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Objective: Although considerable progress has been made in our understanding of intraductal papillary
mucinous neoplasm (IPMN) of the pancreas, there are still some problems to be solved.

Background: IPMN is one of the most important precancerous lesions of pancreatic cancer, but the
relationship between IPMN and pancreatic cancer, and the specific mechanism of the development from
IPMN to invasive carcinoma, remain to be explored in depth. With the development of imaging, the
detection rate of IPMN has been greatly improved. However, the degree of malignancy of IPMN is difficult
to assess, and its classification criteria and surgical treatment strategies are still controversial. Therefore,
there is an urgent need for the best treatment plan for IPMN and research that can better predict IPMN
recurrence and tumor malignancy.

Methods: From the online database Web of Science (https://webofknowledge.com/) and PubMed (https://
pubmed.ncbi.nlm.nih.gov/), we use specific retrieval strategies to retrieve relevant articles based on the topics
we discussed, and we review and discuss them.

Conclusions: This paper discusses the related research and progress of IPMN in recent years to improve
the understanding of the incidence, diagnosis, treatment, and prognosis of this disease. The follow-up and

monitoring of IPMN is particularly important, but the specific strategy also remains controversial.
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Introduction

It is estimated that by 2030, pancreatic cancer will become
the second leading cause of cancer-related deaths in the
United States (1), and is predicted to overtake breast cancer
as the third leading cause of cancer-related deaths in the
European Union (2). Most pancreatic cancers arise from
the malignant evolution of pancreatic cystic neoplasms
(PCNs). Pancreatic intraductal papillary mucinous

neoplasm (IPMN) is a subtype of PCNs (3). It is an
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epithelial tumor, often originating in the main pancreatic
duct or branch pancreatic duct, and is grossly visible, mainly
showing papillary hyperplasia and having the function of
secreting mucus. IPMN has always been considered a true
primary pancreatic cystic precancerous lesion (4). It is one
of the most important precancerous lesions of pancreatic
ductal adenocarcinoma (PDAC), and approximately one-
third of IPMNs are found to have associated invasive

adenocarcinoma at the time of resection (5). IPMN is a
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mucin-producing tumor, which is characterized by the
papillary proliferation of mucin-producing epithelial cells
in pancreatic ducts and the secretion of large amounts of
mucus. With the development of imaging, the detection rate
of IPMN has increased significantly, but the assessment of
its malignancy and surgical treatment are still controversial.
This review summarizes the relevant research and progress
on IPMN in recent years to improve the understanding of
the incidence, diagnosis, treatment, and prognosis of this
disease. We present the following article in accordance
with the Narrative Review reporting checklist (available at
https://dx.doi.org/10.21037/gs-21-450).

Methods

The research strategy involved the online databases Web
of Science (https://webofknowledge.com/) and PubMed
(https://pubmed.ncbi.nlm.nih.gov/). The search strategy
included the following keywords: intraductal papillary
mucinous neoplasm, IPMN, pancreatic, pancreatic tumor,
pancreatic cancer, pancreatic ductal adenocarcinoma,
mucinous cystic neoplasm, neuroendocrine tumors,
pancreatic cystic tumors, diagnosis, epidemiology,
histopathology, treatment, follow-up, guideline. Specifically,
the research was restricted using variable combinations
of the keywords. Articles in English published between
January 1970 and April 2021 were searched. Some articles
were excluded as they were not related to the topic of
discussion.

Incidence

Researchers have found a variety of molecular genetic
changes in IPMNs. Some of these genetic changes are
similar to those found in PDAC, such as those of KRAS,
SMAD4, and TP53 genes, and the frequency range
of KRAS mutations in IPMNs is 40-81% (6). KRAS,
GNAS, and RNF43 are the most common mutant genes
of IPMN, and the point mutation of GNAS codon 201 is
the most common and specific molecular phenomenon of
IPMN (7). Other genes with recurrent somatic mutations in
IPMN include CDKN2A, CYP4Z1, DNAHY, HLA-DQB2,
KIAA1109, MUC4, MUC12, PHF3, RBM10, RXFP2,
SLC7A48, SLC9A3, ZNF260, and ZNF§835 (8). GNAS
mutations are common and unique to IPMN, and GNAS
mutations are more common in intestinal subtypes, while
KRAS mutations are more common in pancreaticobiliary

subtypes (9). Histological analysis and the high frequency
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of KRAS mutations in IPMN indicate that oncogenic KRAS
drives the development of IPMN in pancreatic duct cells,
however, inducing the KRAS mutation in ductal cells does
not produce IPMN. A study showed that IPMN can be the
result of the synergistic effect of KrasG12D mutation and
tumor suppressor gene inactivation (10).

A study also showed that, in the past few decades,
the relative proportion of IPMN in PCNs has increased
significantly. Whether this means that the incidence is
indeed increasing or the detection rate is increasing is still
controversial (11). There is no significant difference in the
incidence of IPMN between men and women, though it
may be that women have a slightly higher incidence than
men (12). In 2004, a large study investigating pancreatic
tumors and lesions found that in a series of 1,454 cases of
tumorous lesions of the pancreas collected between 1971
and 2003, IPMN accounted for 18% of cysts, and was
considered the most frequent cystic neoplasm (13). In a
study of 30 university hospitals in South Korea from January
1993 to June 2005, out of 1,064 cases of PCNs confirmed
by clinical pathological data analysis, a total of 436 cases
were classified as IPMN (14). A multicenter research report
in 2019 from India showed that IPMN accounted for 8% of
operated patients with PCNs, but in China it accounted for
22% (15). Regarding the relationship between smoking and
IPMN, there are different results in several studies. A 2014
study showed that positive smoking history does not seem
to be a risk factor for high-grade dysplasia or invasive cancer
in IPMNs (16). Another study in 2017 showed that current
smoking is related to the incidence of PDAC concomitant
with IPMN (17). A retrospective study published in
2016 showed that smoking may lead to the accelerated
development of IPMN and the process of developing an
aggressive malignant disease (18). A study have shown that
the main pancreatic duct is the best predictor of high-grade
dysplasia or invasive cancer in IPMN (19). The risk of
IPMN progression will increase over time.

Diagnosis and histopathology

Early detection of IPMN is difficult, as the clinical
manifestations of IPMN patients are non-specific and the
onset is hidden. Some IPMN patients have no clinical
symptoms at the time of diagnosis, and they are often
discovered accidentally due to physical examination or
other diseases through imaging examinations during
diagnosis and treatment. A 2016 study from South Korea
included 21,745 asymptomatic individuals who underwent
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Table 1 Three types of catheters through radiological findings by the Fukuoka International Consensus Guidelines

Names of types Radiological findings

MD-IPMN Segmental or diffuse dilation of the MPD of >5 mm without other causes of obstruction
BD-IPMN Pancreatic cyst of >5 mm in diameter that communicates with the MPD
Mixed-IPMN Meets the criteria for both MD-IPMN and BD-IPMN

IPMN, intraductal papillary mucinous neoplasm; MPD, main pancreatic duct.

Table 2 “Worrisome features” and “high-risk stigmata” (25) of cysts

Worrisome features

High-risk stigmata

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

A rapid rate of cyst growth >5 mm/2 years

Obstructive jaundice in a patient with a cystic lesion of the pancreatic
head

Enhanced mural nodule =5 mm

MPD size of =10 mm

abdominal CT scans as a health screening examination. Two
radiologists evaluated the scan results and found 457 cases
of occasional PCNs, and 376 cases were classified as
IPMN (20). The general methods of diagnosing IPMN
include carcinoembryonic antigen (CEA), amylase and
molecular biomarkers, clinical history, gender, imaging
characteristics, cytology, and cyst fluid analysis. The
WHO's essential and desirable diagnostic criteria are as
follows (21): (I) a grossly visible epithelial lesion within
the pancreatic ductal system, with papillary formation; (II)
may have gastric-type, intestinal-type, or pancreatobiliary-
type epithelium; (III) associated invasive carcinoma must
be excluded. The clinical diagnosis of IPMN mainly relies
on imaging examinations, such as CT and MRCP, but
histopathology is the final diagnostic gold standard.

IPMN is divided into main duct type (MD-IPMN),
branch duct type (BD-IPMN), and mixed type (MT-
IPMN), according to the location of the lesion. MD-
IPMN, regardless of the presence of symptoms, has a
high incidence of malignancy, while BD-IPMN, which is
usually discovered accidentally, has a much lower incidence
of malignancy (11,22,23). MD-IPMN and MT-IPMN
may be more symptomatic than BD-IPMN, and these
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2 subtypes may be more related to malignant tumors. In all
IPMN subtypes, the presence and duration of symptoms
are related to a significant increase in the risk of malignancy
(23,24). After aggressive morphological changes, invasive
carcinoma originating from branching ductal IPMNs is
more aggressive (25). In 2016, the Fukuoka International
Consensus Guidelines defined 3 types of catheters through
radiological findings (26) (Table I). The Fukuoka Guidelines
also specifically explain that patients who have “worrisome
features” on imaging should be evaluated by endoscopic
ultrasonography (EUS) to further stratify the lesion,
cysts with obvious “high-risk stigmata” should undergo
resection without continued testing, and cysts of <3 cm in
size without “worrisome features” should be monitored
according to size stratification (26) (Table 2).

Magnetic resonance imaging (MRI) combined with
magnetic resonance cholangiopancreatography (MRCP)
is a better diagnostic method than computed tomography
(CT) for IPMN, as a study showed that repeated exposure
to ionizing radiation during CT increases the risk of
malignancy (27). EUS is a powerful tool for diagnosing
IPMN. It can clearly display the wall nodules in the

expanded main pancreatic duct as well as the blood
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supply, effectively detect wall nodules and invasion, and
describe malignant features (28). A multicenter research
study showed that the ability of MRI-MRCP and EUS to
detect worrisome features and high-risk stigmata in highly
probable BD-IPMN had poor concordance (29). There is
still debate as to whether MRI/MRI-MRCP or EUS is more
accurate for diagnosing IPMN. In a retrospective study,
MRCP was more effective than EUS for differentiating
malignant from benign pancreatic IPMN and mucinous
cystic neoplasm (MCN) (30). However, another study
showed that there was no significant difference in the
diagnostic performance of MRI and EUS in predicting
malignant IPMN (31). A larger series of studies may be
needed to compare EUS and MRI-MRCP.

Endoscopic retrograde cholangiopancreatography
(ERCP) is also one of the methods used to diagnose
IPMN. ERCP can clearly diagnose IPMN and distinguish
between chronic pancreatitis and MPD expansion caused by
IPMN, and can collect pancreatic juice. In a retrospective
study of 138 IPMN patients in the same hospital, it was
found that ERCP is more suitable for patients with MPD
expansion and should not be used for patients with cysts
larger than 30 mm (32). However, ERCP is not suitable
as a routine examination method for IPMN, as it easily
causes postoperative pancreatitis. In terms of inspection, it
has a unique therapeutic effect in some cases. For example,
when the patient’s physical condition cannot tolerate the
operation, and even some serious complications (obstructive
jaundice, acute pancreatitis, etc.) occur, ERCP can treat
or alleviate these complications while helping to confirm
the diagnosis (Figure I). Considering the high incidence of
IPMN in the elderly, further application and development
of ERCP in IPMN is worth further investigation.

In mucinous tumors, as mentioned above, GNAS
mutations are unique to IPMN, hence, the analysis of
GNAS positive mutations may be helpful in distinguishing
IPMN and MCN (33-35). A total of 70% of IPMN
diseases occur in the head of the pancreas, 20% of IPMNs
occur in the body or tail, and 5-10% are multifocal (36).
MCNs are almost only found in women (37). In contrast
to IPMN, MCN is a large mucus-producing lesion that
does not communicate with the duct system, and it occurs
most often in the body or tail of the pancreas (38). Also,
MCNs contain cellular ovarian-type stroma that expresses
hormone receptors as shown by immunohistochemistry.
The 2015 Baltimore Consensus Conference revised the
previous WHO classification of dysplasia into 3 levels, and
recommended that pancreatic precancerous lesions (PanIN,
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IPMN, and MCN) be divided into 2 levels (low-grade and
high-grade), while middle-grade dysplasia in the original
classification is classified as low-grade (39). The 5th edition
of the WHO digestive system tumor classification published
in 2019 also changed the IPMN classification method to a
secondary classification system, namely low-grade dysplasia
(LGD) and high-grade dysplasia (HGD) (40) (Figure 2).
IPMN and invasive carcinoma can occur in the same
pancreas. If the carcinoma arises in the area of the
IPMN, it is designated as IPMN with associated invasive
carcinoma. If the carcinoma is not contiguous with IPMN,
it is designated as IPMN with a concomitant invasive
carcinoma (21) (Figure 3). Invasive carcinoma can be divided
into 2 types, namely colloid carcinoma and tubular (ductal)
adenocarcinoma. Yamaguchi et /. found that IPMNs with
associated invasive carcinoma are enriched for colloid
carcinomas and main duct IPMNs, whereas IPMNs with
a concomitant invasive carcinoma are almost always of the
branch duct type, and the invasive carcinomas are typically
tubular adenocarcinomas (41). IPMNs are considered to
gradually develop from LGD to HGD and eventually into
invasive carcinoma (39,42,43). Approximately onethird
of IPMNs are associated with an invasive carcinoma (4).
Interestingly, a study using targeted next-generation
sequencing methods showed that approximately 18% of
invasive ductal adenocarcinomas co-occurring with IPMN
are “possibly independent” because they do not share
driving gene mutations (44). In another study, this kind of
progression of IPMN into PDAC, i.e., PDAC which shares
no driving gene mutations with IPMN, is known as the de
novo subtype (45). There is a significant difference in the
5-year survival rate of non-invasive and invasive IPMN
patients (90% and 50%, respectively) (37). In a retrospective
study of about 113 patients with IPMN, 65% of invasive
IPMN patients relapsed, while only 8.3% of 73 non-
invasive IPMN patients relapsed, and the 5-year survival
rate of non-invasive IPMN patients was 88%, while that of
IPMN patients with related invasive cancer was 36% (46).
All pancreatic duct cells are at risk of developmental
abnormalities, which are most typically manifested in
patients with multifocal BD-IPMNs, and molecular
analysis shows that most multifocal BD-IPMNs appear to
arise independently, i.e., “clonal heterogeneity” (47). At
present, the judgment of benign and malignant IPMN is
very difficult. It is still challenging to accurately evaluate
whether IPMN carries high-grade or invasive diseases that
require surgical resection. A retrospective study showed
that the combination of multiphase radiomic CT evaluation
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Figure 1 ERCP for IPMN. (A,B,C) A 78-year-old man with obstructive jaundice, considering IPMN-related invasive cancer, inoperable:
(A) the large duodenal papilla is fish-mouthed with mucus overflow, (B) indwelling biliary stent, (C) biliary stent angiography. (D,E,F) A
64-year-old female, considering IPMN with acute pancreatitis, poor general condition, diabetes, coronary heart disease, inoperable: (D) the
duodenal large papilla is chrysanthemum petal-like with yellow and white mucus overflow, (E) indwelling pancreas tube stent, (F) pancreatic
duct stent angiography. (G,H,I) A 50-year-old male, considering IPMN, the preoperative diagnosis is not clear, ERCP assists in the
diagnosis: (G) the duodenal large papilla is thickened like a sausage mouth with a large amount of mucus overflow, (H) ERCP examination, (I)
cholangiography, the biliary tract is narrow. ERCP, endoscopic retrograde cholangiopancreatography; IPMN, intraductal papillary mucinous

neoplasm.

and routine International Consensus Guidelines (ICG) study showed that the proteins in pancreatic cyst fluid (CF)
(also called the Fukuoka Consensus Guidelines) standard may help distinguish the degree of dysplasia of IPMN (49).
analysis can improve the predictive ability of diagnosing In 2017, Permuth ez 4/. found that an 8-IncRINA signature

the malignant degree of IPMN (48). A multi-institutional (including GLIS3-AS1, ADARB2-AS1, LINCO00472,
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High-grade MCN

Figure 2 Low-grade and high-grade dysplasia of IPMN and MCN. Low-grade IPMNss are characterized by proliferation of columnar

mucous cells in the duct and the absence of periductal mesenchyme, i.e., “ovarian-like mesenchyme”. High-grade IPMNs are characterized

by the structure and cells have obvious atypia. The structure of the papilla is more complex, with buds or branches visible. Low-grade MCNs

are characterized by columnar epithelial cells with only mild structure and cell atypia. The nucleus is slightly enlarged and located at the

base. High-grade MCNss are characterized by the structure and cells have obvious atypia. The papilla has disorderly branching and budding,

the nucleus is double-layered, the polar direction disappears, pleomorphism is present, and nuclear division is common. Red arrows: typical

performance described in the description text above. Hematoxylin and eosin staining, magnification x200.

ANRIL, PANDA, MEG3, PVTI, and UCA1) may
contribute to the malignant prediction and diagnosis of
IPMN (50). A study in 2021 showed that MUCSAC in
circulating extracellular vesiclecan predict whether there
is invasive carcinoma within IPMN, which may prevent
unnecessary surgery (51).

According to cell morphology, IPMN can also be divided
into gastric-type, intestinal-type, and pancreaticobiliary-
type, and oncocytic-type IPMN is now recognized as a
distinct entity, i.e. intraductal oncocytic papillary neoplasm

© Gland Surgery. All rights reserved.

(IOPN) (21). Gastric-type IPMN is the most common
type (approximately 70% of cases). Gastric-type IPMN is
composed of cells similar to gastric foveolae, usually with
low-grade atypia, often occurring in pancreatic branch
ducts, while intestinal IPMN often involves the main
duct and several branch ducts (52). The pancreatobiliary
subtype is the least common. It typically involves the main
pancreatic duct and is characterized by high dysplasia (53).
Colloid carcinomas of the pancreas are concurrent with
intestinal-type IPMN, while ductal adenocarcinomas are
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Figure 3 IPMN-related invasive carcinoma. Promote fibro
interstitial hyperplasia helps to identify invasive carcinoma and
trapped non-neoplastic glands. The infiltrating component
resembles ductal adenocarcinoma, forming tubular and tubular-
like structures. Red arrow: typical performance described in
the description text above. Hematoxylin and eosin staining,

magnification x200.

related to the gastric and pancreaticobiliary subtypes of
IPMN (44). IOPN also grows in the pancreatic ducts,
which is very similar to IPMN, but it contains eosinophils
instead of columnar mucous cells. IOPN is a grossly
cystic epithelial neoplasm composed of exophytic nodular
projections lined by oncocytic glandular epithelium (54).
Generally, IOPNSs typically lack the alterations reported to
be related to ductal adenocarcinoma and IPMN, such as
mutations in KRAS, GNAS, and RNF43. In contrast, genes
including ARHGAP26, ASXL1, EPHAS8, and ERBB4 are
recurrently mutated in some IOPNs (55). Based on both
the architectural complexity and the degree of nuclear
atypia, essentially all IOPNs have HGD (56). Recently, a
retrospective study of 20 pancreatic IOPN patients found
that PRKACA and PRKACB are important fusion genes
related to IOPN, and these genes were not found in PCNs
such as IPMNs (57). Intraductal tubulopapillary neoplasm
(ITPN) is another type of pancreatic ductal tumor. I'TPN
of the pancreas is an intraductal, predominantly tubule-
forming epithelial neoplasm without overt production
of mucin. MUCS5AC, a marker of all types of IPMN, is
almost never expressed in ITPNs.

© Gland Surgery. All rights reserved.
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Surgical treatment

In terms of postoperative pathology, the average incidence
of invasive carcinoma and HGD in BD-IPMN is 18.5%
and 31.1%, respectively. The average incidence of invasive
carcinoma and HGD in MD-IPMN is 43.1% and 61.6%,
respectively (26). Evidently, MD-IPMN is potentially
more dangerous than BD-IPMN. Because of this, many
guidelines believe that early surgery of MD-IPMN and
MT-IPMN is necessary (26,58,59). Interestingly, the
malignant tumor with typical progression of BD-IPMN is
tubular carcinoma, which is similar to typical PDAC and has
a poor prognosis. The typical progressive malignant tumor
of MD-IPMN is colloid carcinoma, which is characterized
by abundant extracellular mucins and scattered cancerous
epithelium, and has a better prognosis.

At present, early surgery is still recognized as the most
effective management approach for IPMN. It is often
difficult to assess the degree of IPMN dysplasia before
and during surgery, and surgery is the only way to cure
the disease. Therefore, removing the majority of these
potentially malignant neoplasms are necessary. However,
the indications for surgery are inconsistent between
different guidelines. For example, the Fukuoka guidelines
specify that enhancing mural nodules >5 mm, MPD
>10 mm, and jaundice are high-risk stigmata for surgery.
When a patient meets any of these items and can tolerate
surgery, surgery should be performed, and cyst growth
>5 mm/2 years, cyst dimension >3 cm, thickening of the
cyst wall, abrupt pancreatic duct caliber change, increase
of serum carbohydrate antigen (CA) 19-9, and pancreatitis
should be used as “worrisome features” for evaluating
whether to operate (26). However, the European guidelines
specify that surgery should be performed when the main
pancreatic duct >5 mm, and the malignant cytology results
are the absolute indications for surgery (58). Relative
indications are cyst growth >5 mm/year, cyst dimension
>4 cm, serum CA 19-9 >37 U/mL, newly-onset diabetes,
and acute pancreatitis, which are stricter than the Japanese
guidelines. Jan et 4l. verified the effectiveness of increased
serum CA 19-9 and newly-onset diabetes as indications for
surgery through an evidence-based method (60).

In view of the high malignant transformation rate of M'T-
IPMN and MD-IPMN, it is recommended that all patients
suitable for surgery should be treated with surgery. The
surgical method is determined based on the extent of the
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lesions shown by the imaging examination results. Because
most IPMN occurs in the head of the pancreas, the most
common surgical method is pancreaticoduodenectomy.
Local pancreatectomy is also feasible for IPMN with focal
lesions, but it is recommended to obtain frozen sections
of the cutting edge during the operation to guide whether
to expand the scope of resection. When multifocal lesions
are involved, each lesion needs to be evaluated separately,
and then the surgical method is formulated. In the case
of increased probability of malignant transformation,
such as all MPD involvement, familial pancreatic cancer
and mural nodules, total pancreatectomy is required (61).
Laparoscopic resection of the pancreas body and tail with or
without spleen preservation has been widely used. During
the operation, the surgical margin should be paid attention
to. If it is positive, the resection range should be increased.
De-epithelization should not be regarded as a negative
margin. The pancreatic duct epithelium of the resection
margin must be normal epithelium.

It is worth noting that although many guidelines have
provided their own recommendations, they are still not
enough to develop the best treatment for patients. For
example, in patients with dilated main pancreatic duct,
it is necessary to conduct further evaluation, as the main
pancreatic duct may be dilated for other reasons, such as
chronic pancreatitis, or, for example, the presence and
organization of wall nodules. There is a strong link between
pathologic grades (62), but this does not mean that flat
lesions have a very low rate of malignant transformation.
Long-term follow-up is still necessary (63). By developing
a medical natural language processing system (NLP) for
functional registration of IPMN patients, the identification
and follow-up of IPMN patients can be promoted (64).

Postoperative follow-up

IPMNs are present for many years before they develop
into invasive cancer. Early detection and intervention of
IPMN may be beneficial to patients, and early surveillance
of IPMN provides an opportunity to reduce cancer deaths
associated with pancreatic cancer (65). Recently, a large
long-term study of 1,404 patients with BD-IPMNs found
that the 5-year incidence of pancreatic cancer was 3.3%
after the diagnosis of IPMN, while the 15-year incidence
was 15.0% (66). IPMNs are often multifocal. For the
remnant pancreas after the resection of an IPMN, there is
the risk of progression of pre-existing IPMN:ss, the risk of
developing new IPMNs, and a risk of developing pancreatic

© Gland Surgery. All rights reserved.
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cancer unassociated with an IPMN in the pancreas.
The risk of IPMN progression after resection will not
diminish over time. As long as the patient is still suitable
for surgery, surveillance should continue indefinitely (26).
The American College of Gastroenterology (ACG) Clinical
Guideline strongly recommends postoperative surveillance
for all patients undergoing surgical resection (38). The
Fukuoka Consensus Guidelines also recommend that all
IPMN patients, even those with non-invasive IPMN who
have negative surgical margins, should be surveilled after
resection, in order to detect the development of new IPMNs
that require surgery or concomitant PDAC (26). A study
showed that the 3 most common features associated with
the progression of pancreatic remnants are “margin positive
resection”, the presence of HGD in resected specimens,
and a family history of PDAC (67). A retrospective study
spanning nearly 20 years showed that patients with MD-
IPMN who undergo segmental pancreatectomy are at a
higher risk of subsequent pancreatic cancer if they are found
to have HGD or invasive cancer during resection, and
they may gain benefits from post-operative follow-up (68).
Patients who have evidence of IPMN-associated invasive
carcinoma have the same follow-up strategy as those who
have a resected pancreatic cancer (26). Monitoring must
strictly follow the guidelines. The European guidelines
recommend that patients who do not meet the criteria
for surgical intervention should be followed up regularly,
including a 6-month follow-up in the first year, and then
once a year until the risk factor disappears. For patients
with relative indications for surgery but not undergoing
surgery, patients undergoing surgery due to LGD, the
elderly, and patients with severe complications, follow-up
should be performed twice a year. For patients who have
undergone surgery, lifelong follow-up is recommended
for MD-IPMN. Patients with HGD should be closely
followed up every 6 months for the first 2 years, and
then monitored annually (58). The current follow-up
examinations mostly use CT and EUS. The guidelines of
the American Gastroenterological Association (AGA) are
the only guidelines that recommend stopping surveillance
for pancreatic cysts. They recommend that if there are no
high-risk features and the cyst size is stable, surveillance
should be stopped after 5 years (69). For patients without
mixed IPMN and without a strong family history of
pancreatic carcinoma, the AGA also recommends against
routine surveillance of pancreatic cysts without HGD or
malignancy during surgical resection (69). However, there
is still controversy regarding stopping IPMN surveillance
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in the ACG guidelines (70). Large, prospective, multicenter
studies are needed to provide evidence to help future
guidelines.

Conclusions

IPMN is one of the most important precancerous lesions of
pancreatic carcinoma, and the knowledge and management
of IPMN is also critical. IPMN is now classified into
2 ders of dysplasia (low-grade and high-grade), and is also
divided into gastric-type, intestinal-type, pancreaticobiliary-
type, and oncocytic-type IPMN, with the latter type
now being recognized as a distinct entity, namely IOPN.
With the development of imaging, the detection rate of
IPMN has been greatly improved. However, its degree of
malignancy is still difficult to assess. Symptomatic IPMNs
overall have a higher risk of HGD and invasive carcinoma.
According to the positional relationship between IPMN
and invasive cancer in the pancreas, WHO divides invasive
carcinoma into 2 types, namely IPMN with associated
invasive carcinoma and IPMN with a concomitant invasive
carcinoma. The microscopic relationship between IPMN
and invasive cancer is not so simple. Gross, radiologic, and
microscopic findings, as well as genetic studies should be
incorporated to produce evidence to distinguish the 2 types.
The ICG (also called the Fukuoka Consensus Guidelines)
is based on worrisome features and high-risk stigmata to
decide between resection or further evaluation for IPMN.
Postoperative follow-up is also crucial for IPMN. In the
remnant pancreas, regardless of whether disease is caused by
the growth of a separate lesion or recurrence of the patient’s
original IPMN, careful clinical follow-up is required after
resection for IPMN patients with any degree of dysplasia
and any marginal state. The available guidelines lack strong
evidence for IPMN management, as they mainly rely on
expert opinions. Thus, large, prospective, multicenter
studies and randomized clinical trials are required. The
management of IPMN requires guidelines that can better
predict the recurrence and tumor malignancy of IPMN,
and the treatment of IPMN should be based on patient and
tumor characteristics and multidisciplinary discussion.
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