in the placebo arm. After assessment of the data on 154 patients, the safety
monitoring committee recommended discontinuation of the trial because of the
large number of deaths and serious adverse events in the placebo group. At that
time point, a RR of 9.3% and 0% were recorded in the experimental and place-
bo arms, respectively. A statistically significant difference in PFS between the
two arms was also determined (11.4 vs. 5.5 months). Both subgroups of
patients benefited from sunitinib but the hazard ratio for progression in the
experimental arm compared to placebo seemed to favor patients with a Ki67
index ≤5 % [41].

The most relevant features of the main trials with target agents are summa-
rized in Table 12.2.
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Table 12.2 Main clinical studies with targeted agents

Author (year) Therapy Type Total Pan PFS OS RR 
pts (n) NENs (n) (months) (months) (%)

Yao et al. Everolimus NEN 410 207 11 NR 5
(2011) [39]

Yao et al. Everolimus NEN 160 115 9.7 24,9 9.6
(2010) [37]

Pavel et al. Everolimus + NEN 216 5 16.4 NA NA
(2011) [47] Oct LAR

Yao et al. Everolimus 5/10 NEN 30 29 12.5 NR 13
(2008) [8] + Oct LAR

Duran et al. Temsirolimus NEN 37 15 10.6 NR 6.7
(2006) [48] (86.5%) 

at 2 ys

Raymond et al. Sunitinib NEN 171 86 11.4 NA 7
(2011) [41]

Deeks et al. Sunitinib NEN 86 86 12.6 30,5 9.3
(2011) [49]

Barriuso et al. Sunitinib NEN 40 28 12 NR 7
(2010) [50]

Kulke et al. Sunitinib NEN 109 66 10.5 NA 17
(2008) [40] (83.4%) 

at 2 ys 17

Castellano et al. Sorafenib + Beva NEN 44 13 10 NA 16.7
(2010) [52]

Yao et al. Oct LAR + Beva NEN 44 0 16.5 NA NA
(2008) [8] /IFN PEG

Hobday et al. Sorafenib NEN 93 43 NA NA 7.5
(2007) [53]

Kulke et al. Temozolamide NEN 34 18 NA NA NA
(2006) [54] + Beva

NA, Not assessed;  NR, not reached;  NEN, neuroendocrine neoplasm.



Recent developments in the setting of NENs underline some of the most
rapidly evolving areas in the oncologic panorama. Although univocal and
shared treatment strategies have yet to be defined, the growing number of cur-
rently available drugs holds promise as the basis of a firmer and more success-
ful therapeutic future.
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Part III

Uncommon Pancreatic Solid Neoplasms

Giovanni Butturini

Historically, pancreatic tumor was synonymous with pancreatic ductal adeno-
carcinoma, the histotype accounting for the vast majority of all pancreatic
neoplasms. Nowadays, ductal adenocarcinoma still represents the most fre-
quent neoplasm and almost universally an invincible disease, with a very poor
prognosis for these patients. However, during the last two decades, other his-
totypes have been described that have gained considerable interest due to their
unique histopathological characteristics, specific genetic alterations, and nat-
ural history. 

Besides neuroendocrine and cystic tumors of the pancreas, which represent
the opposite end in the spectrum of pancreatic tumors and are extensively dis-
cussed elsewhere in this book, in this section we describe a miscellany of dis-
eases, ranging from solid masses mimicking pancreatic cancer to rare primary
or secondary tumors located in the pancreas, often identified only after surgi-
cal excision. Differentiating between these rare histotypes and ductal adeno-
carcinoma and other well-known neoplasms, such as cystic and neuroen-
docrine tumors, is of paramount importance, as both adjuvant treatment and
prognosis may be different. 

Thus, the aim of this section is to familiarize readers with the clinicopatho-
logical features, molecular biology, and radiological characteristics of uncom-
mon pancreatic lesions. Furthermore, our recommendations for the diagnosis
and clinical management of these rare conditions are outlined.
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Histologic variants of ductal adenocarcinoma are neoplasms characterized by
a specific histological pattern different from that of conventional pancreatic
cancer, which is typically an adenocarcinoma. It has been estimated that these
variants account for  2–10% of all pancreatic ductal cancers.

13.1 Adenosquamous Carcinoma

Among rare pancreatic neoplasms, adenosquamous carcinoma (ASC) com-
prise 0.9–4.4% of all pancreatic malignancies [1-3]. These patients have a
worse prognosis than those with the more common ductal pancreatic cancer.
Little is known about this rare subtype, as its biological behavior has been
derived only from case reports and small retrospective series, often with in
homogeneous results that are, accordingly, difficult to compare. More recent
reports have shown that the median survival rate of patients with ASC under-
going surgical resection with radical intent (R0-R1) along with adjuvant treat-
ment (chemotherapy alone or in conjunction with external beam radiation) is
similar to that of patients with resectable pancreatic cancer (PC) [4, 5].

13.1.1 Pathology and Genetics

The first histological description of ASC reported in the literature was that of
Herxheimer, in 1907, who defined this unusual entity as “cancroide” [6]. The
characteristic cellular mixture of squamous and adenomatous cellular lines led



other authors to various definitions of ASC, such as adenoacanthoma, mixed
squamous and adenocarcinoma, or mucoepidermoid carcinoma [2, 3].

It was not until 2000 that the World Health Organization clearly indicated
the presence of at least 30% squamous cell carcinoma differentiation as a
mandatory criterion for the diagnosis of ASC (Fig. 13.1). Since then, tumors
showing a lower squamous proportion are designated as PC with “squamous
differentiation” [7].

Many theories have been proposed to explain the origin of ASC. In the
“squamous metaplasia theory,” squamous metaplasia was postulated to occur
as a result of ductal inflammation due to chronic pancreatitis or obstruction by
an adenocarcinomatous tumor that ultimately became a malignant adenosqua-
mous pancreatic tumor. A second theory, termed “the collision theory,” sug-
gested that two histologically distinct tumors, adenocarcinoma and squamous
cell carcinoma, arise independently from different sites and then fuse.
According to the third theory, the “differentiation theory,” ASC reflects the
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Fig. 13.1 a Squamous adenocar-
cinoma without keratinization.
b Carcinoma with evident
mucin secretion at seen at high-
er magnification
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malignant differentiation of a pluripotent ductal cell into two distinct histolog-
ical types.  

Currently, the most widely accepted theory postulates a metaplasia from a
focal adenocarcinomatous cancer towards a squamous histotype [2, 8, 9]
(Fig. 13.2). This consideration originates from a common observation during
specimen examination, i.e., that only adenocarcinomatous foci show a char-
acteristic cytological spectrum from ductal hyperplasia to carcinoma in situ,
and are typically surrounded by squamous cell lines without a transitional
margin [8, 9]. Furthermore, even ASC with a particular squamous predomi-
nance consistently contains KRAS2 gene mutations, similarly to the more
common PC [8, 10-13].

13.1.2 Clinical Presentation and Diagnostic Work-up

The preoperative differential diagnosis between ASC and PC is often difficult.
Similar to PC, ASC shows a slightly greater prevalence in males (M/F ratio:
1.5:1), with a mean age of 62 years. The most frequent symptoms at the time
of presentation are weight loss, jaundice, and non-specific abdominal pain.
Even the radiological and macroscopic appearance of ASC may completely
mimic a typical PC [3, 8]. However, expression of the tumor markers CEA and
CA 19-9 directly correlate with a more aggressive biological behavior and an
advanced stage of disease [3, 8, 11, 14, 15].

Preoperatively, fine-needle aspiration (FNA) is a useful tool to obtain the
correct diagnosis, although it requires careful pathological examination of the
specimen in order to accurately distinguish the squamous cell cancer compo-
nent from “atypical cells” (also referred to as “epidermoid”). The latter are
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also found in patients with chronic pancreatitis or in those undergoing endo-
scopic biliary stent placement [16, 17].

13.1.3 Clinical Management

By the time symptoms occur, the vast majority of patients with ASC will pres-
ent with advanced disease and thus succumb early, due to local or systemic
dissemination. A potentially curative surgical resection (R0-R1) of the tumor,
followed by adjuvant treatment (chemoradiation) is the only therapeutic option
that can potentially lead to a significantly better survival [5, 8, 11].

Indeed, in a recent retrospective study by Voong et al. [5], based on a long-
term follow-up of 38 patients who had undergone radical surgery for histolog-
ically confirmed ASC, the 1-, 2- and 5-year overall survival rates were 34, 11,
and 5%, respectively. Furthermore, the authors found that adjuvant chemora-
diation (5-FU or gemcitabine or capecitabine plus 5.040 Gy), but not other
well-established prognostic determinants (T stage, nodal involvement, residual
microscopic tumor), significantly correlated with a better median survival
when compared to surgery alone (13.6 vs. 8.6 months respectively; p = 0.05).
This favorable course was also confirmed in a series from our institution, in
which four patients who had undergone pancreatic resection with negative
resection margins (R0) plus adjuvant chemotherapy (5-FU, or gemcitabine
plus or minus oxaliplatin) had a median survival of 14.5 months (R0; n = 2; 27
months; R1; n = 2; 13.5 months) [4].

Furthermore, alternative treatments such as intraoperative radiation thera-
py (IORT) for locally advanced ASC and surgery plus adjuvant locoregional
chemotherapy also have been reported, although the results are controversial
due to the small sample sizes [14, 18, 19]. Therefore, in the absence of further
evidence, radical resection of the primary tumor plus adjuvant chemoradiation
should be considered the gold standard approach in the multidisciplinary man-
agement of ASC. 

13.1.4 Prognosis

ASC still represents a particularly aggressive disease associated with poor
prognosis. For those patients suffering from locally advanced or metastatic
ASC, the median overall survival rate is exceptionally dismal (4.5 months) [8,
11, 14, 20, 21].

Early studies published in the literature failed to document any significant
improvement in survival comparing adjuvant chemotherapy with standard
resection alone [3, 14, 21, 22]. However, these conclusions might have been
biased by the small and heterogeneous samples and the lack of details regard-
ing well-established prognostic factors, such as margin status and TNM stage
[3, 8, 21]. Notably, more recent studies, in which detailed surgical and patho-
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logical data were included, reported a significantly more favorable outcome
within the subset of patients undergoing radical surgery plus adjuvant
chemoradiation, with a median overall survival comparable to that of patients
with PCs of similar characteristics [5, 11].

13.2 Colloid Carcinoma

Colloid carcinoma is a distinct variant of pancreatic ductal adenocarcinoma,
with unique clinical, radiological (Fig. 13.3), and biological characteristics. 

Also referred to as mucinous non-cystic carcinoma, colloid carcinoma is
almost always observed in association with intestinal-type intraductal papil-
lary mucinous neoplasm (IPMN) and presents macroscopically as a large,
well-demarcated gelatinous lesion [23, 24] (Fig. 13.4a). Microscopically, col-
loid carcinoma is characterized by a paucity of stromal and vascular compo-
nents and by large pools of mucins, surrounded at least partially by well-dif-
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Fig. 13.3 Colloid carcinoma. 
A hypodense mass in the pan-
creatic head as seen on CT (a)
with innervated viable tissue
better seen at CEUS (b), 
resulting inhomogeneous 
vascularization
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ferentiated cuboidal to columnar neoplastic cells. In addition, clusters of sus-
pended neoplastic cells are observed [23, 24] (Fig. 13.4b). 

Colloid carcinomas display intestinal differentiation markers at immuno-
histochemistry, such as the expression of CK20, MUC2, and CDX2. From a
molecular standpoint, these tumors frequently exhibit KRAS2 and TP53 muta-
tions, although less frequently than in conventional pancreatic ductal adeno-
carcinoma [25]. Interestingly, a loss of DCP4/SMAD4 is uncommonly
observed in colloid carcinomas. Such biological differences may be responsi-
ble for the significantly different behaviors of these tumor types. In fact,
recent studies reported the more favorable clinical course and improved long-
term survival of patients with colloid carcinoma compared with those with
ductal adenocarcinoma [26]. Therefore, a precise recognition at pathologic
examination is of paramount importance.

13.3 Medullary Carcinoma of the Pancreas

Medullary carcinomas of the pancreas are a recently described, histologically
distinct subset of poorly differentiated adenocarcinomas with a unique patho-
genesis and clinical course. This entity, first described in 1998, displays histo-
logical characteristics similar to medullary carcinomas observed in other
organs, such as the breast and large intestine, i.e., a typical syncytial growth
pattern, with poorly differentiated cells, expanding tumor borders without a
significant desmoplastic reaction, and T-cell infiltration [27].

From a genetic standpoint, medullary carcinomas are distinct from conven-
tional PC. The majority of these tumors (69%) harbor wild-type K-RAS genes,

154 P. Regi et al.

Fig. 13.4 Colloid carcinoma (mucinous non-cystic carcinoma). a Gelatinous mass better
demarcated than ductal adenocarcinoma. b Cluster of cells floating in abundant extracellu-
lar mucin 
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as opposed to pancreatic ductal adenocarcinomas [28]. Also, it has been esti-
mated that one-fourth of all medullary carcinomas display microsatellite insta-
bility (MSI) [27], a typical genetic feature but one that is only rarely observed
in conventional PC. Thus, standard ductal adenocarcinomas of the pancreas
are characterized by genomic instability and chromosomal aberrations [28]. Of
note, in the few cases in which MSI was reported, concomitant tumors affect-
ing other organs (more frequently colorectal cancer) but with the same genet-
ic landscape were present, suggesting an inherited basis for the development
of these carcinomas. 

Remarkably, because of the special genetic, immunohistochemical, and
clinical features of medullary carcinoma, recognition of the medullary variant
of pancreatic adenocarcinoma is important. Furthermore, an awareness of the
distinct histological characteristics of the various forms of PC may be useful
to identify an inherited susceptibility to cancer. In such case, any cancer in a
first-degree relative of the patient should be carefully investigated.

13.4 Anaplastic Carcinoma

Anaplastic carcinoma is a rare variant, accounting for 5–7% of all pancreatic
tumors. It is preferentially located in the tail of the pancreas and it macro-
scopically appears as a voluminous mass with a variegated aspect on cut sec-
tion, due to degenerative changes such as necrosis and hemorrhage [29, 30]
(Fig. 13.5).

At imaging, anaplastic carcinoma appears as a markedly enhanced mass,
with the exception of necrotic areas. Microscopically, it is composed of pleo-
morphic large cells, giant cells, or spindle cells (Fig. 13.6). The prognosis of
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Fig. 13.5 Anaplastic carcinoma. Neoplastic cells show extreme anaplasia and grow in poor-
ly cohesive sheets supported by a scant desmoplastic stroma  in this well-demarcated tumor
mass with hemorrhagic necrosis
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patients with anaplastic carcinoma is worse than that of patients with  conven-
tional ductal adenocarcinoma, with distant metastasis frequently present at the
time of diagnosis [30].
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14.1 Acinar Cell Carcinoma

Although pancreatic acinar cells represent > 80% of pancreatic tissue, acinar
cell carcinomas (ACCs) account only for 1% of primary pancreatic neoplasms
[1-5]. The average age at diagnosis is approximately 60 years old, with the
majority of patients being men.

ACC usually presents with non-specific signs or symptoms, such as abdom-
inal pain, weight loss, or an abdominal mass. Occasionally, “Schmid’s triad” of
subcutaneous fat necrosis, polyarthralgia, and eosinophilia due to increased
serum lipase is associated with ACC [5]. In many ACC patients, metastatic dis-
ease to the liver and lymph nodes is already present at the time of diagnosis.

ACCs can arise in any portion of the pancreatic gland, although the pan-
creatic head is more frequently involved. In such cases, as opposed to ductal
adenocarcinoma, jaundice is very rare. The tumors are usually large (10 cm on
average), well-circumscribed, solid, soft, lesions that on their cut surfaces
demonstrate bands of connective tissue circumscribing a nodule of tumor
cells, which can have necrotic foci [6] (Fig. 14.1). Some intraductal and cys-
tic subtypes, considered as variants, have also been described. 

Microscopically, ACC is a highly cellular neoplasm that lacks the desmo-
plastic stroma typically observed in pancreatic adenocarcinoma. The charac-
teristic acinar cells (round nuclei and abundant eosinophilic granular PAS-
positive cytoplasm) of ACCs grow in solid, trabecular, or glandular patterns,
but at least focally the neoplasm shows an acinar architecture with a struc-
turally almost normal appearance (Fig. 14.2).



Immunohistochemistry can be useful in differentiating ACCs from other
rare, non-ductal pancreatic tumors, such as neuroendocrine tumors (NETs) [7,
8], by confirming acinar differentiation and variable positivity for pancreatic
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Fig. 14.1 Whipple specimen. Voluminous acinar cell carcinoma with multi-nodular aspect involv-
ing extensively the head of the pancreas and dislocating the common bile duct. Foci of necrosis
are present (asterisk)

Fig. 14.2 Acinar cell carcinoma. a At histological examination, the tumor is mostly characterized
by polarized cells resembling acinar cells. An acinar pattern is at least focally present. b These
features are retained at cytological examination

a b



enzymes, especially trypsin, chymotrypsin, and amylase (Fig. 14.3). Recently
a new antibody, anti-BCL10, was described as a sensitive and specific marker
for acinar cells [9].

At the molecular level, ACCs contain a high frequency of APC/β-catenin
pathway mutations; a similar pattern is observed in pancreatoblastomas, as
opposed to ductal adenocarcinomas. The most common genetic alteration
identified in both ACC and pancreatoblastoma is a loss of heterozygosity
involving the short arm of chromosome 11p [10]. Alterations in the β-
catenin/APC pathway have also been reported in 50–80% of tumors of this
type. Of note, aberrations in the APC/β-catenin pathway result in the nuclear
migration of β-catenin, which can be documented at immunohistochemistry
[10].

ACC may be associated with elevated serum levels of CEA and CA 19.9,
and occasionally with elevated serum AFP (4.5–6% of cases) [11-15].

Pre-operative imaging of ACC is generally non-specific, although a few
radiologic patterns have been described. The differential diagnosis of ACC
includes ductal adenocarcinoma, NETs, solid pseudopapillary tumors, pancre-
atoblastoma, mucinous cystic neoplasms, and pseudocysts [16]. Computed
tomography (CT) and magnetic resonance imaging (MRI) show cystic areas in
55% of the cases [17]. Chiou et al. described the CT appearance of ACCs as
hypodense masses with a well-defined enhancing capsule [18]. Occasionally,
intratumoral calcification and necrosis have been reported. Doppler ultrasound
(US) examination may facilitate the preoperative differential diagnosis with
ductal adenocarcinoma and NENs. The former are usually smaller and clearly
hypovascular, while non-functioning NENs are larger and clearly hypervascu-
lar at imaging, showing large intralesional vessels on Doppler US [19]. 
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Fig. 14.3 Acinar cell
carcinoma: immunohis-
tochemical staining for
trypsin 



The prognosis of patients with ACCs is generally poor, with median over-
all survival ranging from 5 to 38 months at different institutions [7, 14, 15, 20-
22]. Based upon preoperative imaging, the criteria for tumor resectability are
the same as those generally used for ductal adenocarcinoma. Thus, up-front
surgery is indicated for resectable ACC. In case of locally advanced ACC or
metastatic disease, a neoadjuvant approach has yielded good results.
Chemoradiation is generally considered in case of borderline resectable and
locally advanced ACC [14, 15]. Therefore, based upon our experience as well
a literature review, an aggressive approach is warranted for patients presenting
with resectable or locally advanced ACC [23-25]. Reiterative surgery, neo-
adjuvant and adjuvant chemoradiation therapy, and loco-regional treatment
may allow long-term survival and clinical benefit [26-28]. 

14.2 Pancreatoblastoma

Pancreatoblastoma, originally termed “infantile pancreatic carcinoma” [30], is
an extremely rare pancreatic tumor mostly occurring during childhood,
although several cases in adults have been described. 

In the following, both pediatric and adult pancreatoblastomas are dis-
cussed, focusing on their clinical presentation, diagnostic tests, pathologic fea-
tures, and management. 

14.2.1 Pediatric Pancreatoblastoma

Pancreatoblastoma is the most common pancreatic neoplasm of childhood,
usually occurring at a median age of 4 years [29-31]. There is a slight male
predominance (M:F 1.4:1). Some pancreatoblastomas are seen in association
with Beckwith–Weidemann syndrome; all those cases were congenital and
characterized by cystic lesions [32]. Typically, patients with pancreatoblas-
tomas present with elevated serum AFP [33].

The clinical presentation of pancreatoblastoma may be heterogeneous.
Children with this tumor usually present with upper abdominal pain and often
have a palpable epigastric mass [1]. Mechanical obstruction of the duodenum
and gastric outlet by the tumor in the head of the pancreas has also been
observed. Poor nutritional intake and resultant weight loss are characteristic.
Pancreatoblastomas average 10.6 cm in size and develop in the head and tail
of the gland with equal frequencies; they are usually well-circumscribed and
lobulated [34] (Fig. 14.4). 

At histological examination, the tumor consists of large lobules of highly
cellular tissue separated by broad fibrous bands. Epithelial cells are arranged
in solid sheets, mixed with acinar and occasional semi-glandular structures
[34] (Fig. 14.5a). Frequently, the cells tend to form clusters, designated as
“squamoid nests” (or squamoid corpuscles), which are a constant and 
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characteristic features of pancreatoblastomas (Fig. 14.5b). Finally, the stromal
bands between the epithelial islands are composed of hypercellular spindle
cells with variable collagenization. The stroma is particularly cellular in pedi-
atric pancreatoblastomas, and in rare cases a neoplastic mesenchymal compo-
nent is present [34, 35].
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Fig. 14.4. Whipple specimen of a pancreatoblastoma. A voluminous solid mass with clear-cut
margins and extensively involving the head of the pancreas. A central hemorrhagic spot is pres-
ent

Fig. 14.5 Histologic examination of pancreatoblastoma. a Prominent acinar differentiation. b The
characteristic squamoid corpuscles (asterisks)

a b



Most often, the molecular alterations involve the β-catenin gene, as dis-
cussed previously. 

Imaging techniques, such as CT, performed for abdominal pain or other
symptoms, or less frequently for unrelated reasons, can show a large, finely
calcified mass in the pancreas. Usually, both solid and cystic elements are
present, and foci of hemorrhagic necrosis are not infrequently seen [36, 37]. 

The differential diagnosis includes other solid, cellular neoplasms of the
pancreas, such as acinar cell carcinomas, solid pseudopapillary tumors, and
NETs [38, 39]. 

One-third of patients with pancreatoblastomas already present with metas-
tases at the time of diagnosis, while in other patients metastases develop later,
as a consequence of tumor progression [34]. The liver is the most common site
of metastases, followed by the regional lymph nodes, lungs, and peritoneum
[34, 40].

The best treatment for localized tumors in pediatric patients is complete
surgical resection, which in these cases is usually curative. Children with
metastatic disease generally have  a fairly poor prognosis, although in more
recent reports favorable responses to chemotherapy and radiation were
obtained [41], suggesting that in selected cases long-term survival can be
achieved. 

14.2.2 Pancreatoblastoma in Adults

In adults, as in children, the differential diagnosis of pancreatoblastoma
includes non-functioning pancreatic NETs, acinar cell carcinoma, solid
pseudopapillary tumor, and ductal adenocarcinoma. Non-functioning pancre-
atic NETs typically present with elevated chromogranin A [38, 42]. Solid-
pseudopapillary tumors are usually well-demarcated, large, and often hetero-
geneous masses that may contain peripheral calcifications. However, aggres-
sive behavior is rarely observed in these tumors. Furthermore, solid-
pseudopapillary tumors do not have central calcifications, are mainly seen in
young females, and are predominantly cystic. In addition, they do not express
AFP, the production of which is closely linked to acinar differentiation [38,
42]. These features may be helpful in distinguishing solid-pseudopapillary
tumors from pancreatoblastoma.

In adults and in children, surgical resection is the best curative option to for
maximum long-term survival [43-48]. However, curative resection is not
always feasible, due to metastatic presentation at the time of diagnosis, which
occurs in approximately 25% of patients [34, 43-48]. The reported median sur-
vival rate in adults is 18.5 months. 

The role of adjuvant therapy after surgical treatment is unclear and mostly
based on the preference of single institutions. Some authors have strongly
advocated the use adjuvant chemotherapy because of the malignant features of
pancreatoblastoma [34, 40]. 
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Given its rarity, the natural history of adult pancreatoblastoma and the
prognosis of these patients are poorly understood. In our report of adult
patients with this tumor [43], the very long disease-free interval after resection
(51 months) in one of the two patients in the series, underscores the efficacy
of aggressive surgical treatment as a determinant factor in long-term survival.
Notably, no adjuvant therapy was necessary in that particular patient. 

14.3 Primary Pancreatic Lymphoma

Primary pancreatic lymphoma is rare, comprising < 0.5% of pancreatic
tumors [49]. These patients usually present with symptoms of carcinoma of
the pancreatic head. An accurate cytopathologic diagnosis by fine-needle
aspiration (FNA) (Fig. 14.6) is of paramount importance because the primary
treatment is non-surgical, based on a combination of chemotherapy and radi-
ation therapy.

14.3.1 Clinical Presentation

Abdominal lymphoma, which is typically a non-Hodgkin’s lymphoma (NHL),
involves extranodal tissues in up to 40% of patients. Furthermore, the gas-
trointestinal tract, particularly the stomach and small bowel, are the most com-
monly involved extranodal sites [50]. Primary localization of the NHL in the
pancreas is rare and accounts for < 0.5% of all pancreatic malignancies and 1%
of all extranodal lymphomas [51, 52]. 
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Fig. 14.6 Large-cell lym-
phoma of the pancreas,
showing large atypical
interspersed lymphoid
cells



Primary pancreatic lymphoma is often described as a large, homogeneous
mass in the head of the pancreas, with signs of extension outside the gland,
with or without associated lymphadenopathy. Less common pancreatic pre-
sentations are body or tail masses or, more rarely, involvement of the entire
gland [52].

Pancreatic lymphoma may initially mimic pancreatic adenocarcinoma:
symptoms at the time of diagnosis include abdominal pain, jaundice, acute
pancreatitis, weight loss, and nausea and vomiting. However, involvement of
the lymph nodes or other organs is usually present, questioning the diagnosis
of pancreatic cancer [53]. Interestingly, the classical symptoms of lymphoma,
such as fever and night sweats, are rarely observed. Abdominal pain, unlike
adenocarcinoma, rarely radiates to the back [54, 55]. 

14.3.2 Diagnosis

Although specific biochemical markers for primary pancreatic lymphoma are
not available, elevated serum LDH and α2-microglobulin have been shown to
be of important diagnostic and prognostic value. In the case of a large mass in
the head of the pancreas without biliary obstruction, pain, or weight loss, an
elevated serum LDH level helps clarify the diagnosis [55]. CA 19.9 is usually
normal, unless biliary obstruction is present. Elevated serum soluble inter-
leukin-2 receptor (sIL-2R) levels have been reported in both hematologic and
non-hematologic solid neoplasms. While elevated levels of sIL-2R have not
been shown to be associated with cancer, values > 5000 U/ml may are sugges-
tive in the presence of rounded pancreatic lesions [56]. 

Abdominal ultrasound may show a large, bulky, homogeneous, hypoechoic
lesion associated with peri-pancreatic and peri-aortic lymphadenopathy, high-
ly suggestive of the hematologic nature of the disease [57].

CT is usually the method of choice to evaluate a pancreatic solid mass.
Pancreatic lymphoma can present as a well-defined mass or as a large infiltrat-
ing lesion with poorly defined contours. Most pancreatic lymphomas show
homogeneous enhancement after intravenous injection of contrast medium,
which helps to discriminate them from more commonly observed adenocarci-
nomas. The combination of the above-cited characteristics, the absence of
dilatation of the main pancreatic duct, and concomitant retroperitoneal lym-
phadenopathy suggest a diagnosis of lymphoma [58-61].

Positron emission tomography is generally useful in the staging of lym-
phoma, particularly in differentiating lymphoma from ductal adenocarcinoma
[62]. 

Preoperative tissue sampling should always be performed if lymphoma is
suspected, to confirm the diagnosis. Endoscopic US-guided FNA biopsy with
flow cytometric analysis is helpful. Despite these sensitive techniques, preop-
erative diagnosis is still difficult to achieve in most patients (72%) [63-65].
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14.3.3 Treatment

For more than 30 years, the treatment of NHL has been based on chemothera-
py and radiotherapy regimens. Surgery has been generally restricted to tissue
procurement for diagnosis. Behrns et al. retrospectively evaluated 12 patients
with pancreatic lymphoma who underwent radiation therapy and/or
chemotherapy in a single institution [52]. Ten of those patients (83.3%), all of
whom eventually died of progressive lymphoma, received radiation therapy
and/or chemotherapy, and no patient remained disease-free at follow-up. Mean
survival was 13 months for patients who received chemotherapy alone (n = 2),
22 months for those treated with radiation therapy only (n = 5), and 26 months
for those receiving combined radiation therapy and chemotherapy (n = 3). 

The most common chemotherapy regimens include CVP (cis-platinum,
vincristine, and peplomycin) and CHOP (cyclophosphamide, hydroxyl-
daunorubicin (doxorubicin), oncovin (vincristine), prednisone). The addition
of rituximab to the CHOP regimen was shown to increase the complete
response rate and to prolong overall survival in patients with diffuse large-B-
cell lymphoma, without a significant increase in toxicity [66] 

The role of radiation therapy in management is not well defined, although
local radiotherapy up to a total of 40 Gy has been used as consolidation after
chemotherapy [67]. 

14.4 Hepatoid Carcinoma

Pancreatic hepatoid carcinomas are extrahepatic neoplasms exhibiting mor-
phologic and immunohistochemical features of hepatocellular carcinomas [68]
(Fig. 14.7). They represent an extremely uncommon group of tumors: to date,
fewer than 20 have been reported [69, 70]. They can present in pure forms or
in association with other morphological aspects, such as NETs or ductal ade-
nocarcinomas [71]. The biological behavior of the pure forms seems to be
more indolent than that of heterogeneous tumors.

The hepatoid component accounts for the histological features of an expan-
sive tumor composed of large eosinophilic or clear cells, sometimes with gran-
ular cytoplasm, growing in a sheet-like or trabecular pattern with sinusoidal
vascular channels. Abundant cytoplasmic glycogen, hyaline globules, and
especially bile production are other diagnostic features (Fig. 14.8). Although
not specific, hepatoid carcinomas are also characterized by AFP production
which, apart from a few negative examples, can be detected in the serum or in
tumor cells by immunohistochemistry in most cases [72].

Even when preoperative correct diagnosis cannot be reached mainly due to
rarity and non-specific imaging features, surgical excision based on typical pan-
creatic resections may yield good long-term results, but further studies and longer
follow up are needed to correctly assess the prognostic features of these tumors.
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14.5 Granular Cell Tumor

Granular-cell tumor (GCT) is a rare histotype, first described in 1926 by
Abrikossoff. These tumors arise in a large variety of organs (tongue, oral
mucosa, skin, and subcutaneous tissue, breast, thyroid, respiratory tract, bil-
iary tree, female genital tract, nervous system, and all segments of the gas-
trointestinal tract). Only five cases of GCT of the pancreas have been report-
ed to date [73, 74].
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Fig. 14.7 a Gross appearance of hepatoid carcinoma; a solid poly-lobulated mass, resembling
hepatocellular carcinoma. b Immunohistochemical staining for hepatocyte paraffin-1 antibody

a b

Fig. 14.8 Pancreatic hepatoid tumor. a Neoplasm with solid-nested-trabecular architecture; in
this case, bile pigment is present (circled). b The tumor is well demarcated from the normal pan-
creas 



The diagnostic work-up may be misleading. In our patient, a cystic lesion
in the tail of the pancreas pancreas was determined, initially interpreted as a
mucinous tumor. After surgical resection, a white nodular area approximately
8 mm in diameter was macroscopically present in the specimen. This lesion
had caused narrowing of the main pancreatic duct and cystic dilation of a
branch duct (Fig. 14.9). 

Microscopically, a light, partially fringed nodule made up of large clusters of
eosinophilic cells with small nuclei and abundant cytoplasm is seen (Figs. 14.10,
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Fig. 14.9 Pancreatic
granular-cell tumor;
solid lesion approaching
the duct of Wirsung 

Fig. 14.10 Granular-cell
tumor at histological
examination. The tumor
is characterized by cells
with abundant
eosinophilic granular
cytoplasm; the pattern is
pseudoinfiltrative, with
clusters of acinar cells
and small pancreatic
ducts admixed with the
tumor cells



14.11). Neoplastic cells stain positively for CK8/18, NSE, S100, and CD68,
thereby confirming the diagnosis of GCT [73, 75] (Fig. 14.12). 

14.6 Germ-cell Tumors of the Pancreas

Germ-cell tumors occasionally involve the pancreas. Mature teratoma (also
known as dermoid cyst of the pancreas) is an extremely rare, benign germ-cell
neoplasm, with only a handful of primary pancreatic cases reported in the lit-
erature [76]. The differential diagnosis of these lesions includes other pancre-
atic cystic neoplasms, and the final verdict is usually dictated by pathologic
examination.
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Fig. 14.11 Granular-cell
carcinoma at cytologic
examination. Polygonal-
shaped cells with granu-
lar eosinophilic cyto-
plasm and nuclei with
prominent nucleoli are
seen on this smear

Fig. 14.12 Immunohistochemical staining of granular tumor cells for S100 (a) e CD68 (b)

a b



14.7 Sugar Tumors

Sugar tumors belong to the perivascular epithelioid-cell neoplasms
(PEComas) family. To date, only a few PEComas have been reported in the
pancreas. These are well-vascularized neoplasms composed of large, clear,
epithelioid smooth muscle cells. They variably express HMB45 and smooth-
muscle actin but not keratins [77, 78].
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15.1 Introduction

Secondary neoplasms involving the pancreas are less common than primary
neoplasms. The pancreas is rarely the only metastatic site and metastases can
reach the pancreas by lymphatic or hematogenous routes. Several tumors have
been demonstrated to metastasize to the pancreas; however, there are differ-
ences in the prevalence of the various tumor types that colonize the pancreas,
depending upon the population considered (autopsy records vs. surgical spec-
imens).

The most common primary tumors that metastasize to the pancreas are
renal cell carcinomas (RCCs), lung cancer, breast cancer, malignant
melanoma, carcinomas of the gastrointestinal tract, and prostate cancer. In
addition, almost all hematopoietic neoplasms can involve the pancreas and on
rare occasions occur as an isolated mass. Among these, non-Hodgkin lym-
phoma is the most common [1].

15.2 Clinicopathological Features of Pancreatic Metastases

Pancreatic metastases rarely occur as an isolated focus, rather as disseminat-
ed disease. In fact, autopsy and surgical series report an incidence of pancre-
atic metastases between 1.6% and 11% [2-4]. When a pancreatic mass is
detected, the incidence of a secondary tumor increases to > 40% if the patient
had a previously diagnosed non-pancreatic neoplasm [5, 6].



Due to improvements in the diagnostic process, the recognition of pancreatic
metastasis has improved, such that pancreatic metastasectomies have been report-
ed to account for around 4% of all pancreatic resections [7]. The most common
metastatic cancer to the pancreas as determined in surgical specimens is clear-cell
renal carcinoma, but other tumors seem to have a particular affinity for the gland,
such as breast cancer (Fig. 15.1), lung cancer, melanoma, sarcoma, colon cancer,
and endometrial carcinoma [5]. Still, the exact prevalence of pancreatic metastatic
tumors is unknown and a certain discrepancy exists between surgical and autopsy
series. For example, Adsay et al. [2] studied 190 autopsy cases involving pancreat-
ic tumors, 43% of which were secondary tumors. Most of them were of epithelial
origin, most commonly from the lung (42%), gastrointestinal tract (24.7%), kidney
(5%), breast (3.7%), liver (2.5%), ovary (1.2%), and urinary bladder (1.2%). All
tumors in that study presented as disseminated disease. 

With regard to the location, 25% of the metastatic tumors were confined to the
head of the pancreas, with one case involving the body and six occurring in the tail,
but the vast majority of the tumors (75%) involved multiple segments of the organ. 

A recent surgical literature review of 220 patients (Table 15.1) demonstrated
that most pancreatic metastases are RCCs (70.5%), followed by breast (6.8%), lung
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Fig. 15.1 Metastatic breast cancer.
Histologically, the neoplastic cells
involve the duodenal wall (a) and 
pancreatic lobules, replacing normal 
acinar tissue (b)

a

b



(5.9%), and colorectal (5.5%) tumors, and melanoma (2.7%) [3]. Carcinomas of the
gastrointestinal tract most often involve the pancreas “ab estrinseco,” by direct
extension (such as carcinomas of the ampulla of Vater, extrahepatic bile ducts, duo-
denum, and stomach). Lymphatic dissemination is generally the diffusion modali-
ty of colorectal cancer, due to the unique lymphatic drainage through the meso-
colon to the pancreas. In such cases, the most frequent site of implantation of
metastatic cells is the inferior portion of the head of the pancreas. 

Histologically, metastases usually involve the pancreatic lobules expanding
the interlobular septa, replacing normal acinar tissue. Clusters of acinar cells
and small pancreatic ducts entrapped within the tumor cells are often
observed. This pattern of growth, although not exclusive to metastases, is sug-
gestive of a secondary lesion, especially when a primary pancreatic tumor has
been excluded. Nevertheless, secondary tumors of the pancreas can represent
a diagnostic challenge, not only from a clinical standpoint but also histopatho-
logically. Remarkably, in the above-mentioned autopsy study [2], lymphomas,
melanomas, and sarcomas were difficult to distinguish from anaplastic pancre-
atic carcinomas. Radiologically and at gross examination, metastases can
mimic primary tumors of the pancreas, especially when they present as soli-
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Table 15.1 Pathology, symptoms, and type of surgery for cancer metastatic to the pancreas, as
reported in the literature (n = 220 patients)

Pathology Percentage

Renal cell cancer 70.5

Lung cancer 5.9

Breast cancer 6.8

Colorectal cancer 5.5

Melanoma 2.7

Others 8.6

Symptomsa

None 27.6

Jaundice 25.2

Pain 19.7

Weight loss 10.2

Gastrointestinal bleeding 11

Pancreatitis 4.7

Other 17.3

Surgical procedure

Pancreaticoduodenectomy 40%

Distal pancreatectomy 20.9

Total pancreatectomy 15

Other 24.1
aSome patients had more than one symptom.



tary masses. As a result, solitary metastases can be diagnostically challenging,
and detailed knowledge of the patient’s medical history is crucial. A correct
diagnosis is extremely important since patients with metastatic disease to the
pancreas generally have different therapeutic options than those with a pri-
mary pancreatic tumor. Morphological evidence of a metastatic neoplasm can
be obtained with fine-needle aspiration (FNA) cytology. The histological diag-
nosis relies on the presence of distinctive features, for example melanin pig-
ment in melanomas (Figs. 15.2, 15.3) and a known history of a previously
treated non-pancreatic neoplasm (e.g., RCC).
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Fig. 15.3 Metastatic
melanoma and normal
pancreas 

Fig. 15.2 Metastatic melanoma to the pancreas. Solid mass with black to brown area reflecting
the presence of melanin pigment



15.3 Renal Cell Carcinoma Metastatic to the Pancreas

Among isolated pancreatic metastases those arising from renal cell carcinomas
(RCCs), the most common histotype in this patient subgroup [7], are frequent-
ly resectable. This is due to the relatively indolent course of metastatic RCC
in the pancreas. In the past, some authors recommended the conservative man-
agement of these patients, reporting good survival results [8] or in some cases
spontaneous regression of the disease [9]. However, RCC pancreatic metas-
tases can be associated with synchronus extrapancreatic disease. In such
patients the prognosis is dismal [10].

The mechanism of metastatization is still unclear. The average 10-year
delay from primary RCC resection to metachronous isolated pancreatic
metastases offers no explanation, as yet. Most specimens of pancreatic RCC
metastases are N0 [11], so that it is difficult to argue a lymphogenous origin
of the secondary tumor. At the same time, there is no correlation between the
site of the primary and that of the pancreatic mass, seemingly ruling out a
mechanism invoking local invasion or implantation during primary RCC
resection [12, 13]. Current research interest is therefore focused on the high
affinity of RCC cells for the pancreatic parenchyma. New insights into cellu-
lar cross-talk could clarify the specific behavior of RCC metachronous metas-
tases [14].

15.3.1 Clinical Presentation

Due to their expansive growth pattern, isolated RCC pancreatic metastases
produce specific symptoms only when the size of the tumor is quite large. In
these patients, the clinical presentation may include gastrointestinal bleeding
and anemia due to the hypervascularity of the lesions and, consequently, ero-
sion of the duodenal wall, jaundice, or duodenal obstruction. Rarer symptoms
of pancreatic insufficiency, palpable tumor, and pancreatitis have been
described. Other, generic symptoms are fatigue, weight loss, and abdominal
pain. Serum tumor markers are generally within the limits, as is the case with
other metastatic diseases in the pancreas [15-19].

However, almost half of the patients are asymptomatic at diagnosis and the
pancreatic lesions are discovered by ultrasound (US) during a routine program
of follow-up after RCC resection, or for other non-specific abdominal com-
plaints following surgery for RCC even if it occurred many years earlier [19].
This is consistent with the typically long interval between RCC primary resec-
tion and pancreatic metastases, which according to reports is 10 years on aver-
age but as long as 32.7 years [13, 17, 20-23]. Consequently a yearly abdomi-
nal US examination is strongly recommended for all patients with a history of
resected RCC, and a pancreatic metastasis should be considered as the first
diagnostic likelihood whenever a hypervascularized tumor in the pancreas is
detected.
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15.3.2 Diagnostic Work-up 

Typically, hypervascular, pancreatic metastases from RCC can be character-
ized by dynamic imaging, which easily rules out a differential diagnosis of
pancreatic ductal adenocarcinoma [24, 25]. However, the imaging features of
pancreatic metastases from RCC cannot be differentiated from those of neu-
roendocrine tumors (NETs). The differential diagnosis is therefore based on
the clinical history and symptoms, including a correlation with a specific
hypersecretory syndrome. Non-functioning NETs are indistinguishable from
RCC metastases; thus, in such patients only a history of nephrectomy can lead
to the correct diagnosis. Also helpful is that metastatic lesions are typically
multi-focal (Fig. 15.4) at the time of diagnosis. Consequently, to obtain a final
diagnosis, biopsy must be accompanied by panoramic imaging studies for
tumor staging.
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Fig. 15.4 CT scan showing
metastastic renal cell carcinoma
(RCC) to the pancreas. Multiple
nodules (arrow) in the pancre-
atic gland are characteristically
hypervascular in the arterial
phase (a) and vascularized also
in the venous phase (b)

a

b



The imaging methods most often used in clinical practice, including for the
detection of metastatic RCC, is multi-detector computed tomography (MDCT)
due to its high spatial and temporal resolution, which allows the identification
of small lesions. As noted above, pancreatic metastasis of RCC are usually
hypervascular, which makes them readily detectable in the arterial phase of a
contrast-enhanced MDCT examination (Fig. 15.4a). Sometimes, in larger
lesions, hypodense central areas of necrosis are present. In later phases of the
contrast-enhanced MDCT study, the lesions may be more difficult to detect
because the difference in the density of the mass vs. that of the normal pancre-
atic gland decreases (Fig. 15.4b). Other rare and non-specific features of these
lesions are calcifications, ductal and biliary obstruction, vascular extension,
and cystic degeneration.

15.3.3 Treatment

Surgical Treatment for Resectable Disease
The first report of a pancreatic resection for metastatic RCC was published 60
years ago [26]. Since then, results have been published as case reports, small
single-institution series, and, more recently, as in-depth reviews of the entire
literature [12, 13, 19, 27].

Since RCC metastases to the pancreas are rare, prospective randomized tri-
als to evaluate the role of surgical resection in the multi-modal treatment of
these patients have not been possible. In fact, there have been no more than
500 reported pancreatic resections over these last 60 years, and the conclu-
sions are not sufficiently definitive to comprise an adequate level of evidence.
Furthermore, only a few authors have tried to compare outcomes in patients
with resected and non-resected disease [13, 19, 28], with debatable results due
to the difficulty of the comparisons. For example, among the latter group, sin-
gle pancreatic metastases are rare and diffuse extrapancreatic disease at the
time of the diagnosis is frequently observed [28].

Despite these intrinsic limitations, some evidence is available to guide
therapeutic decision-making in patients with RCC pancreatic metastasis.
Firstly, accurate staging, including a total-body CT scan, is necessary to dis-
cover asymptomatic distant metastases to the brain and lung, while bone
scintigraphy should be performed to exclude skeletal metastases. Another tool
useful in the risk stratification of these patients, developed to ensure that only
those who will truly benefit from surgical resection will be offered this form
of treatment, was recently developed at the Memorial Sloan Kettering Cancer
Center (MSKCC) [29]. This prognostic model divides patients into one of
three classes based upon five parameters: time to recurrence (< or > 12
months), tumor burden (LDH), hematopoietic suppression or skeletal involve-
ment (serum hemoglobin and calcium), and performance status. A final score
of 0 points identifies a group considered to be at favorable risk: metachronous
metastasis arising > 1 year after nephrectomy, serum hemoglobin > 13 and
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11.5 gm/dl in males and females, respectively, serum calcium < 10 mg/dl,
serum LDH < 300 U/l, and Karnofsky performance status ≥ 80%. Intermediate
risk patients have a score of 1–2 points and those at high risk a score of 3–5
points. If extrapancreatic disease has been ruled out, most authors agree that a
surgical approach to the lesion should be recommended whenever a R0 resec-
tion is likely to be achieved in a favorable risk patient.

The surgical technique should be based on a well-defined protocol, similar
to that developed for pancreatic NETs in MEN1 patients. In fact, RCC metas-
tases in the pancreas are multiple in up to 45% of surgical specimens, as wide-
ly reported in the recent literature [13, 19, 28, 30], but multiple nodules are
well documented in the preoperative diagnostic work-up only in half of the
pathological cases [28, 30]. Following accurate palpation of the entire gland
after its wide exposure along its posterior surface, intraoperative US (IOUS)
should be performed for lesion detection and  to allow a surgical resection with
a minimally invasive approach. IOUS provides details on the contiguity
between the lesions and the main pancreatic duct, enabling the surgeon to
choose the most appropriate approach to the nodule. Whenever possible, any
single nodule is preferably resected while sparing healthy parenchyma, thus
avoiding a total pancreatectomy. However, the latter is mandatory if the multi-
ple nodules are large and involve the main pancreatic duct. In case of body and
tail lesions and a small nodule in the uncinate process that does not involve the
Wirsung duct, a distal pancreatectomy associated with an enucleation of the
main nodule is warranted. Frozen sections of the resected margins are manda-
tory. An initial report of a high local recurrence rate after parenchyma-sparing
surgery [30] was not confirmed in subsequent reports. Nonetheless, the entire
gland should be carefully inspected in order to detect any single lesion [28,
31], avoiding removal of the pancreas due to a fear of local relapse. Indeed,
despite the adoption of a policy of atypical resection [28, 31], the incidence of
pancreatic recurrences was negligible. An adequate follow-up with US or mag-
netic resonance imaging (MRI) is strongly encouraged given the possibility of
a new localization in the remnant pancreas, which occurs in 4% of cases
according to a recent complete literature review [19], but also because of the
high rate (17%) of extrapancreatic recurrences after pancreatic resection.
However, new localizations of RCC are still amenable to surgical resection, as
the disease can eventually be eradicated in around 45% of patients ]19].
Standard peri-pancreatic lymph node dissection is largely sufficient because
the rate of nodal involvement is negligible in most series, with an incidence of
10% reported by the Johns Hopkins Surgical Department [32] and 20% by the
Heidelberg Surgical Department [31]; the latter is the highest ever reported. 

Some authors have suggested performing multi-visceral resections in
patients whose pancreatic metastases are associated with extrapancreatic dis-
ease [19, 31]. Based on the consistent postoperative morbidity and mortality of
these patients and the substantial worsening of the prognosis, the recommenda-
tion is a multi-disciplinary evaluation, including the oncologist, of such cases.
If surgery is not necessary to palliate symptoms, it is probably better to initial-
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ly observe the patients and administer systemic treatment [19]. A new staging
of patients with multi-metastatic disease can then identify those who presum-
ably have a better chance of benefit from a multi-visceral surgical resection.

Even though the metastases may be confined to the pancreas, they may not
be resectable because they have infiltrated the superior mesenteric axis, in par-
ticular the superior mesenteric artery or the celiac trunk. The final diagnosis
can be easily reached by US-guided percutaneous FNA [33]. Whenever symp-
toms such as duodenal obstruction or jaundice are present, a palliative proce-
dure is indicated because of the relatively good prognosis of patients with non-
resectable metastases [19].

Medical Treatment for Non-resectable Disease 
Patients with stage IV RCC with synchronous or metachronous initially non-
resectable solitary pancreatic metastases, or with multiple metastatic sites
including the pancreas that are not amenable to surgery should be offered sys-
temic therapy.

In the past, systemic treatment options for metastatic RCC were limited to
various combinations and dosages of interleukin (IL)-2 and interferon (IFN).
In most of cases, the clinical benefit to the patients was limited and treatment
was burdened by significant toxicities.

More recently, based on important advances in our knowledge of the
molecular mechanisms involved in the progression of this disease, several tar-
geted agents have been developed and approved for the first and second-line
treatment of advanced RCC, including sunitinib, sorafenib, pazopanib, tem-
sirolimus, everolimus, and bevacizumab in combination with IFN. Tumor his-
tology and risk assessment are the main criteria in the selection of patients for
targeted therapies.

Sunitinib is a multi-kinase inhibitor targeting different tyrosine kinase
receptors, including platelet-derived growth factor receptors (PDGFR-a and
-b), vascular endothelial growth factor receptors (VEGFR-1, -2, and -3),
stem cell factor receptor (c-KIT), FMS-like tyrosine kinase (FLT-3), colony-
stimulating factor (CSF-1R), and neurotrophic factor receptor (RET) [34,
35]. Sunitinb has been recently approved as first-line treatment of unre-
sectable RCC, based on the positive results of a large phase III trial in which
750 previously untreated patients with metastatic RCC were randomly
assigned to receive either sunitinib or IFN [34]. Although most of the
patients selected for the trial had clear cell RCCs of either “favorable” or
“intermediate” MSKCC risk, recent data from an expanded access trial
revealed that sunitinib has an acceptable safety profile and activity also in
subgroups of patients with non-clear-cell histology tumors, brain metastases,
and poor performance status [36].

A second, pharmacologically relevant target in RCC is the mammalian tar-
get of rapamycin (mTOR) protein, a serine/threonine protein kinase that regu-
lates cell growth, proliferation, and survival in the context of different multi-
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protein mTOR complexes, referred to as mTORC1 and mTORC2.
Temsirolimus is an inhibitor of mTOR and is recommended for the first-line
treatment of relapsed or unresectable clear-cell stage IV RCC in patients who
therefore have a poor prognosis. The efficacy and safety of temsirolimus were
demonstrated in a phase III study in which untreated patients with advanced
RCC who had three or more of six unfavorable prognostic factors were ran-
domized to receive temsirolimus, IFN, or both [37]. The group of patients who
received temsirolimus alone showed a significant improvement in overall sur-
vival compared to those receiving IFN alone or both drugs. 

Several targeted agents have been also approved as subsequent therapy in
patients with tumors having a predominantly clear-cell histology. Everolimus
is an orally available mTOR inhibitor approved for use in patients after failure
of treatment with tyrosine kinase inhibitors [38]. Axitinib is a selective, sec-
ond-generation inhibitor of VEGFR 1–3, approved for the treatment of
patients with advanced RCC after failure of one prior systemic therapy [39],
including sunitinib, bevacizumab plus IFN, temsirolimus, or cytokines [40].

15.3.4 Pathology 

Renal cell carcinoma tends to metastasize as a solitary mass but can also result
in multiple lesions. Grossly metastatic RCC presents as a well-circumscribed
yellow-orange tumor with red-brown or white-gray areas (Fig. 15.5) and can
show hemorrhagic or cystic degeneration (Fig. 15.6). Clear-cell RCC is the
most common histologic type that metastasizes to the pancreas.
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Fig. 15.5 Gross appearance of metastatic RCC: well-circumscribed yellow-orange to red-brown
mass



Microscopically, metastatic clear-cell RCC is a cell-rich tumor organized
in sheets, small nests, or cords of polygonal clear cells (Fig. 15.7). These cells
have abundant clear, cytoplasm because of the accumulation of glycogen,
which can be easily demonstrated with PAS. Metastatic clear-cell RCCs are
highly vascularized. At imaging, the main differential diagnosis is pancreatic
NETs. In such cases, immunohistochemistry is a worthwhile diagnostic tool
because metastatic RCC shows typical reactivity for CD10 and CD13, but it is
negative for endocrine markers such as chromogranin and synaptophysin.
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Fig. 15.6 Two nodules of
metastatic RCC, with
hemorrhage and cystic
degeneration

Fig. 15.7 Metastatic RCC:
sheets, small nests, and
cords of clear cells sepa-
rated by a rich sinusoidal
vascular network



15.3.5 Prognostic Factors

Overall survival for isolated solitary or multiple RCC pancreatic metastases
was 57% in an extensive review [17] and up to 88% [28] in a single-center
series.

The prognosis of patients with RCC pancreatic metastases depends on a
limited number of factors. Patients who present with multi-organ metastases
associated with pancreatic metastases have the poorest prognosis. In this sub-
set, an R0 resection often cannot be achieved; the 2- and 5- year overall sur-
vival rates were 41% and 14%, respectively, in historical series [19]. These
patients are candidates for medical treatment with bevacizumab, sorafenib,
tensirolimus, and sunitinib. If all the metastases are resected together with the
involved pancreas, extrapancreatic disease is the only significant prognostic
factor  for disease-free survival [19].

It is widely recognized that the longer the interval between nephrectomy
and metastases, the better the outcome of the patient, with a cut-off ranging
between 2 and 3 years of latency. However, a previous history of a solitary
RCC metastasis at extrapancreatic sites should not be considered a contraindi-
cation to pancreatic resection [19, 31]. Also, the usual multiplicity  and the
size of the metastases do not alter disease-free and overall survival after com-
plete excision. Only Reddy [32]. reported lymph node involvement as a prog-
nostic factor in addition to vascular invasion, but these data have to be consid-
ered with prudence because they represent an isolated experience involving
only a few patients.
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16.1 Introduction

Primary non-epithelial tumors of the pancreas are exceedingly rare. By con-
trast, those arising from neighboring sites, especially gastrointestinal stromal
tumors and sarcomas arising from the retroperitoneum, may secondarily
involve the pancreatic gland. There is also a wide range of benign mesenchy-
mal tumors, including vascular tumors, fibromatosis (solid desmoid tumor),
solitary fibrous tumors, schwannomas, and several others that can involve the
pancreas. Some primary sarcomas have also been shown to have a pancreatic
localization. The histologic features of these neoplasms are thus highly vari-
able, as they include tumors of vascular origin, primitive neuroectodermal
tumors, synovial sarcomas, desmoplastic small round-cell tumors [1],
leiomyosarcomas, malignant fibrous histiocytomas, and others.

In this chapter, we review the broad spectrum of primary mesenchymal
tumors that may involve the pancreas, most of which are largely documented
in single case reports. In addition, we focus on their pathologic features, as
well as their current diagnostic and therapeutic management.

16.2 Benign Mesenchymal Tumors

A large variety of benign soft-tissue neoplasms has been described in the pancreas,
including several types of vascular tumors, such as hemangioendothelioma [2, 3],
cavernous hemangioma [4], and hemangioma not otherwise defined [5, 6].



Pancreatic lymphangioma [7, 8] and cystic lymphangioma [9-11] are rare.
These multicystic tumors are 3–20 cm in diameter and characterized by serous
or chylous fluid-filled cystic spaces. The stroma may contain smooth muscle
cells and lymphocytes. Abdominal lymphangioma has also been reported to
mimic a pancreatic cystic neoplasm [12], while an infiltrating cavernous lym-
phangiomyoma can involve the pancreas secondarily [13].

Given its rich innervation [14], it is not surprising that neural tumors can
arise from the pancreas; examples of such neoplasms are schwannoma [15]
and neurofibroma [16]. Based on a recent review, the largest available to date,
37 cases of primary pancreatic schwannoma have been reported in total [17].

The diagnostic work-up of this class of tumors is based on standard imag-
ing techniques, including computed tomography (CT) and abdominal magnet-
ic resonance imaging (MRI) studies. However, the radiologic aspect is not spe-
cific and tumor markers are usually negative, such that histological analysis of
the surgical specimen is therefore required to obtain the diagnosis. When
resection is radical, surgical treatment is usually curative.

Several cases of pancreatic paraganglioma have been reported in the liter-
ature [18]. These are rare neuroendocrine neoplasms (NENs) arising in the
extra-adrenal chromaffin cells of the autonomic nervous system. Although sel-
dom, para-gangliomas can occur around and involve the pancreas, thereby
mimicking one of the more common primary pancreatic tumors. In a series of
nine peri-pancreatic para-gangliomas recently described [19], patients either
presented clinically with diffuse epigastric and abdominal pain or an inciden-
tal mass was discovered on routine radiographic imaging. In all patients these
masses were suspected as being a primary pancreatic neoplasm on radiograph-
ic examination, were predominantly located in the body of the pancreas, and
ranged in size from 5.5 to 17.0 cm in diameter. If the nature of the tumor is not
suspected based on other information, then interpretation of the fine-needle
aspiration (FNA) biopsy and even the pathology examination of the surgical
specimens can be challenging. Close follow-up of these patients should be
considered because of the significant risk of metastatic disease.

16.3 Malignant Mesenchymal Tumors

Primary malignant sarcomas of the pancreas are rare neoplasms that display
a wide range of histological features. The prognosis of patients with pancre-
atic mesenchymal tumors parallels that of patients with sarcomas arising in
other sites. Within this group of neoplasms, leiomyosarcoma represents the
most frequent entity [20] (Fig. 16.1), followed by malignant fibrous histiocy-
toma [21], fibrosarcoma [22], liposarcoma [23], and malignant peripheral
nerve sheath tumor [24]. In exceedingly rare conditions, malignant sarcomas
arising in the extremities or in the retroperitoneum can metastasize to other
organs, including the pancreas. The first case of pleomorphic liposarcoma
metastasizing to the pancreas was recently described in a 30-year-old-man,
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who underwent distal pancreatectomy with splenectomy [25]. 
Based on a review of the current literature, only 29 cases of primary pan-

creatic leiomyosarcomas have been reported [26]. These tumors can range
from 1.0 to 30.0 cm in diameter, with an equal distribution among men and
women. Symptoms are usually present at the time of diagnosis; although none
of these are specific, patients may complain of abdominal pain, jaundice, and
weight loss. Aggressive surgical treatment is usually advocated, as these neo-
plasms respond poorly to systemic treatments. Pancreatic leiomyosarcomas
tend to metastasize to other organs, especially the liver whereas lymph node
metastases are unusual.
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Fig. 16.1 Metastatic leioomyosarcoma. a Gross appearance of a mesenchymal tumor: the tumor
is well circumscribed and composed of soft tissue. b Histologically, the tumor exhibits high cel-
lularity and is composed of spindle cells with atypia
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17.1 Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP)  is a “one of a kind” inflammatory disease of
the pancreas since it differs clinically, pathologically, and instrumentally from
all other types of pancreatitis. Many papers have been published since the
introduction of the term “autoimmune pancreatitis” by Yoshida et al. in 1995
[1],  focusing mainly on the dramatic and quick response to steroid therapy.

AIP has been recently classified as type 1 (also called lymphoplasmacytic
sclerosing pancreatitis, LPSP) and type 2 (idiopathic duct centric pancreatitis,
IDCP) [2]. Type 1 AIP is characterized by the presence of storiform fibrosis,
with obstructive phlebitis  (Fig. 17.1); high levels of serum IgG4; and IgG4+
plasma cells in the involved pancreatic tissue. Other pathologic findings may
be observed in this form of AIP, but they are not specific and are shared with
type 2 AIP  (Fig. 17.2). Type 2 AIP is characterized mainly by the presence of
granulocytic epithelial lesions (GEL), which are the expression of an aggres-
sive cellular attack against the pancreatic epithelial ductal cells, with rupture
and destruction of ductal structures [3].

The clinical profiles of patients suffering from AIP seems to differ in the
two forms of the disease [4]. Patients with type 1 AIP are older, with a high-
er prevalence of males and a more frequent involvement of other organs, both
of the gastrointestinal tract and extra-gastrointestinal. The main clinical impli-
cation of this classification seems to be that type 1 AIP is a systemic relaps-
ing IgG4-associated disease, whereas type 2 AIP is a serum IgG4-negative
disease that does not relapse. However, the frequency of relapse(s) seems to
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Fig. 17.1 Autoimmune pancreatitis Whole-mount section of the head of the pancreas: ill-defined,
firm mass extending into the peri-pancreatic tissues and narrowing the secondary ducts

Fig. 17.2 Distinctive microscopic findings of autoimmune pancreatitis. a A dense inflammatory
infiltrate is centered on medium-sized to large pancreatic duct. b Storiform pattern of fibrosis. 
c Obliterative venulitis: the inflammatory cells infiltrate a venous wall

a b

c



be similar in the two forms of AIP, according to a recent paper from a French
series [5].

AIP is a disease that quickly and fully responds to steroids [6-9]. The ini-
tial dosage of prednisolone ranges from 0.5 to 1 mg/kg/day, tapering to 2.5–5
mg every week.

The concept of the disease has changed over the time. Initially, AIP was
considered to involve the entire pancreas, based on the Japanese experience.
Later, the possibility of a segmental inflammatory involvement of the pancreas
was proposed. Therefore, a clinically based classification of focal vs. diffuse
AIP is now generally accepted [7, 10]. Focal AIP is defined as a segmental
involvement of the pancreatic parenchyma with or without the presence of a
low-density mass, as determined at imaging. In an Italian series, focal AIP was
more frequent than diffuse AIP (63% vs. 37%) [7]. Compared to diffuse AIP,
patients with focal AIP are older, more frequently males, and the main clinical
presentation is jaundice. Since these findings are shared with pancreatic can-
cer, many patients with AIP undergo resective surgery (pancreaticoduodenec-
tomy).

Indeed, this morphologically based classification has important clinical
implications since in the presence of a focal disease, particularly if a low-den-
sity mass is detected at imaging, pancreatic cancer must be carefully and con-
fidently excluded before steroid therapy is introduced [11]. The risk is, on the
one hand, to operate on a patient with AIP that fully responds to steroids and,
on the other, to treat a resectable cancer with steroids, delaying surgery and
exposing the patient to the possibility of metastases or local invasion, both of
which may preclude surgery. The diagnostic algorithm is therefore different in
focal and diffuse forms of AIP.

In diffuse forms, a cholangiocarcinoma may be suspected in the presence
of a single stenosis of the common bile duct. However, the probability of this
being a malignancy (cholangiocarcinoma, peri-ampullar neoplasia) is very
low and the differential diagnosis should mainly include acute pancreatitis
(Figs. 17.3, 17.4). 

By contrast, in the focal forms the likelihood of a cancer is very high. A
recent review of the studies investigating the frequency of benign disease in
patients who underwent pancreatic surgery for a resectable mass in the head of
the pancreas found that 10% of these patients had an inflammatory pancreatic
disease [11]. A recent study reported that half of these patients had a final
diagnosis of LPSP. Therefore, in the presence of a pancreatic mass, only one
patient in ten can be expected to have an inflammatory disease, while the large
majority have a malignancy. The implication for clinical practice is that in the
presence of a pancreatic mass pancreatic cancer needs to be excluded before
patients are treated with steroids. Despite radiological, serological, and clini-
cal findings highly suggestive  of AIP, we strongly recommend that a biopsy
of the pancreas be performed in such cases. For this purpose, fine-needle aspi-
ration (FNA) biopsy is more accurate than core biopsy in the exclusion of can-
cer. Figure 17.5 shows the algorithm we propose in focal AIP with or without
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a hypodense mass at imaging. A trial with high-dose steroid therapy (1
mg/kg/day) may lead to a definitive diagnosis of AIP and should be made only
if cytology is negative and the results of imaging, i.e., CT (Fig. 17.6), magnet-
ic resonance imaging (MRI), endoscopic ultrasound (EUS), or contrast-
enhanced EUS, are suggestive of AIP. At an international meeting held in
Fukuoka, Japan, international consensus diagnostic criteria (ICDC) were
recently proposed and can be used in this setting [12] (Figs. 17.5, 17.7). A sec-
ond look after 3 weeks with the same imaging technique used at the basal
examination is required. Normalization or significant improvement of the pan-
creatic morphology (disappearance of the hypodense mass, normalization of
the pancreatic ductal system) is an important diagnostic finding. However, the
decision to use steroids is difficult and should be made in an experienced ter-
tiary center, after discussions among clinicians, radiologists, and surgeons.
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Fig. 17.3 MRI findings of a patient suf-
fering from the diffuse form of autoim-
mune pancreatitis. a The axial sequence
shows a diffuse enlargement of the pan-
creas, with a peripheral rim. b MRCP
shows a stenosis of the intrapancreatic
segment of the common bile duct with
upstream dilation of the extra- and intra-
hepatic trees, without dilation of the
main pancreatic duct

a

b
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Fig. 17.4 MRI findings of a patient suffer-
ing from the focal form of autoimmune
pancreatitis. a The axial sequence shows
focal involvement in the head of the pan-
creas, with a hypodense mass mimicking a
pancreatic adenocarcinoma. b MRCP
demonstrates a stenosis of the intrapancreat-
ic segment of the common bile duct, with
upstream mild dilation of the extra- and
intrahepatic trees, and a long stenosis of the
main pancreatic duct in the head of the pan-
creas

a

b

Fig. 17.5 Diagnostic algorithm for patients
with the focal form of autoimmune pancre-
atitis according to the ICDC for AIP [12]
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Fig. 17.7 Diagnostic algorithm for patients with the diffuse form of autoimmune pancreatitis,
using the international consensus diagnostic criteria (ICDC) for AIP [12] (*) or the criteria of
Zamboni et al. [3] (**)

Fig. 17.6 CT findings of a patient suffering from the focal form of autoimmune pancreatitis



17.2 Paraduodenal Pancreatitis

17.2.1 Epidemiology, Etiology and Pathogenesis 

Chronic pancreatitis (CP) reflects a chronic inflammatory process involving
the pancreas, with a final result of endocrine and exocrine pancreatic insuffi-
ciency. Reports of the prevalence of CP vary enormously, from 20 to 200 cases
per 100,000 people described in the general population, with the increase due
to the rising consumption of alcohol [13]. CP has a very long course and the
involvement of the duodenal wall is typical; stenosis occurs in 19.6–31% of all
cases of CP [14, 15]. The duodenal wall can be affected by other rare condi-
tions, such as enterogenous duplication and retention cysts of the Brunner
glands, or as a result of pancreatitis in duodenal heterotopic pancreas. The lat-
ter has been described under different names (para-ampullary duodenal wall
cyst, cystic dystrophy of the duodenal wall, groove pancreatitis), but consider-
ing the clinical presentation along with the radiological and pathological fea-
tures, we prefer the name paraduodenal pancreatitis (PP) [16]. Typically, PP is
seen in male patients in their 40s who have a history of alcohol abuse; the dis-
ease involves principally the duodenal wall, near the minor papilla. The patho-
genesis of PP has been related to functional and anatomical obstruction of the
minor papilla. 

Specifically, the minor papilla comprises a ductal system often surrounded
by a sphincter-like structure and consistently associated with intraduodenal
pancreatic tissue anatomically connected to the dorsocranial pancreas.
Therefore, cysts can be considered as dilated ducts associated with intraduo-
denal pancreas. Of note, intraduodenal pancreatic tissue should be regarded as
a bud of the dorsal pancreas entrapped within the duodenal wall during
organogenesis, rather than ectopic pancreas. The presence of abundant pancre-
atic tissue associated with the minor papilla may reflect incomplete migration
of the dorsal pancreatic bud and thereby explain the relatively high percentage
(67%) of imperforated minor papilla occurring in the normal pancreas. In the
presence of a closed minor papilla, countercurrent flow from the duct of
Santorini through the duct of Wirsung is generated. It may be impaired by a
particularly acute angle of the “Wirsungian knee” [16]. In this scenario, exter-
nal factors, such as alcohol and smoking, can play a central role, rendering the
pancreatic juice more viscous and inducing intrapancreatic calcification.
Obstruction of the normal flow of pancreatic juice leads to a chronic inflam-
matory process and ultimately a paraduodenal mass mimicking a solid-cystic
periampullary tumor.

17.2.2 Clinical Presentation and Pathological Features

The clinical presentation of PP reflects the particular location of the patholog-
ical process, i.e., the duodenal wall. The most frequent symptom is due to
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stenosis of the second duodenal portion, causing pain that is typically amelio-
rated with vomiting. In a minority of patients with PP, the inflammatory
process can involve the “groove” area, compressing the main biliary tract and
thus resulting in jaundice. 

Macroscopically, two types of PP may be distinguished. In the ‘‘cystic’’
type, multiple cysts ranging in diameter from 1 to 10 cm and protruding into
the mucosa of the supra-ampullary duodenum are seen (Fig. 17.8). If the cysts
are particularly large, they may be confused with an intestinal duplication. The
second, ‘‘solid’’ type is characterized by a remarkable thickening of the duo-
denal wall, which contains cysts less than 1 cm in diameter (Fig. 17.9). Both
types share variable degrees of thickening of the duodenal wall, which is more
evident at the pancreatic side of the second portion of the duodenum, above
the ampulla and connected to the minor papilla. The groove region is usually
enlarged, either due to fibrotic tissue or to the presence of cysts within the
duodenal wall. As a result of the former, narrowing of the common bile duct
may occur, as well as duodenal stenosis secondary to the cysts.

The presence of numerous enlarged peri-pancreatic lymph nodes is also a
typical characteristic of PP.  

Histologically, the cysts are found in the submucosal and muscular layers
of the duodenal wall and can often extend to the groove region. Observation
of the cut surface shows that the internal layer of the cysts is mainly lined by
columnar pancreatic ductal cells, which may be lost and replaced by inflam-
matory granulation tissue. Smooth-muscle hyperplasia and fibrosis, causing
Brunner gland hyperplasia and variable thickening and disarray of the muscu-
lar layer in the duodenum, are additional features. The cysts are associated
with heterotopic pancreatic tissue within the muscular or submucosal layer.
More frequently the groove area is characterized by marked fibrosis and
chronic inflammation. Ductal ectasia with stones, fibrosis, and an inflammato-
ry reaction that includes myofibroblastic proliferation are also commonly
observed in the pancreatic parenchyma [17, 18].

17.2.3 Diagnosis and Treatment

In most cases, the clinical and radiological presentations of PP are very simi-
lar to those of pancreatic and peri-ampullary tumors, making the differential
diagnosis particularly difficult. The patient’s medical history, his or her abuse
of alcohol, weight loss, and the presence of steatorrhea can aid in ruling out
the presence of malignancy. In case of a cystic mass in the groove area, the dif-
ferential diagnosis is easier, whereas the presence of a solid mass poses a chal-
lenge. Imaging can demonstrate the non-specific features that PP shares with
other tumors. Magnetic resonance cholangiopancreatography (MRCP) may
reveal only abnormalities in the biliary and pancreatic ducts. US and contrast-
enhanced CT may show a hypovascularized mass associated with ductal
dilatation and calcification. The identification of small cystic formations in the
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thickened duodenal wall on the pancreatic side is a specific finding for PP
(Fig. 17.10). Procacci et al. [19] described the appearance of the thickened duo-
denal wall as a solid layer between the duodenal lumen and the pancreas,
hypoechoic at US, isoattenuating at unenhanced CT, and hypoattenuating in the
early phase and isoattenuating in the late phase on contrast-enhanced CT. The
gastroduodenal artery is often dislocated to the left due to the growing mass. 

However, the final diagnosis at CT can sometimes be difficult.
Consequently, the role of EUS is central in the assessment of solid paraduode-
nal pancreatic masses. This imaging method is further improved with the use
of the newest generation of intravenous contrast agents, but also allows EUS-
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Paraduodenal 
pancreatitis, solid
variant

Fig. 17.8
Paraduodenal 
pancreatitis, cystic
variant



FNA [20]. The specificity and sensitivity of the latter are between 75–100%
and 78–95%, respectively, with a complication rate of 0–2% [21]. EUS-FNA
is cost-effective and in our experience is the second most preferred diagnostic
method after percutaneous US-guided FNA biopsy. 

Surgery represents the best treatment for uncertain pancreatic masses when
doubts remain even after EUS-FNA [22]. In this case, surgeons should perform
a pancreatoduodenectomy, while the Longmire-Traverso (PD-LT) is the proce-
dure mostly performed for combined obstruction of the duct of Wirsung, main
biliary duct, and duodenum [23]. A biliary and duodenal by-pass is indicated
in case of duodenal stenosis and jaundice, when endoscopic treatment has
failed. In patients with a definitive diagnosis of PP, the immediate elimination
of all risks factors (alcohol, smoking) and enzyme replacement are mandatory.
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Fig. 17.10 Thickening of the duodenal
wall in the groove region, with a hypo-
vascularized appearance (arrow) at CT
(a, b). In the pancreatic head, a small
pseudocystic lesion is also visible

a

b



17.3 Pancreatic Hamartoma

Histologically, pancreatic hamartoma is characterized by a focal overgrowth of
mature tissue composed of normal cells with a disorderly arrangement [24, 25].

Although these tumors are very rare, their exact prevalence is difficult to
determine as some of them are likely to be asymptomatic and remain undetect-
ed. In our hospital, a high-volume center for pancreatic pathology, only two
cases of pancreatic hamartoma have been collected to date. In both of these,
the tumors presented as a solid, well-circumscribed, whitish-gray mass, with a
homogeneous appearance on the cut surface and a maximum diameter of 1.5
cm (Fig. 17.11).

Microscopically, pancreatic hamartomas are composed of well-differentiat-
ed acinar and ductal cells, without atypia, disposed in a radial trabecular
arrangement. A wide sclerotic paucicellular area is usually present in the center
of the lesions. Acini and small intralobular and interlobular ducts show atroph-
ic aspects without any evidence of dysplasia. Discrete islets of Langerhans are
usually lacking [25] (Fig. 17.12). At preoperative work-up, these lesions are
usually misdiagnosed as pancreatic adenocarcinoma; therefore, careful patho-
logical examination is of paramount importance. Of note, repetitive FNA shows
normal acinar cells. If intraoperative histological and immunohistochemical
findings suggest a diagnosis of pancreatic hamartoma, a minimal pancreatic
resection can be performed, sparing the patient the unnecessary risk of postop-
erative complications  associated with major resections [26].
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Fig. 17.11 Pancreatic hamartoma. a Gross appearance. b Whole-mount section 
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17.4 Intrapancreatic Accessory Spleen

Intrapancreatic accessory spleen (IPAS) is a congenital anomaly that is due to
the fusion failure of splenic primordial mesenchymal tissues, mimicking, in
some case, a pancreatic neoplasm. A large study of approximately 3000 autop-
sies concluded that 10–12% of the populations examined had an accessory
spleen. Most (80%) are situated in the adipose tissue at the splenic hilum, fol-
lowed by the pancreatic tail (17%). Other, uncommon sites are the wall of the
jejunum, mesentery, and pelvis [27]. 

Usually, IAPS are resected because they are misdiagnosed by imaging as
pancreatic neoplasms. At ultrasonography, they appear as well-defined, usual-
ly well vascularized lesions [28]. On contrast-enhanced CT or MRI, the con-
trast enhancement of IAPSs at the arterial and portal phases is more intense
than that of normal pancreatic parenchyma, simulating a pancreatic neuroen-
docrine neoplasm (PanNEN) [29-31]. The usefulness of octreotide scintigra-
phy is very limited for the differential diagnosis of IPAS and PanNEN, because
splenic tissue, and in particular the white pulp, typically also expresses
somatostatin receptors [32].

Three cases of resected IPAS have been seen at our institution.
Interestingly, two of the three patients had undergone splenectomy for abdom-
inal trauma some years before the finding of the IPAS, suggesting that a com-
pensatory hyperplasia of the accessory splenic tissue may result in these
tumor-like lesions. Therefore, in the case of a hypervascularized well-circum-
scribed nodule within the pancreatic tail (Fig. 17.13) in a patient who has pre-
viously undergone splenectomy, it is very important to distinguish IPAS from
PanNENs, to avoid unnecessary surgery. 
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Fig. 17.12 Pancreatic hamartoma at histologic examination as seen at different magnifications:
well-circumscribed lesion composed of disorganized acini with central fibroblastic, heavily colla-
genized stroma 



Accordingly, in our opinion IPAS should be suspected in the presence of
hypervascular lesions located in the tail of the pancreas, in patients who have
previously undergone splenectomy. 
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