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  Pref ace   

 It is with great delight that we present this monograph devoted to pancreatic cystic 
neoplasms. This work summarizes our knowledge regarding biologic behavior, his-
topathology, current diagnostic approach, and optimal treatment of these increas-
ingly recognized pancreatic lesions. The up-to-date treatise is the result of an 
increased and long-standing interest of the editors in pancreatic surgery and specifi -
cally in the operative and nonoperative management of pancreatic cystic neoplasms. 
We would like to express our appreciation to our co-authors who have contributed 
two very important chapters (on histopathology and imaging) and we wish to recog-
nize these and thank them for their dedication and commitment. We would also like 
to thank the editorial and production team at Springer and Mrs. Deborah Frank who 
have been instrumental in making this edition a reality.  

    Athens ,  Greece      George     H.     Sakorafas   
    Athens, Attiki, Greece Vassileios     Smyrniotis   
   Rochester ,  MN ,  USA      Michael     G.     Sarr       
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      Introduction to Pancreatic Cystic 
Neoplasms 

             George     H.     Sakorafas      ,     Vassileios     Smyrniotis      , 
and     Michael     G.     Sarr    

        Over the last three decades, pancreatic cystic neoplasms (PCNs) are being appreci-
ated and recognized with increasing frequency, primarily as a result of increased 
awareness of these neoplasms and their natural history and the widespread avail-
ability and extensive use of ever improving modalities of cross-sectional imaging 
[ 1 ]. Commonly, PCNs are diagnosed incidentally during investigation for often 
unrelated and nonspecifi c abdominal complaints using state-of-the art abdominal 
imaging. The use of the term PCN encompasses a histologically heterogenous 
group of neoplasms with a wide spectrum of biologic behavior, ranging from com-
pletely benign to potentially malignant, to  carcinoma  in situ, to frankly invasive and 
malignant [ 2 ]. In 1978, Compagno and Oertel were the fi rst to recognize the crucial 
distinction between the serous and the mucinous cystic neoplasms of the pancreas 
by explaining the importance of identifying the mucinous neoplasms because of 
their overt or latent malignant potential [ 3 ,  4 ]. Since then, the interest in PCNs 
increased markedly, especially so with the recognition of the importance and preva-
lence of intraductal papillary mucinous neoplasms (IPMNs). 

 Nowadays, PCNs represent a common and often diffi cult problem in clinical 
practice, because of the increase in their detection in asymptomatic patients and our 
still immature understanding of some aspects of their biologic behavior. This 
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increase in recognition – in conjunction with their important differences regarding 
their biologic behavior – has led to a marked focus of interest in these neoplasms by 
surgeons, pathologists, gastroenterologists, radiologists, and oncologists alike. 
Management of patients with PCNs can be challenging and varies considerably 
among the various subtypes of PCNs. Accurate classifi cation of pancreatic cystic 
lesions is of crucial importance, because premalignant lesions will require resection 
and/or surveillance, malignant lesions require resection, and others that are benign 
or indolent can be observed. Appropriate classifi cation and therapeutic decision- 
making are based mainly on the presenting symptoms and radiologic fi ndings, often 
without actual histologic tissue. Suspicious features indicating underlying malig-
nancy or malignant potential should be identifi ed and are of particular importance 
for selecting appropriate treatment. The risk of overtreatment (unnecessary pancre-
atectomy) should be balanced carefully with the risk of undertreatment (missing the 
opportunity to cure a potentially curable malignant or premalignant disease) [ 5 ]. 
Unfortunately, despite the availability of many sophisticated diagnostic tools, accu-
rate preoperative diagnosis is often not possible [ 6 ]; this uncertainty emphasizes the 
problems and challenges in treating patients with PCNs [ 7 ]. The aim of this mono-
graph is to summarize and critically analyze currently available data regarding opti-
mal management of these fascinating PCNs.    

   References 

    1.    Gajoux S, Brennan MF, Gonen M, et al. Cystic lesions of the pancreas: changes in the presenta-
tion and management of 1,424 patients at a single institution over a 15-year time period. J Am 
Coll Surg. 2011;212:590–600.  

    2.    Brugge WR, Lauwers GY, Sahani D, Fernandez-del Castillo C, Warshaw AL. Cystic neo-
plasms of the pancreas. N Engl J Med. 2004;351:1218–26.  
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      Incidence and Epidemiology 
of Pancreatic Cystic Neoplasms 

             George     H.     Sakorafas      ,     Vassileios     Smyrniotis      , 
and        Michael     G.     Sarr     

        Asymptomatic cystic lesions of the pancreas are not uncommon; indeed, their inci-
dence is about 1 in 100 hospitalized patients [ 1 ]. These cystic lesions represent a 
diverse spectrum of disease, encompassing traumatic, infectious, congenital, or 
neoplastic etiologies (Table  2.1 ). The incidence of cystic lesions of the pancreas 
increases with age [ 2 ,  3 ] and depends on the method used for their detection. In an 
autopsy study, Kimura et al. found that the incidence of pancreatic cystic lesions of 
all types was 24 % and that these lesions were distributed equally throughout the 
pancreas [ 2 ]. In a population of 24,039 patients undergoing computed tomography 
(CT) or magnetic resonance imaging (MRI) during the period 1995–2002, Spinelli 
et al. identifi ed pancreatic “cysts” in 1.2 % of patients, and 0.7 % of the sample had 
no history of pancreatitis [ 4 ]. Using the newer, multi-detector CT, unexpected, unre-
lated, and incidental pancreatic “cysts” were identifi ed with a prevalence of 2.6 % 
[ 5 ]. The prevalence is even greater when MRI is used, ranging from 2.4 to 13.5 % 
[ 6 ]. Zhang et al. [ 7 ] estimated that the prevalence of pancreatic “cysts” (many being 
<1 cm) in patients undergoing MRI for non-pancreatic diseases was nearly 20 %. 
Girometti et al. reported the prevalence of pancreatic “cysts” to be 44.7 % in patients 
undergoing MRCP for non-pancreatic indications [ 8 ]. There is evidence that many 
of these pancreatic cystic lesions are unrecognized and have been underdiagnosed, 
because a substantial percentage (up to 70 %!) of pancreatic cystic lesions are not 
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reported in the original radiology report [ 6 ]. The increasing prevalence of inciden-
tally diagnosed pancreatic cystic lesions has also been reported in the surgical litera-
ture, where an increase by 28 % over 33 years has been documented [ 9 ].

   Increased awareness and improved sensitivity of imaging is associated not only 
with increasing detection rates but also with decreasing lesion size [ 10 – 13 ]. These 
factors only increase the clinical challenges involved in determining which patients 
require either more investigation, surveillance, or resection. Ferrone et al. compared 
data for the periods 1997–2002 and 2004–2007 and noted that the proportion of 
asymptomatic patients being referred to PCNs increased from 36 to 71 %; interest-
ingly, the proportion undergoing resection decreased from 80 to 50 % [ 11 ]. Recently, 
it has been reported that the median size of cystic lesions of the pancreas in patients 

    Table 2.1    Cystic lesions of the pancreas   

  Cystic neoplasms  

 Serous cystic neoplasms (SCNs) 

 Mucinous cystic neoplasms (MCNs) 

 Intraductal papillary mucinous neoplasms (IPMNs) 

 Uncommon cystic neoplasms 

  Solid pseudopapillary neoplasm 

  Cystic neuroendocrine neoplasms (functional and nonfunctional) 

  Acinar cell cystadenocarcinoma 

  Angiomatous neoplasm (angioma, lymphangioma, hemangioendothelioma) 

  Cystic teratoma 

  Cystic choriocarcinoma 

  Acquired cystic lesions  

 Pancreatic pseudocyst 

 Pancreatic pseudopseudocyst (infl ammatory exudative collection) 

 Postinfl ammatory cystic fl uid collection 

 Acute necrotic collection 

 Walled-off necrosis 

 Echinococcal (hydatid) cyst 

 Parasitic cysts 

 Taenia solium cyst 

  Congenital cysts (true cysts)  

 True cysts (rare primary pancreatic cyst) 

 Pancreatic cysts associated with polycystic disease of the kidneys 

 Polycystic disease of the pancreas without related anomalies 

 Pancreatic macrocysts associated with cystic fi brosis 

 Polycystic disease of the pancreas associated with cerebellar neoplasms and retinal angiomata 
(von Hippel-Lindau disease) 

 Enterogenous cysts (duplication cysts) 

 Endometriosis dermoid cysts 

  Modifi ed from Sakorafas et al. [ 36 ]  

G.H. Sakorafas et al.
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being referred for lesions sent for evaluation halved from 4 to 2 cm over the last 
5-year period [ 14 ,  15 ]. Ferrone and colleagues reported a similar decrease in the 
size of lesions referred from 3.3 to 2.7 cm [ 11 ]. 

  PCNs  were considered previously to be a rare entity, being identifi ed during 
transabdominal ultrasonography in 0.2 % of studies [ 16 ]. Currently, PCNs have 
become a surprisingly common clinical problem, accounting for 10–15 % of all 
cystic lesions of the pancreas [ 17 ,  18 ]. The vast majority (~90 %) of PCNs are 
serous cystic neoplasms (SCNs), primary mucinous cystic neoplasms of the pan-
creas (MCNs), or IPMN [ 3 ,  19 ,  20 ] (Tables  2.1  and  2.2 ). Other rare types of PCNs 
(solid pseudopapillary neoplasms, cystic neuroendocrine neoplasms, etc.) account 
for about 10 % of all cases of PCNs.

    SCNs  account for over 30 % of PCNs and for 1 % of non-endocrine pancreatic 
neoplasms. SCNs arise anywhere in the pancreas, with most cases occurring in the 
pancreatic head [ 21 ,  23 ] (Table  2.2 ). In a multicenter study from Japan, SCNs were 
located in the pancreatic head, body, tail, and uncinate process in 39, 35, 22, and 
3 % of patients, respectively [ 22 ]. SCNs typically occur in women over the age of 
60, with a female to male ratio of 70:30 [ 24 ,  25 ]. In a study from the Massachusetts 
General Hospital, Tseng et al. [ 25 ] reviewed 106 patients with SCNs of the pan-
creas, 75 % of whom were females. Mean age at presentation was 62 years, but the 
mean age of males was >7 years older than that of females, and males had larger 
tumors at presentation, suggesting a delay in diagnosis in men [ 25 ]. 

  MCNs  occur almost exclusively (>95 %) in middle-aged/perimenopausal females 
[ 26 – 28 ]. Literature in the past suggested a much more common prevalence in men 
than we appreciate currently; in retrospect, most of these lesions in men were 
IPMNs and not MCNs. This topic will be discussed below. The incidence of MCNs 
peaks in the fi fth decade of life [ 29 ,  30 ]. MCNs arise in the body and tail of the 
pancreas in approximately 95 % of patients [ 23 ]. 

  IPMNs  represent an increasingly recognized neoplasm. In a large, retrospective 
study of resected pancreatic cystic lesions, IPMNs were the most commonly 
resected cystic lesion accounting for about 2 % of cases [ 9 ]. IPMNs occur slightly 
more commonly in men between the ages of 50 and 80 (older than patients with 
MCNs) [ 8 ,  31 ]. While IPMNs usually arise in the head of the pancreas, they can 
occur anywhere in the pancreas, as well as arising in multiple locations in 20–30 % 
of cases when looked for with diligence [ 23 ]. In 5–10 % of patients, they may 
involve the pancreas diffusely as multicentric IPMN [ 32 ]. IPMNs are classifi ed as 
main duct IPMN, branch duct IPMN arising only in side branches off the main pan-
creatic duct, or mixed IPMN arising in both the main duct and the side branches. 
While main duct IPMNs (see below) are more common in men, branch duct IPMNs 
occur more commonly in women [ 33 ]. 

 The more unusual PCNs represent about 10 % of all PCNs. Solid pseudopapil-
lary neoplasms (SPNs) occur almost exclusively (~90 %) in young women (21–
33 years of age) and account for 1–3.5 % of PCNs [ 9 ,  34 ,  35 ]; SPNs may occur 
anywhere throughout the pancreas. Cystic degeneration of ductal adenocarcinoma 
accounts for 0.8 % of all PCNs, while cystic pancreatic neuroendocrine neoplasms 
account for about 7.3 % of all PCNs and may be associated with MEN1 syndrome. 

2 Incidence and Epidemiology of Pancreatic Cystic Neoplasms
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Other much more rare PCNs have been reported in the literature usually as case 
reports and include cystic acinar cell carcinomas, teratomas, serous cystadenocarci-
nomas, and a few others.    
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3.1            Mucinous Cystic Neoplasm (MCN) 

 Primary MCN of the pancreas affects females at a ratio of greater than 9:1, can arise 
in patients less than 50 years old, and is typically located in the body or tail of the 
pancreas [ 1 ,  2 ]. As a rule, MCN does not communicate with the pancreatic ductal 
system, although exceptions have been described [ 3 ], and a recent series from Japan 
noted (without additional comment) that 25/138 MCN had a luminal connection to 
the pancreatic ductal system [ 4 ]. Tumor size can range from 1 to 30 cm. MCNs are 
sometimes unilocular but more often have a complex internal structure comprising 
thin-walled locules of varying size (Fig.  3.1 ). As the name implies, the cyst contents 
tend to be mucinous, although old or recent hemorrhage can alter the color and 
consistency of the mucus. Palpable or visible solid areas and mural nodules are 
sometimes present; tumors with such areas are more likely to contain invasive car-
cinoma, and it is these areas that pathologists sample most assiduously.

   The epithelial lining of MCN usually takes the form of a single layer of cuboidal 
to columnar cells with minimal variation in nuclear size and shape. The bland nuclei 
are situated near the base of the cell. These minimal changes have been character-
ized generally as low-grade dysplasia, although some authors have proposed 
recently that MCN with this morphology should be termed “non-mucinous cystad-
enoma” and that such lesions have little or no malignant potential [ 5 ]. Moderate 
dysplasia is characterized by increased nuclear pseudostratifi cation and 
pleomorphism, while high-grade dysplasia has been reserved for those tumors with 
complex architecture (micropapillary growth, cribriform architecture) and marked 
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variation in nuclear size and shape. Occasionally, the epithelium in MCN can have 
papillary architecture mimicking the lining of intraductal papillary mucinous neo-
plasm (IPMN). In such cases, other clinicopathologic features (sex, site, absence of 
ductal communication, presence of ovarian-like stroma) are clues to the correct 
diagnosis. In addition, on occasion the epithelial lining is discontinuous and absent 
in areas; therefore, multiple sections may be required to make the diagnosis of MCN 
versus a pseudocyst which lacks epithelial lining. 

 Ovarian-like stroma is a defi ning feature of MCN (Fig.  3.2 ). Ovarian stroma 
takes the form of bland spindle cells forming a compact layer immediately beneath 
the epithelium. The spindle cells are generally positive for estrogen receptor and 

  Fig. 3.1    Primary MCN of 
the pancreas. The outer 
contour is smooth, but the 
internal structure is complex 
with cysts of varying size 
separated by thin walls. There 
is a solid area at 4 o’clock 
which is the most likely place 
to fi nd malignancy 
(© 1998–2014 Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       

  Fig. 3.2    The lining of 
MCN. The neoplastic 
epithelium is a single layer of 
cuboidal cells. The ovarian- 
like stroma forms a compact 
subepithelial layer populated 
by cells with bland, oval 
nuclei (© 1998–2014 Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       
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progesterone receptor, and the similarity to ovarian stroma is sometimes made even 
more exact by the fi nding of inhibin-positive cells, corresponding to luteinized cells 
of ovarian stroma. As the MCN enlarges, the characteristic stroma may become 
attenuated and hyalinized; it will not be present in every section. Suffi cient sam-
pling will almost always demonstrate this diagnostic criterion, but there will be rare 
cases that seem to be MCN in every sense save the ovarian-like stroma. In this situ-
ation, a descriptive diagnosis may be the best that the pathologist can offer.

   MCN is a premalignant lesion. Although the older literature suggested that as 
many as 30 % of MCNs harbor invasive carcinoma, studies which defi ne MCN 
specifi cally and appropriately by the presence of ovarian-like stroma give a preva-
lence ranging from 3.9 to 13.4 % [ 4 ,  6 ]. When malignancy is present, it almost 
always resembles conventional ductal carcinoma of the pancreas. Carcinoma in 
MCN should be further classifi ed as invasive or “minimally invasive” (invasion into 
ovarian stroma but not beyond the capsule or into the pancreatic parenchyma), 
because the minimally invasive MCNs are much less likely to recur [ 7 ]. Colloid 
carcinoma traditionally has been considered a possible complication of MCN, but a 
recent multicenter review comprising 291 MCNs found only one case with even 
focal mucinous, non-cystic differentiation [ 6 ]. Undifferentiated, anaplastic, and sar-
comatoid carcinomas have also been described [ 8 ,  9 ]. In cases with invasion, the 
invasive component is staged based on the criteria set forth by the American Joint 
Committee on Cancer for ductal pancreatic carcinoma. Given the potentially focal 
nature of invasion, the MCN should be sampled extensively [ 10 ,  11 ]. 

 Epithelial cells of the MCN are often positive for the mucin core protein 
MUC5AC with MUC1 expression limited to invasive tumors. MUC2 is typically 
only positive in rare goblet cells within the tumor [ 12 ]. 

 Recently, investigators have identifi ed recurrent genetic alterations in  KRAS , 
 GNAS , and  RNF43  in MCN [ 13 ,  14 ]. These mutations overlap with IPMN and thus 
are not specifi c to MCN. Detection of these mutations, however, does support that a 
cystic mass is neoplastic and together with the appropriate morphology may facili-
tate diagnosis [ 13 ,  14 ].  

3.2     Intraductal Papillary Mucinous Neoplasm (IPMN) 

 IPMN is a disease of the middle age. It affects males slightly more often than 
females. IPMN is a mucin-producing neoplasm that arises from the epithelium of 
the pancreatic ducts and leads to ductal dilation (Fig.  3.3 ). Based on imaging [ 15 ] or 
gross pathologic examination, the location of ductal involvement can be categorized 
as main duct, branch duct, or a mixture of both; each category accounts for approxi-
mately one-third of resected IPMNs [ 16 – 18 ]. Clinically, this differentiation is an 
important distinction to make, because main duct (and mixed) IPMNs manifest a 
much greater risk for malignancy, and therefore, resection is usually advised, while 
branch duct IPMN can be followed if small, asymptomatic, and free of mural nod-
ules and has no other worrisome features [ 15 ] (see Chap.   6    ). Main duct IPMN is 
seen most commonly in the head of the pancreas, though about a third of IPMNs 
arise in the body or tail of the organ; some proximal-based IPMNs produce diffuse 
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duct ectasia involving the entire pancreas. Branch duct IPMN is most often found in 
the head or uncinate process of the pancreas, but with high-resolution imaging, 
other smaller branch duct IPMNs are often seen as well.

   Microscopically, IPMNs are lined by mucin-producing cells which may be 
arranged in a fl at layer but more often present as papillary projections. The epithe-
lial cells may recapitulate a gastric foveolar, intestinal, pancreaticobiliary, or onco-
cytic lining (Fig.  3.4 ). The intestinal form of epithelium represents the most common 
type of epithelium seen in IPMNs. Intestinal-type IPMNs feature long, slender 
papillae lined by tall columnar cells with oval nuclei. MUC2 and CDX2 label the 
neoplastic cells. The intestinal-type IPMNs may be associated with malignant trans-
formation; the cancers that arise in this setting are mucinous (colloid) carcinomas 
(Fig.  3.5 ). The gastric foveolar type of epithelium common in branch duct IPMNs 
has a much less risk of malignant transformation. This type of epithelium appears 
very bland with abundant mucin and regularly oriented, basal nuclei. These neo-
plastic cells express MUC5AC. The pancreatobiliary-type IPMN has complex 
papillae lined by cuboidal cells which stain positive for MUC1. This type of IMPN 
has the greatest risk for malignant transformation, and the cancer that arises in this 
background is a ductal adenocarcinoma. Lastly, the oncocytic type of epithelium is 
characterized by cells with abundant, granular eosinophilic cytoplasm, refl ecting 
their large numbers of mitochondria. The neoplasm forms complex papillae or solid 
sheets with occasional admixed goblet cells.

    The epithelium of all types of IPMN is classifi ed histopathologically according 
to the degree of dysplasia [ 19 ,  20 ]. Briefl y, low-grade dysplasia refers to retained 
nuclear polarity, minimal variation of nuclear shape, and slight nuclear enlarge-
ment. High-grade dysplasia is characterized by architectural complexity, loss of 
nuclear polarity, marked nuclear pleomorphism, and prominent irregularity 
(Fig.  3.6 ). Moderate dysplasia is intermediate between these two categories [ 20 ]. 

  Fig. 3.3    IPMN dilating the 
main pancreatic duct and 
extending into several side 
branches (© 1998–2014 
Mayo Foundation for 
Medical Education and 
Research. All rights reserved)       
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a b

c d

  Fig. 3.4    Subtypes of IPMN. ( a ) Gastric-type lining has bland cells with abundant mucin and 
round, basally oriented nuclei. ( b ) Intestinal-type epithelium features tall columnar cells with oval, 
often pseudostratifi ed nuclei. ( c ) The cuboidal cells of pancreatobiliary-type lining. Nuclei are 
round and the nucleus/cytoplasm ratio is greater than in the other cell types. ( d ) Oncocytic IPMN 
has large cuboidal cells with abundant granular cytoplasm (© 1998–2014 Mayo Foundation for 
Medical Education and Research. All rights reserved)       

  Fig. 3.5    Colloid carcinoma 
(also known as mucinous 
non-cystic carcinoma) 
producing abundant 
extracellular mucin 
associated with an intestinal- 
type IPMN at the  right  
(© 1998–2014 Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       
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Such classifi cation is important in prognosis and risk of associated invasive 
malignancy.

   IPMNs must be sampled extensively, because approximately 30 % of them, most 
often main duct IPMN [ 21 ], are associated with an invasive component. The inva-
sive component determines the prognosis, underscoring the need for a diligent 
search for foci of invasion. Microscopically, it can be challenging to distinguish 
invasion from intraductal spread of an IPMN into smaller branch ducts. The criteria 
for diagnosis of invasion include: perineural or angiolymphatic invasion, glands 
adjacent to muscular arteries or in peripancreatic fat, an infi ltrative growth pattern, 
and variation in nuclear size of neoplastic cells with more than a 4:1 ratio between 
the largest and smallest tumor nuclei. Pools of mucin with fl oating neoplastic epi-
thelial cells within the stroma are also diagnostic of invasion and must be distin-
guished from acellular extruded mucin. 

 While mutations in  KRAS ,  GNAS , and  RNF43  have been identifi ed which sup-
port the diagnosis of IPMN, mutations in these genes are also seen in MCN which 
renders detection of these genetic alterations as markers of neoplasia but not spe-
cifi c for either diagnosis [ 13 ,  14 ].  

3.3     Serous Cystadenoma/Serous Cystic Neoplasm (SCN) 

 Pancreatic SCNs tend to occur in the body or tail of the pancreas; and as with MCN, 
females predominate with a female to male ratio of 3:1. SCN is a benign neoplasm 
and should be treated as such. These tumors are well circumscribed and have a 
spongelike cut surface due to the presence of multiple small cysts (Fig.  3.7 ). 
Although macrocystic/oligocystic examples occur, they are exceedingly rare [ 22 ]. 
In about 30 % of SCNs, there is a characteristic pathognomonic radiologic appear-
ance imparted by calcifi cation of a central stellate scar [ 23 ,  24 ].

a b

  Fig. 3.6    ( a ) Low-grade dysplasia in IPMN characterized by regular, basal nuclei. ( b ) In high- 
grade dysplasia, the architecture is complex, and the cytology is pleomorphic (© 1998–2014 Mayo 
Foundation for Medical Education and Research. All rights reserved)       
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   The microscopic appearance is also characteristic of SCN: a single layer of cuboidal 
cells with round, regular nuclei and a clear cytoplasm lining numerous small cystic 
spaces (Fig.  3.8 ). The cytoplasm of the cuboidal cells is clear due to glycogen, which 
can be confi rmed by performing PAS stains with and without diastase digestion [ 25 ]. In 
rare instances, the epithelium can be attenuated focally, but other areas will show the 
expected microscopic fi ndings. The sparse stroma between the cysts is mostly acellular, 
but islets of Langerhans and or pancreatic acini may be entrapped rarely in this stoma.

   Macrocystic SCNs may be unilocular but are characteristically composed of 
larger and fewer cysts (measured in centimeters). The macrocystic SCN may not 
have a central stellate scar and may be less well circumscribed [ 26 ]. These variants 
should still be recognized readily on histopathologic exam because of the bland, 
clear, cuboidal epithelium lining the cysts. A solid variant of pancreatic SCN has 

  Fig. 3.7    SCN forming a 
well-circumscribed mass. The 
cut surface shows typically 
multiple small cysts fi lled 
with clear fl uid 
(© 1998–2014 Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       

  Fig. 3.8    SCN has small 
cysts lined by cells with 
round, regular nuclei and 
clear cytoplasm (© 1998–
2014 Mayo Foundation for 
Medical Education and 
Research. All rights reserved)       
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been described (Fig.  3.9 ) [ 27 ]. The neoplastic cells of this variant are arranged in 
sheets or nests, a pattern that mimics the clear cell form of renal cell carcinoma or a 
neuroendocrine carcinoma; renal cell carcinoma, however, shows more nuclear 
atypia and expresses both vimentin and a wide-spectrum cytokeratin, while neuroen-
docrine carcinomas feature nuclei with a “salt and pepper” appearance to the chro-
matin and are strongly and diffusely positive for synaptophysin and chromogranin by 
immunohistochemistry. In contrast, pancreatic SCNs are positive for cytokeratins, 
MUC6, and inhibin, but SCNs do not express vimentin or the neuroendocrine marker 
chromogranin [ 22 ]. Synaptophysin may be focally positive in pancreatic SCN [ 28 ].

   Pancreatic SCNs are solitary; the presence of multiple tumors should raise con-
sideration for von Hippel-Lindau syndrome [ 29 ]. This hereditary tumor predisposi-
tion syndrome also includes the association of serous cystic neoplasms with 
neuroendocrine proliferation. The neuroendocrine component can be adjacent to or 
intermingled with the serous cysts [ 29 ]. 

 There are very rare examples of malignant pancreatic SCN (serous cystadenocar-
cinoma) [ 30 ]. Figure  3.10  shows a serous cystadenocarcinoma that recurred outside 
the gastric wall. Note that the nuclei are larger and more variable than in usual serous 
tumors, but there are no defi ned morphologic criteria for this diagnosis; malignancy 
is defi ned by the presence of metastatic disease usually to the liver, regional lymph 
nodes, or peritoneum [ 31 ]. These serous cystadenomas are quite rare, and their pos-
sibility does not support an aggressive approach to all patients with SCN.

3.4        Pancreatic Neuroendocrine Neoplasms 
with Cystic Change 

 Neuroendocrine neoplasms are usually solid but can undergo cystic degeneration 
(Fig.  3.11 ). This degeneration creates a cystic appearance, but these are not true 
cystic neoplasms, because they lack the defi ning characteristic of true cysts, that is, 

  Fig. 3.9    The solid variant of 
SCN. This variant needs to be 
distinguished from clear cell 
neuroendocrine neoplasm and 
metastatic renal cell 
carcinoma (© 1998–2014 
Mayo Foundation for 
Medical Education and 
Research. All rights reserved)       
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spaces lined by epithelium [ 32 ,  33 ]. Neuroendocrine carcinomas are often recog-
nized easily because of their morphologic and immunohistochemical features. They 
are strongly and diffusely positive for synaptophysin and chromogranin and are 
negative for inhibin. The behavior of neuroendocrine neoplasms is determined by 
their stage and grade [ 34 ,  35 ].

3.5        Solid Pseudopapillary Neoplasm (SPN) 

 Solid pseudopapillary neoplasm has also been called Franz tumor, Hamoudi tumor, 
or solid and cystic neoplasm of the pancreas. These unique neoplasms have a marked 
female predilection (9:1) and usually affect young women (less than 35 years old) 
and even teenagers. SPN can arise in any part of the pancreas. SPN is not truly cystic 

  Fig. 3.10    Serous 
cystadenocarcinoma recurrent 
as a mass in the gastric wall. 
While the nuclei are enlarged, 
the only reliable criterion for 
malignancy is metastatic/
recurrent disease (© 
1998–2014 Mayo Foundation 
for Medical Education and 
Research. All rights reserved)       

  Fig. 3.11    Pancreatic 
neuroendocrine neoplasm 
with cystic degeneration. 
There is a small focus of 
solid pink tumor at 10 
o’clock (© 1998–2014 Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       
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but commonly undergoes cystic degeneration to give the appearance of a solid and 
cystic mass [ 36 ]. The tumor is well circumscribed, but the appearance of the cut 
surface varies according to the degree of degenerative change, ranging from com-
pletely solid to almost completely hemorrhagic (Fig.  3.12 ). In the latter case, careful 
sampling at the periphery of the tumor may be necessary to make the correct diagno-
sis. The neoplasm is composed of monotonous cells with frequent nuclear grooves 
and cytoplasmic hyaline globules accompanied by a delicate capillary vasculature. 
Occasional clear cells can be seen. The neoplastic cells adjacent to the vasculature 
remain viable, while cells more remote from the blood vessels die, imparting a pseu-
dopapillary and cystic appearance microscopically and macroscopically (Fig.  3.13 ). 
While grossly well circumscribed, these tumors are not encapsulated, and the border 

  Fig. 3.12    SPN with the 
characteristic combination of 
fl eshy,  red-brown  areas and 
hemorrhagic necrosis 
(© 1998–2014 Mayo 
Foundation for Medical 
Education and Research. All 
rights reserved)       

  Fig. 3.13    The 
pseudopapillary appearance 
of SPN derives from the fact 
that tumor cells adjacent to 
vessels remain viable, while 
those away from vessels die 
and drop away (© 1998–2014 
Mayo Foundation for 
Medical Education and 
Research. All rights reserved)       
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between tumor and pancreas can be irregular, but this fi nding is not a criterion for 
malignancy. Although SPN can mimic closely neuroendocrine neoplasms, SPN can 
be distinguished by careful review of the aforementioned microscopic features 
(nuclear grooves, hyaline globules, and pseudopapillary architecture) [ 37 ]. SPN also 
tend to have numerous foamy macrophages and cholesterol clefts, features not typi-
cal of neuroendocrine neoplasm. In diffi cult cases including needle biopsies, immu-
nohistochemistry is invaluable in confi rming the diagnosis. Strong nuclear expression 
of beta catenin is a very sensitive and specifi c diagnostic marker [ 38 ,  39 ]. SPN also 
express CD10, a progesterone receptor, and chymotrypsin [ 40 ]. Cytokeratin expres-
sion is either weak or absent [ 41 ]. Neuroendocrine markers are typically negative, 
but variable expression of synaptophysin or chromogranin can be seen [ 41 ]. Overall, 
the clinical course of SPN is benign with few cases of locally aggressive behavior, 
but metastases can occur [ 42 ,  43 ]; a very aggressive approach to these metastases 
even if they are distant is warranted [ 44 ].

3.6         Cystic Tumors with Acinar Lining 

 Most pancreatic acinar tumors are solid. There are very rare cystic neoplasms lined 
by acinar cells. Such neoplasms are usually benign (acinar cell cystadenoma), but 
there are vanishingly rare acinar cell cystadenocarcinomas. The cells lining the 
cysts are cuboidal and have zymogen granules. Their lineage can be confi rmed 
immunohistochemically using an antibody to trypsin.     
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  4      Clinical Features and Laboratory 
Investigation 

             George     H.     Sakorafas      ,     Vassileios     Smyrniotis      , 
and     Michael     G.     Sarr     

4.1            Clinical Presentation 

 PCNs are often asymptomatic and diagnosed incidentally, usually on cross- sectional 
imaging during the workup of patients for vague and unrelated abdominal com-
plains [ 1 ]. In patients who present with symptoms, the complains are often nonspe-
cifi c, such as nausea, vomiting, abdominal or back pain, jaundice, pancreatitis, 
steatorrhea, weight loss, fatigue, malaise, fullness/palpable mass, etc. [ 1 – 4 ]. Clinical 
symptomatology (in particular jaundice, substantial weight loss, and pain) is associ-
ated with a high risk of malignancy [ 5 ]. 

 In SCNs, clinical symptomatology is observed more commonly in the large 
(>4 cm) compared to smaller (<4 cm) SCNs (72 % vs. 22 %,  p  < 0.001) [ 6 ]. Most 
symptoms appear to be related to a mass effect (pressure rather than infi ltration). 
Systemic symptoms, such as fatigue, malaise, weight loss, etc. (indicating malig-
nant disease), are extremely rare. 

 In contrast to SCNs, MCNs are more commonly symptomatic, probably because 
of their larger size and their more aggressive, local biologic behavior. In patients 
with MCNs, the presence of clinical symptomatology (especially back pain, jaun-
dice, or systemic manifestations) should increase the suspicion for underlying 
malignancy [ 4 ]. 
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 As in SCN and MCN, most IPMNs are diagnosed incidentally, and patients are 
often asymptomatic. Symptomatic patients with IPMN (mainly the main-duct vari-
ant) may present with abdominal pain, jaundice, new onset of diabetes, and pale 
stools. Recurrent episodes of pancreatitis, “idiopathic” chronic pancreatitis, or 
rarely acute cholangitis are other possible clinical scenarios caused by the obstruc-
tion of the ductal system from mucus or papillary projections within the duct [ 7 ]. 
In the past, these patients were misdiagnosed and treated as suffering from idio-
pathic large duct chronic pancreatitis. The clinical presentation typical of pancre-
atic ductal adenocarcinoma (i.e., painless jaundice, weight loss, new onset diabetes, 
etc.) may be observed in some malignant main-duct IPMNs [ 8 – 10 ]. In contrast, 
branch- duct IPMNs are most often asymptomatic compared to main-duct IPMN, 
especially when the lesion is <3 cm. IPMNs have also been associated with other 
syndromes, such as Peutz-Jeghers syndrome, familial adenomatous polyposis 
(FAP), and their clinical manifestations [ 11 ,  12 ]. IPMN also has a very interesting 
but still unexplained increased association with typical ductal adenocarcinoma of 
the pancreas. In addition, several authors have shown that 30 % of IPMN patients 
have a history of extrapancreatic neoplasms, particularly in the stomach, colon, or 
rectum [ 13 ,  14 ]. 

 Other rare PCNs are typically diagnosed incidentally on imaging studies in indi-
viduals without specifi c symptoms. Solid pseudopapillary neoplasms (SPNs) are 
commonly asymptomatic [ 15 – 18 ]; however, the larger lesions may by symptom-
atic. When present, clinical symptoms are often vague and may include abdominal 
bloating and distention, discomfort, pain, presence of a palpable mass, anorexia, 
nausea, weight loss, etc. [ 19 – 21 ]. Rare cases of pancreatitis, biliary obstruction, and 
intra-abdominal bleeding due to tumor rupture have also been reported [ 19 – 23 ]. 
Although SPNs often have an indolent course, they are malignant lesions; if left 
untreated, SPNs may invade into adjacent organs and major vessels [ 24 ]; these cases 
are typically associated with clinical symptomatology. Most cystic pancreatic neu-
roendocrine tumors (PNETs) are nonfunctioning and are discovered on abdominal 
imaging [ 25 – 28 ]. In about 25 % of patients, cystic PNETs are associated with a 
MEN syndrome [ 29 ]. Other rare PCNs are either asymptomatic or associated with 
nonspecifi c, clinical manifestations.  

4.2     FNA Analysis of the Cystic Fluid 

 Because imaging alone has limitations regarding defi nitive diagnosis, fi ne-needle 
aspiration (FNA) and examination of the cystic fl uid (cytology/biochemical analy-
sis) have been studied extensively and have demonstrated clinical utility (Table  4.1 ). 
FNA is performed under image guidance, most commonly endoscopically (endo-
scopic ultrasound [EUS]-guided), but occasionally percutaneously (CT- or 
US-guided). EUS is preferred for image guidance, because with the tumor being 
closer to the transducer, the imaging resolution is greater. Moreover, by a transgas-
tric or transduodenal aspiration, the endoscopic approach has fewer potential 
complications.
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4.2.1       Image-Guided FNA Cytology 

 Cytology may be helpful for differentiating mucinous from non-mucinous cysts 
through identifying mucin-producing cells (Table  4.1 ). When positive, the charac-
teristic cytology of SCNs is that of cellular sheets of low-cuboidal, glycogen- 
containing cells without cellular atypia. The cytoplasm is clear and without vacuoles 
and intracellular cytoplasmic inclusions. SCNs demonstrate positive immunostain-
ing for cytokeratins  AE  1  and  AE  3  and positive staining with the periodic acid-Schiff 
reaction (Fig.  4.1 ) [ 30 – 33 ].

   In contrast, low-grade MCNs are characterized by honeycomb sheets and clus-
ters of columnar, mucin-containing cells with rare, small, papillary sheets [ 34 ,  35 ]. 
In addition, MCNs have abundant mucin in their background, which differentiates 
MCNs from SCNs [ 35 ]. Because of the extreme heterogeneity of the epithelial lin-
ing of MCNs, one must remember that there may be marked discrepancies between 
the cytologic typing and the subsequent histologic diagnosis of these neoplasms. 
Importantly, however, the degree of cytologic atypia has been shown to be predic-
tive of malignancy [ 36 ]. Also cytology may diagnose malignant cystic lesions (e.g., 
cystadenocarcinoma) by demonstrating malignant cells or cells with high-grade 
atypia (dysplasia) in the aspirated cystic fl uid [ 37 ]. 

 IPMNs are characterized on FNA cytology by the presence of papillary clus-
ters lined by columnar, mucin-containing cells, usually with some degree of 
atypia [ 38 ]. Although low-grade MCNs may have a few papillary clusters, the 
papillary projections in MCNs are usually not as tall, abundant, and striking as the 
clusters observed in IPMNs. One study suggested the presence of hemosiderin-
laden macrophages in the aspirated fl uid as a fi nding supporting the diagnosis of 
SCN [ 39 ]. In this study, hemosiderin-laden macrophages were identifi ed in 11 of 
the 21 cases of SCNs (52 %) but in only 2 % of IPMNs and MCNs and in only 9 % 
of pseudocysts (Fig.  4.1e ); at the current time, however, the presence of hemosid-
erin-laden macrophages is not considered a reliable diagnostic feature of SCN and 
can only serve as a surrogate marker to suggest the diagnosis of SCN. In contrast 
to PCNs, FNA of pancreatic pseudocysts yields a “dirty” material with macro-
phages and other infl ammatory cells, proteinaceous precipitates, and calcifi ed 
debris.  

4.2.2     Analysis of Aspirated Cystic Fluid 

 Macroscopically, the aspirated fl uid of SCNs is typically thin, clear, and without 
mucin, but on occasion may be bloody [ 40 ] (Table  4.1 ). In contrast, the aspirated 
fl uid in mucinous neoplasms is thick, viscid, and of a mucinous nature; the muci-
nous nature of the fl uid can often be appreciated grossly in the endoscopy suite 
when smears are made. A typical analysis of the aspirated cystic fl uid would include 
biochemical testing (for mucin, tumor markers, and amylase) and potentially for 
molecular analysis. 

G.H. Sakorafas et al.
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    Mucin 
 A positive mucin stain or a high viscosity (indicative of mucin) is highly specifi c for 
the premalignant or overly malignant mucinous neoplasms (i.e., MCN and IPMN) 
and can be used for their differential diagnosis from SCN and usually from 

a b

dc

e f

  Fig. 4.1    ( a ) Direct smear of a resected SCN. Cuboidal cells with small round nuclei and clear 
cytoplasm (H & E). ( b ) FNA. Cluster of bland, cuboidal to columnar epithelial cells with ampho-
philic cytoplasm and round nuclei. ( c ) FNA. A cluster of bland, cuboidal to columnar epithelial 
cells with clear cytoplasm and round nuclei, consistent with serous epithelial lining (Papanicolaou 
stain).( d ) FNA. A sheet of bland epithelial cells with round to oval nuclei and atypical cytoplasm, 
oriented in a streaming fashion and consistent with gastrointestinal epithelial contamination 
(Papanicolaou stain). ( e ) Hemosiderin-laden macrophages within a cystic lumen of a serous cyst-
adenoma (H& E). ( f ) Macroscopic photograph of a pancreatic resection revealing a multiloculated, 
cystic lesion with central fi brous tissue (With permission from Belsley et al. [ 30 ])       
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pseudocysts as well [ 41 ]. Unfortunately, easily used and reliable assays for mucin 
are not readily available; some groups no longer utilize mucin stains because of 
their diffi culty in preparation.  

    CEA 
 The CEA level of the cyst fl uid is the most accurate test for determining the cyst to 
be mucinous and for differentiating a mucinous neoplasm from a SCN with a rea-
sonable reliability [ 42 ]. Interestingly, in the study by Brugge et al., no combination 
of tests, including appearance on EUS, was more accurate than CEA alone [ 43 ]. The 
best cutoff level for CEA may vary from lab to lab, depending on the assay used, but 
many centers, particularly in the USA, use a CEA level of 192 ng/ml as diagnosti-
cally sensitive (75 %) and specifi c (84 %) for differentiating mucinous from non- 
mucinous neoplasms (overall diagnostic accuracy 79 % for mucinous lesions) [ 43 ]. 
A CEA level of <5 ng/ml is equally sensitive for excluding a mucinous neoplasm 
and has a 50 % sensitivity and 95 % specifi city for the identifi cation of SCA or 
pseudocyst [ 40 ,  44 ,  45 ] (Table  4.1 ). Cyst CEA levels are not, however, a reliable 
marker to differentiate benign from any of the malignant mucinous cystic neoplasms 
[ 46 ]. Also, CEA cannot differentiate mucinous cystadenoma from IPMN, because 
CEA levels are increased in all mucinous cysts [ 47 ].  

    Amylase 
 Amylase activity in the cystic fl uid is of limited diagnostic value, except that a high 
amylase activity (>5 times the serum activity) suggests that there is a communica-
tion between the cyst and the pancreatic ductal system, thereby excluding SCNs and 
MCNs (Table  4.1 ) [ 48 ]. High amylase activities do not always help in differentiat-
ing IPMN from pancreatic pseudocysts, because both entities communicate directly 
with the pancreatic ductal system, but very high amylase levels (>10,000 U/l) are 
associated with 98 % specifi city for a pseudocyst in the appropriate setting. Amylase 
activities in the cyst fl uid of less than 250 U/l virtually excludes pseudocyst [ 44 ]. 
High levels of cyst fl uid amylase (and/or lipase) are also seen in patients with all 
forms of IPMN, because the cyst has communication with the pancreatic duct 
(Table  4.1 ).  

   Other Tumor Markers 
 CA 19-9, CA 72-4, CA 125, and CA 15.3 may be present in greater concentrations 
in MCNs, but their diagnostic value is limited, and their use for making therapeutic 
decisions is not recommended in clinical practice.  

   Genetic Markers 
 More recently, analysis of the intracystic fl uid for telomerase activity, DNA quality, 
and a panel of mutations has proved promising though not yet fully accepted in dif-
ferentiation of benign versus malignant lesions [ 49 ]. Only a few drops of fl uid are 
required; thus, this molecular analysis can be applied to most cyst aspirates. 
Measurement of allelic loss amplitude has a sensitivity of 67 % and specifi city of 
66 % for mucinous cystic lesions [ 15 ,  50 ]. The presence of a k- ras  mutation is 
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highly specifi c (96 %) for mucinous lesions but has a low sensitivity of 45 % [ 50 , 
 51 ]. Chai et al. assessed the performance of CEA, cytology, and k- ras  mutations in 
the cyst fl uid for diagnosing mucinous cysts. They found an increased cyst fl uid 
CEA or abnormal cytology to be the most sensitive test to diagnose mucinous cysts; 
however, k- ras  mutation identifi ed mucinous cysts in only 2 of 25 (8 %) patients in 
whom CEA and cytology were non-diagnostic [ 52 ]. Negative k- ras  testing does not 
exclude a mucinous cyst; however, a positive k- ras  mutation supports strongly the 
diagnosis of a mucinous cyst even when cyst fl uid CEA is not increased [ 53 ]. It 
should also be noted that K- ras  mutations can also be present in normal and infl am-
matory pancreatic ducts [ 54 ]. The value of this expensive test to predict the risk of 
progression to malignancy requires further confi rmation in prospective trials.   

4.2.3     Comments 

 EUS-guided transluminal FNA is a well-tolerated and safe procedure when per-
formed by an experienced operator. EUS, however, remains a specialized examina-
tion limited to a few centers with the necessary equipment and especially within the 
obligate experience of the endoscopist. Analysis of the cystic fl uid depends on the 
ability of local cytologic and laboratory testing and is not available routinely. 
Potential complications of needle aspirations of cystic fl uid include bleeding due to 
vascular injury (clinically relevant bleeding, <1 %; self-limiting intracystic hemor-
rhage ~6 %), pancreatitis (~1–3 %), infection (<1 %), and, at least in theory, the 
seeding of malignant cells along the tract of the needle [ 36 ,  55 ,  56 ]. Periprocedural 
antibiotics are used commonly to decrease the risk of introduced intracystic infec-
tion. Most endoscopists also tend to remove as much fl uid as possible to decrease 
the theoretic risk of bacterial inoculation of the fl uid. 

 Consideration should be given to the size of the lesion and the size of the indi-
vidual “cysts,” because aspirates may be very limited for small lesions which might 
preclude or complicate cyst analysis and cytology. A small (<1 ml) volume of the 
aspirates may be due to the high viscosity of the aspirated fl uid (due to the presence 
of mucin) in MCNs or to the small size of the cysts in the cystic lesion of SCNs [ 57 ]. 
Moreover, the size of the cystic lesion is of clinical importance when deciding about 
the indication to perform EUS-guided FNA. There is no uniform agreement in rela-
tion to the cutoff size for EUS-guided aspiration. Some investigators have proposed 
a cutoff diameter of 1.5 cm [ 58 ,  59 ]; these groups rarely perform EUS-guided FNA 
in smaller lesions. A size of >1.5 cm was chosen based on the likelihood that it 
would allow the aspiration of an adequate volume of fl uid for analysis [ 59 ]. Others 
use a threshold of 2.0 cm [ 60 ,  61 ], while some groups do not quote specifi c size 
criteria [ 62 ,  63 ]. A few centers advocate EUS in all patients with asymptomatic 
cysts [ 64 ,  65 ]. 

 Some reports are very enthusiastic about the value of the combination of EUS 
and FNA in predicting which lesions require resection, with reported sensitivities 
and specifi city of 97 and 100 %, respectively [ 34 ]; in contrast, other studies report 
less convincing results. In a large, prospective, multicenter trial, cyst fl uid cytology 
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had a high specifi city (83 %) but a low sensitivity (35 %) for distinguishing muci-
nous vs. non-mucinous cysts [ 43 ]. In this study, the sensitivity for diagnosing malig-
nancy was only 22 % [ 43 ]. Others have reported diagnostic accuracy of EUS-guided 
FNA ranging only between 10 and 60 % [ 31 ,  33 ,  66 ]. Genevay et al. re-reviewed the 
cytology slides of 112 patients with histologically confi rmed, mucinous cysts of the 
pancreas. They found that high-grade atypia (dysplasia) in the epithelial cells had a 
specifi city of 85 % and sensitivity of 72 % for predicting malignancy in mucinous 
cysts [ 37 ]. Pais et al. reported that EUS-guided FNA cytology proved helpful with 
a sensitivity, specifi city, and accuracy for the diagnosis of malignancy of 75, 91, and 
86 % respectively [ 46 ]. The reported variations in diagnostic accuracy likely are due 
to differences in the sampling technique, the experience of the endoscopist or cyto-
pathologist, and the thoroughness with which clinicopathologic correlation was 
accomplished. 

 The low cellularity of the aspirated pancreatic cyst fl uid is a major limitation of 
FNA cytology for the differentiation between the different types of PCNs. As a 
result, cytologic examination of the cyst fl uid is often non-diagnostic. In the study 
by Huang et al. [ 31 ], 32 % of the 28 cases were classifi ed initially as “non- diagnostic 
specimens” or as having “no malignant cells.” Even in re-aspirated specimens, the 
interpretations were usually unchanged. In contrast, when such samples are posi-
tive, the specifi city is high [ 31 ,  67 ]. As reported by Al-Haddad et al. [ 68 ], brushing 
the cyst wall during FNA increases the diagnostic yield of EUS-guided FNA; in 
their study of 37 patients with a pancreatic cystic lesion, the sensitivity of cyst fl uid 
FNA for detecting intracellular mucin was 23 % but increased to 62 % by brushing 
the cyst wall [ 68 ]. 

 The accuracy of preoperative differential diagnosis can also be increased by 
obtaining image-guided “mini-biopsies” (Tru-Cut or core tissue biopsies) from the 
solid component of a cystic neoplasm or from the wall of the cyst (cyst wall punc-
ture) [ 69 ,  70 ]. Recently, although the technology to allow an endoscopic, Tru-Cut 
core tissue biopsy has been developed, it is not yet available widely. Early data with 
EUS-guided Tru-Cut biopsies of PCNs have shown very promising results. In the 
study by Levy et al., 5 of 6 SCNs were identifi ed correctly on a Tru-Cut biopsy [ 71 ]. 
In the study by Belsley et al. [ 30 ], both biopsies performed with the Tru-Cut tech-
nique were diagnostic, without any procedural complications reported. 

 Apart from the sampling error, “contamination” of the aspirates from the normal 
(mucus-producing) epithelium of the gastrointestinal tract during the passage of the 
needle may pose another problem in interpreting the results of EUS-guided, FNA 
cytology (Fig.  4.1d ). Such an error may result in the misdiagnosis of a SCN as a 
mucinous neoplasm. Indeed, caution should be taken not to misinterpret mucin or 
mucin-producing cells as the mucinous material or epithelial cells of a MCN [ 72 ]. 
Mucin from the gastrointestinal tract tends to be thinner, wispier, and devoid of 
degenerated epithelial cells and the infl ammation more typical of MCN [ 67 ,  72 ]. 
Unfortunately, this distinction is not always easy, because the features can overlap. 
Cell block material and ancillary tests (i.e., stains for glucagon, cystic levels of car-
cinoembryonic antigen (CEA), amylase activity, viscosity, etc.) may help to clarify 
the differential diagnosis, but only if the results are truly informative. Moreover, 
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epithelial cells from the GI tract tend to form large, cohesive, monolayered sheets 
consisting of uniform, columnar cells without cytologic atypia and often with a 
luminal edge. These columnar cells usually do not contain abundant cytoplasmic 
mucin, and thus the cell border is not as prominent as that in MCN cells. Incarcerated, 
mucin-producing goblet cells are a constant feature of incidentally sampled duode-
nal epithelium; also, the openings of the crypts of Lieberkuhn or the pits may be 
seen in some cell groups [ 31 ,  67 ,  72 ]. In contrast, MCN cells are characterized by a 
mucin-rich columnar epithelium with thick mucin in the background. Although 
MCN cells may appear extremely bland, they often exhibit at least focally some 
cytologic atypia and architectural complexity [ 72 ]. 

 From a practical point of view, it should be emphasized that when the imaging 
features of the cystic lesion are virtually diagnostic, FNA can be omitted, and the 
lesion should then be managed appropriately (see below). FNA should also be omit-
ted when the cystic lesion is symptomatic, because in this case, resection is clearly 
indicated. FNA should probably be entertained only when its results may change 
the therapeutic plan, e.g., when high-quality, cross-sectional imaging reveals non- 
diagnostic fi ndings or when the clinical and morphologic characters of the cystic 
lesion have changed during follow-up [ 73 ]. Another potential indication of FNA is 
when a non-operative approach is considered for a presumed SCN not diagnosed 
confi dentially on cross-sectional imaging. In this case, if the results of FNA analysis 
of the cystic fl uid are compatible with a MCN, the conservative approach should be 
reevaluated.      
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  5      Imaging of Pancreatic Cystic Neoplasms 
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5.1            Introduction 

 The incidental detection of cystic pancreatic lesions has increased with the wide-
spread and frequent use of cross-sectional imaging. Indeed, one or more “cystic 
lesions” may be noted in up to 27 % of all patients/subjects undergoing modern, 
state-of-the-art cross-sectional imaging for whatever reason, thereby complicating 
the job of the radiologist in suggesting who does and who does not need further 
investigation. Although cystic pancreatic neoplasms are relatively rare medical 
entity and the vast majority of these cystic “lesions” are benign [ 1 ], accurate char-
acterization of a cystic lesion of the pancreas is crucial in determining the appropri-
ate management (imaging follow-up or operative excision). With recent advances in 
imaging technology, the accuracy of preoperative diagnosis of cystic pancreatic 
tumors has increased. In many cases, cystic pancreatic neoplasms have characteris-
tic, morphologic imaging features which can suggest or confi rm a diagnosis; how-
ever, the proper evaluation of these lesions can often be diffi cult due to morphologic 
overlap at imaging between benign and malignant tumors.  

5.2     Cross-Sectional Imaging (US, CT, MRI) 

 Cross-sectional imaging modalities remain the mainstay in the detection and assess-
ment of cystic pancreatic tumors. Transabdominal ultrasonography (US) can detect 
pancreatic cystic lesions; however, given its limited spatial resolution and soft- tissue 
contrast [ 2 ], US is often not very helpful in the evaluation of cystic neoplasms of the 
pancreas. Multidetector computed tomography (CT) and magnetic resonance imag-
ing (MRI) are the most common radiologic methods used for characterization of 
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these lesions. Many authors argue that MRI due to its greater contrast between fl uid 
and soft tissue allows optical depiction of the morphologic features of cystic pancre-
atic lesions [ 2 ,  3 ]; however, recent studies suggest that both multidetector CT and 
MRI provide high-quality images of cystic pancreatic lesions with comparable 
diagnostic accuracy [ 4 ,  5 ]. Although the accuracy of these methods ranges from 40 
to 60 % in providing the correct histologic diagnosis of cystic lesions of the pan-
creas [ 6 ], Visser et al. [ 5 ] found that multidetector CT and MRI had an accuracy of 
76–82 % and 85–91 % respectively in establishing the diagnosis of malignancy in 
cystic pancreatic masses. The use of advanced MRI techniques, such as diffusion- 
weighted imaging and ADC measurements, are less helpful currently in distinguish-
ing neoplasmatic from non-neoplasmatic pancreatic cysts than originally hoped [ 3 ]. 

 Several important morphologic features of cross-sectional imaging have been 
shown to be useful in the diagnostic approach to cystic lesions of the pancreas, 
including the presence of septa (unilocular, oligolocular <6 internal cysts, multi-
locular ≥6 internal cysts), the size of internal cysts (microcystic <2 cm, macrocystic 
≥2 cm), the presence of calcifi cation or mural nodules, and communication of the 
cystic lesion with the main pancreatic duct [ 7 – 9 ]. 

 Serous cystic neoplasm (SCN) is a benign cystic neoplasm of the pancreas that 
is more frequently found in older women [ 2 ]. The most common pattern (70 % of 
the cases) of SCN is a lobulated lesion consisting of numerous cysts (more than 6) 
varying from a few millimeters to 2 cm in diameter (but typically less than 1 cm) [ 2 , 
 10 ,  11 ] (Figs.  5.1  and  5.2 ). A central fi brous scar that may be calcifi ed is seen up to 
30 % of cases and is considered to be characteristic and virtually pathognomonic [ 9 , 
 10 ]. Calcifi cation is better depicted on CT (Figs.  5.1  and  5.2 ). The presence of a 
large number of very small cysts with innumerable enhancing septa may actually 
produce what may look like a solid appearance on CT [ 10 – 12 ]. In these cases, clear 
depiction of numerous discrete small fl uid-fi lled cysts at MRI (due to the high sen-
sitivity of the method in detecting fl uid) will usually be diagnostic [ 10 ,  12 ]. 
Uncommonly, an SCN may have an oligolocular or macrocystic appearance that is 
diffi cult to differentiate from other mucinous forms of cystic neoplasms.

    Primary mucinous cystic neoplasm (MCN) is found almost exclusively (>90 %) 
in women (mean age 40–50 years), located typically in the body and tail of the pan-
creas [ 1 ,  13 ]. Unlike the SCN, the MCN has potential malignancy [ 13 ]. A MCN 
predominantly manifests as a unilocular or mildly septated cystic lesion [ 2 ,  14 ] 
(Figs.  5.3 ,  5.4 ,  5.5 , and  5.6 ). Although the cyst is typically mucin fi lled, the cystic 
contents have fl uid density on CT, high signal intensity on T2W images, and low 
signal intensity on T1W images [ 12 ]. The internal architecture of the cyst may 
include papillary projections into the cyst on usually one or more septae [ 13 ]. The 
cyst wall, the septations, and the mural nodules enhance after contrast administra-
tion and become more clearly visible [ 12 ]. Peripheral calcifi cations of the cyst are 
uncommon (<20 %) [ 13 ]. In general, mural nodules and septa are better depicted 
with MRI, whereas calcifi cation is better depicted with CT. Contrary to intraductal 
papillary mucinous neoplasms (see below), MCNs do not communicate with the 
pancreatic ductal system. Occasionally, concomitant obstructive pancreatitis may 
be seen in the distal gland [ 12 ,  13 ]. Peripheral “eggshell” calcifi cation, an irregular 
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wall, thickened septa, papillary projections, an eccentric solid mass, and local inva-
sion of adjacent structures suggest strongly a malignant lesion [ 13 ,  14 ].

      Intraductal papillary mucinous neoplasm (IPMN) is a spectrum of related neo-
plasms characterized by mucinous transformation of the pancreatic ductal epithe-
lium producing an excessive amount of mucin and resulting in dilation of the 
pancreatic ductal system. IPMN may involve the main pancreatic duct (main-duct 
type), a side branch off the main duct (branchduct type), or a combination of both 
(mixed-duct type) (Figs.  5.7 ,  5.8 , and  5.9 ). The imaging features of IPMN depend 
on the location of the tumor(s). The main-duct type appears as diffuse or segmental 
duct dilation [ 12 ,  15 ,  16 ]. Internal nodular components are best depicted on contrast- 
enhanced images, but they are usually not seen, because the tumor is small and fl at 
[ 12 ,  15 ]. The branch-duct type appears as a unilocular cystic lesion or as clustered 
pleomorphic cysts and often involves the uncinate process [ 15 ,  16 ] (Figs.  5.7  and 
 5.8 ). The communication between the cystic lesion and the main pancreatic duct is 
a key feature in the diagnosis [ 2 ,  7 ] (Fig.  5.7c ). IPMN may be multifocal and has 
malignant potential (more likely the main-duct type) [ 16 ]. Involvement of the main 
duct (especially when it is markedly dilated), presence of solid components, diffuse 
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  Fig. 5.1    Serous cystic neoplasm. Axial unenhanced ( a ) and contrast-enhanced ( b ) CT images 
show a lobulated cystic lesion ( arrowheads ) in the pancreatic head with multiple thin internal 
septation and central calcifi cation ( arrow ). Axial T2-weighted ( c ) and contrast-enhanced 
T1-weighted ( d ) images of the same patient confi rmed the cystic nature of the lesion ( arrow ) con-
sisting of numerous small cysts       
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  Fig. 5.2    ( a ) CTs of thick 
SCNs showing the 
characteristic microcystic 
appearance with central 
calcifi cation ( thick white 
arrow ) or starburst pattern 
( thin white arrow ). ( b ) EUS 
image demonstrating the 
classic “honeycombed” 
microcystic appearance of an 
SCN (With permission from 
Fasanella et al. [ 33 ])       
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  Fig. 5.4    ( a ) CT of a 
unilocular MCN ( black 
arrow ) in the pancreatic tail. 
( b ) Corresponding EUS 
image of the mucinous cystic 
neoplasm, revealing a small 
septation ( white arrow ) and 
posterior cyst enhancement 
( black arrow ) (Reprinted with 
permission from Fasanella 
et al. [ 33 ])       

  Fig. 5.3    Mucinous cystic neoplasm. Axial unenhanced ( a ) and contrast-enhanced ( b ) CT images 
show a well- circumscribed cystic lesion ( arrows ) in distal body–tail of pancreas with fi ne internal 
septa ( arrowheads ) and multiple cystic foci larger than 1 cm in diameter       

 

5 Imaging of Pancreatic Cystic Neoplasms



42

  Fig. 5.7    Intraductal papillary mucinous neoplasm, branch duct type. Axial T2-weighted with fat 
saturation ( a ) and contrast-enhanced T1-weighted ( b ) images depict a pleomorphic cyst ( arrow ) in 
the uncinate process of the pancreas. Coronal T2-weighted image ( c ) shows communication 
( arrow ) between the cyst and the normal caliber main pancreatic duct       

c

b

a  Fig. 5.5    Malignant MCNs. 
( a ) Contrast-enhanced CT 
demonstrating typical cyst 
wall calcifi cation 
( arrowhead ) and enhancing 
papillary projection ( arrow ). 
( b ) Unenhanced CT shows 
amorphous calcifi cation of 
the cyst contents ( arrows ) 
and incidental large calculus 
of the collecting system of 
the left kidney ( arrowhead ) 
and ( c ) slightly more caudal 
image in the same patient as 
( b ) after intravenous contrast 
medium. Enhancement of the 
cyst wall demonstrates focal 
thickening and papillary 
projection ( arrowhead ) 
(Reprinted with permission 
from Scott et al. [ 34 ])       
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  Fig. 5.6    CTs of malignant 
MCN. ( a ) A 69-year-old woman 
with a large solid/cystic mass 
encasing the superior mesenteric 
artery ( arrow ). Multiple cystic 
liver metastases are seen. ( b ) A 
30-year-old woman with a large 
malignant MCN of the 
pancreatic tail ( arrowhead ) 
which has occluded the splenic 
vein. There are a large 
wedge-shaped splenic infarct 
( thick arrow ) and varices 
anterior to the spleen ( thin 
arrow ) (Reprinted with 
permission from Scott et al. 
[ 34 ])       
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  Fig. 5.9    Main-duct IPMN. 
( a ) CT showing marked 
dilation of pancreatic duct 
and ( b ) EUS of the main 
pancreatic duct ( MPD ) of the 
patient in Fig.  5.2a  (From 
Refs. [ 5 ,  33 ])       

  Fig. 5.8    Branch-duct 
IPMN. CT shows a 2.5 cm 
cystic mass in the uncinate 
process (From Katz et al. 
[ 35 ])       
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or multifocal involvement, large size of the lesion, associated biliary obstruction, 
and extension beyond the gland are signs of malignancy [ 12 ,  17 ].

     Solid pseudopapillary tumors, cystic neuroendocrine neoplasms of the pancreas, 
acinar cell neoplasms, and primary pancreatic adenocarcinomas may on occasion 
appear as cystic masses. Solid pseudopapillary neoplasm is a rare pancreatic neo-
plasm that occurs predominantly in young women (<40 years old) and has low 
malignant potential [ 2 ,  18 ]. CT usually depicts a well-circumscribed lesion with a 
heterogeneous appearance (mixed solid and cystic components) owing to hemor-
rhagic degeneration [ 18 ,  19 ]. Calcifi cations may be present [ 18 ]. On MRI images, 
solid pseudopapillary neoplasms have heterogeneous signal intensity refl ecting the 
complex nature of the mass (Fig.  5.10 ); moreover, areas of increased signal inten-
sity on T1-weighted images can help identify blood products [ 18 ,  19 ] (Fig.  5.10b ). 
Although pancreatic neuroendocrine neoplasms are typically solid and hypervascu-
lar masses, marked cystic changes may be seen [ 2 ,  20 ]. Imaging reveals typically a 
thick-walled cystic lesion, and the presence of hypervascular tissue that enhances 
avidly in the arterial phase suggests the diagnosis [ 2 ,  12 ]. Primary pancreatic adeno-
carcinomas and acinar cell neoplasms may rarely develop areas of cystic 
degeneration and necrosis (usually when they are large in size) and resemble other 
cystic pancreatic neoplasms [ 1 ,  6 ].

5.3        Endoscopic Ultrasonography (EUS) 

 EUS has emerged as a very valuable tool for characterizing cystic pancreatic lesions. 
Internal positioning of the probe allows close proximity between the transducer and 
the cystic pancreatic lesion providing greater resolution images for a very precise 
defi nition of the cyst morphology [ 6 ,  21 ]. As with CT and MRI, EUS is capable of 
defi ning cystic localization, size, locularity, mural nodules, cystic wall, calcifi ca-
tions, and communication between the pancreatic duct and cyst. The typical 

a b

  Fig. 5.10    Solid pseudopapillary tumor. ( a ) Axial T2-weighted image demonstrates a well- 
circumscribed mass ( arrow ) in the head of the pancreas with complex internal signal intensity. 
( b ) Axial unenhanced T1-weighted image depicts regions of high signal intensity within the mass 
( arrow ), which represent blood products from hemorrhagic degeneration       
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microcystic SCN with possible calcifi cation of the central fi brous scar is well seen 
on EUS [ 6 ,  10 ]. On EUS, MCNs are typically a unilocular anechoic or macrocystic 
lesion in the body or the tail of the pancreas, and criteria for malignancy (peripheral 
calcifi cation, an irregular wall, thickened septa, eccentric mass, and papillary 

a b
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  Fig. 5.11    Intraductal papillary mucinous neoplasm, mixed-duct type. Endoscopic ultrasonogra-
phy reveals a complex pancreatic cystic mass ( a ) with hyperechoic mural nodule ( b ), communica-
tion between the lesion and the main pancreatic duct ( c ), and dilation of the pancreatic duct ( d ). 
Endoscopic view ( e ) of the same patient shows an expanded papilla of Vater with egress of mucous, 
a fi nding that supports strongly the diagnosis of an IPMN       
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projections) can be detected [ 6 ,  13 ]. Findings of IPMN on EUS include diffuse or 
segmental dilation of the pancreatic duct (main-duct type), a unilocular or a clus-
tered cystic lesion (branch-duct type), communication between pancreatic cystic 
lesions and the pancreatic duct, and mural nodules as isoechoic or hyperechoic pap-
illary projection of the duct wall [ 6 ,  16 ] (Fig.  5.11 ).

   A wide range of diagnostic accuracy of EUS morphology in differentiating cys-
tic lesions of the pancreas has been reported (results of between 51 and 90 %) [ 21 ]. 
There are few studies comparing the accuracy of radiologic techniques (CT and 
MRI) and EUS in pancreatic cystic lesions. Gerke et al. [ 22 ] found that EUS and CT 
are similarly accurate in the characterization of cystic pancreatic lesions as benign 
or malignant (66 % for EUS and 71 % for CT with very poor agreement between 
them). More recent studies [ 23 ,  24 ] reported equivalent diagnostic performance 
between EUS and MRI to differentiate malignant from benign cystic pancreatic 
lesions. However, Kim et al. [ 24 ] found that interobserver agreement was better on 
MRI than EUS, because EUS is a highly operator-dependent technique.  

5.4     Magnetic Resonance 
Cholangiopancreatography (MRCP) 

 MRCP is a noninvasive diagnostic method which utilizes the inherent contrast of 
the fl uid-fi lled ducts to generate images of the biliary system and pancreatic duct. It 
is based on a heavily T2-weighted pulse sequence which shows static or slow- 
moving fl uid-fi lled structures, such as the bile and pancreatic ducts, appearing at 
greatly high signal intensity, whereas the surrounding structures generate little sig-
nal resulting in increased duct-to-background contrast. MRCP provides excellent 
depiction of the pancreatic duct (Fig.  5.12 ) allowing the identifi cation of even a 
small communication between a pancreatic cystic lesion and the pancreatic ductal 
system [ 2 ]; this fi nding on MRCP can on occasion be more specifi c than ERCP, 
because fi lling of side branch ducts at the time of ERCP may be obscured by intra-
ductal plugs of mucus [ 16 ]. Thereby, MRCP may be helpful in differentiating a 
primary MCN of the pancreas from a branch-duct-type IPMN by showing the 
absence or presence, respectively, of a ductal communication [ 13 ]. Moreover, inter-
nal nodular components in a main-duct-type IPMN as well as concomitant side 
branch lesions of IPMN may be detected on MRCP [ 16 ].

5.5        Other Imaging Modalities 

 Endoscopic retrograde cholangiopancreatography (ERCP) is a very sensitive method 
to reveal the communication between a pancreatic cystic lesion and the pancreatic 
ductal system, a fi nding which is indicative of a pseudocyst or an IPMN [ 13 ,  25 ], but 
ERCP is invasive. In IPMN, ERCP can demonstrate clearly segmental or diffuse dila-
tion of the main pancreatic duct that may contain fi lling defects caused by mucus or 
related to mural nodular lesions [ 16 ,  25 ] (Figs.  5.13  and  5.14 ). Filling defects caused 
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  Fig. 5.14    ERCPs showing 
communication with cystic 
areas in branch-duct 
IPMN (uncinate and head of 
pancreas) (From Sarr et al. 
[ 36 ])       

  Fig. 5.12    Intraductal 
papillary mucinous neoplasm, 
mixed-duct type. Single-slice 
MRCP image shows a 
multilocular cystic lesion 
( arrows ) in the pancreatic 
body and dilation of the main 
pancreatic duct ( arrowheads )       

  Fig. 5.13    Imaging of 
intraductal “masses.” ERCP 
of main-duct IPMN with 
multiple fi lling defects 
secondary to mucinous 
globules (From Sarr et al. 
[ 36 ])       
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  Fig 5.15    Endoscopic view 
of bulging papilla of Vater 
with egress of copious 
mucous (From Refs. [ 37 ])       

by mucus may be moved when passed with a catheter or a guidewire, while persistent 
fi lling defects probably represent papillary neoplasms [ 25 ]. A fi nding on ERCP that 
supports strongly the diagnosis of an IPMN is the recognition of a bulging ampulla of 
Vater with extrusion of mucus; this pathognomonic fi nding is seen in 30 % of patients 
with main-duct- or mixed-duct-type IPMN (Fig.  5.15 ) [ 16 ,  25 ]. Pancreatic ductal 
brushings can be also retrieved during ERCP for analysis and cytology. However, due 
to the considerable advances of noninvasive imaging modalities, the cost, and because 
ERCP is invasive, the use of ERCP for solely diagnostic purposes is declining.

     Positron emission tomography (PET) has a potential advantage in the detection 
of malignant lesions, because PET provides “functional” information. Hybrid PET/
CT combines the functional data of PET with the anatomic details of CT. Although 
the role of PET in the evaluation of various other solid pancreatic tumors is estab-
lished, its role in cystic pancreatic neoplasms is still evolving. False-negative results 
for borderline and noninvasive malignant neoplasms remain a major limitation of 
PET in the evaluation of pancreatic cystic lesions [ 13 ]. A prospective study [ 26 ] 
showed that PET was highly accurate in distinguishing benign and malignant 
IPMNs with a specifi city and sensitivity of 92 % and 97 %, respectively. Hong et al. 
[ 27 ] found that PET/CT outperformed multidetector CT alone in the characteriza-
tion of malignant IPMNs. Despite the potential added benefi ts of PET, the published 
studies have shown that the limitations of conventional images in discriminating 
borderline and noninvasive neoplasms cannot be overcome by PET [ 28 ]. Moreover, 
PET is much more expensive and may not provide further information worth the 
considerably added cost of PET. More studies are needed in order to determine the 
role of PET in the management of pancreatic cystic lesions. 

 Intraductal pancreatoscopy can be performed in selected centers. The introduc-
tion of a small-diameter endoscope (under duodenoscopic assistance) into the pan-
creatic duct can provide direct visualization of the ductal epithelium (Fig.  5.16 ). 
Recently, the method has been combined with narrowband imaging emphasizing 
certain image features, such as mucosal structures and capillary vessels [ 29 ]. 
Intraductal ultrasonography using high-frequency ultrasound probes during ERCP 
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enables the examination of the main pancreatic duct and surrounding structures 
(Fig.  5.17 ). Currently, IPMN is considered the most suitable indication of these 
newer diagnostic techniques, because they may be useful for diagnosing and distin-
guishing benign from malignant IPMN [ 29 – 32 ]. Although the results are very 
promising, the lack of availability and the use of these modalities to only a few 
selected centers remains a noteworthy limitation.
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        Therapeutic decision-making in patients with PCNs depends on multiple factors, 
including presenting symptoms, the general status of the patient (presence of clini-
cally relevant comorbidities, age, etc.), and in large part the morphologic features on 
cross-sectional imaging. Currently, preoperative diagnosis and identifi cation of 
characteristics indicating malignant disease or premalignant potential are possible 
with an overall accuracy of about 70 %, mainly as a result of the increasing aware-
ness and recent technical progress in imaging modalities [ 2 ]. 

 Operative resection is the cornerstone in the management of PCNs. Resection 
may achieve cure and long-term survival, relief of symptoms, and diagnostic cer-
tainty [ 3 ]. Pancreatectomy, however (and in particular pancreatic head resection), is 
associated with a low but still substantial mortality (~2 %) and a high morbidity 
(~40–50 %), even in high-volume centers. In the process of decision-making con-
cerning therapy, the risk of undertreatment of a premalignant or malignant cystic 
neoplasm needs to be weighed carefully against the risk (morbidity/mortality) of 
pancreatic resection. The identifi cation of selected subgroups of patients in whom a 
more conservative approach might be appropriate has attracted the interest of many 
investigators around the world. 
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6.1     Serous Cystic Neoplasms 

6.1.1     Indications for Resection 

 Given that malignant transformation of SCNs is extremely rare (risk, 0–1.2 %) [ 4 – 8 ], 
a conservative approach of surveillance imaging has been proposed as a logical 
therapeutic strategy [ 8 – 11 ]. This strategy remains a bit controversial, however, and 
has been challenged recently. The decrease in perioperative mortality after major 
pancreatic resections observed during the last two decades may account in part for 
the change of treatment policy toward a more aggressive approach with resection 
recommended for most (or even all) cystic neoplasms involving the body or tail of 
the pancreas [ 12 ,  13 ]. The rare but recently described “locally aggressive” SCN 
(which is characterized by local invasion, occurring in 5 % of patients) supports an 
aggressive approach of treatment; this subtype of unusual SCNs manifests an 
aggressive behavior, defi ned as local involvement of surrounding strictures (bile/
pancreatic duct, extrahepatic venous system, etc.), and has the potential of distant 
(hepatic) metastases [ 7 ]. A conservative approach, however, can be considered in 
the vast majority of patients with SCN (e.g., in the presence of a small, asymptom-
atic lesion in the pancreatic head, especially in a frail or elderly patient), given the 
slow progression of these lesions over many years [ 14 – 16 ]. Indeed, in the study by 
Bassi et al. [ 17 ], 50 patients with SCN who were managed non-operatively had no 
evidence of a “signifi cant increase in the diameter of the lesion” after a median 
follow-up of 69 months. In contrast, Tseng et al. [ 8 ], from the Massachusetts 
General Hospital, reported their experience with 24 of 106 patients with SCNs fol-
lowed longitudinally over time and found a rate of growth of 0.6 cm/year. Growth 
rate was correlated with initial tumor size (0.12 cm/year in tumors <4 cm in size 
[ n  = 15 patients] vs. 1.98 cm/year in tumors ≥ 4 cm [ n  = 9 patients],  p  = 0.0002). This 
information regarding the natural history of untreated SCNs has relevant clinical 
importance. Although it remains unclear whether this increased rate of growth in 
the larger SCNs has any impact on malignant potential [ 12 ], an increased growth 
rate intuitively would increase the risk of the SCNs becoming symptomatic within 
the lifetime of many patients. Indeed, large (≥4 cm) SCNs are associated with a 
more than threefold increase in the likelihood of developing symptoms [ 8 ]. 

 Currently, the accepted indications for operative intervention in patients with 
SCNs include [ 8 ,  14 ,  18 ,  19 ]:

    1.    Presence of relevant symptomatology, which is usually due to local compression 
(not invasion) of surrounding structures.   

   2.    Size ≥4 cm.   
   3.    Rapid enlargement of a SCN or presence of an eccentric mass or pericystic infi l-

trative appearance such as biliary or pancreatic ductal obstruction (fi ndings rais-
ing concerns about the presence of malignancy).   

   4.    Uncertainty about the type of cystic neoplasm (SCN vs. MCN), despite the use 
of modern and sophisticated diagnostic tools (see above). Indeed, as sensitivity 
for the diagnosis of the potentially malignant mucinous neoplasms increases, the 
specifi city decreases. When a preoperative diagnosis cannot be established with 
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a reasonable level of confi dence, resection should be considered strongly. In this 
case, resection is often performed to avoid potential undertreatment of an other-
wise curable overt or premalignant neoplasm.    

6.1.2       Type of Resection 

 Anatomic pancreatic resection depending on the location of the SCN is the proce-
dure of choice. If the SCN is located in the pancreatic head, pancreatoduodenec-
tomy (preferentially with pylorus preservation) is indicated [ 3 ]. From a technical 
point of view, it should be noted that pancreatoduodenectomy in the setting of a 
SCN, in contrast to pancreatic ductal adenocarcinoma, will often be complicated by 
the presence of a normal, soft pancreatic parenchyma and non-dilated pancreatic 
and biliary ducts [ 20 ]. For SCNs located in the distal pancreas (body/tail), distal 
pancreatectomy (typically with or without splenectomy) is usually required [ 14 , 
 19 ]. Other tissue-preserving procedures, such as segmental “central” pancreatec-
tomy, duodenum-preserving pancreatic head resection, or even enucleation, have 
been described [ 19 ,  21 ]; however, when selecting these procedures, caution is 
required when the preoperative diagnosis is not secure. Specifi cally regarding enu-
cleation, it should be noted that – in some studies – it is associated with a high 
morbidity (up to 35 %), mainly due to the occurrence of postoperative pancreatic 
fi stula [ 13 ]; moreover, enucleation is often not a realistic option because of the large 
size and location of the neoplasm. There is no role for total pancreatectomy, lymph-
adenectomy, or “extended” resection in the management of SCNs.   

6.2     Mucinous Cystic Neoplasms 

6.2.1     Indications for Resection 

 As noted above and in contrast to SCNs, MCNs represent a more diverse, heteroge-
neous spectrum of biologic behavior, compatible with the classic model of carcino-
genesis with progression from atypia to dysplasia to  carcinoma  in situ and 
(potentially) to invasive malignancy as seen in many other cancers. Therefore, 
MCNs are considered to be potentially premalignant and as such can undergo 
malignant degeneration at any time [ 9 ,  10 ,  14 ]; the whole spectrum of neoplasia 
(multicentric metaplasia, dysplasia, carcinoma in situ, and invasive carcinoma) may 
coexist within the same neoplasm [ 9 ,  10 ]. Malignant degeneration of a MCN 
appears to be relatively common and has been described, often presumably taking a 
long period of time (years) to develop [ 22 ]. Risk factors indicating the presence of 
malignancy include [ 9 ,  22 ,  23 ,  25 ,  26 ]:

    1.    Large tumor size: Goh et al. reported that none of the 40 malignant MCNs (car-
cinoma in situ or invasive) were <3 cm, and only one was <4.5 cm (3 cm) [ 25 ]. 
In the study by Crippa et al. of 163 resected MCNs, all neoplasms with cancer 
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were ≥4 cm, and malignant MCNs (carcinoma in situ and invasive) were larger 
than benign ones (8 cm vs. 4.5 cm). Moreover, a diameter ≥6 cm was associated 
with a much greater risk for malignancy [ 24 ].   

   2.    Associated eccentric solid mass, mural nodules, mixed solid and cystic com-
ponents, marked papillary projections, an asymmetrically thickened wall or 
irregularity of borders, hypervascularity, etc. Malignant MCNs (both in situ 
and invasive carcinoma) were 16 times more likely to harbor nodules (64 % 
vs. 4 %). Moreover, all MCNs with cancer were either ≥4 cm in size or had 
nodules [ 24 ].   

   3.    Calcifi cations (often peripheral, eggshell-like).   
   4.    Age. Patients with invasive carcinoma were older (55 vs. 44 years) than those 

with noninvasive MCNs.    

  Because of their malignant potential, resection in the good risk patient is consid-
ered as the treatment of choice for most MCNs, provided that the operative risk is 
acceptable [ 9 ,  10 ,  22 ,  24 ,  26 ]. This aggressive approach is supported by the recent 
(2012) consensus guidelines of the International Association of Pancreatology 
(Table  6.1 ).

   A conservative approach of serial surveillance imaging has been proposed 
recently by some groups in patients with presumably low-risk MCN (i.e., 
asymptomatic MCNs, size <3 cm, no mural nodules, and no pancreatic or com-
mon bile duct dilation) [ 24 ,  26 – 28 ]. This approach of “watchful waiting” repre-
sents a trade- off between the potential of delaying resection with future 
development of unresectable disease and any unnecessary operative morbidity 
and mortality with early resection for benign MCNs. A planned watchful sur-
veillance could be considered in high-risk patients with severe comorbidity or 
in the elderly [ 23 ], as suggested by the recent IAP consensus guidelines 
(Table  6.1 ). The patient should be well informed about the risks associated with 
a conservative approach and understand that even today, with the availability of 
modern, sophisticated diagnostic methods, accurate preoperative detection of 
malignancy within most MCNs is not possible [ 23 ].  

     Table 6.1    Sendai recommendations of the International Association of Pancreatology regarding 
management of IPMNs and MCNs   

  MD-IPMNs  

 Ideally, all main-duct and mixed variant IPMNs should be resected (in patients who are good 
surgical candidates with reasonable life expectancy) 

  BD-IPMN  

 Resection is indicated in the presence of symptoms or risk factors for malignancy (presence of 
mural nodules and cyst size >3 cm) 

 Patients with small cysts without other risk factors can be treated conservatively. Decision to 
treat operatively should be individualized 

  MCNs  

 Resection is always indicated, unless there are contraindications for operation 

  Modifi ed from Tanaka et al. [ 35 ]  
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6.2.2     Types of Resections 

 Because of the malignant potential of MCNs and the uncertainty which exists pre-
operatively or even intraoperatively about the presence of malignant degeneration, 
a formal, oncologic, radical anatomic pancreatectomy (depending on the location of 
the neoplasm) is indicated. Pancreatoduodenectomy (preferentially with pylorus 
preservation) should be performed for MCNs located in the pancreatic head, while 
MCNs located in the distal pancreas (which is the most common location of MCNs) 
are treated by distal pancreatectomy and splenectomy. Given that distal pancreatec-
tomy is easier and safer compared to pancreatoduodenectomy, the decision to pro-
ceed to pancreatic resection for MCN in the body/tail of the pancreas is an easier 
decision for both patient and surgeon compared to lesions of the pancreatic head, 
which require pancreatoduodenectomy, a procedure associated with much greater 
morbidity and mortality. A laparoscopic approach is an acceptable alternative for 
small- or even medium-sized MCNs located in the body or tail of the pancreas [ 29 ]. 
It is important not to rupture the cyst during the procedure, because spillage of its 
contents could lead potentially to tumor spread. Moreover, the cyst should be 
removed intact (i.e., not morselized) so the pathologist can do an appropriate (and 
complete) examination. Spleen preservation may be reasonable in small- or medium- 
sized lesions without any fi ndings suggestive of malignancy [ 30 ]. 

 Less extensive resections, such as segmental “central” pancreatectomy or distal 
pancreatectomy with spleen preservation, offer the advantage of preserving func-
tional pancreatic parenchyma and thereby potentially avoiding insulin-dependent 
diabetes. These types of parenchyma-preserving resections could be considered in 
small MCNs (<4 cm) and when there are no indications that the neoplasm has an 
invasive component (2012 IAP consensus guidelines) [ 31 ]; yet, this decision is taken 
with a small calculated risk (<10 %) of treating an invasive malignancy without the 
ideal oncologic extent of resection [ 22 ]. Lesser, nonanatomic resections, such as 
enucleation or duodenum-preserving, subtotal resection of the pancreatic head, 
although feasible technically, appear to be suboptimal procedures, given the limita-
tions in preoperative and intraoperative diagnosis of invasive carcinoma [ 1 ,  32 ]. 

 Excision of lymph nodes beyond those immediately adjacent to the pancreas is 
not necessary or benefi cial, even when there is a high suspicion of malignancy, 
because the incidence of lymph node metastases in malignant MCNs is relatively 
low [ 24 ,  30 ]. Rarely, resection of involved adjacent structures/organs (including 
portal vein) may be required; however, unlike pancreatic adenocarcinomas, malig-
nant MCNs tend to be “pushers” rather than “invaders” [ 33 ]. 

 Frozen-section analysis of operative margins as is done with IPMN is not 
required during operation for MCNs, because cyst boundaries are easily discernible. 
Results of frozen-section analysis in an attempt to differentiate MCN from pseudo-
cyst (and thereby determine operative procedure – resection vs. enteric drainage) 
may be misleading, because MCNs frequently have an incomplete, discontinuous 
epithelial liming and may be indistinguishable from a pseudocyst on cursory frozen 
section [ 9 ,  14 ,  26 ,  34 ]. Frozen-section analysis may be indicated to exclude invasive 
malignancy if a dubious fi rmness is close to the resection margin. If invasive 
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carcinoma is detected at the margin, a more extensive resection designed to obtain 
negative margins should be undertaken as for any other invasive carcinoma of the 
pancreas [ 26 ].   

6.3     Intraductal Papillary Mucinous Neoplasms (IPMNs) 

6.3.1     Indications for Operation 

 IPMNs have an even greater chance of being malignant than MCNs ( 35 ). About 
40 % of patients at the time of diagnosis of main-duct IPMN already have an estab-
lished invasive malignancy [ 36 ,  37 ]. Accurate classifi cation of IPMNs is of special 
clinical importance, because the risk of malignancy depends on the changes of the 
pancreatic ducts and its branches [ 38 ]. The risk of invasive malignancy is relatively 
high (≥40 %) in both main-duct and mixed-duct types. 

 Currently, risk factors for the presence of malignancy within IPMN include [ 9 , 
 36 ,  39 ]:

    1.    Main-duct IPMN. These IPMNs are associated with a risk of malignancy (both 
carcinoma in situ and invasive carcinoma) of approximately 50–60 % (and in 
selected situations, the risk may be as great as 92 %) [ 40 – 42 ]. The spectrum of 
atypia within an IPMN ranges from hyperplasia (adenoma) to low-grade dyspla-
sia to high-grade dysplasia (carcinoma in situ) to invasive carcinoma. Mucinous 
ductal ectasia is sometimes present. Many groups have estimated a mean lag 
time of approximately 5 years from age at presentation of IPMN with low-grade 
dysplasia to the point at which it becomes an invasive carcinoma [ 43 ]. The risk 
of malignancy increases markedly when the main pancreatic duct is dilated more 
than 1 cm and when mural nodules (>1 cm) are present [ 36 ]. In contrast, the risk 
of some element of malignancy in branch-duct IPMN is less (6–46 %, mean 
25 %) [ 23 ,  39 ,  41 ] and the risk of  invasive  carcinoma is much less [ 23 ,  42 ]. 
Factors correlating with malignancy in branch-duct IPMNs include the presence 
of clinical symptoms, mural nodules (especially when >2 mm), cyst size >3 cm, 
and coexistence of main-duct dilation [ 35 ,  39 ].   

   2.    Branch-duct dilation. The presence of side branches >3 cm confers an increased 
risk of malignancy. The risk of malignancy in branch-duct IPMNs <2 cm was 
10 % in the study by Jang et al. [ 44 ].   

   3.    Presence of mural nodule(s).   
   4.    Advanced age (>70 years).   
   5.    Presence of symptoms, such as extrahepatic biliary dilation, weight loss, etc.; 

however, lack of symptoms does not guarantee the absence of malignancy [ 35 ].   
   6.    Increased telomerase activity in pancreatic cystic fl uid [ 39 ] and increased serum 

CA 19-9 levels [ 43 ].   
   7.    A patulous papilla with leakage of mucin from the ampulla of Vater [ 43 ].    

  Histologic changes (atypia, dysplasia, or frank carcinoma in situ or invasive can-
cer) can be present concurrently in discontinuous areas throughout the pancreas, 

G.H. Sakorafas et al.



59

thereby raising the question of whether IPMN represents a generalized global disor-
der of the epithelium of the pancreatic duct or rather a localized, fi eld defect. True 
multicentricity of main-duct IPMN is not common (<10 %), but in branch-duct 
IPMNs, multicentricity has been recognized much more frequently [ 35 ]. 
Multicentricity is of clinical importance for the surgeon performing pancreatectomy 
(see below). 

 Because of the overt or latent malignant potential of IPMN, operative resection 
is the therapy of choice in most patients with main-duct and mixed-duct IPMN, 
provided they are operative candidates [ 3 ,  9 ,  10 ,  14 ,  16 ,  35 ,  36 ,  38 ,  39 ,  41 ]. Operative 
therapy is more controversial with branch-duct disease alone. Analytically, a formal 
oncologic resection is indicated for [ 35 ,  38 ]:

    1.    Main-duct and mixed type IPMNs   
   2.    Branch-duct IPMNs with cyst diameters of over 30 mm or cyst diameter of 

10–30 mm with a mural nodule   
   3.    Cytology-positive IPMN   
   4.    Presence of clinical symptomatology (such as obstructive jaundice, unexplained 

weight loss)    

  Recently, a conservative management (“watchful waiting”) has been proposed 
for selected patients with IPMNs. This approach can be considered in selected sub-
groups, including high-risk surgical patients if other predictors of malignancy are 
not present (e.g., for main-duct IPMNs, when the main pancreatic duct is smaller 
than 10 mm and there are no visible mural nodules). This conservative approach has 
been accepted with more support in selected patients with branch-duct IPMNs, 
given the much lesser incidence of invasive cancer in branch-duct disease [ 35 ,  36 , 
 45 ,  46 ]. This group of patients includes asymptomatic patients with branch-duct 
IPMNs with cystic lesions <3 cm, no mural nodules or main-duct dilation, and no 
cytologic fi ndings suspicious or positive for malignancy [ 35 ,  42 ,  47 – 49 ]; this 
approach is based on the low incidence of invasive malignancy (~2 %) in these 
patients, which approximates the mortality risk of a major pancreatic resection (i.e., 
pancreatoduodenectomy) [ 48 ]. Close follow-up using periodic cross-sectional 
imaging is required in these cases to detect suspicious fi ndings suggesting a reevalu-
ation of the situation and reassessment of the role of operative resection. The timing 
of surveillance is determined by cyst size [ 38 ]. Obviously, the “watchful waiting” 
approach is applicable only if the patient can be kept under close supervision. 
Tables  6.1  and  6.2  summarize the recommendations of the International Association 
of Pancreatology regarding optimal management of IPMNs and MCNs (Sendai 
2006 and the more recent [2012] consensus guidelines) [ 35 ,  50 ].

6.3.2        Type of Resection 

 The aim of operative resection is to remove all the adenomatous or malignant ductal 
epithelium if possible and if reasonable to minimize the probability of recurrence in 
the pancreatic remnant. The basic and as yet not fully answered question is whether or 
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not IPMN represents a local, clonal expansion of a site of neoplastic transformation, a 
localized fi eld defect limited to a segment of the pancreas, a global abnormality in the 
ductal epithelium with the potential to affect all of the pancreatic ductal epithelium, or 
even possibly an anatomically local or global environmental stimulus, either exoge-
nous or endogenous. If we know IPMN is a localized process, as with typical ductal 
cancer of the pancreas, then a focused resection of the involved anatomic region of the 
gland would be all that is necessary. In contrast, if IPMN is a global disorder of all the 
pancreatic ductal epithelium, probably then all the pancreatic duct epithelium is “at 
risk” of malignant transformation, and therefore, in selected individuals, a total pan-
createctomy might be indicated [ 9 ]. Total pancreatectomy with its obligate apancre-
atic state has its own often serious problems (brittle diabetes, exocrine insuffi ciency) 
and trades one disease (IPMN) with another (the “apancreatic” state with its endo-
crine and exocrine defi ciencies). In some patients, a total pancreatectomy may not be 
appropriate, especially in the elderly or the medically unsophisticated patient who will 
not be able to manage the endocrine and exocrine insuffi ciency. After total pancre-
atectomy, episodic hypoglycemia can be a substantive problem. 

   Table 6.2    International consensus conference guidelines 2012 for the management of IPMN and 
MCN of the pancreas   

  MD-IPMN  

 Operative resection recommended for all surgically fi t patients 

  Segmental disease: focal anatomic pancreatic resection 

  Diffuse dilation of pancreatic duct, right-sided pancreatectomy (usually) 

  Frozen biopsy sections (resection line) 

   High-grade dysplasia: additional resection to negative margin 

   Moderate- or low-grade dysplasia: further resection controversial 

 Total pancreatectomy: selectively in young patients (who can manage the “apancreatic” 
state – diabetes and exocrine insuffi ciency) 

  BD-IPMN  

 Resection considered (especially in young [< 65 years] patients with a cyst size > 2 cm) 

 Patient medical comorbidities and cyst location should be taken into consideration 

 Conservative management with follow-up for selected patients who do not have the following 
risk factors of malignancy 

  Increasing cyst size 

  Mural nodules (especially when >2 mm) 

  Coexistence of main-duct dilatation (>7 mm) 

  High-grade atypia 

  Cytology positive for malignant cells 

 BD-IPMN >3 cm without risk factors predicting malignancy can be observed without 
immediate resection (especially in elderly frail patients) 

  MCN  

 Resection recommended for all surgically fi t patients 

 Observation is an option in elderly or frail patients 

  Modifi ed from Tanaka et al. [ 50 ]  
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 The type of operation is determined based on the location of the IPMN and its 
subtype (i.e., the type of ductal distribution – main or mixed IPMN vs. branch-duct 
IPMN). For main-duct IPMN located in the pancreatic body/tail (10–25 % of 
patients) [ 51 ], distal pancreatectomy including splenectomy with frozen-section 
analysis of the proximal pancreatic margin is the procedure of choice [ 9 ,  39 ]. If the 
frozen section is negative for true adenomatous changes in the ductal epithelium 
(not reactive ductal hyperplasia), total pancreatectomy is not indicated in the 
absence of objective evidence that the proximal duct is involved. In contrast, when 
the margin is positive for invasive or noninvasive malignant IPMN, most surgeons 
would advocate a further “creeping” proximal pancreatic resection; if a tumor-free 
margin is not attainable after two further limited resections, most surgeons would 
proceed with total pancreatectomy, provided the patient is an appropriate candidate 
to manage the “disease” of the apancreatic state [ 10 ,  14 ,  35 ,  39 ]; obviously this 
discussion would have occurred preoperatively between patient and surgeon. 

 When the entire pancreatic duct is diffusely dilated, the assumption is that the 
disease is in the pancreatic head causing obstruction by growth of the neoplasm and/
or by mucous production. Based on this assumption and provided no intraluminal or 
extraluminal solid mass is evident elsewhere in the duct outside the boundaries of a 
pancreatic head resection, a pancreatoduodenectomy is undertaken with intraopera-
tive frozen-section analysis of the distal margin. A positive margin for adenomatous 
changes (again, not ductal hyperplasia) necessitates a further “creeping” distal 
resection, keeping in mind that IPMN may involve the pancreatic duct diffusely. If 
the frozen section remains positive after two attempts for further resection, total 
pancreatectomy should be entertained (in up to 10–20 % of patients) [ 35 ,  36 ,  39 ]. 
The concept of “prophylactic” total pancreatectomy is considered by most pancre-
atic surgeons as both unacceptably aggressive and unnecessary in most patients 
[ 52 ]. When evaluating the results of frozen section, it should be emphasized that the 
surgeon should keep in mind that even a negative margin does not assure the absence 
of neoplastic cells in the remaining pancreas. Unlike typical ductal carcinoma of the 
pancreas which is a contiguous clonal expansion and not a multicentric malignancy 
[ 53 ], IPMN can be a multifocal disease in up to 8–10 % of patients harboring main- 
duct disease with “skip” lesions, possibly indicating a generalized instability of the 
epithelium [ 35 ]. Intraoperative pancreatic ductoscopy to evaluate the pancreatic 
remnant has been tried with some success. While nodal metastases occur with inva-
sive IPMN, at present, there is no evidence to justify an extended lymphadenectomy 
in the management of malignant IPMN. 

 In localized branch-duct IPMNs, a segmental but formal anatomic, oncologic 
pancreatectomy is the favored procedure, i.e., pancreatoduodenectomy (preferen-
tially of the pylorus-preserving type) for neoplasms located in the pancreatic head/
uncinate process, or distal pancreatectomy for body/tail lesions [ 39 ]. In multifocal 
branch-duct IPMN, therapeutic decisions are more diffi cult; ideally, these patients 
should be treated by total pancreatectomy, which eliminates all the foci of the dis-
ease, but the formidable and obligate long-term morbidity of total pancreatectomy 
must be considered seriously in this decision. A more conservative approach in this 
case would be an anatomic pancreatic resection removing the cystic lesions with 
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worrisome characteristics (size >3 cm, mural nodules, abnormal cytology) and sur-
veillance observation of the remnant gland/lesions for fi ndings suggestive of malig-
nancy in the remaining cystic lesions [ 35 ].   

6.4     Rare Primary Pancreatic Cystic Neoplasms 

6.4.1     Indications for Resection 

 Solid pseudopapillary neoplasms (SPNs) are usually very-low-grade, malignant 
neoplasms with the potential for metastatic spread, and operative resection is, there-
fore, recommended in all patients [ 54 ]. More than 95 % of SPNs arise in women and 
usually before the age of 40 years; their appearance is rather characteristic espe-
cially in a young women. Cystic neuroendocrine neoplasms are considered prema-
lignant or malignant lesions and should be treated operatively. Typically, however, 
accurate preoperative identifi cation is not possible, even using sophisticated, mod-
ern, state-of-the-art imaging and molecular techniques, and thus operative resection 
usually establishes the diagnosis defi nitively [ 55 ].  

6.4.2     Type of Resection 

 Because of uncertainty of the diagnosis and concerns about malignancy, rare pan-
creatic neoplasms should be treated with a formal, anatomic pancreatic resection. 
Despite that theoretic concept that a more conservative approach could be accept-
able in selected cases, a radical approach is preferred, especially in surgically fi t 
patients to avoid the risk of undertreatment of a potentially curable disease [ 55 ,  56 ].   

6.5     Comments 

 The overall status of the patient is a very relevant clinical consideration, which 
should be evaluated when deciding to resect a pancreatic cystic lesion; indeed, the 
risk of resection should be weighed against and not exceed the risk of concurrent or 
future malignancy. High-risk patients (e.g., those with severe comorbidities or 
advanced age) may be followed with periodic, noninvasive imaging; aggressive 
evaluation, including EUS with FNA cytology and analysis of cyst fl uid, might not 
be cost-effective in these patients unless these procedures will defi nitely change 
therapy [ 19 ]. 

 Misdiagnosing a PCN as a pancreatic pseudocyst is usually avoidable and may 
prove to be a serious diagnostic error. In the absence of a history of pancreatitis, the 
surgeon should maintain a high index of suspicion for the presence of a PCN in any 
patient with a cystic pancreatic lesion. Indeed, a cystic mass in the pancreas in a 
patient without any history of pancreatopathy should be considered a cystic neo-
plasm of the pancreas (most commonly, in women MCN and in men an IPMN) until 
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proven otherwise. With time, most pseudocysts resolve spontaneously, whereas a 
cystic neoplasm will persist or grow. Inappropriate treatment of a MCN by cysto-
gastrostomy or cystenterostomy when misdiagnosed initially as a pancreatic pseu-
docyst will usually recur and may have dramatic results, which can potentially 
impair the patient’s prognosis; this pitfall was much more common in the past, even 
in experienced centers [ 34 ,  57 – 59 ]. In their original report of 67 cystic pancreatic 
neoplasms, including 42 MCNs, Warshaw et al. found that 37 % of the neoplasms 
were misdiagnosed initially as pancreatic pseudocysts even when the cyst wall was 
“biopsied” [ 34 ]. Many of these neoplasms were treated inappropriately with cysten-
terostomy procedures rather than with potentially curative resections, resulting in 
substantial patient morbidity and mortality. Subsequently, in a later report by the 
same authors, this fi gure decreased to 9 %, which suggests that the current height-
ened awareness by surgeons, gastroenterologists, radiologists, and pathologists can 
decrease the number of diagnostic errors [ 57 ]. Part of the problem with the diagno-
sis of MCN on intraoperative biopsy of the cyst wall is that the epithelial lining is 
notoriously discontinuous and may be absent in many places. Currently, clinical, 
epidemiologic, and imaging fi ndings combined with the results of fl uid cytology 
and analysis (when indicated) allow preoperative diagnosis with acceptable accu-
racy; therefore, currently, this error is much less common and should be very 
uncommon.  

6.6     Adjuvant/Neoadjuvant Therapy 

6.6.1     MCN 

 Adjuvant therapy should at least be entertained in patients with invasive MCNs 
undergoing a “curative” resection, even if there are no nodal metastases and even 
though no formal studies have addressed the topic [ 9 ,  10 ,  22 ]. Chemotherapy should 
also be considered for non-resectable, advanced malignant MCNs of the pancreas 
[ 60 ,  61 ]. Although we advocate “consideration” of adjuvant therapies, the role of 
neoadjuvant therapy in the management of MCNs remains undefi ned. We need to 
emphasize that reliable data on the responsiveness of cystadenocarcinomas to adju-
vant, neoadjuvant, and therapeutic chemotherapy or radiation therapy are lacking, 
because no one center has been able to generate a large enough experience with this 
somewhat rare subgroup of MCNs; a formal study would require a multicenter trial.  

6.6.2     IPMN 

 As for invasive MCNs, adjuvant therapy should be considered for patients undergo-
ing curative resection of invasive IPMNs [ 9 ,  14 ]. Due to the absence of randomized 
clinical trials in this topic, the type of treatment that has been adopted has been simi-
lar to that for ductal adenocarcinoma, i.e., usually gemcitabine-based chemotherapy 
with or without radiation. In a recent study from the Johns Hopkins Hospital, 70 
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patients with malignant (invasive) IPMN received postoperative (adjuvant) chemo-
radiotherapy, which appeared to confer a 57 % decrease in the relative risk of 
 mortality; patients with lymph node metastases or positive margins appeared to ben-
efi t particularly from this adjuvant chemoradiation therapy after curative resection 
[ 62 – 64 ]. Caponi et al. (from Italy) in their study published a year ago concluded that 
adjuvant chemotherapy with gemcitabine was associated with a greater disease-free 
survival compared to surgery alone [ 64 ]. Other studies, however, have not suggested 
such an enthusiastic benefi t [ 65 ]. It should be stressed that there is no level 1 or level 
2 evidence addressing the topic of adjuvant chemo- or radiotherapy in IPMN. 

 Concerning neoadjuvant therapy in IPMN, although there is suggestive evidence 
that apparently unresectable neoplasms with no metastases can become resectable 
after combined chemoradiation therapy, experience is extremely limited and com-
pletely anecdotal, thereby precluding defi nite recommendations. Just as for adju-
vant therapy, no good studies currently address neoadjuvant therapy. This topic also 
calls for a multicenter trial.   

6.7     Cyst Ablation 

 Cyst ablation has been proposed recently as a less invasive method than pancreatic 
resection for the management of high-risk patients who are not ideal candidates for 
a major pancreatic resection. Ablation is achieved by injecting ablative agents into 
the cyst cavity under EUS or CT image guidance. Ethanol has been the ablative 
agent used most commonly, but recently paclitaxel has been added to increase the 
effi cacy of this approach [ 66 ]. Epithelial ablation after this procedure has been doc-
umented histologically after resection of the ablated cysts [ 67 ]. Results were 
encouraging in lesions ranging in size from 1 to 5 cm [ 67 ,  68 ]. Ablation appears to 
achieve a decrease in size of the cystic area to <5 % of the original size in ~35 % of 
patients using ethanol and in 50–80 % using ethanol combined with paclitaxel [ 69 –
 72 ]. Interestingly, Oh et al. [ 72 ] reported 52 patients who underwent EUS-guided 
cyst ablation using ethanol and paclitaxel; 43 of these patients were followed with 
complete response seen in 29 patients (67 %). More than one session of ablation 
may result in a signifi cantly greater decrease in the size and surface area of the pan-
creatic cystic neoplasm and is associated with a greater rate of image-defi ned cyst 
resolution [ 73 ]. Cyst ablation appears to be a safe procedure with only a few post- 
procedure complications [ 67 ], such as pancreatitis (2–10 %), transient abdominal 
pain (2–20 %), fever (2 %), and intracystic bleeding (2 %) [ 67 – 73 ]. As expected, 
post-ablation morbidity is greater compared to that of EUS-guided FNA of 
 pancreatic cyst [ 38 ]. 

 These preliminary studies suggest that cyst ablation seems to be a promising 
method to be explored in the future. Currently, however, given the lack of complete 
ablation of the cyst epithelium, it remains an experimental approach and should be 
considered only as part of a clinical trial in individuals who are not operative candi-
dates [ 38 ]. If and when this conservative strategy is adopted, both the patient and the 
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surgeon should acknowledge and accept the risk of undertreating a potentially 
malignant and potentially curable neoplasm.     
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  7      Prognosis and Follow-Up 

             George     H.     Sakorafas      ,     Vassileios     Smyrniotis      , 
and     Michael     G.     Sarr     

7.1            SCN 

 Complete resection of SCNs ensures cure (SCN/7, 9, 24). SCNs do not recur either 
locally or distally after appropriate operative treatment with an R0 resection; there-
fore, a regular follow-up program with surveillance after complete resection is not 
necessary and would not be cost effective [ 1 – 3 ]. No adjuvant therapy is needed. For 
patients with SCNs treated conservatively by surveillance without resection, there 
are no fi rm guidelines about the optimal method or timing of surveillance. The inter-
val between serial cross-sectional imaging remains controversial, but most groups 
recommend surveillance on an annual basis [ 1 ,  4 – 6 ], while others recommend every 
2 years [ 6 ].  

7.2     MCN 

 Complete operative resection of MCNs lacking an invasive component (i.e., benign 
MCNs and, more importantly, noninvasive proliferative MCNs) is a curative proce-
dure [ 3 ,  7 ]). These neoplasms are solitary and do not recur either locally or distally 
after complete operative resection [MCN/7]. The survival of these patients is 
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excellent, with 100 % 5-year disease-specifi c survival [ 8 ]. Therefore, for patients 
without tissue invasion, a regular follow-up program with surveillance (using cross-
sectional imaging tests) is also not necessary, thereby saving money and eliminating 
patient worry [ 4 ,  7 – 10 ]. One, however, must be confi dent in the diagnosis of MCN, 
being certain that the cystic lesion is not an IPMN; the presence of ovarian stroma 
in the pathology specimen is mandatory to exclude IPMN. 

 More controversial is the question of long-term survival and surveillance of the 
more unusual patients with MCNs with tissue invasion who undergo “curative” 
resection. In the past, numerous articles have claimed survival rates greater than 
50 % and up to 70 % for these Grade 1 mucinous “cystadenocarcinomas” [ 7 ,  8 ,  11 ]; 
however, these series lumped together MCNs containing a proliferative epithelium 
(but without any tissue invasion) with the true cystadenocarcinomas which had tis-
sue invasion. Occasionally, unrecognized foci of invasive carcinoma may exist 
within a presumably noninvasive proliferative MCN [ 12 ]; in this case, recurrence 
and metastases can be observed, which contrasts the absence of recurrences for 
“true” noninvasive MCNs after complete resection and stresses the importance of a 
complete histopathologic analysis of all the surface areas of a MCN [ 12 – 14 ]. After 
a careful evaluation of MCNs containing true invasive carcinoma, 5-year survival 
rates appear quite poor (15–35 %), albeit still somewhat better than those for typical 
ductal cancer of the pancreas but consistent with an aggressive malignancy [ 8 ]. The 
extent of invasion is the most important prognostic factor in malignant MCNs [ 15 ]. 
Patients with invasive MCNs require postoperative follow-up imaging, as for 
patients with pancreatic adenocarcinoma [ 4 ]. Some groups suggest that patients 
with resected malignant MCNs should be followed every 6 months regarding local 
recurrence and distant metastases (mainly hematogenous) using either CT or MRI 
[ 10 ]. The prognosis for unresectable invasive MCNs is as poor as that for unresect-
able pancreatic adenocarcinoma [ 2 ,  8 ]. The dramatic difference in prognosis for 
patients with noninvasive and invasive MCNs highlights the enormous importance 
of diagnosing and resecting noninvasive MCNs before they progress to an invasive 
carcinoma whenever possible [ 16 ]. Whether resection of recurrent MCN, either 
locally or distantly (liver, lung), is worthwhile is completely unknown.  

7.3     IPMN 

 In IPMN, the dysplastic component may remain in situ for many years. For a single 
branch-duct IPMN, several studies suggest strongly that a local anatomic resection 
is essentially curative in most patients. In contrast, for noninvasive, main-duct 
IPMNs, occurrence in the remnant gland has been found with variable rates 
(0–20 %) [ 2 ,  9 ,  14 ], provided that the frozen-section margin is negative for adeno-
matous changes and the resected specimen lacks invasive IPMN. One study of 
patients from two large referral centers (Verona, Italy, and Boston, MA USA) main-
tained that after a curative resection with negative margins, recurrence is extremely 
rare [ 17 ]; in contrast, another large study showed an 8 % incidence of recurrence in 
the remnant [ 10 ]. Under these conditions, recurrence in the remnant may be due to 
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the presence of multifocal disease [ 18 ] or to overlooked residual disease at the duc-
tal margin. In distinct contrast, when the resection specimen contains invasive dis-
ease, even if the margins are negative, recurrent IPMN, either in the pancreatic 
remnant or more commonly in peripancreatic and extrapancreatic sites, occurs in 
50–90 % of patients, dramatically altering prognosis and reinforcing the concept 
that invasive IPMN is a serious, aggressive malignancy [ 19 ,  20 ]. Interestingly, in the 
Mayo Clinic series [ 21 ] of invasive IPMN, recurrence after partial pancreatectomy 
(18/27; 67 %) was similar to that observed after total pancreatectomy (8/13; 62 %), 
suggesting no oncologic advantage to total pancreatectomy, similar in principle to 
ductal adenocarcinoma of the pancreas [ 22 ]. 

 The 5-year survival after curative resection of IPMN  without  invasive cancer is 
>70 % in most series [ 21 ,  23 ]. Some reports have even suggested a 5-year survival 
in excess of 90 % after resection. In contrast, after resection of invasive IPMN, even 
with negative margins, the 5-year survival ranges from only 30 to 50 % [ 19 – 21 ]. 
Features predicting decreased survival when invasive cancer is present include 
lymph node metastases, vascular invasion, positive resection margins, and an inva-
sive component measuring >2 cm [ 20 ,  24 ]. Invasive IPMN should be managed as an 
aggressive malignancy that behaves, in many respects, similar to ductal cancer of 
the pancreas. Overall survival, however, appears somewhat better with invasive 
IPMN compared to pancreatic ductal adenocarcinoma, but whether this observation 
is due to a stage shift with earlier diagnosis of IPMN, as shown in some studies [ 20 ], 
or due to a truly less aggressive tumor biology of invasive IPMN remains 
controversial. 

 Because adjuvant therapy for pancreatic ductal adenocarcinoma has been shown 
to improve survival, it is often recommended in the management of patients with 
invasive IPMN, especially in the presence of negative prognostic factors (i.e., posi-
tive lymph nodes and/or positive margins). The role of adjuvant chemotherapy or 
chemoradiation therapy in invasive IPMN, however, remains controversial. 
Interestingly, in a recent study published by Turrini et al., a notable decrease in 
5-year overall survival was noted in those patients who received any adjuvant ther-
apy [ 24 ]. In this study, re-operation for recurrence in the remnant pancreas was 
associated with substantial long-term survival; this aggressive surgical strategy 
should be considered for patients with local recurrence amenable to re-resection. In 
contrast, a study from Johns Hopkins suggested a survival advantage to the use of 
adjuvant chemoradiation therapy [ 25 ]. Obviously, this topic requires formal study 
(see above – ADJUVANT/NEOADJUVANT THERAPY). 

 Routine follow-up surveillance with noninvasive imaging appears to be relevant 
clinically, potentially therapeutic, and indicated in all patients with IPMNs. If recur-
rence occurs, selected patients may benefi t from further treatment [ 10 ]. There are no 
established guidelines regarding the frequency or type of surveillance imaging to 
detect potential recurrence. A reasonable strategy for noninvasive IPMNs would be 
to obtain yearly follow-up with CT or MRI and then increase the interval between 
imaging if no changes have occurred over several years [ 9 ,  10 ]. For patients with 
noninvasive IPMN but with low- or moderate-grade dysplasia at the margin, clinical 
review and MRI/MRCP twice a year (if asymptomatic) have been proposed [ 4 ]. 
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Because patients with invasive IPMN have a greater risk of recurrence, this popula-
tion probably should be evaluated every 6 months with abdominal CT or MRI/MRCP 
[ 9 ,  10 ]. As noted previously, observation may well be indicated for patients with 
branch-duct IPMN who are asymptomatic without mural nodules in whom the main 
duct is not dilated (<6 mm) and the cyst size is <3 cm. The frequency of follow-up 
can be based on the size of the side branch IPMN: 0–1 cm, yearly; 1–2 cm, every 
6–12 months; and 2–3 cm, every 3–6 months. We stress, however, that these are sug-
gested guidelines based on the best interpretation of our current understanding. 
Abdominal CT, MRI/MRCP, and EUS are utilized for assessing cyst size, presence 
of mural nodules, and any changes in the diameter of the main duct. The interval of 
follow-up may be increased in duration if no change is observed during the fi rst 
2 years postoperatively [ 26 ]. The known increased risk of development of typical 
pancreatic ductal adenocarcinoma in patients with branch- duct IPMN should also be 
considered when planning follow-up in patients treated conservatively [ 22 ]. 
Biochemical follow-up surveillance is of little value. Tumor markers, such as serum 
levels of CEA and CA 19-9, have no value in the follow-up of these patients. The 
discovery of a pancreatic cyst/mass lesion after operative resection may be related to 
the presence of a postoperative contained leak, recurrence of IPMN linked to incom-
plete resection, a new site of IPMN, or rarely a recurrence of cystadenocarcinoma 
after inadequate histopathologic examination [ 2 ]. Similar considerations are perti-
nent after resection of main-duct IPMN. One other consideration is that dilation of 
the main pancreatic duct after a pancreatoduodenectomy may also be secondary to 
stricture at the pancreaticoenterostomy and not always from recurrent IPMN. 

 As mentioned above, patients with IPMN have a greater incidence (~25–30 %) 
of synchronous or metachronous extrapancreatic neoplasms, both benign and 
malignant, in other organs (including colon, rectum, stomach, lung, breast, liver, 
etc.), but also of typical ductal pancreatic cancer [ 27 ,  28 ]. This important informa-
tion should be taken into consideration when scheduling both the initial evaluation 
and the follow-up plan of patients with IPMNs; more frequent screening colonos-
copy may be warranted in these patients because of the increased frequency of 
colonic neoplasms [ 27 ].  

7.4     Rare PCN 

 The prognosis of patients with SPNs is excellent after complete resection (5-year 
survival ~95 %) [ 29 ]. Interestingly, prognosis remains good even in patients with 
metastases; in one study, only 18 % of patients with metastatic disease died after a 
mean follow-up of 6.3 years [ 30 ]. Cross-sectional imaging every 6 months for 
2 years and then every year for 5 years has been proposed for the follow-up of these 
patients [ 4 ]. When recurrent SPN is discovered, a very aggressive strategy of re- 
resection is warranted, whether the recurrence is local or distant. For patients with 
 cystic neuroendocrine neoplasms , prognosis after resection is similarly good, with 
a 5-year survival rate of 98 % [ 31 ]. The prognosis of other rare PCNs depends on 
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the histologic characteristics of these neoplasms; due to their rarity, no fi rm 
 recommendations regarding follow-up of these patients can be proposed.     
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