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Abstract
Background: The prevalence of undefined pancreatic cystic 
neoplasms (PCNs) is high in the general population, increas-
ing with patient age. PCNs account for different biological 
entities with different potential for malignant transforma-
tion. The clinician must balance his or her practice between 
the risk of surgical overtreatment and the error of keeping a 
malignant lesion under surveillance. Methods: We review 
and discuss the clinical management of PCNs. Specifically, 
we analyze the main features of PCNs from the surgeon’s 
point of view, as they present in the outpatient clinic. We also 
review the different consensus guidelines, address recent 
controversies in the literature, and present the current clini-
cal practice at 4 different European Centers for pancreatic 
surgery. Results: The main features of PCNs were analyzed 
from the surgeon’s point of view as they present in the out-
patient clinic. All aspects of surgical management were dis-
cussed, from indications for surgery to intraoperative man-
agement and surveillance strategies. Conclusions: Manage-

ment of PCNs requires a selective approach with the aim of 
minimizing clinically relevant diagnostic mistakes. Through 
the evaluation of clinical and radiological features of a PCN, 
the surgeon can elaborate on a diagnostic hypothesis and 
assess malignancy risk, but the final decision should be tai-
lored to the individual patient’s need. © 2019 S. Karger AG, Basel

Introduction

Large studies have estimated that the overall preva-
lence of undefined pancreatic cystic neoplasms (PCNs) in 
the general population ranges from 2.6 to 15%, increasing 
with age to 37% in patients > 80 years old [1, 2].

Due to the extensive use of high-quality cross-section-
al imaging in clinical practice, PCNs are also frequently 
discovered in otherwise asymptomatic patients. Conse-
quently, high-volume centers for pancreatic surgery eval-
uate an increasing number of patients for PCNs every 
year, while the median size of the main cystic lesion at 
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diagnosis continues to decrease (with an average cyst di-
ameter at diagnosis of approximately 20 mm) [3].

PCNs account for different biological entities, as list-
ed in the 2010 WHO classification [4] and summarized in 
Table 1. Looking at such a classification and discriminating 
those cases for which resection should be advocated seems 
to be an easy task. The main controversy regarding the 
treatment of PCNs is the inability to precisely determine 
the histopathologic diagnosis without surgical resection. 
Fortunately, the vast majority of patients who are referred 
to the surgeon for a pancreatic cyst will never need a precise 
histopathological diagnosis. Many PCNs harbor the po-
tential for malignancy as precancerous lesions. This poten-
tial was shown to be very variable (Table 2), ranging from 
high (the risk of invasive carcinoma associated with main 
duct intraductal papillary mucinous neoplasms (IPMNs) 

is approximately 44% in surgical series [5]) to, in some cas-
es, extremely low (like in small, indolent branch duct-
IPMNs [BD-IPMNs]) or even almost absent (like in serous 
cystadenoma). Because of this heterogeneity, it is very chal-
lenging for clinicians to balance their practice between the 
risk of surgical overtreatment and the tragic error of keep-
ing a malignant lesion under surveillance (Fig. 1).

Even if data on this specific topic are limited, the cur-
rent accuracy of cross-sectional imaging modalities in 
PCN ranges from 47 to 78% [6–8]. Although a “perfect 
test” to preoperatively define the true nature of a cyst is 
currently lacking, diagnostic improvement due to current 
endoscopic techniques, a better understanding of the bi-
ology of the various histopathological entities from ob-
servational studies and the introduction of several guide-
lines [5, 9–14] attempting risk stratification have led to a 

Table 1. WHO 2010 classification [4]

Histological classification of pancreatic cystic tumors

Benign
Acinar cell cystadenoma
Serous cystadenoma

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

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

Table 2. Typical epidemiological features and malignancy rates of PCNs

PCN Age (decade) Gender, 
female, %

Location 
(body/tail), %

Malignancy rate
(from surgical series), %

MCN 4th–5th >95 95 10–15
SCN 6th 70 50 0.1
SPT 3th 80 60 10–16
BD-IPMN 6th–7th 55 30 3–25
Mix-IPMN 6th–7th 55 – 33–60
MD-IPMN 6th–7th 55 – 33–60

MCN, mucinous cystic neoplasm; SCN, serous cystic neoplasm; BD-IPMN, branch duct intraductal papillary 
mucinous neplasm; MD-IPMN, main duct intraductal papillary mucinous neplasm; SPT, solid pseudopapillary 
tumor; Mix-IPMN, mixed type intraductal papillary mucinous neplasm; PCNs, pancreatic cystic neoplasms.
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more selective approach, with the aim of minimizing clin-
ically relevant diagnostic errors.

The purpose of the present article is to critically re-
view, from the surgeon’s point of view, the main features 
of PCNs as they present in the outpatient clinic to guide 
clinical decision making and management. Recent con-
troversies in the literature are addressed in the discussion.

Epidemiology of PCNs

In the era of cross-sectional imaging and endoscopic 
ultrasound (EUS), some crucial epidemiological aspects 
of PCNs should not be underestimated while searching 
for a presumptive diagnosis and must always be kept in 
mind when evaluating a patient for PCN for the first time. 
In general, IPMN prevalence increases with age. Some 
PCNs are more likely to develop in females or males and 

at a specific age and location of presentation. The main 
epidemiological features of PCNs are listed in Table 2, 
together with their likelihood of malignant progression.

Diagnostic Tools for PCNs

Radiology
MRI/magnetic resonance cholangiopancreatography 

(MRCP), which differentiates approximately 40–95% of 
PCN (compared with 40–81% for CT) [15, 16], is the gold 
standard when PCN is suspected because it is more sensi-
tive than CT for identifying communication with the 
pancreatic duct system, the presence of a solid compo-
nent or a mural nodule (MN) and for identifying multifo-
cal PCNs [17, 18].

However, the accuracy of radiological imaging for 
identifying the specific type of PCN using single imaging 

b

c

a

Fig. 1. “The good, the bad, and the ugly”. a 
The good: asymptomatic, big serous cyst-
adenoma of the pancreatic tail (micro-
macrocistyc type, with typical big central 
scar and calcifications) incidentally found 
in a middle-aged woman. Incidental diag-
nosis was due to calcification resulting 
from abdominal X-Ray (green arrow). b 
The bad: a 4-cm cystic lesion of the pancre-
atic head, with a solid enhancing compo-
nent ad initial retro-dilation of common 
bile duct and MPD (red arrow). Final pa-
thology after PD revealed and invasive 
ductal adenocarcinoma arising in BD-
IPMN (the IPMN showed an intestinal 
phenotype with high grade displasia adja-
cent to the invasive component). c The 
ugly: a 2.5-cm cystic lesion in the pancre-
atic tail (yellow arrow) with multiple small 
enhancing septations was associated to an 
enhancing solid component reported at 
EUS (a “high risk stigmata”11). Final pa-
thology after surgery revealed a “harmful”, 
microcystic serous cystadenoma.
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modalities remains relatively low, and frequently, a com-
bined approach is needed.

Endoscopy
Currently, EUS is an essential diagnostic tool in the 

management of PCNs. EUS is recommended as a second-
line examination in addition to CT/MRI in all cases when 
a radiological diagnosis of malignancy is not conclusive 
and/or whenever a PCN has clinical or radiological fea-
tures of concern. In particular, contrast-enhanced EUS 
(CE-EUS) should always be considered in the presence of 
MNs or solid components to assess the presence of vas-
cularization [11, 14, 19].

Cytology and Biomarkers
EUS-guided fine-needle aspiration should be consid-

ered when malignant transformation is suspected, in par-
ticular where the radiological findings are unclear. Cytol-
ogy is highly specific (83–100%), although it has relative-
ly low sensitivity (27–48%), resulting in low diagnostic 
accuracy (8–59%). Therefore, it should always be com-
bined with EUS morphology [20–22].

Chemical analyses of fluid CEA and amylase levels can 
be useful but will not distinguish Mucinous Cystic Neo-
plasms (MCNs) and IPMNs. Elevated CEA is a marker 
that distinguishes mucinous from non-mucinous cysts 
but not malignant from benign cysts. A cutoff of ≥192–
200 ng/mL is ∼80% accurate for the diagnosis of a muci-
nous cyst (with high specificity but low sensitivity) [22].

Molecular analysis of the cyst fluid for diagnosis is still 
evolving. KRAS mutations more accurately support the 
diagnosis of a mucinous but not necessarily malignant 
cyst. GNAS mutations may be helpful in distinguishing 
significant mucinous cysts from indolent cysts that can be 
conservatively managed [11].

Serum CA19.9 is an independent predictor of malig-
nancy in IPMNs, and a CA19.9 value higher than 37 U/L 
is associated with an increased risk of invasive carcinoma 
[23–25]. In the literature, the low specificity of CA19.9 is 
probably also because, unfortunately, most studies have 
included HGD and invasive cancer in one single “malig-
nant” category [11].

Clinical Features of PCNs

Symptoms
The reported rates of symptomatic PCNs in the litera-

ture range from 44 to 80% [26, 27]. This evidence seems 
to be in contrast with everyday clinical experience, as the 

vast majority of PCNs presenting to outpatient clinics are 
incidentally diagnosed in asymptomatic individuals. Of 
note, data regarding symptomatic PCNs are mainly de-
rived from surgical series and may be affected by selection 
bias. In observational studies, the prevalence of symp-
toms in PCN patients decreases to 17–21% [28–30].

Except for obstructive jaundice and acute pancreatitis, 
it is indeed extremely difficult to accurately correlate 
those symptoms to the presence of a PCN. Non pancreas-
specific symptoms, such as abdominal pain, appear to be 
extremely frequent though difficult to evaluate.

For these reasons, in current guidelines that address 
symptoms, the sole “absolute” criterion for surgery is a 
lesion-related obstructive jaundice [5, 9–14], a condition 
that is highly suggestive of malignancy but could also be 
observed in benign lesions (i.e., a large serous cystadeno-
ma located in the pancreatic head). PCN-related pancre-
atitis is also considered an indicator of malignancy [31–
33] and therefore a “worrisome feature” and a “relative 
indication” for surgery (especially in IPMNs [5, 9–14] 
and for recurrent episodes).

Radiological Features of PCNs (Namely, “The Shape 
of Water”) 

Size
Size is the most obvious feature of a PCN, a crucial 

parameter that in the recent past has always driven sur-
gical management. Despite its importance, a cutoff for 
definitively recommending surgery based on dimen-
sions does not exist in the literature. In the absence of 
strong evidence supporting a correlation between di-
mensions and malignancy of PCNs, current IAP and 
AGA guidelines address a size parameter of ≥30 mm as 
a “worrisome feature” and therefore an indication for 
EUS-fine-needle aspiration [11, 12], while European 
guidelines [14] set a dimensional cutoff of ≥40 mm as a 
“relative indication” for surgery for both IPMNs and 
MCNs. In selected cases, the morphology of PCNs can 
guide a presumptive diagnosis that de-emphasizes the 
role of size in decision making. This is the case for SCNs, 
in which dimensions are never related to malignancy po-
tential, and for solid pseudopapillary tumors (SPTs), in 
which resection is always advocated regardless of dimen-
sional parameters.

In several surgical series of resected IPMNs, the pres-
ence of a cyst size ≥30 mm had a positive predictive value 
for malignancy of between 27 and 33% [34–37]. On the 
other hand, a large cohort of individuals under surveil-
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lance has validated the safety of observation of BD-IPMN 
measuring < 40 mm in the absence of other risk factors 
[38]. The risk of malignancy should be stratified by the 
presence of other suspect features. In the absence of oth-
er risk factors, malignancy risk is still present but very low 
[37, 39], indicating that cyst size alone is not an appropri-
ate indication for surgery, while if multiple risk factors are 
present, the sensitivity of size to detect malignancy in-
creases [36, 40].

PCN growth rate during follow-up is a more accurate 
parameter for predicting the risk of progression, rather 
than cyst size at first observation. A rapid growth rate 
(>2 mm/year) is reported to have a 5-year risk for devel-
oping malignancy of 45%, even for BD-IPMN < 30 mm 
[41]. In the presence of a growth rate of > 5 mm/year or 
a total growth of 10 mm in 36 months, malignant pro-
gression has been found to be 20-fold higher for IPMNs 
[42].

Unpublished data from a 30-year experience of dedi-
cated outpatient cyst clinic at the single high-volume cen-
ter of Verona Pancreas Institute suggest that IPMNs with 
a rapid growth rate (> 2.75 mm/year) will likely progress 
to pancreatic cancer through the development of WF and 
HRS during the first year of follow-up.

MNs or Solid Component
MNs are one of the strongest predictors of malignancy 

and should be considered an absolute indication for sur-
gery in all suitable patients when the diagnosis is certain. 
In particular, MN is indeed the strongest predictor of ei-
ther HGD or invasive cancer for all types of suspected 
IPMNs, with the sole exception of HGD in BD-IPMNs 
[43].

According to new guidelines [11, 14], the presence 
of an enhancing MN ≥5 mm represents a clear indica-

tion for surgery. Although no evidence for a possible 
dimensional cutoff related to an increased risk of inva-
sive cancer or HGD is available, the risk of malignancy 
appears to be directly proportional to the size of the 
MN [43].

As MNs should be considered morphologic and solid 
expressions of tumor proliferation, their dimensions ap-
pear extremely useful for predicting the presence of inva-
sive cancer or HGD because the same correlation be-
tween size and the risk of malignancy does not apply to 
the cyst size of an IPMN. In fact, although the dimensions 
of the cyst should be considered a surrogate parameter of 
neoplastic growth, the dimensions of the growing solid 
component represent the actual burden of the neoplastic 
process.

Whenever the presence of MN is unclear at the arte-
rial phase of an MRI, CE-EUS should be considered the 
second procedure of choice [11, 14, 42] for differentiating 
MNs from mucin clots.

Dilation of Main Pancreatic Duct
Main pancreatic duct (MPD) dilation in IPMNs is of-

ten an indirect sign of the disease, resulting in mucous, 
which is produced by the underlying neoplastic process 
and that which is located in the duct walls. Such dilation 
therefore represents a diagnostic dilemma for the clini-
cians once it becomes visible via tomographic imaging. 
MPD dilations represent indeed a broad spectrum of 
conditions, from IPMNs to other benign (ductal hyper-
tension caused by mucin hypersecretion/mucin plugs 
and obstructive chronic pancreatitis) as well as malig-
nant entities (solid tumors with retrograde MPD dila-
tion; Fig. 2).

Surgery is warranted in all cases of IPMNs involving 
the MPD according to all current guidelines, but there is 

Fig. 2. A presumed MD-IPMN of the pancreatic body-tail underwent extended DP. Final pathology revealed an 
obstructive retro-dilation of MPD (blue arrow) due to a small, G1 pNET of the pancreatic body (not visible at 
pre-op imaging).
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still no consensus regarding clinical management once an 
MPD dilation is diagnosed. In the absence of other fea-
tures suspect for malignancy, MPD dilation alone is char-
acterized by a considerable risk of misdiagnosis and pos-
sible overtreatment.

Some authors have suggested radiologic surveillance 
in asymptomatic patients who have “worrisome” MPD 
dilation (5–9 mm) and who lack other high-risk stigmata 
[44]. Conversely, after observing a “risk” of malignancy 
of 59% among resected IPMNs with an MPD involve-
ment between 5 and 9 mm and the lack of statistical cor-
relations between MPD diameter and clinical and/or 
IPMN features, other authors have suggested lowering 
the threshold for surgery to all MPD dilations greater 
than 5 mm [45].

As stated before, the clear majority of studies defining 
the malignancy risk for IPMNs are derived from surgical 
series, which by definition fail to evaluate the actual inci-
dence of malignancy in the overall population of indi-
viduals with MPD dilation. A multicenter study has ana-
lyzed the midterm outcomes and predictors of survival in 
non-operated patients with presumed IPMNs. The au-
thors found that patients with IPMNs with “worrisome 
features” (such as MPD dilation between 5 and 9 mm) 
had a 5-year disease-specific survival of 96%, suggesting 
that conservative management is appropriate in these 
cases. On the other hand, the presence of “high-risk stig-
mata” (such as MPD dilation ≥10 mm) was associated 
with a 40% risk of IPMN-related death, reinforcing the 
policy of surgical resection in fit patients [28].

Other Radiological Features
The above-mentioned clinical and radiological fea-

tures are the most relevant in predicting the risk of ma-
lignancy among PCNs. However, many other radiologi-
cal findings can lead to a presumptive diagnosis.

SCNs have a lobulated shape, usually with a fine hon-
eycomb pattern on CT, which is indicative of their micro-
cystic morphology and, in some cases, a pathognomonic, 
central calcified scar. However, their macrocystic and oli-
go- or monocystic variants can appear similar to muci-
nous tumors on both CT and EUS.

SPTs exhibit solid growth with cystic degeneration, of-
ten resulting in the findings of both solid and cystic areas 
upon imaging.

MCN appear as uni- or multilocular round lesions, 
without communication with the pancreatic duct. The 
cystic wall and the septa are usually thick. Occasionally, 
peripheral “eggshell” calcification may be seen, being al-
most pathognomonic.

Surgical Management

In earlier sections, we described the main clinical fea-
tures of PCNs, which usually lead the surgeon to a pre-
sumptive diagnosis and, above all, an estimation of a 
PCNs biological behavior and likelihood of malignancy. 
Through the different features observed, the surgeon can 
interpret what we used to call the “shape of water” of a 
cystic neoplasm, elaborating a diagnostic hypothesis and 
possibly discriminating lesions with no malignant poten-
tial, such as SCNs.

Clinical and radiological suspicion, however, is not the 
only parameter leading surgical decision making, as the 
patient is a crucial variable to consider. Patient fitness for 
surgery represents a continuous variable based on age 
and life expectancy, patient frailty, overall health status 
and comorbidities, and patient will and motivation for 
surgery. Considering the low overall rate of malignancy 
of PCNs, this parameter is of paramount importance. 
Each case should always be carefully evaluated with input 
from the patient after adequate counseling. Surgery type 
also plays a role in the final decision, as pancreaticoduo-
denectomy and distal pancreatectomy bear a substantial-
ly different burden in terms of morbidity, mortality, and 
sequelae.

The criteria for surgical indication in mucinous PCNs 
(IPMNs and MCNs) at Author’s Institutions (Fig. 3) are 
in line with the IAP 2017 and European 2018 guidelines 
[11, 14]. Guidelines are useful tools for identifying pa-
tients at relatively high risk for harboring cancer, but they 
must be applied with flexibility and with the awareness 
that, at the present time, they are mostly based on “expert 
opinion” and not supported by strong scientific evidence. 
The final surgical decision must be tailored to the indi-
vidual patient, considering all the above-mentioned vari-
ables.

“High-risk stigmata” or “absolute,” standalone indi-
cations for surgery in all fit patients include PCN-relat-
ed jaundice, the presence of a vascularized MN or solid 
component, and a cytology suggesting malignancy. 
Surgery is also recommended for all fit patients pre-
senting with an MPD dilation > 1 cm, only if there is a 
high suspicion of main duct or mixed IPMN (no signs 
of MPD obstruction or chronic pancreatitis). These 
clinical features are sufficient to advocate surgery at di-
agnosis.

Other features, such as MPD between 5 and 9 mm or 
a progressively increasing MPD dilation, recurrent 
acute pancreatitis, a cyst size ≥30 mm or a rapid growth 
rate (> 2.75 mm/year), thick vascularized cyst walls and 
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increased serum levels of CA19-9, are all features of con-
cern but are not strong standalone predictors of malig-
nancy; therefore, they are not indications for surgery if 
encountered alone and after a single observation.

Patients with suspected features but without absolute 
indications for surgery should undergo CE-EUS; if the 
malignancy suspicion is not confirmed endoscopically, 
patients should undergo close surveillance with MRI/
MRCP, oncological markers and CE-EUS when indicat-
ed.

The single pictures of each observation aggregated 
into a movie provide a longitudinal appraisal of the nat-
ural history of the disease, and the worsening of a single 

parameter or the appearance of a second suspect fea-
ture are sound criteria for reconsidering a surgical ap-
proach.

When patients with an SCN can be identified, recom-
mendations regarding resection and long-term surveil-
lance can focus on issues surrounding symptoms of local 
growth and progression rather than the development of 
cancer.

In cases of suspected IPMNs, MCNs, and SPTs, surgi-
cal resection should always achieve the complete removal 
of the tumor with appropriate lymphadenectomy and 
negative resection margins evaluated from an intraopera-
tive frozen section. Parenchyma sparing pancreatectomy 

•  PCN-related jaundice
•  Vascularized mural
   nodule/solid
   component
•  Malignant citology
•  MPD >1 cm
 

•  Appearance of “absolute”
   indications

•  No modifications over time
•  Appearance of “relative”
   indications
•  Rapid grow rate
   (>2.75 mm/year)

•  MPD between 5 and 9 mm
•  Recurrent acute pancreatitis
•  Cyst size ≥30
•  Increased Ca 19–9
•  Thick vascularized walls 

Evaluation of clinical
features

“The shape of water”

•  Patient’s fitness
•  Patient’s will
•  Diagnostic hypothesis

Tailored approach

First observation
“The picture”

“Absolute” indications
(high risk stigmata)

“Relative” indications
(worrisome features)

“Relative” indications
(worrisome features)

EUS

No indications
(”simple hole”)

Surgery
Suspect

confirmed
Suspect not
confirmed Surveillance

Surveillance
“The movie”Fig. 3. The Verona policy regarding muci-

nous PCNs (IPMNs and MCNs). EUS, en-
doscopic ultrasound.
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does not represent a safe procedure for all these PCNs 
because the disease is frequently presumed to be malig-
nant; therefore, the procedure should be reserved for se-
lected cases or for SCNs.

Even in young patients, an acceptable risk of recur-
rence and related death seems preferable to the morbid-
ity and mortality of a total pancreatectomy if “free mar-
gins” are achieved from the frozen section.

As stated before, guidelines [11, 14] are useful for iden-
tifying patients at high risk due to their sensitivity. How-
ever, these guidelines have a low level of specificity be-
cause they are mostly based on retrospective series of re-
sected PCNs. This selection bias may overestimate the 
overall risk of malignant progression, limiting the knowl-
edge regarding a large proportion of PCNs under surveil-
lance. IPMNs represent the largest proportion, as they ac-
count for at least 80% of PCNs [46] and may progress to 
pancreatic cancer.

Recently, several large observational series [28, 38, 47–
50] that included large numbers of patients under long-
term surveillance allowed us to better define a population 
that could be safely kept under surveillance due to a low 

overall risk of pancreatic cancer and to reduce the sig-
nificance of some risk factors.

However, even if the benefit of prolonged follow-up 
has not yet been demonstrated in reducing cancer-related 
mortality, all these studies showed that cyst stability at 5 
years does not preclude the risk of future progression to 
pancreatic cancer, thereby resulting in a lifelong risk of 
malignancy. Therefore, follow-up should never be dis-
continued because repeated observations are crucial for 
risk stratification. At present, several follow-up schedules 
have been proposed in guidelines [11, 14], but none of 
them have been shown to be the most cost effective. In the 
absence of suspected features mentioned above, authors 
usually recommend follow-up with MRI/MRCP and on-
cological markers every 6 months for the 1st year. In the 
absence of progression, follow-up with MRI/MRCP and 
serum markers at 12 or 18 months is maintained.
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