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v

 This publication, entitled  Cystic Tumors of the Pancreas :  Diagnosis and 
Treatment , is particularly timely. Ten years ago cystic tumors of the pancreas 
might have made up 5 % of the total pancreatic resections in a large series. 
Today, cystic tumors comprise 15–20 % of those undergoing pancreatic sur-
gery. This increase is almost entirely made up of intraductal papillary muci-
nous neoplasms (IPMN). These lesions have changed the face of pancreatic 
surgery. The three editors, Drs Del Chiaro, Haas, and Schulick, have col-
lected world-class experts on cystic tumors from throughout the world to 
bring us up to date on how to diagnose and manage these and other cystic 
lesions of the pancreas. Beginning with Dr Elliot Fishman, who is the recog-
nized leader in diagnosing and defi ning cystic lesions of the pancreas by com-
puted tomography, to Dr Ralph H. Hruban, who has established many of the 
pathologic and histologic guidelines for diagnosing and classifying cystic 
tumors, the contributors are experts from around the world. 

 This book will undoubtedly go through several editions, because currently 
the diagnosis, classifi cation, and treatment of cystic neoplasms are still a 
work in progress. However, for all those currently interested in this topic, 
which includes primary care physicians, internists, gastroenterologists, sur-
geons, radiologists, and pathologists, the book is an excellent update. 

 The cystic tumors that are, of course, of the most interest are IPMNs. 
These lesions have dramatically changed the face of pancreatic surgery over 
the past decade. Only infrequently recognized until about 20 years ago, today 
much of the controversy concerning the diagnosis and management of cystic 
tumors revolves around IPMNs. The three editors, who themselves are experts 
in this fi eld, are from different parts of the world—the United States, Europe, 
and Scandinavia—and are in a unique position to know and recruit experts 
from around the world to participate in this publication. The resulting book 
will be of interest to all physicians who see patients with pancreatic diseases 
and currently set the standard for the diagnosis and management of these 
lesions. 

 John L. Cameron, MD 
 Alfred Blalock Distinguished Service Professor of Surgery 

 The Johns Hopkins Hospital 
 Baltimore, MD, USA  

   Foreword   



     



vii

 With a prevalence of up to 10 % in the elderly, pancreatic cystic neoplasms 
(PCNs) represent today the most frequent pancreatic fi ndings in our patients. 
With the extensive use of high-defi nition diagnostic modalities for conditions 
often unrelated to the pancreas, the incidental discovery of a PCN is frequent 
and represents a challenge not only for the pancreatologist but also for the 
general practitioner in their daily activity. Some of the PCNs are precursor 
lesions of pancreas cancer (i.e., intraductal papillary mucinous neoplasm 
(IPMN)) or can progress to cancer (i.e., mucinous cystic neoplasm (MCN) or 
solid and pseudopapillary neoplasm (SPN)). In contrast, other neoplasms 
(i.e., serous cystic neoplasm (SCN)) are benign. Therefore, there are two 
competing goals. On the one hand, we should aggressively resect lesions that 
have turned into cancer or are at high risk for doing so. On the other hand, we 
should not subject patients to the morbidity and mortality of pancreatic resec-
tion if they will not be harmed by the PCN. For this reason the correct identi-
fi cation, surveillance, and treatment need careful consideration. 

 A major issue today is that the preoperative diagnostic accuracy for these 
neoplasms is very low (inferior to 70 %). For this reason, the management of 
PCN exposes the patient to the risk of over- or undertreatment of these lesions. 
Even in patients we decide not to resect, often we subject them to a lifelong regi-
men of follow-up, because of the low diagnostic accuracy and the impossibility 
of predicting how individual PCN will evolve. Considering the prevalence of 
these lesions, this amounts to a tremendous cost for our healthcare systems. 

 This book was written to be a practical and complete reference for pancre-
atologists, as well as for gastroenterologists, surgeons, and general practitio-
ners. It will be valuable in the decision-making process in terms of making 
the correct diagnosis and choosing the correct therapeutic or observational 
approach for PCNs. 

 We have been quite successful in collecting and summarizing the experi-
ence of some of the most eminent experts in the topic from different disci-
plines and perspectives. From pathological classifi cation to epidemiology, 
and from diagnosis to different treatment strategies, the reader has the oppor-
tunity to have a complete update on this “burning issue” of the modern 
pancreatology.  

    Stockholm ,  Sweden      Marco     Del     Chiaro    
   Stockholm ,  Sweden      Stephan     L.     Haas     
   Aurora ,  CO ,  USA      Richard     D.     Schulick       

  Pref ace   
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      Pathology and Classifi cation 
of Cystic Tumors of the Pancreas                     

     Ralph     H.     Hruban       and     Caroline     S.     Verbeke     

1.1            Introduction 

 A variety of nonneoplastic and neoplastic lesions 
form cysts in the pancreas (Table  1.1 ) [ 1 ]. The 
neoplastic lesions range in clinical behavior from 
entirely benign, to precancerous, to frankly 
malignant. The management of cystic lesions in 
the pancreas is therefore complicated, and 
patients with a pancreatic cyst are best managed 
by multidisciplinary teams that balance the 

potential benefi ts of various treatment options 
with their risks [ 2 ].

   An understanding of the pathology of cystic 
lesions can form a solid foundation for the 
effective management of patients with a pancre-
atic cyst. For example, each cyst type has char-
acteristic gross pathology features, and because 
the radiologic appearance of cystic lesions will 
be determined by their gross features, an under-
standing of gross pathology is critical to under-
standing how imaging can be used to determine 
cyst type (Tables  1.2  and  1.3 ) [ 1 ]. At the other 
extreme, the submicroscopic level, each cyst 
type also has a characteristic pattern of genetic 
alterations (Table  1.4 ), and because DNA and 
other molecules, including miRNAs, proteins, 
and mucins, shed from the epithelial cells lining 
a cyst into cyst fl uid, an understanding of the 
genetic and molecular alterations in pancreatic 
cysts is critical to understanding how analyses 
of cyst fl uid could be used to determine cyst 
type [ 3 – 6 ].

     The major cystic neoplasms of the pancreas 
include serous cystic neoplasms (SCNs), intra-
ductal papillary mucinous neoplasms (IPMNs), 
mucinous cystic neoplasms (MCNs), and solid-
pseudopapillary neoplasms (SPNs) [ 1 ]. In this 
chapter we will review the gross, microscopic, 
and immunolabeling characteristics of each of 
these, with an emphasis on the clinical applica-
tions of these pathologic features.  
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   Table 1.1    Classifi cation of cystic lesions of the pancreas   

 Epithelial neoplastic  Epithelial nonneoplastic 

   Acinar cell cystadenoma    Duodenal diverticulum 

   Acinar cystadenocarcinoma    Endometrial cyst 

   Intraductal papillary mucinous neoplasm    Hamartoma 

   Lymphoepithelial cyst a     Lymphoepithelial cyst a  

   Mucinous cystic neoplasm    Simple Mucinous cyst 

   Serous cystadenocarcinoma    Retention cyst 

   Serous cystic neoplasm (microcystic, oligocystic/
macrocystic, solid) 

   Solid-pseudopapillary neoplasm 

   Teratoma (dermoid cyst) 

   Cystic change in a typically solid neoplasm (such as 
neuroendocrine tumor, ductal adenocarcinoma, etc.) 

 Nonepithelial neoplastic  Non epithelial nonneoplastic 

   Benign nonepithelial neoplasms (e.g., lymphangioma, 
hemangioma) 

   Pancreatitis-associated pseudocyst 

   Malignant nonepithelial neoplasms    Parasitic cyst 

   a It has not been established if these lesions are neoplastic or developmental  

   Table 1.2    Gross features of serous cystic neoplasms (SCNs), intraductal papillary mucinous neoplasms (IPMNs), 
mucinous cystic neoplasms (MCNs), and solid-pseudopapillary neoplasms (SPNs)   

 SCN  IPMN  MCN  SPN 

 Localization in the 
pancreas 

 Anywhere  Anywhere  Mostly body and tail  Anywhere 

 Size  Any  Any  Often 5 to >10 cm  1 to >10 cm 

 Number of locules  Countless (few 
in oligocystic 
variant) 

 1 to many  1 to many  1 to few 

 Size of cysts  0.1–1 cm 
(1–5 cm in 
oligocystic 
variant) 

 0.1 to >5 cm  Any  Few mm to few cm 

 Cyst content  Serous fl uid  Thick tenacious mucin  Thick mucin, watery 
or hemorrhagic fl uid 
possible 

 Hemorrhagic and 
necrotic 

 Cyst lining  Smooth  Velvety – papillary  Smooth – papillary  Irregular 

 Septa  Thin  Membranous to few 
mm thick 

 Membranous to thick 
(thick pseudocapsule) 

 Solid tumor tissue of 
variable thickness 

 Calcifi cation  Central stellate 
scar 

 Uncommon (punctate, 
eggshell, coarse) 

 Peripheral (eggshell)  Uncommon 

 Solid area(s)  Possible (solid 
variant) 

 Possible (malignant 
transformation) 

 Possible (malignant 
transformation) 

 Yes, may 
predominate 

 Communication 
with duct system 

 No  Yes  No  No 

 Multifocality  Possible (von 
Hippel-Lindau 
syndrome) 

 Common  No  Extremely rare 

R.H. Hruban and C.S. Verbeke
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1.2     Serous Cystic Neoplasm 

 Serous neoplasms of the pancreas are cystic 
tumors defi ned by the morphologic appearance 
of the neoplastic epithelial cells lining the cysts 
[ 1 ,  7 ]. These neoplastic cells are cuboidal (and 
therefore square on cross section) and glycogen 
rich (and therefore optically clear in most 
stains), and they produce straw-colored watery 
fl uid [ 8 ]. 

 SCNs are virtually always benign, and only a 
handful of cases that have metastasized have been 
reported [ 9 – 11 ]. These latter neoplasms are desig-
nated serous cystadenocarcinomas. Most serous 
cystic neoplasms grow slowly, at an average rate 
of only 0.28–0.56 cm/year, but growth rates vary 
signifi cantly, and larger SCNs grow faster on aver-
age than do smaller SCNs [ 12 – 15 ]. When cor-
rectly diagnosed, most small SCNs do not need to 
be resected. The challenge is that SCNs can 
grossly, and therefore radiographically, mimic 
more aggressive neoplasms of the pancreas. For 
example, oligocystic SCNs can mimic MCNs, and 

the more solid SCNs can mimic pancreatic neuro-
endocrine tumors [ 8 ,  12 ,  14 ,  16 ,  17 ]. 

1.2.1     Gross Appearance 

 Most SCNs have a distinctive easily recogniz-
able gross appearance. On cross section they 
are composed of innumerable small (1 mm to 
1 cm) cysts that are fi lled with thin serous fl uid 
[ 1 ]. SCNs characteristically have a central stel-
late scar that can be calcifi ed. The cysts in the 
center of the lesion are often smaller than those 
near the periphery of the tumor (Fig.  1.1 ). There 
are several gross variants that are important to 
recognize because, as noted earlier, these vari-
ants can mimic other types of tumors in the 
pancreas. The gross variants include an oligo-
cystic (or macrocystic) variant (Fig.  1.2 ) and a 
solid variant (Fig.  1.3 ) [ 1 ]. Recently an 
“infarcted” variant has been described in which 
biopsy-induced changes obliterate much of the 
underlying SCN [ 18 ].

   Table 1.3    Microscopic features of serous cystic neoplasms (SCNs), intraductal papillary mucinous neoplasms 
(IPMNs), mucinous cystic neoplasms (MCNs), and solid-pseudopapillary neoplasms (SPNs)   

 SCN  IPMN  MCN  SPN 

 Neoplastic cells  Cuboidal (clear, 
occasionally 
eosinophilic 
cytoplasm) 

 Columnar (intestinal, 
gastric foveolar type) 
or cuboidal 
(pancreatobiliary 
type, oncocytic type) 

 Columnar (mucinous, 
occasionally goblet or 
gastric foveolar type) 

 Polygonal 
(eosinophilic, 
occasionally clear 
cytoplasm) 

 Growth pattern  Flat with 
occasional small 
papillae 

 Papillae (villiform, 
fi ngerlike, or 
complex) and 
occasional 
micropapillae or fl at 
layers 

 Flat to papillary 
formations 

 Pseudopapillae with 
fi brovascular cores, 
and solid sheets 

 Cytological atypia  Absent  Low to high-grade  Low to high-grade  Usually minimal 

 Mitotic activity  Absent – very low  Low – increased  Low – increased  Very low 

 Stroma  Acellular 
collagenous 

 Delicate fi brovascular 
stalks of papillae 

 Ovarian type  Delicate, fi brous, 
hyaline change or 
myxoid 

 Perineural invasion  Unusual  Possible (malignant 
transformation) 

 Possible (malignant 
transformation) 

 Possible 

 Hyaline globules  No  No  No  Yes 
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   Table 1.4    Immunohistochemical and genetic features of serous cystic neoplasms (SCNs), intraductal papillary muci-
nous neoplasms (IPMNs), mucinous cystic neoplasms (MCNs), and solid-pseudopapillary neoplasms (SPNs)   

 SCN  IPMN  MCN  SPN 

  Immunohistochemistry  

 Epithelial markers 
   CK7, 8, 18, 19, EMA 

 +  +  +  + in ~ 50 % 

 Mucins  MUC6 (MUC1) +  MUC2, MUC5AC + 
(intestinal) 
 MUC1 + (pancreatobiliary) 
 MUC5AC + (gastric 
foveolar) 
 MUC5AC, 
MUC6 + (oncocytic) 

 MUC1 + (invasive) 
 MUC2 + (focal) 
 MUC5AC usually – 
 MUC6 + (rare) 

 – 

 Neuroendocrine markers 

   NSE  + (variable)  –  –  + (diffuse) 

   Chromogranin  –  –  –  + (focal) 

   Synaptophysin  –  –  Scattered cells at 
base of the 
epithelium 

 – 

 Vimentin  –  –  –  + 

 Beta-catenin  Membranous  Membranous  Membranous  Nuclear 

 CD10  –  –  –  + 

 PR  –  –  + (stroma)  + 

 Alpha-1-
antichymotrypsin 

 –  –  –  + 

 CEA  –  +  +  – 

 CA 19-9  –  +  +  – 

 Others 

   α-Inhibin  +  –  + (stroma)  – 

   Smooth muscle actin  +  –  + (stroma)  – 

   Calretinin  +  –  + (stroma)  – 

   HIF-1α  +  –  –  – 

   VEGF  +  –  –  – 

   E-cadherin  +  +  +  – 

  Genetics  

  VHL   +  wt  wt  wt 

  GNAS   wt  +  wt  wt 

  TP53   wt  + (high-grade dysplasia)  + (high-grade 
dysplasia) 

 wt 

  SMAD4   wt  + (invasive)  + (high-grade 
dysplasia) 

 wt 

  p16 / CDKN2A   wt  +  +  wt 

  KRAS   wt  +  +  wt 

  CTNB1   wt  wt  wt  + 

   wt  wild type,  +  mutant or over expressed  

R.H. Hruban and C.S. Verbeke



5

     The cysts of SCNs do not grossly communi-
cate with each other, nor do they communicate 
with the duct system of the pancreas.  

1.2.2     Microscopic Appearance 

 As noted earlier, by defi nition SCNs are com-
posed of optically clear cuboidal cells with 
 abundant glycogen (Figs.  1.4  and  1.5 ) [ 1 ]. These 
cells line cysts that are fi lled with thin serous 
fl uid. Just as was true grossly, the cysts do not 
communicate microscopically with the pancre-
atic duct system. The neoplastic cells typically 
form a single layer, but occasionally are thrown 
into small papillae. Characteristically, the nuclei 
of SCNs are extremely uniform, centrally placed 
in the cell, and round. Nucleoli, when present, are 
inconspicuous. Mitoses are virtually never seen. 
The stroma surrounding the cysts is composed 
of loose acellular collagen and a rich network 
of small delicate blood vessels. This delicate 
capillary network lies immediately underneath 
the epithelial lining of the cysts and is a charac-
teristic feature that can be visualized during 
 endomicroscopic examination. Perineural or vas-
cular invasion is unusual.

    Several histologic variants with clinical impli-
cations, most of which correspond to the gross 
variants, should be noted [ 1 ,  7 ]. The oligocystic 
(or macrocystic) and solid variants are recog-
nized grossly. Microscopically the oligocystic 
variant is composed of a few larger cysts (>1 cm) 
with paper thin walls [ 19 – 21 ]. The cysts are lined 
by cells that are histologically similar to the neo-
plastic cells of the microcystic SCN. Oligocystic 
SCNs, however, typically have less stromal col-
lagen, and in some instances the neoplastic cells 
appear to directly abut pancreatic parenchymal 
cells. Serous cystic neoplasms with a solid gross 
appearance are composed of plumper neoplastic 
cells that form microscopic lumina but not larger 
cysts [ 22 ]. As a result, they appear to be solid 
masses grossly. Histologically, the “infarcted” 
variant is characterized by obliteration of much 
of the neoplasm by hemorrhagic granulation tis-
sue, a sequel of previous biopsy. The cytoplasm 
of some SCNs is more eosinophilic than clear. 

  Fig. 1.1    Serous cystic neoplasm (microcystic). This 
well-circumscribed tumor is composed of innumerable 
small serous cysts with a central stellate scar       

  Fig. 1.2    Serous cystic neoplasm (macrocystic variant). 
The neoplasm consists of a limited number of cysts, most 
of which measure more than 1 cm in size       

  Fig. 1.3    Serous cystic neoplasm (solid variant). The neo-
plasm is well demarcated and has a central stellate scar. 
The tumor tissue is mainly solid and focally slightly 
spongy in appearance       
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 Two microscopic variants of note include 
the mixed serous-neuroendocrine neoplasms 
and the von Hippel-Lindau (VHL)-associated 
SCNs. Mixed serous-neuroendocrine neo-
plasms are characterized by the presence of 
two components – a serous cystadenoma inti-
mately admixed with a well-differentiated pan-
creatic neuroendocrine tumor (PanNET) [ 1 ,  7 ]. 
VHL-associated SCNs are defi ned as SCNs 
that arise in patients with the VHL syndrome 
[ 23 – 25 ]. Microscopically they are similar to 
other SCNs, but they are more often of the 
mixed serous-neuroendocrine neoplasm type 

and they are more often multifocal. In some 
cases, the multifocal cysts in patients with VHL 
involve almost the entire gland. 

 Several of these variants have clinical signifi -
cance. The mixed serous-neuroendocrine neo-
plasm is important to recognize because the 
PanNET component may be more aggressive 
than pure SCNs, the VHL-associated variant is 
important to recognize because of the risk of 
other neoplasms and the risk to other family 
members, and the other variants are important to 
recognize because they can clinically mimic 
other neoplasms of the pancreas [ 1 ]. The variant 
with eosinophilic cytoplasm has no clinical sig-
nifi cance other than that the appearance of the 
cytoplasm can be diagnostically confusing.  

1.2.3     Immunohistochemistry 

 The immunolabeling pattern of SCNs parallels 
their morphology and provides insight into the 
cellular pathways driving these neoplasms [ 1 ]. 
Refl ecting their epithelial direction of differen-
tiation, the neoplastic cells of SCNs label with 
antibodies to keratins 7, 8, 18, and 19, and they 
express epithelial membrane antigen [ 1 ]. The 
mucins MUC6 (80 % of SCNs) and MUC1 

  Fig. 1.4    Serous cystic 
neoplasm. Simple cysts 
are supported by a 
bland collagenous 
stroma with occasional 
foci of residual 
pancreatic parenchyma 
and scattered 
siderophages       

  Fig. 1.5    Serous cystic neoplasm. The cysts are lined by a 
fl at layer of cuboidal cells with clear cytoplasm and a uni-
form, round, centrally placed nucleus       
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(35 % of SCNs) can be expressed, suggesting a 
centroacinar direction of differentiation [ 7 ]. In 
contrast to mucin-producing cystic neoplasms 
(MCNs and IPMNs), the epithelial cells of 
SCNs do not express carcinoembryonic antigen. 
Finally, the expression of hypoxia-induced 
factor-1α (HIF-1α) and vascular endothelial 
growth factor (VEGF) points toward dysregula-
tion of the VHL/HIF-1α pathway [ 26 ]. The lat-
ter marker, VEGF, is of particular note, because 
it has been suggested that the presence of 
VEGFs (VEGF-1, VEGF-2, and VEGF-3) in 
cyst fl uid could be used to support the diagnosis 
of an SCN [ 27 ,  28 ].  

1.2.4     Genetics 

 Although the genetic changes that characterize 
SCNs will be discussed in greater detail in the 
forthcoming chapters, they are worth briefl y dis-
cussing here as the genes targeted may account 
for some of the pathologic features of these neo-
plasms. Targeted sequencing and whole exome 
sequencing of SCNs have revealed that the  VHL  
gene is inactivated in the majority of SCNs [ 5 , 
 29 ]. Inactivation of  VHL  would explain some of 
the dysregulation of the VHL/HIF-1α pathway 
observed by immunolabeling, and dysregulation 
of VHL/HIF-1α in turn may explain the clear 
cell and rich vascularity of these tumors [ 26 ]. As 
is true for overexpressed VEGF (2010), mutant 
 VHL  genes can be detected in cyst fl uid sam-
ples, and it too could be used to support the 
diagnosis of an SCN [ 28 ].  

1.2.5     Serous Cystadenocarcinoma 

 Serous cystadenocarcinomas are very rare and 
should not be overdiagnosed. The single feature 
that defi nes malignancy for a serous cystic neo-
plasm is the presence of distant metastases 
(noncontiguous spread) [ 7 – 11 ]. While local 
invasion into organs such as the duodenum cer-
tainly suggests a more aggressive pattern of 
growth, it is not enough to classify a serous neo-
plasm as malignant [ 7 ,  8 ]. The designation of 

serous cystadenocarcinoma should therefore be 
reserved only for cases with documented distant 
metastases. 

 Remarkably, other than the fact that the neo-
plastic cells are located in another organ, serous 
cystadenocarcinomas are morphologically indis-
tinguishable from benign SCNs. The neoplastic 
cells lack atypia and other histologic changes 
typically seen in malignancies.  

1.2.6     Clinical Implications 
of the Pathology 

 In summary, the vast majority of SCNs are 
benign, slow-growing neoplasms. Malignancy is 
rare and is defi ned by the presence of metastases. 
While the classic SCNs, microcystic neoplasms 
with a central calcifi ed star-shaped scar, are usu-
ally easily diagnosed clinically, there are a num-
ber of variants of SCN that can mimic other 
neoplasms. Recent advances defi ning the patterns 
of gene expression, such as VEGF, and the 
genetic alterations that drive SCNs, such as  VHL  
mutations, suggest a growing opportunity to 
diagnose SCNs through the analysis of endo-
scopically obtained cyst fl uid. The cysts of SCNs 
do not communicate with the pancreatic duct sys-
tem. It is therefore unlikely that analyses of pan-
creatic “juice” (secretions in the pancreatic duct) 
will be useful in testing for SCNs. 

 Finally, it should be noted that in some 
instances, the pathology can provide a clue that 
the patient has an underlying genetic syndrome. 
Multiple cysts and mixed serous-neuroendocrine 
neoplasms both suggest that the patient may have 
the von Hippel-Lindau syndrome [ 23 ,  30 ,  31 ].   

1.3     Intraductal Papillary 
Mucinous Neoplasm 

 By defi nition, intraductal papillary mucinous 
neoplasms (IPMNs) are grossly visible (≥1 cm) 
epithelial neoplasms that grow within the duct 
system of the pancreas [ 1 ,  7 ,  32 ]. The neoplastic 
cells usually form papillae and they produce 
sometimes copious amounts of mucin. This 
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mucin and/or papillary tumor tissue can locally 
distend the duct system, producing a “cystic” 
lesion. IPMNs are precursor lesions, and if left 
untreated a minority progress to an invasive ade-
nocarcinoma. Just as adenomas of the colon pres-
ent an opportunity to cure colonic neoplasia 
before an invasive cancer develops, so too do 
IPMNs present the opportunity to cure pancreatic 
neoplasia before the patient develops an incur-
able invasive pancreatic cancer [ 33 ]. The chal-
lenge with IPMNs is that, because of the 
morbidity and even mortality associated with 
pancreatic surgery, not all IPMNs can be resected 
[ 34 ]. Instead, clinicians have to carefully balance 
the risks of surgery with the potential benefi ts of 
surgery in individual patients [ 35 ]. The malig-
nant potential of IPMNs is often refl ected in 
pathologic features that are detectable clinically. 
Therefore, as was true for SCNs, a solid under-
standing of the pathology of IPMNs forms the 
basis for their clinical management. 

1.3.1     Gross Appearance 

 As noted above, IPMNs, by defi nition, involve 
the duct system of the pancreas. Bisecting surgi-
cally resected samples along a probe placed in 
the main pancreatic duct is the best way to detect 
involvement of the ducts [ 36 ]. Alternatively, 
serial sectioning the tumor along the axial axis 
(for tumors of the head of the pancreas) or along 
the sagittal axis (for tumors of the tail of the 
gland) may provide excellent correlation with 
preoperative imaging studies. IPMNs that involve 
the main pancreatic duct are designated “main- 
duct IPMNs,” those that involve a smaller branch 
of the main pancreatic duct are designated 
“branch-duct IPMNs,” and those that signifi -
cantly involve the main and branch ducts are des-
ignated as “combined main- and branch-duct 
IPMNs” [ 1 ,  7 ,  32 ]. This classifi cation is clinically 
important because main-duct IPMNs, as defi ned 
radiographically, are more likely to harbor an 
associated invasive carcinoma than are branch- 
duct IPMNs. 

 IPMNs, as noted above, often form papillary 
structures and they produce mucin [ 1 ,  7 ,  32 ]. 

Both of these features can be appreciated 
grossly. The papillae look like small fi ngerlike 
projections into the lumen of the affected duct 
(Figs.  1.6  and  1.7 ). The epithelium in some 
IPMNs is, however, fl at, and the absence of 
gross papillary structures should therefore not 
be used to exclude the diagnosis. The mucin 
produced by IPMNs can be thick, tenacious and 
viscous, or more watery and thin. IPMNs, in 
contrast to the other cystic neoplasms of the 
pancreas, are often multifocal. This multifocal-
ity can sometimes be appreciated grossly as two 

  Fig. 1.6    Intraductal papillary mucinous neoplasm. The 
main pancreatic duct and multiple branch ducts are 
grossly distended by mucin and villous projections of the 
neoplastic cells growing along the duct walls       

  Fig. 1.7    Intraductal papillary mucinous neoplasm. The 
main pancreatic duct and a cluster of branch ducts are 
dilated and fi lled with a small amount of mucin. Focally, 
intraductal tumor growth is visible as a discreet thickening 
of the duct wall       
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distinct lesions separated by grossly normal pan-
creatic parenchyma [ 37 ,  38 ].

    The pancreatic parenchyma upstream from 
IPMNs often has changes of chronic obstruction 
including atrophy and fi brosis. The presence of 
an ill-defi ned solid mass or of multiple foci of 
stromal mucin should raise the possibility of an 
associated invasive carcinoma (Fig.  1.8 ).

1.3.2        Microscopic Appearance 

 The microscopic appearance of IPMNs parallels 
their gross appearance. IPMNs microscopically 
involve the duct system. This can be appreciated 
in several ways. The partial involvement of a 
duct makes it clear that the structure involved is 
a duct, as does a pattern of growth that conforms 
to the normal branching pattern of the duct 
system. 

 Several directions of differentiation can be 
appreciated microscopically and the histologic 
direction of differentiation can be used to classify 
IPMNs [ 39 ]. IPMNs with intestinal differentiation 
are composed of pseudostratifi ed columnar cells 
that contain prominent apical mucin. Occasional 
goblet cells can be appreciated. In many ways, the 
histologic appearance of an intestinal-type IPMN 
is similar to that of a villous adenoma of the colon 
(Fig.  1.9 ).

   The pancreatobiliary-type IPMN is composed 
of mostly cuboidal cells with scarce mucin [ 39 ]. 
As a result, the cytoplasm of the neoplastic cells 
is more amphophilic. The papillae tend to be 
complex and branching in pancreatobiliary-type 
IPMNs, and they often have high-grade dyspla-
sia with hyperchromatic nuclei and prominent 
nucleoli. 

  Fig. 1.8    Intraductal papillary mucinous neoplasm. 
Scattered branch ducts are dilated and contain a small 
amount of mucin. An area of solid white tissue represents 
transition into invasive adenocarcinoma       

  Fig. 1.9    Intraductal 
papillary mucinous 
neoplasm. Two dilated 
branch-duct profi les are 
lined by tall, partially 
branched neoplastic 
papillae       
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 Gastric foveolar-type IPMNs are composed of 
columnar cells with basally oriented nuclei and 
apical mucin [ 39 ]. The histologic appearance is 
similar to that of the normal gastric foveolar epi-
thelium. Branch-duct IPMNs often have the gas-
tric foveolar direction of differentiation, and most 
have low-grade dysplasia. 

 Oncocytic IPMNs (also known as intraductal 
oncocytic papillary neoplasms or IOPNs) are easy 
to recognize because the neoplastic cells have 
abundant granular eosinophilic cytoplasm [ 39 ]. 
These distinctive neoplasms arise within the duct 
system, but may have a partially solid appearance, 
both microscopically and macroscopically. Goblet 
cells may be scattered among the cells with eosin-
ophilic cytoplasm. The nuclei often contain single 
prominent nucleoli. 

 The fi nal histologic variant of the IPMN is the 
intraductal tubulopapillary neoplasms (ITPNs) 
[ 7 ,  40 ]. The neoplastic cells of this variant form 
intraductal tubules and cribriform structures. Focal 
papillary formation may be present. Comedo-
type necrosis is often present, but, in contrast to 
the other IPMNs, mucin is very scarce. 

 Much more important than the gross type or 
the microscopic direction of differentiation is the 
degree of dysplasia in an IPMN [ 1 ,  41 ]. Low- 
grade dysplasia, intermediate-grade dysplasia, 
and high-grade dysplasia are defi ned histologi-
cally. The neoplastic cells of IPMNs with low- 
grade dysplasia are uniform; they have basally 
oriented nuclei and minimal pleomorphism. 
Mitoses are rare. In intermediate-grade dysplasia 
there is some variability in the nuclei. The nuclei 
are more stratifi ed than those in low-grade dys-
plasia, and the nuclei in intermediate-grade dys-
plasia begin to lose polarity relative to the 
basement membrane. The nuclei are often a little 
larger and more pleomorphic than the nuclei of 
IPMNs with low-grade dysplasia. High-grade 
dysplasia is characterized by signifi cant architec-
tural and nuclear atypia. Polarity is often lost, the 
nuclei are pleomorphic and hyperchromatic, and 
mitoses can be seen. 

 Dysplasia is important to recognize because 
invasive carcinomas are most likely to arise from 
IPMNs with high-grade dysplasia. Because of 
this, we should spend a moment refl ecting on 

some of the features of high-grade dysplasia that 
may be detectable clinically before surgery. For 
example, IPMNs with high-grade dysplasia 
often have irregular branching papillae. The 
intraluminal component of these IPMNs is there-
fore often prominent, and the radiologic corre-
late of this is a “mural nodule.” IPMNs with 
mural nodules are therefore more likely to be 
high grade and usually should be surgically 
resected. Although the correlation is not as 
strong, larger IPMNs (>3 cm) are more likely to 
harbor high-grade dysplasia than are smaller 
IPMNs (<1 cm) [ 35 ]. 

 Another histologic feature of IPMNs that has 
clinical implications is their multifocality [ 37 ]. 
The multifocality of IPMNs that can be appreci-
ated grossly is even more evident microscopi-
cally. It is rare to see a single isolated IPMN in an 
otherwise normal pancreas. Instead, pancreata 
with an IPMN typically harbor numerous pancre-
atic intraepithelial neoplasia (PanIN) lesions, 
small “incipient IPMNs,” and in some cases full- 
blown multifocal IPMNs. This multifocality is 
clinically very important because it explains why 
patients who have an IPMN resected are at risk 
for developing another IPMN or even an invasive 
carcinoma in their remnant gland [ 42 ]. 

 It is very easy to over interpret a separate 
small innocuous lesion at the margin as part of 
the larger IPMN that is being resected. When this 
is done, the risk is that the surgeon will feel 
obliged to resect additional pancreatic paren-
chyma with the hope of obtaining a completely 
negative margin. In our experience this additional 
surgery is unnecessary. So long as the lesion at 
the margin is small and lacks high-grade dyspla-
sia, it is unlikely to impact the patient’s long-term 
survival [ 41 ]. Removing too much pancreas and 
creating a brittle diabetic will, however, nega-
tively impact the patient’s quality, and perhaps 
even quantity, of life. 

 The distinction between an IPMN and a PanIN 
lesion can be challenging [ 32 ]. Three features are 
helpful. (1) IPMNs are large (≥1 cm) and PanINs 
are small (<0.5 cm); (2) IPMNs tend to have long 
fi ngerlike papillae, and PanINs have short stubby 
papillae; and (3) IPMNs can produce abundant 
amounts of thick mucin, and PanINs produce 
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minimal mucin. IPMNs do, however, extend 
along the duct system, and at their edges, they 
can involve smaller ducts. In these instances 
determining the relationship between the lesion 
in question and the grossly visible IPMN can be 
helpful. Lesions far from the IPMN are unlikely 
to be part of the IPMN.  

1.3.3     Immunohistochemistry 

 The immunolabeling pattern of IPMNs refl ects 
the directions of differentiation observed in rou-
tine hematoxylin and eosin (H&E)-stained 
 sections [ 1 ,  7 ,  32 ]. The neoplastic epithelial cells 
express markers of ductal differentiation such as 
keratins 7 and 19, CA 19-9, and carcinoembry-
onic antigen [ 1 ]. The pattern of mucin expression 
relates to the histologic type of IPMN. Intestinal- 
type IPMNs express MUC2, MUC5AC, and 
CDX2, pancreatobiliary-type IPMNs express 
MUC1, gastric foveolar-type IPMNs express 
MUC5AC, and oncocytic IPMNs express 
MUC5AC and MUC6 and sometimes HEPAR-1 
[ 39 ,  43 ]. ITPNs, as should be expected from the 
paucity of mucin present in these lesions, usually 
only weakly label with antibodies to mucins.  

1.3.4     Genetics 

 A number of genes are targeted in IPMNs. These 
include some, such as  KRAS ,  p16 / CDKN2A , 
 TP53 , and  SMAD4  (the latter two mostly in inva-
sive cancers that arise from IPMNs), that are also 
targeted in most infi ltrating ductal carcinomas, 
two ( RNF43  and  PIK3CA ) that are also inacti-
vated in MCNs, and one ( GNAS ) that appears to 
be specifi c for the IPMN pathway [ 5 ,  6 ,  44 ]. The 
genetic changes correlate with the phenotype of 
the IPMNs in two ways. First,  GNAS  mutations 
appear to be more common in intestinal-type 
IPMNs [ 5 ,  6 ,  44 ]. Second, the timing of the muta-
tions correlates with histologic grade.  KRAS  and 
 p16 / CDKN2A  are relatively early events (they 
can be found in low-grade IPMNs), while  TP53  
inactivation is a late event, occurring in IPMNs 
with high-grade dysplasia [ 1 ,  7 ,  32 ].  

1.3.5     Clinical Implications 
of the Pathology 

 It is clear from a number of clinical, pathology- 
based, and molecular studies that noninvasive 
IPMNs can progress to invasive adenocarcino-
mas. Histologic grade is one of the best indicators 
of the likelihood that an IPMN can progress, but 
grade cannot usually be determined preopera-
tively. A variety of indirect approaches have 
therefore been used as surrogates for grade to pre-
dict the risk of an IPMN progressing, such as 
whether or not the IPMN primarily involves the 
main or branch ducts, its size, and whether or not 
the cyst contains a mural nodule [ 35 ]. Although 
clinically useful, these features are imperfect 
markers of dysplasia. Novel molecular-based 
markers, when integrated with these clinical fea-
tures, will clearly help determine cyst type and 
hopefully will help determine grade and therefore 
likelihood of progression, preoperatively [ 5 ,  6 , 
 44 ]. As noted earlier, IPMNs are often multifocal, 
and this multifocality suggests that once a patient 
has one IPMN, they have to be followed clinically 
as they are at risk for additional IPMNs [ 38 ,  45 ]. 

 Finally, IPMNs, by defi nition, involve the duct 
system. This, together with the multifocality of 
IPMNs, is critical when considering the design of 
a molecular-based cyst test. Since IPMNs are 
multifocal, the analysis of cyst fl uid obtained by 
endoscopic ultrasound (EUS)-guided cyst fl uid 
aspiration will provide information only about 
the single locule aspirated. By contrast, since 
IPMNs involve the duct system, analyses of pan-
creatic juice collected at the ampulla of Vater 
have the potential of more completely sampling 
the entire duct system and therefore all of the 
IPMN lesions [ 46 ].   

1.4     Mucinous Cystic Neoplasm 

 Mucinous cystic neoplasms are mucin-produc-
ing epithelial neoplasms that form cysts and that, 
by defi nition, contain a characteristic ovarian 
type of stroma [ 1 ,  7 ]. MCNs share a number of 
things in common with IPMNs (both form cysts, 
both are mucin producing, and both can progress 
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to invasive carcinoma), but there are some key 
differences in their pathologies that have impor-
tant clinical ramifi cations. In contrast to IPMNs, 
the cysts of the vast majority of MCNs do not 
communicate with the pancreatic ducts, and, 
in contrast to IPMNs, most MCNs are unifocal 
lesions. 

1.4.1     Gross Appearance 

 The vast majority of MCNs arise in the tail of the 
pancreas, and, as noted above, MCNs do not 
involve the pancreatic duct system [ 1 ,  7 ]. On 
cross section, MCNs are composed of multiple 
cysts, sometimes with a “cyst within a cyst” 
appearance. The cysts are larger (<1 cm to some-
times as large as 10 cm) than the cysts of SCNs, 
and the cysts have thick walls. The cysts typically 
contain thick mucin, but in some instances, the 
cyst fl uid may be more hemorrhagic or turbid 
(Figs.  1.10 ,  1.11 , and  1.12 ). This gross pathology 
is refl ected in clinical imaging, as the presence of 
large thick-walled cysts on imaging should sug-
gest the diagnosis of an MCN [ 35 ,  47 ,  48 ]. In 
addition, the variable cyst contents (mucin fi lled 
vs. hemorrhagic) can manifest as locules with 

varying densities on imaging. In some instances 
the neoplastic epithelium can be seen to project 
into the lumen of a cyst. Firm, solid foci, the so- 
called mural nodules, may also be seen (Fig.  1.13 ). 
These nodules may contain high- grade dysplasia 
or even invasive carcinoma and should be sam-
pled carefully.

1.4.2           Microscopic Appearance 

 Two components are, by defi nition, present in 
MCNs [ 1 ,  7 ]. The epithelial component can be 
fl at or papillary and is composed of low colum-
nar to tall columnar mucin-producing cells. 
These cells will stain with the periodic acid-
Schiff (PAS) stain (diastase resistant) and with 
alcian blue. The stromal component resembles 
ovarian- type stroma with densely packed 
plump spindle- shaped cells oriented parallel to 
the cyst wall (Fig.  1.14 ) [ 1 ,  7 ]. Luteinized cells 
may rarely be seen in the stroma. This ovarian 
stroma often forms a distinct band of nuclei 
beneath the epithelium. The epithelium of some 
cysts can be denuded, and when it is the cyst is 
lined by loose granulation tissue with histiocytes. 
In these instances the presence of ovarian-type 

  Fig. 1.10    Mucinous 
cystic neoplasm. A 
large tumor (12 cm 
diameter) involves the 
pancreatic body and tail       
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stroma can suggest the correct diagnosis even in 
the absence of an epithelial lining. A variant of 
MCNs in which the neoplastic cells have a more 
eosinophilic cytoplasm has been described, but 
this variant does not have a distinct clinical 
behavior.

   Just as IPMNs can be classifi ed based on the 
degree of dysplasia, so too are MCNs graded as 
low, intermediate, and high-grade based on the 
degree of epithelial architectural and nuclear 
atypia [ 1 ,  7 ]. In low-grade dysplasia, the neoplas-
tic epithelial cells are well-oriented with uniform, 
small, and basally located nuclei. Mitoses are, at 
most, rare. In intermediate-grade dysplasia, the 
nuclei are slightly enlarged and more crowded 
(and hence overlapping), they start to lose polar-
ity (and hence one sees pseudostratifi cation), and 
they exhibit slight pleomorphism. In high-grade 
dysplasia, there is signifi cant architectural and 
nuclear atypia. Architecturally, the epithelium 
can form cribriform structures, sometimes with 
luminal necrosis. Cytologically, the nuclei are 
hyperchromatic, enlarged, and poorly oriented. 
Prominent nucleoli can be appreciated, and mito-
ses can be seen. 

 Of note, different locules of a single MCN 
may have signifi cantly different degrees of dys-
plasia. For example, the cells lining one locule 
may have low-grade dysplasia, while the cells 
lining an adjacent locule in the same neoplasm 
may have high-grade dysplasia. Therefore, if 
low-grade dysplasia is identifi ed on fi ne-needle 
aspiration, a higher grade component elsewhere 
in an unsampled locule cannot be excluded. 

  Fig. 1.11    Mucinous 
cystic neoplasm. Large 
cysts contain mucin or 
infl ammatory debris. 
The tumor expands into 
the gastric wall. Fibrous 
adhesions extend from 
the thick pseudocapsule 
to the adrenal gland and 
renal hilus       

  Fig. 1.12    Mucinous cystic neoplasm. A single cyst cav-
ity containing mucin and papillary projections is sur-
rounded by a thick fi brous capsule. The neoplasm had 
been drained through the stomach following a previous 
erroneous diagnosis of pseudocyst       
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 The prognostically most critical determination 
in evaluating MCNs microscopically is to estab-
lish whether or not there is an associated invasive 
carcinoma. Invasive carcinomas arising in MCNs 
are defi ned by the presence of neoplastic epithelial 
cells crossing the basement membrane and into 
stromal tissues [ 49 ]. This can be diffi cult to iden-
tify in practice, as submucosal glands and trapped 
atrophic nonneoplastic ducts and acini can mimic 

invasion. Haphazardly arranged glands, a desmo-
plastic stromal reaction, and glands where they do 
not belong (such as around a nerve) are all features 
that can be used to support the diagnosis of inva-
sive carcinoma arising in association with an 
MCN. Invasion can be very focal, and therefore 
sampling that is extensive, if not complete, is 
needed to rule out focal invasion. It is important to 
document the grade and size of the invasive carci-
noma and to clearly report the invasive component 
separately from the overall noninvasive MCN 
[ 49 ]. For example, a report could read “2 cm inva-
sive moderately differentiated ductal adenocarci-
noma arising in association with a 10 cm mucinous 
cystic neoplasm with high-grade dysplasia.” 
Reports should not read “12 cm invasive mucinous 
cystadenocarcinoma,” as such reports blur the dis-
tinction between the invasive and noninvasive 
components of the neoplasm. It has recently been 
suggested that invasive carcinomas limited to the 
ovarian stroma have a better prognosis than do 
more deeply invasive carcinomas that extend 
beyond the ovarian stroma and into adjacent tis-
sues [ 49 ]. 

 While the invasive carcinomas that arise 
in association with MCNs are usually ductal 
 adenocarcinomas, there are several variants that 

  Fig. 1.13    Mucinous 
cystic neoplasm. 
Mucin-fi lled cysts are 
lined by irregular 
papillary excrescences 
and contain several 
solid mural nodules       

  Fig. 1.14    Mucinous cystic neoplasm. The cyst wall is 
lined by neoplastic mucinous epithelium showing low- 
grade dysplasia. Cellular ovarian-type stroma characteris-
tically is present       
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should be noted. In rare cases the associated 
invasive carcinoma has a sarcomatoid morphol-
ogy [ 50 ]. Genetic analyses have linked these sar-
comatoid neoplasms to the epithelial, not the 
stromal, components of MCNs, helping to estab-
lish that they are sarcomatoid carcinomas and 
not sarcomas derived from the ovarian stroma 
[ 50 ]. Rare cases of undifferentiated carcinomas 
with osteoclast- like giant cells have also been 
reported in association with MCNs [ 51 ]. Again, 
genetic analyses link these lesions to the epithe-
lial component of the MCNs, and they too are 
classifi ed as carcinomas.  

1.4.3     Immunohistochemistry 

 The neoplastic epithelial cells immunolabel with 
antibodies to keratins 7, 8, 18, and 19, with anti-
bodies to the epithelial membrane antigen (EMA), 
and with the cancer markers carcinoembryonic 
antigen (CEA) and CA 19-9 [ 1 ,  7 ]. The neoplastic 
epithelial cells express the mucin (MUC5AC), 
and scattered intraepithelial neuroendocrine cells 
will be synaptophysin and chromogranin A posi-
tive [ 52 ]. The stromal cells immunolabel with 
antibodies to smooth muscle actin (SMA) and, 
belying their “ovarian” phenotype, with antibod-
ies to progesterone receptors (60–90 %) and less 
commonly estrogen receptors (30 %).  

1.4.4     Genetics 

 The exomes of a series of MCNs have been 
sequenced, and the genetic landscape of MCNs is 
now well-characterized. The genes targeted in 
MCNs include  KRAS ,  p16 / CDKN2A ,  PIK3CA , 
 RNF43 ,  TP53 , and  SMAD4  [ 5 ,  53 ,  54 ]. Mutations 
to  KRAS  appear to occur early (they can be seen in 
low-grade lesions) and are among the most com-
mon genetic alterations, while  SMAD4  and  TP53  
inactivation occurs late (in high-grade or invasive 
lesions). Therefore, the abnormal expression of 
the Smad4 and Tp53 proteins suggests an MCN is 
high-grade. In contrast to IPMNs, the  GNAS  gene 
is not commonly altered in MCNs.  

1.4.5     Clinical Implications 
of the Pathology 

 The gross appearance of MCNs nicely correlates 
with their appearance on imaging, as the lack of 
communication of the cysts with the pancreatic 
duct system, the thick walls of the tumor, and the 
variable cyst contents (usually mucinous, but 
sometimes hemorrhagic) can all be appreciated 
on imaging. Because the cyst walls of MCNs are 
thick, it can be hard to identify a small invasive 
carcinoma arising in an MCN on imaging, and, as 
a result, most MCNs are therefore surgically 
resected [ 35 ]. The unifocality of MCNs seen 
grossly and microscopically is of note because it 
suggests that, in contrast to patients with an 
IPMN who are at risk for synchronous and meta-
chronous disease, most patients are cured after 
the complete resection of an MCN [ 55 ]. The 
presence of multiple cysts that appear to neither 
communicate with each other nor with the duct 
system does present some clinical problems. It 
suggests that even if a test was developed that 
could accurately predict the degree of dysplasia 
in a cyst fl uid sample, one could never rule out 
higher grade dysplasia in an unsampled locule. In 
addition, the absence of communication between 
the locules and the pancreatic duct system sug-
gests that tests performed on pancreatic juice 
samples will not be able to detect changes from 
MCNs.   

1.5     Solid-Pseudopapillary 
Neoplasm 

 The neoplastic cells of solid-pseudopapillary neo-
plasms (SPNs) do not appear to have a nonneo-
plastic counterpart in the normal pancreas. These 
neoplasms have therefore been given a name that 
simply describes their typical gross and micro-
scopic appearance. SPNs are fundamentally solid 
neoplasms that usually undergo cystic degenera-
tion [ 1 ,  7 ,  56 ]. The neoplastic cells are uniform, 
poorly cohesive, and supported by thin branching 
vessels, giving the neoplasm a pseudopapillary 
light microscopic appearance. Hyaline globules 
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and foam cells are often present [ 1 ,  7 ]. SPNs are 
malignant neoplasms, and ~10 % of patients have 
a metastasis at diagnosis or will develop metasta-
ses later in life [ 1 ,  7 ]. 

1.5.1     Gross Appearance 

 As noted in the defi nition of SPNs, they are fun-
damentally solid neoplasms that frequently 
undergo cystic degeneration [ 1 ,  7 ]. Most are soft 
and well-demarcated and on cross section are 
composed of soft tan-yellow solid areas with 
admixed foci of necrosis, hemorrhage, and degen-
erative cystic change. As a result, these neoplasms 
can range from almost completely solid to almost 
completely cystic (Fig.  1.15 ) [ 57 ].

1.5.2        Microscopic Appearance 

 The microscopic appearance of SPNs parallels 
their gross appearance with solid areas inti-
mately admixed with areas of cystic degenera-
tion [ 1 ,  7 ]. Uniform poorly cohesive cells loosely 

surround thin delicate vessels, some of which are 
hyalinized [ 1 ,  56 ]. The pseudopapillae are cre-
ated when the loosely cohesive cells drop out 
leaving just a thin layer of neoplastic cells 
loosely attached to small vessels (Fig.  1.16 ). 
This feature of SPNs can be dramatically dis-
played with smears prepared from the cut sur-
face of the tumor. These smears characteristically 
reveal delicately branching vessels surrounded 
by loosely cohesive cells.

   The neoplastic cells have eosinophilic, or occa-
sionally clear, cytoplasm. The nuclei are uniform 
and oval, some with “coffee bean”-style nuclear 
grooves. Mitoses are usually rare. Eosinophilic 
periodic acid-Schiff-positive hyaline globules are 
a characteristic feature [ 1 ,  7 ]. 

 Although most SPNs are grossly well- 
demarcated, the neoplastic cells at the leading 
edge of the tumor delicately infi ltrate into the non-
neoplastic pancreatic parenchyma. They do so 
very subtly by gently intermingling with nonneo-
plastic cells [ 58 ]. Other histologic features that can 
be a clue to the diagnosis include foam cells, cells 
with clear cytoplasm, and cholesterol clefts with 
associated giant cells. Focal degenerative atypia 

  Fig. 1.15    Solid-
pseudopapillary 
neoplasm. The 
neoplasm is well 
circumscribed and 
composed of friable 
solid tissue with 
extensive hemorrhage 
and prominent cystic 
degeneration       
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with enlarged hyperchromatic nuclei is present in 
approximately 10 % of SPNs, but in most cases 
this fi nding has no prognostic signifi cance [ 59 ]. 

 Two cases of extremely aggressive SPNs with 
“sarcomatoid” and undifferentiated areas have 
been reported [ 60 ]. These aggressive SPNs were 
histologically characterized by a diffuse growth 
pattern, extensive necrosis, dramatic nuclear 
atypia, and a very high mitotic rate (35–70 mito-
ses/50 high-power fi elds).  

1.5.3     Immunohistochemistry 

 SPNs characteristically express CD10, CD99 (in a 
dot-like pattern), and nuclear beta-catenin. They 
also often express α-1-antichymotrypsin, LEF-1, 
and neuron-specifi c enolase [ 1 ,  7 ,  61 – 67 ]. 
Interestingly, and perhaps explaining the poorly 
cohesive nature of the neoplastic cells, the expres-
sion of E-cadherin is disrupted in SPNs. The neo-
plastic cells do not label with antibodies to the 
extracellular domain of E-cadherin, and an abnor-
mal nuclear pattern is observed when antibodies to 
the cytoplasmic domain are employed [ 61 – 63 ]. 

 SPNs usually immunostain for vimentin, 
and only about half of SPNs express keratins at 

immunohistochemically detectable levels, and 
these are usually keratins 7, 8, 18, and 19.  

1.5.4     Genetics 

 The genetic changes in SPNs are simple. Virtually 
all SPNs harbor  CTNB1  gene mutations and noth-
ing else [ 5 ,  68 ,  69 ]. The  CTNB1  gene mutations 

  Fig. 1.16    Solid-
pseudopapillary 
neoplasm. The 
pseudopapillary pattern 
is characterized by thin 
layers of neoplastic 
cells surrounding 
delicate blood vessels       

  Fig. 1.17    Periampullary diverticulum. A duodenal diver-
ticulum has displaced the ampulla of Vater toward poste-
rior. The diverticular wall shows yellow discoloration due 
to diverticulitis with accumulation of fatty substances       
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explain the nuclear labeling seen with antibodies 
to the beta-catenin protein as these mutations 
result in a protein that is longer lived and, as a 
result, that abnormally accumulates in the nuclei 
of the neoplastic cells.  

1.5.5     Clinical Implications 
of the Pathology 

 As is true for the other cystic neoplasms of the 
pancreas, the gross pathology of SPNs explains 
their appearance on imaging [ 57 ]. SPNs are 
vascular neoplasms, and they therefore enhance, 
and they are solid and cystic. With the excep-
tion of SPNs with a sarcomatoid appearance, it 
is diffi cult to predict the clinical behavior of an 
SPN. All SPNs are therefore currently classifi ed 
as malignant.   

1.6     Rare Mesenchymal 
Neoplasms 

 Several rare mesenchymal neoplasms, such as 
lymphangiomas and hemangiomas, can be cystic 
and rarely involve the pancreas [ 1 ,  7 ]. The gross, 
microscopic, and immunolabeling features of 
these mesenchymal neoplasms are similar to the 
gross, microscopic, and immunolabeling fea-
tures of these neoplasms when they arise in other 
organs and tissues.  

1.7     Other Neoplasms That Can 
Mimic Truly Cystic Neoplasms 

 Several neoplasms can mimic the cystic neo-
plasms of the pancreas. Acinar cell carcinomas 
can have an extensive intraductal growth pattern 
and as such can histologically mimic an IPMN, 
particularly an ITPN [ 70 ]. Pancreatic neuroendo-
crine tumors (PanNETs) can be cystic, and small 
serotonin-expressing PanNETs can involve the 
main pancreatic duct producing focal stenosis 
and secondary upstream dilatation of the pancre-
atic duct [ 71 ,  72 ]. In addition, just about every 
variant of solid pancreatic neoplasms can undergo 
degenerative changes and appear cystic.  

1.8     Nonneoplastic Lesions That 
Can Mimic Cystic Neoplasms 

 Finally, there are several nonneoplastic lesions 
that can mimic a cystic neoplasm of the pancreas. 
The most common of these are pseudocysts. Rarer 
nonneoplastic cystic lesions include diverticula 
(Fig.  1.17 ), retention cysts (Fig.  1.18 ), endome-
triosis, parasites, etc.

1.9         Conclusion/Summary 

 Each cystic neoplasm of the pancreas has charac-
teristic gross, microscopic, immunolabeling, and 

  Fig. 1.18    Retention 
cysts. Dilated 
pancreatic branch ducts 
with watery content 
show smooth 
membranous walls. On 
preoperative imaging, 
the lesion had been 
diagnosed as side-
branch intraductal 
papillary mucinous 
neoplasm       
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genetic features. The gross features generally cor-
relate with the appearance of these lesions on imag-
ing, and therefore an understanding of gross 
pathology is critical to the interpretation of pancre-
atic imaging [ 38 ,  73 – 75 ]. The histologic and 
immunolabeling features of cystic neoplasms of 
the pancreas are also clinically important. For 
example, the poorly cohesive nature of the neoplas-
tic cells in SPNs, coupled with the observed loss of 
expression of E-cadherin, helps explain the mixed 
solid and cystic appearance of these neoplasms. 
Finally, mutant DNA is shed from the epithelial 
cells lining a cyst into cyst fl uid. In the near future, 
we believe that genetic analyses of cyst fl uid to 
determine cyst type will be the standard of care.     
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2.1           Introduction 

 Pancreatic cyst aspirates are often scant speci-
mens with few cells. Cytology alone may not be 
suffi cient for diagnosis. A multimodal approach 
that utilizes gross cyst fl uid characteristics, bio-
chemical testing, and molecular analysis is fre-
quently required to provide suffi cient information 
for patient management [ 1 ]. As such optimal cyst 
fl uid triage is necessary to obtain this informa-
tion. Although a specifi c diagnosis is always 
desired, it may not be possible with the limited 
amount of fl uid and cells obtained. Nonetheless, 
more generic clinical questions that may be 
answered by the pathologist that directly impact 
patient management include: (1) Is the cyst a 
malignant or high-risk cyst that needs to be 
resected? (2) Is the cyst a low-risk premalignant 
mucinous cyst that can be closely monitored?  

2.2     Cyst Fluid Triage 
and Specimen Processing 

 Optimal cyst fl uid triage will help to answer these 
questions and potentially make a specifi c diagno-
sis [ 2 ]. To avoid fl uid volume dilution, it is rec-
ommended that fresh neat samples of cyst fl uid 
be sent to the cytology laboratory without placing 
the cyst fl uid in any type of transport medium. 
The clinical question about the cyst coupled with 
the volume of the cyst fl uid will determine which 
tests should be performed. For example, aspi-
rated cyst fl uid that is grossly “thick and mucoid” 
does not need CEA or molecular testing to con-
fi rm its etiology as a mucinous cyst. If the imag-
ing characteristics are diagnostic of a branch-duct 
intraductal papillary mucinous neoplasm 
(IPMN), then the only question remaining is the 
grade, and since cytology is the best test to 
answer this question, even scant fl uid should be 
processed for cytology only. Any solid nodule or 
cyst wall mass should be separately aspirated and 
processed. A proposed triage protocol that maxi-
mizes information from the cyst fl uid is outlined 
in Table  2.1 .

2.3        Rapid On-Site Interpretation 

 Rapid on-site evaluation (ROSE) of solid mass 
lesions provides a benefi t of increased accuracy 
[ 3 ]. In fi ne-needle aspiration (FNA) of pancreatic 
cysts, however, appropriate triage of cyst fl uid for 
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biochemical analysis or molecular analysis is 
more important than ROSE. Smearing a cyst fl uid 
for immediate evaluation is not likely to provide 
information that will infl uence the yield of the 
biopsy procedure in contrast to ROSE for endo-
scopic ultrasound (EUS)-FNA of a solid mass 
lesion [ 4 ,  5 ].  

2.4     Biochemical Testing 

 Carcinoembryonic antigen (CEA) has been 
shown to be the most reliable and accurate test 
for a mucinous cyst compared to mucin stains 
and cytology [ 6 ]. At a level of 192 ng/ml, CEA 
has an overall accuracy of ~80 % (specifi city of 
84 % and a sensitivity of 75 %) [ 7 ]. At a level of 
800 ng/ml, the specifi city is 98 % but sensitivity 
is 48 % [ 8 ], so raising the cutoff level this high 
leaves many mucinous cysts undetected. CEA 
levels do not correlate with the grade of dysplasia 
or malignancy [ 9 ,  10 ]. Serous cystadenomas typi-
cally have CEA levels <0.5 ng/ml. However, 
CEA levels may be elevated in pseudocysts and 

other non-mucinous cysts such as lymphoepithe-
lial cysts [ 11 ]. Most importantly, CEA is not 
always elevated in a mucinous cyst, so a low 
CEA level should not be interpreted as exclusion 
of a mucinous cyst. The measured CEA value of 
a patient’s sample can vary depending on the test-
ing procedure used so each laboratory must vali-
date the assay for elevated levels. 

 The utility of amylase analysis in cyst fl uids is 
to support the clinical and cytological diagnosis 
of a pseudocyst, serous cystadenoma, or cystic 
neuroendocrine tumor. Whereas pseudocysts 
almost always have a markedly elevated amylase 
level, serous cystadenomas and cystic neuroen-
docrine tumors consistently have very low amy-
lase levels [ 8 ,  12 ]. Amylase levels are highly 
variable in mucinous cysts, and elevated levels do 
not distinguish between IPMN and MCN because 
MCN can demonstrate high levels despite their 
lack of connection to the pancreatic ductal sys-
tem; however, IPMNs should demonstrate an 
elevated level given their inherent connection to 
the pancreatic ducts [ 13 ] (Table  2.2 ).

2.5        Special Stains 
and Immunohistochemical 
Stains 

 Special stains and immunohistochemical stains 
may be performed on formalin-fi xed paraffi n- 
embedded tissue if there is suffi cient tissue to 
make a cellblock. Larger more complex cysts are 
most likely to produce suffi cient tissue for a cell-
block. Stains can be performed on destained 
direct smears if there are proper controls avail-
able. When the clinical question is if the cyst is 
mucinous or non-mucinous, the tissue triage 

   Table 2.1    Pancreatic cyst fl uid triage   

 Fresh, undiluted, unfi xed cyst fl uid 

 Volume (<0.5 cc)  Volume (>0.5 cc) 

 CEA  or   Molecular (vortexed, neat; 
0.3 cc) 

 Molecular 
 or  

 Cytology (cell button; 
cytospin) 

 Cytology  Amylase (0.3 cc 
supernatant) 

 CEA Amylase (0.3 cc 
supernatant) 

 Bank (residual 
supernatant) 

   Table 2.2    Biochemical testing distinguishing mucinous from non-mucinous neoplastic cysts   

 IPMN  MCN  SCA  cPanNET 

 Viscosity  High  High  Low  Low 

 CEA  High (>192 ng/ml) a   High (>192 ng/ml) a   Low  Low 

 Amylase  High  Low/high  Low  Low 

   IPMN  intraductal papillary mucinous neoplasm,  MCN  mucinous cystic neoplasm,  SCA  serous cystadenoma,  cPanNET  
cystic pancreatic neuroendocrine tumor,  CEA  carcinoembryonic antigen 
  a Accuracy ~80 % at this level; lower CEA values have been noted without affecting accuracy. Each laboratory may use 
their cutoff values following a validation of the protocol that they use  

M.B. Pitman and N.C. Jhala



25

should follow the algorithm as stated above with 
the extra cyst fl uid processed as a cellblock. If the 
cyst is more complex or solid and cystic, then 
effort should be made to obtain suffi cient tissue 
for a cellblock since high in the differential diag-
nosis are secondarily cystic solid neoplasms that 
greatly benefi t from ancillary testing with immu-
nohistochemical stains. Ancillary testing is dis-
cussed in more detail with each neoplasm.  

2.6     Molecular Analysis 

 The molecular characteristics of pancreatic cys-
tic neoplasms are covered in detail in Chap.   4    . 
Clinically useful molecular tests in the preoper-
ative assessment of cyst fl uid are rather limited 
with respect to their value-added benefi t over 
less expensive biochemical tests and cytology. 
While the assessment of CEA is certainly a 
more cost- effective test to determine the muci-
nous nature of a cyst, not all mucinous cysts 
have an elevated CEA, and an elevated CEA is 
not 100 % specifi c for a mucinous neoplasm. 
When CEA is not elevated, detection of  KRAS , 
 GNAS , and/or  RNF43  mutations supports the 
diagnosis of a mucinous cyst [ 14 – 18 ].  RNF43  is 
not as frequently mutated as  KRAS  and  GNAS  
and adds no additional clinically useful infor-
mation, so analysis of just  KRAS  and  GNAS  is 
suffi cient [ 17 ]. The detection of a  KRAS or 
GNAS  mutation supports the presence of a neo-
plastic mucinous cyst, and the detection of a 
 GNAS  mutation appears to distinguish an IPMN 
from an MCN. Unfortunately, these molecular 
markers are present in all grades of dysplasia, so 
the detection of neither mutant gene distin-
guishes a low-grade from high-grade mucinous 
cyst. In addition, the absence of both markers 
does not exclude a mucinous neoplasm.  TP53  
mutation and loss of  SMAD4  are late mutations 
in the progression to carcinoma, and detection 
with next-generation sequencing is advantage 
over single-gene mutational analysis [ 17 ]. 

 Other helpful mutations include 3p25 (the von 
Hippel-Lindau gene) seen in some serous cystad-
enomas [ 19 ] and the beta-catenin gene, which is 
mutated in virtually all solid pseudopapillary 
neoplasms [ 20 ] (Table  2.3 ).

2.7        Cytological Analysis and Test 
Integration 

 One of the major challenges that pathologists 
face in the diagnosis of pancreatic cysts is the dis-
tinction between mucinous and non-mucinous 
cysts. Once this distinction has occurred via 
observation of suffi ciently thick extracellular 
mucin grossly or microscopically, via CEA ele-
vation or via detection of  KRAS / GNAS / RFN43  
mutation, the second challenge is to determine 
the degree of cytological atypia, especially in a 
mucinous cyst. Secondarily cystic neoplasms 
such as neuroendocrine tumors can demonstrate 
diagnostic epithelial atypia [ 12 ]. 

 While reviewing morphology it is very 
important to have knowledge of the location of 
the cyst, imaging characteristics of the cyst, and 
access utilized by the gastroenterologist to 
obtain the FNA sample. For example, a highly 
cellular specimen of abundant mucinous glan-
dular epithelium from a small (<2 cm), simple 
unilocular cyst obtained using a transgastric 
approach should raise suspicion of gastric con-
tamination. Recognition of multiple types of 
glandular cells and their morphologic character-
istics helps to distinguish neoplastic epithelium 
from contaminating glandular cells from the 
gastrointestinal tract such as duodenal surface 
epithelium (Fig.  2.1 ) and gastric foveolar epithe-
lium from the stomach (Fig.  2.2 ). Correlating 
demographic information and imaging character-
istics, such as multiplicity, status of the main pan-
creatic duct, and communication with the main 
pancreatic duct, aid in making a specifi c diagno-
sis of an IPMN.

    Malignancy or high-grade epithelial atypia is 
assessed by cytological analysis. In a mucinous 
cyst, less than overt malignancy is best interpreted 

   Table 2.3    Molecular studies that help distinguish a 
mucinous cyst from non-mucinous neoplastic cyst   

 IPMN  MCN  SCA 

  KRAS  mutation  Present  Present  Absent 

  GNAS  mutation  Present  Absent  Absent 

  RNF43  mutation  Present  Present  Absent 

  VHL  gene  Absent  Absent  Present 
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as either low-grade or high-grade atypia as the 
accuracy in distinguishing intermediate-grade 
(moderate) dysplasia from high-grade dysplasia 
is diffi cult if not impossible [ 21 ]. Cytological 
criteria distinguishing high-grade atypia from 
low- grade atypia have recently been described 
[ 22 ]. Cells smaller than a 12 μm duodenal 
enterocyte showing an increased nuclear to cyto-
plasmic ratio, an abnormal chromatin pattern, 
and background necrosis represent high-grade 
epithelial atypia (high-grade dysplasia or adeno-
carcinoma) placing the cyst in a high-risk cate-
gory. Cytology is also the best test for accurate 
diagnosis of a cystic neuroendocrine tumor [ 12 ]. 

The cytological features are illustrated below with 
each neoplasm.  

2.8     Standardized Reporting 
of Pancreaticobiliary 
Cytology 

 The Papanicolaou Society of Cytopathology has 
proposed a unifi ed, standardized method of 
reporting pancreaticobiliary cytology [ 23 ]. Per 
these guidelines, pancreatic aspirates are placed 
into one of six general groups (Table  2.4 ). Having 
a clear understanding of the current histological 

a b

  Fig. 2.1    Duodenal epithelium. Contaminating duodenal enterocytes are non-mucinous columnar glandular cells in a strip with 
a brush border ( a ) or a fl at honeycombed sheet punctuated by goblet cells and lymphocytes (b) ( a . Papanicoloua;  b . Diff-quik)       

  Fig. 2.2    Gastric 
epithelium. Foveolar-
type epithelium from 
the stomach is 
mucinous and is 
virtually identical to the 
low-grade dysplastic 
gastric-type cyst-lining 
cells of the typical 
branch-duct IPMN 
(Papanicolaou)       
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terminology and nomenclature as well as the man-
agement algorithms used to treat patients with cys-
tic neoplasms is essential in order for the pathologist 
to render a diagnosis that is understood by the clini-
cian and useful for patient management.

2.9        Cytology of Neoplastic Cysts 

2.9.1     Serous Cystadenoma 

 Aspirates of serous cystadenoma (SCA) produce 
scant specimens when cysts are small, but when 

cysts are large (macrocystic variant), aspirates 
may procure abundant thin fl uid that may be 
bloody or clear. Smears from SCA are paucicel-
lular, and, as such, most FNAs are nondiagnostic. 
The background is devoid of thick, colloid-like 
mucin, although contaminating mucin from the 
gastrointestinal tract can be a pitfall. Bloody fl u-
ids produce bloody backgrounds and clear fl uids 
yield clean backgrounds on direct smears. Placing 
an aliquot of fl uid into a liquid-based preservative 
may increase the yield of diagnostic material. 
Fresh cyst fl uid, however, is required for bio-
chemical testing. 

 Neoplastic cells are small cuboidal cells 
with round regular nuclear membranes and 
inconspicuous nucleoli [ 24 ] (Fig.  2.3a ). 
Cytoplasm is scant, pale, foamy, and vacuolated 
but non- mucinous [ 24 ,  25 ]. The cells are frag-
ile, so direct smears often destroy the cells 
leaving fi brosis tissue fragments from the 
stripped cyst septa. Given the high vascularity 
of the septa which bleed, hemosiderin-laden 
macrophages may be noted (Fig.  2.3b ), and 
these cells may serve as a surrogate marker for 
the diagnosis [ 24 ].

2.9.1.1       Ancillary Studies 
 The absence of thick mucin, mucinous epithelial 
cells, and high-grade cytological atypia, coupled 
with low amylase and CEA levels are character-
istic fi ndings that support the diagnosis. If there 
is a cellblock or core biopsy with neoplastic 
cells, the use of periodic acid-Schiff (PAS) stain 
with and without diastase digestion confi rms the 
glycogen in the cytoplasm (Fig.  2.4 ). Use of 
cytokeratin and CD68 stain may help distinguish 
macrophages from neoplastic epithelial cells. It 
is important to recognize contaminating gastro-
intestinal glandular cells to avoid a false diagno-
sis of a neoplastic mucinous cyst [ 25 ,  26 ]. If 
suffi cient cyst fl uid is available, molecular anal-
ysis may detect the  VHL  gene mutation, which 
would support the diagnosis. Due to the high 
vascularity of SCA, analysis of the cyst fl uid for 
VEGF has been proposed as an accurate test for 
SCA [ 27 ]; however, this remains to be validated. 
A recent study of clinical cyst fl uids did not 
show suffi cient sensitivity or specifi city for clin-
ical utility [ 28 ].

   Table 2.4    Papanicolaou Society of Cytopathology 
System for Reporting Pancreaticobiliary Cytology   

 I. Nondiagnostic 

 II. Negative (for malignancy) 

   (a) Benign pancreatic tissue (in appropriate clinical 
setting) 

   (b) Acute pancreatitis 

   (c) Chronic pancreatitis 

   (d) Autoimmune pancreatitis 

   (e) Pseudocyst 

   (f) Lymphoepithelial cyst 

   (g) Splenule/accessory spleen 

 III. Atypical 

 IV. Neoplastic 

   (a) Benign 

    (i) Serous cystadenoma 

    (ii) Neuroendocrine microadenoma 

    (iii) Lymphangioma 

   (b) Other 

    (i) Well-differentiated neuroendocrine tumor 

    (ii) Intraductal papillary mucinous neoplasm, all 
grades of dysplasia 

    (iii) Mucinous cystic neoplasm, all grades of 
dysplasia 

    (iv) Solid pseudopapillary neoplasm 

 V. Suspicious (for malignancy) 

 VI. Positive/malignant 

   (a) Ductal adenocarcinoma of the pancreas and its 
variants 

   (b) Cholangiocarcinoma 

   (c) Acinar cell carcinoma 

   (d) Poorly differentiated (small- and large-cell) 
neuroendocrine carcinoma 

   (e) Pancreatoblastoma 

   (g) Lymphoma 

   (g) Metastatic malignancy 
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a b

  Fig. 2.3    Serous cystadenoma. Cyst-lining cells are non- 
mucinous cuboidal cells with benign round nuclei and 
fi nely vacuolated cytoplasm rich in glycogen ( a ). 

Hemosiderin-laden macrophages ( arrow ) are not uncom-
mon and act as a surrogate marker of the highly vascular 
septa of this neoplasm ( b ) ( a.  Papanicoloua;  b.  Diff-Quik)       

a b

  Fig. 2.4    Serous cystadenoma. Cellblock or core biopsy 
provides tissue for ancillary tests. The glycogen-rich cyto-
plasm is demonstrated by PAS stain ( a ), which, in contrast 

to mucin, is removed with diastase ( b ) ( a . Periodic acid- 
Schiff;  b . periodic acid-Schiff with diastase)       
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2.9.2         Mucinous Cysts 

 IPMNs and MCN are biologically distinct neo-
plastic mucinous cysts of the pancreas that share 
common cytomorphological features. The dis-
tinction between these entities is often not possi-
ble on cytology alone as a specifi c diagnosis 
typically requires correlation with clinical and 
imaging fi ndings as well as ancillary tests. The 
distinction is important for clinical management, 
however, since all MCN are resected regardless of 
grade, and most branch-duct IPMNs, which are 
usually low risk by imaging, are observed [ 29 ].  

2.9.3     Cytological Features 
Associated with IPMN 
and MCN 

 The volume of fl uid aspirated from mucinous 
cysts is highly variable, obviously dependent on 
the size of the cyst(s) accessible to the needle. 
The gross characteristics of the cyst fl uid can be 
very informative and these features should be 
recorded in the endoscopy note and relayed to the 
pathologist. A gross description such as “thick 
and viscous fl uid” indicates a mucinous cyst 
fl uid. These descriptions act as a surrogate marker 
for viscosity. In lieu of viscosity, a “string test” 
performed by placing the fl uid between the 
thumb and index fi nger and pulling apart to form 
a “string” can roughly assess viscosity; fl uid that 
“strings” to 3.5 mm is considered mucinous [ 30 ]. 
The volume of cyst fl uid is also important to 
record. The pathologist will note an obvious non-
correlation when only a “drop” of fl uid is obtained 
during aspiration, and the slide is very cellular or 
covered with extracellular mucin or tissue. Such 
discordance should prompt the pathologist to 
consider gastrointestinal contamination or nor-
mal pancreatic tissue as the source of the tissue. 

 Smears of grossly thick, viscous mucin corre-
late with colloid-like, thick extracellular mucin, 
which is not consistent with gastrointestinal 
contamination and supports the diagnosis of a 
mucinous cyst (Fig.  2.5 ). Another clue that the 
mucin is from the cyst includes the presence of 
degenerated cells and debris fl oating in the mucin. 

The absence of an epithelial component in such 
mucin should not lead to a nondiagnostic report, 
but instead a report of a neoplastic mucinous cyst. 
Thin mucin may be diffi cult to appreciate on 
smears and especially in fl uids which are pro-
cessed by placing the fl uid in liquid preservatives 
such as PreservCyt® and CytoRich Red™. 
Liquid-based processing dilutes and attenuates 
the extracellular mucin, which may be mistaken 
for fi brin. Special stains for mucin such as muci-
carmine and alcian blue pH 2.5 may be helpful if 
positive, but contaminating gastrointestinal tract 
mucin may give a false-positive result in some 
cases and a negative mucin stain does not exclude 
a mucinous etiology.

   Evaluation of the cells in the cyst fl uid is the 
best test for establishing the cyst grade since nei-
ther CEA nor the presence of  KRAS/GNAS  muta-
tions correlate with grade. Many cysts are 
paucicellular, especially when they are small 
(<3 cm) and unilocular. The more complex the 
cyst, the more likely the cyst is to be cellular. 
When cyst-lining cells become denuded, the cyst 
fl uids are dominated by infl ammation, histiocytes, 
and cell debris mimicking a pseudocyst. This fi nd-
ing is more frequently noted with MCN. Adjacent 
epithelial cells may also demonstrate changes 
associated with cell injury. Such epithelial cells 
may demonstrate nuclear and nucleolar enlarge-
ment mimicking high-grade dysplasia. 

  Fig. 2.5    Mucinous cyst. Thick, colloid-like extracellular 
mucin is not consistent with gastrointestinal contamina-
tion and supports the diagnosis of a mucinous cyst, 
regardless of the presence of an epithelial component 
(hematoxylin and eosin)       
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 IPMNs are associated with four distinct types 
of lining epithelium. Gastric (null)-type epithe-
lium is the most common lining epithelium of 
branch-duct IPMN. These cells are consistent 
with low-grade dysplasia and are virtually identi-
cal to the gastric foveolar epithelial cells of the 
stomach. Intestinal-type epithelial cells are more 
commonly associated with main-duct IPMN and 
by defi nition are intermediate-grade dysplasia. 
Pancreaticobiliary-type lining cells are by defi ni-
tion high-grade dysplasia as are oncocytic epithe-
lial cells. Gastric-type epithelial cells can 
progress from low-grade to high-grade dysplasia, 
and these higher grade gastric-type cells can be 
impossible to distinguish from the other cell 
types. It is not necessary to make such a specifi c 
diagnosis of cell type on cytology. The most 
important distinction is between low-grade cells 
and high-grade cells since it is the high-grade 
cells that will represent a high-risk feature for 
malignancy. MCN are lined by mucinous epithe-
lial cells similar to gastric-type epithelial cells. 
The progression from low-grade to high- grade 
cyst-lining cells of an MCN is similar to that of 
the low-grade dysplastic gastric-type cyst- lining 
cells of IPMN. 

 Cytological features associated with various 
grades of dysplasia (low, intermediate, and high) 
have been described for IPMN [ 22 ,  31 – 35 ]. These 
fi ndings are similar for MCN. Interobserver vari-
ability among pathologists in diagnosing and 
grading mucinous lesions of the pancreas is a real 
issue, not only for cytology but for histology as 
well [ 21 ,  36 ]. For this reason, the two-tiered cyto-
logical grading is recommended with low- and 
intermediate-grade dysplasia grouped as low- 
grade atypia and high-grade dysplasia and inva-
sive carcinoma grouped as high-grade atypia [ 21 ]. 
Of course, if the features on cytology are unequiv-
ocally diagnostic of malignancy, then the diagno-
sis should be positive for adenocarcinoma. 

 Cytological features associated with grades of 
dysplasia are as follows. 

2.9.3.1     Low-Grade Atypia 
  Low-Grade Dysplasia (Fig.  2.6 )        Mucinous epi-
thelium shows two-dimensional cell groups and 
sheets of mucinous cells with preserved nuclear to 

cytoplasmic ratio and cytoplasmic mucin. In cases 
where distinction between neoplastic and gastric 
contaminating epithelium cannot be made, then 
the cells are best characterized as low-grade epi-
thelial atypia.  

  Intermediate-Grade Dysplasia (Fig.  2.7 )        
Mucinous epithelial cells are usually in cohesive 
cell clusters of various sizes and the nuclei show 
crowding and some loss of polarity. Stratifi cation 
of the nuclei recapitulates the increasing com-
plexity of the lining epithelium noted on histol-
ogy. The cells demonstrate increased nuclear to 
cytoplasmic ratio and may also demonstrate mild 

  Fig. 2.6    IPMN with low-grade dysplasia. Columnar 
mucinous epithelial cells show abundant mucinous cyto-
plasm and minimal nuclear atypia (Papanicolaou)       

  Fig. 2.7    IPMN with intermediate-grade dysplasia. Cells 
show stratifi cation of the nuclei and moderate cytological 
atypia with mild anisonucleosis and slight loss of polarity 
(Papanicolaou)       
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nuclear atypia including inconspicuous nucleoli 
and membrane irregularity.   

2.9.3.2     High-Grade Atypia 
  High-Grade Dysplasia (Fig.  2.8 )        Atypical epi-
thelial cells are noted in small bud-like clusters 
and single cells. These cells are usually smaller 
than a 12 μm duodenal enterocyte. They will have 
increased nuclear to cytoplasmic ratio and abnor-
mal chromatin (hypochromasia or hyperchroma-
sia), some have irregular nuclear membranes, and 
the cytoplasm is variably vacuolated. In addition, 
background necrosis is usually present.  

  Adenocarcinoma (Fig.  2.9 )        Three-dimensional 
groups and single cells show variable anisonucle-
osis of at least 1:4 in a single sheet, irregular 
nuclear membranes, prominent nucleoli, and 
variably vacuolated cytoplasm, present in a back-
ground of necrosis in most cases.   

2.9.3.3     Ancillary Studies 
 Establishing that the cyst is mucinous is accom-
plished either by gross inspection of the cyst 
fl uid, special stains for mucin such as mucicar-
mine or alcian blue pH 2.5, documentation of 
cyst fl uid CEA elevation, or molecular analysis 
documenting  KRAS ,  GNAS , or  RNF43  mutation 
(see above). Grading atypia requires cytological 
analysis of the cells. Detection of mutations 
known to occur late in progression to malignancy 
such as  TP53  or deletion of  SMAD4  supports 
malignancy [ 17 ,  18 ].   

2.9.4     Secondarily Cystic Solid 
Neoplasms 

 Secondarily cystic neoplasms include solid pseu-
dopapillary neoplasm, neuroendocrine tumor, 
acinar cell carcinoma, and conventional ductal 
adenocarcinoma. These cystic neoplasms are 
complex cysts usually with more solid than cystic 
components. Rarely do typically solid neoplasms 
mimic primary cysts of the pancreas, but this 
does occur. EUS-FNA targeting of the solid com-
ponent produces cellular aspirates and should 
provide suffi cient tissue for cellblocks, which 
should be a goal of the FNA to ensure tissue for 
ancillary testing. The cytomorphological charac-
teristics are identical to those of their solid coun-
terparts and are outlined in Table  2.5 . The 
ancillary studies used to distinguish these neo-
plasms are outlined in Table  2.6 .

2.9.5         Solid Pseudopapillary 
Neoplasm 

 Solid pseudopapillary neoplasms (SPNs) demon-
strate characteristic cytological fi ndings [ 37 – 41 ]. 
Smears from this tumor are usually cellular with 

  Fig. 2.8    IPMN with high-grade dysplasia. Cells are small 
(<12 μm duodenal enterocyte), often in small clusters, and 
singly, with abnormal chromatin and typically associated 
with background necrosis (Papanicolaou)       

  Fig. 2.9    MCN with invasive carcinoma (adenocarcinoma). 
Cells show irregular spacing in a sheet with nuclear crow-
ing and overlap, anisonucleosis of 4:1, and irregular nuclear 
membranes. Note the smaller clusters of high-grade epithe-
lial cells and degenerated collagen (Papanicolaou)       
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many dyscohesive single cells as well as branch-
ing and papillary cell groups (Fig.  2.10a ). Papillary 
cell clusters show a central fi bromyxoid stromal 
core, which stains a bright magenta on air-dried 
Romanowsky stain (Fig.  2.10b ). The cells from 
SPN reveal a high nuclear to cytoplasmic ratio, but 
the nuclei are bland with round to oval shape, even 
chromatin, and frequent nuclear grooves or inden-
tations, which yields a “coffee bean” appearance 
(Fig.  2.10c ). They do not demonstrate mitotic 
activity. The cytoplasm of these cells is typically 
scant and ill-defi ned and may show large clear 
cytoplasmic vacuoles or well- defi ned hyaline 
globules which are PAS positive (Fig.  2.10d ) (both 
best highlighted on air-dried Romanowsky stain) 
[ 41 ,  42 ]. The smear background may be clean or 
fi lled with hemorrhagic cyst debris, foamy histio-
cytes, and multinucleated giant cells.

2.9.5.1       Ancillary Studies 
 These tumors are usually straightforward to diag-
nosis since most present in the characteristic 
young female with solid and cystic imaging fea-
tures or a cellblock demonstrates the classic pap-
illary architecture of the neoplasm (Fig.  2.11a ). 
Some, however, pose signifi cant challenges to 
diagnosis [ 39 ,  43 ]. The primary differential diag-
nosis of SPN is with PanNET. Most SPNs show 
no or weak staining for cytokeratin (AE1/AE3, 
CAM5.2), which is generally strongly positive in 
PanNETs and other epithelial-rich tumors in the 
pancreas. SPN tumor cells also demonstrate 
nuclear staining for beta-catenin (Fig.  2.11b ) in 
contrast to the cytoplasmic staining of PanNET 
tumor cells. In addition, staining for E-cadherin, 
the cell-anchoring protein, shows no staining in 
SPN, whereas membrane positivity is noted in 

   Table 2.5    Cytomorphology of secondarily cystic solid masses   

 Feature  SPN  PanNET  ACC  PDAC 

 Cellularity  Moderate to high  Variable  Variable  Moderate to high 

 Architecture  Papillary groups and 
single cells 

 Single cells  Single cells  Clusters and single 
cells 

 Cells  Epithelioid  Plasmacytoid  Round to polygonal  Glandular 

 Nuclei  Round to oval  Usually round  Usually round  Pleomorphic 

 Membrane 
irregularity 

 Yes “coffee bean”  No  Usually no  Yes 

 Nucleoli  Inconspicuous  May be present  Often prominent 
centrally placed 

 Variable 

 Cytoplasm  Scant tags, ill-defi ned  Moderate and defi ned; 
eccentric 

 Well-defi ned 
circumferential 

 Variable 

 Cytoplasmic 
character 

 Focal cytoplasmic 
vacuoles, hyaline 
globules 

 Dense, non-mucinous 
 Neurosecretory 
granules 

 Eosinophilic and 
granular, zymogen 
granules 

 Mucinous 

 Background  Metachromatic matrix 
and cyst debris 

 Cyst debris  Cyst debris  Mucin and cyst 
debris 

   Table 2.6    Ancillary studies differentiating secondarily cystic neoplasms   

 Stain  SPN  PanNET  ACC 

 Chromogranin  Negative  Positive  Negative 

 CD56  Positive  Positive  Negative 

 Synaptophysin  Negative  Positive  Negative 

 E-cadherin  Membrane negative  Membrane positive  Positive 

 Beta-catenin  Positive (nuclear)  Positive (membrane and 
cytoplasmic) 

 Positive (membrane and 
cytoplasmic) 

 CD10  Positive  Positive (10 %)  Negative 

 Progesterone receptor  Positive  Positive  Negative 

   SPN  solid pseudopapillary neoplasm,  PanNET  pancreatic neuroendocrine tumor,  ACC  acinar cell carcinoma  
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c

b

d

  Fig. 2.10    Solid pseudopapillary neoplasm. Smears from 
SPN are cellular with many dyscohesive single cells and 
branching, papillary groups ( a ). Papillary cell clusters 
show bright magenta central fi bromyxoid stromal core on 
Romanowsky stain ( b ). The cells are bland with a high 

nuclear to cytoplasmic ratio and commonly a “coffee 
bean” appearance (arrows) ( c ). The typically scant cyto-
plasm may show large clear cytoplasmic vacuoles or hya-
line globules ( d ) ( a . Hematoxylin and eosin;  b . Diff-Quik; 
 c . Papanicolaou;  d . Diff-Quik)       

a b

  Fig. 2.11    Mxyoid stromal of the papillary cores is diag-
nostic ( a ). An immunohistochemical stain for beta-catenin 
shows strong nuclear staining ( b ) (peroxidase-anti-

peroxidase) ( a.  Cellblock, hematoxlin and eosin;  b.  Solid 
pseudopapillary neoplasm)       
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PanNET and other epithelial tumors [ 44 ]. SPN is 
positive for alpha-1 antitrypsin, CD10, CD56, 
and vimentin. Variable expression is seen with 
synaptophysin and chromogranin A, endocrine 
markers which are usually strongly positive in 
PanNET [ 45 ]. The majority of SPNs show a point 
mutation in exon 3 of the beta-catenin gene, but 
molecular testing is not needed in most instances 
since the vast majority of tumors are either mor-
phologically diagnostic or confi rmed by immu-
nohistochemistry [ 44 ,  46 ].

2.9.6         Cystic Neuroendocrine 
Tumors 

 The cytological features of PanNET are similar 
whether the aspirate is from a solid tumor or a cys-
tic lesion [ 12 ,  47 – 49 ]. In contrast to the smears 
from solid PanNET, which are usually very cellu-
lar, aspirates of cystic PanNET can be quite lim-
ited. A clue to the diagnosis from EUS-FNA is the 
presence of thick cyst walls and yellow cyst fl uid 
[ 12 ]. Compared to imaging, cytology is the best 
test for making an accurate diagnosis [ 12 ,  50 ]. The 
neoplastic cells are usually individual cells with 
coarse, stippled chromatin and a plasmacytoid 
appearance caused by the eccentrically located 
nucleus (Fig.  2.12a ). These characteristic features 
may be diminished in specimens processed by 
liquid-based means and nucleoli may be promi-
nent (Fig.  2.12b ). That being said, the cells are 

relatively small with a high nuclear to cytoplasmic 
ratio with coarse chromatin, consistent with the 
“high-grade” atypia of a high-risk mucinous cyst, 
so even if the neuroendocrine nature of the cells is 
not appreciated on cytology, the cells should be 
recognized as neoplastic and “high-grade” leading 
to surgical resection.

2.9.6.1       Ancillary Studies 
 Immunohistochemical stains supporting endo-
crine differentiation is typically all that is needed 
to support the diagnosis of PanNET. Synaptophysin 
is more sensitive than chromogranin and usually 
provides diffuse strong staining, whereas chromo-
granin A produces a patchier staining pattern and 
may not be positive in scant samples (Fig.  2.13 ). 
Specifi c markers for insulin, glucagon, somatosta-
tin, and pancreatic polypeptide are variably posi-
tive; gastrin, vasoactive intestinal polypeptide, 
cholecystokinin, and adrenocorticotropic hormone 
are generally not necessary unless the patient is 
syndromic and labeling is requested for clinical 
correlation. Cystic PanNETs may not provide suf-
fi cient cellularity for such testing. Grading of cys-
tic PanNETs is also not necessary for any tumor 
that will be resected. PanNETs are, by defi nition, 
“tumors” that are well differentiated. If the cytol-
ogy shows a small-cell neuroendocrine carcinoma 
or large- cell neuroendocrine carcinoma, then that 
is the diagnosis, not a neuroendocrine “tumor.” 
Accurate grading of PanNET requires evaluation 
of the most mitotically active area as determined 

a b

  Fig. 2.12    Cystic neuroendocrine tumor. The neoplastic 
cells are usually individual cells with coarse, stippled 
chromatin and a plasmacytoid appearance typical of solid 

tumors ( a ). These characteristic features may be dimin-
ished in specimens processed by liquid-based means ( b ) 
( a ,  b . Papanicolaou)       
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from complete histological evaluation. That being 
said, if the tumor is unresectable, then ki-67 prolif-
eration marker may be able to separate a grade 1 or 
2 tumor from a grade 3 carcinoma if all or most of 
the cells show nuclear staining [ 51 ].

   Cyst fl uid analysis shows low CEA and amy-
lase levels with rare exception of an elevated 
CEA [ 12 ,  50 ].   

2.9.7     Cystic Acinar Cell Carcinoma 

 Cystic acinar cell carcinoma is rare. Cellular clus-
ters of various sizes and single cells may be noted. 
Cells from the solid counterpart of this tumor may 
be very bland with a polygonal cell shape, granu-
lar cytoplasm, and low nuclear to cytoplasmic 
ratio, but in a cyst, the cells round up and the char-
acteristic cytoplasmic features are not well appre-
ciated (Fig.  2.14 ). Tumor cells also demonstrate 
coarse chromatin and usually prominent nucleoli. 
Cytoplasm is fragile and frequently stripped from 
the tumor cells leaving bare tumor nuclei [ 52 ,  53 ].

2.9.7.1       Ancillary Studies 
 The primary ancillary tests include those that 
highlight the exocrine nature of the cells: peri-
odic acid-Schiff (PAS)/dPAS histochemical 
stains and immunohistochemical stains such as 
trypsin, chymotrypsin, and lipase. Trypsin is the 
most sensitive maker of acinar origin. Positivity 
for this marker should be strong and diffuse and 

all that is necessary to distinguish acinar cell 
carcinoma from PanNET. High background stain-
ing is common, but the labeling of the cells should 
still stand out. Markers for chymotrypsin and 
lipase are also usually positive. Epithelial cell 
markers for keratins Cam5.2 and AE1:3 are 
 positive and so is membranous staining for 
E-cadherin and beta-catenin. EMA is positive in 
about 50 % of cases [ 54 ].    

2.10     Cystic Ductal 
Adenocarcinoma 

 Secondarily cystic conventional ductal carcino-
mas are relatively rare and typically high-grade. 
Aspirates of these tumors show variably cellular 
samples, but since the solid component of these 
tumors is what is targeted on FNA, the cells pres-
ent are similar to those aspirated from solid 
tumors. FNA smears generally show cohesive 
sheets as well as single obviously malignant epi-
thelial cells. Cells in groups and sheets show loss 
of polarity and cellular and nuclear pleomor-
phism often giving the appearance of a “drunken 
honeycomb” (Fig.  2.15 ). Individual cells have 
enlarged nuclei that are about 2–3 times the size 
of the red blood cells. The nuclei demonstrate 
marked membrane irregularity, coarse chromatin 
clumping, conspicuous nucleoli, and abnormal 
mitoses. The cytological diagnosis is straightfor-
ward and ancillary studies are not necessary.

a b

  Fig. 2.13    Cystic neuroendocrine tumor. Cellblock prepa-
rations ( a ) provide cells for immunohistochemical stain-
ing that can confi rm the neuroendocrine nature of the 

cells, such as synaptophysin ( b ) ( a . Hematoxylin and 
eosin;  b . peroxidase-anti-peroxidase)       
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2.11        Summary 

 The cytopathologist plays a pivotal role in the 
management of patients with pancreatic lesions. 
Management options for patients are broad and 
increasingly conservative. It cannot be overem-
phasized that the accurate diagnosis of pancreatic 
cysts depends upon a multimodal team approach 
that combines the clinical and radiological patient 
information with the cytological impression and 
the results of ancillary studies. The gastroenter-
ologist must understand the optimal methods of 

tissue handling and processing and the patholo-
gist must be familiar with pancreatic histopathol-
ogy and the nomenclature of pancreatic cytology 
for accurate diagnosis.     
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3.1           Introduction 

 Cystic tumors of the pancreas are rare, but attract 
increasing interest as their prognosis is good and 
the disease is very often curable. One of the most 
interesting questions dealing with pancreatic cys-
tic tumors remains, whether they appear more 
frequently in the last decades or the diagnostic 
tools improved in such a way that they are more 
frequently diagnosed and classifi ed. As cystic 
tumors were diagnosed earlier, their resection 
rate also increased accordingly, allowing a 
detailed histopathological classifi cation of the 
tumors. This led to a more precise pathomorpho-
logical description and a better classifi cation of 
cystic pancreatic tumors. In this book chapter, we 
will give an overview of epidemiological data for 
the most common cystic pancreatic tumors.  

3.2     Intraductal Papillary 
Mucinous Neoplasm (IPMN) 

 The fi rst description of intraductal papillary 
mucinous neoplasm (IPMN) dates back to the 
1980s. Three subtypes can be differentiated: 

main-duct IPMN, side-branch IPMN, and mixed- 
type IPMN. Current data show an increasing 
incidence estimated to be approximately 2.04 per 
100,000 person-years (95 % confi dence interval: 
1.28–2.80) [ 1 ]. IPMN is a disease primarily of 
the elder patient, as the mean age is reported to 
lie between 65 and 68 years [ 2 ,  3 ]. Noninvasive 
IPMN patients are on average 6.4 years younger 
than patients with invasive/malignant IPMN [ 2 ]. 
IPMN is often diagnosed as an incidental fi nding, 
when imaging (ultrasound, CT, MRI) is used for 
other reasons. In a study of 1064 patients with 
pancreatic cystic lesions from South Korea, 436 
patients were diagnosed with IPMN, in which the 
sex distribution between men and women was 
comparable [ 4 ]. In Europe, Marchegiani et al. 
showed a slight tendency toward women being 
more often affected (55 versus 45 %) by main- 
duct IPMN than men [ 3 ]. In a large Californian 
pancreatic cancer study with 15,296 pancreatic 
cancer cases, Le et al. verifi ed the good prognosis 
even of malignant IPMN compared with ductal 
adenocarcinomas. In general, the prognosis of 
malignant IPMNs especially in early tumor stage 
is better than for pancreatic adenocarcinomas. In 
the Californian register, malignant IPMNs have 
the best prognosis (5-year overall survival 
60–65 %) compared with pancreatic ductal ade-
nocarcinoma (5-year overall survival 2 %) and 
mucinous tumors (5-year overall survival 5 %) but 
also in comparison with neuroendocrine pancre-
atic tumors (5-year overall survival 30 %) [ 2 ,  5 ]. 
The 5-year overall survival rate for patients with 

        E.   Tieftrunk ,  MD      •    G.  O.   Ceyhan ,  MD      
   I.  E.   Demir ,  MD      •    H.   Friess ,  MD      (*)
  Department of Surgery ,  Klinikum rechts der Isar, 
Technische Universität München ,   Munich ,  Germany   
 e-mail: elke.tieftrunk@tum.de; gueralp.ceyhan@tum.
de; ekin.demir@tum.de; helmut.friess@tum.de  

  3

mailto:elke.tieftrunk@tum.de
mailto:gueralp.ceyhan@tum.de
mailto:gueralp.ceyhan@tum.de
mailto:ekin.demir@tum.de
mailto:helmut.friess@tum.de


40

resected main-duct IPMN is 69 %; the disease- 
specifi c survival rate within this patient cohort 
even reaches 83 %. The recurrence rate for 
resected main-duct IPMNs at 10 years is stated 
with 25 % [ 3 ]. Salvia et al. split up the survival 
rates in benign and malignant IPMN in a cohort 
of 137 resected IPMN patients and could show 
that the survival rate for benign/noninvasive 
IPMN (adenoma, borderline tumors, carcinoma 
in situ) was 100 % even after 10 years. In con-
trast, for invasive IPMN, the 5- and 10-year sur-
vival rate was 60 % and 50 %, respectively [ 2 ]. 

3.2.1     Risk Factors for the 
Development of IPMN 

 There are a number of investigations analyzing 
risk factors for the development of IPMN in the 
medical literature; however, no relevant risk fac-
tors have been clearly defi ned so far. Most studies 
revealed that there is no correlation between 
common risk factors and IPMN. In a retrospec-
tive analysis of 446 patients, 47 % of the patients 
were smokers. There was a correlation to smok-
ing history, as smokers were more likely to have 
a main-duct IPMN in comparison with nonsmok-
ers. However, there was no correlation between 
smoking and grade of dysplasia or invasiveness 
of IPMN [ 6 ]. 

 Pancreatitis was proposed as a risk factor for 
the development of IPMN. However, a current 
retrospective single-center study could not prove 
that patients with pancreatitis have a higher risk 
of malignancy or invasiveness. Interestingly, 
patients with IPMN without a history of pancre-
atitis, who revealed elevated or decreased serum 
pancreatic enzyme levels, had a higher malig-
nancy rate [ 7 ]. There is also a positive correlation 
between elevated serum pancreatic enzyme lev-
els and the invasiveness of IPMN [ 7 ]. 

 Although obesity is a common and known risk 
factor for pancreatic adenocarcinoma, there was 
no correlation between the BMI and invasive 
main-duct IPMN in a single-center prospective 
study [ 8 ]. However, patients with malignant 
branch-duct IPMN were found to be more often 
obese [ 8 ]. 

 In addition to pancreatitis, a multicenter case- 
control study identifi ed a positive family history 
of pancreatic adenocarcinoma and previous his-
tory of diabetes as independent risk factors for the 
development of IPMN [ 9 ]. Patients with diabetes 
that required insulin supplementation revealed an 
even higher risk of developing IPMN [ 9 ].  

3.2.2     Extrapancreatic Malignancies 
in Patients with IPMN 

 In recent years, there have been several reports on 
the potential association of IPMN with extrapan-
creatic malignancies (EPM; Table  3.1 ). These 
reports mainly represent retrospective case series 
in which a large spectrum of EPM have been con-
sidered to be in potential association with 
IPMN. Although the genetic basis of this clinical 
suspicion has not yet been subject to study, sev-
eral studies provided retrospective data with a 
positive relationship. Concerning the association 
of EPM incidence in patients with pancreatic 
ductal adenocarcinoma (PDAC) versus IPMN, 
Riall et al. reported high rates of EPM both in 
patients with PDAC and with IPMN. In their 
cohort of 19,647 patients, 95 % had sporadic 
PDAC and 5 % invasive IPMN. In the cohort of 
patients with sporadic PDAC, 10.3 % had one or 
more EPM, and this rate was comparable to 
10.1 % within the invasive IPMN cases. The most 
common sites of EPM were the breast (19.9 %), 
prostate (16.6 %), urinary system (11.1 %), and 
lung (9.8 %). Interestingly, among the 2017 
patients with EPM, 86 % were primarily detected 
before and 14 % after the diagnosis of PDAC. The 
authors concluded that although the rates of EPM 
were not different between sporadic and IPMN- 
associated PDAC cases, the relatively high preva-
lence of EPM in the IPMN cohort may warrant 
surveillance of these patients for common malig-
nancies [ 13 ]. However, there are also several 
studies reporting higher EPM rates in IPMN 
patients. Sugiyama et al. reported a high rate of 
36 % EPM in a small cohort of 42 IPMN patients. 
The malignancies included mainly colorectal and 
gastric carcinomas. The comparison of EPM 
between PDAC and IPMN patients revealed a 
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higher frequency of EPM among IPMN (11 %) 
versus PDAC patients (7 %) [ 10 ]. In a similar 
study with 79 patients, 35 % of the IPMN patients 
were diagnosed with EPM, particularly gastric, 
colonic, esophageal, pulmonary, and independent 
PDAC [ 11 ]. Similar rates of EPM reaching up to 
30 % within their cohort of 61 IPMN patients 
were reported. Also in this study, the main sites 
of EPM were identifi ed as colonic and gastric 
carcinomas. Different from other studies, the 
authors also compared the frequency of EPM in 
IPMN patients to those with mucinous cystic 
neoplasm (MCN) and found clearly higher rates 

of EPM in IPMN patients than in MCN patients 
(39 % versus 8 %) [ 12 ].

   In a population study on the incidence of 
IPMN, Reid-Lombardo et al. identifi ed nonmela-
noma skin (7 %), breast (5 %), prostate (5 %), and 
colorectal (4 %) cancer and carcinoid (1 %) 
tumors among a small cohort of 28 IPMN patients 
[ 17 ]. 

 A common denominator for these initial stud-
ies on the high rates of EPM in IPMN patients is 
the lack of demographically matched control 
cohorts. This defi ciency was addressed in the 
case-control study by Baumgaertner et al. 

   Table 3.1    Incidence and subtypes of extrapancreatic neoplasms (EPN) among patients with IPMN   

 Investigator  Year  Cohorts 
 No. of 
patients  EPN prevalence  EPN subtypes 

 Sugiyama et al. [ 10 ]  1999  IPMN  42  48 %  21 % colorectal adenoma 
 12 % colorectal carcinoma 
 10 % gastric carcinoma 

 Kamisawa et al. [ 11 ]  2005  IPMN  79  35 % (28)  Gastric cancer (12 cases) 
 Colonic cancer (7 cases) 
 Esophageal cancer 
(4 cases) 
 Pulmonary cancer 
(4 cases) 

 Choi et al. [ 12 ]  2006  IPMN  61  39 % (24) EPN 
 30 % (18) EPM 

 33 % gastric 
adenocarcinoma 
 17 % colorectal 
adenocarcinoma 

 Riall et al. [ 13 ]  2007  PDAC  18,655  10.3 % (1917)  19.9 % colorectal 
 20 % breast 
 16.7 % prostate 
 11 % urinary tract 

 IPMN  992  10.1 % (100)  25 % colorectal 
 18 % breast 
 14 % prostate 
 13 % urinary tract 

 Baumgaertner et al. [ 14 ]  2008  IPMN 
 Matched 
controls 

 178 
 356 

 16.8 % 
 8.4 % 

 30 % breast 
 10 % prostate 
 10 % colorectal 

 Reid-Lombardo et al. 
[ 15 ] 

 2010  IPMN  471  52 % ( p  = 0.002) 
 PDAC: 36 % 
 General population: 
43 % 

 24 % colon polyps 
 7 % nonmelanoma skin 
cancer 
 5 % prostate 
 4 % colorectal cancer 

 Marchegiani et al. [ 16 ]  2014  IPMN  1340  21.6 %  12 % kidney 
 19 % colorectal 
 9 % prostate 
 21 % breast 

  Overview of epidemiological data on cystic pancreatic neoplasms 
  IPMN  intraductal papillary mucinous neoplasm,  PDAC  pancreatic ductal adenocarcinoma,  EPM  extrapancreatic 
malignancy  
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 comparing 178 patients with resected IPMN 
(hyperplasia/low-grade dysplasia,  n  = 91; high-
grade dysplasia/invasive cancer,  n  = 87) versus 
356 age- and gender-matched controls. In this 
analysis, EPM were diagnosed in 16.8 % patients 
with IPMN (70 % of which preceding IPMN) and 
in 8.4 % controls ( p  = 0.003). The most frequent 
sites of cancer in patients with IPMN and con-
trols were the breast (30 % in each group), pros-
tate (10 % and 13 %, respectively), and colon/
rectum (10 and 6 %, respectively). The authors 
found no correlation between the prevalence of 
EPM and the grade of dysplasia in 
IPMN. Importantly, the vast majority of IPMNs 
were detected after the diagnosis of EPM. For 
this reason, the authors postulated that this obser-
vation, despite the high rate of co-occurrence of 
EPM with IPMN, does not suffi ciently justify 
extension of the current screening recommenda-
tions [ 14 ]. 

 An important study that addressed the inci-
dence of extrapancreatic neoplasia (EPN) after 
the diagnosis of mainly branch-duct IPMN was 
performed by Marchegiani and colleges who fol-
lowed up 816 patients with IPMN over a period 
of 4 years for EPN incidence. Fifty patients 
developed an EPN after a median surveillance 
time of 46 months after study enrollment. When 
compared to the sex-specifi c, age-standardized 
general cancer incidence estimates on the inci-
dence of cancer in Italy, Sweden, Germany, and 
Turkey (obtained from national registries), the 
incidence of any EPN was not greater in patients 
with or without IPMN (IR of 1.48 in men and of 
1.39 in women). Furthermore, the 5- and 10-year 
cumulative incidence rates for EPN in patients 
with IPMN were 7.9 and 16.6 % in men and 3.4 
and 23.1 % in women. Based on this observa-
tional study, the authors concluded that an addi-
tional screening procedure beyond the routine 
screening for the general population is not neces-
sary for IPMN patients [ 16 ]. 

 In a large case-control study from the Mayo 
Clinic, Reid-Lombardo et al. compared the 
 prevalence of EPN, i.e., including benign lesions 
such as colonic polyps and Barrett’s neoplasia, 
among IPMN patients with two gender- and 
 age-matched control groups consisting of patients 

with a diagnosis of ductal pancreatic adenocarci-
noma (group 1) and a general referral population 
(group 2). The proportion of IPMN patients hav-
ing any EPN diagnosed before or coincident to 
the index date was 52 % compared with 36 % in 
group 1 ( p  < 0.001) and 43 % in group 2 
( p  = 0.002). The most common neoplasms were 
colonic polyps; Barrett’s neoplasia; nonmela-
noma skin, breast, prostate, and colorectal can-
cers; and carcinoid neoplasms. As colonic polyps 
were the most common neoplasia of IPMN 
patients, the authors recommended that screening 
colonoscopy should be considered in all patients 
with IPMN [ 15 ]. However, screening colonos-
copy is recommended in men and women above 
the age of 50 years, independent on an additive 
IPMN diagnosis. 

 Comparison of the characteristics of all these 
studies reveals that these observed differences 
regarding the incidence of EPM/EPN in IPMN 
patients may be due to the geographic (Asian ver-
sus European cohorts) differences or due to the 
lack of appropriate control groups. Even in the 
study by Marchegiani et al., a major question that 
arises is whether the IPMN population was sub-
ject to the same intensity and frequency of cancer 
screening as the general population of the four 
countries. Ideally, to effectively address this 
question, a prospective case-control study with 
subjects exposed to the same extent of post- 
diagnosis screening examinations is necessary. 
Nonetheless, current evidence does not convinc-
ingly justify intensifi ed screening of IPMN 
patients for EPM/EPN.   

3.3     Mucinous Cystic Neoplasm 
(MCN) 

 MCNs are a mucin-producing, septated, cystic 
epithelial neoplasia of the pancreas that are char-
acterized by the presence of an ovarian stroma 
[ 18 ]. One distinguishing feature between IPMN 
and MCN is that MCNs do not have a communica-
tion with the ductal system. They are usually soli-
tary; their size at diagnosis ranges between 0.3 and 
35 cm with a thick fi brotic or calcifying wall [ 19 , 
 20 ]. Epidemiologically, a characteristic feature of 
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MCN is the absolute predominance in women 
(with a reported female to male ratio around 20:1) 
[ 21 ], and the mean age at diagnosis is around 
40–50 years (age range 14–95 years) [ 19 ]. The 
overwhelming majority of MCNs are located in 
the pancreatic body and tail. MCNs are less com-
mon than IPMN (e.g., 91 % of cystic tumors repre-
senting IPMN versus only 9 % MCN [ 22 ]). 

 Based on the degree of dysplasia, MCNs are 
classifi ed as mucinous cystic adenoma (mild dys-
plasia), borderline MCN (moderate dysplasia), 
and MCN carcinoma in situ (severe dysplasia). 
Histopathological signs of malignancy include a 
thickened wall with peripheral calcifi cation, pap-
illary proliferations with mural nodules, size 
greater than 5 cm, vascular involvement, and 
hypervascular pattern. The incidence of invasive 
MCN was reported to be 6–36 %, reaching up to 
51 % when carcinoma in situ is included [ 19 ]. 

 In case of no histological evidence for inva-
sive carcinoma within the MCN at time of resec-
tion, the overall survival probability is not altered. 
But once invasive cancer is detected, the 5-year 
survival rate drops down to 20–60 %. In case of 
anaplastic pancreatic carcinoma in conjunction 
with MCN, the 3-year survival rate is reported to 
be lower than 3 % [ 19 ]. 

 There seems to be no geographic difference 
with regard to the epidemiological characteristics 
of MCN. In a multicentric, retrospective series of 
156 MCN patients, Yamao et al. detected 129 
mucinous cystic adenomas (82.7 %) and 21 non-
invasive (13.4 %) and 6 invasive carcinomas 
(3.9 %). Nearly all patients were exclusively 
women (98.1 %) with a mean age of 48.1 years. 
In accordance with other studies, in 155 patients 
(99.4 %), the tumors were located in the pancre-
atic body/tail region with a mean size of 65.3 mm. 
Interestingly, the authors detected communica-
tion between the cyst and the pancreatic duct in 
18.1 %. The 3-, 5-, and 10-year survival rates 
were 97.6 %, 96.6 %, and 96.6 %, respectively. In 
this analysis, cyst diameter and presence of mural 
nodules were predictive parameters of malignant 
MCN [ 23 ]. 

 In a study on invasive MCN, Kargozaran et al. 
compared the characteristics of 185 patients with 
MCN and 641 patients with invasive IPMN in the 

 S urveillance,  E pidemiology, and  E nd  R esults 
( SEER ) database (1996–2006). MCNs were more 
common (73 %) among women when compared 
to invasive IPMN (48 %,  p  < 0.0001) [ 24 ]. 
Importantly, lymph node metastases were more 
frequently encountered in IPMN than in MCN 
(46 % versus 24 %,  p  < 0.0001). In the early stages 
of disease (i.e., stage I), overall survival after 
resection was better for patients with MCN com-
pared to IPMN patients ( p  = 0.0005). No differ-
ence could be detected in stages equal or greater 
to stage II or in the comparison of node-positive 
MCN with node-positive IPMN ( p  = 0.2263). 
Therefore, in the presence of node-negative 
early-stage disease, invasive MCN seems to be 
associated with a better outcome than invasive 
node-negative IPMN [ 24 ]. 

 In a comprehensive comparative analysis of 
all mucin-producing cystic tumors (MPT) of the 
pancreas (i.e., IPMN, main-duct IPMN/
MD-IPMN, branch-duct IPMN/BD-IPMN), 
Crippa et al. analyzed the clinicopathological 
features of 557 cases. They found that 168 
patients (30 %) had MCN, 159 (28.5 %) BD- 
IPMN, 149 (27 %) combined IPMN, and 81 
(14.5 %) MD-IPMN. In the demographic analy-
sis, patients with MCN were almost exclusively 
women (95 %), and the few male patients were 
signifi cantly older (63 versus 44 years). In con-
trast, only 44 % of patients with main- or mixed- 
duct IPMN and 57 % of those with branch-duct 
IPMN were women. In accordance with previous 
studies, MCNs were single lesions located in the 
distal pancreas (95 %), with malignant transfor-
mation in 11 % of the cases. In comparison, 
IPMNs are commonly located in the proximal 
pancreas, and invasive cancer is present in 11 %, 
42 %, and 48 % of BD-, combined, and 
MD-IPMNs, respectively. Importantly, the mean 
age of patients with invasive MCN was greater 
than for those with noninvasive tumors (55 versus 
44 years) [ 21 ]. The 5-year disease-specifi c sur-
vival rate is 100 % for patients with noninvasive 
tumors and 58 % for invasive MCN when com-
pared to 56 %, 51 %, and 64 % for BD-IPMN, 
MD-IPMN, and combined-type IPMN, respec-
tively. Based on these characteristics, MCN pos-
sesses distinct epidemiological and morphological 
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characteristics. Regarding prognosis, MCN seem 
to largely resemble other cystic tumors of the 
pancreas [ 25 ].  

3.4     Serous Cystic Neoplasm 
(SCN) 

 Serous cystic neoplasm (SCN) of the pancreas is 
commonly termed serous cystadenoma and rep-
resents over 32 % of all cystic tumors of the pan-
creas in a study with 522 patients performed by 
Le Borgne et al. [ 26 ]. SCN are mostly encoun-
tered among women (75 % of cases) with a 
median age of ca. 60 years [ 27 ], and the cysts do 
not seem to have a predominant site of origin in 
the pancreas. They can be either microcystic or 
macrocystic, although the microcystic form was 
reported to be more frequent (app. 93 % micro-
cystic versus 7 % macrocystic). Therefore, a clas-
sical SCN is microcystic, has a central area of 
calcifi cation, and contains a watery, nonviscous 
fl uid. Macroscopically, macrocystic SCN can 
appear to be very similar to pseudocysts or 
MCNs. SCN is widely believed to have no malig-
nant potential, although a small number of cases 
of malignant serous cystadenocarcinomas have 
been reported. 

 In one of the fi rst retrospective studies on 
macrocystic SCN, Chatelain et al. detected seven 
women and one man with macrocystic SCN, with 
a mean age of 48 years and a mean cyst size of 
3 cm (range: 1.5–5 cm) [ 28 ]. In a simultaneous 
comparison of SCN with other cystic pancreatic 
neoplasms among 851 cases from the 
Massachusetts General Hospital, SCN comprised 
16 % of all cystic pancreatic neoplasms when 
compared to IPMN (38 %), MCN (23 %), and 
cystic neuroendocrine neoplasm (7 %) [ 29 ]. In a 
similar retrospective study from Korea, Yoon 
et al. compared the clinicopathological data and 
risk factors for malignancy among 1064 patients 
with pancreatic cystic tumors from 30 university 
hospitals throughout Korea. In this large cohort, 
436 (41 %) were IPMN, 268 (25 %) MCN, 195 
(18 %) solid pseudopapillary neoplasm (SPN), 
and 162 (15 %) SCN [ 4 ]. Therefore, SCN account 
for 15–32 % of all cystic tumors in the pancreas.  

3.5     Solid Pseudopapillary 
Neoplasm (SPN) 

 SPNs are the rarest cystic tumors of the pan-
creas. They occur in approximately 0.5 % of all 
solid pancreatic lessons [ 30 ]. Mainly women 
are affected, and the female frequency in the lit-
erature lies between 85 and 100 % [ 31 ,  32 ]. A 
literature review of 1014 patients with SPN 
showed male patients only in 137 cases (13.5 %). 
The incidence of SPN metastasis in males is 
twofold, and the death rate is three times higher 
than in females [ 33 ]. The mean age of affected 
patients is 27 years, and 5-year survival rates are 
over 96 % [ 34 ,  35 ]. However, SPNs do have 
malignant potential, since about 23 % of the 
resected SPNs are pseudopapillary carcinomas 
[ 36 ]. Most SPNs are diagnosed due to symp-
toms, such as abdominal pain (58–100 %) [ 32 , 
 33 ,  37 ]. 

 In a case series from the Johns Hopkins 
University with 37 patients, 33 (89 %) were 
women, and the median age at diagnosis was 32 
years. The most common symptom was abdomi-
nal pain (81 %). Median tumor size was 4.5 cm. 
From these 37 patients, 34 patients underwent an 
R0 resection (92 %), 1 had an R1 resection, and 1 
had an R2 resection, and after resection 34 (94 %) 
patients remained alive after a remarkable obser-
vation period of 38 years [ 20 ]. In a retrospective 
review of 181 pancreatic resections, Cecka et al. 
reported on SPN in four cases (2.2 %). All these 
patients were females, and the average age was 
34 years [ 38 ]. In a pediatric patient series, Speer 
et al. identifi ed SPN in 11 cases, 64 % of them 
were female with a median age of 14 years (9–17 
years). The median tumor diameter in these chil-
dren was 5 cm (3.5–12 cm) [ 39 ]. In another larger 
series presented by Guo et al., 23 of 24 patients 
were women, and the mean age of all patients 
was 31 years [ 40 ]. Overall, SPN has an excellent 
prognosis. In the case study by Brecht et al., the 
authors analyzed the SEER database regarding 
the prognosis of malignant pancreatic tumors in 
children. Here, even malignant SPNs demon-
strated an excellent 5-year survival rate of 88 % 
[ 41 ]. In a similar series by Kim et al., 86.9 % of 
the resected 114 patients were female, and the 
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median age was 36 years (range: 11–75). Twenty- 
six patients (22.8 %) revealed solid pseudopapil-
lary carcinoma (SPC). Although the authors 
detected no difference in symptoms (e.g., abdom-
inal/back pain, indigestion, jaundice) among the 
SPN versus SPC patients, recurrence was only 
detected among the SPC cases (4 out of 26 
patients). Patients with recurrence were young 
patients (mean age of patients with no recur-
rence, 36, versus of those with recurrence, 23 
years) with metastasis at fi rst operation, invasion 
of an adjacent organ, and a large tumor (≥13 cm) 
[ 36 ]. Therefore, overall, SPN can be regarded as 
a tumor of young female patients that has a low 
malignancy potential and an excellent prognosis 
after curative resection.  

3.6     Pseudocysts 

 Pancreatic pseudocysts are encapsulated fl uid 
collections without an epithelial lining (hence 
“pseudo”cyst) and can be attributed to the leak-
age of the pancreatic fl uid after damage to the 
ductal system during acute or chronic pancreati-
tis or subsequent to abdominal trauma. Acute 
pancreatitis was reported to be associated with 
pseudocysts in 5.1–16 %, and reaches up to 
20–40 % in patients with chronic pancreatitis 
[ 42 – 44 ]. They are usually single cystic lesions 
without septations or solid parts. The cyst fl uid 
contains high levels of amylase and has low vis-
cosity. The main indications for intervention are 
associated symptoms (such as pain or feeling of 
abdominal pressure). In their prospective multi-

center study, Cui et al. detected a pseudocyst 
incidence of 6.3 % and a higher frequency of 
pseudocysts with decreasing age, with alcoholic 
acute pancreatitis and higher serum LDH levels. 
Furthermore, they detected that approximately 
84 % of the pseudocysts disappeared or decreased 
in size during follow-up [ 30 ].  

3.7     Summary 

 In summary, from an epidemiological point of 
view, cystic tumors of the pancreas still repre-
sent a rare entity. However, there are a number 
of  indicators for the increasing incidence or at 
least increased detection rate of these lesions in 
routine imaging diagnostics. The key epidemi-
ological features of pancreatic cystic tumors 
and a comprehensive list of the studies that pro-
vided epidemiological data on pancreatic cystic 
tumors were presented on Tables  3.2  and  3.3 . 
Knowledge on the typical epidemiological 
characteristics of cystic pancreatic tumors, par-
ticularly related to the peak of their occurrence, 
gender, and age predilection, may help in the 
diagnosis and clinical decision-making pro-
cess. Since cystic pancreatic tumors are rela-
tively recently recognized disorders, there is 
ongoing need for large-scale major epidemio-
logical studies. Such studies necessitate a close 
collaboration between gastroenterologists, 
radiologists, and surgeons within large centers 
and establishment of “cystic pancreatic tumor 
referral centers” which may enable the perfor-
mance of such studies.
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4.1           Introduction 

 Over the course of the last two decades, dramatic 
improvements in the spatial and temporal resolu-
tion of multidetector computed tomography 
(MDCT), as well as the routine utilization of 
multiplanar reformations and three-dimensional 
reconstruction tools, have had a signifi cant 
impact on our ability to evaluate a variety of pan-
creatic diseases with increasing accuracy and 
sophistication. Nowhere is this more evident than 
in the assessment of pancreatic cystic neoplasms, 
which are increasingly being identifi ed inciden-
tally as a result of improvements in the spatial 
resolution of both MDCT and magnetic reso-
nance imaging (MRI). Given that roughly 1 % of 
all hospitalized patients in the United States and 
25 % of all cadavers are found to harbor pancre-
atic cysts, it is not surprising that pancreatic cysts 
are frequently being identifi ed on studies being 
performed for completely unrelated reasons and 
this has consequently created a vital role for 
imaging in the diagnosis and risk stratifi cation of 
these cystic lesions [ 1 ]. 

 While it is undoubtedly true that there are 
some lesions (particularly when small) for which 
MDCT cannot provide a specifi c diagnosis, many 

cystic pancreatic neoplasms do have imaging 
 features that may allow a radiologist either to 
provide a specifi c and accurate diagnosis or, 
alternatively, to narrow the differential diagnosis 
to a few salient entities. Moreover, imaging now 
serves as the primary tool to risk stratify cysts 
and determine which lesions can be safely 
 managed conservatively with serial follow-up 
imaging examinations and which lesions need to 
be more aggressively managed with either 
 endoscopic ultrasound or surgical resection [ 2 ]. 

 This chapter will provide a brief overview of 
the standard MDCT imaging techniques and 
 protocols utilized in the evaluation of pancreatic 
cysts, followed by a detailed description of the 
imaging features of a number of common 
 pancreatic cystic neoplasms, including  intraductal 
papillary mucinous neoplasms (IPMN), serous 
cystadenomas, mucinous cystic neoplasms, cys-
tic neuroendocrine tumors, solid pseudopapillary 
neoplasms, and lymphoepithelial cysts.  

4.2     Imaging Technique 

 Whenever a disorder of the pancreas is suspected 
(either based on clinical symptomatology or the 
result of a prior imaging study), the imaging 
acquisition should be specifi cally tailored for a 
focused evaluation of the pancreas. These patients 
are typically not given positive oral contrast 
agents, as dense contrast pooling in the stomach 
or duodenum can result in beam hardening and 
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streak artifacts that can obscure subtle lesions in 
the adjacent pancreas and, moreover, interfere 
with standard 3-D post-processing techniques. 
Rather, patients are typically given roughly 
1500 cc of water immediately prior to the scan in 
order to distend the stomach and duodenum and 
consequently improve our ability to differentiate 
primary pancreatic pathology from a duodenal or 
gastric lesion. The administration of intravenous 
contrast is absolutely vital in the evaluation of 
pancreatic cysts, as many lesions cannot even be 
visualized without intravenous contrast (espe-
cially when small), while the internal architecture 
and morphology of larger cysts cannot be ade-
quately assessed without intravenous contrast. 
Typically, 100–120 cc of nonionic intravenous 
contrast is administered in a rapid bolus (3–5 cc/s) 
in order to maximize enhancement. It is now rou-
tinely accepted that the evaluation of pancreatic 
lesions requires a dual-phase acquisition, with 
arterial phase images typically acquired at 
roughly 30–40 s after the injection of intravenous 
contrast, while venous phase images are acquired 
roughly 60–70 s after contrast injection. As we 
will discuss later, each of these two phases has 
their own strengths in terms of lesion assessment, 
and different lesions might be more readily eval-
uated on one of the two phases. 

 On most modern scanners, images are 
acquired with extremely thin collimation, usually 
with a slice thickness of only 0.625–0.75 mm, 
with these source images being then recon-
structed into 3–5 mm axial sections for routine 
review. Moreover, the source images are used to 
create coronal and sagittal reformations directly 
at the scanner soon after image acquisition, as 
well as to create 3-D reconstructions at an inde-
pendent workstation using dedicated software 
packages. In addition, at our institution, we also 
routinely create “coned-down,” magnifi ed recon-
structions centered on the pancreas itself, which 
we have found very helpful in the identifi cation 
of tiny lesions. 

 3-D reconstruction has now proven to be an 
extremely valuable adjunct technique for the 
evaluation of pancreatic cystic lesions, in many 
cases providing insight into cysts that may not be 
appreciable on the routine axial image review. 

While a variety of 3-D techniques have been 
developed, the two most commonly utilized 
include (1) maximum intensity projection (MIP) 
imaging and (2) volume rendering (VR). MIP 
images highlight the highest-attenuation voxels 
in a dataset and project these voxels into a three- 
dimensional display. MIP images are very help-
ful for evaluating the vasculature and illustrating 
the vascularity associated with lesions, including 
feeding vessels. Moreover, subtle peripheral 
hyperenhancement (as seen with serous cystade-
nomas and cystic neuroendocrine tumors) may 
be increased in conspicuity with MIP technique, 
as will subtle sites of hypervascular mural nodu-
larity. Volume rendering is a much more mathe-
matically and computationally intensive process 
that entails assigning a specifi c color and trans-
parency to different voxels based on their attenu-
ation values and then presenting this data as an 
interactive 3-D display. We have found this tech-
nique to be very helpful for lesion identifi cation, 
assessing the internal architecture of pancreatic 
cystic lesions and demonstrating the relationship 
of a cystic lesion to the adjacent pancreatic duct. 

 Overall, given these advancements, multiple 
studies in the literature have shown MDCT to be 
very accurate in the characterization of pancre-
atic cystic lesions, with accuracy rates not dis-
similar to MRI. Several studies have shown 
accuracy rates ranging from 56 to 85 %, with 
accuracies as high as 79 % for differentiating 
benign and malignant lesions and as high as 85 % 
for distinguishing mucinous and non-mucinous 
lesions [ 1 – 4 ].  

4.3     Serous Cystadenoma 

 Serous cystadenomas are benign pancreatic 
tumors composed of glycogen-rich cuboidal epi-
thelium arising from acinar cells that account for 
roughly 20 % of all pancreatic cystic neoplasms 
[ 5 ]. 80 % of lesions are found in women and are 
mostly diagnosed in patients over the age of 60, 
therefore leading these tumors to be classically 
described as “grandmother” tumors. These 
lesions are almost always benign (with only a few 
isolated reports describing extraordinarily rare 
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malignant or locally aggressive variants), and in 
most cases, lesions (particularly when small) 
typically demonstrate very indolent growth rates 
and are unlikely to cause symptoms due to mass 
effect. It is important, however, to note that larger 
lesions can sometimes grow quite rapidly, par-
ticularly when they reach a threshold of roughly 
4 cm in size (growing as fast as 2 cm/year), some-
times necessitating surgical resection to avoid 
symptoms due to mass effect or local growth [ 6 , 
 7 ]. Given that these lesions can grow slowly over 
several years before reaching clinical attention, 
serous cystadenomas are not infrequently quite 
large at presentation, since smaller lesions may 
not cause symptoms and thus not reach clinical 
attention. Given their typically indolent growth 
pattern, serous cystadenomas are frequently 
diagnosed incidentally on imaging (~50 % of 
cases) [ 8 ]. The vast majority of cases are spo-
radic, although serous cystadenomas are found 
with increasing frequency in patients with von 
Hippel-Lindau syndrome (VHL), with VHL 
patients frequently demonstrating multiple 
lesions [ 6 ]. 

 Serous cystadenomas typically demonstrate 
three common morphologic patterns (Figs.  4.1 , 
 4.2 , and  4.3 ) which can be seen on MDCT: (1) 
microcystic pattern, (2) macrocystic or  oligocystic 
pattern, and (3) solid pattern. The microcystic 
pattern (i.e., microcystic serous cystadenoma) is 

the appearance most classically associated with 
serous cystadenomas and is the most likely to 
allow a specifi c imaging diagnosis. Microcystic 
serous cystadenomas typically demonstrate a 
“honeycomb” or “sponge” pattern with innumer-
able (classically > 6 cysts) tiny (<2 cm) cysts 
comprising a larger cystic mass (Figs.  4.2  and 
 4.3 ). Innumerable avidly enhancing septations 
are often seen within the mass, and a central stel-
late enhancing scar (seen in roughly 30 %) with 
calcifi cation may be present. If multiphase imag-
ing is performed, the septations and periphery of 
the mass show avid enhancement on the arterial 
phase images, while the central scar may demon-
strate delayed enhancement [ 9 ]. While this pat-
tern allows a specifi c diagnosis (which may allow 
the lesion to be followed conservatively without 
the need for further tests or surgical resection), 
it is unfortunately seen in less than ¼ of all 
cases [ 5 ].

     The macrocystic variant comprises roughly 
15–25 % of all cases and presents as a unilocular 
or oligocystic lesion that may be indistinguish-
able from other common cystic tumors (such as 
an IPMN or MCN). This morphologic subtype 
does not usually demonstrate either a central scar 
or calcifi cation. While several studies have 
attempted to delineate imaging features that 
might demarcate these macrocystic serous cyst-
adenomas from other cystic lesions using such 
imaging features as cyst location, wall thickness, 
wall enhancement, and external lobulation, the 
prospective diagnosis of this type of lesion 
remains very diffi cult [ 10 ,  11 ]. Finally, the 
“solid” variant can be the most confusing and dif-
fi cult to diagnose prospectively, as these lesions 
can present as a solid hypervascular mass that 
avidly enhances on the arterial phase and appears 
virtually indistinguishable from a pancreatic neu-
roendocrine tumor. These lesions are thought to 
result from the avidly vascularized septa of the 
cystadenoma predominating over the internal 
cystic component, thus causing the septations to 
appear as confl uent hyperenhancing solid tissue. 
While these lesions can demonstrate a central 
scar with calcifi cation, this is quite rare and 
 inadequately specifi c to allow a confi dent diag-
nosis [ 6 ,  12 ]. 

  Fig. 4.1    Axial CECT demonstrates a large macrocystic 
mass with multiple internal septations and large central 
dystrophic calcifi cations. This mass was found to be a 
serous cystadenoma at surgical resection       
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 Regardless of their morphologic subtype, 
serous cystadenomas classically demonstrate a 
“lobulated” contour that can be an important 
imaging feature in arriving at the correct diagno-
sis and is not commonly seen with other lesion 

categories (Fig.  4.3 ) [ 5 ]. These tumors do not 
communicate with the pancreatic duct and, 
except in usual cases (or if the mass is very large 
with signifi cant mass effect), do not obstruct 
either the pancreatic duct or common bile duct 
[ 13 ]. Arterial phase imaging can be very impor-
tant, as these are fundamentally hypervascular 
lesions: Not only can the internal septations of 
the lesion avidly enhance, but serous cystadeno-
mas characteristically demonstrate prominent 
peripheral vascularity and rim enhancement, and 
large feeding vessels (often arising from the gas-
troduodenal artery or pancreaticoduodenal 
arcade) may be seen draped around the margins 
of the cyst on the arterial phase images (often 
most evident using 3-D reconstructions) (Fig.  4.2 ) 
[ 5 ]. Calcifi cations within the lesion are very com-
mon and can be peripheral, central, or along sep-
tations. Location within the pancreas is generally 
not a helpful feature: While these lesions are 
classically thought to be primarily found in the 
pancreatic head, they can be found in virtually 
any location within the pancreas, and some recent 
studies have suggested that serous cystadenomas 
may be relatively equally distributed throughout 
the pancreatic head, body, and tail. While serous 
cystadenomas are one of the few pancreatic  cystic 

  Fig. 4.3    Axial contrast-enhanced CT demonstrates the 
classic “sponge” appearance of a serous cystadenoma. 
Notice the lobulated contour of the mass, classic for this 
entity       

a b

  Fig. 4.2    ( a ,  b ) Axial and coronal (with MIP 
 reconstruction) contrast-enhanced CT images demon-
strate the classic appearance of a microcystic serous 

 cystadenoma. Notice the prominent peripheral hypervas-
cularity with arteries draped around the margins of the 
pancreatic head mass       
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neoplasms that can undergo internal hemorrhage, 
this can be diffi cult to appreciate on MDCT and 
is typically easier to perceive on MRI (high sig-
nal on pre-contrast T2-weighted images). 

 In most cases, arriving at a specifi c diagnosis 
on imaging may be diffi cult when lesions are 
small (particularly when <1 cm). A specifi c diag-
nosis is more likely, however, with larger lesions, 
and lesions with the classic “microcystic” pattern 
that can be confi dently diagnosed do not require 
any further imaging studies for specifi c diagno-
sis. Unfortunately, differentiating the “solid” 
variant from neuroendocrine tumors can be virtu-
ally impossible, and such lesions are almost 
always diagnosed only after the lesion is surgi-
cally resected. Serous cystadenomas are one of 
the few lesions where MRI does offer a clear 
advantage over MDCT in providing a specifi c 
diagnosis: The internal architecture of these 
lesions, even when not readily apparent on 
MDCT, is often very easily delineated on 
T2-weighted images, which can nicely demon-
strate the presence of internal septations and 
“microcystic” morphology within a T2 hyperin-
tense, cystic mass. When confronted with a lesion 
on MDCT that is indeterminate, but suspicious 
for serous cystadenoma, MRI is clearly the test of 
choice. 

 In general, imaging has a very important role 
to play in the management of these lesions, as 
small serous cystadenomas which can be confi -
dently diagnosed on imaging can generally be 
conservatively managed with serial imaging fol-
low- up. Lesions that are confi dently felt to repre-
sent serous cystadenomas are usually only 
resected when large (>4 cm) or when they cause 
symptoms [ 7 ].  

4.4     Mucinous Cystic Neoplasm 

 Mucinous cystic neoplasms (MCN) are rare 
(~2.5 % of all exocrine pancreatic tumors) pre-
malignant or frankly malignant pancreatic cystic 
neoplasms that are virtually always diagnosed in 
women (with roughly 99.7 % of cases seen in 
women). These lesions are virtually never found 
in men, and in those few reports of MCN in 

males, they tend to present at signifi cantly older 
ages [ 14 ]. Patient age can be helpful in formulat-
ing a diagnosis, as MCN occur in a slightly 
younger age group than serous cystadenomas, 
with a mean age of roughly 50 years [ 6 ]. Given 
their age and gender predilection, these tumors 
are frequently referred to as the “mother” tumor. 
Unfortunately, even though the majority (~72 %) 
of MCN are benign mucinous cystadenomas, 
even “benign” MCN harbor the potential for 
malignancy (with rates of malignancy between 6 
and 36 %), and consequently, all MCN should be 
surgically resected [ 3 ,  6 ]. The key differentiating 
feature in the pathologic diagnosis of these 
lesions is the presence of ovarian stroma lining 
the cyst wall, a feature not seen with any other 
pancreatic cystic neoplasms [ 14 ]. 

 MCN classically present as a unilocular or 
multilocular encapsulated cystic lesion in the 
pancreatic body or tail (Figs.  4.4 ,  4.5 , and  4.6 ) 
[ 15 ]. Lesions tend to be quite large, with an aver-
age size of 6–11 cm [ 14 ]. Unlike other cystic 
lesions, where the location of the cyst can be of 
limited value in formulating a differential diag-

  Fig. 4.4    Axial contrast-enhanced CT demonstrates a 
large cystic mass with a well-defi ned wall in the pancre-
atic tail. Note that the pancreatic tail upstream from the 
mass is atrophic ( arrow ), a sign highly suspicious for 
malignancy. This was found to be a malignant MCN at 
surgery       
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nosis, cyst location is vitally important in MCN 
evaluation, as any cyst in the pancreatic tail 
should be raised as a concern for a MCN. Unlike 
serous cystadenomas, which demonstrate a 
“microcystic” morphology, MCN are macrocys-
tic tumors, appearing as a solitary unilocular cyst 
or as a cyst with a few (<6) dominant cystic loc-
ules (each measuring > 2 cm). The appearance of 

these lesions can further vary depending on the 
presence of invasive malignancy or atypia, as 
malignant MCN do not infrequently demonstrate 
thick walls, mural nodularity, and irregular septa-
tions. Lesions can demonstrate thin or thick cal-
cifi cations (~15 % of cases) either at the lesion 
periphery or within septations. Unlike the other 
major category of pancreatic mucinous neo-
plasms (i.e., IPMN), MCN do not communicate 
with the pancreatic duct, and the presence of 
apparent communication with the pancreatic duct 
should discourage the diagnosis of a MCN [ 6 ].

     In addition to diagnosis, MDCT can be a very 
valuable tool in risk stratifying MCN, and several 
features can be strongly suggestive of malig-
nancy, including wall thickening, peripheral 
mural nodularity, thick or irregular septations, 
calcifi cations, obstruction of either the pancreatic 
or common bile ducts, pancreatic parenchymal 
atrophy upstream from the lesion, or large size 
(usually > 4 cm) [ 16 ]. In some cases, the diagno-
sis of a malignant MCN is easily made in the 
presence of a discrete soft tissue mass associated 
with the cyst that can be locally aggressive and 
involve the adjacent spleen, stomach, left adrenal 
gland, or vasculature. Alternatively, “benign” 
MCN do not infrequently present as a simple uni-
locular cyst with an imperceptible wall, no inter-
nal complexity, and no evidence of pancreatic or 
biliary ductal obstruction. We have found in our 
practice that 3-D reconstruction methods can be 
very valuable in assessing for subtle signs of 
malignant transformation, as subtle peripheral 
wall thickening and mural nodularity that might 
be diffi cult to perceive on the source axial images 
are readily visible on the volume-rendered 
reconstructions.  

4.5     Intraductal Papillary 
Mucinous Neoplasm 

 Intraductal papillary mucinous neoplasms 
(IPMN) are mucin-producing neoplasms arising 
from the ductal epithelium either in the main pan-
creatic duct or the pancreatic duct side branches. 
IPMN can range from being benign to frankly 
malignant, with lesions divided by the World 

  Fig. 4.5    Axial contrast-enhanced CT demonstrates a 
well-defi ned cystic lesion ( arrow ) in the pancreatic tail of 
a middle-aged female. There is no complexity associated 
with the cyst, and this was found to be a benign MCN at 
resection       

  Fig. 4.6    Coronal contrast-enhanced CT demonstrates a 
classic malignant MCN of the pancreatic tail with exten-
sive internal septations and complexity       
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Health Organization into IPMN with low-grade 
dysplasia, intermediate-grade dysplasia, high- 
grade dysplasia, or frank invasive carcinoma. 
These tumors are classically divided into three 
major categories: (1)  side - branch IPMN , which 
are lesions primarily centered in the pancreatic 
duct side branch and which carry a variable risk 
of malignancy depending on the individual fea-
tures of the cyst (high-grade dysplasia in 25 % 
and invasive malignancy in 17 %); (2)  main - duct 
IPMN , which are lesions centered in the main 
pancreatic duct and which carry a very high risk 
of malignancy (close to 60 %); and (3)  mixed - 
 type IPMN , which share features of both side- 
branch and main-duct IPMN and which harbor a 
risk of malignancy comparable to main-duct 
IPMN [ 17 ]. Demographic features are generally 
less helpful in the diagnosis, given that IPMN are 
so frequently seen incidentally in all patient 
groups, although IPMN do tend to be more often 
seen in elderly patients with a male predomi-
nance (70 %) and are accordingly sometimes 
referred to as “grandfather” tumors. As men-
tioned in the introduction of this chapter, one of 
the major dilemmas in abdominal radiology is 
our increasing incidental identifi cation of pancre-
atic cysts on CT and MRI examinations per-
formed for completely unrelated indications, and 
it is undoubtedly true that a very large percentage 
of these incidental, asymptomatic cysts are side- 
branch IPMN. The management of IPMN has 
been a matter of great debate, although it should 
be noted that the 2012 International Association 
of Pancreatology international consensus guide-
lines for the management of mucinous neoplasms 
places a great deal of emphasis on imaging fi nd-
ings for risk stratifi cation of cysts, including 
lesion size and morphologic features [ 18 ]. 

 Side-branch IPMN (Fig.  4.7 ) typically present 
as a well-defi ned cystic lesion that communicates 
with the pancreatic duct. While MRI with MRCP 
has traditionally been thought to be superior for 
demonstrating duct communication, MDCT 
images with thin collimation, multiplanar refor-
mations, and 3-D imaging can be reasonably 
comparable in demonstrating a connection 
between a cyst and the pancreatic duct. IPMN can 
have variable morphology, and although many 

lesions may appear unilocular, it is not uncom-
mon to see lesions with more complex morpholo-
gies, including lesions that appear tubular or as 
“grapelike” clusters of interconnecting cysts. 
While side-branch IPMN can appear anywhere in 
the pancreas, there is a predisposition for the pan-
creatic head and uncinate process. Unlike the 
other lesions in this discussion, which inevitably 
are solitary lesions, IPMN are frequently multi-
ple, and the presence of multiple pancreatic cysts 
in the same patient should strongly suggest the 
presence of multiple side- branch IPMN [ 6 ]. At 
least one study has suggested that patients with 
multiple IPMN may be at higher risk of develop-
ing invasive carcinoma [ 19 ].

   Main-duct IPMN (Figs.  4.8  and  4.9 ), on the 
other hand, do not present as a discrete cystic 
mass, but rather, present as a markedly dilated, 
tortuous pancreatic duct (usually > 1 cm in size). 
These lesions can result in either dilatation of the 
entire duct or just a segment, and it is not uncom-
mon to see “bulging” of the dilated duct into the 
ampulla, an imaging correlated to the mucin- 
fi lled ampulla visible to the endoscopist during 
an ERCP. Polyploid enhancing nodules may 
sometimes be visible within the duct itself and 
are very strong clues to the presence of malig-
nancy, while calcifi cations (which are often 
amorphous in morphology) may be seen within 

  Fig. 4.7    Coronal volume-rendered contrast-enhanced 
CT demonstrates a large cystic lesion ( arrow ) in the pan-
creatic head which was shown to communicate with the 
main pancreatic duct (not shown), compatible with a side- 
branch IPMN       
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the dilated duct as well. In most cases, the pan-
creas overlying the dilated duct is either frankly 
atrophic or demonstrates fatty infi ltration, but 
this may not always be present. While a dilated 
pancreatic duct may represent a main-duct IPMN, 
it should be recognized that there is signifi cant 
imaging overlap with fi ndings of both chronic 
pancreatitis and a small occult mass (such as ade-
nocarcinoma) obstructing the pancreatic duct and 
ancillary imaging features must be sought out to 
differentiate these three possibilities. In some 
cases, endoscopic ultrasound may be necessary 

to confi dently distinguish a main-duct IPMN 
from chronic pancreatitis or an occult obstructing 
adenocarcinoma.

    As mentioned previously, the 2012 
International Association of Pancreatology guide-
lines for mucinous cyst management place a 
great deal of stress on imaging features for risk 
stratifi cation of cysts, and several features are 
thought to be strongly suspicious for malig-
nancy, including dilatation of the main pancre-
atic duct (especially ≥ 1 cm), biliary obstruction, 
enhancing mural nodularity, wall thickening, 
abrupt change in main pancreatic duct caliber, 
distal pancreatic atrophy, or large cyst size (typi-
cally greater than 3 cm) [ 18 ]. It should be noted 
that IPMN may demonstrate other forms of 
internal complexity, but there is little data to sug-
gest that such features as thin septations or calci-
fi cations provide any degree of increased risk for 
malignancy.  

4.6     Solid Pseudopapillary 
Neoplasm 

 Solid pseudopapillary neoplasms (SPEN), also 
known  Hamoudi  tumors or  Franz  tumors, are rare 
pancreatic neoplasms which are almost always 
seen in young women (usually under 35 years of 
age), with only a small minority of cases diag-
nosed in men (~12 %). As a result of this age and 
gender predisposition, these tumors are fre-
quently referred to as “daughter” tumors. 
Although less certain, some studies have sug-
gested a slightly higher incidence in patients of 
African or Asian ethnicities [ 6 ,  20 ,  21 ]. While 
these lesions are classifi ed as low-grade malig-
nancies, they have an excellent prognosis after 
surgical resection, with fewer than 10 % of 
patients demonstrating distant metastases (usu-
ally to the liver) or locoregional lymphadenopa-
thy and reported 5-year survival rates as high as 
94–97 % [ 22 ]. In fact, given the relative indolence 
of these lesions, it is not surprising that these 
tumors are increasingly being identifi ed inciden-
tally on imaging, with over 40 % of all cases 
found in patients undergoing imaging for 
 unrelated reasons. However, despite these 

  Fig. 4.9    Curved planar reformation from a contrast- 
enhanced CT demonstrates a markedly dilated main pan-
creatic duct with intraductal enhancing solid soft tissue 
( arrow ), compatible with a malignant main-duct IPMN       

  Fig. 4.8    Axial contrast-enhanced CT demonstrates a dif-
fusely dilated main pancreatic duct ( arrow ), compatible 
with a main-duct IPMN       
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 incidentally discovered masses, most patients do 
present with nonspecifi c symptoms of abdominal 
pain or discomfort [ 22 ]. 

 While the diagnosis of these lesions is largely 
contingent on patient demographics (especially 
age and gender), there are several relatively con-
sistent imaging features: SPEN classically pres-
ent as a well-circumscribed, encapsulated mass 
that can occur anywhere in the pancreas and 
which is often relatively large at presentation 
(average > 5 cm) (Figs.  4.10  and  4.11 ). Lesions 
can vary in their internal attenuation from appear-
ing mostly cystic to mostly solid, but even appar-
ently “solid” components demonstrate minimal 
enhancement and may represent intratumoral 
hemorrhage rather than true enhancing solid tis-
sue. In some cases, the presence of gross intratu-
moral or peritumoral hemorrhage may be present 
and is very strongly suggestive of SPEN, although 
blood within the lesion is often easier to perceive 
on MRI compared to CT [ 23 ,  24 ]. In rare 
instances, SPEN can be associated with large ret-
roperitoneal hemorrhage that may result in the 
patient’s presentation. Calcifi cation is very fre-
quent and may be seen either within the center of 
the lesion or peripherally (Figs.  4.10  and  4.11 ) 
[ 25 ,  26 ].

    SPEN do not communicate with the pancre-
atic duct and do not typically cause pancreatic 
ductal obstruction or pancreatic atrophy, even if 

the lesion is quite large and bulky. Similarly, 
even large tumors situated in the pancreatic 
head do not typically cause biliary obstruction. 
Lesions are very well defi ned and often round 
or oval in shape, with the presence of an enhanc-
ing peripheral capsule a consistent feature. 
SPEN do not demonstrate evidence of vascular 
encasement, narrowing, occlusion, or invasion 
[ 25 ,  27 ,  28 ].  

4.7     Cystic Neuroendocrine 
Tumors 

 Most neuroendocrine tumors present as solid 
well-marginated hypervascular masses that are 
most apparent on the arterial phase of imaging. 
While some lesions, particularly as they grow 
larger, can demonstrate cystic and necrotic fea-
tures, it is worth noting that some neuroendocrine 
tumors can appear as a primarily cystic lesion 
that can be easily confused with other more com-
mon cystic neoplasms (such as an IPMN). Cystic 
neuroendocrine tumors are most often non- 
syndromic (i.e., not associated with a clinical 
syndrome due to hormone hypersecretion), and 
in those rare cases that are syndromic, lesions are 
almost always of the non-insulin-secreting type 

  Fig. 4.10    Axial contrast-enhanced CT demonstrates a 
SPEN tumor ( arrow ) in young women with coarse inter-
nal calcifi cations       

  Fig. 4.11    Coronal contrast-enhanced CT in a young 
woman demonstrates a large cystic pancreatic mass with 
extensive calcifi cations and some internal solid compo-
nents. This mass was found to be a SPEN at resection       
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[ 6 ,  29 ]. Like other neuroendocrine tumors, cystic 
neuroendocrine tumors are associated with von 
Hippel-Lindau syndrome, neurofi bromatosis, 
and multiple endocrine neoplasia (MEN) type I 
and are more apt to be multiple in the setting of 
one of these syndromes. 

 Cystic neuroendocrine tumors almost 
always demonstrate the presence of either a 
peripheral “rind” of hypervascular enhancing 
solid tissue or, alternatively, hyperenhancing 
mural nodularity along the margins of the cyst 
(Fig.  4.12 ) [ 30 ]. This diagnosis is one of the 
primary reasons for the inclusion of arterial 
phase images in the evaluation of a suspected 
pancreatic cystic neoplasm, as both the solid 
rim and mural nodularity associated with these 
lesions are almost always most conspicuous on 
the arterial phase and may be more diffi cult to 
appreciate on venous phase imaging. 
Unfortunately, given that the hypervascular 
components may be less conspicuous on the 
venous phase, these lesions are not infre-
quently incorrectly diagnosed as IPMN when 
only a venous phase is acquired. In addition, 
the presence of other signs of metastatic dis-
semination can also be a strong clue to the 

 correct diagnosis, including hyperenhancing 
liver or lymph node metastases.

4.8        Lymphoepithelial Cysts 

 Lymphoepithelial cysts are rare (<0.5 % of all 
pancreatic cystic lesions) benign pancreatic cys-
tic neoplasms that are most commonly seen in 
elderly men between 50 and 70 years old. These 
lesions have no malignant potential and are usu-
ally an incidental fi nding seen on imaging stud-
ies performed for totally unrelated reasons, 
although patients can rarely present with non-
specifi c symptoms of abdominal pain. The exact 
etiology of these lesions is not well understood, 
with different theories suggesting they could 
represent the sequelae of branchial cleft cysts 
fusing with the pancreatic remnant during 
embryogenesis or epithelial inclusions within a 
peripancreatic lymph node with squamous meta-
plasia [ 31 ]. 

 Prospective diagnosis can be extraordinarily 
diffi cult, although these lesions do tend to be 
peripancreatic (abutting and invaginating into the 
pancreas) rather than being truly of pancreatic 
origin. If a lesion is suspected to be extrapancre-
atic, rather than arising from the pancreas itself, 
lymphoepithelial cyst (along with lymphangioma 
and pseudocyst) should be considered [ 31 ,  32 ]. 
While some reports have suggested the presence 
of microscopic fat within lesions resulting in sig-
nal loss on opposed-phase chemical shift 
gradient- echo MRI images, macroscopic fat is 
very rarely visible within these lesions on MDCT 
[ 31 – 33 ].  

    Conclusion 

 Multidetector computed tomography now offers 
a powerful tool for the evaluation, diagnosis, and 
risk stratifi cation of pancreatic cystic neoplasms. 
Improvements in image quality and spatial reso-
lution, as well as sophisticated 3-D reconstruc-
tion techniques, allow exquisite assessment of 
the internal architecture of these lesions that not 
only may allow the radiologist to provide a spe-
cifi c diagnosis but also to assess features that 
might predict the risk of malignancy.     

  Fig. 4.12    Axial contrast-enhanced CT in the arterial 
phase demonstrates a small cystic pancreatic lesion 
( arrow ) with prominent hyperenhancing soft tissue nodu-
larity along its margin, compatible with a cystic neuroen-
docrine tumor       
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      MR in Cystic Tumors 
of the Pancreas                     

     Riccardo     Manfredi      ,     Sara     Mehrabi      , 
    Enrico     Boninsegna      , and     Roberto         Pozzi Mucelli     

5.1           Introduction 

 Cystic neoplasms of the pancreas are rare tumors 
that arise from elements of the epithelial compo-
nent of the pancreas. They represent 1 % of all 
pancreatic cancers and 10 % of all cystic lesions 
of the gland [ 1 ]. Nowadays cystic neoplasms of 
the pancreas are diagnosed more frequently due 
to the spread of increasingly accurate imaging 
techniques. The diagnosis is often incidental 
because they tend to be asymptomatic or they 
present nonspecifi c symptoms. 

 Although they are considered benign lesions 
in the early stages, progressive malignant degen-
eration is possible for the occurrence of dysplas-
tic foci [ 2 ]. 

 The WHO classifi cation is based to the histo-
logical features of the wall with special reference 
to the epithelium lining, the main element in the 
differential diagnosis with nonneoplastic cystic 
lesions of the pancreas [ 3 ]. This classifi cation 
distinguishes serous cystic neoplasms (SCNs), 
mucinous cystic neoplasms (MCNs), intraductal 
papillary mucinous neoplasms (IPMNs), and 
solid pseudopapillary neoplasms (SPNs). 

 A correct classifi cation is particularly impor-
tant because it affects the subsequent choice of 
therapy that it is not necessarily surgery. Those 
with a greater potential for malignant transforma-
tion are MCNs, IPMNs of the main pancreatic 
duct, and SPNs, which require a surgical resec-
tion, while SCNs and branch-duct IPMNs have a 
very low malignant potential and can be managed 
with a radiological follow-up [ 4 ]. 

 Pancreatic neuroendocrine tumors (NETs) 
present as cystic lesions in approximately 5 % of 
cases, with radiological features similar to other 
cystic lesions of the pancreas. Their appearance 
can be identical to SCNs, MCN, or SPNs, and 
often a defi nitive diagnosis can be obtained only 
after histological examination. 

 Magnetic resonance imaging (MRI) is the 
most important technique in the evaluation of 
cystic neoplasms of the pancreas, because it 
allows to analyze the morphology of the lesions, 
their content, and the relationship with the pan-
creatic ductal system [ 5 ]. 

 With regard to other imaging methods, ultraso-
nography can in many cases identify a cystic lesion 
of the pancreas, but it does not have the same spa-
tial and contrast resolution of MRI, it is affected by 
patient’s constitutional factors, and not least it 
depends from the operator experience [ 5 ]. 

 Although the endoscopic ultrasonography 
may help to overcome some of these limitations, 
it remains an invasive technique. CT can better 
depict the presence of calcifi cation, but it does 
not allow to identify the typical features which 
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are often essential for the differential diagnosis of 
these neoplasms [ 5 ]. 

 In the following part of the text, the various 
pancreatic cystic neoplasms will be described, 
with particular attention to the MRI aspects use-
ful for the differential diagnosis.  

5.2     Serous Cystic Neoplasms 

5.2.1     Background 

 Serous cystic neoplasms (SCNs) are divided 
according to the WHO classifi cation in serous 
cystadenoma and serous cystadenocarcinoma, 
although the second was reported in the literature 
in a very limited number of cases. 

 SCNs are more frequent in female patients 
(male/female, 1:3), with an average age of 62 
years (range 35–84 years). They can be found in 
any pancreatic region, but they are more frequent 
in the head (>50 %). The size can be extremely 
variable, from 1–2 cm to 20–25 cm (average 
6–10 cm) [ 6 ]. 

 To date the only established association 
between SCNs and others neoplasm is von 
Hippel-Lindau disease, an autosomal dominant 
condition caused by mutations of suppressor 
gene VHL. 

 More than 50 % of serous cystadenomas are 
asymptomatic and discovered incidentally dur-
ing diagnostic evaluations conducted for other 
symptoms (often unrelated). Symptoms are 
nonspecifi c: abdominal pain (25 %), anorexia 
and dyspepsia (10 %), rarely jaundice (7 %), 
weight loss, and a palpable abdominal mass. 
Clinical symptoms are commonly seen in serous 
cystic neoplasms larger than 4 cm [ 7 ]. Symptoms 
are related to a mass-compressing effect and are 
nonspecifi c. Even when present, symptoms 
often do not raise immediate alarm, so it is not 
uncommon that the onset of symptoms may pre-
cede the diagnosis of a few years (average a year 
and a half). The most common symptom is 
abdominal pain, but only 35 % of patients who 
present with symptomatic serous cystadenoma 
present a typical pancreatic pain (“bar” 
irradiation). 

 With regard to laboratory tests, there are no 
tumor markers or tests indicative of the biologi-
cal behavior of the lesions [ 8 ].  

5.2.2     Pathology 

 Serous cystadenoma frequently appears as a 
rounded, full of liquid fl uid, and transparent cys-
tic mass, with lobulated and well-defi ned mar-
gins. Dimensions may vary in diameter from 1 to 
25 cm (average 6–11 cm). They are usually single 
lesions, but, especially in the von Hippel-Lindau 
patients, multiple lesions or multifocal and con-
fl uent neoplasms can be present. There is no 
communication between the lesion and the main 
pancreatic duct. Macroscopically they are divided 
according to the number and size of cysts into 
three subtypes: microcystic, macrocystic, and 
mixed type [ 1 ,  6 ]. 

 In the classical form, microcystic lesions pres-
ent well-circumscribed lobulated margins. When 
spongy texture is present, it is formed by multiple 
(>6) small cysts that vary from 1 to 5 mm in 
diameter. The cysts are fi lled with serous trans-
parent fl uid. In 30 % of cases, there is a typical 
central “star-shaped” scar composed of white 
nodules and fi brosis. The scar often has calcium 
deposits, which may appear to radiological inves-
tigations as starry or punctuated calcifi cations. 

 In the macrocystic form, the lesion is charac-
terized by the presence of a small number (<6) of 
larger cysts. The intracystic fl uid can be clear and 
transparent or a brownish fl uid with blood. The 
cutting surface shows the presence of a quantifi -
able number of cysts or, sometimes, a single cyst 
(unilocular variant), with a diameter between 2 
and 15 cm. This form typically does not present 
the central scar [ 3 ,  6 ]. 

 In mixed form, the lesion is characterized by 
the presence of larger cysts, situated on the 
periphery of the lesion, and microcysts in the 
center. There may be a central scar. 

 Microscopically the different forms of cystad-
enoma are indistinguishable and show the typical 
serous epithelium that can vary from cubical to 
squamous, in which the cells present clear cyto-
plasm and round nuclei. Cytological atypia and 
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mitotic activity are rare. Typically in these tumors 
glycogen is intracellular (positive for periodic 
acid-Schiff) and intracellular mucin is absent. 
The neoplastic stroma is highly vascularized. The 
walls that separate the cysts are larger and con-
tain hemosiderin- laden macrophages and some-
times islets of Langerhans and trapped exocrine 
acini. The fi brous scar characteristic of microcys-
tic variant is also formed by hyalinized tissue, 
frequently associated with calcifi cation. All vari-
ants of serous cystadenoma lack a fi brous 
pseudocapsule. 

 Malignant serous cystic neoplasms are rare. 
Cystic adenocarcinomas are associated with 
lymphovascular and perineural invasion, exten-
sion to adjacent organs, and detection of meta-
static  disease in the regional lymph nodes and 
liver. A minimal nuclear atypia and a more 
prominent papillary architecture have been 
described in some serous cystadenomas present-
ing also a positivity for the proliferation marker 
Ki-67 and an overexpression of the p53 protein. 
These features are considered premalignant and 
are associated with a risk of malignant transfor-
mation of 3 % [ 2 ,  6 ].  

5.2.3     MRI 

 Magnetic resonance imaging (MRI) plays an 
important role in the characterization of cystic 
tumors: the multiplicity of sequences on the vari-
ous planes of the space and the use of the contrast 
medium allow to obtain information on the mor-
phology and composition of the lesion. In 
 addition, the use of magnetic resonance cholan-
giopancreatography (MRCP) allows a better 
assessment of the relationship between the cystic 
mass and the main pancreatic duct, helpful in the 
differential diagnosis between serous cystade-
noma and branch-duct intraductal papillary 
mucinous neoplasm [ 5 ]. 

 Microcystic serous cystadenoma (Figs.  5.1  
and  5.2 ) appears hypointense on T1-weighted 
images in respect to the adjacent parenchyma, 
with homogeneous signal intensity in the lesion; 
septa and calcifi cations are not well visible. 
Rarely hemorrhagic foci within the mass can be 

identifi ed. On T2-weighted images, it appears as 
a group of small cysts, with hyperintense fl uid 
content, without any communication with the 
main pancreatic duct, separated each other by 
thin fi brous septa. It can present a pathognomonic 
central fi brous scar. On T1-weighted images after 
contrast administration, the information obtained 
are essentially comparable to those obtainable by 
computed tomography (CT): contrast enhance-
ment of walls and septa in the arterial phase, 
allowing optimal visualization of the “honey-
comb” structure, which is even better recogniz-
able in the portal venous phase.

    T2-weighted images are important to evaluate 
the content of the cystic lesion (fl uid, presence of 
septa) and pancreatic ductal system. The use of 
images with fat saturation allows to suppress the 
high intensity of the signal from the adipose tis-
sue and consequently to increase the representa-
tion of the internal structure of the lesion. MRCP 
sequences give an optimal representation of the 
pancreatic ductal system. T1-weighted fat satu-
rated images can identify foci of internal bleed-
ing or protein deposits, features more often seen 
in pseudocysts or degenerated solid tumors of the 
pancreas. In addition, T1-weighted images are 
useful for evaluating the adjacent pancreatic 
parenchyma to identify, for example, signal 
changes suggestive of chronic pancreatitis, espe-
cially in those cases where a pseudocyst is part of 
the differential diagnosis [ 3 ,  5 ]. 

 Diffusion-weighted imaging (DWI) is nowa-
days very important in the diagnosis of pancre-
atic masses. In serous cystadenomas, the values 
of apparent diffusion coeffi cient (ADC) are sub-
stantially similar to those of simple cysts: in 
b1000 sequences, the lesion appears hypointense, 
not presenting signal restriction in ADC. For this 
reason, information obtained from diffusion 
images do not allow an adequate differential 
diagnosis of serous cystadenoma from mucinous 
cystic neoplasms [ 9 ]. 

 The presence of a mass with a spongy appear-
ance and central calcifi cations in the pancreatic 
head in a woman is diagnostic for serous cystic 
neoplasm, especially when the remaining pancre-
atic parenchyma is normal, without dilation of 
the Wirsung duct. In this case, you need no other 
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diagnostic investigations, because the choice of 
treatment is made on the basis of clinical presen-
tation and the patient’s general condition. 

 Serous cystadenoma is in the differential 
diagnosis of intraductal papillary mucinous 
neoplasms (IPMNs), and it is essential to detect 
a possible communication with the main 
 pancreatic duct, never present in serous 
cystadenoma. 

 The diagnosis can also be considered defi ni-
tive when the lesion shows a mixed micro- 
macrocystic aspect, with cysts >2 cm at the 
periphery of the lesion and the microcysts in 
center. 

 The most diffi cult diagnosis is a lesion with 
oligocystic-macrocystic pattern (number of cysts 
<6, cyst diameter >2 cm): this variant is very 
similar to mucinous cystic neoplasms. The pres-
ence of papillary projections or mural nodules in 
the cysts is suspicious for borderline mucinous 

cystadenoma or mucinous cystadenocarcinoma. 
These nodules appear as areas of low signal 
intensity in T2-weighted images and present con-
trast enhancement. 

 In the presence of unilocular cystic lesions, 
the differential diagnosis is with pseudocyst; 
other possibilities are intraductal papillary muci-
nous neoplasms and lymphoepithelial cysts. 
These lesions can be differentiated from pseudo-
cysts because of the lack of clinical, laboratory, 
and imaging fi ndings (pancreatic infl ammation, 
atrophy or parenchymal calcifi cations, duct dila-
tion, or intraductal stones) suggestive of pancre-
atitis [ 10 ]. Pseudocysts are also more common in 
the body-tail of the pancreas and appear hypoin-
tense on T1-weighted images and hyperintense 
(if fi lled with fl uid) or mixed intensity (if fi lled 
with fl uid and debris) on T2-weighted images. At 
MRCP pseudocysts appear hyperintense and 
contiguous to the main pancreatic duct. 

a b

c d

  Fig. 5.1    A 69-year-old female patient with serous cyst-
adenoma in the pancreatic head. ( a ,  b ) Axial ( a ) and coro-
nal ( b ) T2-weighted images: the lesion presents multiple 
hyperintense microcysts, with septa that radiate from the 
central scar ( arrow ). ( c ) Axial T1-weighted GRE image 

with fat saturation: the content of the lesion ( arrow ) is 
homogeneously hypointense compared to the adjacent 
pancreatic parenchyma ( arrow head ). ( d ) MRCP image: 
the cystic lesion is well visible; main pancreatic duct can-
not be depicted       
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 When the differentiation is not possible with 
diagnostic imaging, symptomatic patients should 
undergo surgery. Asymptomatic patients with 
unilocular cyst with thin walls, especially if small, 
can be monitored over time with CT or MRI [ 7 ]. 

 Note, in most cases, serous cystadenoma 
is presented as a single lesion, except in von 

Hippel- Lindau patients. In this syndrome, the 
pancreas is involved in 15–30 % of cases with the 
presence of multiple serous cystadenomas, with-
out a preferential localization. The average age at 
diagnosis is 30 in these cases. The diagnosis of 
von  Hippel- Lindau must therefore always be 
considered when multiple pancreatic cysts are 

a b

c d

e f

  Fig. 5.2    A 56-year-old male patient with serous cystad-
enoma in the pancreatic tail. ( a ,  b ) Axial ( a ) and coronal 
( b ) T2-weighted images: the lesion presents multiple 
hyperintense microcysts with septa ( arrow ). ( c ) Axial 
T1-weighted GRE image with fat saturation: the content 
of the lesion ( arrow ) is homogeneously hypointense com-

pared to the adjacent pancreatic parenchyma ( arrow 
head ). ( d – f ) Axial T1-weighted GRE images with fat 
saturation after contrast administration, in pancreatic ( d ), 
portal ( e ), and late ( f ) phases: a progressive contrast 
enhancement of septa ( arrow ) is visible       
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found in an asymptomatic patient without clini-
cal evidence of pancreatitis. In these cases, a 
complete clinical and radiological evaluation 
should also include the central nervous system 
(most common manifestation: cerebellar heman-
giomas), eye (retinal hemangiomas), kidneys 
(cysts, clear cell carcinoma), and adrenal glands 
(pheochromocytoma).   

5.3     Mucinous Cystic Neoplasms 

5.3.1     Background 

 Mucinous cystic neoplasms (MCNs) are rare cys-
tic lesion of the pancreas [ 2 ,  5 ], representing 
approximately 2–5 % of all exocrine pancreatic 
tumors and 17 % of cystic neoplasms of the pan-
creas [ 11 ]. They occur almost exclusively in 
women between the third and eighth decade, with 
peak incidence in the fi fth decade (average age 
49). The majority of lesions occur in the body- 
tail of the pancreas, while the head is only rarely 
involved. 

 In recent years, some evidences have sug-
gested the possible origin of MCNs by ectopic 
primordial ovarian tissue that undergoes malig-
nant degeneration [ 12 ]. 

 The possible derivation of the stromal compo-
nent of MCNs from ovarian primordial gonad is 
supported by their morphology and the positive 
immunohistochemical analysis for inhibin, estro-
gen, and progesterone receptors, indicating pre-
cisely stromal luteinization. 

 In addition, the embryological origin of the 
pancreas reinforces this hypothesis. The dorsal 
pancreatic bud, which gives rise to the body and 
tail of the pancreas and a small part of the pancre-
atic head, and the left primordial gonad are very 
close in an early stage of development (fourth to 
fi fth week), unlike the ventral pancreatic bud, 
which gives rise to most of the pancreatic head, 
which is separated from the primordial right 
gonad from the hepatobiliary gem. This makes it 
plausible that the primordial egg cells could eas-
ily be incorporated in the pancreas and would 
also explain the predilection of MCNs for the 
body-tail of the pancreas [ 12 ]. 

 The clinical presentation depends on the size 
of the tumor: small tumors are asymptomatic and 
discovered incidentally; larger tumors produce 
symptoms by compression of adjacent structures 
and palpable abdominal mass. 

 MCNs constitute a category of potentially 
malignant cystic neoplasms of the pancreas: 
benign forms such as mucinous cystadenomas 
(MCAs) are known precursors of invasive forms 
such as mucinous cystoadenocarcinomas 
(MCACs) [ 2 ,  3 ]. 

 Consequently, it is crucial to plan a proper 
diagnostic and therapeutic strategy to differenti-
ate MCNs from other pancreatic cystic tumors 
with a benign biological behavior addressed to 
follow-up, such as serous cystadenomas (SCAs) 
and other cystic lesions of the pancreas, such as 
pseudocysts and nonneoplastic mucinous cysts. 

 In addition, MCNs enter into the differential 
diagnosis with another category of cystic tumors 
which also have malignant potential such as 
intraductal papillary mucinous neoplasm 
(IPMNs) [ 13 ].  

5.3.2     Pathology 

 Mucinous cystic neoplasms (MCNs) are charac-
terized by the presence of mucin-secreting epi-
thelial cells, supported by ovarian-type stroma, 
which delimits a cystic cavity without communi-
cation with the pancreatic ductal system [ 2 ]. 

 The presence of mucin-secreting columnar 
epithelium distinguishes MCNs from serous 
cystadenoma, solid pseudopapillary neoplasm, 
and cystic neuroendocrine tumor. 

 The absence of communication with the pan-
creatic ductal system is fundamental in the dis-
tinction between MCNs and IPMNs. In fact, even 
IPMNs are characterized by the presence of 
mucin-secreting epithelial cells, and this has led 
in the past some pathologists to interpret MCNs 
and IPMNs as a single entity. 

 According to the degree of epithelial dyspla-
sia, they can be classifi ed into adenoma, border-
line tumor, and carcinoma, invasive or 
noninvasive, although all MCNs of the pancreas 
should be considered potentially malignant [ 2 ]. 
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 The progression from cystadenoma to cystad-
enocarcinoma is also suggested by the average 
age of onset of two forms: the average age of 
onset of cystoadenocarcinomas is 54.2 years, 
while the average age of onset of borderline 
forms or adenomas is 44.7 years. 

 MCNs appear as round masses with smooth 
surface and fi brous pseudocapsule of variable 
thickness, with frequent calcifi cations. Tumor 
size can vary widely in a range between 2 and 
35 cm, average between 6 and 10 cm. 

 MCNs usually are macrocystic and multilocu-
lar, rarely unilocular, with cystic spaces ranging 
from a few to several centimeters in diameter, 
containing mucin or mucin dense mixed 
hemorrhagic- necrotic material. The inner surface 
of unilocular tumors usually appears smooth and 
shiny, while tumors often show multilocular pap-
illary projections and nodules. 

 The malignancy of MCNs correlates signifi -
cantly with the presence of papillary projections 
and/or nodules. 

 There is no communication between the tumor 
and the main pancreatic duct. 

 MCNs show two distinct components: an 
inner layer and an outer layer with epithelial cells 
very similar to ovarian stroma. The epithelium 
often shows areas with pseudopyloric, gastric, 
small bowel, and colon differentiation, while 
ovarian stroma is composed of densely packed 
cells with round nuclei. About half of the tumors 
also contain endocrine cells at the base of the 
columnar cells. The spectrum of cell differentia-
tion varies from columnar benign epithelium to 
severely atypical epithelium [ 2 ]. 

 Mucinous cystadenomas (MCAs) show only 
mild epithelial dysplasia characterized by a slight 
increase in the size of nuclei located in lower lay-
ers and the absence of mitosis. 

 Borderline mucinous cystadenomas show 
moderate dysplasia, characterized by papillary 
projections or crypts and invaginations with 
crowding of atypical nuclei and rare mitoses. 

 Mucinous cystoadenocarcinomas (MCACs) 
present severe dysplasia/carcinoma in situ 
which usually occur focally and can only be 
identifi ed after careful research of multiple 
 sections from different areas of the tumor. The 

epithelial cells that often form papillae with 
irregular junctions or arborescence show nuclear 
stratifi cation, severe nuclear atypia, and fre-
quent mitoses. 

 MCACs can be further classifi ed into invasive 
or noninvasive, depending on the presence of 
stromal invasion. The invasive component usu-
ally is similar to the common ductal 
adenocarcinoma.  

5.3.3     MRI 

 The role of MR Imaging in MCNs includes both 
the identifi cation and characterization [ 3 ,  11 ]. 

 MCNs appear as oligolocular microcystic or 
macrocystic lesions, more rarely multilocular, 
localized in the body-tail (Fig.  5.3 ). They are 
rounded in shape and well circumscribed and 
present a wall with thin internal septa that delimit 
cystic spaces [ 5 ].

   On T1-weighted images (performed with fat 
saturation), the content is homogeneous and 
hypointense, although the presence of mucin or 
foci of hemorrhage can increase the intensity of 
signal. 

 Because of the fl uid content, MCNs are hyper-
intense on T2-weighted images; the characteris-
tics and the distribution of internal nodularity are 
well visible in these sequences. The presence of 
mucin and hemorrhagic foci can make the cyst 
content inhomogeneous and determines the for-
mation of fl uid levels. 

 Contrast administration makes it easier to rec-
ognize the walls, vegetations, or solid 
components. 

 Maximum enhancement of wall, mural nod-
ules, and solid components is observed in the 
venous phase or delayed phase. However, recog-
nition of calcifi cation does not improve after 
administration of contrast medium. 

 DWI sequences can facilitate the identifi ca-
tion of areas of ADC restriction in correspon-
dence with the solid components of the lesion as 
the parietal nodules. 

 The acquisition of images on the coronal plane 
helps to recognize the characteristics described 
above. 
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 The fi rst diagnostic distinction has to be made 
between mucinous adenomas and adenocarcino-
mas: adenomas usually present as an oligolocular 
lesion with septa, while adenocarcinomas tend to 
have larger size (>4 cm) and a more complex 
structure. 

 Cyst walls and septa are typically thicker in 
adenocarcinomas, which present solid nodules 
with contrast enhancement. 

 The content of the cysts in adenomas tends to 
be more homogeneous, hypointense on T1 
images, and hyperintense on T2 images, while 
fl uid inside adenocarcinomas tends to be more 
heterogeneous and presents a greater hyperinten-
sity on T1 images for the presence of bleeding or 
solid components. These features are highly sug-
gestive of malignancy of the lesion suggesting 
surgical resection [ 14 ]. 

a b

c d

e f

  Fig. 5.3    A 76-year-old female patient with mucinous 
cystadenoma in the body-tail of the pancreas. ( a ,  b ) Axial 
( a ) and coronal ( b ) T2-weighted images: a hyperintense 
cystic mass with septa ( arrow ) is visible. ( c ) Axial 
T1-weighted GRE image with fat saturation: the content 
of the lesion ( arrow ) is homogeneously hypointense com-
pared to the adjacent pancreatic parenchyma ( arrow 

head ). ( d ,  e ) Axial T1-weighted GRE images with fat 
saturation after contrast administration, in pancreatic ( d ) 
and portal ( e ) phases: contrast enhancement of walls and 
septa is visible. ( f ) MRCP image: the cystic lesion is well 
visible ( arrow ); there is no communication with the main 
pancreatic duct ( arrowhead )       

 

R. Manfredi et al.



71

 In particular, the element which correlates 
more strongly with the malignancy of MCNs is 
represented by the presence of parietal nodules. 

 It can be diffi cult to differentiate a pseudocyst 
from a MCN when septa within the lesion are not 
visible. Otherwise, a positive history of acute or 
chronic pancreatitis is in favor of pseudocysts [ 15 ]. 

 Only a fi ne-needle aspiration can differentiate 
with certainty the two cystic lesions: high levels 
of amylase for pseudocysts and high levels of 
CEA and CA 19-9 for MCNs. 

 The classic microcystic form of SCA gener-
ally is not a problem for the differential diagno-
sis, whereas there are rare solid and oligocystic 
variants of SCA with an appearance that can 
simulate the MCN. One element that can help in 
the differential diagnosis between SCAs and 
MCNs is represented by age, as SCAs tend to 
occur at a later age than the MCNs. 

 Branch-duct IPMNs may have a cystic appear-
ance and mimic MCNs. However, the demonstra-
tion of communication with the pancreatic ductal 
system allows to make the differential diagnosis 
[ 13 ,  14 ]. T2-weighted images (highly sensitive to 
fl uids) are optimal to see the Wirsung duct; the 
examination can also be completed with MRCP 
images. 

 In addition, IPMNs occurred more commonly 
in men.   

5.4     Intraductal Papillary 
Mucinous Neoplasms 

5.4.1     Background 

 Intraductal papillary mucinous neoplasms 
(IPMNs) are cystic lesions of the pancreas devel-
oping from the mucinous epithelium of the pan-
creatic ductal system. The cellular atypia is 
responsible for excessive production of mucin, 
resulting in dilation of the main pancreatic duct 
or formation of cystic enlargement of branch 
ducts. 

 IPMNs, once considered rare injury, pre-
sented in recent years a considerable increase in 
the incidence, because of technological advance-
ment in diagnostic imaging, currently constitut-

ing about 27 % of all cystic neoplasms of the 
pancreas [ 11 ,  16 ]. 

 Elderly males are mainly affected, with a peak 
of incidence between 60 and 70 years. 

 Clinically, nearly half of patients are asymp-
tomatic, and the neoplasm is an incidental fi nding 
during an ultrasound examination, CT, or MRI 
carried out for reasons not correlated to the pres-
ence of a cystic pancreatic neoplasm or abdomi-
nal pain. Symptoms of IPMNs are nonspecifi c: in 
most cases, abdominal pain is present, more 
rarely jaundice, weight loss, and diabetes. 

 The role of MR Imaging, currently considered 
the gold standard in the study of these neoplasms, 
is to identify the typical signs of IPMNs, to dif-
ferentiate from other cystic lesions, and to distin-
guish the various forms of IPMNs, because 
main-duct IPMNs have a high potential risk of 
malignancy, signifi cantly greater than branch- duct 
IPMNs. Therefore, MRI is the fi rst-choice tech-
nique to monitor these tumors over time, in order 
to detect any signs of malignant progression [ 17 ]. 

 Main-duct IPMN is characterized by exclu-
sive dilation of the main pancreatic duct, which 
may be involved in focal or diffuse sense. In most 
patients with segmental forms, the tumor is 
located at the body-tail of the pancreas. 

 Branch-duct IPMNs are characterized by pap-
illary proliferation and mucin hypersecretion 
within the lumen of the branch ducts. They can 
present as a single lesion or as multiple cystic 
lesions (multifocal branch-duct IPMN). 

 Mixed IPMNs, as the central, predominantly 
affect male patients (56 % men, 44 % women) 
and are characterized by the involvement of the 
main pancreatic duct and one or multiple second-
ary ducts [ 11 ].  

5.4.2     Pathology 

 IPMNs have very wide a spectrum of aggressive-
ness that depends on the degree of cellular atypia: 
according to the current WHO classifi cation, they 
are classifi ed as intraductal papillary mucinous 
adenoma, borderline IPMN (with moderate dys-
plasia), and intraductal papillary mucinous carci-
noma, noninvasive (in situ) or invasive. 
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 The adenoma is characterized by the presence 
of columnar epithelium composed of mucin- 
secreting cells with low-grade atypia. The bor-
derline IPMN is characterized by low degree of 
dysplasia with epithelial cells that have lost the 
normal polarity, characterized by the presence of 
nuclear pyknosis. The intraductal papillary muci-
nous carcinoma is instead characterized by a high 
degree of epithelial cell atypia without or with 
invasion of adjacent tissues (carcinoma in situ 
and invasive carcinoma, respectively). Within the 
same tumor, different degrees of dysplasia can be 
found, suggesting a progressive degeneration 
from malignant adenoma to borderline tumor, up 
to carcinoma in situ and fi nally to invasive carci-
noma [ 2 ]. 

 The pathologic features suspicious then for 
dysplastic changes are loss of cell polarity, altered 
tissue differentiation, high mucin concentration 
in the cytoplasm, nuclear enlargement, and high 
rate of mitosis [ 2 ]. 

 With regard to immunohistochemical analysis, 
IPMNs are divided into gastric, intestinal, and bili-
ary neoplasms. The gastric type is primarily asso-
ciated with branch-duct IPMNs (98 % of cases) 
and correlates with high-grade dysplasia or inva-
sive carcinoma in only 8 % of cases. The intestinal 
type, on the contrary, is associated mainly to main-
duct IPMNs (73 % of cases) and is correlated to a 
signifi cantly higher frequency of malignancy 
(80 %) [57]. Finally, main-duct IPMNs and mixed 
IPMNs are characterized by a high potential for 
degeneration with a risk of malignancy of 70 % 
(57–92 %), while branch- duct IPMNs present a 
signifi cantly lower risk of degeneration (25 %; 
average 6–46 %) with a percentage of 15 % devel-
oping to invasive carcinoma. In the latter case, the 
prognosis is comparable to pancreatic adenocarci-
noma [ 18 ,  19 ].  

5.4.3     MRI 

 Although computed tomography has a higher 
spatial resolution, magnetic resonance imaging, 
in addition to an anatomical representation of the 
pancreatic parenchyma comparable to CT, pres-
ents higher contrast resolution and with MRCP 

images allows the representation of the ductal 
system [ 20 ]. 

 On T1-weighted images, IPMNs appear as 
single or multiple ductal dilations, homoge-
neously hypointense compared with the sur-
rounding pancreatic parenchyma (Fig.  5.4 ). 
Hypointensity is more evident in the sequences 
performed with fat saturation due to the higher 
signal from the adjacent pancreatic parenchyma. 
On T2-weighted images, the content of the cyst 
fl uid is markedly hyperintense compared to the 
surrounding parenchyma. A more accurate evalu-
ation is possible with MRCP images which allow 
to obtain an anatomical representation of 
pancreatic- biliary ductal system. MRCP images 
can evaluate the localization and extension of the 
cystic lesion, the presence of dilated side 
branches, or intraluminal fi lling defects.

   Finally, the dynamic phase after administra-
tion of contrast medium is essential for the 
assessment of signs of degeneration. Mural nod-
ules closely adherent to the cystic part of the 
tumor are associated with malignant degenera-
tion. The greatest diffi culty is to identify these 
nodules when they are still small in size, in order 
to make an early diagnosis of IPMN with aggres-
sive potential. Another radiological sign predic-
tive of malignancy is the contrast enhancement of 
the IPMN walls [ 10 ,  17 ,  21 ]. 

 Main-duct IPMNs appear as focal or diffuse 
dilation of the main pancreatic duct (Fig.  5.5 ). 
They generally have a fusiform appearance and 
walls consisting of ductal epithelium. In focal 
forms, the involvement of the body-tail is charac-
terized by the presence of localized dilation in the 
distal part of the pancreas, leaving the paren-
chyma of the head unscathed; on the contrary, the 
involvement of the pancreatic head is often 
accompanied by dilation of the entire upstream 
duct. The localization of the dilation of the main 
pancreatic duct is not related to the biological 
behavior of the tumor [ 17 ].

   Main-duct IPMNs enter into the differential 
diagnosis mainly with different causes of ductal 
dilation. In particular, in the presence of diffuse 
forms of main-duct IPMN, the pancreas may be 
very similar to a picture of chronic obstructive 
pancreatitis. The presence of mucin deposits 
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within the cyst is characteristic of IPMNs. 
These deposits appear as fi lling defects mildly 
hyperintense on T1-weighted images and mark-
edly hypointense on T2 images compared to the 
fl uid content of the lesion; on the contrary, the 
presence of diffuse calcifi cations is associated 
mainly with the presence of chronic 
pancreatitis. 

 Mixed IPMNs are characterized by the pres-
ence of diffuse dilation of the main pancreatic 
duct and one or multiple dilated side ducts 
(Fig.  5.5 ). 

 Side-branch IPMNs appear as single or mul-
tiple cystic lesions, round or oval, communicat-
ing with the lumen of the main pancreatic duct, 
which presents normal caliber. 

 Imaging appearance of branch-duct IPMNs 
may be similar to other cystic neoplasms, such as 
mucinous cystic neoplasms (MCNs). While 
MCNs preferentially affect women (95 % of 
cases) with an age range between 40 and 50 and 
are located in most of the cases in the body-tail, 

IPMNs primarily affect elder male patients; 
Furthermore, the presence of multiple cystic dila-
tions throughout the pancreatic parenchyma is 
more indicative of IPMN [ 21 ]. 

 The defi nitive diagnosis of branch-duct 
IPMN occurs, however, with the demonstration 
of communication between the cystic lesion 
and the main pancreatic duct. MRCP images 
are the best for the evaluation of such 
communication. 

 In the past, several studies have been con-
ducted on the use of pharmacological stimula-
tion with secretin for a better view of the 
ductal system, but in almost all cases, the 
communication with the main pancreatic duct 
can be depicted on MCRP images in basal 
conditions, without the need of secretin stimu-
lation [ 14 ,  22 ]. 

 Another important role of diagnostic imaging 
is to monitor over time these tumors in order to 
identify early signs suggestive of malignant 
degeneration. 

a b

c d

  Fig. 5.4    A 57-year-old female patient with multifocal 
branch-duct IPMNs. ( a ,  b ) Axial ( a ) and coronal ( b ) 
T2-weighted images: multiple cystic dilations of pancre-
atic branch ducts ( arrows ) are visible along the whole 
gland, hyperintense compared to the surrounding paren-

chyma. ( c ,  d ) Axial ( c ) and coronal ( d ) MRCP images: 
IPMNs are depicted in pancreatic head, body, and tail; the 
connection with the main pancreatic duct ( arrowhead ) is 
well visible for all the cysts       
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 The signs that better correlate with the degen-
eration are (1) the presence of cystic lesions 
>3 cm in diameter, (2) the presence of  vegetations 
or mural nodules >3 mm in diameter, (3) contrast 
enhancement of the walls of the  pancreatic duct 
involved, and (4) dilation of the main pancreatic 
duct >18 mm.   

5.5     Solid Pseudopapillary 
Neoplasms 

5.5.1     Background 

 Solid pseudopapillary neoplasms (SPNs) of the 
pancreas are rare lesions with a frequency 
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  Fig. 5.5    A 57-year-old female patient with multifocal 
branch-duct IPMNs and main-duct IPMN (mixed IPMN). 
( a ,  b ) Axial ( a ) and coronal ( b ) T2-weighted images: mul-
tiple cystic dilations of pancreatic branch ducts ( arrows ) 
are visible along the whole gland, hyperintense compared 
to the surrounding parenchyma; main pancreatic duct is 
dilated, too; note the presence of multiple cysts in the kid-
neys ( arrowheads ). ( c ) Axial T1-weighted GRE image 

with fat saturation: IPMNs ( arrow ) appear hypointense 
compared to the surrounding pancreatic parenchyma. ( d , 
 e ) Axial T1-weighted GRE images with fat saturation after 
contrast administration, in pancreatic ( d ) and portal ( e ) 
phases: there are no mural nodules within cystic lesions. ( f ) 
MRCP image: IPMNs are depicted in pancreatic head, 
body, and tail; the connection with the main pancreatic 
duct, greatly dilated, is well visible for all the cysts       
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between 0.9 and 2.7 % of all pancreatic tumors 
and 4 % of cystic neoplasms [ 23 ,  24 ]. 

 SPN was described for the fi rst time in 1959 
by Franz and characterized by Haimoudi in 1970. 
Only in 1996, the World Health Organization has 
reclassifi ed according to its pathologic features 
this solid-cystic neoplasm giving it the name of 
“solid pseudopapillary tumor” of the pancreas 
and renamed in 2010 “solid pseudopapillary neo-
plasm,” name accepted and internationally recog-
nized [ 23 ]. 

 SPN preferentially affects young women 
(incidence peak between 20 and 30 years), with a 
male to female ratio of 1:9 [ 24 ]. 

 The pathogenesis of this tumor remains 
unknown; some authors have suggested the asso-
ciation with pregnancy or polycystic ovaries. The 
prevalence in females during puberty has in the 
past suggested the existence of a relationship 
between tumor growth and female sex hormones 
[ 25 ,  26 ]. 

 The lesions can be localized in any region of 
the gland, and the diagnosis usually occurs in dis-
crete sizes: 8–10 cm in average with a range 
between 0.5 and 25 cm [ 26 ]. The tumor size at 
diagnosis does not correlate directly with 
increased malignancy or with a worse prognosis. 
There is no clinical evidence of a correlation 
between the tumor occurrence and some extrinsic 
factors such as alcohol, coffee, and cigarette 
smoke [ 24 ]. 

 Although it can usually remain asymptomatic, 
due to its considerable size, SPN can determine 
clinical symptoms of stomach compression such 
as nausea, fullness, or dull epigastric pain [ 27 ]. 
Rarely weight loss, dyspepsia, and jaundice can 
also be observed, and occasionally lesions are 
identifi ed directly on physical examination as 
palpable masses. In some cases, the disease is 
diagnosed incidentally during the execution of 
clinical and instrumental examinations per-
formed for other reasons. Laboratory data are not 
diagnostic; these tumors do not seem to be asso-
ciated with any marker in use [ 23 ]. 

 At diagnosis most SPNs are localized only in 
the pancreatic gland without infi ltration of the 
surrounding structures, characterizing it as a 
benign neoplasm. In 5–15 % of patients,  however, 

liver metastases are present at diagnosis; but even 
in these cases, the low degree of aggressiveness 
of SPN determines a good prognosis [ 25 ]. The 
5-year survival rate is currently over 90 % in all 
those patients who have undergone a radical 
tumor resection [ 25 ].  

5.5.2     Pathology 

 SPN usually manifests as a solitary intrapancre-
atic mass. Rare is the infi ltration of adjacent 
structures; at diagnosis usually SPNs present 
with considerable size. Macroscopically, the neo-
plasm appears as a round or oval well- 
circumscribed lesion with sharp margins, 
separated from the surrounding healthy pancreas 
by a fi brous capsule [ 28 ]. Sometimes calcifi ca-
tion and septa can be found within the lesion 
although these are not diagnostic [ 23 ]. The tissue 
inside the neoplasm is usually more or less paren-
chymatous with presence of cystic areas due to 
necrotic-bleeding phenomena. 

 SPN in fact origins a solid mass, and only 
after months/years its increase in volume, poorly 
supported by an adequate blood supply, causes a 
gradual loss of neoplastic tissue with consequent 
formation of pseudopapillae, necrosis, and 
bleeding [ 29 ,  30 ]. The alternation of solid and 
cystic areas results in the pathognomonic aspect 
of the lesion, even if the relationship between the 
two components is very variable. Histologically 
two main types of cells are found: in the solid 
areas, a layer of neoplastic cells, and in the pseu-
dopapillary component, a fi brovascular axis, sur-
rounded by one or two layers of columnar 
epithelium [ 31 ].  

5.5.3     MRI 

 SPN of the pancreas is a rare expansive lesion 
that can occur at any site of the pancreatic paren-
chyma, with sizes ranging from small to very big. 
The lesion is generally round or oval, with sharp 
edges and a thin wall; in smaller lesions, the wall 
may be diffi cult to appreciate [ 23 ,  29 ,  31 ] 
(Fig.  5.6 ).
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   The mass is hypointense on T1-weighted 
images and heterogeneously hyperintense on 
T2-weighted images compared to the surrounding 
healthy pancreatic parenchyma; its signal is homo-
geneous or heterogeneous in relation to the differ-
ent percentage of solid and cystic/hemorrhagic 
components [ 23 ,  24 ]. MRI is therefore the most 
effective technique to identify the presence of 

intralesional blood; the hemorrhagic areas present 
a signal variability related to the hemoglobin deg-
radation [ 28 ]. The presence of an intralesional 
hyperintense zone on T1-weighted fat-suppressed 
images with low signal on T2 images indicates the 
presence of various  metabolites of hemoglobin, 
such as methemoglobin and hemosiderin [ 32 ]. 
Note the appearance of these necrotic- hemorrhagic 
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  Fig. 5.6    A 43-year-old female patient with solid pseudo-
papillary neoplasm (SPN). ( a ,  b ) Axial ( a ) and coronal ( b ) 
T2-weighted images: a cystic lesion ( arrow ) is present in 
the tail of the pancreas; it is heterogeneously hyperintense 
compared to the surrounding pancreatic parenchyma 
( arrowhead ). ( c ) Axial T1-weighted GRE image with fat 
saturation: the neoplasm is hypointense compared to the 
surrounding pancreatic parenchyma ( arrowhead ); hyper-
intense areas correspond to intralesional hemorrhage 

( arrows ). ( d ,  e ) Axial T1-weighted GRE images with fat 
saturation after contrast administration, in pancreatic ( d ) 
and portal ( e ) phases: the capsule and the solid portion of 
the lesion ( arrow ) show contrast enhancement; cystic and 
hemorrhagic regions appear hypointense ( asterisk ). ( f ) 
MRCP image: the large cystic component of the mass 
( arrow ) presents an intermediate signal in relation to the 
hemorrhagic intralesional component; main pancreatic 
duct is not dilated ( arrowhead )       
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portions is usually uneven and sometimes fl uid 
levels can also be observed [ 24 ,  28 ]. In addition to 
these aspects, it is necessary to remember that in 
large tumors there is a signifi cant presence of cys-
tic component, which appears hypointense on T1 
images and markedly hyperintense on T2 images. 
In these images, it is easy to recognize the thick 
wall and the solid portion of the neoplasm repre-
sented by pseudopapillae [ 23 ,  29 ]. 

 The fi brous capsule on T1-weighted images is 
hardly distinguishable from the lesion because of 
the small size and the hypointense signal; it pres-
ents low signal intensity on T2-weighted images, 
separating the lesion from the healthy adjacent 
pancreatic parenchyma [ 23 ,  29 ]. After contrast 
injection, the wall and the solid components pres-
ent contrast enhancement. Solid areas, better 
identifi ed after contrast administration, are 
noticed mainly at the periphery, while the cystic 
components are located most frequently in the 
center of the lesion [ 5 ,  23 ,  29 ]. 

 The internal solid and cystic architecture is 
clearly visible both on MRI and CT images, but 
bleeding is more clearly delineated on MRI [ 29 ]. 
The presence of calcifi cation instead represents a 
rare occurrence; in this case, CT is the fi rst-line 
investigation. 

 Only rare cases of liver metastases from SPN 
of the pancreas have been described; even more 
rarely involvement and dilation of the main pan-
creatic duct upstream the lesion with pancreatic 
parenchyma atrophy have been observed. These 
features together with the presence of a fi brous 
capsule and hemorrhagic areas are key elements 
to differentiate SPNs from other cystic lesions of 
the pancreas [ 23 ,  29 ,  31 ]. 

 When this neoplasm has an important cystic 
component, it can be confused with a mucinous 
cystic neoplasm. The latter, however, is localized 
preferentially in the body-tail, and it may be 
responsible for compressive phenomena, with 
dilation of the main pancreatic duct. 

 Serous cystadenoma compared to SPN is 
more frequently polycystic and microcystic; its 
margins are lobulated and contrast enhancement 
of the septa within the lesion can be observed. 
The presence of a central fi brous scar, not typical 
of SPN, with or without calcifi cations, indicates 
the presence of serous cystadenoma [ 5 ]. 

 At diagnosis nonfunctioning neuroendocrine 
tumors can grow to considerable size, with con-
sequent increase in the incidence of calcifi cation, 
cystic degeneration, or central areas of necrosis 
and hemorrhage. However, their marked hyper-
vascularity during the arterial phase of the 
dynamic study is useful for the differential diag-
nosis [ 23 ,  29 ]. 

 Mucinous cystic neoplasms, serous cystade-
noma, and neuroendocrine tumors are lesions that 
must always be considered in the differential diag-
nosis with solid pseudopapillary neoplasm in the 
presence of a cystic/solid pancreatic mass [ 3 ,  15 ].   

5.6     Neuroendocrine Tumors 

5.6.1     Background 

 Pancreatic neuroendocrine tumors (NETs) are 
rare tumors, 2–10 % of all primary tumors of the 
pancreas. They originate from multipotent stem 
cells of the ductal epithelium and show endocrine 
differentiation. 

 The mortality rate is signifi cantly lower com-
pared to pancreatic adenocarcinoma with a 
median survival of 7.1 years after complete resec-
tion; survival is reduced to 5.2 in cases of locally 
advanced disease without metastases and 
2.1 years in presence of metastases. 

 Pancreatic NETs have no predilection for age 
or sex and are located in any portion of the pan-
creas; preferential locations depend on the histo-
logical type [ 33 ]. 

 In 10–30 % of cases, NETs are found in 
patients with hereditary syndromes: MEN (mul-
tiple endocrine neoplasia) or von Hippel-Lindau 
syndrome (VHL). 

 Clinically NETs are classifi ed as “function-
ing” and “nonfunctioning” tumors, in relation to 
the presence or absence of a specifi c clinical syn-
drome induced by hormone secretion. 

 Nonfunctioning NETs are the most common 
(60–80 % of all NETs); insulinomas and gastri-
nomas are the most common functioning NETs. 

 Clinically, these two types of cancer occur in 
very different ways: functioning NETs show the 
effects of increase hormone secretion; nonfunc-
tioning NETs present symptoms related to 
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 compression or to the presence of metastases. In 
MEN-1 patients (characterized by pituitary ade-
nomas, endocrine tumors, and hyperparathyroid-
ism), pancreatic NETs are found in 40–80 % of 
patients, mainly nonfunctioning NETs. Multiple 
pancreatic NETs are found in 10–15 % of 
patients with von Hippel-Lindau syndrome [ 34 ]. 

 Although NETs tend to be less aggressive than 
adenocarcinoma, they often metastasize to the 
liver. At diagnosis, except for insulinomas, 
50–60 % of NETs present liver metastases.  

5.6.2     Pathology 

 According the World Health Organization (WHO) 
classifi cation, pancreatic NETs are divided in well-
differentiated and poorly differentiated tumors. 

 Well-differentiated NETs have the character-
istic “organoid” aspect of tumor cells, with tra-
becular features. Cells are generally uniform and 
produce abundant neurosecretory granules, 
refl ecting the marked and diffuse immunoexpres-
sion of neuroendocrine markers such as A chro-
mogranin A and synaptophysin. 

 Poorly differentiated NETs have a chaotic 
architecture, with irregular nuclei and poor 
cytoplasmic granularity. The immunoexpres-
sion of neuroendocrine markers is typically 
limited. 

 In 2006 the European Neuroendocrine Tumor 
Society (ENETS) proposed a classifi cation based 
on the expression of mitotic index Ki67. The 
classifi cation was adopted and extended by WHO 
in 2010:

•    G1: ≤ 2 mitoses per 2 mm 2  and Ki-67 
index ≤ 2%  

•   G2: = 2–20 mitoses per 2 mm 2  or Ki-67 index 
between 3 and 20 %  

•   G3: ≥ 21 mitoses per 2 mm 2  or Ki-67 
index > 20%    

 G1 and G2 (low and intermediate grades) 
 correspond to well-differentiated NETs and show 
the expression of chromogranin A and synapto-
physin; G3 (high grade) indicates a poorly dif-
ferentiated tumor (endocrine carcinoma) [ 34 ]. 

 The 5-year survival rate for nonfunctioning 
well-differentiated NET is between 60 and 
100 %; for poorly differentiated carcinomas it is 
29 %. 

 Generally pancreatic NETs occur as solid 
rounded single lesions, with or without a cap-
sule. Their dimensions are 0.5–1 cm for insuli-
nomas and up to 10 cm for nonfunctioning 
NETs. 

 In rare cases, these masses appear  considerably 
hemorrhagic, with bluish-purple color and soft 
texture. Sometimes fi brosis is massive and gives 
hard consistency and a whitish color. 

 Necrotic foci can be found within the lesions, 
especially in malignant masses; necrosis, if abun-
dant, gives a cystic aspect to the neoplasm. In 
these cases, the differential diagnosis with cystic 
tumor or pseudopapillary neoplasm can be 
diffi cult. 

 NETs can sometimes show aspects of malig-
nant tumors: irregular margins; infi ltration of 
perivisceral adipose tissue, mainly through satel-
lite nodules; and infi ltration of the duodenal wall, 
common bile duct, spleen, or vessels. The 
involvement of splenic vessels with vascular 
thrombosis can cause splenic infarcts. 

 The cytological examination of material 
obtained by FNAB (fi ne-needle biopsy) is the 
most widely used technique for the diagnosis of 
pancreatic masses. 

 In most cases, the histological appearance of 
the tumors is suffi cient to suggest the endocrine 
origin. 

 The presence of amyloid extracellular depos-
its is frequently observed in insulinomas. Because 
these tumors usually grow slowly, the normal 
structures such as ducts and pancreatic islets can 
be trapped inside the tumor.  

5.6.3     MRI 

 Magnetic resonance imaging (MRI) is frequently 
used for the identifi cation of pancreatic NETs 
and it is complementary to CT; MRI can be used 
to confi rm a CT fi nding or to locate a suspicious 
lesion not depicted at CT. MRI advantages are 
the high contrast resolution, the high sensitivity 
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of dynamic study, and the optimal visualization 
of pancreatic ductal system. 

 Nowadays MRI devices allow rapid breath- 
hold acquisitions, even after contrast administra-
tion, with signifi cant reduction of motion artifacts. 
Diffusion-weighted imaging (DWI) is helpful for 
the identifi cation of small pancreatic NETs. 
During the same examination, the liver can also be 
examined, and MRI presents higher accuracy to 
depict liver metastases compared to CT [ 35 ,  36 ]. 

 NETs generally have hypointense signal on 
T1-weighted images with fat suppression and 
hyperintense signal on T2-weighted images com-
pared to surrounding pancreatic tissue [ 37 ]. 

 After contrast administration, there is a typical 
marked and homogeneous contrast enhancement 
of the lesion in both pancreatic and portal phases, 
which refl ects the high vascularization of the 
tumor; in cystic NETs, there is contrast enhance-
ment of the peripheral rim (Fig.  5.7 ).

a b

c d

e f

  Fig. 5.7    A 58-year-old patient with cystic pancreatic neuro-
endocrine tumor. ( a ,  b ) Axial ( a ) and coronal ( b ) T2-weighted 
images: a hyperintense cystic mass ( arrow ) is visible in the 
pancreatic tail; intracystic fl uid contains blood and presents 
two different signal intensities, because of the presence of 
different hemoglobin metabolites. ( c ) Axial T1-weighted 
GRE image with fat saturation: intracystic fl uid ( asterisk ) is 

isointense to pancreatic parenchyma ( arrowhead ) because of 
the presence of blood inside the cyst. ( d ,  e ) Axial T1-weighted 
GRE images with fat saturation after contrast administration, 
in pancreatic ( d ) and portal ( e ) phases: cystic walls are hyper-
vascularized ( arrowhead ). ( f ) MRCP image: cystic lesion is 
hyperintense ( arrow ) and it does not communicate with the 
main pancreatic duct       
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   Larger tumors show a more heterogeneous 
contrast enhancement. 

 At DWI sequences, NETs usually present 
hyperintense signal at high-b-value images and 
hypointensity on ADC maps, with ADC values 
signifi cantly lower than healthy pancreas [ 8 ,  9 ]. 
ADC value may vary according to specifi c histo-
pathological features, such as the differentiation 
degree, the coexistence of intralesional hemor-
rhage, necrosis, and the cellularity degree. Some 
studies show that apparent diffusion coeffi cient 
(ADC) correlates with Ki-67 value, showing a 
decrease in ADC value in tumors with high 
expression of Ki-67 [ 38 ]. 

 NET metastatic lesions refl ect the characteris-
tics of the primary tumor. Their most common 
site is the liver. Liver metastases generally are 
hypointense on T1-weighted images and hyper-
intense on T2-weighted images. In the dynamic 
study after contrast administration, metastatic 
lesions are hyperintense in the arterial phase and 
relatively hypointense in the portal venous phase. 

 In approximately 5 % of cases, pancreatic 
NETs present as cystic lesions (Fig.  5.7 ), and this 
aspect is found more frequently in MEN-1 
patients. Cystic degeneration can also occur, 
mainly in functioning NET [ 39 ]. 

 There are two forms of cystic NETs:

•    Macrocystic form, characterized by the pres-
ence of a limited number (<3) of cysts with 
islands of neuroendocrine cells within the 
wall: these forms are very similar to mucinous 
cystic neoplasms.  

•   Microcystic form, characterized by the pres-
ence of numerous small cavitations localized 
within the tumor mass and surrounded by 
tumor cells; these forms are very similar to 
serous cystadenomas.    

 The preoperative diagnosis can be diffi cult 
because, although often these tumors secrete glu-
cagon, sometimes they are nonfunctioning. 

 The fl uid inside the cysts is hypointense on 
T1-weighted images and hyperintense on 
T2-weighted images; the wall thickness is vari-
able. The appearance is identical to other cystic 
lesions of the pancreas, and often a defi nitive 

diagnosis can be obtained only after histological 
examination. The wall sometimes is calcifi ed and 
presents early contrast enhancement in the arte-
rial phase. 

 The prognosis of cystic forms is better than 
solid pancreatic NETs [ 40 ]. The presence of cal-
cifi cations and the lack of ductal stenosis and 
vascular invasion can be useful aspects to differ-
entiate NETs from adenocarcinomas.      

   References 

     1.    Adet A, Miquel R, Bombi JA, Gines A, Fernandez- 
Esparrach G, De Juan C, et al. Incidence and charac-
teristics of pancreatic cystic neoplasms. Gastroenterol 
Hepatol. 2010;33(8):563–8.  

            2.    Zamboni G, Scarpa A, Bogina G, Iacono C, Bassi C, 
Talamini G, et al. Mucinous cystic tumors of the pan-
creas: clinicopathological features, prognosis, and 
relationship to other mucinous cystic tumors. Am 
J Surg Pathol. 1999;23(4):410–22.  

         3.    Morana G, Guarise A. Cystic tumors of the pancreas. 
Cancer Imaging Off Publ Int Cancer Imaging Soc. 
2006;6:60–71.  

    4.    Salvia R, Crippa S, Falconi M, Bassi C, Guarise A, 
Scarpa A, et al. Branch-duct intraductal papillary 
mucinous neoplasms of the pancreas: to operate or not 
to operate? Gut. 2007;56(8):1086–90.  

            5.    Kalb B, Sarmiento JM, Kooby DA, Adsay NV, Martin 
DR. MR imaging of cystic lesions of the pancreas. 
Radiographics Rev Publ Radiol Soc North Am Inc. 
2009;29(6):1749–65.  

       6.    Sakorafas GH, Smyrniotis V, Reid-Lombardo KM, 
Sarr MG. Primary pancreatic cystic neoplasms revis-
ited. Part I: serous cystic neoplasms. Surg Oncol. 
2011;20(2):e84–92.  

     7.    Tseng JF. Management of serous cystadenoma of the 
pancreas. J Gastrointest Sur Off J Soc Surg Aliment 
Tract. 2008;12(3):408–10.  

     8.    Bassi C, Salvia R, Gumbs AA, Butturini G, Falconi 
M, Pederzoli P. The value of standard serum tumor 
markers in differentiating mucinous from serous cys-
tic tumors of the pancreas: CEA, Ca 19-9, Ca 125, Ca 
15-3. Langenbeck’s Arch Surg/Deutsche Gesellschaft 
fur Chirurgie. 2002;387(7-8):281–5.  

     9.    Boraschi P, Donati F, Gigoni R, Salemi S, Bartolozzi 
C, Falaschi F. Diffusion-weighted MRI in the charac-
terization of cystic pancreatic lesions: usefulness of 
ADC values. Magn Reson Imaging. 
2010;28(10):1447–55.  

     10.    Guarise A, Faccioli N, Ferrari M, Salvia R, Mucelli 
RP, Morana G, et al. Evaluation of serial changes of 
pancreatic branch duct intraductal papillary mucinous 
neoplasms by follow-up with magnetic resonance 
imaging. Cancer Imaging. 2008;8:220–8.  

R. Manfredi et al.



81

       11.    Kosmahl M, Pauser U, Peters K, Sipos B, Luttges J, 
Kremer B, et al. Cystic neoplasms of the pancreas and 
tumor-like lesions with cystic features: a review of 
418 cases and a classifi cation proposal. Virchows 
Archiv Int J Pathol. 2004;445(2):168–78.  

     12.    Zamboni G, Bonetti F, Scarpa A, Pelosi G, Doglioni 
C, Iannucci A, et al. Expression of progesterone 
receptors in solid-cystic tumour of the pancreas: a 
clinicopathological and immunohistochemical study 
of ten cases. Virchows Arch A Pathol Anat 
Histopathol. 1993;423(6):425–31.  

     13.    Procacci C, Graziani R, Bicego E, Zicari M, Bergamo 
Andreis IA, Zamboni G, et al. Papillary cystic neo-
plasm of the pancreas: radiological fi ndings. Abdom 
Imaging. 1996;21(3):554–8.  

      14.    Manfredi R, Bonatti M, D’Onofrio M, Mehrabi S, 
Salvia R, Mantovani W, et al. Incidentally discovered 
benign pancreatic cystic neoplasms not communicat-
ing with the ductal system: MR/MRCP imaging 
appearance and evolution. Radiol Med. 
2013;118(2):163–80.  

     15.    Kim YH, Saini S, Sahani D, Hahn PF, Mueller PR, Auh 
YH. Imaging diagnosis of cystic pancreatic lesions: 
pseudocyst versus nonpseudocyst. Radiographics Rev 
Publ Radiol Soc North Am Inc. 2005;25(3):671–85.  

    16.    Tanaka M, Chari S, Adsay V, Fernandez-del Castillo 
C, Falconi M, Shimizu M, et al. International consen-
sus guidelines for management of intraductal papil-
lary mucinous neoplasms and mucinous cystic 
neoplasms of the pancreas. Pancreatology Off J Int 
Assoc Pancreatol. 2006;6(1-2):17–32.  

      17.    Manfredi R, Graziani R, Motton M, Mantovani W, 
Baltieri S, Tognolini A, et al. Main pancreatic duct 
intraductal papillary mucinous neoplasms: accuracy 
of MR imaging in differentiation between benign and 
malignant tumors compared with histopathologic 
analysis. Radiology. 2009;253(1):106–15.  

    18.    Salvia R, Crippa S, Partelli S, Armatura G, Malleo G, 
Paini M, et al. Differences between main-duct and 
branch-duct intraductal papillary mucinous neo-
plasms of the pancreas. World J Gastrointest Surg. 
2010;2(10):342–6.  

    19.    Vullierme MP, d’Assignies G, Ruszniewski P, Vilgrain 
V. Imaging IPMN: take home messages and news. 
Clin Res Hepatol Gastroenterol. 2011;35(6-7):426–9.  

    20.    Irie H, Honda H, Aibe H, Kuroiwa T, Yoshimitsu K, 
Shinozaki K, et al. MR cholangiopancreatographic 
differentiation of benign and malignant intraductal 
mucin-producing tumors of the pancreas. AJR Am 
J Roentgenol. 2000;174(5):1403–8.  

     21.    Manfredi R, Mehrabi S, Motton M, Graziani R, Ferrari 
M, Salvia R, et al. MR imaging and MR cholangiopan-
creatography of multifocal intraductal papillary muci-
nous neoplasms of the side branches: MR pattern and 
its evolution. Radiol Med. 2008;113(3):414–28.  

    22.    Carbognin G, Pinali L, Girardi V, Casarin A, 
Mansueto G, Mucelli RP. Collateral branches IPMTs: 
secretin-enhanced MRCP. Abdom Imaging. 
2007;32(3):374–80.  

              23.   Ventriglia A, Manfredi R, Mehrabi S, Boninsegna E, 
Negrelli R, Pedrinolla B, et al. MRI features of solid 
pseudopapillary neoplasm of the pancreas. Abdom 
Imaging. 2014.  

        24.    Sun CD, Lee WJ, Choi JS, Oh JT, Choi SH. Solid- 
pseudopapillary tumours of the pancreas: 14 years 
experience. ANZ J Surg. 2005;75(8):684–9.  

      25.    Coleman KM, Doherty MC, Bigler SA. Solid- 
pseudopapillary tumor of the pancreas. Radiographics 
Rev Publ Radiol Soc North Am Inc. 
2003;23(6):1644–8.  

     26.   Cooper JA. Solid pseudopapillary tumor of the pan-
creas. Radiographics Rev Publ Radiol Soc North Am 
Inc. 2006;26(4):1210.  

    27.    Hav M, Lem D, Chhut SV, Kong R, Pauwels P, 
Cuvelier C, et al. Clear-cell variant of solid- 
pseudopapillary neoplasm of the pancreas: a case 
report and review of the literature. Malays J Pathol. 
2009;31(2):137–41.  

      28.    Papavramidis T, Papavramidis S. Solid pseudopapil-
lary tumors of the pancreas: review of 718 patients 
reported in English literature. J Am Coll Surg. 
2005;200(6):965–72.  

           29.    Yu MH, Lee JY, Kim MA, Kim SH, Lee JM, Han JK, 
et al. MR imaging features of small solid pseudopapil-
lary tumors: retrospective differentiation from other 
small solid pancreatic tumors. AJR Am J Roentgenol. 
2010;195(6):1324–32.  

    30.    Zhang H, Liang TB, Wang WL, Shen Y, Ren GP, 
Zheng SS. Diagnosis and treatment of solid- 
pseudopapillary tumor of the pancreas. Hepatobiliary 
Pancreat Dis Int HBPD INT. 2006;5(3):454–8.  

      31.    Yao X, Ji Y, Zeng M, Rao S, Yang B. Solid pseudopapil-
lary tumor of the pancreas: cross-sectional imaging and 
pathologic correlation. Pancreas. 2010;39(4):486–91.  

    32.    Choi JY, Kim MJ, Kim JH, Kim SH, Lim JS, Oh YT, 
et al. Solid pseudopapillary tumor of the pancreas: 
typical and atypical manifestations. AJR Am 
J Roentgenol. 2006;187(2):W178–86.  

    33.    Ehehalt F, Saeger HD, Schmidt CM, Grutzmann 
R. Neuroendocrine tumors of the pancreas. 
Oncologist. 2009;14(5):456–67.  

     34.    Klimstra DS, Modlin IR, Coppola D, Lloyd RV, 
Suster S. The pathologic classifi cation of neuroendo-
crine tumors: a review of nomenclature, grading, and 
staging systems. Pancreas. 2010;39(6):707–12.  

    35.    Rockall AG, Reznek RH. Imaging of neuroendocrine 
tumours (CT/MR/US). Best Pract Res Clin Endocrinol 
Metab. 2007;21(1):43–68.  

    36.    Hayashi D, Tkacz JN, Hammond S, Devenney-Cakir 
BC, Zaim S, Bouzegaou N, et al. Gastroenteropancreatic 
neuroendocrine tumors: multimodality imaging fea-
tures with pathological correlation. Jpn J Radiol. 
2011;29(2):85–91.  

    37.    Chang S, Choi D, Lee SJ, Lee WJ, Park MH, Kim 
SW, et al. Neuroendocrine neoplasms of the gastroin-
testinal tract: classifi cation, pathologic basis, and 
imaging features. Radiographics Rev Publ Radiol Soc 
North Am Inc. 2007;27(6):1667–79.  

5 MR in Cystic Tumors of the Pancreas



82

    38.    Schmid-Tannwald C, Schmid-Tannwald CM, Morelli 
JN, Neumann R, Haug AR, Jansen N, et al. 
Comparison of abdominal MRI with diffusion- 
weighted imaging to 68Ga-DOTATATE PET/CT in 
detection of neuroendocrine tumors of the pancreas. 
Eur J Nucl Med Mol Imaging. 2013;40(6):897–907.  

    39.    Kadota Y, Shinoda M, Tanabe M, Tsujikawa H, Ueno 
A, Masugi Y, et al. Concomitant pancreatic endocrine 

neoplasm and intraductal papillary mucinous neo-
plasm: a case report and literature review. World 
J Surg Oncol. 2013;11:75.  

    40.    Scoazec JY, Vullierme MP, Barthet M, Gonzalez JM, 
Sauvanet A. Cystic and ductal tumors of the pancreas: 
diagnosis and management. J Visc Surg. 
2013;150(2):69–84.      

R. Manfredi et al.



83© Springer International Publishing Switzerland 2016 
M. Del Chiaro et al. (eds.), Cystic Tumors of the Pancreas, DOI 10.1007/978-3-319-31882-0_6

      Endoscopic Ultrasound (EUS) 
of Cystic Tumors of the Pancreas                     
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6.1           Introduction 

 The rising number of cystic lesions diagnosed in 
the pancreas is mimicking a parallel development 
that was observed when computed tomography 
was increasingly used two decades ago. In a ris-
ing number of subjects, adrenal tumors were 
detected. Eventually, we learned that many of 
these lesions are completely benign. 
Consequently, these adrenal lesions were coined 
incidentalomas [ 1 ]. It is still a challenging task to 
identify those pancreatic cysts which are benign 
and completely harmless and those which are 
preneoplastic or already harboring malignant cell 
transformations. 

 EUS is a minimally invasive procedure allow-
ing high-resolution diagnostic imaging of the 
pancreas, both parenchyma and duct system. 
Radial echoendoscopes display a 360° 

 cross- sectional image that is perpendicular to the 
long axis of the scope, whereas the image of lin-
ear echoendoscopes is parallel to the long axis of 
the scope. 

 Compared to radial echoendoscopes, linear 
echoendoscopes allow fi ne-needle aspiration of 
pancreatic cysts and sampling of suspicious solid 
lesions and are therefore the preferred device for 
patients of most EUS centers when examining 
patients with pancreatic cysts. 

 In general, sedoanalgesia is used during the 
examination, whereas intubation and introduc-
tion of anesthesia are performed in some centers 
when a longer examination time is anticipated or 
when patients previously did not tolerate endo-
scopic examinations despite proper i.v. sedation. 

 EUS is a safe procedure with a very low com-
plication rate. Known complications encompass 
perforations (e.g., hypopharynx, esophagus, duo-
denal bulb), complications associated with seda-
tion, and complications due to the fi ne-needle 
aspirations. 

 EUS has the highest sensitivity to detect mini-
mal changes in the pancreas but has a limited 
accuracy to characterize pancreatic cysts 
correctly. 

 The diagnostic accuracy of EUS to 
 differentiate mucinous versus nonmucinous 
cysts was rather low in a multicenter study by 
Brugge and coworkers (the sensitivity, speci-
fi city, and accuracy were 56 %, 45 %, 51 %, 
respectively) [ 2 ]. 
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 Operator dependency and low interobserver 
agreement are reasons for the limited diagnostic 
accuracy of EUS: Interobserver agreement was 
only fair ( κ  = 0.24) for differentiation of neoplas-
tic versus nonneoplastic cysts [ 3 ]. Agreement 
was moderately good ( κ  = 0.46) for the diagnosis 
of SCA, but only fair for the remaining cystic 
lesions. 

 Overlapping morphological features between 
different PCN together with limited interobserver 
agreement are the main reasons that EUS alone 
has limited accuracy for correct cyst 
characterization.  

6.2     EUS Morphology 

 A thorough examination of cystic lesions of the 
pancreas by EUS encompasses the evaluation of 
the following features: cyst type (unilocular/oli-
golocular/multilocular; micro-/macrocystic), 
cyst shape (lobulated, regular), cyst size, exact 
location of the cyst in the pancreas, cyst wall 
thickness and regularity, the presence of thin/
thick septations, mural nodules, and cyst content 
(anechogenic, echogenic). 

 Moreover, the communication of the cyst with 
the pancreatic duct system should be assessed, 
and dilatation of the main pancreatic duct has to 
be ruled out. In any patient with a pancreatic cyst, 
suspicious local lymph nodes should be ruled out 
that could represent a pancreatic malignancy 
with lymph node metastasis. 

 The key questions for the endosonographer 
are: Is the pancreatic cyst a nonneoplastic (e.g., 
pseudocyst) or a neoplastic cyst? What is the spe-
cifi c entity of a neoplastic pancreatic cyst (e.g., 
IPMN, MCN, SCN). Is this a mucinous or a non-
mucinous pancreatic cyst? Is the cyst malignant 
or nonmalignant? 

 Unfortunately, the endoscopic ultrasound has 
a rather low accuracy to answer these questions. 

 One reason for this low accuracy to differen-
tiate different pancreatic cystic neoplasms is 
that the morphologic appearance is not con-
fi ned to one neoplasm with some important 
morphological overlaps which have to be kept 
in mind. 

 Another reason is the relatively low interob-
server agreement and a strong operator 
dependency. 

 In the following, the characteristic endoscopic 
fi ndings of pancreatic cysts are discussed.  

6.2.1     Pseudocysts 

 The main differential diagnosis to neoplastic cysts 
are pseudocysts and walled-off necroses which are 
found in patients with acute or chronic pancreatitis. 
Middle-aged men with alcohol overconsumption 
are often affected. Pseudocysts represent approxi-
mately 80 % of all pancreatic cysts (Fig.  6.1 ). The 
wall of pseudocysts is in the early stage thin and 
can become thicker during “maturation.” 
Infrequently, septations can be found in pseudo-
cysts. Pseudocyst with a communication with the 
pancreatic duct contains anechogenic pancreatic 
juice. Pseudocysts and especially walled-off necro-
ses (WON) can also contain debris comprising 
fi brin and necrotic tissue which has an irregular 
echogenicity, and this necrotic material has to be 
differentiated from mural nodules which are adher-
ent to the cyst wall and exhibit vascular perfusion. 
Debris can fl oat within the cyst which can be 
detected by changing the position of the patient. 
Vascular perfusion of mural nodules or of irregular 
thickened cyst walls can be visualized by applying 
the color Doppler imaging. Of note, the power 

  Fig. 6.1    EUS of a pseudocyst (an anechogenic unilocular 
cyst showing no septations)       
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Doppler mode has a higher sensitivity to detect 
small vessels with low velocity blood fl ow com-
pared to the standard Doppler mode. 

 When the diagnosis of a pseudocyst is incon-
clusive, FNA can be performed to rule out MCN 
as the main differential diagnosis (pseudocyst: 
amylase >5000 U/mL, CEA <5 mg/L).  

6.2.2     Congenital Simple Pancreatic 
Cysts 

 Typically this monolocular round or slightly oval 
cyst has thin regular cyst wall with a complete 
anechogenic cyst content and is found in a pan-
creas with no other abnormalities such as signs of 
chronic pancreatitis. These simple cysts can be a 
manifestation of a von Hippel-Lindau syndrome 
or are associated with polycystic kidney disease. 

 An EUS-FNA is usually not performed when 
these cysts are >1 cm large. Low amylase and 
CEA levels can be expected in the cyst fl uid.   

6.2.3     Serous Cystic Neoplasm (SCN) 

 Serous cystic neoplasms are most often (>80 %) 
found in the body and tail of female subjects (Fig. 
 6.2 ). This benign cystic neoplasm is composed of 
numerous microscopic (<2 mm) cysts (multilocu-
lar, microcystic) and can be misdiagnosed as a lob-

ular-shaped solid tumor when a CECT is performed. 
A central calcifi cation represented by a strong 
echogenic signal is considered as pathognomonic 
but is found only in less than 20 % of cases. In con-
trast to IPMN, no communication to the pancreatic 
duct system is present, and neither the main pancre-
atic duct (MPD) nor the side branches are dilated. 

 The oligocystic SCN subtype is composed of 
larger cysts and can have a similar appearance to 
mucinous cystic neoplasms (MCN). The diagno-
sis of SCN can frequently be made with high 
accuracy so that FNA is only in a small number of 
patients indicated. In contrast, to establish the cor-
rect diagnosis of a atypical oligocystic SCN, FNA 
is frequently required for further cyst character-
ization. In small cysts, fi ne-needle aspiration of 
cyst fl uid can pose a problem. If FNA is success-
ful, cyst fl uid analysis demonstrates low CEA and 
low amylase levels, cellularity is often sparse and 
can demonstrate glycogen positive cuboidal cells.   

6.2.4     Mucinous Cystic Neoplasm 
(MCN) 

 Mucinous cystic neoplasms (MCN) are charac-
teristically found in middle-aged woman (90 %) 
representing an unilocular or oligolocular cyst 
(single cyst or few macrocysts) in the body and 
tail of the pancreas (Fig.  6.3 ). In around 15 % of 
cases, calcifi cations of the cyst wall or calcifi ed 

  Fig. 6.2    EUS of a serous cystic neoplasm (SCN) demon-
strating numerous microcysts       

  Fig. 6.3    EUS of a mucinous cystic neoplasm (MCN) 
with a mural nodule ( arrow )       
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septations are visible. These cystic tumors are 
preneoplastic lesions or have already progressed 
to malignancy. 

 Warning signs indicating malignancy are large 
diameter (>3 cm), mural nodules, a thick and 
irregular cyst wall, thick septations, and an 
obstructed pancreatic duct. Irregular hypoecho-
genic lesions adjacent to a MCN indicate malig-
nant infi ltration.  

 EUS-FNA can confi rm the suspicion of a 
mucinous cystic neoplasm by the evidence of an 
intracystic elevation of CEA (192 ng/mL) and the 
detection of mucin. Very high CEA levels indi-
cate malignancy, but in some malignant MCN, 
CEA is low. High viscosity is a key feature of 
both MCN and IPMN and hampers aspiration of 
cyst fl uid. Viscous mucin-rich cyst fl uid can eas-
ily be appreciated by the so-called string sign [ 4 ].
Cystic subtypes of pancreatic neuroendocrine 
tumors (NET) are rare but can resemble a MCN. of 
note, they can show a very thick wall (Fig.  6.4 ).   

6.2.5     Intraductal Papillary 
Mucinous Neoplasia (IPMN) 

 Mucinous cystic neoplasm and intraductal papil-
lary mucinous neoplasia (IPMN) are the two 
mucinous cystic tumors with a clear risk for 
malignancy. The goal is to diagnose these two 
tumors with high accuracy. IPMN is most often 

localized in the pancreatic head and represents a 
multilocular, multicystic tumor which can have 
grapelike appearance (Figs.  6.5  and  6.6 ). Most 
often patients with IPMN are seen by the endos-
copists when the cysts were incidentally detected 
by cross- sectional imaging or during the workup 
of recurrent pancreatitis. 

 Endoscopy can reveal in 25–50 % of patients a 
gaping fi shmouth papilla with protruding viscous 
mucus [ 5 ]. Visualization of the papilla is easier 
with a radial echoendoscope than a linear 
echoendoscope. 

 The delineation of a communication between 
the cystic lesion and the main/side duct branches 
is sometimes diffi cult but is an important feature 
to differentiate IPMN from MCN. Dilatation of 
the main duct can be moderate or marked and seg-
mental or diffuse. A dilatation of the MPD >5 mm 
without other causes of obstruction should raise 
the suspicion for main-duct (MD)-IPMN [ 6 ]. 

 Due to obstruction, parenchymal changes can 
be observed in patients with IPMN that can 
resemble sonographic signs of chronic pancreati-
tis. A thorough inspection of the whole pancreas 
is mandatory to rule out multifocal IPMN. IPMN 
features of a potential malignancy are localiza-
tion of the cyst in the main pancreatic duct 
(MD-IPMN), a prominent dilatation of the main 
pancreatic duct (MPD > 10 mm), a diameter of 
>3 cm of a side-branch IPMN, mural nodules 
(>10 mm) within the cysts, and solid lesions 
adjacent to the cyst [ 7 ]. Of note, EUS is the most 
sensitive method to detect mural nodules [ 8 – 11 ]. 

 EUS-guided fi ne-needle aspiration of cyst fl uid 
can be challenging due to the viscous nature of the 
cyst fl uid and when IPMN is located in the pancre-
atic head. CEA levels in the cyst fl uid are gener-
ally elevated. No defi nite cutoff is  established, but 
a cutoff of ≥192–200 ng/mL enables the diagnosis 
of a mucinous cyst with an accuracy of approxi-
mately 80 % [ 2 ,  6 ,  12 ]. Importantly, a low CEA 
level does not exclude IPMN. Due to the commu-
nication of IPMN with pancreatic duct system, 
amylase levels in IPMN (like in pseudocysts) are 
high (>250 U/L). This is an important feature 
when differentiating IPMN from MCN. The accu-
racy of EUS-FNA to diagnose IPMN was in one 
study very high (sensitivity of 82 %, a specifi city 

  Fig. 6.4    EUS of cystic pancreatic neuroendocrine tumor 
(NET) with a prominent wall       
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of 100 %, positive predictive value of 100 %, nega-
tive predictive value of 92 %, and accuracy of 
94 %) [ 13 ]. 

 Other studies could not replicate these very 
positive results [ 2 ,  14 ,  15 ]. 

 Apart from morphological features, CEA cyst 
levels and cytology can contribute to identify 
malignancy in IPMN. Suspicious mural nodules 
and solid areas should also be sampled. In a study 
from Indianapolis/the USA, the sensitivity, speci-
fi city, and accuracy of EUS-FNA for the diagno-
sis of malignancy in IPMNs were 75 %, 91 %, 
and 86 %, respectively, while the level of CEA 
has of limited prognostic value [ 16 ]. In a similar 
study which used a cyst fl uid CEA > 200 ng/mL 
as cutoff, CEA had a low accuracy to detect 
malignant IPMN (sensitivity, specifi city, positive 
predictive value, negative predictive value, and 
accuracy of a cyst fl uid were 52.4 %, 42.3 %, 
42.3 %, 52.4 %, and 46.8 %, respectively) [ 17 ].   

6.3     EUS-Fine-Needle Aspiration 
(EUS-FNA) 

 A meta-analysis of 51 articles with a total of 
10,941 patients confi rmed that EUS-FNA is a 
relatively safe procedure with a low complication 
risk profi le [ 18 ]. The overall complication rate of 
EUS in combination with FNA is higher than 
EUS without FNA, and the complication rate of 
EUS-FNA of pancreatic cysts is higher than 

EUS-FNA of solid pancreatic lesions (2.75 % 
versus 0.82 %). After EUS-FNA, pancreatitis was 
seen in 1.1 %, bleeding in 0.3 %, infection in 
0.2 %, abdominal pain in 0.8 %, and fever in 
0.3 %. 

 EUS-FNA for pancreatic cysts may have a 
higher risk of infection compared with EUS-FNA 
of solid masses, and a retrospective study demon-
strated an infection rate of 1.1 % in patients with 
antibiotic prophylaxis versus 0.6 % in patients 
without antibiotic use [ 19 ]. Prospective studies 
are lacking but are warranted. Despite the lack of 
strong evidence, the prophylactic of a single shot 
of antibiotic prior to EUS-FNA followed by 3–5 
days of oral antibiotics is a daily practice and rec-
ommended for EUS-FNA for pancreatic cysts 
(fl uoroquinolones or beta-lactam antibiotics). 

 Rarely, fi ne-needle aspirations of the pancre-
atic cyst can lead to an intracystic or retroperito-
neal bleeding or acute pancreatitis but is usually 
self-limited. In most cases, pancreatitis after EUS 
was mild, but one developed a fatal severe pan-
creatitis [ 18 ]. 

 Due to the close proximity of the echoendo-
scope to the pancreas, tumor seeding occurs very 
rarely, and few cases are reported in the literature 
including one patient with peritoneal tumor seed-
ing after EUS-FNA of IPMN [ 20 ]. 

 Even if only cytology can be obtained, besides 
the diagnostic evaluation of the cells, analysis of 
the mucous is very valuable. To safely place the 
needle within the cyst, a minimum size of 1 cm is 

  Figs. 6.5 and 6.6    EUS of a branch-duct IPMN with a grapelike cystic structure       

 

6 Endoscopic Ultrasound (EUS) of Cystic Tumors of the Pancreas



88

suggested. Cyst fl uid is usually aspirated with a 
single pass using a G22 or G25 aspiration needle. 
In larger cysts and if mucus is likely, the use of a 
G19 needle might be advantageous. 

 With a rather simple test directly after EUS- 
FNA, cyst fl uid can be tested for viscous mucin, 
suggesting the presence of mucinous cystic neo-
plasms (IPMN and MCN): a drop is taken 
between two fi ngers and is pulled apart. A string 
forms in a drop of cyst fl uid spread between two 
gloved fi ngers. A distraction of 3.5 mm has been 
suggested to be consistent with a mucinous cyst. 
Mucinous cyst fl uid had a median string length 
of 3.5 mm in an analysis of 50 mucinous and 29 
nonmucinous cysts [ 21 ]. Importantly, there is an 
overlap of the string sign: the string length 
ranged from 0 to 9 mm in nonmucinous cyst 
fl uid and from 2 to 20 mm in mucinous cyst 
fl uid. 

 In a study of 98 histologically proven pancre-
atic cysts, the string sign was highly specifi c 
(95 %) for the diagnosis of mucinous pancreatic 
cysts (length of the string, 10 mm) [ 4 ]. Without 
any further testing, a positive string sign was 
found to be 11 times more likely in a patient with 
a mucinous pancreatic cyst than in a patient with 
a nonmucinous cyst. It has to be kept in mind that 
a negative string sign does not exclude a muci-
nous cyst due to relatively low sensitivity with a 
low negative predictive value (sensitivity, 58 %; 
specifi city, 95 %; positive predictive value, 94 %; 
negative predictive value, 60 %) [ 4 ].  

6.4     Contrast-Enhanced 
Endoscopic Ultrasound 

 Contrast-enhanced transabdominal ultrasound 
(CEUS) and contrast-enhanced endoscopic ultra-
sound (CE-EUS) can be applied to further char-
acterize the microperfusion of pancreatic lesions. 
In Europe hexafl uoride microbubbles (SonoVue, 
Bracco UK Ltd., UK) are most widely used in an 
off-label setting. The perfusion of pancreatic 
lesions can be increased or decreased in compari-
son to the rest of the pancreas [ 22 ]. After the 
intravenous application of a contrast agent, a pan-
creatic cyst is non-perfused but the microvascu-

larization of the cyst wall, thicker septations, or 
mural nodes can be visualized by an enhance-
ment. Solid hypoechogenic areas of malignancy 
can be demonstrated by a reduced perfusion 
(reduced enhancement after i.v. administration of 
the contrast agent). 

 Particularly the detection of mural nodules in 
mucinous cystic neoplasms (IPMN, MCN) is of 
critical importance as these nodules represent a 
warning sign for potential malignancy. These 
mural nodules can be mimicked by debris and 
necrotic material in a pancreatic cyst. In a large 
study from Japan, 581 patients with pancreatic 
cysts received standard EUS followed by 
CEUS. In this study, CEUS was superior in dis-
criminating mural nodules from mucus clots and 
distinguished more accurately malignant from 
benign pancreatic cysts [ 23 ]. The detection of 
mural nodules by CEUS had an excellent repro-
ducibility, and interobserver agreement was 
higher in CEUS than standard EUS (kappa coef-
fi cient 0.83 versus 0.69).  

6.5     Probe-Based Confocal Laser 
Endomicroscopy (pCLE) 

 Probe-based confocal laser endomicroscopy 
enables the in vivo and real-time microscopic 
evaluation of the epithelium throughout the gas-
trointestinal tract and can even be used in combi-
nation with ERCP and EUS [ 24 ]. During EUS, a 
mini probe (0.632 mm of diameter) is introduced 
through a G19 needle into a cyst (needle-based 
CLE or nCLE) [ 25 ,  26 ]. 

 First feasibility results proved the safety of this 
method (21924718). In the INSPECT study, the 
villous structures of IPMN were characterized by 
nCLE with a 3 % risk for acute pancreatitis and an 
overall complication risk of 9 % [ 27 ]. Diagnosing 
IPMN by the identifi cation of epithelial villous 
structures by nCLE had a limited  sensitivity of 
59 %, a rather low negative predictive value of 
50 % but a very high specifi city of 100 % and a 
high positive predictive value of 100 %. 

 Moreover, this method has a high accuracy for 
the diagnosis of serous cystic neoplasms (SCA) 
with good interobserver agreement: by the detection 
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of the characteristic dense subepithelial capillary 
vascularization of the cyst wall, nCLE had a sensi-
tivity, specifi city, and accuracy of 69, 100, and 87 % 
in a recent study with 31 patients [ 28 ]. This has the 
potential to reduce unnecessary  surgical resections 
or follow-up imaging in SCA patients. 

 Recently, nCLE criteria for other pancreatic 
cyst entities such as pseudocysts, MCN, and cys-
tic neuroendocrine tumors (NET) were presented 
which correlated with pathological specimens: 
MCN, gray epithelial band with a thin dark line; 
pseudocysts, fi eld of bright, gray and black par-
ticles; and cystic NEN, dark spots surrounded by 
gray areas [ 28 ].  

    Conclusion 

 Surgeons and gastroenterologists are confronted 
with an increasing number of patients with pan-
creatic cysts. In most centers, MRT/MRCP is 
regarded as the primary imaging method of 
choice. When diagnosis is inconclusive, EUS 
especially in combination with EUS-FNA is a 
valuable tool to further characterize cystic pan-
creatic neoplasms. Combination of additional 
EUS tools such as contrast enhancement and 
elastography has the potential to further increase 
the accuracy of EUS in the detection of cystic 
and solid lesion of the pancreas.     
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      Endoscopy in Cystic Tumors 
of the Pancreas                     

     Andrea     Tringali       and     Guido     Costamagna     

7.1           Introduction 

 The main endoscopic approach to cystic tumors 
of the pancreas is today represented by EUS. 

 Endoscopic evaluation of the papilla of Vater 
and visualization of the pancreatic ductal system 
by ERCP and/or peroral pancreatoscopy (POPS) 
can have a role in pancreatic cystic tumors 
(mainly IPMN) communicating with the main 
pancreatic duct (MPD). 

 The diagnostic role of ERCP in IPMN for 
pancreatic juice sampling or MPD brushings is 
not routinely recommended and should be 
reserved in the context of research [ 1 ]. 

 A therapeutic role of endoscopic pancreatic 
sphincterotomy (EPS) can be considered to 
reduce the episodes of pancreatitis recurrence 
due to mucus-related MPD obstruction. 

 Another role of endoscopy in cystic tumors 
of the pancreas is the identifi cation of synchro-
nous and metachronous gastrointestinal malig-
nancies; despite there are no screening 
recommendations at present [ 1 ], screening of 
colorectal polyps and cancer in patients with 
IPMN was proposed [ 2 ,  3 ].  

7.2     Duodenoscopy 

 Visualization of the papilla of Vater with the side- 
viewing endoscope permits to diagnose IPMN 
when a swollen papilla with mucous secretion 
(‟fi sh-eye appearance”) (Fig.  7.1 ) is identifi ed. 
This fi nding can also have clinical and therapeu-
tic implications.

   Episodes of acute pancreatitis seem to be sig-
nifi cantly more common in cases of IPMN with a 
dilated papilla with mucin extrusion [ 4 ]. The 
‟fi sh-eye appearance” of the papilla could be also 
a factor to predict intestinal-type IPMN [ 4 ,  5 ], in 
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  Fig. 7.1    Fish-eye appearance of the papilla of Vater       
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both main-duct (MD) and branch-duct (BD) 
IPMN [ 5 ]. Intestinal-subtype IPMN seems to 
have higher grades of dysplasia but a better prog-
nosis after resection, compared with nonintesti-
nal types [ 6 ]; a preoperative diagnosis of 
intestinal-subtype IPMN can be considered to 
shorten the surveillance interval and to recom-
mend surgical resection [ 5 ]. Nevertheless, these 
interesting observations are obtained from retro-
spective studies. 

 The possible correlation between the papilla 
of Vater aspect and IPMN prognosis needs to be 
carefully evaluated in prospective studies.  

7.3     ERCP 

 The diagnostic role of ERCP in IPMN is limited 
to the possibility for pancreatic juice sampling by 
MPD aspiration, brush, and lavage. A recent 
meta-analysis [ 7 ] showed a 97 % specifi city and 
35 % sensitivity for ERCP-based pancreatic juice 
cytology to distinguish benign from malignant 
IPMN; this poor sensitivity does not justify the 
ERCP-related risks of complications for diagnos-
tic purposes. 

 To overcome the low sensitivity of cytology, a 
cutoff value of 30 ng/mL for carcinoembryonic 
antigen in pancreatic juice was proposed obtain-
ing an 84 % sensitivity [ 8 ]. Another small series 
[ 9 ] showed an 89 % sensitivity to distinguish 
benign from malignant IPMN using the dosage 
of MUC1 mRNA on pancreatic juice. 

 Pancreatic juice collection in IPMN is there-
fore limited to the research [ 1 ] of novel biomark-
ers of neoplastic degeneration. 

 EPS can have a therapeutic role in IPMN. 
Recurrent pancreatitis in IPMN can be related to 
MPD hypertension secondary to viscous mucus. 
EPS can reduce MPD obstruction especially in 
the absence of a patulous papilla (Fig.  7.2 ). EPS 
is a “symptomatic” maneuver that can have an 
indication in patients with IPMN not candidate to 
surgery or under follow-up when the surgical 
decision is not undertaken. Few data were pub-
lished regarding the role of EPS in IPMN; accord-
ing to a small series [ 10 ], EPS resulted effective 
in reducing the rate of  pancreatitis recurrence due 

to IPMN after a 4-year follow- up. Future pro-
spective evaluation can better defi ne the role of 
EPS in symptomatic IPMN not candidate to 
surgery.

7.4        Pancreatoscopy 

 Peroral pancreatoscopy (POPS) was described 40 
years ago, but it still is a complex and expensive 
technique. Technological refi nements lead to the 
availability of ultrathin pancreatoscopes with 
enhanced image capabilities (i.e., narrow band 
imaging) and the possibility for direct tissue 
acquisition with biopsy forceps. POPS during the 
last years gained more widespread use after the 
introduction of a disposable, single-operator 
miniscope (SpyGlass) which recently signifi -
cantly improved the quality of the pictures with 
digital technology (SpyGlass DS). 

 In a series of 31 patients undergoing surgery 
for IPMN, pancreatoscopy resulted feasible in 
60 % of cases (93 % for main-duct IPMN) [ 11 ]. 
The reported success rate of POPS in IPMN with 
the SpyGlass system was >90 % [ 12 ,  13 ]. 

 Many studies have evaluated pancreatoscopy 
to characterize IPMN as a preoperative staging 
tool [ 14 ,  15 ] or even during duodenopancreatec-
tomy [ 16 ]. 

 In a large cohort, the correlation between 
pancreatoscopic appearance of IPMN and histo-
logical samples after surgery was described 
[ 17 ]. Lesions were classifi ed in fi ve types: I 
(granular type) and II (fi sh-egg-like type with-
out vascular images) were never associated to 
malignancy; III (fi sh-egg-like images with vas-
cular images), IV (villous type), and V (vegeta-
tive type) were associated in 90 % of the cases 
with malignancy. In this study, the accuracy of 
POPS to differentiate malignant from benign 
IPMN was 88 % for MD-IPMN and 67 % for 
BD-IPMN. 

 Initially, pancreatoscopy-assisted pancreatic 
fl uid aspiration was reported to be more accurate 
than nasopancreatic tube insertion by ERCP and 
fl uid aspiration in the detection of carcinoma in 
situ of the pancreas by cytology [ 18 ]. Later, a 
comparative study disclosed similar results for the 
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detection of malignancy among IPMN by POPS 
compared to nasopancreatic tube collection [ 19 ]. 
More recently, few series with new pancreato-
scopes and ultrathin forceps have reported the 
realization of pancreatic ductal biopsies under 
direct visualization by POPS, but their accuracy 
in histological sample is unknown [ 20 ,  21 ]. 

 Video pancreatoscopes with NBI seem to pro-
vide a better identifi cation of malignant IPMN 
[ 11 ], but further evaluations are needed. 

 POPS-aided assessment of the excision mar-
gin during pancreatectomy for IPMN was 
described in small series [ 13 ,  14 ] but was never 
compared to preoperative frozen section. 

 Preoperative identifi cation of main-duct 
IPMN (Fig.  7.3 ) and the possibility for “tattoo-
ing” the resection margin [ 22 ] can be a topic for 
future studies.

   Intraoperative pancreatoscopy was described 
[ 16 ] but is not recommended due to the risk of 
mucin leakage [ 1 ]. 

 The main complication of POPS is pancreati-
tis which was reported in 10–12 % of the cases 
and mainly consisted of mild pancreatitis [ 23 ]. 

 Despite being a promising technique, today no 
evidence exists regarding the usefulness of 
 pancreatoscopy in the management of cystic 
tumors of the pancreas [ 24 ].     

a b

c

  Fig. 7.2    Normal-appearing papilla in a case of branch-duct IPMN ( a ). Pancreatography shows a mucus-related fi lling 
defect in the main pancreatic ( arrow ) ( b ). After endoscopic pancreatic sphincterotomy, mucus passage is visible ( c )       
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      PET Scan in Cystic Tumors 
of the Pancreas                     

     Claudio     Pasquali       and     Anna     Caterina     Milanetto     

8.1           Introduction 

 Cystic tumors of the pancreas (CTPs) have been 
increasingly detected over the two past decades, 
due to the widespread use of high-resolution 
noninvasive abdominal imaging. CTPs are 
mostly detected incidentally when abdominal 
imaging is performed for unrelated indications 
and the prevalence of incidental pancreatic cys-
tic lesion in adults ranges from 2.8 to 13.5 % [ 1 ,  2 ]. 
Autopsy series report a CTP prevalence of 
23.5 %, ranging from 8 % below 70 years of age 
to 35 % in >90-year-old people, increasing also 
in the number and size of the cystic lesions 
according to age [ 3 ]. CTPs include a variety of 
neoplasms with different prognoses from benign 
to premalignant or malignant behavior [ 4 ]. The 
WHO 2010 classifi cation of CTP is reported in 
Table  8.1  [ 5 ].

   Four types of neoplasms included in Table  8.1  
account for approximately 90 % of all cystic 
tumors of the pancreas: intraductal papillary 
mucinous neoplasms (IPMNs) either main duct, 
branch duct, or mixed, mucinous cystic neo-

plasms (MCNs), serous cystic neoplasms (SCNs) 
either microcystic or oligocystic variant, and 
pseudopapillary neoplasms. 

 The cystic feature, at imaging studies, of 
pseudopapillary neoplasms, neuroendocrine 
neoplasms, secondary tumors, or, occasionally, 
ductal adenocarcinomas is due to degenerative 
changes. Pseudocysts and other rare nonneo-
plastic cysts may enter in the differential diag-
nosis with CTP. Characterization of the cystic 
lesion with reliable, noninvasive methods is cru-
cial to distinguish benign from malignant CTP 
and to decide the treatment option or follow-up 
planning. Preoperative evaluation of pancreatic 
cystic lesion includes abdominal ultrasound 
(US), computed tomography (CT), magnetic 
resonance imaging (MRI), endoscopic ultraso-
nography (EUS) with fi ne-needle aspiration 
cytology (FNAC), and fi nally US-guided percu-
taneous FNAC. Despite these diagnostic tools 
and many evidence-based practice guidelines 
[ 6 – 8 ] being published, controversial issues still 
exist in the evaluation and management of CTP, 
particularly concerning lesion size, the presence 
of high-risk lesion features, the role of different 
diagnostic techniques, and the accuracy of 
markers and cytology for CTP defi nition. 
Confl icting results are reported in clinical prac-
tice when matching preoperative diagnosis and 
pathologic results, and even in high-volume 
centers for pancreatic surgery, the correct diag-
nosis rate in CTP does not exceed 68 % of oper-
ated patients [ 9 ].  
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8.2     Positron Emission 
Tomography 

 2-[18F]-Fluoro-2-deoxy-D-glucose positron 
emission tomography (18-FDG-PET) is a scin-
tigraphy technique based on the detection of 
hypermetabolic lesions due to excess glucose 
consumption from the tumor cells. 

 Glycolysis in neoplastic cells is increased due 
to their ability in glucose transportation through 
the membrane and increased activity of the gly-
colytic enzymes. The glucose analog (deoxyglu-
cose) radiolabeled with 18 F (a positron emitter), 
injected 1 h before examination (350–450 Mbq) 
intravenously, in the patient who fasted for 6 h, is 
transported into the cell after binding with cell- 
membrane transporter proteins and then is metab-
olized by hexokinase into FDG-6-phosphate. 
FDG-6-phosphate is not further metabolized in 
the glycolysis pathway and then it remains 
trapped into the tumor cell. So the FDG-6- 
phosphate molecule labeled with the radiotracer 
(18 F) may be detected using a gamma camera. 
Details of the methods and equipment currently 

used in our center have been previously pub-
lished [ 10 ]. The radioactivity detected by the 
gamma camera is coupled with the imaging of a 
CT scan (hybrid system PET/CT), in order to 
give a more accurate anatomical information on 
the site of hypermetabolism. To perform a quan-
titative analysis, the standardized uptake value 
(SUV) is calculated in the suspected cancer 
focus. For the SUV analysis, a circular region of 
interest is placed over the area of maximal focal 
uptake and the mean radioactivity values are 
obtained. The upper normal limit of the SUV 
may vary in different centers. As described in our 
previous papers, in our center the focal uptake 
with an SUV >2.5 is considered positive [ 10 ,  11 ]. 
In order to avoid false-negative results, patients 
with diabetes were tested just before FDG injec-
tion, having a glycemia of 120–130 mg% (even-
tually adjusted with insulin). Use of 18-FDG-PET/
CT for oncologic imaging is well established and 
widely accepted for many malignancies [ 12 ] 
including pancreatic cancer [ 13 ,  14 ].  

8.3     FDG-PET in Cystic Tumor 
of the Pancreas 

 There is little information on the use of FDG- 
PET in evaluating the malignant potential of the 
pancreatic cystic lesions despite the fi rst report 
being published in 2001 from our center. 
Reviewing the literature only 10 papers have 
been published so far, if we include only studies 
with at least 30 patients investigated, in order to 
compare a signifi cant number of cases of malig-
nant versus benign pancreatic cyst. In Table  8.2  
we reported the results in terms of sensitivity and 
specifi city of either FDG-PET or PET/CT. The 
studies are heterogeneous in terms of case mix-
ing of CTP, design of the study, being most of 
them retrospective, inclusion of nonneoplastic 
cysts in the benign group, and fi nally inclusion of 
only histologically proven cases or considering 
follow-up without morphological changes as 
benign behavior.

   About 550 patients having a CTP were inves-
tigated in the series published in 13 years from 
the fi rst study on FDG-PET scan; less than 400 

    Table 8.1    WHO 2010 classifi cation of cystic pancreatic 
tumors   

  Epithelial tumors  

 Benign 

   Acinar cell cystadenoma 

   Serous cystadenoma 

 Premalignant lesions 

   Intraductal papillary mucinous neoplasm (IPMN) 

   Mucinous cystic neoplasm (MCN) 

 Malignant lesions 

   Acinar cell cystadenocarcinoma 

   Intraductal papillary mucinous neoplasm (IPMN) 
with an associated invasive carcinoma 

   Mucinous cystic neoplasm (MCN) with an 
associated invasive carcinoma 

   Serous cystadenocarcinoma 

   Solid pseudopapillary neoplasm 

   Neuroendocrine neoplasms with cystic degeneration 

  Mesenchymal tumors  

 Lymphangioma, NOS 

  Secondary tumors with cystic degeneration  

  Epithelial tumors are divided according to tumor 
behavior [ 5 ]  
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cases had a confi rmed histology with about 160 
malignant CTPs included in these studies. As 
shown in Table  8.2 , four of these studies came 
from our group of investigators accounting of 
40 % of cases studied. The papers published by 
our group in 2007 and 2011 [ 10 ,  18 ] focusing on 
IPMN, include in part patients reported in the 
previous 2 studies [ 11 ,  15 ]. Most of the studies 
were retrospective and only patients investigated 
more recently had a PET/CT scan (hybrid equip-
ment). Four papers were dealing with all variet-
ies of CPT (overall 157 patients evaluated of 
which 48 with proven malignancy), and they 
were investigated with FDG-PET or fusion 
imaging [ 17 ]. Sperti reported a sensitivity of 
94 % and a specifi city of 94–97 % in distinguish-
ing benign from malignant CTP with an accu-
racy of 94 %. 

 When FDG-PET was compared with results 
of CT imaging in the Italian studies, contrast- 
enhanced CT had lower sensitivity and specifi c-
ity (65 % and 87–88 %, respectively) irrespective 
of the use of multidetector CT equipment in the 
latter study. The two studies from the USA found 
a 57 % sensitivity with a specifi city of 65–85 %, 
respectively [ 16 ,  17 ]; however they enrolled a 
low number of patients (57 of which 14 malig-
nant) with smaller size of lesions. 

 Six studies reported in Table  8.2  were dealing 
with IPMNs of the pancreas and the issue of 
detecting malignancy in this subset of patients. 
Most of the patients were studied with PET-CT 
equipment and compared results obtained by 
MRI and/or CT scan, and in total 220 patients 
were investigated (cases in the study by Sperti 
et al. [ 18 ] were all included in the most recent 
paper by Pedrazzoli et al. [ 10 ]) with 110 malig-
nant ones. 

 Sensitivity of FDG-PET/CT to distinguish 
malignant IPMN ranged from 83 to 100 % and 
specifi city from 87 to 100 %; so 97/110 (88 %) 
malignant IPMNs investigated had a positive 
FDG-PET/CT scan. Moreover when considering 
noninvasive cancer in IPMNs (cancer in situ, 
CIS) reported in four of these papers, 21/27 cases 
(78 %) had a positive FDG-PET/CT scan. It is 
noteworthy that in IPMNs with this technique, 
we can found most of the cancers in early stage, 

not yet invasive, than potentially curable with 
surgical resection.  

8.4     Serous Cystic Neoplasms 
and FDG-PET 

 Serous cystadenomas (SCAs) account for about 
16 % of resected cystic tumors of the pancreas 
[ 23 ]. SCAs are benign, slow-growing tumors. 
Very few cases of malignant SCA, on the basis of 
the presence of concomitant tumors in the liver or 
other extrapancreatic sites, have been described; 
they represent <1 % of cases [ 24 ]. They affect 
mainly women (approximately 75 %). Mean age 
of patients who underwent surgery for SCAs was 
62 years in the USA [ 24 ] and 52 and 56 years in 
Italian and French series [ 25 ,  26 ]. The typical 
SCA is formed by many tiny cysts lined by a 
cuboidal epithelium that is glycogen rich and has 
a honeycomb appearance, microcystic tumor, 
defi ned as having cysts <2 cm in diameter. The 
cysts are fi lled with serous fl uid, do not commu-
nicate with pancreatic ducts, and are often 
arranged around a central dense fi brous scar with 
thin fi brous septa radiating to the periphery occa-
sionally calcifi ed in the center [ 5 ]. An SCA vari-
ant called macrocystic (or oligocystic) with few 
cysts of more than 2 cm. in size up to 8 cm., with-
out central scar, has been described and com-
prises 10 to 24 % of cases [ 23 ,  25 ]. They are 
diffi cult to differentiate on imaging with muci-
nous cystadenomas (MCAs). Fifty-six percent of 
SCAs are asymptomatic and they are resected if 
the diagnosis based on imaging is uncertain or 
because of growth. Patients with von Hippel- 
Lindau syndrome often develop multiple oligo-
cystic SCAs. In our previously published paper, 
we had 21 SCAs investigated with FDG-PET up 
to 2003; all of them had a negative PET scan and 
15/21 patients had histology (or biopsy)-proven 
SCA. From 2004 to 2013 in our unit, we operated 
on 25 more SCAs who had a preoperative PET 
scan, 20 % of them had a macrocystic variant. 
Only 1 microcystic SCA had a positive PET scan. 

 Therefore in case of diffi cult differential diag-
nosis between SCA and mucinous cyst as in the 
macrocystic variant of SCA, FDG-PET may help 
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to establish the benign nature of the CTP at time 
of fi rst assessment, since in our experience on 46 
SCA patients, only one had a false-positive result 
(2 %) in this subset of patients.  

8.5     Mucinous Cystic Neoplasms 
and FDG-PET 

 Mucinous cystic neoplasms (MCNs) account for 
up to 23 % of CTP resected [ 27 ]. The risk of 
malignancy is 17.5–27 % of cases with carci-
noma in situ or invasive cancer (mucinous cyst-
adenocarcinoma). They occur mainly in women 
and in the distal pancreas, being always a single 
lesion. Histologically they are composed of 
mucin-producing columnar epithelium associ-
ated with ovarian-type stroma. The cyst (unilocu-
lar or with septa) does not communicate with the 
ductal system and occasionally shows calcifi ca-
tions. Mean age at diagnosis is 45 years [ 28 ], and 
patients with associate invasive carcinoma are 
5–10 years older and have larger cysts (more than 
4 cm. in size) and eventually mural nodules or 
eggshell calcifi cations, thick wall, or thick septa. 
Patients treated with surgical resection have 
excellent prognosis unless invasive carcinomas 
with extracapsular growth are found. 

 In total, including the four studies published 
(see Table  8.2 ) and cases unpublished from our 
center (operated on from 2004 to 2012), 36 
MCNs were collected, and 3 false-negative 
results on PET scan were found, out of 17 malig-
nant MCNs (82 % sensitivity).  

8.6     Intraductal Papillary 
Mucinous Neoplasms 
and FDG-PET 

 Intraductal papillary mucinous neoplasms 
(IPMNs) are defi ned as macroscopic (cystic or 
mass-forming) epithelial neoplasms with ductal 
differentiation that grow primarily within the 
ductal system of the pancreas [ 5 ]. These neo-
plasms are usually slow growing and they often 
have a large size when they are diagnosed and 
still asymptomatic. Histologically they are char-

acterized by a papillary growth pattern and sig-
nifi cant luminal presence of mucin, and they 
may progress from low-grade dysplasia to inter-
mediate- and high-grade dysplasia and then 
invasive carcinoma. The incidence of IPMNs in 
the general population is estimated to account 
for 20 % of CTP but the rate is currently increas-
ing due to widespread use of imaging, and small 
IPMNs are incidentally detected during the eval-
uation of patients for other conditions. IPMNs 
are fairly more common in the elderly [ 2 ] with 
mean age at diagnosis of about 66 years; patients 
with invasive carcinoma are 3–5 years older, 
suggesting progression from dysplasia to carci-
noma. Basically the tumor may arise in the main 
pancreatic duct or in the side branches of the 
ductal system or either in the side branches or 
the main duct (mixed type). The risk of malig-
nancy in the main-duct type (and mixed type) is 
high, with invasive carcinoma found in 45 % and 
cancer in situ in additional 20 % of patients. 
Predominant in males, the most common presen-
tation of main-duct IPMN is abdominal pain 
(55 %), with weight loss (45 %), jaundice (17 %), 
and acute pancreatitis (15 %), due to transient 
obstruction of the main duct from the mucin 
secreted by the tumor. Due to the high risk of 
malignancy, main-duct and mixed-type IPMNs 
are treated by surgical resection. Branch-duct 
IPMNs (BD-IPMN), occasionally symptomatic, 
in some patients present with pancreatitis. Their 
imaging features range from an isolated pancre-
atic cyst <1 cm. in size to larger solitary collec-
tions of pancreatic cysts. Diffuse multifocal 
disease occurs in about 40 % of patients having 
multiple BD-IPMNs of varying sizes, scattered 
through their pancreas [ 29 ]. 

 The risk of malignancy of BD-IPMNs can 
vary, based on size and associated features, such 
as nodules, multiplicity, and epithelial subtype. 
The mean frequency of malignancy (defi ned as 
high-grade dysplasia and invasive cancer) for 
surgically resected BD-IPMNs is 25.5 % [ 6 ]. In a 
cumulative series of patients who underwent sur-
veillance for presumed BD-IPMNs, the surgical 
intervention rate was <10 %, and the risk of fi nd-
ing an associated malignancy was <2.5 % in 41 
months median follow-up, indicating that the 
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overall risks are low, even in a highly selected 
group of patients [ 23 ]. 

 As reported above (see Table  8.2 ), in the lit-
erature a total of 110 malignant IPMNs were 
investigated with FDG-PET/CT scan with an 
overall sensitivity of 88 % and still 78 % positiv-
ity in 27 patients with noninvasive cancer (CIS). 
It is not surprising that a “functional” technique 
like the FDG-PET may detect a focal increase in 
glucose metabolism even when the disease is 
limited to microscopic changes, as it occurs in 
different diseases (i.e., hyperplastic diseases) 
detected with other types of scintigraphy investi-
gations. This opportunity to detect preinvasive 
cancers gives us an extraordinary chance as pan-
creatologists: to identify some high-risk patient 
with IPMN, with mandatory indication to surgery 
and to resect cancers with curative intent before 
the overt spread of disease, having the same dis-
mal prognosis of a pancreatic ductal adenocarci-
noma. In our experience [ 10 ] PET is more 
effective than any other procedure in the differen-
tial diagnosis of benign and malignant lesions in 
patients diagnosed with IPMN, and when com-
pared with the international consensus guidelines 
defi ned in the Sendai conference [ 30 ] that have a 
high sensitivity (93 %), but low specifi city and 
accuracy (22 and 61 %, respectively), PET scan 
showed better results (specifi city 100 %, accu-
racy 91 %). Then we concluded that FDG-PET 
scan may help in the fi rst assessment of IPMNs. 

 Moreover in 24 % of our patients with IPMN, 
a preoperative negative PET/CT scan allowed a 
more conservative pancreatic resection, ruling 
out the risk of dealing with a cancer when operat-
ing on these patients (often with multifocal dis-
ease). PET/CT scan is crucial, in our opinion, 
even in those cases (mainly BD-IPMN) where 
patients are placed under surveillance to be sure 
they are cancer-free, avoiding a mandatory evalu-
ation with an endoscopic ultrasound (EUS) with 
fi ne-needle cyst fl uid aspiration for cytology and 
tumor marker determination; the role of these 
investigations has been extensively debated and 
reviewed in CTP management and particularly in 
IPMNs [ 23 ]. EUS and FNA are also included and 
recommended in the Fukuoka guidelines for 
management of BD-IPMNs and MCN [ 6 ], but we 

think that the use of FDG-PET/CT represents a 
useful, less invasive alternative to EUS-FNA, an 
operator-dependent technique that may have bias 
from inconclusive responses from cytology and 
uncertain results from tumor marker assay in the 
cyst fl uid. In our paper [ 10 ] we reported 59 
BD-IPMNs (diagnosis based on MRI and with-
out histology) placed under surveillance having a 
negative FDG-PET/CT. After a mean follow-up 
of 20 months, 5 cases (8 %) underwent surgery 
(for symptoms or imaging changes): all were 
found benign. None of the other 54 patients with 
BD-IPMN developed malignant disease during a 
mean 25.5 months of follow-up. 

 Therefore we suggest the use of FDG-PET/
CT in the fi rst assessment of all IPMNs particu-
larly those BD-IPMNs with worrisome features 
according to the Fukuoka conference [ 6 ]. 

 In the literature we could not fi nd any indica-
tion about use and timing of FDG-PET/CT in the 
follow-up of patients placed under surveillance, 
being mostly BD-IPMNs. In our previous study 
[ 10 ] we usually repeated the investigation every 
year or in case of changes in the (MR) imaging of 
the lesion(s), rise in serum CA 19-9, or occur-
rence of symptoms, but if no worrisome feature is 
present, the interval may be lengthened every 2 
years. Due to low risk for malignancy in 
BD-IPMN with cysts <1 cm., they can be man-
aged only with conventional imaging unless they 
show changes in size.  

8.7     Solid Pseudopapillary 
Neoplasms and FDG-PET 

 Solid pseudopapillary neoplasms (SPNs) of the 
pancreas are uncommon accounting less than 5 % 
of resected PCTs. They predominantly affect 
women (up to 90 %) at median ages of 30–38 
years [ 31 ], and they account for 30 % of all pan-
creatic neoplasms in patients <40 years. 

 SPNs appear as a well-demarcated heteroge-
neous mass with solid and cystic components. 
Histologically they are defi ned as low-grade 
malignant neoplasms composed of poorly cohe-
sive monomorphic epithelial cells forming solid 
and pseudopapillary structures; frequently they 

C. Pasquali and A.C. Milanetto



103

undergo hemorrhagic cystic degeneration. 
Usually they form round, solitary, and large 
(average size 8 cm.) masses [ 5 ]. Behavior of 
these neoplasms is not predictable by the com-
mon histologic features and occasionally they 
may be mistaken for neuroendocrine tumors. 
Rarely they extend into the stomach or duode-
num or spleen. Metastases occur in 5–15 % of 
cases in the liver or peritoneum. After complete 
surgical resection 90 % of patients are cured. 
Recently two papers dealing only with SPN have 
been published [ 32 ,  33 ]; irrespective of the real 
behavior, all the SPNs appear to have high metab-
olism, and the mean (max) SUV was 8.9 with a 
direct relationship with the proliferative index 
(Ki-67) and tumor cellularity, according to 
Dong’s experience [ 32 ]. Kang et al. [ 33 ] who 
reported a series of 37 cases studied with FDG- 
PET/CT reviewed all the literature including 
report of single cases, collecting other 24 SPNs. 
We added to these series 7 unpublished cases 
operated on in our center, and in total out of 69 
cases, only 2 (3 %) were PET negative. The high 
rate of FDG-PET positivity even in SPNs with 
benign behavior makes this test useless in the dif-
ferential diagnosis between benign and malig-
nant (metastatic) neoplasms in this subset of 
CTPs; however in those with distant metastases, 
it may help to stage the cancer.  

8.8     Cystic Pancreatic 
Neuroendocrine Neoplasms 
(CPNNs) and PET 

 Cystic pancreatic endocrine neoplasms (CPNNs) 
represent about 8 % of resected cystic tumors of 
the pancreas [ 27 ] and 10–17 % of resected pan-
creatic neuroendocrine tumors [ 34 ,  35 ]. Most of 
them are discovered incidentally and are non-
functional. CPNNs are more likely to develop in 
patients with multiple endocrine neoplasia type I 
[ 36 ]. They are generally diagnosed in people 
aging 60–70 years old. At CT scan, they appear 
as cystic lesions, frequently with a hypervascular 
rim and occasionally with septation or containing 
a solid component. As for all pancreatic neuroen-
docrine tumors (pNETs), malignancy is diffi cult 

to predict based only on biopsy (either cytology 
or core biopsy). Currently, surgical resection is 
recommended for all patients; >85 % survive 
long term. 

 In our experience FDG-PET was positive in 3 
malignant CPNNs and negative in other 3 benign 
lesions. Despite the high rate of positivity of 
FDG-PET in neuroendocrine neoplasms with 
aggressive behavior (78 % sensitivity in malig-
nant pNETs and 83 % specifi city, in our experi-
ence) [ 37 ,  38 ], this investigation did not enter in 
the clinical practice to differentiate malignant 
versus benign pNETs. The 68-gallium – tracers 
(DOTATOC and DOTANOC) used as somatosta-
tin receptor agonists, are now widely used in PET 
investigations [ 39 ]. Gallium PET is positive in 
93–96 % of NETs and represents the “standard” 
imaging for staging this disease; however both in 
cystic and non-cystic lesions, the gallium PET is 
not able to differentiate malignant from benign 
lesions (unless lymph nodes or distant metastases 
occur and are detected).  

    Conclusions 

 Summarizing, the worldwide experience on 
the use of PET and its diagnostic role in cystic 
tumors of the pancreas is somehow limited. 
Few reports have been published in the last 14 
years since our fi rst paper in 2001 dealing 
with the diagnosis of malignancy in CTP [ 11 ]. 
Since 2001, all over the world, less than 700 
patients with different varieties of CTP 
(including short series and personal unpub-
lished data) have been submitted to PET stud-
ies and about 40 % of them in our center. From 
our fi rst study the results in terms of sensitiv-
ity, specifi city, and accuracy of FDG-PET 
were found to be better than conventional CT 
or MR imaging to detect malignancy in these 
heterogeneous neoplasms. Despite confi rma-
tory results coming out from our prospective 
study [ 15 ] (in total the 2 studies had more than 
100 patients enrolled), two different studies 
from the USA [ 16 ,  17 ], with a small popula-
tion enrolled, did not fi nd our encouraging 
results, reporting only 57 % sensitivity in 
detecting malignancy in CTP. The subset of 
CTP patients in which the diagnosis of 
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 malignancy is crucial is certainly the IPMNs, 
because most of them do not need resection 
but only surveillance, particularly those with 
branch-duct IPMN, often with multifocal dis-
ease. The risk to overlook a cancer or a malig-
nant noninvasive lesion is relatively low, but 
once the tumor is invasive, its behavior is sim-
ilar to that of a ductal adenocarcinoma. This 
explains why it is suggested to submit those 
patients to EUS and FNA in order to reduce 
this risk. The FDG-PET showed the ability to 
detect even “cancer in situ” in IPMNs with 
high sensitivity (78 % as reported above from 
our data and literature), and then we strongly 
recommend FDG-PET/CT as a noninvasive 
alternative to EUS and FNA to rule out the 
risk of a malignancy in IPMNs. Currently, 
even the Italian consensus guidelines for the 
diagnostic workup and follow-up of cystic 
pancreatic neoplasms [ 8 ] recommend the use 
of FDG-PET/CT, only when conventional 
imaging techniques are inconclusive to rule 
out the cancer diagnosis. We believe, on the 
basis of the results reported above, that this 
indication should be extended to all patients 
with CTP with suspected malignancy under-
going operation and those non-operated, fol-
lowed up, at fi rst assessment. 

 From 2007 to 2008 the improvement of the 
PET equipment with hybrid system PET/CT 
allowed a better resolution, anatomical local-
ization, and imaging of the focus of hyperme-
tabolism in the abdomen, and since then, the 
reports showing good results (83–100 % sen-
sitivity) of FDG-PET/CT in CTP are coming 
from many centers of nuclear medicine all 
over the world. The limited diffusion of PET/
CT equipment, the lack of this facility close to 
centers dealing with pancreatic surgery, and 
the cost of this scintigraphy may be in part 
responsible for the low number of subjects 
with CTP investigated with this technique. 

 There are few open questions about the use 
of FDG-PET/CT in the follow-up of patients 
with IPMN or in the patients already resected 
for CTP (particularly IPMNs and those with 
multifocal disease). We do not have data about 
the timing to repeat an FDG-PET/CT after the 

fi rst one, or after surgery, since the risk of 
malignancy in BD-IPMN is unclear and the 
risk of recurrence after resection depends on 
the degree and extent of dysplasia left behind 
in the residual pancreas. We found it reason-
able to submit our patients (at risk) every 2 
years to a new FDG-PET/CT, depending on 
the imaging (worrisome) features and the his-
tology if available and taking into account the 
age of the patients and the general conditions 
(most IPMNs are >80 years old). Since a 
21–30 % prevalence of extrapancreatic can-
cers has been reported in patients with IPMN, 
developed in the course of their lives [ 40 ,  41 ], 
an FDG-PET/CT may be a good investigation 
to detect (incidentally) even other cancers as it 
occurred in 8 % of our patients at fi rst assess-
ment or in the follow-up [ 42 ]. 

 Finally, in some variety of CTP, the FDG-
PET seems less important to defi ne malig-
nancy. In the SPN, nearly all patients (>95 %) 
are strongly positive to FDG-PET (with high 
SUV) independently from the real behavior 
and prognosis of the tumor. In the rare CPNNs 
the clinical impact of FDG-PET is limited to 
those advanced cases in which the FDG uptake 
with high SUV means poorly differentiated 
lesion(s) and may help to choose the therapeu-
tic option, giving chemotherapy to the patient.     
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      When and How to Follow Patients 
with Cystic Tumors of the Pancreas                     

     Giuseppe     Malleo      ,     Peter     J.     Allen      ,     Claudio     Bassi      , 
and     Roberto     Salvia     

9.1           Introduction 

 The natural history of pancreatic cystic neo-
plasms is poorly understood, because the vast 
majority of the data are retrospective and 
uncontrolled, and long-term follow-up is yet 
not available. Over the last decade, a selective 
approach to cystic neoplasms has been widely 
adopted in tertiary care centers, balancing the 
risk of malignancy with the risk of morbidity 
and mortality related to major pancreatic resec-

tions. Thanks to the better understanding of 
radiologic features and the publication of inter-
national guidelines, the initial management 
evolved toward fewer patients undergoing 
operative resection and fewer benign lesions 
being resected [ 1 – 3 ]. However, morphologic 
overlap between different families of cystic 
neoplasms does exist, and the diagnostic 
 accuracy in patients who ultimately 
 underwent resection has been shown to be 
 unsatisfying [ 4 ,  5 ]. 

 Patients managed nonoperatively are enrolled 
in radiologic surveillance protocols, with the 
aim of fi nding signs of possible progression to 
malignancy as early as possible. Surveillance 
protocols require periodic cross-sectional imag-
ing and/or endoscopic ultrasound, at a high eco-
nomic cost for the community. Furthermore, 
there is no ideal imaging modality to diagnose 
transformed pancreatic cystic neoplasms, and 
there is not general agreement on what is the 
optimum time frame to follow up for these 
lesions. Long-term results of surveillance proto-
cols are started being reported in the literature, 
especially for lesions amenable of initial obser-
vation, such as serous cystic neoplasms (SCNs) 
and branch-duct intraductal papillary mucinous 
neoplasms (BD-IPMNs) [ 6 – 9 ]. 

 In patients who undergo resection, either at 
the time of diagnosis or after observation, the 
chance of cure, the incidence of tumor recur-
rence, and disease-specifi c or overall survival 
depend on the cyst type and the presence of an 
invasive component, although long-term data are 
limited. This chapter describes the outcomes of 
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primary surveillance of pancreatic cystic neo-
plasms, as well as the follow-up results after sur-
gical resection.  

9.2     Serous Cystic Neoplasms 

 The generally benign nature of SCN, combined 
with the high incidence of morbidity and the 
mortality rate associated with pancreatic resec-
tions, led to a management strategy weighed 
toward surveillance. A recent multicentric 
observational study of more than 2000 patients, 
conducted under the auspices of the 
International Association of Pancreatology 
(IAP), showed that the disease-specifi c mortal-
ity is lower than postoperative mortality [ 7 ]. 
These observations support the concept that 
SCN should be surveilled when the patient is 
asymptomatic and when a clear radiologic 
diagnosis is established. The safety of a peri-
odic surveillance program and the generally 
slow growth rate of these lesions have been 
recently demonstrated by different authors [ 6 ,  10 ]. 
The optimal interval between follow-up imag-
ing tests in pancreatic serous cystic neoplasms 
is yet unclear. Many institutions recommend 
imaging on a semiannual or annual basis for 
all the cystic neoplasms. According to the most 
recent data, cystic lesions presumed to be 
benign can be safely observed on a 2-year basis 
[ 11 ]. Clearly, surveillance can be tailored on 
the basis of cyst morphology (i.e., unclear dis-
crimination between serous and mucinous 
lesions), patient’s age, sex, and tumor location. 
In patients managed operatively, complete sur-
gical resection ensures cure, and serous cystic 
neoplasms do not recur [ 12 ]. Therefore, a regu-
lar radiologic follow- up program is not neces-
sary, thereby saving cost. Follow-up outpatient 
visits should be better focused on quality of 
life. Malignant SCNs (serous cystoadenocarci-
nomas) are exceptionally rare, with 27 cases 
being published. In the recent IAP multicentric 
analysis, only two cases were recorded [ 7 ]. 
Synchronous or metachronous liver metastases 
were the most frequent features associated with 
serous cystoadenocarcinomas. Mean survival 

was 36 months among the few cases with fol-
low-up. The prognosis seems to be favorable 
also in patients with metastatic disease [ 13 ].  

9.3     Mucinous Cystic Neoplasms 

 Mucinous cystic neoplasms (MCNs) have been 
associated with substantial risk of malignancy 
and generally require surgical resection, 
although small lesions (<4 cm) without mural 
nodules and eggshell calcifi cations, especially 
in elderly patients with comorbidities, may be 
observed. However, no data on patients with 
small MCN undergoing observation is available 
in the literature. Because most patients with 
MCN are middle- aged women with a long life 
expectancy, nonoperative management of low-
risk lesions based on periodic imaging would 
require years of radiologic follow-up at high 
cost [ 14 ]. 

 Radical resection of noninvasive neoplasms is 
associated with cure. These neoplasms do not 
recur and – as already pointed out for serous cys-
tic neoplasms – outpatient follow-up should be 
focused on quality of life, rendering a regular 
radiologic post-resection surveillance probably 
unnecessary. 

 Minimally invasive MCNs (invasion limited 
to the ovarian stroma), but without tissue inva-
sion, have an excellent prognosis. On occasion, 
undocumented foci of invasive carcinoma may 
exist within a presumably noninvasive prolifera-
tive MCN, and this stresses the importance of a 
careful histopathologic analysis of the entire 
lesion. In such cases, recurrence and metastases 
can be observed. In general, these patients should 
undergo a radiologic follow-up protocol, despite 
minimally invasive adenocarcinomas arising in 
MCN that are virtually cured by surgery, particu-
larly if the neoplasms are completely examined 
histologically [ 15 ]. 

 The 5-year survival of patients with invasive 
MCN (true cystadenocarcinoma) appears quite 
poor, ranging from 15 to 35 %, albeit still 
 somewhat better than those for typical ductal 
adenocarcinoma of the pancreas. The extent 
of invasion is the most signifi cant prognostic 
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 factor in malignant MCN. Some authors have 
suggested that patients with resected mucinous 
 cystadenocarcinoma should be carefully fol-
lowed on a 6-month basis with cross-sectional 
imaging, matching the interval to follow-up of 
ductal adenocarcinoma [ 16 ]. However, proof that 
surveillance imaging improves the prognosis 
compared with a strategy based on symptom 
recurrence is lacking.  

9.4     Intraductal Papillary 
Mucinous Neoplasms 
(IPMNs) 

9.4.1     Outcome of IPMN Managed 
Nonoperatively 

 The decision to follow an IPMN is based on the 
neoplasm type (main duct (MD)/mixed  versus  
BD), patient age, family history, symptoms, 
comorbidities, perceived pancreatic cancer risk, 
and patient preference [ 1 – 3 ]. Initial follow-up is 
generally proposed only to patients with 
BD-IPMN devoid of malignant features on 
cross- sectional imaging, according to the cur-
rent guidelines. Outcome metrics in patients ini-
tially managed nonoperatively are (1) 
morphologic progression and crossover to sur-
gery, (2) development of a histologically proven 
invasive IPMN, and (3) development of a pan-
creatic ductal adenocarcinoma separate from 
the IPMN. The majority of papers focusing on 
this topic showed surveillance protocols to be 
relatively safe, although robust long-term data 
are lacking. In a cohort of 170 patients from the 
Memorial Sloan Kettering Cancer Center ini-
tially selected for surveillance, 97 underwent 
delayed resection because of endoscopic or 
radiologic changes and/or malignancy concern 
after a median follow-up period of 40 months. 
Of these, only 18 had an invasive IPMN on his-
topathology. Overall survival after delayed 
resection was 142 months for noninvasive dis-
ease and 126 months for invasive disease. Five 
patients initially selected for surveillance devel-
oped a pancreatic ductal adenocarcinoma in a 
region remote from the lesion being monitored, 

with a median time from diagnosis to resection 
of 20 months. In spite of an active surveillance 
program, no patient had stage I disease [ 8 ]. 
Another multi-institutional series from Japan 
analyzing 349 BD-IPMN patients who had no 
mural nodules at initial diagnosis (median fol-
low-up of 3.7 years) showed that 62 patients 
(17.8 %) exhibited disease progression during 
follow-up. Twenty-two underwent surgery, but 
an invasive disease was found only in 9 patients. 
A pancreatic ductal adenocarcinoma developed 
in 7 patients (2.0 %). Of these, only 4 were 
resectable [ 17 ]. In a large series of 411 
BD-IPMN patients from the Massachusetts 
General Hospital who were initially addressed 
to a surveillance protocol, 88 underwent delayed 
resection. No patient developed unresectable 
BD-IPMN carcinoma at a median follow-up of 
60 months. Invasive cancer arising in BD-IPMN 
was found in 23 patients of the entire cohort 
(4 %), and an additional 21 patients (3.7 %) had 
or developed concurrent pancreatic ductal ade-
nocarcinoma. Interestingly, 76 % of resected 
BD-IPMNs with carcinoma in situ and 95 % of 
resected BD-IPMNs with invasive cancer had 
high-risk stigmata or worrisome features 
according to the revised 2012 IAP guidelines. 
Caution was advised for larger lesions (>3 cm), 
even in the absence of worrisome features, 
because of an increased risk of harboring high-
grade dysplasia [ 18 ]. In another large series of 
569 Sendai- negative BD-IPMN patients 
enrolled in a surveillance program at the 
University of Verona (median follow-up of 56 
months), the 5-year risk of pancreatic malignan-
cies was 1.4 %, tenfold greater than expected 
according to the Italian tumor registries [ 9 ]. The 
pancreatic cancer incidence was lower than 
observed in Japanese studies. As an example, 
the 5-year incidence of pancreatic cancer in a 
series of 103 BD-IPMN patients conservatively 
followed up for ≥2 years at Kyoto University 
(median of 59 months) was 2.4 % [ 19 ]. 

 The Verona study also showed that the inci-
dence of extrapancreatic malignancies during the 
follow-up period was not greater than the general 
population [ 9 ]. The concept that IPMN patients 
are not at risk of extrapancreatic carcinogenesis 
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was also confi rmed in a multicentric, European 
setting, indicating that a comprehensive cancer 
screening during the IPMN follow-up may not be 
warranted, as suggested by previous prevalence 
studies [ 20 ,  21 ]. 

 Only two smaller series from France ana-
lyzed the results of patients with low-risk 
BD-IPMN with a minimum follow-up of 5 
years. The former included 49 patients (mean 
follow-up period of 77 months). 77.5 % of 
patients remained free of symptoms. Five 
patients underwent delayed resection (mean 
time delay after diagnosis of 20 months). 
Pathologically, none of these patients had malig-
nancy [ 22 ]. In the latter series, analyzing 53 
patients (median follow-up of 84 months), 
crossover to surgery was necessary in three 
patients, none of whom had ultimately an inva-
sive disease. However, an invasive advanced 
carcinoma occurred in two patients, both after 
84 months from the diagnosis [ 23 ]. 

 Interestingly, in small series of IPMNs meet-
ing criteria for resection (Sendai positive) and not 
operated because of age and comorbidities, the 
outcome was relatively good (overall median 
disease-specifi c survival of 55 months), espe-
cially in the BD type. The authors proposed that 
a conservative approach in patients who are not 
surgically fi t is also reasonable [ 24 ]. On the con-
trary, some authors claim that even Sendai- 
negative BD-IPMNs have a signifi cant malignant 
potential (24.6 %) and propose a more liberal 
operative policy [ 25 ]. 

 The debate on the optimal management of 
IPMN is still open, and there is little evidence 
in the literature to guide the frequency and type 
of surveillance for IPMN managed nonopera-
tively. Some authors propose that surveillance 
can be safely spaced to every 2 years or even 
discontinued after long-term stability in low-
risk lesions. However, concern over the devel-
opment of pancreatic ductal adenocarcinoma in 
the pancreas harboring IPMN prompts to con-
tinue active lifelong surveillance at short inter-
vals [ 25 ]. Undoubtedly, surveillance results in 
signifi cant utilization of cross-sectional imag-
ing, endoscopic ultrasound, and economic 
investment.  

9.4.2     Outcome After Resection 
of IPMN 

 The outcome after resection of IPMN depends on 
different factors including:

•    Presence of an invasive component  
•   Histologic subtype  
•   Duct involvement  
•   Resection margin  
•   Lymph node status (in invasive IPMN)    

 The prognosis of patients with noninvasive 
IPMN is excellent, and the 5-year survival rate is 
reported to be >70 % in most series. Some series 
have even suggested a 5-year survival in excess 
of 90 % after resection. Conversely, the 5-year 
survival rate for invasive IPMN (carcinoma aris-
ing in the background of IPMN) ranges from 34 
to 62 %. The outcome of invasive IPMN is 
 therefore poor in comparison with noninvasive 
IPMN, but appears to be better than pancreatic 
ductal adenocarcinoma, which exhibits a 5-year 
survival rate ranging from 9 to 21 %. Whether 
this is due to a stage shift with earlier diagnosis of 
IPMN or due to a true less aggressive behavior of 
invasive IPMN remains controversial [ 26 ]. 
Disease recurrence may arise either in the pan-
creatic remnant or in peripancreatic or extrapan-
creatic sites. 

 Recent data indicates that invasive IPMN is a 
heterogeneous disease, because it can exhibit dif-
ferent histologic patterns, namely, colloid (colloid 
carcinoma), tubular (tubular adenocarcinoma), or 
oncocytic (oncocytic carcinoma). According to 
the reports by Furukawa et al. and by Mino-
Kenudson et al., colloid carcinoma derives from 
intestinal-type IPMN and is associated with a par-
ticularly indolent behavior. In turn, intestinal 
IPMNs are mainly MD type. Tubular adenocarci-
noma correlates with the gastric and the pancrea-
tobiliary epithelial subtypes and is associated with 
a dismal prognosis, similar to that of pancreatic 
ductal adenocarcinoma. Gastric IPMNs are 
mainly BD type [ 26 ,  27 ]. Although gastric-type 
BD-IPMNs most often harbor low-grade dyspla-
sia and absence of invasion, in the series by Mino-
Kenudson et al., 15.6 % of surgically resected 
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gastric-type IPMNs gave rise to tubular adenocar-
cinoma [ 26 ]. Oncocytic carcinoma derives from 
the uncommon oncocytic subtype and has a sig-
nifi cantly better outcome than ductal adenocarci-
noma [ 26 ,  27 ]. 

 The clinical implications of surgical resection 
margin (frozen section of the pancreatic cut sur-
face) are controversial, and the results in the litera-
ture are mixed on this topic [ 28 ]. In general, not all 
the studies found a strong correlation between 
margin status and risk of recurrence. There have 
been reports of invasive carcinomas in association 
with only mild or moderate dysplasia within the 
IPMN in the remnant pancreas [ 1 ]. A meta-analy-
sis published in 2012 showed that the recurrence 
rate in patients with noninvasive IPMN was 3.72 % 
with negative margins and 9.56 % with positive 
margins. The same meta- analysis showed that 
recurrence after surgical resection of invasive 
IPMN occurred in 33.8 % of patients with negative 
margins and in 53.6 % of patients with positive 
margins [ 29 ]. In a recent paper by the Seoul 
National University Hospital group, 403 consecu-
tive patients who underwent resection of IPMN 
were followed on average for 44 months. The 
overall recurrence rate was 10.7 %. Pathologic 
grade of dysplasia was associated with recurrence 
rate. IPMNs involving the main duct had a higher 
rate of recurrence. Multivariate analysis revealed 
that the degree of dysplasia was the most impor-
tant predictor of recurrence. The overall 5-year 
disease-free survival rate was 78.9 % and was sig-
nifi cantly lower in patients with high-grade dys-
plasia than in those with low- or intermediate-grade 
dysplasia. Importantly, of patients with benign or 
noninvasive IPMN, 5.4 % had recurrence includ-
ing distant metastasis. The authors concluded that 
thorough postoperative surveillance is needed also 
for those with noninvasive IPMN, especially for 
those with HGD [ 30 ]. In another paper from the 
Massachusetts General Hospital analyzing 412 
resected IPMNs, 17 % of patients experienced 
IPMN recurrence after a median follow-up of 58 
months. Invasive component and a positive resec-
tion margin were predictors of recurrence. Invasive 
IPMN recurred in 45 % of cases, whereas noninva-
sive in only 9 %; patterns depended on IPMN sub-
types and duct involvement. In particular, the risk 

of recurrence was greater in tubular than in colloid 
carcinomas. Furthermore, oncocytic type seems to 
have a peculiar biology, with recurrence taking 
place as far out as 11 years after removal of the 
primary tumor, and an excellent survival. 
Regarding the duct involvement, recurrence after 
resection of a benign BD-IPMN was uncommon 
and, when it occurred, it did so almost invariably 
as a noninvasive tumor. In addition, the risk of 
developing a new pancreatic ductal adenocarci-
noma during follow-up after resection for IPMN 
was only 0.5 %. This low incidence is no different 
than the one expected in the American population, 
stratifi ed by age group. Taken together, the extreme 
rarity of the occurrence of metachronous PDAC 
after the resection of IPMN, coupled with the 
recurrence pattern of BD type, suggests that in 
older individuals,  follow- up after resection of a 
benign BD-IPMN could be avoided [ 31 ]. Lymph 
node status is another factor affecting long-term 
outcome in invasive IPMN [ 32 ]. The 5-year sur-
vival of patients with positive lymph nodes ranged 
from 20 to 30 %, while N0 patients lived much 
longer, in the range from 80 to 85 %. Lymph node 
ratio >0.2 has been shown to be associated with 
worse prognosis [ 32 ]. Data from the Surveillance, 
Epidemiology, and End Results (SEER) registry 
database suggests that increased lymph node 
counts were associated with improved survival in 
invasive IPMN patients. The cutoff value of lymph 
node count was 16 for this improvement [ 33 ]. Data 
from a meta-analysis demonstrated that nearly 
77 % of lymph node-positive patients recurred, 
while disease recurrence occurred only 30.8 % of 
patients with negative lymph nodes [ 29 ].   

9.5     Solid Pseudopapillary 
Neoplasms (SPNs) 

 Recent data indicates that the number of SPNs 
reported in the literature has seen a sevenfold 
increase since 2000, compared with previous 
studies. In a systematic review of 2285 patients 
who underwent pancreatic resection, follow-up 
details were available in 1952 patients. A tumor 
recurrence was observed in 86 patients (4.4 %); 
the median time to recurrence was 50.5 months 
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[ 34 ]. A retrospective multicenter study that 
included data from 351 patients who underwent 
surgical resection from January 1990 to December 
2008 at 17 Korean medical institutions showed 
that only 9 patients (2.6 %) experienced tumor 
recurrence after the initial pancreatic SPT resec-
tion. On multivariate analysis, a tumor size larger 
than 8 cm, microscopic malignant features, and 
stage IV were signifi cant prognostic factors for 
tumor recurrence. When combined with stage IV, 
the microscopic malignant features and the 2010 
World Health Organization defi nition of solid 
pseudopapillary carcinoma more successfully dif-
ferentiated future recurrence risk groups [ 35 ]. In 
another Korean study of 106 patients, after a 
median follow-up of 56.9 months from resection, 
two patients with high-grade malignant SPN had 
evidence of tumor recurrence in the lymph nodes 
and liver [ 36 ]. Taken together, these results indi-
cate that more than 95 % of patients with solid 
pseudopapillary neoplasms limited to the pan-
creas are cured by complete surgical excision. 
Local invasion or resectable liver and lymph node 
metastases are not absolute contraindications for 
resection, and some patients with advanced 
tumors can survive for more than 10 years after 
the operation [ 37 ]. A careful follow- up is neces-
sary, because recurrence of the disease in the liver 
or lymph nodes is possible, yet uncommon. The 
treatment of recurrent disease is anecdotal. In the 
few cases in which radiotherapy or chemotherapy 
was used, results were encouraging [ 38 ].  

9.6     Final Remarks 

 The natural history of pancreatic cystic neoplasms 
is largely unknown in the long term, and data 
beyond 5 years are virtually lacking. Because it 
seems that survival is clearly favorable in 
 comparison with pancreatic ductal adenocarci-
noma, it will be of great importance to understand 
how these neoplasms behave, with respect to the 
time to progression, the risk of developing a new 
cyst or additional malignancy after  resection (e.g., 
in IPMN), and the risk of disease-specifi c mortal-
ity. Accurate surveillance, either pre- or 

 postoperatively, seems mandatory in the majority 
of cystic neoplasms, since most have the potential 
to become malignant or to recur. For those that 
become malignant, it may take perhaps as many 
as 10 years or more for that evolution. So early 
reports with limited length of follow-up are just 
the beginning and are not long enough to really 
capture the natural history of these neoplasms.     
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      The Standard Surgical Treatment 
of Cystic Tumors of the Pancreas                     

     Richard     D.     Schulick       and     Marco     Del Chiaro     

10.1           Introduction 

 The prevalence of cystic tumors of the pancreas 
appears to be increasing in incidence over time, 
most likely due to the presence of more sophisti-
cated imaging modalities, as well as the common 
use of high-defi nition imaging techniques (e.g., 
CT scan) for the diagnosis or follow-up of many 
different diseases and conditions in the general 
population. Today a prevalence of as high as 30 % 
of cystic neoplasms in the pancreas is reported by 
some studies in the general population [ 1 ,  2 ]. In 
parallel, the volume of pancreatic surgery per-
formed for cystic neoplasm of the pancreas has 
increased over the years. In contrast to solid 
tumors of the pancreas, cystic lesions are much 
less classifi ed as a “surgical disease.” Cystic neo-
plasms of the pancreas, which are a subset of 
 cystic lesions, are a relatively large group of 
 pancreatic tumors as defi ned by the WHO in 

2010 [ 3 ]. However, in the clinical practice, there 
are four more common cystic tumors of the pan-
creas: intraductal papillary mucinous neoplasms 
(IPMNs), mucinous cystic neoplasms (MCNs), 
serous cystic neoplasms (SCNs), and solid pseu-
dopapillary neoplasms (SPNs). The relative dis-
tribution of these tumors is reported in Table  10.1 .

   Of note, some of those tumors can progress 
from benign to invasive cancer. In contrast, SCNs 
are almost, with extremely rare exception, always 
benign and do not require surgery if asymptom-
atic, not large, and not growing signifi cantly. 

 For this reason, an accurate workup is important 
in order to clarify as much as possible the diagnosis 
and consequently engage the correct treatment. 
Unfortunately, recent studies show that the preop-
erative accuracy in defi ning the correct diagnosis is 
quite low and ranges from 60 to 70 % at the most 
experienced centers [ 4 ]. However, perhaps even if 
the rate of preoperative diagnostic errors is quite 
high, the clinical impact of these errors seems to be 
acceptable and less than 10 % [ 4 ]. 

        R.  D.   Schulick ,  MD, MBA, FACS      (*) 
  Department of Surgery ,  University of Colorado 
School of Medicine ,   12631 E. 17th Avenue, C-305 , 
 Aurora ,  CO   80045 ,  USA   
 e-mail: richard.schulick@ucdenver.edu   

    M.   Del Chiaro ,  MD, PhD, FACS      
  Division of Surgery, Department of Clinical Science, 
Intervention and Technology (CLINTEC) , 
 Karolinska Institute at Center for Digestive Diseases, 
Karolinska University Hospital, K53 ,
  Stockholm   14186 ,  Sweden   
 e-mail: marco.del.chiaro@ki.se; marco.del-chiaro@
karolinska.se  

  10

   Table 10.1    Distribution of cystic tumors of the 
pancreas   

 Tumor type  Distribution (%) 

 IPMN (intraductal papillary 
mucinous neoplasm) 

 48 

 SCN (serous cystic neoplasm)  20 

 MCN (mucinous cystic neoplasm)  18 

 SPN (solid pseudopapillary 
neoplasm) 

 6 

 Others  8 

mailto:richard.schulick@ucdenver.edu
mailto:marco.del.chiaro@ki.se
mailto:marco.del-chiaro@karolinska.se
mailto:marco.del-chiaro@karolinska.se


116

 In this chapter we will describe the surgical 
indication for the treatment of the four most fre-
quent cystic tumors of the pancreas.  

10.2     Surgical Treatment 
of Intraductal Papillary 
Mucinous Tumors 
of the Pancreas (IPMN) 

 IPMNs of the pancreas are the most common 
cystic tumor of the pancreas. They can progress 
from adenoma to cancer analogous to the colonic 
polyps. For this reason, the correct treatment of 
IPMN of the pancreas can represent a large 
opportunity for the prevention or early treatment 
of pancreatic cancer. However, unlike colon pol-
yps that are very accessible to surveillance and 
biopsy, resection of IPMN requires a pancreatec-
tomy which is a high-risk procedure. The man-
agement of these suspected lesions should be 
done very carefully, and the indication for sur-
gery should be restricted to those patients with a 
signifi cant increased risk for cancer. 

 Morphologically IPMNs of the pancreas are 
classifi ed into three different subtypes: main- 
duct, branch- duct, and mixed-duct types. From a 
clinical point of view, when the main duct is 
involved in the IPMN (main-duct and mixed-duct 
types), the risk for cancer is higher than when 
only the side braches are involved. The frequency 
of invasive cancer or high-grade dysplasia in the 
forms involving the main pancreatic duct ranges 
from 60 to 70 %, defi nitely higher than in the 
forms involving the branch ducts only where the 
frequency is around 25 %. The mixed-duct type 
of IPMN has an intermediate risk of invasive can-
cer or high-grade dysplasia [ 5 ]. Accordingly, the 
clinical management of these lesions is different. 

10.2.1     Main-Duct 
and Mixed-Duct IPMN 

 Both the international and European guidelines 
for cystic tumors of the pancreas [ 5 ,  6 ] recom-
mend a surgical resection for all the patients 
with IPMN involving the main pancreatic duct 

who are fi t for surgery. In this case, a resection 
following the oncologic principles of pancre-
atic cancer surgery should be undertaken. 
However, there is a signifi cant amount of con-
troversy around the extent of resection, espe-
cially when the main- duct involvement is 
limited to a restricted part of the gland. Under 
these circumstances there is a signifi cant temp-
tation to perform a partial pancreatectomy 
(pancreaticoduodenectomy or distal pancre-
atectomy) (Fig.  10.1 ). If this is to be done, a 
frozen section of the resection margin is 
strongly recommended (see paragraph on fro-
zen section on IPMN). This is done, even in the 
context that IPMN can be discontinuous and 
can be a fi eld defect of the entire pancreas. 
Nonetheless, there are certain fi ndings at the 
resection margin that may drive further resec-
tion (invasive cancer or high-grade dysplasia) 
in the right context when a more limited pan-
createctomy was being considered.

   Even in the case of complete dilatation of 
the main pancreatic duct (Fig.  10.2 ), the 
European guidelines recommend an initial pan-
creaticoduodenectomy and a frozen section of 
the transection margin before proceeding to a 
total pancreatectomy. The reason for this 
approach is that in some cases, the dilatation of 
the duct in the body and tail of the pancreas is 
not due to complete ductal involvement by 
IPMN, but secondary to ductal obstruction 
from mucus or a solid component of the IPMN 
in the head of the pancreas. Under these cir-
cumstances, consideration of less than total 
pancreatectomy may be considered (see para-
graph on frozen section on IPMN). In fi t 
patients who otherwise have longevity, and who 
have clear total main-duct involvement, diffuse 
solid nodules, or multifocal solid nodules, a 
total pancreatectomy should be planned and 
undertaken.

   If a partial pancreatectomy is performed and 
the primary lesion is known to be an IPMN with 
invasive cancer (either from initial diagnostic 
biopsy or intraoperative frozen section), then 
completion of total pancreatectomy or stopping 
should be considered in the context of what 
is currently at the margin and the patient’s 
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 prognosis [ 6 ]. For example, if a pancreaticoduo-
denectomy is performed and the uncinate margin 
is positive for cancer, the neck should not be fur-
ther resected for high-grade dysplasia and per-
haps even for invasive cancer. If a 
pancreaticoduodenectomy is performed for a 
known cancer in the head, and the uncinate and 
bile duct margins are negative for cancer, then 
most would further resect invasive cancer at the 
neck. Consideration of no further resection in this 
circumstance could be given for high-grade dys-
plasia at the neck, and certainly only a limited 
further resection (not total pancreatectomy) 
should be considered (Fig.  10.3 ).

10.2.2        Branch-Duct IPMN 

 The natural history of branch-duct IPMN seems 
to be different from those involving the main duct. 
The frequency of malignancy is lower, and only 
around 1 % of the patients, who are deemed to be 
low risk and under a surveillance program, 
develop pancreatic malignancy over time (at least 
over 10 years) [ 7 ]. For this reason, many of these 
patients are handled conservatively (see Chapter 
10). However, resection is indicated in some cir-
cumstances in patients affected by branch-duct 
IPMN. Patients with symptoms that can be corre-
lated to IPMN (jaundice, acute pancreatitis, 
abdominal pain) and radiological signs of malig-
nancy (enlargement of the main pancreatic duct, 
mural nodules, rapid increase size) at presentation 
are often indicated for surgical resection 
(Table  10.2 ). The issue of size is controversial and 
has been strongly debated. Over the last 10 years, 
the diameter of a side-branch IPMN has been de-
emphasized, but there are data to both support this 
and to refute this trend. The European guidelines 
extended the limit for conservative management 
of BD-IPMN to four cm in diameter, in the 
absence of other risk factors or radiological signs 
of malignancy [ 6 ]. However, as stated by the 

  Fig. 10.1    MRCP of a 
mixed-type IPMN 
localized in the tail of 
the pancreas. The  arrows  
show the dilatation of 
the main pancreatic duct 
and of the branch ducts       

  Fig. 10.2    Mixed-type IPMN completely involving the 
main pancreatic duct and with large branch-duct 
dilatation       
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international guidelines [ 5 ], surgery can be con-
sidered an option for smaller lesions (>3 cm), 
even without radiological worrisome features or 
symptoms, in young patients fi t for surgery.

   In patients with branch-duct IPMN with either 
known or suspected malignancy, a conventional 
radical operation (pancreaticoduodenectomy or 
distal pancreatectomy with splenectomy) should 
be performed. Otherwise, consideration may be 
given to parenchyma-sparing procedures (central 

pancreatectomy or enucleation), as well as 
splenic preservation [ 5 ,  6 ]. Most consider branch- 
duct IPMN to be a fi eld defect resulting in multi-
focal disease. Each cyst is thought to arise 
independently and thus should be treated autono-
mously. For this reason, even in patients with 
multiple lesions distributed through the pancreas, 
only the ones “at risk” should be surgically 
treated.  

10.2.3     Role of Frozen Section 
in the Intraoperative 
Management of IPMN 
of the Pancreas 

 Frozen section of the resection margin is always 
indicated during surgery for IPMN of the pan-
creas, independent of the morphologic subtype. 

 According to the European guidelines for cys-
tic tumors of the pancreas, additional resection of 

Complete involvment of the main pancreatic duct

Diffuse signs of malignancy in the gland or
dissuse clear “surgical” lesions

Yes

Total pancreatectomy

Partial pancreatectomy
+ Frozen section of resection

margin*

No

Partial involvment of the main pancreatic duct

Negative Low-grade dysplasia Moderate-grade dysplasia Severe-grade dysplasia
or invasive cancer

Denuded duct

Requires examination of
deeper

section levels or further
tissue samples

Extension of resectionNo extension of resection

* In the case of invasive IPMN cancer, resection of dysplasia in the resection margin or total pancreatectomy confers no additional benefit 
regarding the recurrence rate or survival compared to standard resection

Surgical management of MD and mixed-type IPMN

  Fig. 10.3    Algorithm for surgical treatment of MD-IPMN and mixed-type IPMN       

   Table 10.2    Clinical and radiological criteria for 
 resection according to European guidelines   

  Absolute indications  

 Symptoms related to IPMN (i.e., jaundice, diabetes, 
acute pancreatitis) 

 Mural nodules 

 Dilatation of the main pancreatic duct >6 mm 

  Relative indications  

 Rapidly increasing size 

 Elevated serum levels of CA 19-9 
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pancreatic parenchyma and further frozen section 
should be done in case there are invasive cancer 
and high-grade or moderate-grade dysplasia 
present at the margin. No additional resection is 
recommended for low-grade dysplasia. Many 
groups will not also chase a margin with 
moderate- grade dysplasia. A known cancer in the 
resected specimen or positive margins for cancer 
elsewhere will defi nitely lower or eliminate the 
need for further resection. Sometimes, the frozen 
section reveals a denuded duct which should not 
be considered a negative margin; therefore an 
additional resection and frozen section should be 
considered if it will affect management. All of 
these indications should be evaluated in the con-
text of the patient’s fi tness (age), performance 
status, and compliance. 

 When a known cancer arising in an IPMN has 
been resected, the role of frozen section margin 
of the pancreatic neck/body margin is dimin-
ished. This is because the already resected cancer 
signifi cantly drives the prognosis of the patient, 

not the remaining noncancerous side-branch or 
microscopic IPMNs. Even in cases where the fro-
zen section margin has no IPMN or only low- 
grade dysplasia, this is no guarantee that the 
remnant gland does not harbor a malignancy or a 
lesion that will progress to malignancy. IPMN of 
the pancreas seems to be a disease that involves 
the entire gland and may harbor what are termed 
skip lesions. Today there are no validated meth-
ods that reliably detect these skip lesions pre- or 
intraoperatively, other than those that are used to 
bring the patient to the operating room for the 
index lesion(s). However, some promising results 
seem to come from the pre- or intraoperative use 
of pancreatic ductoscopy (Fig.  10.4 ) [ 8 ].

10.2.4        Treatment of Locally 
Advanced IPMN Cancer 

 Presently, there are no recommendations that 
exist regarding the treatment of locally advanced 
IPMN cancer. For this reason, the authors suggest 
using the currently accepted guidelines for 
“garden- variety” ductal adenocarcinoma [ 9 ]. 
Tumors with limited involvement of the superior 
mesenteric-portal vein (SMPV) and without 
involvement of the critical arterial structures can 
be resected upfront (Fig.  10.4 ). In contrast, bor-
derline resectable tumors (resectable involve-
ment of the SMPV and/or less than 50 % of the 
circumference of critical arterial structures) 
should be treated with neoadjuvant therapy and 
reevaluated for surgery after that.  

10.2.5     Follow-Up After Resection 

 Data from the literature show that IPMN of the 
pancreas can recur (or persist) after surgery and 
can even progress. Overall, it is estimated that 
over 15 % of these patients over a 10–15-year 
period develop a recurrence that dictates the need 
for repeat resection (and unfortunately in some 
cases malignancy that cannot be resected) [ 10 ]. 
The goals of postoperative surveillance in 
patients surgically resected for IPMN of the pan-
creas include (a) progression of known remaining 

  Fig. 10.4    Intraoperative use of pancreatoscopy in a 
patient who underwent pancreaticoduodenectomy for 
MD-IPMN       
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lesions, (b) development of new IPMN in the 
pancreas remnant, and (c) local recurrence or dis-
tant metastases in case of IPMN cancer. 

 The strategy for surveillance of resected 
(benign) IPMN is different in the European com-
pared to the international guidelines. For malig-
nant IPMN the follow-up of these patients can 
mirror that of patients surgically treated for non- 
IPMN ductal adenocarcinoma. For nonmalignant 
IPMN, the European guidelines recommend a 
yearly follow-up (to include cross-sectional 
imaging) in patients with or without known 
lesions remaining within the pancreas [ 6 ]. In the 
international guidelines the follow-up of these 
patients is personalized according with the mar-
ginal status and the histotype [ 5 ].   

10.3     Surgical Treatment 
of Mucinous Cystic 
Neoplasms (MCNs) 

 MCN of the pancreas is a mucinous tumor typi-
cally found in females (90 %) and located in the 
body and tail (90 %) of the pancreas. Similar to 
IPMN, MCN has the ability to become malig-
nant. In the case of highly suspected or known 
MCN, historically there has been a strong ten-
dency toward surgical resection [ 11 ]. Between 
12 and 20 % of resected MCNs are associated 
with invasive carcinoma. Data from the literature 
seem to indicate a more indolent biology of these 
lesions than IPMN. Even large lesions can 
remain benign even for a long period of time 
(Fig.  10.5 ).

   When MCNs are small, they can be hard to 
distinguish from oligocystic SCN or branch-duct 
IPMN which are typically observed rather than 
resected. In order to prevent overtreatment of 
these lesions, the European guidelines on cystic 
tumors of the pancreas proposed a more conser-
vative approach [ 6 ]. Today surgical resection is 
always indicated in patients with worrisome 
radiological features, with symptoms, or with a 
biopsy diagnostic of MCN. However, for lesions 
less than 4 cm in diameter, and which could be 
SCN or branch-duct IPMN, a surveillance strat-
egy, as reported in Fig.  10.6 , can be adopted.

   Frozen section of the cyst wall of an MCN 
can be falsely negative. There are regressive 
changes within MCNs and a signifi cant part of 
the cyst inner wall can be denuded. This can 
cause an erroneous diagnosis of pseudocyst at 
the frozen section. For this reason an intraopera-
tive frozen section of a part of the cyst wall in 
order to make a differential diagnosis with other 
cyst types can be erroneous. Finding ovarian 
stroma on the cyst wall is diagnostic of MCN. 

 In case of suspected malignant MCN, a stan-
dard resection for cancer should be performed. If 
there is very low or no suspicion of malignancy, 
spleen-preserving procedures or parenchyma- 
sparing procedures (enucleation, central pancre-
atectomy) can be used. 

 Following complete resection of benign MCN, 
follow-up for recurrence or malignancy is not 
necessary; it is a unifocal disease the great major-
ity of the time. In case of malignant MCN, 
 follow- up similar to ductal adenocarcinoma is 
recommended [ 6 ].  

10.4     Surgical Treatment of Serous 
Cystic Neoplasms (SCNs) 

 SCN is considered a benign disease. There are 
very limited reports in literature of malignant 
SCN and authors disagree on the real existence of 
invasive forms of SCN. In a recent large multi-
center series, the rate of malignant SCN was 
0.001 % [ 12 ]. For this reason, a conservative 

  Fig. 10.5    MCN of the pancreas, 10 cm in diameter, with 
high-grade dysplasia at the histology       
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approach is the treatment of choice in the great 
majority of patients with SCN. 

 SCNs are resected usually for one of two rea-
sons: (a) they are misdiagnosed as potentially 
being one of the more dangerous cystic lesions of 
the pancreas (IPMN, MCN, or cystic neuroendo-
crine tumors) or (b) they are large and/or symp-
tomatic. Oligocystic SCN is more often 
misdiagnosed as an IPMN or MCN, whereas 
microcystic SCN is more often misdiagnosed as a 
cystic neuroendocrine tumor [ 4 ]. Symptoms in 
patients with SCN are typically related to the 
growth of the tumors and mass effect, which can 
be manifested as jaundice, pain, and recurrent 
pancreatitis (Fig.  10.7 ). Absolute dimensions are 
not, today, considered an indication for resection. 
However, oligo-macrocystic lesions located in the 
head of the pancreas seem to have a higher rate of 
growth which is sometimes taken as a prognostic 
factor for later development of symptoms. In 
young and fi t patients and with SCNs larger than 
6 cm, a resection can be considered [ 6 ,  13 ,  14 ].

   Pancreas- or parenchyma-sparing procedure 
should almost always be performed when it is 
possible. Standard oncologic resections should 
be performed for those very rare patients that 
have a known cancer or otherwise are highly sus-
pected of harboring a cancer.  

10.5     Surgical Treatment of Solid 
Pseudopapillary Neoplasms 
(SPNs) 

 SPNs are rare solid and cystic tumors of the pan-
creas. Because of their prevalence in younger 
patients, and their relatively good prognosis, they 
are important to consider in the differential. 
Generally, they affect young women in their sec-
ond decade, but these tumors can be found also in 
pediatric age, as well as middle-aged women. This 
neoplasm has a low malignant potential and the 
prognosis after resection is excellent with a 5-year 
survival rate of 95 % [ 6 ,  14 ,  15 ]. These tumors 

MCN

Clear diagnosis

Mucinous lesion

EUS + FNA

≥4 cm in diameter
< 4 cm in diameter

Non mucinous lesion

Follow-up
MR (or EUS)

Year 1: every 6 months
Year 2–5: Yearly

After year 5: every 6 months
In increasing in size: every 6 months

SURGERY

Differential diagnosis
(SCN, BD-IPMN)

  Fig. 10.6    Algorithm for the treatment of patients with suspected MCNs       

  Fig. 10.7    Patient with large microcystic SCN in the head 
of the pancreas that is discovered because of jaundice       
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rarely are symptomatic at a small size. Therefore, 
at the moment of clinical presentation, they are 
generally large and sometimes with invasion of 
surrounding structures (vessels or other organs) 
and rarely distant metastasis (mostly liver metasta-
ses). However, because of the relatively indolent 
behavior and the excellent prognosis, extended 
resections (including vascular structures, adjacent 
organs, and even simultaneous resection of distant 
metastases) are recommended with usually good 
long-term results. Even debulking surgery offers 
advantages in these patients compared with pallia-
tion, if patients are suitably selected [ 16 ,  17 ].  

10.6     Summary 

•     The prevalence of cystic tumors of the pan-
creas appears to be increasing in incidence 
due to increased use of higher defi nition 
imaging.  

•   The volume of pancreatic surgery performed 
for cystic neoplasms is increasing.  

•   The four most common types of cystic neo-
plasms of the pancreas are:

   Intraductal papillary mucinous neoplasm 
(IPMN)  

  Mucinous cystic neoplasm (MCN)  
  Serous cystic neoplasm (SCN)  
  Solid pseudopapillary neoplasm (SPN)     

•   Differentiation between these main four types, 
as well as their subtypes, and assessing their 
malignant potential are important to appropri-
ately select which patients benefi t from 
resection.        
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11.1           Background 

 Among cystic lesions of the pancreas which are 
frequent fi ndings, three important cystic entities 
have to be differentiated, namely, serous cystic 
neoplasms (SCN), mucinous cystic neoplasms 
(MCN), and intraductal papillary mucinous neo-
plasms (IPMN). As autopsy fi ndings suggest a 
frequency of cystic pancreatic lesions in elderly 
people of up to 25 %, these fi ndings are increas-
ingly seen in the clinical practice, and manage-
ment is a growing topic many disciplines have to 
deal with [ 1 ,  2 ]. The important clinical impact of 
all cystic lesions in the pancreas is the malignant 
potential arising from some of them, which 
requires increasing efforts in recognizing and 
managing these changes correctly. SCN, which 
represent about 15 % of all cystic lesions, are 
uncomplicated lesions that are predominantly 
found in women (80–90 %) of 60 years and older 
[ 3 ]. SCN do not bear any relevant malignant 
potential and are therefore a rare entity in  surgical 
patient collectives. In contrast, MCN  represent a 
precursor of pancreatic cancer and show a malig-
nant transformation via an  adenoma- carcinoma 
sequence in up to 50 % of all cases [ 4 – 8 ]. From 

this point of view, they are often subjected to a 
formal resection, e.g., distal pancreatectomy. 
However, depending on the location and size, 
they may be suitable for parenchyma- sparing 
approaches as well, presuming no malignancy is 
confi rmed in an intraoperative frozen section. 

 IPMN represent 35 % of all cystic pancreas 
lesions with an increasing frequency due to 
improved diagnostics and an increasing clinical 
attention. About 65 % of all IPMN are located in 
the pancreatic head and uncinate process, 24 % in 
the body, and 11 % in the tail of the gland [ 9 ,  10 ]. 
Main-duct IPMN, characterized by a dilation of 
the pancreatic duct of more than 5 mm, bear an 
estimated 70 % risk of malignant transformation, 
which implies the fact that the diagnosis of main- 
duct or mixed-type IPMN can be regarded as a 
general indication for a formal oncological resec-
tion and is rarely suitable for a parenchyma- 
sparing central pancreatectomy [ 11 ,  12 ] 
(Fig.  11.1 ).

   In contrast, branch-duct IPMN (BD-IPMN) 
have to be regarded in a more differentiated way. 
As the overall risk of malignancy is lower than in 
main-duct and mixed-type IPMN, there is ongo-
ing discussion about this risk with regard to size, 
growth tendency, and radiological features of 
potentially high-risk BD-IPMN. Regarding the 
indication for surgical treatment of BD-IPMN, 
there is an ongoing debate, especially with regard 
to lesions <3 cm in diameter and without 
 “worrisome features” according to the Fukuoka 
guidelines that were published in 2012 as an 
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update of the original 2006 Sendai consensus 
[ 11 ,  12 ]. In different larger series, the incidence 
of malignant branch-duct IPMN (including in 
situ and invasive carcinoma) was approximately 
25 % among all IPMN below 3 cm without any 
reliable cutoff in diameter [ 13 – 18 ]. The existence 
of mural nodules as a guideline predictor of 
malignancy did not correlate with malignancy 
and neither did the existence of clinical symp-
toms [ 14 ,  15 ,  18 ]. These fi ndings underline that 
size alone and currently established markers of 
potential malignancy are no reliable predictors 
and even small branch-duct IPMN have a rele-
vant risk of malignancy. Individual decisions for 
resection under evaluation of all morphological 
and clinical factors (including imaging, tumor 
markers, symptoms, progression, and prior 
patient history) seem to offer the best approach at 
the moment. As the intention should be to pre-
vent malignancy, the cystic pancreatic lesions, 
which are most suitable for parenchyma-sparing 
resections, especially enucleations, are branch-
duct IPMN (BD-IPMN). As BD-IPMN can be 
localized throughout the entire pancreas, also 
central pancreatectomies are possible for lesions 
in the body of the gland (Fig.  11.2 ).

11.2        Surgical Technique 
of Enucleation 

 Enucleations for small cystic lesions, including 
especially branch-duct IPMN, offer a limited 
type of resection with the chance to preserve all 
healthy pancreatic tissue as only the altered tissue 
is removed [ 19 – 23 ]. They can safely and onco-
logically feasibly be performed if the benign 
character of the excised lesion is confi rmed by 
intraoperative frozen section. In case of unex-
pected malignancy, a more extended resection 
should be chosen to meet the oncological require-
ments including a safety margin and lymphade-
nectomy. Although enucleations are usually 
performed for a single lesion, also two or even 
more cysts may be removed synchronously by 
this approach. A tumor size of 3 cm in diameter 
can be regarded as the limit for a safely per-
formed enucleation. Tumors measuring more 

than 3 cm in size show malignant histological 
changes signifi cantly more frequently, making a 
local surgical approach impossible. Besides, tis-
sue trauma and wound surface following an enu-
cleation reach a critical size for development of 
fi stulas or other complications including bleeding 
or postoperative pancreatitis. 

 Successful enucleations are highly dependent 
on precise preoperative and/or intraoperative 
diagnosis of location of the cystic lesion. 
Especially in small cystic processes that are not 
located close below the pancreatic capsule, it can 
be challenging to identify them intraoperatively 
by palpating and inspecting the pancreas, even for 
experienced surgeons. Therefore, besides a high-

  Fig. 11.1    MRCP scan showing a BD-IPMN located in 
the uncinate process ( white arrow )       

  Fig. 11.2    Intraoperative fi nding of the same patient 
(Fig.  11.1 ). BD-IPMN ( white arrow : connection to the 
pancreatic duct) during enucleation from the uncinate pro-
cess ( black arrow )       
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quality preoperative MRI scan [ 24 ] which allows 
to limit the parts of the pancreas that have to be 
explored and gives a valid localization in the 
majority of the patients, the possibility of per-
forming an intraoperative ultrasound always has 
to be provided regardless if enucleation is 
attempted via an open laparotomy or laparoscopi-
cally [ 25 ]. The sensitivity and specifi city of this 
diagnostic tool are very high and allow an accu-
rate localization in nearly all patients when com-
bined with the experience of the surgeon 
performing the exploration [ 19 ,  20 ]. Furthermore, 
intraoperative ultrasound allows to rule out unrec-
ognized multifocal lesions and is useful to visual-
ize the cyst’s connection to the pancreatic duct. 
After identifying the cystic lesion, enucleation in 
open surgery is performed by incising the pancre-
atic capsule and consecutive careful dissection 
along the cyst under clip ligation or stitching of 
vessels supplying the lesion. For stitching within 
the pancreatic tissue, thin atraumatic and non-
resorbable suture material is preferable (e.g., 5-0 
polypropylene). Careful bipolar coagulation or 
ultrasound dissection can be used in addition for 
an atraumatic preparation. Special attention needs 
to be paid to the connection to the pancreatic duct. 
This should not be missed and must be closed by 
clip or suture ligation to avoid high-volume 
enzyme leakage. In order to minimize the risk of 
parenchyma leaking, the pancreatic capsule can 
be closed above the resection site with single-
stitch sutures. To date, there is no evidence for the 
effi cacy of any additional sealant or glue applica-
tion to prevent leakage. A simple possibility to 
cover the resection site is the use of a pedicled 
ligamentum teres hepatis fl ap which can – after 
mobilization from the abdominal wall – be 
brought to the site of resection in the pancreatic 
head or the proximal part of the pancreatic body 
without tension and fi xed by suture [ 26 ]. 

 Laparoscopically, enucleations for cystic 
lesions can be performed via a 4-trocar access as 
described for neuroendocrine pancreatic tumors 
[ 27 ,  28 ]. In the laparoscopic approach, a precise 
localization diagnosis is even more important as 
inspection and palpation of the pancreas are not 
possible as in open operations, which implies that 
laparoscopic ultrasound is required in many 

cases. The enucleation itself can be done by 
ultrasound dissection as well as by bipolar tissue 
sealing and cutting devices. Suturing of the pan-
creatic capsule can be done after removal of the 
specimen comparable to the open procedures; 
additional sealants may be used but their routine 
application is not supported by any evidence yet. 

 Drain placement is essential after enucle-
ations, as currently fi stula rates of 20–45 % are 
reported, most of them, however, clinically 
uncomplicated [ 19 ,  20 ]. In addition, the prophy-
lactic use of octreotide seems to be recommend-
able in patients undergoing enucleations for 
cystic pancreatic lesions as the remaining pan-
creas is usually soft and healthy and the prophy-
lactic use of somatostatin analogs can have a 
benefi cial effect in prevention of postoperative 
fi stulas in this setting [ 29 ] (Fig.  11.3 ).

11.3        Surgical Technique of Central 
Pancreatectomy 

 Central pancreatectomy is another limited resec-
tion approach for localized and benign cystic 
lesions located in the body of the gland. A seg-
ment between the level of the superior mesenteric 
vein/portal vein axis and the remaining tail of the 
gland can be resected under preservation of all 
healthy tissue [ 30 – 33 ]. Pancreatic transection can 

  Fig. 11.3    Large BD-IPMN in the body of the pancreas. 
Although >3 cm in diameter, indication for enucleation 
due to the suitable location. Pancreatic body partly mobi-
lized and lifted with blue tapes from the superior mesen-
teric vein ( black arrow ). Enucleation and identifi cation of 
the connection to the main pancreatic duct ( white arrow )       
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either be carried out proximally with a stapler or 
by scalpel and by scalpel toward the distal margin. 
The sharply cut margin toward the head is after-
ward primarily closed similar to the procedure 
during distal pancreatectomy. The distal stump of 
the pancreas is further mobilized from the splenic 
vein and artery, with ligation of small tributaries, 
over 2 cm lateral to the cut end. A transected jeju-
nal loop is brought up transmesocolically, and 
a pancreaticojejunostomy is performed in a 
 similar fashion as in pancreatoduodenectomy. 
Reconstruction is accomplished with a retrocolic 
Roux-en-Y loop of the jejunum. The already 
closed pancreatic head remnant can fi nally be 
covered with the same jejunal loop by sutures 
between the seromuscular layer of the jejunum 
and the capsule of the pancreas. Reconstruction is 
completed by an infracolic Roux-en-Y enteroen-
terostomy. Alternatively, a double anastomosis 
technique with two pancreaticojejunostomies is 
possible but prolongs operation time and does not 
necessarily offer any benefi t compared to merely 
closing the cut margin toward the pancreatic head. 
Another possibility for reconstruction following 
central pancreatectomy is the creation of a pan-
creaticogastrostomy and simple closure of the cut 
margin toward the pancreatic head. However, this 
technique does not seem to be superior to pancre-
aticojejunostomy in terms of fi stula rates or post-
operative pancreatic function but might bear an 
increased risk for postoperative bleeding from the 
pancreatic stump as this is not covered in pancre-
aticogastrostomy. Although these bleeding events 
can often be handled endoscopically, they might 
contribute to other consecutive complications. 

 As in enucleations, drain placement toward 
the anastomosis and the cut margin is recom-
mended at the end of the operation, and a 
 prophylactic octreotide application seems rea-
sonable based on the same basic considerations 
as described above. The most frequent complica-
tion of central pancreatectomy is the occurrence 
of postoperative pancreatic fi stulas, which is 
observed in approximately 40 % of all patients. 
Comparable to enucleation, most of these fi stu-
las are uncomplicated and do not cause con-
secutive complications under conservative 
management [ 30 – 33 ].  

11.4     Complication Management 
and Postoperative Outcome 

 An important aspect in all types of pancreatic sur-
gery is the management of potential postoperative 
complications. As mentioned before, postopera-
tive pancreatic fi stula is the most frequent and 
important complication in both enucleation and 
central pancreatectomy [ 34 ]. In large series of 
resected cystic pancreatic neoplasias in which all 
types of operations were performed, overall mor-
bidity rates of approximately 35–50 % and mor-
tality rates of 0–1 % are reported [ 35 ,  36 ]. When 
the parenchyma-sparing approaches of enucle-
ation and central pancreatectomy are regarded, 
postoperative fi stulas occur in up to 45 % of the 
patients. The majority of these fi stulas is clinically 
harmless and can be treated by maintenance of the 
intraoperatively placed drainage without further 
morbidity. In case of delayed fi stulas that become 
evident by clinical symptoms such as pain, fever, 
and elevated leukocyte count and C-reactive pro-
tein after drain removal, the therapy of choice is 
percutaneous drain insertion after diagnostic CT 
scan. If the drain can be placed suffi ciently, no 
further complications have to be expected. A cur-
rent meta-analysis comparing enucleations with 
standard resections included 22 observational 
studies. Operation time, blood loss, length of hos-
pital stay, and postoperative endocrine and exo-
crine insuffi ciency were signifi cantly lower after 
enucleation. Mortality, overall complications, 
reoperation rate, and delayed gastric emptying did 
not show signifi cant differences. Although overall 
postoperative pancreatic fi stula rate was signifi -
cantly higher after enucleations, the elevated fi s-
tula rate did not have further consequences in 
terms of mortality or overall morbidity, which 
underlines that most of these fi stulas are 
harmless [ 37 ]. 

 In case of persistent leakage from the pancre-
atic duct, a diagnostic endoscopic retrograde pan-
creaticography is helpful, which can be performed 
approximately 14 days postoperatively if drain 
output does not decrease. This examination 
shows the site of leakage after enucleation and 
can often be used as a therapeutic tool as well, if 
transpapillary stenting is technically possible. 
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After central pancreatectomy, it may be useful to 
confi rm a leakage from the cut margin at the 
 pancreatic head and evaluate the possibility of 
transpapillary stent insertion as well. Although 
this intervention does not abolish leakage itself, 
the facilitated transpapillary drainage can help to 
accelerate closure of the fi stula. A leakage from 
the pancreatic anastomosis toward the tail of the 
gland after central, however, cannot be treated 
endoscopically unless a pancreaticogastrostomy 
has been performed. 

 Other complications such as post- 
pancreatectomy hemorrhage or infected fl uid 
 collections are less frequently observed and can 
mainly be subjected to interventional radiologi-
cal therapy as well. The overall reoperation rate 
in the reported series ranges between 5 and 8 %. 

 Parenchyma-sparing resections show excel-
lent long-term outcome result with regard to 
endo- and exocrine pancreatic function when 
compared to formal standard resections which 
show long-term exocrine insuffi ciency rates with 
the need for enzyme and vitamin replacement of 
approximately 20 % after partial pancreatoduo-
denectomy and approximately 10 % after distal 
resections, respectively. Regarding endocrine 
function, a new-onset postoperative diabetes 
mellitus has to be expected in 10 % of all patients 
after partial pancreatoduodenectomy and up to 

20 % after distal pancreatectomy [ 20 ]. In con-
trast, in patients undergoing enucleations or cen-
tral pancreatectomies, no resection-related 
impairment of endocrine or exocrine pancreatic 
function has to be expected during long-term 
follow-up, and enzyme replacement or antidia-
betic therapy is rarely necessary unless pancre-
atic function has already been compromised 
preoperatively. Furthermore, both procedures 
offer an excellent quality of life [ 22 ,  23 ,  30 – 33 ].  

11.5     Prognosis 

 The prognosis of surgically resected benign cys-
tic lesions is excellent. In SCN, recurrence is 
extremely rare and no further surveillance is 
required. Regarding mucinous neoplasias and 
especially IPMN, 10-year survival rates of >95 % 
for both main-duct and BD-IPMN can be 
expected [ 9 ,  10 ,  16 ]. A very important topic in 
the management of IPMN patients is the lifelong 
postoperative follow-up with annual imaging 
control of the pancreatic remnant. This is 
 preferably performed by MRI or can alternatively 
be done by endosonographic ultrasound in 
 experienced hands. In addition, regular endo-
scopic controls focused on colorectal adenomas 
and Barrett dysplasia of the esophagus are 

  Fig. 11.4    Macroscopic aspect of the specimen (Fig.  11.3 ). Septated nodule, approximately Diameter approximately 
5 cm, histologically borderline dysplasia       
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 recommended as both pathologies are increas-
ingly observed in IPMN patients [ 38 ,  39 ]. In case 
of IPMN recurrence, repeated resections should 
be performed to maintain the good prognosis and 
avoid malignancy. Overall prognosis even of 
IPMN-associated carcinomas is generally more 
favorable than the prognosis of pancreatic ductal 
adenocarcinoma (PDAC). In a study by Wasif 
et al. [ 40 ], 729 patients with IPMN-carcinomas 
were compared to 8082 PDAC patients. Overall 
survival in the collectives was 34 vs. 18 months. 
The most important factor infl uencing survival in 
this series was early resection. In tumor stages 
Tis and T1 of IPMN-associated carcinomas, 5- 
and 10-year survival rates were 70 % and 60 %, 
respectively. Another study including 132 IPMN- 
carcinoma patients vs. 1128 PDAC patients [ 41 ] 
demonstrated that this survival benefi t decreases 
dramatically as soon as tumor stage exceeds T1 
or if lymph node metastases are present, resulting 
in survival data as poor as they are found in 
PDAC patients. In this situation, even adjuvant 
therapy fails to improve survival [ 42 ], which 
underlines the importance of early resection to 
avoid progression to advanced tumor stages in 
IPMN patients (Fig.  11.4 ).
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12.1           Patient Selection 

 Patient selection is one of the most important 
variables for achieving success with minimally 
invasive pancreatic surgery, but few reports spe-
cifi cally comment on how patients are selected 
beyond qualifying for operative intervention. The 
ideal patient for minimally invasive pancreatic 
surgery has a low BMI (<30), few or no comor-
bidities, few or no previous abdominal surgeries, 
and no involvement of the pancreatic mass with 
the adjacent major vasculature. The literature on 
laparoscopic distal pancreatectomy and pancre-
aticoduodenectomy mirrors this judgment. 
Average BMIs range from 22 to 28 [ 1 – 6 ], and the 
majority of patients are American Society of 
Anesthesiologists (ASA) classes 2–3 or have 
Eastern Cooperative Oncology Group (ECOG) 
performance levels of 0–1 preoperatively [ 2 ,  4 ], 
equating to no activity restrictions or only restric-
tions with strenuous activity [ 7 ]. Others report 
limiting the laparoscopic approach to patients 
with smaller tumors (<3 cm) that are pathologi-
cally benign [ 8 ] or well to moderate grade dif-
ferentiation [ 9 ,  10 ]. Asbun and Stauffer [ 2 ] report 
dissuading patients from pursuing a minimally 

invasive approach when a hostile abdomen is 
anticipated due to multiple previous abdominal 
surgeries or history of severe pancreatitis. As sur-
geons gain more experience, however, criteria for 
laparoscopic pancreatic surgery can be broad-
ened. In our practice, a minimally invasive 
approach is offered to all patients, regardless of 
pathology, when adjacent structures are not 
involved; thus almost all cystic neoplasms are 
considered for laparoscopy. When tumors are 
small and we are planning a laparoscopic 
approach, we often have them preoperatively 
inked during endoscopic ultrasound [ 11 ]. This 
facilitates identifi cation of the tumor, since pal-
pation of the mass cannot be performed prior to 
resection.  

12.2     General Laparoscopic 
Approach 

 We place the patient supine with arms extended, 
but patient positioning varies by institution. 
Lithotomy position can be used to allow the sur-
geon or assistant to stand between the patient’s 
legs [ 12 – 15 ], and some use a right lateral approach 
for distal pancreatectomy [ 6 ]. Once pneumoperi-
toneum is achieved, we use 5 trocars to initiate any 
laparoscopic pancreatic surgery. This includes 
three 12 mm ports (umbilicus and bilateral midcla-
vicular) and two 5 mm ports (bilateral anterior 
axillary). Most authors describe using 4–6 trocars 
in a similar fashion [ 1 ,  12 ], with an optional port 
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for liver retraction. The lesser sac is then entered 
by dividing the gastrocolic omentum up to the gas-
trosplenic ligament. This requires ligation of the 
short gastric vessels, which can be done with 
endosonic shears (our preference), electrothermal 
bipolar vessel sealer, or staplers, with reinforce-
ment using titanium clips. We prefer to stay close 
to the greater curvature of the stomach to prevent 
the omentum from draping into our operative fi eld. 
Once this is complete, the stomach can be retracted 
cephalad to expose the anterior pancreas.  

12.3     Minimally Invasive Distal 
Pancreatectomy 

 Minimally invasive distal pancreatectomy is con-
sidered within the standard of care for benign and 
malignant pancreatic tail lesions [ 16 ,  17 ] and 
thus is often used for the treatment of cystic pan-
creatic neoplasms [ 6 ,  18 ,  19 ]. In the United 
States, the frequency of minimally invasive distal 
pancreatectomy is increasing, but remains the 
minority (<10 %) of cases [ 20 ]. Initial reports of 
this approach began to surface in the mid-1990s, 
and to date, there are several studies that have 
documented the safety and effi cacy of this proce-
dure [ 15 ,  17 ,  21 ], with mortality reported at <1 % 
[ 22 ]. Conversion to open rate ranges between 0 
and 32 % and averages around 12 % [ 15 ,  22 ,  23 ]. 
Most often conversion is performed secondary to 
poor exposure, failure to progress, proximity of 
the mass to major vessels, or bleeding [ 9 ,  15 ,  18 ]. 
Males and those with more visceral fat are more 
likely to require conversion [ 15 ]. Centers with 
higher than average conversion rates attribute this 
to a lower threshold for conversion and a desire to 
maintain oncologic surgical principles [ 15 ]. 
Mean operative times typically range from 2.5 to 
4.5 h [ 22 ], with a decrease in operative time with 
additional experience [ 6 ,  15 ]. Lee et al. [ 15 ] 
reported an average operative time of 3.5 h for 
the fi rst 60 patients, which decreased to 3.0 h 
with the following 71 patients, but no difference 
in the conversion to open rate. Similarly, Song 
et al. [ 6 ] reported that over the course of their 
5-year experience with 359 laparoscopic distal 
pancreatectomies, their operative times declined, 

with most cases at the end of their series taking 
<3 h. They also reported a dramatic decrease in 
their rate of pancreatic fi stula formation, from 38 
to 4 %. Average complication rates are 23 %, 
most often pancreatic fi stula [ 22 ], with higher 
complication rates associated with longer resec-
tions of pancreas and BMI >27 [ 18 ]. 

 Splenic preservation may be accomplished 
when performing distal pancreatectomy for cys-
tic pancreatic tumors since extensive lymphade-
nectomy is usually not required. Kang et al. [ 19 ] 
compared minimally invasive spleen-preserving 
surgery to pancreaticosplenectomy and found 
that rates of splenic vein thrombosis and pancre-
atic leak were higher in the pancreaticosplenec-
tomy group. They concluded that minimally 
invasive distal pancreatectomy with spleen pres-
ervation should be performed whenever possible. 
Worhunsky et al. [ 24 ] published a series compar-
ing techniques of splenic preservation, either by 
splenic artery and vein conservation or by the 
Warshaw technique, in which the splenic artery 
and vein are sacrifi ced, and splenic perfusion 
depends on the short gastric vessels. Risks of the 
Warshaw technique include splenic infarction, 
sinistral portal hypertension, and gastric varices, 
but these complications are rarely observed [ 25 ]. 
Patients in this series with splenic preservation 
via the Warshaw technique tended to have more 
pancreas transected and longer operative times, 
but otherwise had similar outcomes to the vessel- 
preserving group. Another series of laparoscopic 
distal pancreatectomies that included a subset 
with the Warshaw technique reported transient 
splenic ischemia in nearly half of the patients, but 
this universally resolved [ 6 ]. Thus, while spleen 
preservation is recommended, the technique of 
splenic preservation should likely be determined 
based on the ease of the approach. 

12.3.1     Operative Technique 
for Laparoscopic Distal 
Pancreatectomy 

 We perform this surgery using a total laparo-
scopic approach, generally with splenic artery 
and vein preservation when possible [ 26 ]. Five 
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ports are placed into the abdomen and the lesser 
sac is entered. The greater curvature of the stom-
ach is mobilized, as described above, to visualize 
the anterior pancreas and identify the area of 
inking if this has been performed preoperatively. 
Our dissection then begins at the inferior border 
of the pancreas using ultrasonic shears. When 
the inferior border is suffi ciently mobilized, we 
then dissect out the dorsum of the pancreas. 
Blunt dissection is used to identify a fi lmy avas-
cular plane, which is taken down again with 
ultrasonic shears. This is carried around the pan-
creatic tail, taking care to avoid the splenic 
hilum. Next, a tunnel is created between the dor-
sum of the pancreas and the parallel-coursing 
splenic vasculature. This window must be large 
enough to accommodate the end of an endo-GIA 
stapler. We use a medium- thick staple height 
load to transect the pancreatic neck, ensuring 
that the tumor is in the distal specimen. The 
remaining attachments of the distal pancreas are 
then dissected free from the splenic vasculature 
and hilum. An endoscopic bag is deployed to 
retrieve the specimen, which is removed through 
the umbilical port by extending this incision 
10–15 mm. The specimen is sent to the pathol-
ogy department for frozen section to confi rm 
that the tumor is within the pancreatic specimen 
and that our margins are negative. We leave a 
drain by the cut edge of the pancreas, which is 
later used to test for a pancreatic leak once a 
regular diet is resumed. The abdomen is desuf-
fl ated, the ports are closed, and the patient is 
awoken from anesthesia. Patients are then usu-
ally managed on the general surgery ward 
postoperatively.  

12.3.2     Alternative Techniques 
for Minimally Invasive Distal 
Pancreatectomy 

 Since minimally invasive distal pancreatectomy 
requires a signifi cant amount of experience to 
undertake, several authors have described meth-
ods to simplify this procedure and shorten the 
learning curve. An epigastric hand port may be 
used as minimally invasive pancreatic surgical 

experience is accrued. This 5–7 cm epigastric 
incision offers several advantages, including the 
ability to palpate major structures, easier retrac-
tion, facilitating blunt dissection, and permitting 
extracorporeal dissection of vascular structures 
[ 27 ,  28 ]. Sartori et al. [ 29 ] suggest using an elec-
trothermal bipolar vessel sealer to transect the 
pancreas to help prevent pancreatic leak. Suzuki 
et al. [ 30 ] reported using a “lesser curvature” 
approach, in which the lesser sac is entered with 
the stomach retracted caudad, permitting dissec-
tion of the pancreas adjacent to the lesser curva-
ture of the stomach instead. This is done to 
prevent the stomach from obscuring the view of 
the distal pancreas and spleen. In the same report, 
the authors also describe clamping the splenic 
artery early after its identifi cation to decrease 
blood loss and facilitate removal of the spleen, by 
causing it to shrink. If a spleen-sparing procedure 
is planned, many believe that the Warshaw proce-
dure [ 25 ] is technically easier than splenic vessel 
preservation, with similar overall results (see 
above). Centers that perform total robotic distal 
pancreatectomies claim they carry the same ben-
efi ts of laparoscopic surgery, with the added ben-
efi ts of improved view and increased dexterity 
[ 15 ]. Giulianotti et al. [ 31 ] write that the robotic 
platform facilitates splenic vascular dissection, 
permitting splenic preservation. However, these 
procedures tend to have longer operative times 
compared to their laparoscopic and open counter-
parts [ 15 ]. 

 Yao et al. [ 8 ] and Huagvik et al. [ 32 ] both 
reported their experiences performing single- 
incision laparoscopic distal pancreatectomy 
and compared their results to traditional multi-
port laparoscopic distal pancreatectomy. In this 
approach, a 2.5–3 cm periumbilical incision is 
created, through which a multi-instrument port 
is inserted. The procedure is completed using a 
10 mm lens and 2–3 working ports in a similar 
manner to a conventional multiport  laparoscopic 
distal pancreatectomy. Both series reported 
equivalent outcomes in the single-incision and 
multiport laparoscopic patients, with the 
 exception of shorter operative times and lower 
estimated blood loss in the single-incision 
group.  
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12.3.3     Comparison to Open Distal 
Pancreatectomy 

 Several studies exist comparing minimally 
invasive distal pancreatectomy to open pancre-
atectomy, but all are retrospective or non-
randomized, thereby introducing selection bias. 
In a high- volume single-institution series, Lee 
et al. [ 15 ] compared 131 laparoscopic distal 
pancreatectomies and 37 robotic procedures to 
637 open surgeries. Patients in the laparoscopic 
and robotic groups were younger, fewer were 
being treated for adenocarcinoma, and fewer 
required adjacent organ resection. Estimated 
blood loss was lower, and there were fewer 
minor complications in the laparoscopic and 
robotic groups compared to the open group. 
Oncologic outcomes and mortality were found 
to be similar for all surgical modalities. In a 
similar but smaller series, Waters et al. [ 9 ] 
reported shorter hospitalization in the robotic 
group, but no difference in complication rates 
for all operative approaches. Robotic surgeries 
had signifi cantly higher surgical costs, but this 
was evened out by the decrease in length of 
stay, making total costs similar for all operative 
approaches. Another study out of the United 
Kingdom had similar fi ndings with their cost 
analysis comparing laparoscopic to open distal 
pancreatectomies [ 33 ]. 

 An analysis of the US Nationwide Inpatient 
Sample retrospectively compared 382 mini-
mally invasive distal pancreatectomies to 8,575 
open distal pancreatectomies over a 12-year 
study period [ 20 ]. Patients in the minimally 
invasive group had shorter lengths of hospital-
ization and fewer immediate postoperative com-
plications (specifi cally bleeding and infectious 
complications). Total charges and mortality 
were again similar between groups. It should be 
noted, however, that signifi cantly fewer patients 
with pancreatitis had a minimally invasive 
approach and that these patients were found to 
have worse outcomes overall, potentially skew-
ing the results. Similarly, a meta-analysis of 19 
studies comparing laparoscopic to open distal 
pancreatectomy through 2010 reported several 
metrics that were improved for the laparoscopic 

group, including estimated blood loss, blood 
transfusion rate, wound infection rate, and 
length of hospitalization. Unfortunately, signifi -
cant heterogeneity between studies and the 
absence of any prospective randomized studies 
limited their conclusions [ 23 ].   

12.4     Minimally Invasive 
Pancreaticoduodenectomy 

 Despite the original description of this procedure 
20 years ago [ 34 ], the acceptance of total laparo-
scopic pancreaticoduodenectomy has been slow, 
likely owing to the technical diffi culty of the 
procedure. There are few reports describing lap-
aroscopic pancreaticoduodenectomy in the 
United States; however, several centers (ours 
included) are performing them. The fi rst reports 
of series greater than 30 patients in the late 2000s 
demonstrated that this could be done safely with 
low mortality and reasonable complication rates 
[ 1 ,  10 ,  13 ]. Average mortality for this procedure 
is reported at 1.8 % [ 22 ]. Conversion to open rate 
is reported between 5 and 15 % [ 1 – 3 ,  35 ], with 
this rate generally declining as operative experi-
ence accrues [ 3 ,  36 ]. Reasons for conversion to 
open most often are bleeding and failure to prog-
ress. Operative times, especially initially, can be 
quite long and may take upward of 13.5 h [ 3 ], 
but this also declines with increasing experience 
[ 3 ,  36 ]. In our practice, these operations typi-
cally require 4–6 h. Speicher et al. [ 36 ] reported 
that operative times signifi cantly decreased after 
their fi rst 10 patients and that after completing 
50 minimally invasive pancreaticoduodenecto-
mies, operative times for these cases were con-
sistently lower compared to their open 
 pancreaticoduodenectomies. Kim et al. [ 3 ] 
 similarly reported that operative times on their 
fi rst 100 patients steadily and signifi cantly 
declined, from an average of 9.8 h initially down 
to 6.6 h for their more recent patients. They also 
described a signifi cant decline in complications, 
specifi cally pancreatic fi stula, need for blood 
transfusions, and length of hospitalization. 
Average complication rates are 38 % and most 
often are biliary or pancreatic fi stulas [ 22 ]. 
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12.4.1     Operative Technique for Total 
Laparoscopic 
Pancreaticoduodenectomy 

 The operative technique used at our institution is 
also a totally laparoscopic approach, which we 
have shown can be done in an effi cient and safe 
manner [ 37 ]. The steps of this operation are differ-
ent than the classic open pancreaticoduodenec-
tomy; however, the oncologic measures taken in 
the operation are the same. Upon entering the abdo-
men and ruling out metastatic disease, the falciform 
ligament is taken down and used to retract the liver 
cephalad, giving exposure of the portal hilum. The 
lesser sac is then entered, identifying the gastrodu-
odenal artery, common hepatic artery, and proper 
hepatic artery. The gastroduodenal artery is test 
occluded with a laparoscopic vascular clamp to 
confi rm the pulse in the proper hepatic artery. The 
gastroduodenal artery is then ligated with a 3-0 silk 
suture and locking plastic endoclips. Next, the por-
tal vein is identifi ed posteriorly, allowing us to esti-
mate the location of the superior mesenteric vein. 
Similar to the technique used in the laparoscopic 
distal pancreatectomy, dissection along the lower 
edge of the pancreas permits the creation of a tun-
nel underneath the pancreas neck. We fi nd that the 
visualization of this tunnel is superior to the open 
technique. At this point the pancreas neck is tran-
sected with hook cautery after the pancreaticoduo-
denal arteries are controlled with an energy device. 

 Next, the pylorus of the stomach is identifi ed and 
proximal to the pylorus the stomach is transected 
again using a laproscopic endo-GIA stapler. The 
gallbladder is removed, a bulldog is placed on the 
proximal common bile duct, and the common bile 
duct is divided. A Kocher maneuver is then per-
formed to mobilize the fi rst and second portion of 
the duodenum and the head of the pancreas. This is 
followed by mobilization of the proximal jejunum to 
the extent that it can rest adjacent to the body of the 
stomach without tension once pulled up through the 
ligament of Treitz. The duodenal-jejunal junction is 
then transected with another endo- GIA stapler. The 
uncinate process remains where visualization of the 
SMA allows for dissection with energy device to 
remove the fi nal attachments. The specimen is 
removed in a bag through the umbilical port. 

 Reconstruction is performed in a similar fash-
ion to the open pancreaticoduodenectomy. We 
start by inserting a pediatric feeding tube to stent 
open the pancreatic duct and create a duct. The 
pancreatic edge is then approximated to the jeju-
num in an end to side fashion using absorbable 
barbed locking suture is used for the posterior 
and anterior outer layer while 4-0 polydioxanone 
suture is used for the duct to mucosa anastomosis 
around the stent for the inner layer. This is done 
completely intracorporally. Interrupted 4-0 vicryl 
suture are also used to create the hepaticojejunos-
tomy. Another pediatric feeding tube is inserted 
to stent open this anastomosis prior to the last few 
anterior stitches. The Roux limb of the jejunum is 
approximated to the stomach using an articulat-
ing endoscopic suturing device and interrupted 
2-0 silk suture. A stapled antecolic gastrojejunos-
tomy is performed, and the entrance for the sta-
pler is closed again using the articulating 
endoscopic suturing device and interrupted 2-0 
silk suture, completing the operation. The speci-
men is sent to the pathology department for fro-
zen section to confi rm that the tumor is within the 
pancreatic specimen and that our margins are 
negative. Our practice is to leave two drains at the 
end of the operation adjacent to the pancreatic 
and hepatic anastomoses. The abdomen is then 
desuffl ated, the ports are closed, and the patient is 
awoken from anesthesia. Patients are then gener-
ally transferred to the surgical  intensive care unit 
for monitoring overnight and then transferred to 
the ward on postoperative day one.  

12.4.2     Alternative Techniques 
for Minimally Invasive 
Pancreaticoduodenectomy 

 Many aspects of a total laparoscopic pancreatico-
duodenectomy are challenging and require sig-
nifi cant laparoscopic expertise. To overcome 
these challenges, several authors have published 
techniques to simplify this procedure. Some 
institutions [ 36 ] use two attending-level surgeons 
for these cases. Several authors also report 
 performing parts of the vascular dissection and 
the reconstructive portion of the procedure 
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 extracorporeally through a minilaparotomy inci-
sion [ 38 – 40 ]. Wang et al. [ 39 ] reported that using 
a minilaparotomy to perform the anastomoses 
allowed patients to derive the benefi ts of a laparo-
scopic surgery, including decreased estimated 
blood loss and length of hospitalization while 
decreasing the technical demands of the proce-
dure. Kim et al. [ 3 ] and Speicher et al. [ 36 ] both 
used a minilaparotomy to execute the reconstruc-
tive phase of the surgery as a learning bridge to 
total laparoscopic pancreaticoduodenectomy as 
they developed their minimally invasive pancre-
atic surgery programs. 

 There have also been many maneuvers 
described for total laparoscopic pancreaticoduo-
denectomy to facilitate dissection and recon-
struction. Kuroki et al. [ 12 ] described a 
“pancreas-hanging maneuver” to facilitate dis-
section of the vascular structures. In this maneu-
ver, they dissect out the entire specimen, leaving 
the pancreatic head and uncinate process attach-
ments as the fi nal steps of the procedure. They 
then use a Penrose drain tightened around the 
pancreatic head to provide gentle traction, expos-
ing the plane of interest. Ogiso et al. [ 41 ] report 
using a retropancreatic dissection to expose the 
posterolateral aspect of the superior mesenteric 
artery, to improve identifi cation of aberrant right 
and common hepatic arteries. Keck et al. [ 42 ] 
described using a pancreaticogastrostomy for the 
pancreaticoenterostomy because they think it is 
easier to execute laparoscopically. Nakamura 
et al. [ 40 ] recommend using an endoscopic linear 
stapler for pancreatic transection, specifi cally 
when performing a laparoscopic operation for 
IPMN, to stop extravasation of pancreatic juices 
after resection and to limit bleeding from the pan-
creatic parenchyma. They then remove the sta-
ples just around the main pancreatic duct when 
reconstruction is begun extracorporeally through 
a minilaparotomy. 

 Some authors believe that robotic surgical sys-
tems can be used to ease technical demands of 
laparoscopic surgery [ 31 ]. Giulianotti et al. [ 31 ] 
write that this platform improves visualization and 
instrument motion, allowing ligation of small ves-
sel branches to avoid bleeding, which is more dif-
fi cult to control in laparoscopic and open surgery. 

Gumbs et al. [ 22 ] report using a robotic laparo-
scope holder, which is controlled by foot pedal or 
voice activation. Chalikonda et al. [ 5 ] perform the 
pancreaticoduodenectomy laparoscopically and 
then use a robotic platform to perform the pancre-
aticojejunostomy and hepaticojejunostomy. A 
meta-analysis comparing total laparoscopic to 
robot-assisted pancreaticoduodenectomy, however, 
showed a higher EBL, more frequent conversion to 
open procedure, higher fi stula rate, and longer hos-
pitalization in the robot-assisted group [ 43 ].  

12.4.3     Comparison to Open 
Pancreaticoduodenectomy 

 Like the reports for distal pancreatectomy, those 
comparing minimally invasive pancreaticoduo-
denectomy to an open approach must be inter-
preted with caution since all studies thus far are 
retrospective. A series by Asbun and Stauffer [ 2 ] 
compared 53 laparoscopic pancreaticoduode-
nectomies to 215 open surgeries and found that 
the laparoscopic group had lower estimated 
blood loss, fewer blood transfusions, and shorter 
ICU (1 versus 3 days) as well as total length of 
hospitalization (8 versus 12 days). Oncologic 
outcomes were similar, as were 3-month mor-
bidity and mortality rates. While the authors did 
not describe any major differences between the 
two groups, the signifi cant difference in esti-
mated blood loss (200 mL versus 1000 mL) sug-
gests that the retrospective nature of the study 
may have introduced selection bias. Later, 
Croome et al. [ 4 ] compared results from 108 
patients who had laparoscopic pancreaticoduo-
denectomies to 214 patients who had open pro-
cedures, all for pancreatic ductal adenocarcinoma. 
They again reported lower estimated blood loss, 
lower rates of intraoperative transfusion, and 
shorter length of hospitalization (6 versus 9 
days), as well as lower frequency of delayed gas-
tric emptying in the laparoscopic group. They 
also showed equivalent mean operative times, 
rates of severe complications, and oncologic out-
comes. Laparoscopic robot-assisted pancreatico-
duodenectomy was compared to open procedure 
in 30 patients each by Chalikonda et al. [ 5 ]. They 
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report longer operative times in the laparoscopic 
group, but similar estimated blood loss, morbid-
ity, and mortality to the open group. The laparo-
scopic robot-assisted group also had a shorter 
hospital length of stay (10 versus 13 days). 
Again, the retrospective nature of this analysis 
must be noted, given that 4 of the patients in the 
open group ultimately had positive margins, 
compared to no patients in the minimally inva-
sive group, suggesting selection bias. A recent 
meta-analysis of 11 studies comparing open to 
minimally invasive pancreaticoduodenectomy 
echoed the results of these individual studies, 
reporting that the minimally invasive procedures 
were associated with lower estimated blood loss, 
decreased wound infection rate, and a shorter 
hospital stay, with no difference in overall com-
plications, surgical margins, lymph nodes 
retrieved, reoperation, or mortality [ 44 ]. It has 
also been reported that quality of life, specifi -
cally functional status, was improved in patients 
after laparoscopic pancreaticoduodenectomy in 
the fi rst 6 months after surgery, despite having 
similar fi stula and readmission rates to the open 
comparison group [ 45 ]. Mesleh et al. [ 46 ] also 
compared cost of laparoscopic pancreaticoduo-
denectomy to open surgery and found that, while 
the surgical costs were greater, the total cost for 
hospitalization was similar. 

 Borderline resectable pancreatic tumors are 
masses that involve major adjacent vasculature. 
These tumors can sometimes be treated at high- 
volume centers by pancreaticoduodenectomy 
with concomitant venous resection, often after a 
course of neoadjuvant therapy. This was previ-
ously thought to be an absolute contraindication 
to minimally invasive pancreaticoduodenectomy; 
however, Kendrick and Sclabas fi rst reported per-
forming major venous resection during total lap-
aroscopic pancreaticoduodenectomy in 2011 
[ 47 ]. Nearly all dissection was performed prior to 
venous transection, leaving this as the fi nal step 
in the procedure. All but one patient in their fi rst 
series had a tangential venous resection. This was 
followed by another series in 2014 [ 35 ], compar-
ing 31 patients with total laparoscopic pancreati-
coduodenectomy including vascular resection to 
58 patients with an open approach. Tangential 

resection was used more often in the laparoscopic 
group compared to the open group, and there was 
a 13 % conversion to open rate. They report, how-
ever, similar operative times, similar rates of vas-
cular patency postoperatively, and lower 
estimated blood loss in the laparoscopic group, 
with no difference in complication or mortality 
rate. Thus, in appropriately selected patients, vas-
cular resection during total laparoscopic pancre-
aticoduodenectomy can be done safely and 
effectively. The authors, not surprisingly, caution 
that this technique should only be attempted by 
surgeons with extensive experience performing 
laparoscopic pancreaticoduodenectomy. 

 Port-site recurrence is a theoretical risk for all 
minimally invasive surgeries involving malig-
nancy. To date, there has only been one report of 
port-site recurrence after minimally invasive pan-
creaticoduodenectomy for T3N1M0 pancreatic 
adenocarcinoma [ 48 ]. The resection was R0, and 
the authors report using a wound protector at the 
site of specimen retrieval and deny tumor spill-
age. As the number of minimally invasive pan-
creaticoduodenectomies reported in the literature 
increases, it will become possible to determine 
what the true rate of port-site recurrence is.   

12.5     Laparoscopic Pancreas- 
Preserving and Natural 
Orifi ce Resections 

 Pancreatic enucleations and central pancreatic 
resections can be performed when benign or low- 
grade malignant lesions are detected and there is 
a desire for maximal parenchymal preservation 
[ 49 ]. These lesions, frequently neuroendocrine or 
cystic pancreatic neoplasms, are more often 
being detected as imaging techniques improve, 
and patients are often considered ideal candidates 
for minimally invasive approaches. Choice of 
enucleation or central resection is based on the 
location of the lesion relative to the main pancre-
atic duct. Lesions in the pancreatic neck or body 
that are adjacent to or involving the main pancre-
atic duct are better suited for central resection, 
because the risk of pancreatic duct injury during 
enucleation is high. One limitation of minimally 
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invasive pancreas-sparing resection is that tactile 
feedback is lost, but is needed to select the appro-
priate procedure and determine how much tissue 
can be spared. Intraoperative laparoscopic ultra-
sound is thus often required to overcome these 
limitations [ 49 ]. 

 Few reports exist of these pancreatic-sparing 
minimally invasive procedures, but those in exis-
tence generally show they are technically feasible 
and are safe [ 49 ,  50 ]. Song et al. [ 51 ] reported a 
comparison series of patients who underwent lap-
aroscopic or open central pancreatectomy for 
removal of benign and low-grade malignant pan-
creatic lesions. While operative times were longer 
for the laparoscopic patients compared to their 
open counterparts, likely because of the additional 
time for intracorporeal distal pancreaticojejunos-
tomy, these patients had shorter hospitalizations 
(14 versus 22 days) and similar rates of complica-
tions. In this same study, additional comparison 
was made between laparoscopic central pancre-
atectomy and laparoscopic extended distal pan-
createctomy. The patients with an extended distal 
pancreatectomy had shorter operative times, 
shorter hospitalizations (9 versus 14 days), and 
fewer overall complications compared to the cen-
tral pancreatectomy patients. These benefi ts were 
balanced by a higher frequency of new-onset dia-
betes (31 % versus 8 %). To prevent new-onset 
diabetes, another group described performing 
auto-islet transplantation after laparoscopic distal 
pancreatectomy for larger pancreatic neck and 
body cystic tumors [ 52 ]. After percutaneous por-
tal vein islet reinfusion on postoperative day one, 
one patient out of three developed partial portal 
vein thrombosis. All three patients, however, con-
tinued to be insulin-free several months after sur-
gery. Interestingly, there is also a report of 
successful uncomplicated laparoscopic central 
pancreatectomy in a 13-year-old child for a solid 
pseudopapillary pancreatic tumor [ 53 ], suggest-
ing that these minimally invasive pancreas- sparing 
techniques can be considered in younger patients. 

 As the limits of our technical ability continue 
to be pushed, some have begun investigation of 
natural orifi ce pancreatic resections. Thakkar 
et al. [ 54 ] demonstrated the feasibility of this 
methodology using a snake robot and a transrec-
tal approach in a porcine model. Recognizing the 

limitations that exist with natural orifi ce surgery, 
the authors conclude that their research may serve 
as a stepping stone to future novel approaches to 
limit morbidity in pancreatic surgery.  

    Conclusions 

 Minimally invasive techniques are lauded for 
their association with improved patient com-
fort and a variety of other benefi ts, but must 
prove equal or better than the open approach 
with regard to outcomes if they are to be 
widely accepted. With pancreatic surgery this 
may be even more important given the addi-
tional technical demands. Surgeons across 
the United States and the world are perform-
ing laparoscopic and robotic pancreatic sur-
gery for cystic tumors and have shown that 
these procedures are safe and effective alter-
natives to their open counterparts. The retro-
spective and non-randomized nature of all 
comparison studies to date permits selection 
bias, however, making true superiority over 
open surgery diffi cult to determine at this 
time. Since a randomized study is unlikely in 
the near future, further studies can be 
strengthened by better defi ning selection cri-
teria for candidates of minimally invasive 
pancreatic surgery.     
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      EUS-Guided Injection 
for Pancreatic Cyst Ablation                     

     William     R.     Brugge     

13.1           Background for Cyst 
Ablation 

 Pancreatic cystic neoplasms (PCNs) consist of a 
range of pancreatic tumors that have different 
morphological, histological, and clinical charac-
teristics. The number of patients with PCNs has 
increased over the years as a result of improved 
imaging. PCNs range from benign lesions with a 
very low potential for malignancy to those with 
aggressive behavior. The management of PCNs 
may be challenging since surgery or long-term 
follow-up is needed in most of the patients. An 
advanced age may further complicate the surgical 
treatment in some of these patients with high 
morbidity and mortality risk. Therefore, safe and 
effective minimally invasive interventions as 
alternative options to surgical resection are 
warranted. 

 EUS guided pancreatic cyst ablation is based 
on the principle that injection of a cytotoxic agent 
into a pancreatic cystic lesion will result in abla-
tion of the cyst epithelium [ 1 ]. The close contact 
between the injected agent and the epithelium 
may result in both immediate and delayed tissue 
necroses. The cytotoxic agent remains within the 
cyst cavity without extravasation into the paren-
chyma. Ethanol has been used most commonly in 

clinical studies as a primary ablation agent for the 
lining epithelium of the cyst and to reduce the 
infl ux of fl uid [ 2 ].  

13.2     Technique of the Procedure 

 EUS-guided ethanol lavage of pancreatic cystic 
lesions is based on endoscopic techniques of 
FNA of the pancreas [ 3 ]. After prophylactic anti-
biotics are administered, a linear echoendoscope 
positioned in the duodenum, gastric body, or fun-
dus provides access to pancreatic head, body, or 
tail, respectively, and guides the use of FNA. The 
injection of ablative agents into a cystic lesion 
requires the complete or partial evacuation of the 
fl uid contents of the cyst. Although it may be dif-
fi cult to aspirate the highly viscous fl uid of muci-
nous cysts, it is necessary to provide room for the 
injected ablative agent. The collection of cyst 
fl uid also provides diagnostic material for cytol-
ogy and biochemical analysis. This principle of 
cyst injection therapy, coupled with a dead space 
of approximately 0.8 mL in the aspiration needle, 
limits target cysts to more than 10 mm in diame-
ter. Once the needle is in place within the lumen 
of the cyst, the ablative agent is injected under 
real-time monitoring. Clouds of aerated liquid 
are readily observed with EUS, and the distribu-
tion can be easily determined during the proce-
dure (Figs.  13.1  and  13.2 ). In many cases, ablative 
therapy is provided with a lavage of the liquid, 
such as ethanol, in and out of the cyst over several 
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minutes. The injected ethanol is evacuated at the 
end of the lavage. A second ablative agent such 
as paclitaxel may be injected and left in the cyst 
cavity. The total injection volume should not 
exceed the volume of aspirated fl uid. Unilocular 
cysts with a diameter of 1–2 cm are easily treated 
in one or two sessions. Larger and more complex 
lesions may require multiple lavage sessions [ 4 ] 
(DiMaio). The end point of ethanol lavage is 
elimination of the cyst as evidenced by cross- 
sectional imaging.

13.3         Outcomes of the Clinical 
Studies 

 EUS-guided ethanol injection into pancreatic 
cystic lesions was originally described using a 
variety of low concentrations of ethanol [ 3 ]. In 
the initial studies, the safety of cyst injection 
therapy was established fi rst using saline solu-
tion, followed by highly diluted ethanol. There 
was no evidence of clinical pancreatitis with 
injection of ethanol using concentrations up to 
80 %. Eight of 23 patients (35 %) with follow-up 
had complete resolution in 12 months. All sep-
tated cysts persisted despite ethanol ablation 
therapy. There was no signifi cant difference in 
cyst resolution according to the ethanol 
 concentration. Small numbers of lavaged cystic 
lesions were resected, and there was evidence of 

 epithelial ablation with pancreatitis [ 3 ]. In a 
 randomized, prospective, multicenter trial, etha-
nol lavage was found to provide greater rates of 
complete ablation as compared with saline lavage 
[ 5 ]. The overall CT-defi ned rate of complete pan-
creatic cyst ablation was 33.3 %, in 12 of 36 cysts 
lavaged with ethanol. The histology of four 
resected cysts demonstrated epithelial ablation 
ranging from 0 % (saline solution alone) to 
50–100 % (one or two ethanol lavages). Although 
one patient developed transient pancreatitis, 
approximately 20 % of patients from both groups 
(ethanol and saline) experienced some abdominal 
pain the day after lavage. Twelve patients with 
pancreatic cysts that had previously resolved 
after ethanol lavage were followed up to deter-
mine long-term results. The median follow-up 
was 26 months (range 13–39) after initial resolu-
tion, and no evidence of cyst recurrence was 
shown in any patient [ 6 ]. Paclitaxel is a chemo-
therapeutic agent inhibiting cell processes which 
are dependent on microtubules. It can exert a 
durable effect on the epithelium within the cyst 
cavity with a low risk of leakage since it is hydro-
phobic and viscous in nature. Ethanol lavage has 
been coupled with paclitaxel injection in a large 
series with a variety of pancreatic cystic lesions 
[ 7 ]. It was hypothesized that the epithelial distor-
tion by ethanol could allow the diffusion of pacli-
taxel in the injured epithelium. The combination 
of ethanol and paclitaxel injection resulted in 

  Fig. 13.1    EUS of a cystic neoplasm of the pancreas 
before injection therapy       

  Fig. 13.2    EUS of a cystic neoplasm of the pancreas after 
injection of taxol       
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elimination of the cysts, as determined by CT 
scanning, in 29/47 (62 %) of patients, in a median 
follow-up period of 21.7 months. On univariate 
analysis, EUS diameter and original cyst volume 
predicted resolution. However, the high viscosity 
of paclitaxel made injection into the cyst diffi -
cult. In contrast, ethanol is easily injected and 
aspirated from the cyst and at times reduces the 
cyst fl uid viscosity, thus aiding in cyst evacua-
tion. The combination of ethanol and paclitaxel is 
also capable of ablating septated cystic lesions, a 
much more diffi cult target for EUS injection ther-
apy [ 8 ]. Complete resolution was achieved in six 
of ten patients with septated cysts after ethanol 
lavage and paclitaxel injection. Presumably, the 
surface area of a septated cyst is quite large, and 
it is diffi cult to be certain that the cytotoxic injec-
tant comes in contact with all of the epithelium. 
The effectiveness of two EUS-guided ethanol 
lavage sessions for suspected branch-duct intra-
ductal papillary mucinous neoplasms was evalu-
ated in 13 patients [ 4 ]. Complete resolution of the 
cystic lesion was not seen by imaging in any 
patient after the fi rst session but occurred in 5 
(38 %) of 13 patients after second EUS 
treatments. 

 Results of EUS-guided cyst injection trials are 
summarized in Table 47–2. These preliminary 
studies showed the feasibility and safety of EUS- 
guided alcohol and paclitaxel injection into 
PCNs. It inhibits or slows the growth of the cyst, 
and complete ablation is possible in some cases. 
The results of median follow-up up to 2 years are 
encouraging, but the longer term effect of ethanol 
and paclitaxel injection is not clear. Most of the 
studies did not include a control group. Cyst type 
or the diagnosis could not be identifi ed in some 
cases based only on imaging fi ndings. The tech-
nical detail of the procedure, proposed indica-
tions, and most suitable cyst types are not 

standardized yet. Therefore, until some of these 
issues are resolved, the indication should be lim-
ited to selected patients such as those at high risk 
for surgery, and it should be used with caution in 
routine practice. International consensus guide-
lines for the management of mucinous cysts of 
the pancreas don’t recommend EUS-guided cyst 
ablation of mucinous cysts outside of a closely 
monitored research protocol [ 9 ].     
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14.1           Introduction 

 With the widespread use of high-resolution cross- 
sectional imaging, (asymptomatic) cystic tumors 
of the pancreas are being detected with increas-
ing frequency [ 1 – 4 ]. While most pancreatic cysts 
are benign, some have malignant potential or 
even harbor invasive cancer. Differentiating these 
cysts is crucial to provide optimal patient care, 
but presents clinicians with a challenge. In indi-
viduals at increased risk to develop pancreatic 
cancer, cyst management poses an even greater 
challenge, as already little is known about the 
natural behavior of cystic lesions in general, but 
even less in high-risk individuals.  

14.2     Pathophysiology 
of Pancreatic Lesions 

 In the past years, signifi cant progress has been 
made in our understanding of the (molecular) 
biology of pancreatic tumor growth. We have 
learned that infi ltrating pancreatic cancer results 
from the accumulation of inherited and acquired 
mutations and arises from histologically well- 
defi ned precursor lesions: pancreatic intraepithe-
lial neoplasia (PanIN), intraductal papillary 
mucinous neoplasms (IPMNs), and mucinous 
cystic neoplasms (MCNs) [ 5 – 7 ]. Two of these 
appear as cystic lesions on imaging: IPMNs and 
MCNs. 

 IPMNs are epithelial neoplasms that arise 
from the main pancreatic duct or its side branches 
and produce mucin. They are divided into three 
subtypes: those that involve the main duct (main- 
branch IPMNs), those involving side ducts (side- 
branch IPMNs), and those involving both 
(mixed- or combined-type IPMNs). IPMNs are 
also classifi ed into low-, intermediate-, and high- 
grade dysplasia, based on the degree of atypia. 
Some IPMNs are multifocal and, importantly, up 
to one-third of IPMNs have an invasive compo-
nent [ 8 ,  9 ]. The molecular alterations in IPMNs 
are heterogeneous and include loss of  SMAD4 , 
loss of  STK11  gene expression, activating muta-
tions in the  PIK3CA  gene, and  KRAS  gene muta-
tions [ 10 – 12 ]. 

 Mucinous cystic neoplasms (MCNs) are also 
mucin-producing cystic lesions, but, in contrast 
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to IPMNs, they do not involve the ductal system 
and have a distinctive ovarian-type stroma on 
pathological examination. MCNs are also classi-
fi ed according to degree of dysplasia, and up to 
one-third shows an invasive component [ 13 ]. At 
DNA level, activating mutations in the  KRAS2  
gene occurs early, and inactivation of  TP53  and 
 MADH4  occurs in invasive MCNs [ 14 ,  15 ]. 
Unraveling the molecular pathology of MCNs, 
however, poses a challenge, partly due to their 
rare nature. 

 The further differential diagnosis of pancre-
atic cysts includes pseudocysts, serous cystic 
neoplasms (SCNs), solid pseudopapillary neo-
plasms (SPNs), and even cystic degenerated 
neuroendocrine tumors or pancreatic adenocarci-
nomas. Pseudocysts require a history of pancre-
atitis or abdominal trauma and are therefore 
generally well distinguishable. SCNs are mixed 
solid/cystic tumors, composed of numerous small 
cysts that are conjoined in a honeycomb- like 
formation. They contain serous fl uid and may 
have a central scar with calcifi cations. SCNs do 
not communicate with the pancreatic ductal sys-
tem and typically occur in young females. Their 
potential for malignancy is extremely low, so 
that surveillance is generally not recommended. 
Although rare, neuroendocrine tumors and pan-
creatic adenocarcinoma can undergo cystic 
degeneration and thus present as cystic lesions 
as well. 

 Recent observations on the natural course of 
precursor lesions of the pancreas suggest a sig-
nifi cant time period for progression. Patients with 
noninvasive IPMNs and MCNs are 5–10 years 
younger than patients with an invasive lesion 
[ 16 ,  17 ]. A precursor of a neoplastic clone takes 
approximately 12 years to evolve into a malig-
nant clone, with an additional 7 years to develop 
metastatic subclones [ 18 ]. This, at least in theory, 
provides a signifi cant window of opportunity for 
the early recognition of dysplastic lesions and the 
timely resection of advanced lesions, before they 
can transform into malignancy. The clinical chal-
lenge is to develop diagnostic strategies, i.e., 
imaging modalities and/or biomolecular tests that 
can reliably identify and differentiate these 
lesions.  

14.3     Individuals at High Risk 
of Developing Pancreatic 
Cancer 

 Well-known risk factors for pancreatic cancer are 
older age and cigarette smoking. Smoking dou-
bles the risk, and as many as one in four cases of 
pancreatic cancer might be attributable to smok-
ing [ 19 ,  20 ]. Heavy alcohol consumption (i.e., 
three or more drinks per day) also increases the 
risk of pancreatic cancer by approximately 20 % 
[ 21 ]. Furthermore, an increased risk was demon-
strated for long-standing type 1 and type 2 diabe-
tes [ 22 – 24 ], as well as for obesity [ 25 ]. 

 A family history of pancreatic cancer is a 
strong risk factor for developing pancreatic can-
cer. For decades, case reports have been suggest-
ing that pancreatic cancer aggregates in families, 
and multiple studies have shown inheritance in 
an autosomal dominant pattern [ 26 – 30 ]. Although 
most cases of pancreatic cancer are likely to be 
sporadic, it is estimated that in 5–10 % of cases, 
genetic factors are involved [ 31 ,  32 ]. Several 
genes have been discovered that are responsible 
for the familial clustering of pancreatic cancer, 
which can also cause signifi cant morbidity in 
other organs. At present, in less than 20 % of the 
familial pancreatic cancers, a known genetic syn-
drome is identifi ed [ 31 ,  32 ]. With new whole 
genome sequencing technologies, discovery of 
additional familial pancreatic cancer genes in the 
near future is likely. 

 Thus far, two groups of individuals with a 
hereditary risk of pancreatic cancer have been 
identifi ed. First, individuals with a well-defi ned 
cancer susceptibility syndrome, of which the 
gene mutations, are listed in Table  14.1 . Germline 
mutations in the  BRCA1  or  BRCA2  gene increase 
the risk of pancreatic cancer, independently from 
the risk for breast and ovarian cancer, the pre-
dominant cancer types in the hereditary breast 
and ovarian cancer (HBOC) susceptibility syn-
drome. The risk of pancreatic cancer in patients 
with a  BRCA2  mutation is three- to tenfold 
increased, as compared to the general population 
[ 33 ,  34 ]. Male  BRCA2  mutation carriers are at 
higher risk for pancreatic cancer than females, 
and the relative risk for pancreatic cancer 
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increases with age [ 34 ]. It is important to realize 
that the absence of breast cancer in a family with 
aggregation of pancreatic cancer does not 
exclude a  BRCA2  mutation, since pancreatic 
cancer can run in  BRCA2  mutation-carrying 
families, without associated breast cancer [ 35 ,  36 ]. 
 BRCA1  mutation carriers have a slightly lower 
risk of pancreatic cancer than  BRCA2  mutation 
carriers (relative risk 2–4 [ 37 ]). More recently, 
 PALB2  gene mutations, a gene that codes for a 
protein that binds to the BRCA2 protein, have 
also been proven to increase the risk for pan-
creatic cancer, albeit still unclear to what 
extent [ 38 – 40 ].

   Patients with familial cutaneous malignant 
melanoma (familial CMM, formerly known as 
familial atypical multiple mole melanoma 
(FAMMM)), which is caused by mutations in the 
 p16 / CDKN2A  gene, are at an 8- to 45-fold 
increased risk of developing pancreatic cancer 
[ 41 ,  42 ], which is independent from their 
increased risk of developing melanomas. Patients 
with hereditary chronic pancreatitis are also at 
high risk to develop pancreatic cancer (60- to 
90-fold increased risk [ 43 ]). Hereditary pancre-
atitis is caused by germline mutations in the 
 PRSS1  and  SPINK1  genes and is characterized 
by recurrent episodes of acute or chronic pancre-
atitis, starting at a young age. 

 At highest risk for developing pancreatic can-
cer, with a 75–135-fold increase, are individuals 
with the Peutz-Jeghers syndrome [ 44 ,  45 ]. This 
cancer susceptibility syndrome is caused by 

mutations in the  STK11  or  LKB1  genes that also 
increase the risk for gastrointestinal, lung, ovar-
ian, and breast cancer. Patients with familial ade-
nomatous polyposis (FAP) and Li-Fraumeni 
syndrome also have a slightly increased risk of 
developing pancreatic cancer (4.5- and 7.5-fold, 
respectively [ 46 ,  47 ]). The risk is comparable to 
that of patients with Lynch syndrome, caused by 
mutations in one of the DNA mismatch repair 
genes, including  MLH1 ,  MSH2 , and  MSH6 , and 
who are at a ninefold increased risk for develop-
ing pancreatic cancer [ 48 ]. 

 The second and largest hereditary high-risk 
group consists of individuals with a strong family 
history of pancreatic cancer, but in whom no 
mutation was found in any of the known cancer 
susceptibility genes. This condition is referred to 
as familial pancreatic cancer (FPC). Depending 
on the number of affected relatives, the risk 
increases dramatically: individuals with one fi rst- 
degree relative with pancreatic cancer have a 
4.5–7-fold increased risk, those with two a four- 
to sixfold increased risk, and those with three or 
more an up to 32-fold increased risk, as com-
pared to the general population [ 49 ,  50 ]. When at 
least one family member was diagnosed below 
the age of 50, the relative risk increases even fur-
ther (hazard ratio of 1.6 per year of decreased age 
of the family member) [ 50 ]. 

 For FPC families, it is important to realize that 
at least half of the members are not affected, 
assuming a dominant inheritance pattern. 
Unfortunately, because the causative mutation is 

   Table 14.1    Cancer susceptibility syndromes or inherited disease with a known elevated risk of developing pancreatic 
cancer   

 Syndrome  Gene(s)  Risk of pancreatic cancer 

 Hereditary breast and ovarian cancer (HBOC)  BRCA1 
 BRCA2 
 PALB2 

 RR 2–4 
 RR 3–10 
 RR unknown 

 Familial cutaneous malignant melanoma (familial 
CMM) 

 CDKN2A (p16)  RR 8–45 

 Chronic (hereditary) pancreatitis  PRSS1/SPINK1  RR 60–90 

 Peutz-Jeghers syndrome  STK11/LKB1  RR 75–135 

 Familial adenomatous polyposis (FAP)  APC  RR 4.5 

 Li-Fraumeni syndrome  p53  RR 7.5 

 Hereditary nonpolyposis colorectal cancer (Lynch 
syndrome) 

 MLH1/MSH2/MSH6  RR 9 

   RR  relative risk  
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unknown, it is not possible to test carrier ship and 
hence increased risk of developing pancreatic 
cancer. Furthermore, in FPC families, the phe-
nomenon of genetic anticipation has been 
observed; compared to sporadic cases, pancreatic 
cancer seems to occur at an earlier age (mean 72 
versus 62, respectively) and within affected fami-
lies; subsequent generations seem to die at an 
earlier age, compared to the preceding genera-
tions [ 51 ].  

14.4     Prevalence of Cystic Tumors 
of the Pancreas 

 In the general population, cystic tumors of the 
pancreas are being detected with increasing fre-
quency, due to the widespread use of high- 
resolution imaging modalities [ 1 – 4 ]. The 
prevalence of asymptomatic cysts is estimated to 
be approximately 2.5 %, based on two large stud-
ies [ 52 ,  53 ]. This prevalence increases with age; 
below 50, only 1.3 % of individuals had pancre-
atic cysts, whereas in the category 70–79, cysts 
were found in 10.6 % [ 53 ]. Interestingly, in indi-
viduals at increased risk for pancreatic cancer, 
the prevalence of cystic tumors is also high, up to 
39 % [ 54 – 64 ].  

14.5     Surveillance in High-Risk 
Individuals 

 Because of the poor prognosis of pancreatic can-
cer, there is great interest in preventive strategies, 
especially in high-risk individuals. To detect and 
treat advanced precursor lesions or early-stage 
cancer may improve the prospects and life expec-
tancy. Therefore, numerous studies on the feasi-
bility of pancreatic cancer surveillance programs 
are being performed worldwide. 

 The International Cancer of the Pancreas 
Screening (CAPS) Consortium provided recom-
mendations concerning surveillance for pancre-
atic cancer in high-risk individuals [ 65 ]. Only 
individuals with a tenfold increased risk for 
developing pancreatic cancer (see Table  14.2 ) 
and fi t for surgery are recommended to partici-

pate in surveillance programs for pancreatic can-
cer. As there is no recommendation given on the 
starting or fi nishing age of surveillance, the 
screening principles for colorectal cancer are 
mostly used. These advise to initiate surveillance 
at the age of 50 or at an age 10 years younger 
than the youngest affected family member, 
whichever age occurs fi rst, and to end surveil-
lance at age 75. Specifi c targets for surveillance 
of the pancreas are the detection and treatment of 
early and premalignant stages: early invasive 
pancreatic cancer (T1N0M0), multifocal PanIN3, 
and IPMN with high-grade dysplasia. For both 
screening and surveillance, both endoscopic 
ultrasonography (EUS) and MRI/MRCP are rec-
ommended, since both techniques are widely 
available, have low morbidity rates, and, in par-
ticular, are good at detecting early-stage pancre-
atic cancer and its (cystic) precursor lesions. In 
the absence of abnormalities, a 12-month interval 
is suggested, but not agreed upon. Individuals 
with a non-suspicious cyst are recommended to 
undergo repeated surveillance after 6–12 months; 
individuals with a newly detected indeterminate 
solid lesion or main pancreatic duct stricture are 
recommended for follow-up after 3 months.

   Over the past decade, multiple centers have 
initiated surveillance programs for pancreatic 
cancer, to evaluate the diagnostic yield and ulti-
mately improve survival. Results of these studies 
are summarized in Table  14.3 . In the 15 studies 
listed in Table  14.3 , a total of 1085 high-risk indi-
viduals underwent annual surveillance of the pan-
creas. All studies combined, 94 relevant 

   Table 14.2    Candidates for pancreatic cancer surveil-
lance due to a >10-fold increased risk of developing pan-
creatic cancer   

 Individuals with ≥2 relatives affected with pancreatic 
cancer, of which at least one in the fi rst degree 

 Individuals with ≥2 fi rst-degree relatives affected with 
pancreatic cancer 

 Individuals with Peutz-Jeghers syndrome 

 BRCA2 mutation carriers with at least one fi rst-degree 
relative affected with pancreatic cancer or ≥2 affected 
family members with pancreatic cancer 

 PALB2 or CDKN2A mutation carriers and individuals 
with Lynch syndrome with at least one fi rst-degree 
relative affected with pancreatic cancer 
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high- grade dysplastic lesions were diagnosed, an 
overall diagnostic yield of 9 %. Seventy-one of 
these individuals underwent resection.

   Histopathology of the resected pancreatic 
specimens revealed pancreatic cancer in 15 of the 
71 specimens (21 %), of which nine had been 
detected at the fi rst screening visit and six during 
follow-up (of which one patient missed the 1-year 
surveillance visit). Only one of the cancers had 
risen from an IPMN. IPMNs were found in 25 of 
71 specimens (35 %), of which nine were detected 
at the fi rst screening visit and four during follow-
 up (three of these had been present at baseline, 
but showed growth after 1 year). Two IPMNs 
showed high-grade dysplasia, six moderate-grade 
dysplasia, and eight low-grade dysplasia. Serous 

cystadenomas were identifi ed in 3 of the 71 spec-
imens (4 %), and a neuroendocrine tumor was 
discovered in one (1 %). Six of the 1085 individu-
als (0.6 %) already had metastatic disease at diag-
nosis (two were detected at baseline, two after 1 
year, and one after 4 years of surveillance).  

14.6     Management of Cystic 
Tumors in High-Risk 
Individuals 

 At present, there is no evidence to suggest that 
the natural behavior of pancreatic cystic neo-
plasms in individuals with a hereditary pancre-
atic cancer risk differs from the general 

    Table 14.3    Overview of results of pancreatic cancer surveillance programs for high-risk individuals   

 Study   N   High-risk individuals  Imaging modalities  Diagnostic yield a ,  N  (%) 

 Brentnall (1999) [ 66 ]  14  FPC  EUS + CT + ERCP  7 (50) 

 Rulyak (2001) b  [ 67 ]  35  FPC  EUS; ERCP d   12 (34) 

 Kimmey (2002) b  [ 68 ]  46  FPC  EUS; ERCP d   12 (26) 

 Canto (2004) [ 54 ]  38  FPC, PJS  EUS; CT d , EUS- 
FNA d , ERCP d  

 2 (5) 

 Canto (2006) [ 55 ]  78  FPC, PJS  EUS + CT; EUS- 
FNA d , ERCP d  

 8 (10) 

 Kluijt (2009) [ 56 ]  3  CDKN2A  EUS + MRI; CT d   2 (67) 

 Poley (2009) [ 57 ] c   44  FPC, PJS, CDKN2A, HP, 
BRCA, p53 

 EUS; CT d , MRI d   10 (23) 

 Langer (2009) [ 69 ]  76  FPC, CDKN2A, BRCA  EUS + MRI; 
EUS-FNA d  

 1 (1) 

 Verna (2010) [ 58 ]  51  FPC, PJS, CDKN2A, HP, 
BRCA, Lynch 

 EUS and/or MRI; 
EUS-FNA d , ERCP d  

 6 (12) 

 Ludwig (2011) [ 59 ]  109  FPC, BRCA  MRI; EUS d , 
EUS-FNA d  

 9 (8) 

 Vasen (2011) [ 60 ]  79  CDKN2A  MRI  16 (20) 

 Scheider (2011) e  [ 61 ]  72  FPC, BRCA, PALB2  EUS + MRI  9 (13) 

 Al-Sukhni (2012) [ 62 ]  262  FPC, PJS, CDKN2A, HP, 
BRCA 

 MRI; CT d , EUS d , 
ERCP d  

 19 (7) 

 Canto (2012) [ 63 ]  216  FPC, PJS, BRCA  EUS + CT + MRI; 
EUS-FNA d  

 5–92 (2–43) 

 Potjer (2012) f  [ 64 ]  241  FPC, CDKN2A  MRI; EUS d   15 (6) 

   FPC  familial pancreatic cancer,  PJS  Peutz-Jeghers syndrome,  HP  hereditary pancreatitis,  EUS  endoscopic ultrasonog-
raphy,  CT  computed tomography,  MRI  magnetic resonance imaging,  ERCP  endoscopic retrograde cholangiopancrea-
tography,  EUS - FNA  endoscopic ultrasonography-guided fi ne needle aspiration 
  a Yield is defi ned as the detection of (pre)malignant lesions (early invasive cancer T1N0M0, PanIN ≥2, or IPMN) 
  b Continuation of Brentnall (1999) 
  c Continuation of Kluijt (2009) 
  d Test performed only as an additional test for detected abnormalities 
  e Continuation of Langer (2009) 
  f Continuation and combination of both data from Langer (2009) and Vasen (2011)  
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population. Therefore, the revised Sendai criteria 
for cyst management (see Table  14.4 , [ 70 ]) can 
be applied in this group, but with some modifi ca-
tion: the Sendai criteria suggest a longer than 
1-year interval for cysts smaller than 2 cm, but in 
patients with a hereditary risk, annual follow-up 
is always recommended, according to the CAPS 
guideline [ 65 ].

   In the general population, EUS-guided fi ne 
needle aspiration (EUS-FNA) is widely used. 
Although cyst fl uid cytology has a high specifi c-
ity for malignancy (almost 100 %), the sensitivity 
is low [ 71 ]. Cytology, combined with tumor- 
marker analysis (amylase, CEA, and CA 19–9), 
can be helpful in differentiating mucinous from 
non-mucinous pancreatic cysts [ 1 ], but is still 
non-accurate in predicting malignancy. In high- 
risk individuals, the role of EUS-FNA is limited, 
as the pretest likelihood of malignancy is so high 
that clinical decision-making is less dependent 
on cyst fl uid analysis. A lesion with morphologi-
cal features suspicious for malignancy will be 

resected, regardless of normal FNA results. 
Clearly, EUS-FNA should be reserved for those 
individuals in whom the results will have a direct 
impact on the decision to operate. 

 Every pancreatic cyst, suspect of advanced 
dysplasia or malignancy, should be resected. 
Limited resections or focal nonanatomic resec-
tions (excision, enucleation) may be considered 
for MCN or side-duct IPMN without suspicion of 
malignancy. Resection should aim to achieve 
complete removal of the tumor, with negative 
margins. Intraoperative frozen sections can help 
to achieve negative margins. In case of low-grade 
or moderate-grade dysplasia on the resection 
margin, further resection is controversial. 
However, when positive margins for high-grade 
dysplasia are present, reoperation and additional 
resection should be performed. 

 For multifocal side-branch IPMNs, the same 
surgical approach holds as for unifocal disease: a 
segmental pancreatectomy to remove the IPMNs 
at highest oncological risk and close monitoring 

   Table 14.4    The revised Sendai criteria for cyst management   

 Finding  Management 

 Cystic tumors with any of the following high-risk stigmata of 
malignancy: 
   Obstructive jaundice in a patient with a cystic lesion in the head of 

the pancreas 
   Enhancing solid component within cyst 
   Main pancreatic duct ≥10 mm in size 

 Consider surgery, if clinically appropriate 

 Cystic tumors with any of the following worrisome features: 
   Clinical: pancreatitis 
   Imaging: cyst ≥3 cm; thickened/enhanced cyst walls; main duct 

size 5–9 mm; non-enhancing mural nodule; abrupt change in 
caliber of pancreatic duct with distal pancreatic atrophy 

 AND any of the following features on endoscopic ultrasound: 
   Defi nite mural nodule 
   Main duct features suspicious for involvement (the presence of any 

one of thickened walls, intraductal mucin, or mural nodules) 
   Cytology: suspicious or positive for malignancy 

 Consider surgery, if clinically appropriate 

 Cystic tumors ≥3 cm and/or inconclusive EUS results on mural 
nodules, main duct features, or cytology 

 Close surveillance, alternating MRI and 
EUS every 3–6 months (or strongly 
consider surgery in young, fi t patients) 

 Cystic tumors 2–3 cm  EUS in 3–6 months and then lengthen 
interval, alternating MRI with EUS (or 
consider surgery in young, fi t patients) 

 Cystic tumors 1–2 cm  MRI annually during 2 years and then 
lengthen interval if no change 

 Cystic tumors <1 cm  MRI in 2–3 years 

   MRI  magnetic resonance imaging,  EUS  endoscopic ultrasonography  
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of the remaining lesions. According to the revised 
Sendai criteria, however, in patients with a strong 
family history of pancreatic cancer, one should 
consider a total pancreatectomy, because of the 
increased prevalence of high-grade dysplasia 
elsewhere in the pancreas [ 72 ]. 

 It is important to realize that, after partial pan-
createctomy, the pancreatic remnant is still prone 
to develop dysplastic lesions. Therefore, contin-
ued surveillance should be performed in these 
patients at least annually, regardless of patho-
logic fi ndings in the surgical specimen, as is con-
tinued surveillance after IPMN resection.  

14.7     Challenges 
in the Management of Cystic 
Tumors of the Pancreas 
in High-Risk Individuals 

 The true challenge in pancreatic cancer surveil-
lance is to adequately identify both cystic (IPMN) 
and solid (PanIN) preneoplastic lesions. This 
means to avoid resection of early-stage lesions 
(i.e., low- or medium-grade dysplastic IPMN, 
PanIN1, or PanIN2 lesions) and to timely resect 
advanced lesions, before cancer develops. Based 
on present studies, it is not possible to draw a 
defi nite conclusion about the (potential) merits of 
surveillance to prevent pancreatic cancer death. 
In this regard, it is important to have realistic 
expectations. For instance, it has taken many 
years to prove that colon cancer screening is 
effective. To answer pivotal questions pertaining 
the yield of pancreatic cancer surveillance and 
the management of cysts in a high-risk popula-
tion, large and long-term follow-up studies are 
required. Moreover, such studies should not 
merely focus on imaging techniques, but should 
also include the application of biomarkers. 

 In summary, the incidence of cystic tumors of 
the pancreas is high in individuals with a heredi-
tary increased risk for developing pancreatic can-
cer. At least annual screening of these individuals 
by EUS and MRI/MRCP is recommended, 
regardless of the presence of cysts. The manage-
ment of cysts in these individuals presents a chal-
lenge, as little is known about their natural 

behavior. Large and long-term follow-up studies 
are required to answer pivotal questions pertain-
ing the yield of surveillance and the management 
of detected cysts.     
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      Intraductal papillary mucinous neoplasm 
(IPMN) is a mucin-producing cystic lesion of 
the main pancreatic ducts and its branches. 
IPMNs were fi rst uniquely described in the lit-
erature by Ohashi in 1982, who wrote of 
patients with pancreatic intraductal neoplasms 
with cystically dilated ducts containing large 
amounts of mucin [ 1 ]. However, it was not 
until 1996 that the World Health Organization 
(WHO) created separate diagnostic criteria to 
distinguish IPMNs from other cystic lesions of 
the pancreas [ 2 ]. Since that time, increasing 
focus has been shed on these lesions as precur-
sors to pancreatic adenocarcinomas and, there-
fore, as a focus for early detection. Recent 
studies have shown that the risk of recurrence 
of IPMNs, even benign, is not insignifi cant. 
While criteria have been established for the 
surveillance and resection of IPMNs, very lit-
tle is known about how to best follow patients 
who have undergone resection of an 
IPMN. Therefore, a thorough knowledge of the 
risk of malignancy and recurrence for IPMNs 
is needed for clinicians to properly follow 
these patients after surgical resection. 

15.1     Histological Characteristics 
of IPMN 

 IPMNs are pancreatic neoplasms characterized 
by intraductal papillary proliferation of mucin- 
producing cells and cystic dilatation with the 
potential to develop into a pancreatic adenocarci-
noma. The fi rst distinct report of an IPMN was in 
1982, leading to an increased clinical awareness 
of these cystic lesions. In the following years, 
numerous reports were published on mucin- 
producing pancreatic neoplasms under a variety 
of names, each often focusing on a different his-
topathological aspect of the tumor [ 3 – 7 ]. In 1989, 
the term “intraductal papillary neoplasm” was 
fi rst coined and was later used to defi ne one dis-
ease unifying all of the specifi c histopathological 
and clinical aspects each previously and individ-
ually reported [ 7 ,  8 ]. In 1996, IPMN was defi ned 
as a distinct disease with specifi c diagnostic cri-
teria by the World Health Organization, although 
these guidelines further categorized IPMNs into 
three groups based on the presence of benign dis-
ease, moderate dysplasia, or carcinoma [ 2 ]. 
IPMNs were further categorized in 2000 by the 
WHO, and the fi rst set of consensus guidelines 
on IPMN diagnosis and treatment were published 
in 2006 [ 9 ]. 

 Research on IPMNs has further defi ned three 
separate subgroups based on location by imaging 
studies and/or histology: main duct, branch duct, 
and mixed duct [ 9 ,  10 ]. Main-duct IPMNs have 
diffuse or segmental dilatation of the main 
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 pancreatic duct to greater than 10 mm without 
another cause of obstruction. Branch-duct IPMNs 
are cysts greater than 5 mm in diameter that are 
limited to the smaller branches off of but com-
municate with the main pancreatic duct. A 
mixed-type IPMN meets the criteria for both 
main and branch-duct IPMNs, although it is felt 
to behave more like a main-duct IPMN. The rela-
tive frequency and risk of invasive carcinoma 
vary for each, although all three types have 
malignant potential [ 10 ]. 

 Furthermore, IPMNs can be classifi ed into 
fi ve subtypes based upon mucin expression and 
morphology: gastric, intestinal, pancreatobiliary, 
oncocytic, and tubular or tubulopapillary [ 1 ]. The 
most common type of IPMN is the gastric sub-
type, which is usually found in the periphery of 
the pancreas and thus is usually found in branch- 
duct IPMNs [ 11 ]. Of main-duct IPMNs, the most 
common type is intestinal which tends to occur in 
the head of the pancreas with cells that resemble 
villous adenomas of the colon [ 11 ,  12 ]. The pan-
creatobiliary type also typically involves the 
main duct, but can be differentiated from intesti-
nal type IPMNs due to its lower expression of 
mucin and its resemblance of pancreatic and bili-
ary cells. In addition, while all subtypes can lead 
to invasive cancer, the pancreatobiliary type is the 
most likely to form classic ductal adenocarcino-
mas [ 12 ]. Both the oncocytic and tubular sub-
types are rare. The oncocytic-type IPMNs contain 
cells with abundant eosinophilic cytoplasm due 
to the accumulation of mitochondria, but pro-
duces very little mucin. The tubular or tubulopap-
illary type is the most controversial in that it has 
more solid growth without visible mucin, result-
ing in little mucin production [ 12 ]. However, it is 
often included in the classifi cation as it is an 
intraductal lesion [ 11 ]. While all types have the 
potential to form invasive carcinoma, the indi-
vidual risk varies based on the subtype present 
[ 11 ]. 

 Evaluation of an IPMN’s pathology after 
resection can further distinguish IPMNs based on 
the presence and grade of dysplasia [ 12 ]. IPMNs 
with low-grade dysplasia contain uniform cells 
with abundant mucin and little to no nuclear 
atypia. Intermediate-grade dysplasia involves 

cells with some nuclear atypia such as nuclear 
enlargement or increased nuclear-to-cytoplasmic 
ratio. IPMNs with high-grade dysplasia are com-
posed of atypical cells with nuclear pleomor-
phism and complex architecture [ 12 ]. These are 
often described as “carcinoma in situ,” a term 
which has been discouraged in recent years [ 10 ]. 
Because a lesion can have more than one grade of 
dysplasia, IPMNs are graded based on the high-
est type of dysplasia present [ 12 ].  

15.2     Clinical Presentation 
and Diagnosis of IPMN 

 The clinical presentation of an IPMN varies for 
each individual patient. The usual age of presen-
tation is generally between 60 and 70 years of 
age with a slightly higher predominance in males 
[ 13 – 15 ]. On average, patients with an associated 
invasive carcinoma tend to present several years 
older than those with a benign IPMN [ 13 ,  14 ]. 
The most common symptoms at the time of pre-
sentation are often abdominal pain, weight loss, 
and jaundice, although a substantial group of 
patients are often asymptomatic at the time of 
diagnosis [ 13 ,  16 ]. In addition, some patients will 
fi rst present with pancreatitis, often related to 
obstruction of the duct by the neoplasm [ 15 ,  16 ]. 
Generally, main-duct IPMNs are more likely to 
present with symptoms, while branch-duct 
IPMNs are asymptomatic and are found 
incidentally. 

 Improvements in imaging over the last decade 
have increased the number of incidentally dis-
covered pancreatic cysts in asymptomatic 
patients. A review of 2,832 asymptomatic 
patients undergoing multidetector computed 
tomography (CT) discovered previously undiag-
nosed pancreatic cysts in 2.6 %, believed to likely 
be IPMNs [ 17 ]. A review of 118 patients who 
underwent resection of an incidental periampul-
lary or pancreatic mass found 30 % of operations 
were for IPMN without an invasive cancer [ 18 ]. 
A similar study of incidentally discovered pan-
creatic cysts in asymptomatic patients discovered 
IPMN in 21 patients (27 %), although nine of 
these were associated with invasive cancer [ 19 ]. 
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With imaging increasing the number of inciden-
tally discovered IPMNs, focus shifts to best man-
aging these premalignant lesions in otherwise 
asymptomatic patients.  

15.3     Risk of Malignancy 
with IPMN 

 The primary concern with IPMNs is the presence 
of an associated invasive cancer, found to be the 
most important factor in determining overall 
prognosis [ 20 ]. The frequency of malignancy 
found in an IPMN varies according to the specifi c 
morphologic type. In addition, differences in 
observed rates are seen due to variations in the 
defi nition and diagnostic criteria for “malig-
nancy” by the different studies. Some defi ne 
“malignancy” only as the presence of invasive 
carcinoma, while others will include “carcinoma 
in situ,” high-grade dysplasia, or simply aggres-
sive clinical behavior of the lesion in this cate-
gory [ 10 ]. While this leads to a large variability 
in the frequency of malignancy reported by vari-
ous studies, the presence of invasive carcinoma in 
some IPMNs cannot be disregarded. 

 Current guidelines defi ne malignant IPMNs as 
those containing invasive carcinoma [ 10 ]. Main- 
duct IPMNs have been consistently shown to 
have the highest frequency of malignancy in 
IPMNs. Malignancy in these lesions ranges any-
where from 36 to 100 % based on classifi cation in 
published reports, with an average frequency of 
>62.2 % [ 10 ,  21 – 23 ]. Looking only at those 
patients recognized to have invasive carcinoma, 
this range drops from 11 to 81 % [ 22 ,  24 ]. The 
frequency of malignancy in branch-duct IPMN 
ranges from 6.3 to 51 %, with invasive carcinoma 
specifi cally noted in 1–36.7 % [ 21 ,  22 ,  25 ]. The 
malignancy potential of mixed-type IPMN is 
unsurprisingly between the two, ranging from 34 
to 79 % [ 22 ,  26 ]. Accounting only for invasive 
disease, however, this range drops from 19 to 
68 % [ 22 ,  26 ]. Despite the differences in classifi -
cation, these studies demonstrate that IPMNs 
pose a substantial malignant potential. 

 The presence of an invasive carcinoma associ-
ated with the IPMN has been shown to be a sig-

nifi cant predictor of survival. Patients with an 
invasive IPMN have been shown to have similar 
5-year survival compared to patients with pancre-
atic ductal adenocarcinoma (31 % vs. 24 %) and 
lower survival overall compared to noninvasive 
IPMNs [ 13 ]. A fi ve-year survival in one study for 
patients with an invasive IPMN was found to be 
only 36 % compared to 84.5 % in patients with a 
noninvasive IPMN [ 14 ]. Another institution 
reported 5- and 10-year disease-specifi c survival 
of 100 % in patients with noninvasive IPMNs 
compared to 60 % and 50 %, respectively, for 
those with IPMNs associated with invasive carci-
noma [ 27 ]. Studies have shown that the median 
age for presentation in patients with invasive 
IPMNs is several years older than those with non-
invasive IPMNs, indicating a several-year win-
dow between benign disease and the development 
of an invasive component [ 12 – 14 ]. Thus, resec-
tion of an IPMN before the progression to inva-
sive carcinoma is preferable.  

15.4     Resection Criteria for IPMN 

 Resection of IPMNs is usually encouraged based 
on the location and characteristics in conjunction 
with the risk of malignancy. In 2006, an interna-
tional panel published consensus guidelines on 
the management of IPMNs, commonly referred 
to as the “Sendai Consensus Guidelines [ 9 ].” 
These guidelines strongly encouraged the resec-
tion of all main-duct and mixed variant IPMNs in 
all patients given the risk of malignancy, pro-
vided that the patient was a good surgical candi-
date. Given the lower incidence of malignancy in 
branch-duct IPMNs, recommendations mainly 
varied in relation to symptoms. Resection was 
encouraged in symptomatic patients not only to 
relieve their symptoms but also given the higher 
likelihood of malignancy. Asymptomatic patients 
had the potential for management with careful 
observation, provided they were willing to 
undergo close follow-up [ 9 ]. 

 The international consensus guidelines for 
IPMN management were updated in 2012 based 
on an increased understanding of these lesions 
[ 10 ]. These guidelines continued to strongly 

15 How to Follow Patients with Resected Cystic Tumors of the Pancreas



158

 recommend resection in all surgically fi t patients 
with a main-duct or mixed IPMN due to the high 
frequency of malignancy. In addition, surgery 
was recommended in patients whose IPMNs con-
tained any “high-risk stigmata” of malignancy, 
including a main duct at least 10 mm in size, an 
enhancing solid component within a cyst, and a 
cystic lesion in the head of the pancreas causing 
obstructive jaundice. The guidelines were also 
updated to recommend resection in patients with 
a branch-duct IPMN with “worrisome features,” 
such as lymphadenopathy, a cyst greater than 
3 cm, or a main duct size 5–9 mm. However, in 
patients who did not have risk factors predicting 
malignancy or were not good surgical candidates, 
conservative management was still supported 
provided the patient was able to undergo close 
follow-up.  

15.5     Risk of IPMN Recurrence 
after Resection 

 Concern exists regarding the risk of a new IPMN 
recurring in the pancreatic remnant after resec-
tion of a noninvasive IPMN. This risk was not 
well understood until recently, when several 
studies evaluated the recurrence of IPMN in their 
respective populations of resected patients. Chari 
et al. looked at the outcomes of 113 patients with 
resected IPMNs and compared patients based 
upon the presence of an invasive carcinoma and 
type of pancreatic resection [ 14 ]. Of patients who 
underwent a partial pancreatectomy, recurrence 
was noted in 18 of 27 (67 %) patients with an 
invasive IPMN and in 5 of 60 (8 %) patients with 
noninvasive IPMNs. Thirteen patients with an 
IPMN and associated invasive carcinoma under-
went a total pancreatectomy; 8 (62 %) had recur-
rence, primarily due to distant metastases. In 
patients with a noninvasive IPMN, recurrence 
occurred between 23 and 75 months (median, 40 
months), and 5-year survival was shown to be 
84.5 %. This study demonstrated that while inva-
sive IPMNs are associated with high recurrence 
and poor survival, there is a lower rate of recur-
rence for noninvasive IPMNs with high survival 
rates. 

 White et al. retrospectively reviewed 78 
patients who underwent resection for a noninva-
sive IPMN to evaluate local recurrence [ 28 ]. 
Based on radiographic fi ndings, six patients 
(7.7 %) were shown to have a local recurrence; 
four patients had carcinoma in situ, while two 
had borderline IPMN. The median time to recur-
rence was 22 months, although all recurred 
within approximately 5 years. Three patients 
underwent resection of the recurrent IPMN, 
while the other three were not surgical candidates 
due to the extent of their disease. Patients who 
did not undergo resection all died of recurrent 
disease, while all patients who had re-resection 
were alive with no evidence of disease at the last 
follow-up. Of the factors looked at, a positive 
margin was associated with recurrence of the 
IPMN. A fi ve-year recurrence-free survival was 
87 %. Based on these results, the authors suggest 
that indefi nite close surveillance is needed for 
patients who undergo pancreatic resection of a 
noninvasive IPMN based on the risk of 
recurrence. 

 Miller et al. evaluated the risk of recurrence of 
IPMN after resection based on margin status 
[ 29 ]. Of the 191 who underwent partial pancre-
atectomy for a noninvasive IPMN, 38 (20 %) had 
residual disease remaining either at the margin or 
elsewhere in the pancreas based on radiographic 
imaging. The 5-year progression-free survival of 
patients with residual disease was similar to those 
without remaining disease (88 % vs. 83 %). In 
addition, only one of the 38 (3 %) patients with 
residual disease had recurrence of an IPMN with 
invasive carcinoma. Comparatively, 31 of the 153 
patients (20 %) without residual disease after sur-
gery had recurrence of a new IPMN, three of 
which were associated with an invasive cancer. 
The median time to recurrence of a noninvasive 
IPMN was 33 months (range, 7–145 months) 
compared to 60 months (20–99 months) for an 
invasive IPMN. Unlike White et al., the authors 
of this study did not demonstrate an increased 
risk of developing a new IPMN or invasive dis-
ease with disease remaining after a segmental 
pancreatectomy. 

 In a recent study, He et al. retrospectively 
evaluated 130 patients who underwent resection 
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of a noninvasive IPMN [ 30 ]. Of the 130 patients, 
22 (17 %) developed radiographic evidence of a 
new or progressive IPMN. Eleven patients under-
went resection of the new IPMN by completion 
pancreatectomy; three were found to have pan-
creatic ductal adenocarcinoma and three were 
found to have high-grade dysplasia. Two of the 
six patients that did not undergo repeated resec-
tion had metastatic pancreatic cancer at presenta-
tion. The only factor signifi cantly associated with 
recurrence was a family history of pancreatic 
cancer. This study calculated the risk of develop-
ing a new IPMN to be 42 % at 5 years and 62 % at 
10 years, with the estimated chance of develop-
ing pancreatic adenocarcinoma 38 % at 10 years. 
This study also recommended the indefi nite close 
surveillance for patients after resection of a non-
invasive IPMN given the high risk of recurrence 
and risk of cancer development.  

15.6     Surveillance After Resection 

 Based on the studies of IPMN recurrence, long- 
term surveillance is recommended after resection 
of a noninvasive IPMN. While there is a lower 
risk of recurrence and better survival for noninva-
sive IPMNs compared to those with an invasive 
carcinoma, this risk is not negligible. Diffi culty 
remains in the lack of specifi c factors associated 
with an increased risk of recurrence. Even a posi-
tive surgical margin, often a predictor of recur-
rence in malignancies, has confl icting data on its 
impact on recurrence. Furthermore, studies have 
shown a wide range of time to recurrence. Of 
those studies reporting on recurrence, the median 
time to recurrence ranged from 22 to 40 months, 
with individual recurrences seen anywhere 
between 7 months and 145 months [ 27 – 29 ]. This 
makes it diffi cult to identify the best postopera-
tive surveillance regimen or a specifi c time point 
at which postoperative surveillance can be safely 
stopped. 

 Current guidelines are mixed on surveillance 
after pancreatic resection for IPMN. For patients 
without remnant disease after resection and nega-
tive surgical margins, the international consensus 
guidelines suggest to repeat imaging at 2 and 5 

years to assess for any new recurrences; however, 
this is not evidence based [ 10 ]. Given the risk of 
developing pancreatic adenocarcinoma, even 
after resection of branch-duct IPMNs, others sug-
gest CT or MRCP at 3–6-month intervals [ 31 –
 33 ]. In patients with dysplasia at the resection 
margin, more frequent follow-up is suggested 
every 6 months by MRCP, with more frequent 
follow-up based on clinical and radiological fi nd-
ings [ 10 ]. In patients with known IPMN remain-
ing due to positive margins or multifocal IPMNs, 
it is suggested that patients be followed similarly 
to those with non-resected IPMNs. This typically 
involves imaging every 3–6 months by pancreatic 
MRI or CT for those without features worrisome 
for malignancy [ 10 ]. However, there is no con-
clusive data at this time as to whether surveil-
lance can be spaced out or discontinued based on 
stability of the lesion. In patients whose IPMN 
progresses toward fi ndings suggestive of malig-
nancy or who have IPMNs with “high-risk stig-
mata,” shorter interval surveillance of 3–9 months 
is suggested by international consensus guide-
lines, especially in those whom resection is not 
an option [ 10 ]. While close follow-up is recom-
mended after surgery, further data is needed to 
determine the best method for surveillance.  

    Conclusion 

 Much has been learned about IPMNs since they 
were described by Ohashi in 1982. Although a 
generally benign disease, increasing focus has 
been shed on these lesions as precursors to pan-
creatic adenocarcinoma. Survival for patients 
with noninvasive IPMN is high but drops sig-
nifi cantly when invasive carcinoma is found 
after resection, demonstrating the importance 
of close preoperative surveillance and resection 
if worrisome features are discovered. Even 
after resection of a noninvasive IPMN, risk 
remains for recurrence of an IPMN or devel-
opment of an invasive carcinoma necessitat-
ing close postoperative follow-up. Currently, 
no specifi c guidelines exist for the best method 
of surveillance, and further research is needed 
to identify those most at risk of recurrence and 
how to best follow patients. Until then, close 
postoperative surveillance involving clinical 
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follow-up and imaging is recommended, espe-
cially for the fi rst 5 years, to best identify any 
recurrence and prolong survival.     
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      Oncological Treatment of Cystic 
Tumors of the Pancreas                     

     Roberto     Valente       and     J.-Matthias     Löhr     

16.1           Introduction 

 The mainstay of treatment for cystic lesions with 
malignant or potentially malignant behavior is 
surgery [ 1 ]. 

 Solid data regarding a possible role of sys-
temic chemoradiotherapy (CRT) either in neoad-
juvant, adjuvant, or palliative setting are still 
largely lacking for both cystic lesions other than 
IPMN and for IPMNs themselves. For the latter, 
most commonly clinicians base their clinical 
decision algorithm extending results from trials 
regarding pancreatic ductal adenocarcinoma to 
the management of IPMNs. This approach may 
not be still completely applicable since, at least 
for lymph node-negative disease, it is not clear 
whether they can be considered as two similar 
entities. Complicating the discussion, there are 
few data comparing head to head by stage PDAC 
arising from PanIN from the ones arising from 
IPMNs [ 2 ]. An analysis of SEER registry (1999–
2005) compared the outcome of stage-matched 
729 IPMNs and 8082 PDAC showing a possible 
overlap between the two diseases in advanced 
stages, such as in positive nodes spreading. The 
survival analysis showed that, in patients with 
node-negative disease, the 5-year survival was 

statistically signifi cant ( p  < 0.001) in IPMNs than 
in PDAC (35 % vs 17 %), while this survival ben-
efi t was not seen anymore in patients with lymph 
node-positive disease (7 % vs 9 %,  p  = 0.54) [ 3 ]. 
Interestingly such latter cases seem to be the ones 
having a better response to adjuvant treatment. 
Anyway the pancreatic cystic lesion spectrum is 
quite broad, and then, when considering possible 
medical therapies, a simplifying distinction 
should be done, at least between IPMNs and cys-
tic lesions other than IPMNs.  

16.2     Systemic Adjuvant 
Chemotherapy for IPMNs 

 The use of a systemic adjuvant CRT in the treat-
ment of IPMNs has been investigated in four 
small retrospective series so far (Table  16.1 ). All 
of them suffered from inevitable selection biases 
due to the fact that clinicians in analogy to the 
treatment of PDAC addressed patients to undergo 
a CRT in case of advanced disease or in case of 
clinical/histological more aggressive behavior. 
All except one [ 4 ] suggested a possible benefi t 
from CRT in the setting of adjuvant treatment for 
invasive IPMNs undergoing surgery especially in 
the presence of node metastases according to the 
current European Consensus Conference’s indi-
cations. In detail, in 2010 Swartz et al. retrospec-
tively reviewed a series of 70 patients from Johns 
Hopkins who had undergone surgery for pancre-
atic intrapapillary mucinous tumor of the 
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 pancreas with associated invasive carcinoma. In 
this series, 40 patients underwent chemoradio-
therapy (CRT) with both concomitant 5FU- and 
computer tomography-based radiotherapies 
(median 50.4 Gy) followed by subsequent 5FU 
administration. Many factors affected the quality 
of the study such as the small number of patients, 
the retrospective nature of the study, and signifi -
cant selection bias due to the fact that a higher 
proportion of patients undergoing CRT had worse 
prognostic factors such as positive node ratio 
(65 % vs 30 %), stage II or III (80 % vs 47 %), 
perineural (63 % vs 27 %) and vascular invasion, 
and ductal phenotype. Due to these worse prog-
nostic factors, the median 2 years survival rate 
after surgery with or without CRT was 28.8 and 
91.9 months. Nevertheless margin-positive 
patients undergoing CRT had improved survival 
( p  = 0.04), and on multivariate analysis adjuvant 
treatment was associated to improved survival 
(RR = 0.43 95 % C.I. 0.19–0.95,  p  = 0.04) when 
considering nodal and margin status, tumor loca-
tion and grade, and histological type. The overall 
conclusion was that in patients with IPMN asso-
ciated with an invasive component, particularly 
when lymph node metastases or positive postsur-
gical margins were positives, CRT could offer an 
adjunctive benefi t in terms of survival [ 5 ].

   After that in 2010 another paper retrospec-
tively analyzed a cohort of 44 patients from 
Harvard University collected from 1990 and 
2005. Within this group, 17 patients (39 %) 
underwent adjuvant concurrent CRT which con-
sisted of radiotherapy (median dose 50.4 Gy) 
administrated concurrently with infusional 5FU 
in 65 %, bolus 5FU (24 %), capecitabine (1 %), 
and a combination of 5FU/gemcitabine (6 %) 
for IPMN with an invasive component. The 
median follow-up for all patients was 19 months 
and 26 months for survivors. Even in this series, 
patients treated with CRT showed a statistically 
signifi cant higher stage ( p  = 0.035) and positive 
node ( p  = 0.024). Patients with positive nodes 
had a signifi cant shorter survival compared to 
node- negative ones (16 vs 78 months). Patients 
with nodal disease undergoing CRT displayed a 
signifi cant better cancer-specifi c survival 
(HR = 0.10, 95% C.I. 0.018–0.59) and overall 

survival (HR = 0.13, 95% CI 0.029–0.56). The 
median cancer- specifi c survival in node-positive 
receiving adjuvant CRT was 20 months com-
pared to 3.3 months in the group who did not 
receive therapy. The conclusion of the study was 
that a clear prognostic benefi t can be achieved in 
node-positive invasive IPMNs, while there is 
not a survival improvement in node-negative 
IPMNs in which probably a major role is played 
by a more indolent course of disease itself. It 
has also to be underlined the diffi culty in inter-
preting the data about the short (3.3 months) 
survival of patients with positive node status not 
undergoing CRT, since it could be either the 
cause or the consequence itself of a missed 
opportunity for CRT [ 6 ]. 

 In 2010 another paper analyzed a double- 
center experience on 412 resected IPMNs at 
Indiana University Hospital and at Mayo Clinic, 
Rochester. 98 (24 %) patients received a diagno-
sis of invasive IPMNs, the majority of which 
were main duct or mixed-type IPMNs (89 %). 37 
patients (37 %) underwent an adjuvant treatment 
which consisted of 5FU chemotherapy in 2 cases, 
gemcitabine chemotherapy in 5 cases, gem-
citabine CRT in 4 cases, and 5FU CRT in 26 
cases. No patient underwent a neoadjuvant treat-
ment [ 4 ]. 

 Overall, the 37 patients who received adjuvant 
treatment showed a lower 5-year overall survival 
(22 % vs 36 %;  p  = 0.002) and a median lower sur-
vival (23 vs 38 months) compared with patients 
who did not receive adjuvant treatment. 

 When stage-stratifi ed in two groups (early or 
advanced), both of them did not show any differ-
ence in survival between treated and untreated 
patients. Particularly, the group of patients lower 
or equal to IIA stage with negative operative mar-
gin and the group equal/higher to IIB stage with 
positive margins showed no difference in terms 
of median survival when receiving or not receiv-
ing adjuvant treatment (respectively, 63 vs 48 
149 months;  p  = 0.98 and 17 vs 22 months; 
 p  = 0.67), suggesting that the overall poorer sur-
vival with adjuvant treatment mirrored an intrin-
sic study selection bias. No differences in median 
survival were noted within patients who experi-
enced a postsurgical recurrence of the disease 
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when comparing adjuvant treated to non-adju-
vant treated. A statistically signifi cant survival 
advantage was anyway noted for the three 
patients who underwent re-resection for the 
recurrence of the disease ( p  < 0.02) [ 4 ]. 

 The conclusion of the study was that a clear 
prognostic benefi t could not be added with adju-
vant treatments. The only possible survival 
advantage regarded operated patients undergoing 
a reoperation for disease recurrence. 

 In 2013 also a retrospective series of IPMNs 
undergoing surgical resection from the 
University Hospital of Pisa, Italy, was described. 
Within 64 patients considered in the analysis, 33 
received adjuvant treatments: 10 of which RCT 
(gemcitabine plus radiotherapy) while 23 che-
motherapy alone (gemcitabine). Patients with 
lymph node-negative disease displayed a better 
median disease-free survival (DFS) when com-
pared to patients with nodal involvement (32.7 
vs 14.6,  p  < 0.01). The same trend was seen in 
patients with G1 or G2 tumors when compared 
to G3 ones (18.4 vs 7.6 months,  p  < 0.001). The 
median OS of the entire study population was 
41.8 months (25.1–58.6) with a better OS 
observed for patients with lymph node-negative 
tumors compared to node-positive ones (57.4 vs 
25.3 months,  p  < 0.03) and for patients with dif-
ferentiated tumors when compared to patients 
with undifferentiated ones (44.8 vs 9.7 months), 
 p  < 0.02) [ 7 ]. 

 When considering the entire population, 
patients receiving adjuvant treatment did not dis-
play signifi cant difference from the ones that did 
not, in terms of DFS. However when considering 
both the node-positive and node-negative sub-
groups, adjuvant treatment seemed to produce a 
signifi cant benefi t 30 vs 44 months in treated ver-
sus untreated N0 patients ( p  <0.05) and 7.5 vs 
16.5 months in treated versus untreated N1 
patients ( p  < 0.04), respectively. No survival 
advantages were seen for radiotherapy use. 

 In multivariate analysis of the entire cohort, 
several factors were identifi ed as positive prog-
nostic factors in terms of DFS such as negative 
lymph nodes (HR = 0.23,  p  < 0.001), low tumor 
grade ( (HR = 0.34,  p <0.03), and adjuvant treat-
ment 203 (HR = 0.40,  p <0.02). 

 Negative lymph nodes and adjuvant therapy 
emerged also as positive prognostic factors for 
OS after surgery (respectively, HR = 0.22  p <0.01  
and HR = 0.37  p < 0.03) [ 7 ]. 

 Although there are limits due to the intrinsic 
biases of the studies, these data taken together 
seem to underline a possible benefi t of adjuvant 
chemotherapeutic treatment, especially in 
patients with a more aggressive/advanced dis-
ease, like the ones with positive nodes or postsur-
gical margins. 

 The possible advantages of radiotherapy are still 
less clear. While on one hand CRT improved sur-
vival in node-positive patients, on the other hand 
data on pure radiotherapy seems not to support any 
role of it in the management of invasive IPMNs [ 4 ]. 

 Another paper tried to shed light on this aspect 
by retrospectively analyzing SEER registry and 
taking into account a cohort of 972 patients with 
diagnosis of invasive IPMN. Postoperative radio-
therapy was administered to 309 patients 
(31.8 %). Within this subgroup T3 stage, node 
involvement and absence of metastasis were 
more common (59.9 % vs 37.1 %, 58.6 % vs 
38 %, and 92.6 % vs 74.2 %). 

 Cancer-specifi c survival (CSS) in T3–T4-stage 
patients with positive nodes receiving RT was 20 
months (CI 15–25 months) compared to the 
12-month survival of patients not receiving RT 
(CI 10–14 months,  p  < 0.001). 

 In T3–T4-stage patients with positive nodes, 
adjuvant RT was associated with improved CSS 
(HR = 0.71, CI 0.52–0.96,  p  = 0.022), though 
there was no difference in overall survival (OS) 
(HR = 238 0.76, CI 0.56–1.02,  p  = 0.06). No dif-
ferences were noted among T1/T2 tumors and 
positive nodes or among patients with negative 
nodes irrespectively for the T status in terms of 
CCS or OS. 

 In conclusion the study demonstrated that the 
survival benefi t associated with adjuvant RT was 
limited to T3–T4-stage patients, with positive 
regional lymph nodes. Anyway these results 
should be carefully interpreted because of the 
possible selection biases related to intrinsic 
nature of the SEER registry, like the lack of data 
regarding applied RT protocols, regarding possi-
ble concomitant chemotherapies, and regarding 
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many patients, tumor, and hospital characteristics 
which potentially could infl uence the survival 
rate [ 8 ].  

16.3     Systemic Adjuvant 
Treatments in IPMNs: Future 
Directions 

 A phase II trial tested erlotinib (oral inhibitor of 
EGFR) in pancreatic IPMNs by measuring the 
activity of the MUC5AC as a biomarker of the 
pathway, but the study did not reach defi nitive 
conclusions. 

 At the moment there is a Phase II-R and a 
Phase III Trial Evaluating Both Erlotinib (PH 
II-R) and Chemoradiation (PH III) as Adjuvant 
Treatment for Patients with resected head of pan-
creas adenocarcinoma including invasive IPMNs. 
The study, available at clinicaltrial.gov, is still 
ongoing and is validating the possible effect that 
gemcitabine with or without erlotinib followed 
by the same chemotherapy regimen with or with-
out radiotherapy and capecitabine or 5FU may 
have in treating surgical resected pancreatic can-
cer patients (NCT01013649).  

16.4     Systemic Neoadjuvant 
and Palliative Chemotherapy 
in IPMNs 

 At the moment there are no studies about the pos-
sible role of neoadjuvant chemotherapy in malig-
nant IPMNs. 

 The role of palliative chemotherapy has also 
been poorly investigated in large series. In a ret-
rospective series of 128 patients with IPMNs 
and 548 patients with invasive PDAC, 12 
patients with invasive IPMN and 73 patients 
with invasive PDAC experienced a recurrence of 
the disease and were treated with gemcitabine-
based chemotherapy as a palliative approach. 
The study, even if retrospective and on a small 
series, did not prove any statistically signifi cant 
difference in the outcome of the two groups in 
terms of median survival (9.3 vs 8.8 months 
 p  = 0.09) [ 9 ]. 

 The possible role of a palliative systemic che-
motherapeutic approach has then fi nally been 
suggested by two case reports treating, respec-
tively, a peritoneum metastatic patient that has 
been treated with palliative peritoneal cytoreduc-
tion and intraperitoneal hyperthermic chemother-
apy and a patient with a simultaneous occurrence 
of biliary and pancreatic IPMNs who had refused 
to undergo a surgical treatment [ 10 ,  11 ]. 

 At the moment it is almost impossible to draw 
a conclusion stating whether an oncological pal-
liative approach should be proposed to patients 
with invasive IPMNs, and further studies are 
strongly needed in order to clarify a possible role 
of a systemic chemotherapy approach in the set-
ting of palliation for inoperable, metastatic 
patients and for those who refuse or cannot 
undergo a surgical resection due to comorbidity 
and high anesthesiological risk.  

16.5     Systemic Chemotherapy 
in Pancreatic Cystic Lesions 
Other than IPMNs 

 The standard therapy for malignant or potentially 
malignant pancreatic cystic lesion other than 
IPMNs such as mucinous cystadenoma, serous 
cystadenocarcinoma, and solid pseudopapillary 
tumor is surgery. The role of medical therapy has 
not achieved yet any grade of evidence. Many, 
different, anecdotal case reports have been 
described with varying therapeutic protocols and 
results without having proved any standard of 
care. 

 In solid pseudopapillary tumor, even due to 
the young age of occurrence, the role of surgery 
has been particularly stressed, being extended to 
the resection of metastasis and anecdotally to 
liver transplant [ 12 ,  13 ]. Chemotherapy and 
radiotherapy should be considered in the man-
agement of patients with recurrent disease or 
with unresectable tumors. Adjuvant protocols, 
including gemcitabine, epirubicin, docetaxel, 
paclitaxel, and mitomycin C, have been used in 
few patients, due to the general resectability of 
the tumor. Some of these protocols were based on 
gel droplet-embedded culture drug sensitivity 

R. Valente and J.-M. Löhr



169

test [ 14 ]. Neoadjuvant treatments aiming at caus-
ing tumor regression have been anecdotally 
described using cisplatin, 5FU, gemcitabine with 
or without RT, or combinations of many drugs 
(VP-16, cisplatin, cyclophosphamide, doxorubi-
cin, and vincristine), whereas others found no 
response to multiple agents [ 15 – 17 ]. 

 Intensity-modulated radiation therapy and 
selective internal radiotherapy (SIRT) have infre-
quently been used in a neoadjuvant or adjuvant 
setting [ 14 ,  18 ,  19 ]. 

 A single case report described the use of che-
motherapy with gemcitabine as palliative treat-
ment of mucinous cystadenocarcinoma, while 
other two reports described the use of gem-
citabine and oxaliplatin (GEMOX) as neoadju-
vant treatment, to obtain a downstaging and to 
fi nally allow surgical resection. In one of them, a 
subsequent adjuvant protocol with gemcitabine 
was used [ 20 – 22 ]. 

 In another paper palliative, chemotherapy 
with gemcitabine was administered to fi ve 
patients with partial remission and stability in 
one patient, stability in another patient, and pro-
gression in three patients with mucinous cystad-
enocarcinoma. In that series the median overall 
survival was 10.5 months [ 23 ]. 

 These data taken together do not show any 
clear indication to the use of chemotherapy in the 
setting of solid pseudopapillary tumor and muci-
nous or serous cystadenocarcinoma either in neo-
adjuvant, adjuvant, or palliative setting. So far in 
this setting, the choice of undergoing medical 
treatment should be discussed and weighted with 
the patient considering his performance status, 
the possible surgical options, the local expertise, 
and fi nally patient’s will and the possible gain in 
quality of life.  

    Conclusions 

 In the setting of IPMNs, the use of conven-
tional chemotherapy might have a rationale 
in the treatment of invasive diseases display-
ing more aggressive features or in advanced 
stages such as the ones with positive nodes 
and positive postsurgical margins. So far new 
oral chemotherapeutic drugs, such the inhibi-
tors of EGFR, are under evaluation in clinical 

trials. Possible benefi ts of radiotherapy are 
less clear but, as for chemotherapy, they 
seem either to be limited to the treatment of 
diseases in advanced stages (T3–T4 stages 
with positive regional lymph nodes). No evi-
dence-based recommendations can be pro-
vided on both neoadjuvant and palliative 
chemotherapies. 

 No defi nitive indications can also be pro-
vided for the use of chemotherapy in the set-
ting of solid pseudopapillary tumor and 
mucinous or serous cystadenocarcinoma 
either in neoadjuvant, adjuvant, or palliative 
setting.     
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      Comparison Between the IAP 
and European Guidelines 
for the Management of Cystic 
Lesions of the Pancreas                     

     Ralf     Segersvärd      ,     Takao     Ohtsuka      ,     Elena     Rangelova      , 
and     Masao     Tanaka     

17.1           Introduction 

 At the moment, the management of the cystic 
tumors of the pancreas is regulated by two 
major guidelines: the one adopted by the 
International Association of Pancreatology 
(IAP) [ 1 ] and the European expert consensus 
statement (Euro) [ 2 ]. The IAP guidelines are 
created by the collaboration of 14 pancreatic 
experts in the fi eld from mainly the USA and 
Japan even though one author is from South 
Korea and two authors are from Europe. This 
makes IAP rather broadly represented, how-
ever, with a clear weight toward general prac-
tice in the USA and Japan. The Euro guidelines 
are created by the European Study Group on 
Cystic Tumors of the Pancreas including about 
40 European experts with one representative 
from the USA. Thus, these guidelines repre-
sent mostly the workup and therapeutic strat-

egy of pancreatic cystic lesions conveyed in 
Europe. 

 A substantial premise for a guideline is to 
be widely applied and raise interest to be fol-
lowed even by nonexpert centers before refer-
ral is needed. This is crucial for the equal 
patient accessibility and inclusion irrespective 
of where patients live. For preventive guide-
lines it is also of ultimate importance to aim to 
recruit all patients that might benefi t from 
treatment. 

 In this chapter we will try to make an objective 
analysis of the similarities and differences 
between the IAP and Euro guidelines.  

17.2     Common Features in the IAP 
and Euro Guidelines 

17.2.1     Subject 

 The guidelines for the management of IPMN and 
MCN of the pancreas, published by the 
International Association of Pancreatology (IAP) 
in 2012 and the European expert consensus state-
ment on cystic tumor of the pancreas (Euro) in 
2013, are both consensus guidelines that are 
based on recognized leading experts’ opinion in 
addition to review of the available literature and 
the highest level of evidence available. Although 
the Euro guidelines cover a broader spectrum of 
cystic lesions representing 90 % of all known 
pancreatic cystic lesions, both guidelines rest 
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their major focus on the diagnosis and treatment 
approaches on the mucinous neoplasms of the 
pancreas.  

17.2.2     Diagnosis 

 Both the IAP and the Euro guidelines recognize 
primarily MRI, but also CT, as useful modalities 
for the initial assessment of all cystic lesions. 
EUS with FNA, having a reasonable diagnostic 
value in experienced centers, is considered a 
complementary method in cases where the initial 
assessment has not been able to confi rm clear 
indications for resection of a suspected mucinous 
cystic lesion. 

 Both guidelines agree upon the histological 
subdivision of the mucinous cystic lesions into 
gastric, intestinal, pancreatobiliary, and onco-
cytic type and on the defi nition of minimally 
invasive cancer, as well as on their clinicopatho-
logic signifi cance that might play a role for deter-
mining the follow-up strategy of the patient. The 
distinction whether the main pancreatic duct is 
involved or the disease is limited to the side 
branches is substantial, as well as the thorough 
examination of the specimen for a concomitant 
PDAC that may coexist.  

17.2.3     Clinical Workup 

 Both the IAP and the Euro guidelines rely on a 
set of descriptive morphological criteria from the 
imaging studies to grade the risk for malignant 
transformation of the diagnosed mucinous cystic 
lesions that would strongly motivate surgical 
resection (regarded as “high-risk stigmata” or 
“absolute indications”). Both guidelines agree 
upon the two major structural features that should 
be addressed, that is, the size of the main pancre-
atic duct and the presence of a solid mass in the 
cystic lesions. The fi rst one suggests involvement 
of the main duct by the disease, carrying much 
higher risk for malignant transformation, and the 
second feature suggests architectonical changes 
in the epithelial lining of the cysts with loss of 
respective layer organization typical for cancer. 

The only nonimaging criterion that both guide-
lines point out as a strong predictor of invasive 
behavior that requires surgery is the clinical 
symptom suggestive of malignant transformation 
in the area – obstructive jaundice. 

 Neither of the guidelines requires cytological 
or histological verifi cation of existing malignant 
transformation, as guidance to surgical interven-
tion, which refl ects the current limitations with 
more thorough and specifi c assessment of the 
diagnosed cystic pancreatic lesions.  

17.2.4     Surgical Intervention 

 Both the IAP and the Euro guidelines agree that 
MCNs represent an indication for surgical 
resection. Whenever the lesions are less than 
4 cm in size and without clear signs of malig-
nancy, parenchyma-sparing and spleen-pre-
serving procedures may be used. Both 
guidelines make some reservations when a 
more conservative approach could be under-
taken, which is smaller MCNs without clear 
malignant signs, considering the uncertainty 
for estimating the risk for invasive transforma-
tion and the undefi ned time perspective for that. 
Both guidelines suggest preventive resections 
only in surgically fi t patients. The Euro group 
specifi es further that particularly with smaller 
lesions, where diagnosis is uncertain, minding 
the often very diffi cult differentiation with 
BD-IPMN and oligocystic SCN, a similar 
observational follow-up approach as for 
BD-IPMN can be undertaken. For the rest of 
the cases of MCN, where invasive cancer devel-
opment cannot be excluded, oncologic resec-
tions are recommended. 

 Regarding the surgical strategy toward 
IPMNs, both IAP and Euro guidelines agree 
that oncological resections should be consid-
ered whenever there is a suspicion of malignant 
transformation, i.e., whenever the risk factors 
are present. Both favor partial resection, 
depending on the localization of the lesion and 
not total pancreatectomy. Mini-invasive and 
organ-preserving procedures should be consid-
ered when there are no defi nitive signs of 
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malignancy, but when relative indications, par-
ticularly in young or high- risk individuals, are 
present.  

17.2.5     Follow-Up 

 Both guidelines present a clear algorithm for the 
continuous follow-up of the mucinous cystic 
lesions in patients without features meriting 
resection. Interestingly, neither of the guidelines 
engages with giving a reasonable time-limited 
cutoff for the follow-up. It is however not a sur-
prise when there is a lack of knowledge and cer-
tainty about the natural history of the mucinous 
cystic lesions. The only way out of the surveil-
lance program is surgery, even though follow-up 
of IPMN after surgery is still needed. The Euro 
group determines the deadline for follow-up of 
non-resected IPMN to be until the patients are fi t 
for surgery, yet this recommendation does not 
convey a clearly determined time limit. Yet, 
becoming increasingly aware of the prevalence 
of pancreatic cystic lesions in the general popula-
tion, and particularly the high incidence in the 
elderly, both guidelines carry a similar risk for 
excessive accumulation of examinations in the 
long run which might hamper the use of the avail-
able health-care resources. Hence, agreeing on 
limitations of follow-up is important and an issue 
that updated guidelines should be addressed.   

17.3     Differences Between the IAP 
and Euro Guidelines 

17.3.1     Focus 

 The IAP guidelines are focused selectively on the 
treatment and surveillance of IPMN and MCN – 
the most problematic cystic lesions that carry the 
high risk for malignant transformation. The Euro 
guidelines take into consideration also SCN and 
SPN as these two entities represent often the dif-
ferential diagnostic challenge. By including these 
the Euro guidelines encompass recommenda-
tions for the clinical workup of about 90 % of all 
pancreatic cystic neoplasms and give a fi rm base 

for the general clinical practice. Clear hallmarks 
of treatment strategy are given.  

17.3.2     Frequency of Follow-Up 
and Preferred Methods 

 The IAP guidelines provide a safe way of moni-
toring all mucinous cystic lesions in terms of not 
missing potential changes in their characteristics 
raising the suspicion for malignant transforma-
tion and, thus, surgical resection. The guidelines 
recognize follow-up of cysts of different dimen-
sions, distinguishing between those less than 1, 
1–2, 2–3 cm, and >3 cm. In lesion ≥2 cm surveil-
lance is done by EUS or MRI every 3–6 months 
and surgery is considered in young, fi t patients. 
EUS is the preferred method of surveillance in 
these lesions, despite being highly investigator 
dependent, having relatively low sensitivity and 
specifi city, and is not readily available in many 
centers. This would imply the need for follow-up 
in high-volume specialized centers. Fine-needle 
aspiration (FNA) poses a further risk of compli-
cations that needs to be considered, particularly if 
the patient should undergo repeated examina-
tions. In lesions <2 cm noninvasive methods are 
recommended, and the follow-up periods might 
be prolonged if no change of the measured crite-
ria has occurred. However, the guideline does not 
state criteria for when follow-up may be pro-
longed. Ranges of time rather than exact timing 
of follow-up are given. 

 The Euro guidelines are somewhat less com-
plex taking into consideration the differences in 
cyst size of <3, 3–4, and ≥4 cm, the latter being a 
relative indication for surgery. The Euro group 
recommends MRI as a major surveillance method 
in terms of avoiding radiation and invasiveness. 
The shortest recommended period of surveillance 
is 6 months and cyst growth rate is, besides mor-
phological characteristics, taken into consider-
ation for the timing of follow-up. Notably, the 
frequency of the repeated examinations increases 
after 5 years, refl ecting the natural history of 
increasing risk for accumulation of neoplastic 
changes and an accelerated oncogenesis, how-
ever, so far only shown in experimental models. 

17 Comparison Between the IAP and European Guidelines
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 Which guideline – the IAP or the Euro one – 
carries a psychological advantage for the patient 
and a premise for better compliance can only be 
a matter of debate. The somewhat tighter 
 follow- up proposed by IAP might provide a feel-
ing of safety and enhance the patients’ compli-
ance; on the other hand, the less invasive Euro 
approach might be perceived as a more tolerable 
one. This matter will remain unanswered, as long 
as no data from patient questionnaires to support 
one or the other is available.  

17.3.3     Cyst Size Cutoff for Follow-Up 
and Intervention for BD-IPMN 

 The two guidelines differ in the relative criteria 
for a more aggressive approach, where IAP 
guidelines rely on morphology and cytology 
obtained by EUS ± FNA, whereas Euro guide-
lines act on MRI appearance, clinical behavior, 
and recognition of the value of CA 19–9. The 
size of the cyst itself has no correlation to the 
incidence of invasive cancer, but the increasing 
surface of the covering epithelium increases 
chance for neoplastic changes to occur on this 
terrain. 

 The IAP guidelines set the strongest emphasis 
on the presence of high-risk stigmata or worri-
some features to justify the need for intervention. 
In cases when neither of these features is present, 
the guidelines stratify the recommended intervals 
of follow-up strictly dependent on the size of the 
cysts. No transition period to consider the speed 
of the cyst growth is recommended. 

 The Euro guidelines on the other hand con-
sider clinical symptoms attributable to the muci-
nous cyst of great importance as well as the 
presence of risk factors. If none of these are pres-
ent, follow-up at determined periods is recom-
mended irrespective of the cyst size; however a 
rapidly increasing cyst size (>2 mm/year) is an 
indication to shorten surveillance intervals. Both 
guidelines recognize that malignant transforma-
tion may exist even in smaller lesions without 
worrisome features. The IAP guidelines advocate 
a surgical resection of a cyst to be strongly con-
sidered if it is >3 cm and considered if it is 

2–3 cm. The Euro guidelines set the border at 
≥4 cm but recognize rapidly increasing cyst size 
as a relative, but objective, indication for 
surgery.  

17.3.4     Grade of Dysplasia 
at the Resection Margins 

 Moderate-grade dysplasia at the resection margin 
is not a recommendation for further pancreatec-
tomy according to the IAP guidelines. The Euro 
guidelines, however, advise to at least consider 
further resection when moderate-grade dysplasia 
is present, in case the patient is fi t for extended 
surgery. This consideration is made due to the 
fact that clear-cut differentiation between moder-
ate and high-grade dysplasia, particularly on a 
frozen section, is very diffi cult to assess and there 
is no complete agreement on its estimation even 
among expert pathologists.  

17.3.5     Use of EUS and CEA in Cystic 
Fluid 

 The IAP guidelines put more emphasis on the use 
of EUS (and FNA) as a method to evaluate the 
presence of worrisome features in cystic lesions, 
whereas the Euro guidelines are less hearted to 
utilize these as primary methods, rather only as a 
part of a multimodality diagnostic evaluation. 
The difference in methodology may refl ect the 
differences in availability of EUS in Europe com-
pared to the USA and Japan.  

17.3.6     Risk Factors, High-Risk 
Stigmata, and Worrisome 
Features 

 Both the IAP and the Euro guidelines generally 
agree that malignant cyst-related symptoms, 
mural nodules, and dilatation of the main pan-
creatic duct are the key features that might pre-
dict invasive transformation and thus are strong 
indications for intervention. However, whereas 
IAP guidelines distinguish the presence of 
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obstructive jaundice as a high-risk stigma and 
pancreatitis as a worrisome feature, the Euro 
guidelines do not make such a differentiation, 
but rather summarizes all symptoms that are 
known to be associated with cancer develop-
ment (obstructive jaundice, newly diagnosed 
diabetes, acute  idiopathic pancreatitis, etc.), as 
equally important to advocate further interven-
tion. The same pattern regarding the assessment 
of the size of the main pancreatic duct may be 
observed. The IAP guidelines consider a dilata-
tion of the main pancreatic duct above 10 mm 
as a high-risk sign, while a size of 5–9 mm is a 
worrisome feature. The Euro guidelines regard 
a size of the duct above 6 mm as uniformly 
requiring attention. Furthermore, while the 
Euro guidelines regard a rapid increase in size 
as worrisome, the IAP guidelines do not include 
this parameter, rather put weight on the results 
of further investigations with EUS with or with-
out FNA. 

 Thus, the consequences following the Euro 
guidelines would be a somewhat more aggressive 
interventional strategy, maybe refl ecting a differ-
ence in clinical attitude between Europe and the 
USA/Japan.   

17.4     Strengths of the IAP 
Recommendations 

 The IAP guidelines are very thorough, describe 
in detail all aspects of the diagnosis of the muci-
nous cystic lesions, and clarify all the defi ni-
tions, concepts, and reasoning behind the 
recommendations suggested. They dissect into 
smaller subcategories all of the morphological 
features of the cysts and present modifi ed atti-
tude in all the different scenarios, leaving space 
for the different physicians to adapt them to their 
practice without being very strict in neither the 
timing nor the absolute decisiveness of their rec-
ommendations. A premise, though, is that the 
consumers of the IAP guidelines need to be 
somewhat of an expert themselves in order to 
safely navigate through the possibilities of inter-
pretation that is at hand. Finally, the IAP guide-
lines open the opportunity for new treatment 

modalities such as EUS-guided cyst ablation, 
e.g., in patients with comorbidities making them 
poor candidates for surgery. Even though clearly 
stated that more research is needed before this 
treatment can be recommended, it is important to 
emphasize possible future alternatives when 
intervention is required, but surgery is not 
feasible.  

17.5     Strengths of the Euro 
Recommendations 

 The Euro guidelines encompass all cystic neo-
plastic pancreatic lesions that can be encountered 
and cover the workup aspects of the most often 
encountered cystic lesions and give clear recom-
mendations for follow-up, including the interval 
time spans. The guidelines give the grade of rec-
ommendation and recommend a treatment or 
follow-up strategy, with certain reservations, of 
course, even when the grade of evidence is not 
high. The latter is substantial to decrease confu-
sion and enhance the compliance in following the 
guidelines. Thus, the recommendations are prac-
tically oriented and can be used by most centers 
as a fi rst approach, irrespective of volume or 
expertise. Lastly, Euro guidelines also look for-
ward and points out pancreaticoscopy, today only 
to be used within research protocols, as a future 
possibility to enhance the workup of suspected 
main-duct IPMN.     
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