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ABSTRACT

Today, ultrasound (US), computed tomography (CTJ aagnetic Resonance imaging (MRI)
repesent the mainstay in the evaluation of panicreatid and cystic tumors affecting pancreas in
80-85% and 10-15% of the cases respectively . tatem of US, CT or MR imaging is essential
for an accurate assessment of pancreatic pamerachgucts and adjacent soft tissues in order to
detect and to stage the tumor, to differentiatadslom cystic lesions and to establish an
appropriate treatment. The purpose of this reviewoiprovide an overview of pancreatic tumors
and the role of imaging in their diagnosis and nganaent.

In order to a prompt and accurate diagnosis antbappte management of pancreatic lesions, it is
crucial for radiologists to know the key findingstbe most frequent tumors of the pancreas and the
current role of imaging modalities.

A multimodality approach is often helpful. If MDCi§ the preferred initial imaging modality in
patients with clinical suspicion for pancreatic can multiparametric MRI provides essential
information for the detection and characterizatiba wide variety of pancreatic lesions and can be

used as a problem-solving tool at diagnosis anohgdollow-up.

Keywords: pancreas, pancreatic tumors, ultrasolwfs),(contrast-enhanced ultrasound (CEUS),
multidetector-row computed tomography (MDCT), $pblus MDCT, magnetic resonance

imaging (MRI), multiparametric MRI, positron emissitomography (PET).



Introduction

Today, ultrasound (US), computed tomography (CTd &magnetic Resonance imaging (MRI)
repesent the mainstay in the evaluation of panicreatid and cystic tumors affecting pancreas in
80-85% and 10-15% of the cases respectively [1rggration of US, CT or MR imaging is
essential for an accurate assessment of parcpEatnchyma, ducts and adjacent soft tissues in
order to detect and to stage the tumor, to diffimén solid from cystic lesions and to establish an
appropriate treatment. The purpose of this reviewoiprovide an overview of pancreatic tumors

and the role of imaging in their diagnosis and nganaent.

Classification

Pancreatic tumors including a heterogeneous grotippranary lesions: adenocarcinoma,
neuroendocrine tumor (NET), pancreatic cystic nespls, solid pseudopapillary tumor,
pancreatoblastoma, pancreatic lymphoma and raefi@iaeous neoplasms [1] (Table 1).
Pancreatic ductal adenocarcinoma (PDA) represe®-8%6 of all pancreatic solid pancreatic
malignant neoplasms while neuroendocrine tumordsraguently benign and include insulinoma,
gastrinoma, glucagonoma, somatostatinoma, vaseadatiestinal polypeptide tumor (VIPoma),
Pancreatic polypeptide secreting tumors (PPomas)nan-functioning tumors, amounting to 3%-

4% of the cases [1].

Clinical presentation

Early pancreatic cancer is often asymptomatic. Tgniio the pancreatic head (75% of the cases)
often present early with biliary obstruction. Howevtumors in the body and tail can remain
asymptomatic till late in disease stage [3].

Weight loss, poor appetite, abdominal discomfolddaaminal or midback pain and obstructive

jaundice and related symptoms are relatively comrand generally occur late in the clinical



development; pancreatitis is less common as pri@esesymptoms [1,4,5]. Digestive problems,
nausea and vomiting occur more frequently when dtecer presses on the stomach. Rarely,
pancreatic cancers cause diabetes due to the destrof insulin-making cells. Encasement of
vascular structures, infiltration of adjacent bowat superior mesenteric vein thrombosis may all
occur later.

PDA is associated with several rare paraneoplagtidromes: Trousseau syndrome is traditionally
defined as migratory thrombo-phlebitis [6-7]. Patitis is associated with acinar cell carcinoma
in 8% of cases; eczematous dermatitis, fibrous naaas hand changes, plantar keratoderma,
polymyositis, neurological and hematologic mandésn represent other paraneoplastic syndromes
[1,8-10].

Signs and symptoms of pancreatic functioning NEF different and dependent on an excessive
secretion of hormones. Insulinoma (50%) reveadslfitwith hypoglycemic attacks featuring
neuroglycopenia and sympathetic over-stimulatiog|uiding weakness, confusion, sweating, and
rapid heartbeat, and/or atypical seizures [1,11-Gajstrinomas (20%) produce too much gastrin,
causing a condition known as Zollinger-Ellison syorde, resulting in peptic ulcers which can
cause pain, nausea, loss of appetite and anentia,14;17]. VIPomas (3%) make vasoactive
intestinal peptide (VIP) and result in watery dia and hypokalemia [1,11,12,18]. Glucagonomas
(1%) produces glucagon that increases glucosesléweghe blood; most of the symptoms are often
nonspecific, as diarrhea, weight loss, malnutritgord rarely hyperglycemia. The most distinctive
feature of a glucagonoma is necrolytic migratogtieema, a red rash with swelling and blisters that
often travels place to place on the skin [1,11,18]. Somatostatinomas (<1%) produce
somatostatin; symptoms can include diarrhea, stéwt®, nausea, poor appetite and weight loss,
gallstones, and symptoms of diabetes [1,11,20].n®gocause an increase in the production of
pancreatic polypeptide (PP), but they are rare lamek not been associated with any clinical

syndrome [21]; some patients also get watery diarrh



Signs and symptoms of non-functioning neuroendectiimors are caused by mass effect (mainly
jaundice, belly pain and weight loss) [11].
Moreover, asymptomatic cancer can be incidentalgcted on abdominal scans obtained for other

reasons.

Imaging

Plain radiograph

Plain abdominal radiograph has a very limited rialemaging of the pancreas; sometimes it can
show coarse parenchymal calcification of the paagren 25-59% of patients with chronic
pancreatitis ; however, calcifications near the gpaas can be confused with splenic artery

calcifications.

Ultrasound

Ultrasound (US) is usually limited in the evaluatiof pancreas due to body habitus (adipose tissue)
and the interposed intestinal and gastric bloaf2#;23]. However, US is the first non-invasive
imaging test for the evaluation of pancreas. Tradsminal conventional US allows to assess size,
site and echogenicity of pancreatic lesions witteasitivity and a specificity respectively of 75%
[24] and an accuracy of 50%-70% [25] and to evaludie Wirsung duct caliber. Most focal
pancreatic lesions are hypoechoic compared to ropa@nchyma. Typically dilatation of the
common bile duct and pancreatic duct (double diget) swhich is very suggestive for a mass in the
pancreatic head, even in the absence of a visiblgsjris seen in patients with a pancreatic head
tumor.

Endoscopic US (EUS) provides ultra-high resoluiimages and is commonly accepted as the most

sensitive technique for detection of small panécdaad tumors (< 2 cm) [26].

Contrast-enhanced US



The introduction of microbubble contrast agentsingzoved the diagnostic accuracy of US in the
study of pancreatic pathologies [27,28]. Contradteenced US (CEUS) is a cost-effective real-time
method that allows the evaluation of the enhancérmé&mpancreatic lesions during the dynamic
phases [28] and provides useful findings for déférating pancreatic carcinoma from chronic focal
pancreatitis [29]; moreover CEUS is very accuratdeamonstrating NET vascularisation [30].

Even if the Authors themselves suggest that CEU iaccurate method for the characterization of
pancreatic masses [31], CEUS is not sufficienthtaracterize the tumor, but rather it can improve
the accuracy of US of pancreatic lesions incidgn@tected as complementary dynamic imaging
[30]; contrast-enhanced CT and/or MRI allow a maceurate evaluation of the local extension and
metastatic spread [32,33]. Nevertheless, CEUS eamsbd during follow-up in patients with severe
acute pancreatitis, after an initial CT evaluatioecause it may help identify and delineate necroti
areas, which do not enhance [27,34].

Technique— After contrast agent injection, enhancement of the pasdoegins immediately after
aortic enhancement during an early arterial pha6etd 30 sec); subsequently there is a transient
venous phase (30 to approximately 120 sec) [278.Mhin limitation is represented by the different
pharmacokinetics of microbubble contrast agentsoimparison to the contrast medium of CT or
MRI, due to their confine in vessel lumen withoutravascular phase; consequently the late phase
of CEUS does not correspond to the interstitigbarenchymal equilibrium phase described in CT

and/or MRI [23].

Multidetector-row CT

Multidetector-row Computed Tomography (MDCT) is tim®st widely used imaging modality for
pancreatic tumors evaluation with a sensitivitywsstn 76%-92% for diagnosing pancreatic cancer
[3,35,36].Brennan et al. assert that CT has an accuracy%f85% for tumor detection, a positive
predictive value of 89%—-100% for unresectabilityl @negative predictive value of 45%—-79% for

resectability [37].



MDCT allows to accurately assess tumor morpholalyctal anatomy, and its relationship to
surrounding organs and vascular structures, penqiét surgical planning. High-resolution MDCT
and image-processing techniques (multiplanar rénact®ons and curved reformations) can provide
additional details and can define the pancreatitaliwourse and anatomy. CT is also easily able to
detect the “double duct sign”, whereas tumors m plancreatic body may cause upstream MPD
dilatation.

Since the tumor may be isoattenuating, no pancreass is visualized in 10% of cases [37].
Indirect signs, such as abrupt cut off of the paatic duct PD dilation (interrupted duct sign), snas
effect on the pancreatic parenchyma and atroprstaldparenchyma, should be considered as
indicators of tumors when mass cannot be clearbntiled on CT [38]; the knowledge of
pancreatic cancer and surrounding parenchyma & €3sential to improve research on methods to
detect isoattenueted tumor [39]. The quantitatimalysis at triphasic MDCT increases tumor
detection with respect to visual analysis, showangigher sensitivity in all phases, even for small

PDAs isodense to the pancreatic parenchyma upstieéme tumor [39].

Technique -Many CT protocols for pancreatic enhancement amdtneatic tumor staging are
described in the literature. In patients with saspe pancreatic tumor, the maiority of standard
CT protocols [40-43] involves non-contrast studyideed by pancreatic parenchymal phase
(PPP) and portal venous phase (PVP) and delayedep(iaP), after the administration of
intravenous contrast material.

An arterial phase may be performed if a hypervascyancreatic lesion such as a
neuroendocrine tumor is suspected, while PPP @jlpid0-45 seconds after contrast injection)
allows maximal differentiation between the normatgmchyma and the hypodense pancreatic
lesions, becoming the most sensitive phase foretf®uation of pancreatic parenchyma (e.g.
adenocarcinoma) [36,40]. PVP (70 seconds afterastinjection) is optimal for detecting liver

metastases.



Nevertheless, multiphase CT exposes patient tglafaidiation dosse. Recently, the split-bolus CT
protocol has been proposed for the detection taging of pancreatic cancer [44].

Split-bolus MDCT technique, combining arterial pbd8P) and PVP, allows an optimal pancreatic
enhancement to detect normal pancreatic parenchyii@ maximize the difference in attenuation
between the tumor and the background pancreatienphyma with a better tumor conspicuity,

provides optimal synchronous arterial and mesenteenous opacification evaluating potential

tumor resecability, and reduces radiation dosed@4n addition, Split-bolus allows lymph nodes

assessment, detection and characterization obtta liver lesion [45].

In Figure 1 is reported a schematic view of Sptlilis MDCT protocol in a patient weighting 75

Kg.

MRI

MRI, including morfologic and functional sequenchas become widely used in the diagnosis of
pancreatic pathologies because of its very hightssfue contrast resolution, with an accuracy in
the detection and staging of adenocarcinoma of 200846 [47]; MR cholangiopancreatography
(MRCP) permits the evaluation of pancreatic dustestem anatomy and abnormalities and can be
used to depict relationship between cystic lesiamd pancreatic duct [48,49]. MRI is used as a
problem-solving tool for diagnosis and during felt@p in patients with cystic pancreatic tumors
[50].

Furthermore, diffusion-weighted imaging (DWI), alshdbecome part of the MRI protocol, may
provide additional information about a wide variefysolid and cystic lesions of the pancreas and
can help radiologists, especially to detect sofidgveatic tumors with a high cellularity or fibrgsi
which show a low ADC (apparent diffusion coeffidiemalues [48], and potentially to distinguish
focal pancreatitis from adenocarcinoma, as repontditerature [52].

MRI can be performed with scanning at 1.5-T or 3flidies comparing 1.5-T and 3-T abdominal

MRI suggest that 3-T does not offer substantialrompment in image quality for unenhanced



images; however, the signal-noise ratio (SNR) omtast-enhanced images is thought to be
superior at 3 T [52-59].

Technique — A complete evaluation of the pancreas and the patmibiliary ductal system
includes a multiparametric-MRI (mp-MRI) T2-weighté@i2W) and diffusion-weighted imaging
(DWI), as well as contrast-enhanced MRI) and chgilpancreatography (MRCP) pulse
sequences (HASTE) using the following sequenceml a-weighted gradient-echo, with and
without fat saturation, using breath-hold or gatesbirations, axial and coronal T2W images with
and without fat saturation, either fast spin edA8HK) or turbo spin echo (TSE), T1W breath-hold
fat-suppressed 3D gradient-echo images before #ad gadolinium (Gd-DTPA) administration
and spin echo EPI single shot (DWI) with b valueB00, 1000 and ADC maps reconstruction.
Contrast-enhanced MRI includes multiphase (PPPP Rwvid DP) study after intravenous
administration of Gd-DTPA.

The MRCP sequences can be obtained by 3-dimens{@mjl acquisition that produces high
resolution images of the pancreato-biliary ducyastem. Pineapple and blueberry juice have been
used as oral contrast agents to reduce the sigmalthe overlying stomach and duodenum.
Secretin MR cholangiopancreatography (S-MRCP) satpie which entails administration of
secretin to stimulate the exocrine function of tencreas, have been developed for a more
complete assessment of pancreatic ducts and gkanfiuiction, useful in assessment of complex

ductal anomalies and to quantitatively assessxberme function of the pancreas [49].

PET/CT

Nuclear medicine is able to provide a functionalagimg of pancreatic tumours of different

histology and its contribution is of pivotal impanice to better diagnose and follow up pancreatic

lesions.



Many papers investigated the diagnostic ability pEfncreatic cancer of Positron Emission
Tomography (PET) with 2-deoxydf]fluoro-D-glucose {SFDG), a radiocompound labelled with
“Fluorine (°F) that uses glycolytic pathways and has an uptalkehanism in tumour cells
depending on the increased number of functionalagle transporters and glycolytic enzymes [61].
The wide diffusion of hybrid systems, combining leac medicine (SPECT and PET) and
radiology devices (CT, MRI) mounted on the sametmgato obtain co-registered and fused
functional and anatomical images, improves diagioagsults in clinical practice [60,61]. In a
recent meta-analysis the sensitivity and spetyfizci 18FDG-PET to confirm suspected pancreatic
cancer resulted up to 95% and 100%, respectivdly [6

A further promising radiopharmaceutical has beeappsed to image pancreatic cancer, the
thymidine analogue 3-deoxy-BL8F]fluorothymidine t%FLT) [62]. This radiocompound allows to
visualize proliferating lesions and it has beenwahdhat it selectively accumulates in malignant
tumours of the pancreas [63], but its use is lgtilited.

Furthermore pancreas is a site of neuroendocrimedus (NET). Pancreatic NET are less frequent
than endocrine gastrointestinal tumours and, afthogenerally asymptomatic, they may cause
hypersecretion of several hormones (gastrin, insgliucagon, vasoactive intestinal peptide) and
usually over-express somatostatin receptors (SSR]64-67].

Among positron emitting radiopharmaceuticaldDG does not represent the option of choice
because it better detects highly metabolic undifigated tumours, while other radiotracers such as
8=.DOPA (3,4-dihydroxy-L-phenylalanine labelled witAF) and peptides labelled witffGa
provide better results [68]. NET are avid'&-DOPA because they derive from cells belonging to
the amine precursor uptake and decarboxylation (@Ptell system and therefore show a high L-
DOPA decarboxylase activity [69] whi¥Ga-DOTA peptides are radiolabelled somatostatin
analogues binding to somatostain receptors (SR) dh&a over-expressed on NET tumour cell

surface (70).



The most known PET tracer for SR imaging &f&&-DOTAO ,Tyr3]octreotate’{Ga-DOTATATE),
[*®Ga-DOTAO, Tyr3]octreotide °{Ga-DOTATOC) and 1,4,7,10-tetraazacyclododecané’1@
tetraacetic acid]-1-Nal3-octreotid®Ga-DOTANOC) and they are useful to evaluate SResgion

in order to treat the patients withl-emitting labelled somatostatin analogues [60,80kh as
radiocompounds labelled BYYttrium (°°v) and*’ Lutetium ¢""Lu).

Despite the clinical relevance &fGa-labelled radiocompounds also due to the highiadpa
resolution of PET scan comparing with SPECT, themitting somatostatin analogues maintain a
certain rolein-DTPA-octreotide is commercially available andhe most commonly used agent
for SR imaging [70,71]. It shares with positron-&mg radiopharmaceuticals the clinical
indications including the diagnosis of primary andtastatic NET, the staging and the follow-up of
patients and the selection of subjects with indpleraand/or metastatic tumours candidates to

peptide receptor radionuclide therapy.

SOLID LESIONS

Pancreatic ductal adenocarcinoma

Pancreatic ductal adenocarcinoma (PDA), 85%-95%llopancreatic solid pancreatic malignant
neoplasms, represent the fourth leading cause ncecaelated deaths and affects men more
frequently between 60-80 years of age [1-4]. PDhoeated in the pancreatic head 60%-70%, less
commonly in the body (10%-20%) and 5%-10% in thk[ia3]. Postoperative survival rate at 5-
year is of 20% [1,3], furthermore the cancer igotable at diagnosis in only about 20-15% of cases
[49]. CA 19.9 can be elevated, but it is usefulimlyifollow-up because its rise up precedes imaging
manifestation of relap4d9].

On PPP of the conventional bi- or triphasic CT amdmixed (PPP/PVP) phase of Split-bolus
MDCT protocol, most tumors are hynomogeneous hypoaating after intravenous contrast

medium injection (Figure 2); the 10% of cases may idoattenuating [1,39,37]: mass effect,



abnormal contour of the pancreas, ductal obstmetioh “double duct sign”, and vascular invasion
(vessel deformity, thrombosis, and development ollateral vessels) are indirect signs of
pancreatic cancer [1,2]. Rarely (8% of cases) easde cystic-necrotic degeneration [72].

At MRI PDA show low signal intensity on Tlw imagasd appears hypovascular than the normal
pancreas after paramagnetic contrast medium admaitiis); sometimes exhibit delayed
enhancement [48]. On dynamic images the PPP allbevgreatest attenuation difference between
cancer and normal pancreatic parenchyma; T2w imsigews less tumor conspicuity, furthermore
is useful to emphasize secondary signs as upsipaeagreatic ductal dilatation.

In addition to morphological and multiphasic costranhanced imaging, functional informations
on cellularity provided by DWI further improve MRliagnostic accuracy. Since malignant tumors
are characterized by limited diffusion due to f&ieoand hypercellularity, DWI and apparent
diffusion coefficient (ADC) values provide a higlegtee of contrast between PA and normal
pancreatic parenchyma: pancreatic tumours haveased signal intensity on diffusion weighted
images with high b values (b > 500 sec/pand relatively low ADC values [48]. In additioB\WVI
may be helpful in the earlier detection of canaed &mph nodes and/or liver metastases [48,73-
75]. Instead, it is difficult to differentiate bedn mass-forming focal pancreatitis and poorly
differentiated PDA [48].

Representative case of PDA evaluated by mp-MRépsrted in Figure 3.

Endoscopic US, specially used to perform biopg&sys a key role in the detection and staging of
small tumors (up to 0.2 cm) and clarify equivocakes at CT or MRI showing an ill-defined,
heterogeneous hypoechoic mass [1].

On ®FDG PET evaluation PDA generally shows intenselfB&G uptake due to enhanced glucose
metabolism. *)FDG PET is potentially useful to detection small tastases that can be

underestimate at MDCT and MRI.



Pancreatic neuroendocrine tumor

Pancreatic neuroendocrine tumors (NET) represemital®-5% of all pancreatic tumors and occur
sporadically in patients in their third to sixthcdees [76]. In some cases, association with maltipl
endocrine neoplasia type 1 (MENL1), neurofiboromatdgpe 1, von Hippel-Lindau syndrome and
tuberous sclerosis can been observed.

The NET often shows a homogeneous or heterogergmasenhancing pattern at the early stage in
CEUS, depending on the amount of the stroma withérlesion [77-79].

On AP or PPP of the conventional bi- or triphasiD@®T and in mixed (PPP/PVP) phase of Split-
bolus MDCT protocol, the NET appears hyperatterdiete comparison to adjacent pancreatic
parenchyma. Small NET (< 2 cm) shows typical homeges intense enhancement during the
arterial phase whereas greatest lesions show eteeous enhancement, a finding due to areas of
cystic degeneration, necrosis, fibrosis and calgiion [1,80,81].

NET are usually more conspicuous on T1-weightedgasa the presence of cystic component
(necrosis or cystic degeneration) are typicallydrygense on T2 MRI. Malignant NET may show
high signal intensity on DWI with high b values alosv ADC values due to restriction by dense
tumor cellularity; benign small NET can have atigkly high ADC values [48].

As previously reported pancreatic NET can be swefublg evaluated by imaging with somatostatin
analogues labeled by [J(and [1-emitting radiopharmaceuticals, whif8FDG can be used to
evaluate more aggressive and less differentiat@drst

Represented cases of functional and non-functidiall (US, Split-bolus MDTC, mp-MRI) are

reported in Figure 4-6.

Solid pseudopapillary tumor
Solid pseudopapillary tumor (SPT), most commonlgalized in the pancreatic tail and in young

females, constitute approximately 1%-2% of all paatic neoplasms [82,83], with an excellent



prognosis following complete resection. Rarely gradint degeneration can occur, just as in liver
and peritoneum metastases [1,84].

On CT, SPT usually can be seen as a large wellpsntated mass with cystic, solid or hemorrhagic
components [1,79,85] that displace surroundingctires without obstruction of the bile duct or
pancreatic duct; peripheral calcification can bensen 30% of cases [83]. The pseudocapsule
(compressed pancreatic tissue and fibrosis) isnoitant feature to distinguish these neoplasms.
After contrast medium injection, the SPT shows giegral slow early heterogeneous enhancement
during arterial phase of solid component with cantystic spaces [82].

MRI demonstrates the small tumors, most frequdmthgtioning tumors, as solid and homogeneous
and larger tumors, most frequently nonfunctioningnors, as heterogeneous mass with an
heterogeneous signal intensity on T1- and T2W irmage degree of diffusion and ADC values
are dependent to cystic or hemorrhagic fluid; sotichponent usually can show relatively low ADC
values [48].

Most of the papers ofFDG PET in pancreatic tumours concern PDA, butceme interesting
paper [86] retrospectively reviewed the recordslbfsubjects with SPT and 46 patients with
pancreatic ductal adenocarcinoma, showing Mff§BG uptake also in SPT and concluding that this
rare tumour should be considered when a solid paticrmass with increasétFDG uptake is

revealed at PET/CT scan.

Pancreatoblastoma

Pancreatoblastoma, the most common pancreatic tumyaung children (mean 5 years), is rare in

adults (< 1% of all pancreatic tumors) [48,87]. &t@atoblastoma is typically an asymptomatic,

well-encapsulated and heterogeneous large masseitists with an increase of serum alpha-

fetoprotein level in 25%-33% of cases [1]. Metastagre rare.

This tumor is heterogeneous with hypoechoic cyspiaces and hyperechoic internal septa at US

evaluation [88].



On MRI pancreatoblastoma shows intermediate sigwahsity at T1- and T2-weighted with small
hyperintense areas in T2. The solid component &shiéypid enhancement during arterial phase and
wash-out in delayed phase after contrast mediumirastnation and restricted diffusion due to

dense cellularity on DWI [82].

Pancreatic lymphoma

Primary pancreatic lymphoma, most frequent in imoaompromised patients, constitutes 0.5% of
pancreatic tumors and is most commonly a B-celtygeof non-Hodgkin lymphoma [1,89]. More
common is a secondary lymphoma as result of diregtension from peripancreatic
lymphadenopathy. Clinical presentation of primaangreatic lymphoma is nonspecific; the most
common findings were abdominal pain and weight.loss

Pancreatic lymphoma occurs in a focal well-circuntiezl form (uniform low attenuation and
minimal enhancement at CT; hypointensity on TIWdgesmand intermediate signal intensity on
T2W images and slight contrast enhancement at M&iH a diffuse pattern (diffuse
enlargement and hypointensity on T1- and T2 w irsasyed moderate homogeneous enhancement
at MRI) that can simulate the appearance of acateneatitis [1,90]. Imaging findings can show
encasement of peripancreatic vessels [91].

Imaging findings are not specific in the differeibn of pancreatic lymphoma and pancreatic
cancer, but a bulky homogeneous tumoral mass withlteration of Wirsung's duct should suggest

the diagnosis [92].

CYSTIC LESIONS

Cystic lesions represents 10%-15% of all pancreatioors. An important distinction among
neoplastic cysts is the categorization into foubtgpes unilocular, macrocystic: multilocular,
microcystic and cystic with a solid component amariucinous versus nonmucinous. The first aim

of imaging is to characterize cystic neoplasms;awofirm or to exclude a communication between



the cystic lesion and the pancreatic duct and stindjuish these from pseudocysts (encapsulated
fluid collections without necrosis after 4 weekrfr@nset of acute pancreatitis) [93].

When small (< 3 cm) cysts are represented by unéodesions, well defined and without internal
septa, calcification or internal soft-tissues negulit is suggested a close surveillance with kseria
imaging at 6-months intervals for the first yead amnual follow-up for next three years.

Usually imaging shows a cystic mass with a thicklvaat exhibits mild enhancement after

intravenous contrast injection.

Serous cystadenoma

Serous cystadenomas are benign cystic tumors (204 pancreatic cystic neoplasms), typically
diagnosed incidentally in asymptomatic patientssinfeequently in older women, which do not
require surgical excision. The lesion appears &tuster of cysts well-defined (without visible
communication with pancreatic duct) with a highnsigintensity on MRI T2W images (Figure 7-8),
with a thin fibrous septa that can show delayecheanbment after contrast medium administration.
Two subtypes of lesions are known: microcystic seroystadenomas, composed of multiple cysts
(each < 2 cm), separated by fibrous septa origineiten a central calcified scar, and macrocystic
serous cystadenomas, uncommon, composed of lagge €8 cm). A central calcified scar is
highly specific and best demonstrated at CT [48heWassociated with von Hippel-Lindau (VHL)
disease, multifocal cystic lesions can involve laacreatic gland diffusely [93].

The features in DWI and ADC are depending on thewarhof fibrous septa or fluid in the lesion;
occasionally serous cystadenomas with fibrous semtashow relatively higher signal intensity on
DWI and lower ADC values compared with non-neoptastysts. On the bases of DWI the

differential diagnosis between these lesions amdrmemplastic cysts is difficult [48].

Mucinous cystic neoplasm (mucinous cystadenoma/cystadenocarcinoma)



Mucinous cystic neoplasm (10% of all pancreatidicyseoplasms), are most frequently diagnosed
in women (80%) in their sixth decade of life [86,%hd are preferentially localized in body and
pancreatic tail without communication with pancreatuct [unlike intraductal papillary mucinous
neoplasms (IPMNSs)].

The lesion appears as a multilocular or unilocatamidly septated cysts well-defined, usually > 2
cm (Figure 9). In relation to the degree of hemagehor the amount of protein in the mucoid cysts,
CT shows different levels of attenuation [93] ahd tesion may be hyperintense on T1-weighted
images.

Imaging is unable to distinguish cystadenoma frorataddenocarcinoma, furthermore intracystic
enhancing soft tissues, invasion of adjacent orgam$ vascular invasion are suspicious for
malignancy, as metastatic disease too. The rafé) pBesence of peripheral eggshell calcifications
has a highly predictive value for malignancy. DWillwot distinguish between mucinous cystic

neoplasm and non-neoplastic mucinous cystic neapthge to the relatively high ADC values [48].

Intraductal papillary mucinous tumor of the pancreas

IPMNs of the pancreas represent 20% of cystic meaticr lesions and occur more frequently in
elderly men [83,91]. The histopathologic charasters of IPMNs are papillary growth and
hyperproduction of mucina which causes dilatatibthe main pancreatic duct, its branches or both
[48,49,94,95]. The characteristic imaging featutdRMNS is the communication of lesion with
pancreatic ducts, demonstrate on MRI [48], useful differentiate them from mucinous
cystadenoma (Figure 10).

IPMNs may frequently be multifocal and may haveigeror malignant behavior on the basis of the
degree of dysplasia; when it affects the main dhetJesion is more likely to be malignant.

The features suggestive of invasive carcinomatsdarge size of the mass (> 3 cm), presence of

mural nodules, dilatation of the main pancreatictdul cm and multifocal involvement [49].



DWI does not allow a differential diagnosis becal®@Ns usually show an high ADC value even

in cases of carcinomas in situ [48].

METASTASES

Pancreatic metastases occur in 2%-5% of all matignaoplasms and originate most frequently
from renal cell carcinoma, lung carcinoma, breastciooma, colorectal carcinoma, ovarian

carcinoma and melanoma [96]. Imaging features arespecific: metastases can be solid or cystic,
hypo- or hyper-vascular depending on primary tuarat can be solitary (50%-70%), multifocal or

diffuse [1,96-99] (Figure 11-12).

IMAGING AFTER SURGERY

The knowledge of the type of surgical proceduredhifle procedure, distal pancreatectomy,
central pancreatectomy or total pancreatectomy) taednormal post-operative appearances are
essential for an accurate evaluation of the coraptios and recurrent disease.

Several imaging techniques can be used after patincirgery. US plays a limited role in the early
post-operative period useful only for the peritdrikad detection.

In the immediate post-operative period the most mom findings are fluid peritoneal or peri-
pancreatic collections, increased density of thesemteric fat tissue, reactive adenopathy and
pneumobilia; early and late surgical complicaticas anastomosis leakage, pancreatico-jejunal
fistula, peritonitis, abscess, aneurysms, anadionstenosis, perianastomotic ulcers, biloma and
intra-abdominal bleeding, are better detected onn@ging.

CT represents the first choice for the evaluatidbriumor recurrence and for the assessment of
lymph nodes and liver metastasis [99].

MRI may be used as alternative imaging modalitfCio or in cases of inconclusive CT findings;
furthermore, MRI combined with functional DWI pot&ily provides helpulf information about

locally recurrent disease.



Also ®FDG PET is useful to detect recurrent disease aftegery, but PET scan has to be
performed for some months after surgical treatmémtavoid unspecific uptake of the

radiocompound due to inflammatory reaction afteralpy (Figure 13).

CONCLUSION

In order to a prompt and accurate diagnosis andogppte management of pancreatic lesions, it is
crucial for radiologists to know the key findingstbe most frequent tumors of the pancreas and the
current role of imaging modalities.

A multimodality approach is often helpful. If MDCi§ the preferred initial imaging modality in
patients with clinical suspicion for pancreatic can multiparametric MRI provides essential
information for the detection and characterizatbra wide variety of pancreatic lesions and can be

used as a problem-solving tool at diagnosis anohddollow-up.
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TABLE and FIGURES

Table 1 — Pancreatic tumors and tumor-like lesions

Tumor lesions Tumor-like lesions
Primitive Secondary Focal pancreatitis
Solid exocrine Solid Cystic lesions (from) Fatty infiltration-
tumors neuroendocrine replacement
tumors (NET)

Ductal adenocarcinomp Insulinoma Intraductal papillary | Renal cell Pseudocysts

mucinous neoplasm | carcinoma
(IPMN)
Acinar cell carcinoma Gastrinoma Serous cystoadenomg Lung Intrapancreatic accessoly
carcinoma spleen

Pancreatoblastoma Glucaconoma Mucinous cystic Breast Hydatid cysts

neoplasm carcinoma
Solid pseudopapillary Vipoma True cyst Colorectal Fibrocystic disease
neoplasm carcinoma
Pancreatic lymphoma| Pancreatic polypeptide Cystic variants of solidf Melanoma Duplication cysts and
secreting tumors tumors (e.g. Cystic retention cysts
(PPoma) teratoma, Cystic ductg
adenocarcinoma,
Cystic NET)
Miscellaneous Somatostatinoma Ovarian Sarcoidosis
carcinomas cancer
Non-functioning Sarcoma Castleman disease
tumors

saline

1t bolus L 2" bolus 5
solution

solution /
2 ; e
90 ml 2.0 ml/s 201 2.0 mls 60 ml 3.5 ml/s 20 ml 3.5 mlls

=Y ! x !
45 sec 10 sec 17 sec 6 sec

——> Bolustracking Start scan
(6 sec after Tarr™)

>
Cd

Start bolus injection

*Contrast arrival time

Figure 1. Schematic view of Split-bolus MDCT technique of tteest, abdomen and pelvis shows
contrast medium administration splitted into twdtsoinjections in adult male (weighed 75 kg). First
bolus [at the start of bolus injection (or time@e©0 ml (1.2 ml/kg) of contrast medium at 2.0snl/



followed by 20 ml of saline solution at same floate, is injected to obtain adequate hepatic
enhancement during the portal venous phase; sdoolnd: 60 ml of contrast medium at 3.5 ml/s
followed by 20 ml of saline solution at the samewflrate to obtain hepatic arterial phase. CT
scanning is started 6-8 sec after to Time of arnavaontrast medium at the aorta (Tarr) determined
by bolus tracking technique (raising the threshablie at 500 HU) with a circular region of interest
placed in the descending aorta. A single contrak&eced acquisition from the pulmonary apex to
the pubic symphysis was carried-out, resulting ginaultaneous contrast enhancement of the arterial
and venous systems.

Figure 2. 60-years-old male patient with unresectable paticreactal adenocarcinoma with liver
metastasis at initial 64-slice Split-bolus CT puratlb Mixed phase (a) and delayed phase (b) show
inhomogeneous lesion in the body of the pancreag Nilatation of the Wirsung in the pancreas
up-stream to the tumor.



Figure 3. 28-years-old male patient with pancreatic ductanad¢arcinoma with multiple liver
metastasis at 3 T mpMRI evaluation. Fat-suppresg2daveighted images (a) show a slightly
inhomogeneous hyperintense lesion (arrow in ahénktody of the pancreas determining dilatation
of the Wirsung in the pancreas up-stream to theotuMRCP (b) shows the interrupted duct sign
(head arrow in b). At multiphase T1W breath-holtdappressed 3D gradient-echo images after
intravenous administration of gadolinium (Gd-DTP&]J) the lesion appears inhomogeneous with
maximum enhancement on delayed phase (f). On WMl b=1000 values (g) and ADC map (h)
the tumor (arrow in g and h) show restriction @ thffusion of the water molecules.



Figure 4. 79-years-old male patient with neuroendocrine peatcs tumor (NET) on pancreatic at
64-slice CT. Pancreatic parenchymal phase show dedilhed lesion with intense enhancement at
the isthmus of the pancreas.

Figure 5. 54-years-old female patient with functioning neurdecrine pancreatic tumor (NET) at 3
T mpMRI evaluation. The lesion appears hypointesrsd 1W images (a), slightly hyperintense on
T2W images (b). MRCP (c) shows interruption of Wasung (head arrow in c). At multiphase



T1W breath-hold fat-suppressed 3D gradient-echogé@saafter intravenous administration of
gadolinium (Gd-DTPA) (d-f) the lesion exhibits ins& enhancement in arterial phase (arrow in a)
which persists during venous and delayed phasewan e and f). On DWI with b=1000 values
(g) and ADC map (h) the tumor (arrow in g and hdwhestriction of the diffusion of the water
molecules.

Figure 6. 34-years-old male patient with incidental findind pon-functioning pancreatic
neuroendocrine tumor (arrow). Mixed phase at 6gesBplit-bolus CT protocol (a) shows a well
defined lesion that exhibits intense enhancemeitiwpersists into the delayed phase (b) in the tail
of the pancreas. US (c) shows a hypoechoic lesmh@EUS (d) demonstrates hyperenhancing
pattern at the early phase. At 3 T MRI evaluationT®W images the NET appears as slightly
inhomogeneous hyperintense lesion (e) that exhibtense enhancement at arterial phase T1W
breath-hold fat-suppressed 3D gradient-echo imafjesintravenous administration of gadolinium
(Gd-DTPA) (f). On DWI with b=1000 values (g) and &Dmap (h) the tumor (arrow in g and h)
show restrictionto water diffusion dueto increased cellular density.



Figure 7. 29-years-old female patient with serous cystadendviixed phase at 64-slice Split-bolus

CT protocol (a) and delayed phase (b) show a clesion with polycyclic contours and some thin

internal septa with no significant enhancementhim lhead of the pancreas. 3 T MRI on T1W (c)
and fat suppressed T2W images (d) confirm the cystmation. At multiphase T1W breath-hold

fat-suppressed 3D gradient-echo images after iatraws administration of gadolinium (Gd-DTPA)

(e-g) thin internal septa doesn’t exhibit sigrafit enhancement. On DWI with b=1000 values (h)
and ADC map (i) the lesion not demonstrated resinoof the diffusion of the water molecules.



Figure 8. 37-years-old female patient with macrocystic seroystadenoma at 1.5 T MRI. T2W
images (a), MRCP (b), and MRCP sequences withr&8Idnstruction (c) show a well-defined
voluminous cystic lesion with internal septa andked dilatation of the main pancreatic duct and
the lateral ducts. The internal septa of the lesghibit progressive enhancement on multiphase
T1W breath-hold fat-suppressed 3D gradient-echogé@saafter intravenous administration of
gadolinium (Gd-DTPA) (d-f).




Figure 9. 56-years-old female patient with mucinous adenacansa of the pancreas. Pancreatic
parenchymal phase (a) and portal-venous phaset (MD&LT show hypodense lesions in the
head/uncinate process of the pancreas. CT of thst show multiple diffuse bilateral parenchymal
metastasis (c). No communication with pancreatictdat 1.5 T MRCP imaging with 3D
reconstruction was demonstrated (d).

Figure 10.36-years-old female patient with main-duct intradupapillary mucinous neoplasm.
Axial a) and coronal multiplanar reconstruction ifliked phase at 64-slice Split-bolus CT protocol
shows a significant cystic dilatation of the maanpreatic duct with linear parietal calcifications
without mural nodules and/or areas of pathologecddancement. On 1.5 MRI the lesion appears
homogeneously hyperintense on the axail (c) andnadr(d) T2W images, and site of
communication with the Wirsung is recognizable loe MRCP sequences (arrow in e). At
multiphase T1W breath-hold fat-suppressed 3D graéieho images after intravenous
administration of gadolinium (Gd-DTPA) (f-h) thesion doesn’t exhibit enhancement neither
restriction of diffusion on DWI with high b valu¢g and ADC sequences (]).
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Figure 11: 75-years-old female patient with metastatic smellllang cancer at 64-slice Split-bolus
CT protocol during follow-up. Mixed phase shows tirénitive inhomogeneous mass at the right
upper lobe of the lung (a) and a heterogeneousstasia in the liver and in the tail of the pansrea

(b).

Figure 12.56-years-old female patient with previous excisibmalignant melanoma of the back.
64-slice CT during follow-up in axial arterial plea&), venous phase (b) and coronal venous phase
(c) shows a voluminous metastatic mass that eshibifitomogeneous enhancement in the head of
the pancreas with massive infiltration of adjacergsels and structures.



Figure 13. 79-years-old male patient with previous duodenacefpancreatectomy for

neuroendocrine tumor of the head of the pancreég-atice Split-bolus CT protocol post-surgery
(a); after 12 months, 18F-FDG PET-TC (b) shows alki@rea of hyperfixation suspicious for
recurrence, next to the surgical clip. 3 T mpMRiluding DWI with b=1000 values (c) and ADC
map (d), confirms the PET-TC finding showing a wirtscribed area of restricition of diffusion
(arrow in c and d).



