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considered premalignant pancreatic lesions, with a broad pathological spectrum ranging from lesions without
dysplasia, which can be managed conservatively, to malignant lesions that require surgical resection. The
increasing use of CT and MRI has led to increased recognition of this entity incidentally, with branch-duct IPMN
representing the most common subtype and the most challenging lesions in terms of patient management. The
main imaging modality involved in diagnosis and surveillance of IPMN is MRI. Radiologists play an important
role in the management of patients with IPMN, including lesion detection, characterization, follow-up and
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prognostication, allowing early MRI identification of features that are concerning for malignancy. The main aim
of this pictorial review is to illustrate MRI features of IPMN and to discuss risk stratification scores based on
different guidelines, with a main focus on branch-duct IPMN. The secondary aims include the presentation of
common and uncommon imaging evolution of BD-IPMN as well as the discussion on current controversies on the
appropriate management of IPMN.

1. Introduction

Pancreatic cystic lesions are often asymptomatic, incidentally
detected and are being increasingly recognized in up to 49 % of
abdominal MRI studies [1,2]. Among pancreatic cystic lesions, intra-
ductal papillary mucinous neoplasms (IPMN) are the most common and
are considered premalignant pancreatic lesions, with a broad patho-
logical spectrum ranging from low grade to high grade and eventually to
invasive carcinoma [2-4]. IPMN are intraductal proliferation of
mucinous epithelial cells. They are mainly distinguished into main-duct
IPMNs (MD-IPMN), which originate from the main pancreatic duct,
branch-duct IPMNs (BD-IPMN), which originate from the ductal
branches of the main duct and are the most common, and mixed IPMNs
which combine MD-IPMN and BD-IPMN characteristics with an average
risk of dysplastic evolution.

Magnetic Resonance Cholangiopancreatography (MRCP) is the rec-
ommended imaging technique for assessment of IPMN at baseline and at
follow-up, allowing recognition of septa, nodules and duct communi-
cation [5,6]. Most frequently IPMN are less than 10 mm in size at the
time of detection [1,2], and in the majority of cases they have an
indolent course [1,6,7]. Secretin-enhanced MRI may help accentuate
BD-IPMN communication with the main pancreatic duct and differen-
tiate chronic pancreatitis and MD-IPMN [8,9], although experts’ rec-
ommendations indicate the little benefit of secretin-enhanced MRI
beyond standard MRCP in patients with cystic pancreatic neoplasms
overall [10]. Additional MR imaging features may help further delineate
cystic pancreatic lesions; in this setting, diffusion-weighted imaging
(DWI) and apparent diffusion coefficient (ADC) values could represent a
useful tool in the differential diagnosis of pancreatic cystic lesions, with
higher ADC values observed in the mucinous lesions compared with
serous cystadenomas [11].

Endoscopic ultrasound should be considered if there are imaging
features worrisome for malignancy on MRCP or if the patient is

Table 1
Main epidemiology, clinical, imaging and outcomes of the most common
pancreatic cystic lesions.

IPMN Serous Cystic Mucinous
Neoplasm Cystic
Neoplasm
Sex Both M and F F>M Almost
exclusively F
Age (decade) 4th-5th 6th-7th 6th-7th
Asymptomatic ~ 50 % Mostly when ~ 50 %
small
Location All tracts Head > Body Tail/Body
Cyst size Variable Microcystic > Macrocystic
Macrocystic
Number Often multiple Usually single Usually single
Solid components When malignant Central scar When
malignant
Calcifications - (occasionally Within central Peripheral/
within the duct) scar in 30 % septal

MR imaging signal T1: hypo/hyper T1: hypo T1: hypo/hyper
intensity T2: hyper T2: hyper T2: hyper
Enhancement Walls, nodule if Central scar, Variable
malignant septa
Main pancreatic duct ~ Side branch: Absent Absent
communication present
Main duct:

dilatated

symptomatic [5]. MRI and EUS are comparable in terms of diagnostic
accuracy in the differentiation between benign and malignant IPMN,
with the former having the advantage of being non-invasive [12]. To
another hand, EUS could be completed in unclear cases with the
contrast-enhanced images evaluation (for instance distinguishing mural
nodules vs. mucinous intra-cystic plugs) as well the intracystic fluid
aspiration for biochemical or cytological analysis. In this setting, the
combination of all the features, such as EUS morphology, cytology and
cyst fluid CEA, provide greater accuracy in detecting mucinous PCN
than either EUS morphology or cytology alone [13].

Surgery for MD-IPMN is universally accepted considering the high-
rate of malignancy due to MD-IPMN. Conversely, malignancy develop-
ment has been reported in about 1.9-7.8 % of BD-IPMN [14-18], with
this malignancy rate being likely overestimated [19]; therefore, man-
agement of BD-IPMN is considered challenging and has been debated
over the years. Therefore, radiologists — together with the clinicians,
such as surgeons and gastroenterologists, involved in the patients’
management — nowadays play a pivotal role in the evaluation of
BD-IPMN both at baseline and at follow-up indicating the need for
further diagnostic assessment and identifying suspicious features of
malignancy.

The main aim of this pictorial review is to illustrate MRI features of
IPMN and to discuss risk stratification scores based on different guide-
lines, with a main focus on branch-duct IPMN. The secondary aims
include the presentation of common and uncommon imaging evolution
of IPMN as well as the discussion on current controversies on the
appropriate management of IPMN.

2. IPMN and differential diagnoses

The most common pancreatic cystic lesions are IPMN, followed by
serous cystadenoma, and mucinous cystadenoma [2]. In the setting of
pancreatitis, pseudocyst and walled-off necrosis may occur as cystic
lesions occurring 4 weeks after interstitial edematous and necrotizing
pancreatitis, respectively [20].

Most pancreatic cystic lesions are benign, although some of them
hold malignant potential. Table 1 summarizes the main epidemiology,
clinical, imaging and outcomes of the most common pancreatic cystic
lesions [21-25]. Herein, the main imaging features of the most common
pancreatic cystic lesions are presented:

-MD-IPMN: focal or diffuse dilatation of the main pancreatic duct
with a cut-off of 5 mm or 7 mm, depending on Fukuoka guidelines or
American College of Radiology white paper [5,25].

- BD-IPMN: unilocular cysts communicating with the main pancre-
atic duct or cluster of small cysts with lobulated margins and septa, also
known as grapelike lobulated appearance, with communication with the
main pancreatic duct.

- serous cystadenoma: multiple small cysts giving the appearance of a
multilobulated multiloculated cystic lesion, also known as honeycomb
pattern, with a central scar with stellate calcifications in up to 30 % of
cases, and lack of communication with the main pancreatic duct (Fig. 1)
or, more rarely, a rare macro/oligocystic variant;.

- mucinous cystic neoplasm: oligocystic lesion without any commu-
nication with the main pancreatic duct; septa, nodules or capsular cal-
cifications may be present.

Other less common pancreatic cystic lesions include solid pseudo-
papillary neoplasm, pancreatic cystic neuroendocrine tumor (Fig. 2),
retention cyst, lymphoepithelial cyst, cystic acinar cell carcinoma
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Fig. 1. 50-year-old woman with serous cystadenoma. T2-weighted non-fat sat
sequence in the axial plane shows a multiloculated cystic lesion, with the
honeycomb pattern, and lack of communication with the main pancreatic duct.

(Fig. 3), epidermoid cyst, intraductal oncocytic papillary neoplasms and
intraductal tubulopapillary neoplasms, with these two latter entities,
which cannot be distinguish by radiology, but only at final histology,
having been indicated as distinct neoplasms from IPMN only in the most
recent classification of the World Health Organization (WHO) published
in 2019 [3,4].

3. Management of IPMN based on different guidelines and
scoring systems

The assessment of IPMN of the pancreas is mostly based on imaging
features that may indicate the presence or evolution towards malig-
nancy [26]. Among these imaging features, a diameter of the main
pancreatic duct 10 mm or greater, the presence of an enhanced solid
component, and lymphadenopathy show a large AUC (0.95, 0.89, and
0.89, respectively) and a high specificity (0.98, 0.95, and 0.97, respec-
tively), but a low sensitivity (0.14, 0.38, and 0.09, respectively) [26].
The remaining imaging features include cyst size, thickened/enhancing
cyst walls, diameter of the main pancreatic duct between 5 and 10 mm,
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abrupt change in caliber of the main pancreatic duct with distal
pancreatic atrophy and presence of lymphadenopathy show an AUC
ranging from 0.54 to 0.77, a specificity ranging from 0.62 to 0.93, and a
sensitivity ranging from 0.17 to 0.59 [26]. Compared with conventional
MRI alone, the acquisition of diffusion weighted imaging improves
diagnostic accuracy (Fig. 4) with increased specificity for differentiating
malignant from benign IPMNs of the pancreas and provides a “biolog-
ical” information to morphological data obtained by MRI [27]. Simi-
larly, 18-FDG-PET proved to be sensitive, specific, and accurate in
detecting malignant IPMNs (80 %, 95 %, and 87 %, respectively) [28,
29].

Clinical and imaging evaluation based on the aforementioned im-
aging features in patients affected by BD-IPMN has been investigated in
many studies and has been included in different clinical guidelines:

e The International Association of Pancreatology (IAP) published the
first International Consensus Guidelines (Sendai guidelines) for the
evaluation and management of IPMN in 2006 and recommended
resection only for BD-IPMN with the following features: symptomatic
cysts; asymptomatic cysts size of 3 cm or larger; main pancreatic duct
dilation of 6 mm or more; presence of a mural nodule [30]. In 2012,
the IAP updated these criteria, referred to as the Fukuoka guidelines
and established the following new classification of features based on
potential clinical and radiologic predictors of high-grade dysplasia
(HGD)/malignancy: high-risk stigmata (HRS) and worrisome fea-
tures (WFs). Factors associated with HRS due to the high risk of
HGD/malignancy include obstructive jaundice, an enhancing solid
component and a dilation of the main pancreatic duct of 10 mm or
more and in these cases surgical resection is recommended by these
guidelines. The WFs (Fig. 5) include a cyst size of 3 cm or larger,
thickened/enhancing cyst walls, a diameter of the main pancreatic
duct of 5-9 mm, abrupt changes in the caliber of the main pancreatic
duct with distal pancreatic atrophy, non-enhancing mural nodule
(Fig. 4) [23]. In the presence of WFs further assessment by

Fig. 2. 63-year-old man with cystic pancreatic neuroendocrine tumor. A. T2-weighted non-fat sat sequence in the axial plane shows a uniloculated cyst (arrow), with
lack of septa. B. On diffusion-weighted-image the lesion shows diffusion restriction. C. On contrast-enhanced T1-weighted MR image a thin enhancing wall is evident.

Fig. 3. 60-year-old woman with cystic acinar cell carcinoma. A. T2-weighted non-fat sat sequence in the axial plane shows a uniloculated cyst (arrow), with thick
septa and a mural nodule. B. On diffusion-weighted-image the lesion shows diffusion restriction. C. On contrast-enhanced T1-weighted MR image a thin enhancing

wall is evident and the mural nodule shows mild enhancement.
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Fig. 4. 86-year-old woman with IPMN. A. T2 weighted image and B. MRCP image show a hyperintense lesion (white arrow) consistent with a cystic lesion, in
communication with the main pancreatic duct, consistent with IPMN with. C. Diffusion weighted image shows a slight posterior hyperintensity (black arrow) on high
b value. D. ADC map shows hypointensity corresponding to the hyperintense area on diffusion weighted image, consistent with true diffusion restriction.

Fig. 5. Examples of worrisome features in different patients. A. T2-weighted non-fat sat sequence in the axial plane shows a dilated main pancreatic duct (arrow) of
up to 7 mm. B. Coronal MRCP image shows a cyst that is larger than 3 cm. C. Contrast-enhanced T1-weighted MR image shows a thin enhancing wall.

endoscopic ultrasound is recommended. The latest update, published
in 2017, made only minor revisions and put particular emphasis on
the size of enhancing mural nodule for predicting HGD/malignancy,
while adding lymphadenopathy and cyst growth rate as WFs [5].
Fig. 6 summarizes the Fukuoka guidelines based on the proposed
management.

In 2015, the guidelines of the American Gastroenterological Associ-
ation (AGA) For asymptomatic pancreatic neoplastic cysts, suggested
that patients with pancreatic cysts smaller than 3 cm without a solid
component or a dilated pancreatic duct should undergo MRI for
surveillance in 1 year and then every 2 years for a total of 5 years if
there is no change in size or characteristics, while patients with
pancreatic cysts with at least two high-risk features (i.e. size >3 cm,
main pancreatic duct dilation and solid component) should be
examined by endoscopic ultrasound with fine needle aspiration [31].
In addition, endoscopic ultrasound with fine needle aspiration is
indicated in these guidelines in case of significant changes in the
characteristics of the cyst, including the development of a solid
component, increasing size of the pancreatic duct, and/or diameter
>3 cm [31]. AGA guidelines recommend resection in patients with
both a solid component and a dilated pancreatic duct and/or

concerning features on endoscopic ultrasound with fine needle
aspiration [31].

In 2018, the European evidence-based guidelines were published as a
joint initiative of the European Study Group on Cystic Tumors of the
Pancreas, the United European Gastroenterology, the European
Pancreatic Club, the European-African Hepato-Pancreato-Biliary
Association, European Digestive Surgery and the European Society of
Gastrointestinal Endoscopy and involved both European and non-
European experts [13]. These guidelines established “relative and
absolute indications’” for surgery similar to the concepts of HRS and
WFs established by the IAP. Indeed, the European evidence-based
guidelines consider jaundice (tumor related), the presence of an
enhancing mural nodule of at least 5 mm or a solid component,
positive cytology, or a main pancreatic duct measuring at least
10 mm highly predictive of malignancy and absolute indications for
surgery in those patients that are fit for surgery [13]. In patients with
IPMN and an absolute indication for resection, an oncologic resec-
tion including standard lymphadenectomy is the preferred choice by
these guidelines. Main pancreatic duct dilatation between 5 and
9.9 mm, cystic growth-rate >5 mm/year, increased level of serum
CA 199 (>37U/mL), symptoms, enhancing mural nodules
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Fig. 6. Flowchart of the management of IPMN based on the Fukuoka consensus guideline.

Fig. 7. Shin scoring system. A. T2-weighted non-fat sat sequence acquired in 2014 shows a BD-IPMN (arrow) in a 54-year-old man with CA19.9 of 23.9 IU/mL, with a
Shin score of 0. B. T2-weighted non-fat sat sequence acquired in the same patients in 2022 when the patient was aged 67, showed a size increase of the BD-IPMN
accompanied by an increase of the CA19.9 to 109.5 IU/mL with a final Shine score of 2.

(<5 mm), a cyst diameter >40 mm, new onset of diabetes mellitus,
and acute pancreatitis caused by IPMN are considered as features
indicating an increased risk for HGD and are indicated as relative
indications for surgery [13].

o The Shin Score, published in 2010 in an Asian cohort, comprises five
variables: age > 60 years, history of pancreatitis, serum CA19.9 > 37
IU/mL, MPD diameter > 6 mm and presence of mural nodules [32].
Shin et al. [32] indeed demonstrated that these five variables were

independently predictive of malignant IPMN at multivariate analysis
with odds ratios of 4.81 for presence of mural nodule(s), 4.55 for
diameter of main pancreatic duct > 6 mm, 3.87 for history of pre-
operative pancreatitis, 3.20 for age > 60 years, 3.58 for and
CA-19-9 > 37 U/ml. Since the difference in the odds ratios was
small, authors assigned one point to each variable, with a final score
from O to 5 (Fig. 7). Shin score of 0 or 1 had a specificity of 93.0 %, a
sensitivity of 34.0 %, and a positive predictive value (PPV) of 90 %
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Fig. 8. Flowchart of the management of IPMN based on the Shin score.

for benignity in their cohort [32]. With a cut-off of 3, the Shin scoring
system could predict malignancy with a sensitivity of 50.7 % and a
specificity of 90.1 % in the authors’ cohort [32]. The 5-year survival
was also different based on the Shin scoring system ranging from
94.4 % in score 0-1 group, to 71.8 % in score 4-5 group. The Shin
scoring system was later validated in a European cohort involving 11
countries and 567 patients overall: sensitivity and specificities for
predicting malignancy were respectively 57.3 % and 64.4 % for a
Shin score of 3, 21.7 % and 90.4 % for a Shin score of 4 %, and 4.2 %
and 98.6 % for a Shin score of 5 [33]. Authors conclude that a Shin
score of 1 or less should be monitored, while those with scores of 4 or
more should undergo surgery [33]. Fig. 8 summarizes the applica-
tion of the Shin score [33].

e In 2011, Hwang et al. [34] proposed two scoring systems for pre-
dicting malignancy and invasiveness as follows:
malignancy-predicting score = 22.4 (presence of mural nodule [0 or
11) + 0.5 (size of cyst [mm]) and invasiveness- predicting score
= 36.6 (presence of mural nodule [0 or 1]) + 32.2 (elevated serum
concentration of CEA [0 or 1]) + 0.6 (size of cyst [mm]), with the
optimal cutoffs being respectively 14 and 21. Based on their results
authors concluded that a BD-IPMN with mural nodule should be
regarded as malignant IPMN itself [34].

Regarding the comparative performance of the above-mentioned
guidelines and scores, in 2017 Xu et al. [35] published a retrospective
study showing that overall diagnostic accuracy of the AGA guidelines
was at 75.8 % versus 49.8 % for the 2012 Fukuoka guidelines, the
miss-rate for HGD or cancer was 92.7 % if the AGA guidelines for
resection were applied and 26.8 % with the 2012 Fukuoka guidelines,
while the percentage of unnecessary surgery was 11.8 % with the AGA
guidelines and 54 % with the 2012 Fukuoka guidelines. In 2021, Crippa
et al. indicated that European and International guidelines have a
relatively low diagnostic accuracy, being European guidelines more
aggressive [36] and Vanden Bulcke et al. [37] reported a sensitivity of
96 % for the European guidelines, 80 % for the AGA guidelines and 67 %
for the IAP guidelines, a specificity respectively of 11.3 %, 43.8 % and

26.8 %, a missed malignancy rate respectively of 1.5 %, 7.7 % and 11.3
% and a surgical overtreatment respectively of 59.1 %, 34.6 % and 48.4
%. More recently, in 2023 van Huijgevoort et al. [38] compared the
diagnostic accuracy of the AGA, IAP, and European guidelines for
detecting advanced neoplasia in intraductal papillary mucinous neo-
plasm/neoplasia demonstrating that the IAP and European guidelines
were superior in detecting advanced neoplasia in IPMN as compared to
the AGA (94 %—96 % versus 27 %, respectively) albeit at the cost of a
higher rate of unnecessary surgery (76 %—83 % versus 8.6 %, respec-
tively). In addition, the ROC curve comparison analyses showed that
European (AUC 0.599) was superior to the IAP guideline (AUC 0.557) in
identifying advanced neoplasia (p = 0.009) [38].

Table 2 summarizes the different recommendations, scores and al-
gorithms illustrated above. Fig. 9 provides an overview of the clinical
management [13].

4. Common and uncommon evolutions

Benign imaging evolution is quite common in low-risk BD-IPMN:
most BD-IPMNs increase in size in the first 5 years (Fig. 10) and cysts
with baseline size larger than 20 mm continued to grow beyond 5 years
at a faster rate; however, growth rate usually does not exceed 1.7 mm/
year, and less than 10 % of cysts develop worrisome features [39,40].
Unfortunately, delayed growth (Fig. 11), development of WF, HRS or
invasive carcinoma even after 5 years has been also reported, thus
supporting long-term follow-up with imaging until the patient is
considered fit for surgery [41-43]. There is no clear marker that can
predict with certainty how an IPMN is going to progress.

In a study including patients with a minimum follow-up of 10 years
on MRI, Boraschi et al. [44] demonstrated that BD-IPMN remained
dimensionally unchanged or slightly reduced in size in 26.2 % (Figs. 12)
and 4.3 % of cases respectively and WF and HRS developed in 14.5 %
and 4.3 % cases (Fig. 13), respectively, with an incidence of pancreatic
cancer in patients with BD-IPMN of 2.9 %. In a recent systematic review
and metanalysis published in 2023, the pooled incidence of WF/HRS
among low-risk BD-IPMNs during initial and extended surveillance was
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Table 2

Comparison the different recommendations and proposed scores and algorithms

for the management of IPMN.

Guideline — Score - Algorithm

Year

Factors Taken Into Consideration
And Consequent Clinical Decision

First International consensus
guidelines from the International
Association of Pancreatology (IAP)
(“Sendai Guidelines™)

The Shin Score

Hwang et al.

Update of the first international
consensus guidelines of the
International Association of
Pancreatology (IAP), also called
"Fukuoka guidelines"

American Gastroenterological
Association (AGA) guidelines

2006

2010

2011

2012

2015

- “Sendai positive” if tumor size was
> 3 cm, symptomatic, mural
nodules or thickened wall, or
accompanied by a dilated MPD of
> 6 mm.

Patients who did not meet these

criteria were considered “Sendai

negative.”

e Age >60 years;

e History of pancreatitis;

e Serum CA19.9 > 37 IU/mL;

e MPD diameter > 6 mm and
presence of mural nodules.

Authors conclude that a Shin score

of 1 or less should be monitored,

while those with scores of 4 or more
should undergo surgery.

Proposed two scoring systems for

predicting malignancy and

invasiveness as follows:

e Malignancy-predicting score

= 22.4 (presence of mural

nodule [0 or 1]) + 0.5 (size of

cyst [mm]);

Invasiveness- predicting score

= 36.6 (presence of mural

nodule [0 or 1]) + 32.2 (elevated

serum concentration of CEA [0 or

11) + 0.6 (size of cyst [mm]).

The optimal cutoffs being

respectively 14 and 21.

Based on their results authors

concluded that a BD-IPMN with

mural nodule should be regarded as
malignant IPMN itself.

New classification of features based

on potential clinical and radiologic

predictors of high-grade dysplasia

(HGD)/malignancy: high-risk

stigmata (HRS) and worrisome

features (WFs).

WFs: cyst size of 3 cm or larger,

thickened/enhancing cyst walls,

a diameter of the main

pancreatic duct of 5-9 mm,

abrupt changes in the caliber of

the main pancreatic duct with
distal pancreatic atrophy, non-
enhancing mural nodule.

HRS: obstructive jaundice, an

enhancing solid component and

a dilation of the main pancreatic

duct of 10 mm or more.

In the presence of WFs further

assessment by endoscopic

ultrasound is recommended; in the
presence of HRS, surgical resection
is recommended.

The latest update, published in

2017, made only minor revisions

and emphasized the size of

enhancing mural nodule for
predicting HGD/malignancy, while
adding lymphadenopathy and cyst
growth rate as WFs.

o Patients with pancreatic cysts
smaller than 3 cm without a solid
component or a dilated
pancreatic duct should undergo
MRI for surveillance in 1 year
and then every 2 years for a total
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Table 2 (continued)

Guideline — Score - Algorithm

Year

Factors Taken Into Consideration
And Consequent Clinical Decision

European evidence-based guidelines
as a joint initiative of the European
Study Group on Cystic Tumors of
the Pancreas, the United European
Gastroenterology, the European
Pancreatic Club, the European-
African Hepato-Pancreato-Biliary
Association, European Digestive
Surgery and the European Society
of Gastrointestinal Endoscopy

2018

of 5 years if there is no change in
size or characteristics.

Patients with pancreatic cysts
with at least two high-risk fea-
tures (i.e., size >3 cm, main
pancreatic duct dilation and solid
component) should be examined
by endoscopic ultrasound with
fine needle aspiration.
Endoscopic ultrasound with fine
needle aspiration is indicated in
case of significant changes in the
characteristics of the cyst, including
the development of a solid
component, increasing size of the
pancreatic duct and/or diameter
>3 cm.

Resection is recommended in
patients with both a solid
component and a dilated pancreatic
duct and/or concerning features on
endoscopic ultrasound with fine
needle aspiration.

Established “relative and absolute
indications’’ for surgery similar to
the concepts of HRS and WFs
established by the IAP.

The European evidence-based
guidelines consider jaundice
(tumor related), the presence of an
enhancing mural nodule of at least
5 mm or a solid component,
positive cytology, or a main
pancreatic duct measuring at least
10 mm highly predictive of
malignancy and absolute
indications for surgery in those
patients that are fit for surgery.

In patients with IPMN and an
absolute indication for resection, an
oncologic resection including
standard lymphadenectomy is the
preferred choice by these
guidelines. Main pancreatic duct
dilatation between 5 and 9.9 mm,
cystic growth-rate > 5 mm/year,
increased level of serum CA 19.9
(>37 U/mL), symptoms, enhancing
mural nodules (<5 mm), a cyst
diameter > 40 mm, new onset of
diabetes mellitus, and acute
pancreatitis caused by IPMN are
considered as features indicating an
increased risk for HGD and are

indicated as relative indications for
surgery.

2.2 % and 2.9 % patient-years, respectively, whereas the incidence of
advanced neoplasia was 0.6 % and 1.0 % patient-years, respectively.
Among BD-IPMNs with initial size stability, extended surveillance after
5 years had a WF/HRS and advanced neoplasia incidence of 1.9 % and

0.2 % patient-years, respectively [45].

Given the wide variability of long-term outcome and the low inci-
dence of cancer among BD-IPMN, management of patients is still a
matter of debate. Currently, most newly diagnosed BD-IPMNs do not
require surgery. The indication to surgery is based considering above-
mentioned guidelines, patient’s life expectancy, comorbidities, loca-
tion of the cyst and patient willingness. There is no good long-term data
indicating whether surveillance can be safely spaced every 2 years or
even more or when patient follow-up should be stopped. While the AGA
suggests against continued surveillance of pancreatic cysts if there has
been no significant change in the characteristics of the cyst after 5 years
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v
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every 6 months,
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\every 6 mont

AL

In patients unfit for surgery, no follow-up is required

ARelative indications for surgery: grow-rate 25 mm/year, increased levels of serum CA19.9 (=37 U/ml), MPD dilatation from 5-9.9
mm, cyst diameter 240 mm, new-onset diabetes mellitus, acute pancreatitis (caused by IPMN), enhancing mural nodules (<5 mm).
BAbsolute indications for surgery: positive cytology for malignant/HGD, solid mass, jaundice (tumor related), enhancing mural
nodules (=5 mm), MPD dilatation 210 mm.

Fig. 9. Flowchart of the management of IPMN based on the European guidelines proposed by multiple societies, including European Study Group on Cystic Tumors
of the Pancreas, the United European Gastroenterology, the European Pancreatic Club, the European-African Hepato-Pancreato-Biliary Association, European
Digestive Surgery and the European Society of Gastrointestinal Endoscopy. Adapted from European Study Group on Cystic Tumours of the Pancreas. European
evidence-based guidelines on pancreatic cystic neoplasms. Gut. 2018;67(5):789-804. doi: 10.1136/gutjnl-2018-316027 [13].

Fig. 10. 81-year-old man with IPMN increasing in size and number. A. MRCP image acquired in 2017 shows at least four BD-IPMN communicating with the main
pancreatic duct. Cal9.9 in 2017 was 13,9 IU/mL. B. MRCP image in 2022 showed increase in number and size of the BD-IPMN. Cal19.9 in 2022 was also increased to

63,9 IU/mL.

of surveillance or if the patient is no longer a surgical candidate, the
European-based guidelines suggest patient follow-up until the patient is
fit for surgery, also in those patients that have already been resected for
IPMN [13,31].

5. The role of Radiomics and other possible risk factors for
malignancy

Radiomics and deep learning have emerged in the recent years for
advanced imaging analysis for many diseases, including pancreatic
cystic lesions [46]. In a recent study, Lee et al. [47] demonstrated that

CT radiomics may have superior predictive ability for malignant IPMN
compared to the 2017 international consensus Fukuoka guideline CT
radiomics.

Recent reports suggest that pancreatic fatty infiltration may probably
induces chronic inflammation caused by the release of various cytokines
and chemokines by adipose tissue, leading to the development of cancer.
Indeed, in the study proposed by Sotozono et al. [48], the pancreatic
proton density fat fraction (PDFF) with multi-echo 3D DIXON, which is a
quantitative index of pancreatic steatosis using MRI, was significantly
higher in the patients with IPMN with a concomitant invasive carcinoma
than in the patients with normal pancreas or with non-degenerated
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Fig. 11. 61-year-old man with IPMN increasing in size after 8 year stability. T2-weighted non-fat sat sequence acquired in 2010 (A), 2015 (B), 2018 (C) and 2020
(D), show a BD-IPMN (arrow) with a maximum diameter of 7 mm, 8 mm, 10 mm and 16 mm, respectively.

Fig. 12. 51-year-old woman with IPMN stable in size at 4-year-follow-up. T2-weighted non-fat sat images acquired in 2018 (A) and 2022 (B), show a BD-IPMN
(arrow) that remains stable in size over time.

Fig. 13. 77-year-old man with IPMN and appearance of high-risk stigmata at follow-up. MR images in the coronal plane acquired in 2010 (A), 2021 (B) and 2022 (C
and D), show multiple BD-IPMN that increase in number and size over time and appearance of dilatation of the main pancreatic duct over 10 mm in the last imaging
follow-up.

IPMN. Evrimler et al. [49] investigated the association between regard to CT, Abe et al. [50] compared pancreatic density on CT between
MRI-derived pancreatic fat fraction and malignancy in patients with high-grade dysplasia/malignancy and low-grade dysplasia/no malig-
IPMN and concluded that the mean fat fraction was significantly higher nancy groups in patients undergoing surgical resection for IPMN and

in the high-risk IPMN group compared to the low-risk IPMN group. With suggested that decreased CT density of the pancreas can be a reliable
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biomarker for detecting patients with IPMN having malignancies.
6. Conclusion

Radiologists play an important role in the management of patients
with IPMN. Radiologists need to be aware of common/uncommon
evolutions of IPMNs, well-known and novel worrisome features to
identify malignancy within IPMN, as well as common and uncommon
differential diagnosis with other cystic pancreatic lesions.
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