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ABSTRACT

The management of intraductal papillary mucinous neoplasm (IPMN) continues to evolve. In particular,
the indications for resection of branch duct IPMN have changed from early resection to more deliberate
observation as proposed by the international consensus guidelines of 2006 and 2012. Another guideline
proposed by the American Gastroenterological Association in 2015 restricted indications for surgery
more stringently and recommended physicians to stop surveillance if no significant change had occurred
in a pancreatic cyst after five years of surveillance, or if a patient underwent resection and a non-
malignant IPMN was found. Whether or not it is safe to do so, as well as the method and interval of
surveillance, has generated substantial debate. Based on a consensus symposium held during the
meeting of the International Association of Pancreatology in Sendai, Japan, in 2016, the working group
has revised the guidelines regarding prediction of invasive carcinoma and high-grade dysplasia, sur-
veillance, and postoperative follow-up of IPMN. As the working group did not recognize the need for
major revisions of the guidelines, we made only minor revisions and added most recent articles where
appropriate. The present guidelines include updated information and recommendations based on our
current understanding, and highlight issues that remain controversial or where further research is
required.

© 2017 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

is unclear what proportion of these incidentally-discovered
pancreatic cysts represents IPMN, surgical series have shown that

Increased detection of pancreatic cysts due to improvement and
expanded use of computed tomography (CT) and magnetic reso-
nance imaging (MRI) has led to a surge in interest on intraductal
papillary mucinous neoplasms (IPMN) of the pancreas. Although it
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most of the larger ones indeed are branch duct IPMN (BD-IPMN).
Early on, the malignant potential of this entity led to surgical
resection of most pancreatic cysts, and although in very few centers
this continues to be the case, following the publication of the In-
ternational Association of Pancreatology (IAP) Sendai guidelines in
2006 [1] and the subsequent Fukuoka guidelines in 2012 [2], a more
conservative attitude is followed. As a consequence, currently the
majority of newly-diagnosed BD-IPMNs do not undergo surgery.
However, it is also recognized that a proportion of these evolve over
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time and can become malignant, and also, that patients with IPMN
are at an increased risk of developing conventional pancreatic
ductal adenocarcinoma (PDAC) elsewhere in the gland. Because of
this, surveillance is carried out on most of these patients. Deter-
mining which patients are at a higher risk of harboring or devel-
oping invasive carcinoma or high-grade dysplasia (HGD) and
therefore should undergo resection, and how to follow the
remaining ones is the matter of extensive studies throughout the
world, as well as a source of controversy. In 2015, the American
Gastroenterological Association (AGA) published another new
guideline that has different and more conservative criteria for in-
dications of resection and recommends stopping surveillance after
5 years if no significant change is observed or if a cyst is resected
and found to be benign [3]. Not unexpectedly, the AGA guideline
has generated intense debate in the field of pancreatology.

During the 20th meeting of the International Association of
Pancreatology (IAP 2016) in Sendai, Japan, a symposium focused on
surveillance of BD-IPMN was held. The symposium also addressed
the significance of mural nodule size to predict invasive carcinoma
and HGD in BD-IPMN. The present revision is aimed particularly at
these controversial items. The other parts of the Fukuoka guidelines
are left unchanged or updated by adding recent literature.
Mucinous cystic neoplasm (MCN) has been excluded from the
revised guidelines, given that there are very few remaining points
of controversy regarding this entity.

All the authors contributed equally to the guidelines. M. Tanaka,
C. Fernandez-del Castillo and T. Kamisawa chaired this working
group of the IAP and played a pivotal role in the preparation of the
manuscript. The remaining authors are listed in alphabetical order.

Classification
Criteria for distinction of BD-IPMN and main duct IPMN (MD-IPMN)

IPMNs can be classified into three types, i.e., MD-IPMN, BD-

IPMN, and mixed type, based on imaging studies and/or histology
(Fig. 1). MD-IPMN is characterized by segmental or diffuse dilation
of the main pancreatic duct (MPD) of >5 mm without other causes
of obstruction. A low threshold for MPD dilation (5 mm) was
adopted in the previous guidelines, increasing the sensitivity for
radiologic diagnosis of MD-IPMN without losing specificity [4—8].
However, MPD dilation of 5—9 mm is not an immediate surgical
indication but considered one of “worrisome features” mentioned
later, while an MPD diameter of >10 mm is one of the “high-risk
stigmata”. Pancreatic cysts of >5 mm in diameter that communi-
cate with the MPD should be considered as BD-IPMN, with pseu-
docyst being in the differential diagnosis for patients with a prior
history of pancreatitis. Mixed type patients meet the criteria for
both MD-IPMN and BD-IPMN.

There are considerable differences in the proportions of each
type and the risks of invasive carcinoma and HGD [1-19]. The
differences are partly caused by variation in the type definitions,
since the correlation between the histologic and radiologic criteria
is only around 70% [7,20]. For example, a BD-IPMN in the head of
the pancreas can cause MPD dilation throughout the pancreas
because of ductal hypertension related to mucin, protein plugs, and
focal pancreatitis, and on the other hand there can be main duct
involvement by neoplasm without significant duct dilation [21].
However, since the classification is important for clinicians to plan
the management, it should be based on the preoperative radiologic
images, and the pathological classification can be specified a
posteriori.

Definition of malignant IPMN

IPMNs exhibit a spectrum of neoplastic transformation, not only
within each category but also often within the same case, ranging
from innocuous lesions that used to be called “hyperplasia” or
adenoma (currently classified as “low-grade dysplasia”) to invasive
carcinomas [22,23]. The definition of “malignancy” has been

Fig. 1. Magnetic resonance cholangiopancreatograms demonstrating the three morphological types of intraductal papillary mucinous neoplasm. a. Main duct type with a mural

nodule (arrow). b. Branch duct type. c. Mixed type.
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variable, with most authors including “carcinoma in situ” within
the malignant category, while others are reserving this term for
invasive neoplasms, and yet others defining “malignancy” by
aggressive clinical behavior [23]. This wide variation hampers
comparison of data, and hinders determination of the significance
of lesions and placement of patients into clearly defined categories.
For this reason, we recommend abandoning the term “carcinoma in
situ” in favor of HGD as outlined in the WHO classification [22] as
well as avoiding the term “malignancy” as suggested by Adsay et al.
[24].

Investigation
Work-up for cystic lesions of the pancreas

Cystic lesions are being recognized with increasing frequency by
imaging studies, with a higher prevalence in MRI (19.9%) [25]
compared to CT (1.2% [26] and 2.6% [27]). A cyst with invasive
carcinoma is uncommon in asymptomatic patients, particularly if
the cyst is < 5 mm, and therefore no further work-up may be
needed at that point, although follow-up is still recommended
[28,29]. For cysts >5 mm in size, a pancreatic protocol CT or
gadolinium-enhanced MRI with magnetic resonance chol-
angiopancreatography (MRCP) is recommended for better charac-
terization [30]. A consensus of radiologists suggested dedicated
MRCP as the procedure of choice for evaluating a pancreatic cyst,
based on superior contrast resolution that facilitates recognition of
septae, nodules, and duct communication [30]. In addition, since
many patients will require frequent imaging for follow-up, MRI has
the advantage of avoiding radiation exposure.

Symptomatic cysts overall have a higher risk of invasive carci-
noma and HGD, and, depending on the clinical circumstances,
either resection (if amelioration of symptoms is warranted) or
further evaluation need to be carried out.

“Worrisome features” on imaging include cyst of >3 cm,
enhancing mural nodule <5 mm, thickened enhanced cyst walls,
MPD size of 5—9 mm, abrupt change in the MPD caliber with distal
pancreatic atrophy, lymphadenopathy, an elevated serum level of
carbohydrate antigen (CA)19-9 and a rapid rate of cyst growth > 5
mm)/2 years [31-36].

These patients should be evaluated by endoscopic ultrasonog-
raphy (EUS) to further stratify the lesion. Doppler EUS or contrast-
enhanced harmonic EUS can demonstrate the presence of blood
supply in mural nodule [14,37,38]. Cysts with obvious “high-risk
stigmata” on CT, MRI, or EUS (i.e., obstructive jaundice in a patient
with a cystic lesion of the pancreatic head, enhanced mural
nodule > 5 mm, MPD size of >10 mm) should undergo resection in
surgically fit patients without further testing [39].

All patients with cysts of <3 cm in size without “worrisome
features” should undergo surveillance according to size stratifica-
tion (Fig. 2).

Distinction of BD-IPMN from other pancreatic cysts

Using a combination of the clinical history, gender, imaging
characteristics, cytology, and cyst fluid analyses of carcinoem-
bryonic antigen (CEA), amylase, and molecular biomarkers,
pancreatic cysts can not only be characterized as mucinous or non-
mucinous, but also accurately identified for their specific histo-
logical types (Table 1) [40—53]. A combination of the clinical and
imaging characteristics provides the best initial preoperative
diagnosis of the cyst type. For an imaging diagnosis of BD-IPMN,
multidetector CT (MDCT) and MRCP are the most useful primary
methods for defining the morphology, location, multiplicity, and
communication with the MPD [7,54,55]. Reliable distinguishing

features of BD-IPMN include multiplicity and visualization of a
connection to the MPD, although such a connection is not always
observed. EUS can then be used for detecting mural nodules and
invasion, and is most effective for delineating the malignant char-
acteristics (Fig. 3) [14], although it has the limitation of being
operator-dependent [54]. Chemical analyses of the fluid CEA and
amylase levels as well as cytology of the cyst content obtained by
EUS-guided fine needle aspiration (EUS-FNA) can be useful, but will
not distinguish MCN and IPMN [44,49—51,56]. More recent studies
have shown that molecular analysis for GNAS mutations can
distinguish BD-IPMN from MCN [57,58], since a positive GNAS
mutation is observed only in [IPMN but not in MCN.

Roles of cyst fluid analysis and cytology obtained by EUS-FNA in the
diagnosis of cystic lesions of the pancreas

The use of EUS-FNA varies widely throughout the world.
Elevated CEA is a marker that distinguishes mucinous from non-
mucinous cysts, but not malignant from benign cysts
[48,49,57,59—62]. A cut-off of >192—200 ng/ml is ~80% accurate for
the diagnosis of a mucinous cyst [48—50]. An increase in the cut-off
value improves the specificity at the expense of the sensitivity [59],
and a low CEA level does not exclude a mucinous cyst. Cyst fluid
amylase is not uniformly elevated in IPMN [48]. Serous cysts typi-
cally have low levels of both CEA and amylase.

Cytology can be diagnostic, although the sensitivity is limited by
the scant cellularity [46,56,61,63—65]. A more recent study iden-
tified a combination of various molecular markers and clinical
features that classified cyst type with 90—100% sensitivity and
92-98% specificity [66]. Interpreting the results of biochemical
markers in cyst fluid is a complex exercise in pattern recognition,
and should be reserved for patients in whom additional informa-
tion will have an impact on surgical decision-making.

In centers with expertise in EUS-FNA and cytological interpre-
tation, cytological analysis adds value, especially for evaluation of a
small BD-IPMN without “worrisome features” [51,67]. “High-grade
epithelial atypia” recognizes epithelial cells with cellular atypia,
and while being qualitatively and quantitatively insufficient for a
malignant interpretation, may be a more sensitive predictor of
invasive carcinoma or HGD than positive cytology [4,51,56,68,69].
Such cells in the cyst fluid predicted invasive carcinoma and HGD in
a mucinous cyst with 72% sensitivity and positive predictive value
(80% accuracy) in one study [57], and detected 30% more cancers in
small IPMNs than “worrisome features” in another study [51].

Molecular analysis of the cyst fluid for diagnosis is still evolving.
Studies show that detection of KRAS mutations more accurately
supports the diagnosis of a mucinous but not necessarily a malig-
nant cyst [42—44]. Recent studies indicate that GNAS mutations
may be helpful in distinguishing significant mucinous cysts from
indolent cysts that can be conservatively managed [57,58].

It is important to highlight that Japanese investigators do not
recommend EUS-FNA for the diagnosis of mucinous-like cystic le-
sions with “high-risk stigmata” or “worrisome features”, because
it may cause leakage of the cyst content, potentially leading to
peritoneal dissemination or gastric seeding [70,71]. However, two
recent studies have shown that preoperative EUS-FNA was not
associated with an increased rate of gastric or peritoneal cancer
recurrence in patients with resected pancreatic cancer [72] or IPMN
[73]. At present, EUS-FNA with cytological and molecular analyses
is still considered investigational and should be performed only in
centers with expertise in performing EUS-FNA and interpreting the
results. More data are needed to accurately determine the sensi-
tivity, specificity, and safety of this procedure and if results can be
generalized.
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Are any of the following “high-risk stigmata” of malignancy present?
i) obstructive jaundice in a patient with cystic lesion of the head of the pancreas, ii) enhancing mural nodule > 5 mm,
iii) main pancreatic duct >10 mm

Yes
v

l Are any of the following “worrisome features” present?

Consider Clinical: Pancreatitis @
surgery, Imaging: i) cyst >3 cm, ii) enhancing mural nodule < 5 mm, iii) thickened/enhancing cyst walls, iv) main duct

if clinically size 5-9 mm, v) abrupt change in caliber of pancreatic duct with distal pancreatic atrophy,
appropriate vi) lymphadenopathy, vii) increased serum level of CA19-9 , viii) cyst growth rate > 5 mm / 2 years

‘ y

| If yes, perform endoscopic ultrasound
I No
Are any of these features present?
Yes i) Definite mural nodule(s) > 5 mm b —>| No I—»I What is the size of largest cyst? |

ii) Main duct features suspicious for involvement ©
iii) Cytology: suspicious or positive for malignancy

v v v v
CT/MRI CT/MRI EUS in 3-6 months, then Close surveillance alternating
in 6 months, then 6 months x 1 year lengthen interval up to 1 year, MRI with EUS every 3-6 months.
every 2 years yearly x 2 years, alternating MRI with EUS as Strongly consider surgery in young,
if no change then lengthen appropriate. fit patients
interval up to 2 years Consider surgery in young,
if no change fit patients with need for
prolonged surveillance

+| Inconclusive

Fig. 2. Algorithm for the management of suspected BD-IPMN. a. Pancreatitis may be an indication for surgery for relief of symptoms. b. Differential diagnosis includes mucin. Mucin
can move with change in patient position, may be dislodged on cyst lavage and does not have Doppler flow. Features of true tumor nodule include lack of mobility, presence of
Doppler flow and FNA of nodule showing tumor tissue. c. Presence of any one of thickened walls, intraductal mucin or mural nodules is suggestive of main duct involvement. In their
absence main duct involvement is inconclusive. Abbreviations: BD-IPMN, branch duct intraductal papillary mucinous neoplasm; FNA, fine needle aspiration.

Table 1
Typical clinical and imaging features of common pancreatic cysts (Cited and modified from reference#2 with permission).
Characteristic MCN BD-IPMN SCN Pseudocyst
Sex (% female) >95% ~55% ~70% <25%
Age (decade) 4th, 5th 6th, 7th 6th, 7th 4th, 5th
Asymptomatic ~50% mostly when small ~50% nearly zero
Location (% body/tail) 95% 30% 50% 65%
Common capsule yes no yes N/A
Calcification rare, curvilinear in the no 30—40%, central no
cyst wall
Gross appearance orange-like grape-like spongy or honeycomb- variable
like
Multifocality no yes no rare
Internal structure cysts in cyst cyst by cyst microcystic and/or unilocular
macrocystic
Main pancreatic duct infrequent yes (though not always demonstrable) no common
communication
Main pancreatic duct normal or deviated normal, or dilated to >5 mm, suggesting normal or normal or irregularly dilated, may
mixed type deviated contain stones
Cyst fluid analysis mucin, mucin, serous, nonmucinous,
high CEA, GNAS wild, high CEA, very low high amylase
RNF43 mutated GNAS frequently mutated, CEA,
RNF43 mutated VHL gene mutated,
RNF43 wild

Abbreviations: MCN, mucinous cystic neoplasm; BD-IPMN, branch duct intraductal papillary mucinous neoplasm; SCN, serous cystic neoplasm; N/A, not applicable; CEA,

carcinoembryonic antigen.

Role of cytology and/or analysis of the pancreatic juice in the
diagnosis of invasive carcinoma and HGD in BD-IPMN

Pancreatic juice can be obtained via endoscopic retrograde
cholangiopancreatography (ERCP) by washing or brushing for

cytology. Pancreatic juice can be obtained from the MPD but also
from a dilated branch duct affected by IPMN, although selective

cannulation may be difficult. Only a few reports mention pancreatic

juice cytology of BD-IPMN, with variable yields [74,75]. One large
series showed that CEA levels of >30 ng/ml (in pancreatic juice) are
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Fig. 3. Endoscopic ultrasonogram showing a mural nodule in the dilated main pancreatic duct with Doppler flow indicating the presence of a blood supply.

useful to diagnose invasive carcinoma or HGD in BD-IPMN |[76].
Routine ERCP for sampling of fluid or brushings in IPMN is not
recommended, and should only be used in the context of research.

Distinction of BD-IPMN from serous cystic neoplasm (SCN)

Serous cystadenomas have three morphological patterns:
polycystic, honeycomb, and oligocystic. BD-IPMN can be readily
distinguished from SCN with a polycystic or honeycomb pattern by
either CT or MRCP (Table 1) [50,70,77]. The differentiation between
a small oligocystic SCN and a BD-IPMN is challenging and may
require EUS-FNA, where a very low CEA level and a usually acellular
cytology favor the diagnosis of SCN [78—80].

Indications for resection
Indications for resection of BD-IPMN

The mean frequency of invasive carcinoma and HGD in resected
BD-IPMN is 31.1% (range 14.4—47.9%), and that of invasive cancer is
18.5% (6.1—37.7%) in seven recent series [81—87]. Although surgical
resection of BD-IPMN certainly warrants consideration, these le-
sions occur mostly in elderly patients, and the annual rate of pro-
gression to HGD or invasive cancer is relatively low (1.4—6.9%)
[35,88—91]. This supports conservative management with follow-
up in patients who do not have features predicting invasive carci-
noma or HGD [92,93].

The usefulness of the previous Fukuoka consensus criteria for
resections has been validated by many reports [81—-87,94—102].
Absolute indications for resection are cytology positive for HGD
[51,62,67,69,103,104], and the presence of mural nodules. The
overall risk of HGD or invasive cancer in the presence of mural
nodules is four-to six-fold higher, with a positive predictive value of
60% [51,85,87,103,105]. Analyses of resected BD-IPMNs suggest that
nodule sizes of 5 mm, 7 mm and 10 mm on EUS are all good pre-
dictors of invasive carcinoma or HGD (sensitivity 73—100%, speci-
ficity 73—85%) [76,103,106—110]. While it has been reported that
~10% “malignant” BD-IPMNs have no mural nodules, nearly all of
these cases were HGD [19,81,108], and thus invasive cancer is
exceptional in the absence of a mural nodule within the cyst. The
expert consensus group agrees that the cut-off value size of mural
nodules to identify invasive carcinoma and HGD should be set at
5 mm with an acceptable sensitivity and specificity [39]. Contrast-
enhanced EUS appears to be the most accurate tool for differenti-
ating mural nodules from mucin globs, with a very low rate of false-
negatives [36,111-114] A CA 19-9 value higher than 37 UJL is
associated with an increased risk of invasive carcinoma and HGD
but has a low specificity [115—118]. It should be emphasized that
the numbers of patients with HGD and invasive carcinoma should

be specified separately when reporting data. Unfortunately most
previous studies have included HGD and invasive cancer in one
“malignant” category.

Although still controversial, younger patients (<65 years) with a
cyst size of >2 cm may be candidates for resection owing to the
cumulative risk of invasive carcinoma and HGD [18,119]. Although
cyst size is associated with an increased risk of harboring HGD and
invasive cancer, there is no cut-off to quantify the risk [85,120], and
in general, cyst size alone is not an appropriate parameter to
indicate surgery given its poor predictive value for invasive carci-
noma and HGD [19,76,81,121—123]. Clinical management cannot be
carried out on the basis of a single predictor of invasive carcinoma
or HGD since the majority of evidence comes from retrospective
surgical series and only in the presence of more than one risk
factors does the probability increase [118,122—124]. Several studies
have proposed nomograms consisting of multiple factors to predict
invasive carcinoma and HGD; these are promising and warrant
further validation [118,125,126]. The decision, however, should al-
ways be individualized and depends not only on the risk of invasive
carcinoma or HGD but also on the patient's life expectancy,
comorbidities and cyst location.

Indications for resection of MD-IPMN

The mean frequency of invasive carcinoma and HGD in MD-
IPMN is 61.6% (range, 36—100%) and the mean frequency of inva-
sive IPMN is 43.1% (range, 11-81%) [4—16]. Considering these high
incidence of HGD/invasive lesions and the high 5-year survival
rates (31-54%) [4—6,9,10], surgical resection is strongly recom-
mended for all surgically fit patients with MPD > 10 mm, jaundice,
or mural nodules. To date, there has been no consistent data for cut-
off size of mural nodules to predict invasive carcinoma or HGD in
MD-IPMN. MPD dilation of 5—9 mm should be considered as one of
the “worrisome features”, similar to the case for BD-IPMN (Fig. 2),
with a recommendation of evaluation but no immediate resection
[6,7,9], although one study reported a high rate of “malignant”
IPMN (59%) in patients with main duct diameter 5-9 mm [127]. It is
important to highlight that a MPD can be dilated for other reasons,
and differentiation of MD-IPMN from chronic pancreatitis should
be meticulously pursued with clinical findings and additional
studies [128].

The aim of resection is to achieve complete removal of a tumor
with a negative margin. In the segmental ectatic type or diffuse
type with focal lesions (mural nodules or mixed branch lesions,
etc.), it is relatively easy to determine the resection side (proximal
or distal pancreatectomy) and transection line. In the diffuse dila-
tion type without focal lesions, however, more careful evaluation is
warranted, including ERCP. Some of these patients may not even
have IPMN, but rather chronic pancreatitis [129]. A dilated papilla
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with mucin extrusion and/or a mural nodule visualized by ERCP
definitely confirms the diagnosis of MD-IPMN. If indeed MD-IPMN
involving the middle segment of the pancreas is diagnosed, right-
sided pancreatectomy is preferred because it is technically easier
to resect additional pancreatic tissue to achieve a negative margin.

Frozen section biopsy is useful and recommended to determine
the extent of resection [16,130]. If the resection margin is positive
for invasive cancer or HGD, additional resection of the pancreas
should be attempted to obtain a negative margin. If low-grade
dysplasia is found, further resection is not necessary [131—135].
Total pancreatectomy should be applied selectively in younger
patients who can handle the complexities of brittle diabetes and
exocrine insufficiency [136,137]. The indication for total pancrea-
tectomy should be carefully considered only in patients with a
definitive diagnosis and based on the degree of MPD dilation and
presence of symptoms or mural nodules; a recent study reported
overtreatment or too extensive resection in 19% [129]. Intraductal
ultrasonography, intraoperative pancreatoscopy and cytology have
been used to obtain additional information of the surgical margin
in difficult cases [138—140]. However, all of these investigations
should ideally be performed preoperatively to avoid leakage of
mucin [141].

Methods of resection and other treatments
Methods of pancreatectomy for invasive and non-invasive IPMNs

Although preoperative and intraoperative assessment of the
grades of dysplasia of IPMNs can be difficult, ultrasonography, CT,
MRI, and EUS will identify most tumors with a significant invasive
component. In such patients, pancreatoduodenectomy, left
pancreatectomy, or total pancreatectomy according to the site and
extent of the disease with lymph node dissection remains the
standard treatment. Limited resections or even focal non-anatomic
resections (excision, enucleation, uncinatectomy) may be consid-
ered for BD-IPMN without clinical, radiologic, cytopathologic, or
serologic suspicion of invasive carcinoma [142—151]. However,
non-anatomic resections may be associated with rare, but possible,
leakage of mucin followed by pseudomyxoma peritonei [152,153],
and also have a higher incidence of pancreatic fistulae and risk of
recurrence from potentially residual neoplasm [154]. Since the
diagnosis of HGD is difficult by frozen-section histology, standard
resection with lymphadenectomy should occur as long as there is
the possibility of carcinoma. If the final pathology reveals invasive
cancer in the pancreatic transection margin that was not detected
on frozen section, careful short-interval follow-up is mandatory.

Role of mucosal ablation by ethanol injection under EUS guidance in
the management of IPMIN

Investigators have been exploring the possibility of EUS-guided
ablation of pancreatic cysts by ethanol or ethanol followed by
paclitaxel [155,156]. Preferred candidates include (1) patients with
cystic lesions of >2 cm, either unilocular or oligolocular, that show
no communication with the MPD, and (2) cysts in patients who
refuse surgery or are high-risk surgical candidates [155,156].
Therefore, a BD-IPMN which by definition is a lesion communi-
cating to the MPD is, at least in theory, not an indication for the
procedure. The reported short-term CT-defined cyst resolution
rates are 33—79% [155—158], and variable histopathologic degrees
of epithelial ablation were observed in the resected specimens
[155,157,158]. DeWitt et al. [158] reported complete or partial
image-defined resolution in 75% of cysts during median follow-up
of 27 months (range 17—42 months). Complications include acute
pancreatitis (4.5—10%), abdominal pain (<20%), peritonitis, and

splenic vein obliteration [155,157,158].

There are some problems that remain to be addressed, including
insufficient ethanol infiltration and impossible imaging surveil-
lance after collapse of the cyst. Moreover, studies have shown that
PDAC occurs quite frequently not only as malignant transformation
of IPMN but also in other sites separate from IPMN [94,159—161].
One study of ethanol ablation in 23 patients with mean follow-up
of 40 months (range 9—82 months) showed complete resolution
in only 9%, and 5 patients died during the follow-up period (4 from
nonpancreatic causes), including one diagnosed with PDAC thought
to have arisen from the treated BD-IPMN 41 months after ethanol
ablation [162]. More extensive research needs to be carried out on
the techniques, materials, long-term outcomes, and adequacy of
this procedure. At present, EUS-guided ablation is not promising
and cannot be recommended for patients with BD-IPMN outside of
a closely monitored research protocol.

Approach to multifocal BD-IPMN

IPMN probably represents a pancreatic “field defect”, i.e., all
pancreatic ductal epithelial cells are at risk of dysplastic change, as
most typically shown in patients with multifocal BD-IPMNs (Fig. 4).
Current series estimate that 25—41% of all BD-IPMNs are multifocal
[4,717], but molecular analysis has revealed that the majority of
them appear to arise independently [163]. There is no convincing
evidence that the risk of invasive IPMN multiplies according to the
number of lesions. In one series, patients with symptomatic uni-
focal BD-IPMN carried a higher risk than those with symptomatic
multifocal BD-IPMNs (18% versus 7%) [4], whereas another reported
a higher rate of invasive carcinoma or HGD in multifocal BD-IPMNs
(60%) [164].

The treatment approach to multifocal BD-IPMNs should mirror
that of unifocal BD-IPMN. When resection is indicated, segmental
anatomic pancreatectomy should be performed in cases where the
multifocal disease is limited to a pancreatic region. In some cases,
the disease may not be able to be eliminated without total
pancreatectomy. Even then, it is reasonable to perform a segmental
resection to remove the IPMNs with the highest oncological risk
and perform surveillance of the remaining lesions. However, the
threshold for total pancreatectomy should perhaps be lowered in
patients with a strong family history of PDAC, because of increased
prevalence of higher-grade lesions in one study [165].
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Fig. 4. Magnetic resonance cholangiopancreatogram demonstrating multifocal branch
duct intraductal papillary mucinous neoplasms.
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Histological aspects
Types of invasive carcinoma of IPMN

It is now well established that the type of invasive carcinoma,
colloid versus tubular, has major prognostic implications and
should therefore be part of the reporting of IPMNs [166—169].
Colloid carcinomas are characterized by “intestinal” differentiation,
evidenced by diffuse and specific expression of CDX2 and MUC2,
and have a better prognosis than tubular carcinomas [170]. It is
conceivable that these histological differences may drive the use of
distinct adjuvant chemotherapy protocols, although this has not yet
been evaluated.

Pathologic definition of minimally invasive carcinoma derived from
IPMN

Since the term “minimally invasive” has been variably defined
by different authors [171—175], it is preferable to avoid the use of
this terminology. Instead, it is more appropriate to stage invasive
carcinomas with conventional staging protocols including the
AJCC/TNM [176], and then further subclassify the T1 category (those
with invasive carcinomas of <2 cm) into T1a for those that are
<0.5 cm, T1b for those that are >0.5 cm and <1 c¢m, and T1c for
those that are 1-2 cm. This subclassification of T1 conforms to the
methods that are being employed for other organs and tumor types,
allows the collection of more accurate and comparable data for
future evaluation, and is in accordance with the proposal made by
Furukawa et al. [177].

Distinction and clinical relevance of gastric, intestinal,
pancreatobiliary, and oncocytic forms of IPMINs

The cell lineage of the “papillary component” of IPMNs has
clinicopathologic significance (Fig. 5) [169,170,174,177,178]. The vast
majority of BD-IPMNs are of the gastric type, which is MUC5AC-
positive, MUC1-negative, and MUC2-negative with the exception
of focal immunostaining of MUC2 confined to the scattered goblet
cells. The gastric type is typically of low grade, with only a small
percentage developing into carcinoma, although if a carcinoma
does develop in these patients, it is usually of the tubular type and
behaves like a conventional PDAC [169,178,179]. A significant
portion of MD-IPMNs are of the intestinal type. Large and complex
intestinal-type IPMNs can have invasive carcinoma, typically of the
colloid type (CDX2/MUC2-positive) and relatively indolent
behavior [170]. While colloid carcinoma tends to be unifocal, a
recent molecular analysis demonstrated the possibility of mono-
clonal skip implantation in MD-IPMN, and therefore the clinicians
and surgeons should be aware of potential synchronous or meta-
chronous lesions [180]. The oncocytic type is defined by complex
arborizing papillae with delicate cores, oncocytic cells, and intra-
epithelial luminal formation, and common MUC6E expression
[181,182]. This type tends to be large, has relatively uncommon and
limited invasion, and often receives a clinical diagnosis of “cys-
tadenocarcinoma”; it also appears to have a very good prognosis
and a propensity for recurrence in the remaining pancreas years
after the initial resection [183,184]. The pancreatobiliary type is the
least well characterized and the least common, and is regarded by
some as a high-grade version of the gastric type. Invasive carci-
noma associated with this type is usually tubular and aggressive
[169,177,178].

Based on the clinical associations described above, it is some-
times feasible to predict the subtypes preoperatively. In a preop-
erative biopsy or cytology, EUS-guided or ERCP-aided, it may be
possible to employ this subclassification, provided that the

papillary component of the tumor is sampled [185—189].

Role of intraoperative frozen section evaluation in the surgical
management of IPMNs

The extent of neoplastic epithelium of IPMN can be ill-defined
owing to the spread to branch ducts and smaller ductules. There-
fore, the assessment of adequate margins may have to rely upon
frozen section analysis [136,137]. However, frozen sections are a
suboptimal method for analyzing tissue morphology, and should be
used cautiously. If clear HGD or invasive carcinoma is present at the
margin, further resection is warranted. Similarly, if exuberant
papillary nodules are present at the margin, there may be abundant
residual tumors in the pancreas. All patients should be informed
preoperatively that the resection may possibly be extended to total
pancreatectomy. In contrast, the presence of low grade dysplasia
does not require any further therapy [167]. There is no longer a
subcategory of “intermediate” or “moderate” grade dysplasia ac-
cording to the Baltimore consensus [190].

The common incidental occurrence of low-grade pancreatic
intraepithelial neoplasia (PanIN), previously called PanIN-1 and -2,
in the general population may show up in frozen sections of the
margin. Since low-grade PanINs can be indistinguishable from low-
grade IPMNs of gastric type [191], it may be preferable to report
that “no in-situ or invasive carcinoma is identified; intraductal/
intraepithelial neoplasm of low grade, either PanIN or IPMN, is
present”. In addition, a section of the margin may show nothing but
inflammation and denuded epithelium. The pathologist cannot
render a diagnosis without an intact epithelium, and this should be
reported as “denuded epithelium and inflammation”, with such
cases being carefully analyzed clinically because the denudation
may prove to be the presence of an adjacent tumor [192,193].

Distinction of carcinoma derived from and concomitant with an
IPMN

PDAC may develop independently in the pancreas separately
from an IPMN (Fig. 6) [161,194]. When PDAC originates in the vi-
cinity of an IPMN, the distinction between PDAC derived from the
IPMN and PDAC concomitant with the IPMN is often difficult.
Definitions of these conditions were proposed by the Japan
Pancreas Society, mainly with regard to the topological relationship
and histological transition between IPMN and PDAC [195]. In
addition, some unique features of PDAC concomitant with IPMN
were reported, including preponderance in patients with female
gender, advanced age, non-dilated MPD, and a small IPMN of gastric
subtype [89,196—199]. Molecular biomarkers may help distinguish
these two types of PDACs more clearly [199,200]. Although invasive
IPMNs with no mural nodules have occasionally been reported
[201], the possibility of concomitant PDAC developing in the close
vicinity to the IPMN should be carefully considered.

It is also imperative to make every effort to distinguish between
a retention cyst occurring from PDAC and IPMN accompanying
PDAC. Retention cysts may be lined with an epithelium with
regenerative atypia or even by cancer cells extending from the
PDAC, whereas IPMN is characterized by dilated pancreatic ducts
lined with dysplastic mucinous epithelium showing micropapillary
or macropapillary projections.

Methods of follow-up (Fig. 2)
Follow-up of non-resected IPMIN

The decision to follow an IPMN is a matter of clinical judgment
based on patient age, family history, symptoms, comorbidities,
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Fig. 5. Histological subclassification of intraductal papillary mucinous neoplasms. a. The gastric type shows tall columnar cells with basally oriented nuclei and abundant pale
mucinous cytoplasm. b. The intestinal type is composed of tall papillae lined by columnar cells with pseudostratified nuclei and basophilic cytoplasm with variable amounts of
apical mucin. c. The pancreatobiliary type has thin branching papillae with high-grade dysplasia. The cells are cuboidal and have round hyperchromatic nuclei, prominent nucleoli,
and moderately amphophilic cytoplasm with a less mucinous appearance. d. The oncocytic type usually exhibits complex arborizing papillae lined by two to five layers of cuboidal
to columnar cells with large, round, fairly uniform nuclei containing single, prominent, eccentrically located nucleoli, and abundant eosinophilic granular cytoplasm sometimes in a

cribriform or solid growth pattern.

perceived pancreatic cancer risk, and patient preference. There is
little evidence in the literature to guide the frequency and type of
surveillance for IPMNs.

At baseline, history/physical examination and MRI/MRCP (or
pancreatic protocol CT) surveillance, and EUS when the presence of
a mural nodule is suspected, are recommended. If the expertise is
available, consideration may be given for EUS with cytopathology
[56,74,75], CEA [43,50], and molecular analyses [43,44,202].

Many studies have shown that BD-IPMN without “high-risk
stigmata” or “worrisome features” has a very indolent course
[91,93,101,203—205]. For surveillance, such patients should un-
dergo short interval (3—6 months) pancreatic MRI/MRCP (or CT) to
establish the stability, if prior imaging is not available. Subse-
quently, surveillance should be performed according to the size of
stratification (Fig. 2). There are no good long-term data to indicate
whether surveillance can be safely spaced to every 2 years or even
longer. A retrospective study of 261 patients with BD-IPMN without
“high-risk stigmata” or “worrisome features” showed no differ-
ence in outcome between long- (12—24 months) and short-(3—9
months) interval surveillance using MRI [206]. On the other hand,
concern over the development of PDAC in the pancreas harboring
IPMN prompts some investigators to continue surveillance at short
intervals [94,95,159—-161,194—197,207—210]. Whether the modal-
ities of surveillance should be modified beyond 2 or 5 years is also
controversial. While one study reported that the risk of progression
to invasive carcinoma after 5 years was minimal in a low-risk BD-
IPMN [211], and the AGA guideline even advocated stopping sur-
veillance [3], others have reported the continued or even enhanced
risk of malignant progression, recommending to intensify surveil-
lance after 5 years [212,213].

Surgically fit patients with “high-risk stigmata” detected on
surveillance should undergo resection. Shorter interval surveillance

(3—9 months) should be considered in patients whose IPMN pro-
gresses toward these indicators or patients who already have
“high-risk stigmata” and, for reasons of operative risk or personal
preference, have chosen heightened surveillance over resection. A
rapid growth rate >5 mm/2 years on any images should be
considered as a “worrisome feature”, being related with a signifi-
cantly increased risk of invasive carcinoma and HGD, and shorter
interval surveillance is recommended in such patients [35,36].

Several investigators reported the incidence and timing of the
metachronous development of concomitant PDAC during surveil-
lance for IPMN without resection [88,89,196,197,214—217]. The
cumulative 5-year incidence of the development of concomitant
PDAC ranges from 2.2 to 8.8%. Two of these studies analyzed the
incidence of the development of concomitant PDAC during sur-
veillance for more than 5 years, and their 5- and 10-year cumulative
incidences are 3.0% and 8.8% (median 62.5 months, range 37—92
months) [197] and 2.2% and 8.7% (median 39 months, range 6—258
months) [216], indicating that long-term surveillance over 5 years
is necessary for detection of concomitant PDAC.

Follow-up of surgically resected IPMIN

All patients with IPMN, including even those with non-invasive
IPMN with negative surgical margin, should undergo surveillance
after resection to detect the development of a new IPMN requiring
surgery or concomitant PDAC. These significant lesions often
develop more than 5—10 years after initial operation and thus
surveillance should continue as long as the patient remains fit
[208,218]. Cross-sectional imaging at least twice a year is recom-
mended in those with higher risks such as family history of PDAC, a
surgical margin positive for HGD, and non-intestinal subtype of
resected IPMN, while every 6—12 months would suffice in the
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Fig. 6. A PDAC concomitant with a benign BD-IPMN. a. MRCP delineating a BD-IPMN measuring 6 mm in maximal size (arrow) and an 11-mm long stricture with upstream dilation
of the MPD (long arrows). The BD-IPMN exhibits no high-risk stigmata. b. EUS images demonstrating a hypoechoic solid mass, measuring 16 x 11 mm (arrows). c. A 6-mm cystic
mass (arrowheads) is present in the vicinity of the solid mass. d. Microscopic photographs showing a BD-IPMN with low-grade dysplasia and a PDAC spreading in the MPD. Ar-
rowheads demonstrate the presence of normal tissue separating the IPMN and PDAC. Abbreviations: PDAC, pancreatic ductal adenocarcinoma; BD-IPMN, branch duct intraductal
papillary mucinous neoplasm; MRCP, magnetic resonance cholangiopancreatogram; MPD, main pancreatic duct; EUS, endoscopic ultrasonography.

others. The follow-up strategy of invasive IPMN should be the same
as that of PDAC [219].

Progression of IPMN within the pancreatic remnant is common
after resection of a pre-invasive IPMN, including LGD and HGD.
Aforementioned “field defect” may predispose the remnant gland
to progression or recurrence manifesting as new IPMN formation,
progression of residual IPMNSs, or development of concomitant
PDAC. An analysis of 130 patients who underwent resection of non-
invasive IPMNs revealed that the 1-, 5-, and 10-year risks of
developing a new IPMN are 4%, 25%, and 62%, respectively, with the
subsequent chances of requiring surgery being 1.6%, 14%, and 18%,
respectively [220]. The risk of developing an invasive IPMN at 1-, 5-,
and 10-years is 0%, 7%, and 38%, respectively. Kang et al. [221] re-
ported a recurrence rate of 5.4% in the remnant gland after resec-
tion of 298 non-invasive IPMNs. More importantly, 10 of the 298
recurred as an invasive lesion. Marchegiani et al. [ 193] also reported
299 patients with non-invasive IPMNs who showed a 9.4% recur-
rence rate (28 patients) after resection, with 6 patients having
invasive recurrences. This is in line with the previous literature,
which reports a recurrence rates ranging from 1% to 20%, and
invasive recurrence rates of 2%—7.8% [131,133,135,222—225]. MD-
IPMN also shows similar patterns of recurrence [226].

Most of the reports regarding the development of secondary

lesions in the pancreatic remnant did not discriminate concomitant
PDAC from invasive IPMN and, therefore, precise incidence of the
development of concomitant PDAC after partial pancreatectomy for
IPMNs has not been documented well. However, Miyasaka et al.
[227] distinguished concomitant PDAC from invasive carcinoma/
HGD in IPMN and showed that the cumulative 5- and 10-year
incidence of the development of concomitant PDAC after partial
pancreatectomy for IPMN are 4.5% and 5.9%, respectively. Others
have also reported the metachronous development of concomitant
PDAC many years after partial pancreatectomy for IPMN [228,229].
Thus, long-term surveillance is necessary to detect concomitant
PDAC in the pancreatic remnant after pancreatectomy for IPMN.

Predictors of recurrence

Three features are most commonly reported as being associated
with progression in the pancreatic remnant; the presence of HGD in
resected specimens, “margin positive resection” and a family his-
tory of PDAC. He et al. [220] reported that 17% of patients with HGD
discovered in their primary resected IPMNs developed new or
progressive disease in their pancreatic remnant. Similarly, Miller
et al. [225] reported that 10% of patients with an IPMN with HGD
developed a subsequent de novo invasive IPMN despite negative
surgical margins. In an analysis of 140 patients, Rezaee et al. [230]
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reported that patients with HGD in their primary resected IPMN
were over 8-fold more likely to subsequently develop an invasive
cancer (OR 8.82,95% C.I1. 2.56—30.43, p = 0.001). This specific cohort
should be categorized as high-risk for recurrence and should un-
dergo close surveillance as well.

In terms of family history, He et al. [220] found that patients
with a family history of pancreatic cancer were significantly more
likely to develop recurrence after resection of a non-invasive IPMN
(23% vs 7%, p < 0.05), and family history was the only independent
preoperative predictor of recurrence (OR 4.2, 95% C.I. 1.3—14.1,
p = 0.02). It is important to emphasize that these recurrences
include not only development or progression of a remaining IPMN,
but concomitant PDAC.

The impact of surgical margin at the time of surgical resection
on recurrence risk is less clear with conflicting outcomes reported
by different centers. He et al. [220] (27% vs 22%, p = ns) and Kang
et al. [221] (12.1% vs 10.4%, p = 0.704) reported no difference in
recurrence rates when margin positive patients were compared
with margin negative patients. Conversely, Frankel et al. [231] re-
ported that dysplasia of any degree at the resection margin was a
risk factor for recurrent disease at the remnant gland (OR 2.9,
p = 0.02), but not for recurrent disease at the resection margin it-
self. Similarly, Marchegiani et al. [ 16] reported a significantly higher
rate of recurrence in patients with positive margins (25% vs 14%,
p = 0.008), and found that the margin status was one of the most
important predictors of survival by multivariate analysis (HR 2.6,
p = 0.0046). These discrepant findings are likely a result of the
retrospective nature of underpowered studies to analyze a small,
specific sub-cohort of patients.

Ideno et al. [198] showed that IPMN having concomitant PDAC
were frequently of gastric subtype, and Miyasaka et al. [228] re-
ported that partial pancreatectomy for pancreatobiliary subtype of
IPMN was a predictor for the metachronous development of
concomitant PDAC in the pancreatic remnant. Gastric and pan-
creatobiliary subtypes of IPMN can be categorized as MUC2-
negative non-intestinal subtype, and should be considered as a
high risk for the development of concomitant PDAC [227].

Surveillance Protocol

The risk of progression of IPMN does not diminish over time
following resection, and surveillance should continue indefinitely
as long as the patient remains fit for surgery. In addition, as
mentioned above, there is also a certain risk of development of
concomitant PDAC. Many Japanese investigators use the protocol
for surveillance, consisting of alternate CT and MRCP/EUS together
with physical examination and blood tests for tumor markers and
glycohemoglobin twice a year, in patients with IPMNs regardless of
whether or not they have undergone resection [232], although this
protocol sometimes fails to detect resectable PDAC and is unlikely
to be applicable globally given differences in delivery of medical
care [210]. All types of IPMN have a risk of developing concomitant
PDAC, but the event is more common in the setting of BD-IPMN
than in MD-IPMN [226].

Possible occurrence of PDAC in patients with IPMN on follow-up:
impact of family history of PDAC

In IPMN patients with two or more affected first-degree rela-
tives, the risk of developing PDAC rapidly escalates and merits
intensive surveillance for early detection of concomitant PDAC.
These high risk patients should undergo cross-sectional imaging at
least twice a year, and surveillance should not be discontinued as
long as the patient remains fit.

The risk of an individual of developing PDAC based on family
history alone has been well established [233,234]. In an individual

with one first-degree relative with PDAC the risk is 2.3-fold higher
than that of the general population. The risk increases to 6.4-fold
with two affected first-degree relatives and 32-fold with three
affected first-degree relatives. A risk prediction calculator called
PancPRO is available free online at http://astor.som.jhmi.edu/
BayesMendel/pancpro.html [235].

In some individuals, the actual genetic defect is known and
forms part of a described syndrome. The best characterized genetic
defects include BRCA2/Fanconi anemia pathway defects (relative
risk, 3.5—10-fold) [236,237], familial atypical mole malignant
melanoma syndrome (relative risk, 9—47-fold) [238], and Peutz-
Jeghers syndrome (relative risk, 132-fold) [239]. The initial assess-
ment of an IPMN should include a detailed family history and an
estimate of the relative risk of developing PDAC based on the above
sources.

Nehra et al. [240] showed that concomitant PDAC was more
frequently observed in IPMN patients with family history of PDAC
than in those without (11.1% vs. 2.9%, p = 0.002) using data of 324
resected cases of IPMN. Of them, 45 patients (13.9%) had a family
history of PDAC; including 34 with at least one affected first degree
relative and 11 with at least one affected second degree relative.
They also demonstrated that IPMN characteristics were not
different between the patients with and without family history.
Mandai et al. [241] reported that a concomitant PDAC more
frequently occurs in IPMN patients with one first degree relative
with PDAC than those without (17.6% vs. 2.1%, p = 0.01) using data
of 300 patients with IPMN on surveillance, although the frequency
of PDAC did not differ between those with and without family
history among 177 patients aged 70 years or older. Of note, six of
nine concomitant PDACs were detected 6 years or later after
detection of IPMN. Thus, individuals with one or more affected
first-degree relatives have a higher risk and deserve more aggres-
sive surveillance for early detection of concomitant PDAC. On the
other hand, several investigators have shown that family history of
PDAC does not always accelerate the progression of IPMN to inva-
sive carcinoma [240,241]. This observation indicates that biological
behavior of IPMN on follow up or newly diagnosed IPMN may not
differ depending on the presence or absence of family history of
PDAC.

Possible occurrence of malignant neoplasms in other organs in
patients with IPMN on follow-up

Synchronous and metachronous occurrence of malignant dis-
eases in extrapancreatic organs in patients with IPMNs occur in
20—-30% of patients [242], although whether the incidence is
increased compared to the general population is questionable
[91,243]. Most reports describe the occurrence of malignant con-
ditions as a part of the patient's past history [244]. These extrap-
ancreatic malignancies can occur even after resection of an IPMN,
and therefore, attention should be paid to this phenomenon even
after resection of an IPMN.

The frequency and location of extrapancreatic malignancies
differ from country to country. Gastrointestinal cancer is common
in Asian countries [245], while skin, breast, and prostatic cancers
are frequent in the United States [246]. These facts may indicate
that extrapancreatic malignancies occur depending on the in-
cidences of cancer in the general populations in different regions
[245].

The relationships between the types of IPMN and extrapancre-
atic malignancies are controversial. Some authors reported that
extrapancreatic malignancies occur in all types of IPMN [244],
while others reported that transcription of MUC2 may be related to
the synchronous extrapancreatic gastrointestinal cancer develop-
ment seen with IPMN [246].
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At present, there are no screening recommendations for
detecting extrapancreatic malignancies, but once the diagnosis of
IPMN is made, consideration of extrapancreatic neoplasms should
be undertaken based on the frequency of malignancies in the
general population of the country or region.
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