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Abstract
An intraductal papillary mucinous neoplasm (IPMN) is 
now a well-recognized disease entity. In general, the 
prognosis of IPMN is much more favorable than that of 
pancreatic ductal adenocarcinoma (PDAC). However, 
IPMN has a broad biological spectrum and it sometimes 
progresses, slowly showing neoplastic transformations. 
International consensus guidelines have been recently 
proposed for the management of IPMN. While they 
signifi cantly contribute to appropriate management of 
IPMN, various issues including the natural history and 
malignant potential of IPMN are not fully elucidated. 
This review focuses on the malignant potential, includ-
ing the postoperative recurrence of IPMN, coincidence 
of IPMN with PDAC, and extrapancreatic malignancy 
that may affect the long-term survival of the patients 
rather than IPMN itself.
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Introduction

Noninfl ammatory cystic lesions of the pancreas are now 
frequently encountered due to recent improvements in 
imaging technology. The World Health Organization 
(WHO) classifi ed the cystic mucin-producing neoplasms 
into two separate entities, intraductal papillary muci-
nous tumors and mucinous cystic tumors, in 1996.1 More 
recently, the two tumors were defi ned as an intraductal 
papillary mucinous neoplasm (IPMN) and mucinous 
cystic neoplasm (MCN).2 Intraductal papillary muci-
nous neoplasm is a widely recognized distinct entity 

characterized by papillary proliferations of mucin-pro-
ducing epithelial cells with excessive mucus production 
and cystic dilatation of the pancreatic ducts.3–7 An IPMN 
has malignant potential and encompasses a broad his-
tological spectrum ranging from adenomas to invasive 
carcinomas.3–7 Furthermore it progresses slowly, thus 
showing a spectrum of neoplastic transformations, and 
it is also characterized by a more favorable prognosis 
than pancreatic ductal adenocarcinoma (PDAC).8–11 The 
international consensus guidelines for the management 
of IPMN were proposed in 2006 by the International 
Association of Pancreatology.4 Although the guidelines 
greatly contribute to appropriate clinical management 
of IPMN, further studies are clearly required to enhance 
the understanding of this unique disease entity.

While there have been advances in the understanding 
of predictors for malignancy before surgery and prog-
nostic factors, various issues including the natural history 
and malignant potential of IPMN have not been fully 
elucidated. Recently, IPMN has been receiving more 
attention because of a relationships with PDAC.12–15 
Another unique characteristic of IPMN is the high 
incidence of extrapancreatic malignancy (EPM). This 
review focuses on the malignant potential including 
postoperative recurrence of IPMN, coincidence of 
IPMN with PDAC, and EPM that may affect the long-
term survival of patients rather than IPMN itself. 
Appropriate standard algorithms for either surgical 
management or conservative therapy should therefore 
be established in the future, based on the malignant 
potentials of IPMN.

Classifi cation of IPMN

According to the WHO classifi cation, IPMN is defi ned 
as an intraductal mucin-producing neoplasm of the 
main pancreatic duct or side branches, with variable 
degrees of papillary formation, mucin production, and 
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cystic dilation.1,2 Intraductal papillary mucinous neo-
plasm can be classifi ed as a main duct type, branch duct 
type, or combined type, based on the imaging charac-
teristics and histological examination.4 Intraductal 
papillary mucinous neoplasms represent intraductal 
components with various degrees of cytoarchitectural 
atypia from adenoma (low-grade dysplasia), through 
borderline (moderate dysplasia) to carcinoma in situ 
(CIS; high-grade dysplasia) and invasive carcinoma.1,2 
There have been a considerable number of studies eval-
uating prevalence of malignancy of IPMN subtypes. 
These studies generally found that the incidence of 
malignancy, including CIS and invasive carcinoma, in 
patients with main duct IPMN (57%–92%) was signifi -
cantly higher than in those with branch duct IPMN 
(6%–46%).14–22 Some authors noted the prevalence of 
only invasive carcinoma at diagnosis to be high in main 
duct IPMN (23%–57%) and lower in branch duct IPMN 
(0%–31%). Branch duct IPMNs have been reported to 
present with lower frequency of aggressive histological 
features and a better prognosis in comparison to main 
duct IPMN.14–22 Therefore, the classifi cation between the 
two types, namely main duct and branch duct types, 
is considered to have prognostic implications. More 
recently, IPMNs have been proposed to be classifi ed 
into four distinct types, namely gastric, intestinal, pan-
creatobiliary, and oncocytic type, based on the mor-
phological characteristics and immunohistochemical 
features of mucin glycoproteins such as MUC1, MUC2, 
and MUC5AC.23–27 The intestinal type (MUC1-negative 
and MUC2- and MUC5AC-positive) frequently shows 
moderate to severe dysplasia. The pancreatobiliary type 
(MUC2-negative, and MUC1- and MUC5AC-positive) 
shows severe atypia corresponding to CIS. The gastric 
type (MUC1- and MUC2-negative and MUC5AC-pos-
itive) is rarely associated with invasive carcinomas and 
often seen in branch duct IPMN.23–27 Patients with the 
intestinal type had poorer survival than those with the 
gastric type. The 5-year relative survival rates were 
62.3% for the intestinal type and 100% for the gastric 
type.25 Large-scale studies may therefore be required to 
defi ne the signifi cance of the mucin profi les in IPMNs.

Natural History of IPMNs

Recent prospective studies have described the natural 
history of IPMNs as evaluated by computed tomogra-
phy (CT), magnetic resonance imaging (MRI), ultraso-
nography (US), and endoscopic ultrasonography 
(EUS).28–35 Tanno et al.32 evaluated the long-term fol-
low-up results of 82 asymptomatic branch duct IPMNs 
without mural nodules. They reported that only 9/82 
(11%) of IPMNs exhibited an increase in cyst size 
(>10 mm) and 4/82 (4.9%) developed mural nodules, 

but none of these IPMNs developed invasive carcino-
mas. Recent prospective studies by Pelaez-Luna et 
al.33,34 revealed that malignancy was present in 9/61 
(15%) of branch duct IPMNs with at least one of the 
consensus indications for resection (CIR; i.e., cyst-
related symptoms, cyst size >30 mm, main pancreatic 
duct >10 mm, mural nodules, and positive cytology) and 
0/16 of IPMNs without CIR, although their specifi city 
was low. Rautou et al.35 have reported that the only 
factor associated with the signs suggesting malignant 
transformation was an increase in cyst size to more than 
5 mm during the follow-up of branch duct IPMNs.

There is a widely recognized consensus that all main 
duct IPMNs and symptomatic branch duct IPMNs 
should be surgically resected. Recent prospective studies 
of the natural history of IPMNs show that branch duct 
IPMNs with main duct dilatation, or a mural nodule, or 
of cyst size >30 mm should be indications for resection, 
whereas asymptomatic branch duct IPMN <30 mm 
without main duct dilatation and without a mural nodule 
can be followed using periodic imaging tests.28–35 The 
recommendation by the international consensus guide-
lines in 20064 has been validated in the latest prospec-
tive studies and some large retrospective studies.36,37 
However, a prospective analysis by Walsh et al.38 
revealed that cyst size alone is not a reasonable risk 
factor for malignancy. Nagai et al.39,40 reported that even 
patients with cystic lesions <30 mm and no mural 
nodules had malignant IPMNs (CIS and invasive carci-
noma), although a multivariate analysis showed the cyst 
size to be the only independent predictor of malignancy. 
Further prospective analyses of the natural history of 
IPMNs are therefore expected to clarify the risk for 
malignant transformation during the follow-up and to 
establish a strategy for the conservative management of 
branch duct IPMNs.

Invasive Carcinomas Derived from IPMN

The Japan Pancreas Society (JPS) defi ned a noninvasive 
type of IPMN as limited to the pancreatic duct and a 
minimally invasive type as having invaded slightly to 
the pancreatic parenchyma beyond the pancreatic duct 
wall.4,41 On the other hand, invasive carcinoma derived 
from IPMN is defi nitely classifi ed under “invasive car-
cinoma originating in an intraductal tumor” as a subtype 
of invasive ductal carcinomas, i.e., conventional PDAC.41 
Invasive carcinoma derived from IPMN is characteristic 
of macroscopic invasion showing either gross or histo-
logical evidence of a pre-existing IPMN.41 However, the 
terminology remains confusing in regard of the fact that 
“invasive IPMN” is likely to mean both minimally inva-
sive IPMN and invasive carcinomas derived from IPMN, 
since the depth of invasion has not yet been clearly 
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defi ned. In fact, while the 5-year survival rate of nonin-
vasive IPMN is 85%–100%, that for invasive IPMN 
ranges from 25% to 65%.21,22,42–46 A multivariate analysis 
further indicated the invasive growth of IPMN to be 
the only independent prognostic factor.42 Therefore, it 
is critical to establish a clear defi nition to distinguish 
between minimally invasive IPMN and invasive carci-
nomas derived from IPMN for an accurate analysis to 
reveal the whole natural history of IPMN.

Nevertheless, even invasive carcinoma derived from 
IPMN has a more favorable prognosis in comparison 
to conventional PDAC not arising in the setting of 
IPMN.47–49 One of the main reasons for a better postop-
erative survival in patients with invasive carcinoma 
derived from IPMN might be due to the early detection 
and diagnosis, thus enabling a resection at an earlier 
stage in comparison to conventional PDAC. In addition, 
the less frequent detection of the pathological factors 
associated with tumor invasiveness of the invasive com-
ponent of IPMN might suggest a less aggressive biologi-
cal behavior that may contribute to a slowly progressive 
nature and a favorable surgical outcome in comparison 
to conventional PDAC.

Several studies have reported that patients with non-
invasive IPMN are on average 5–7 years younger than 
patients who have IPMN with associated invasive car-
cinomas, thus suggesting a time lag of 5–7 years from 
the progression of adenoma to invasive carcinoma.8,21,22 
Recently, molecular biological analyses have identifi ed 
accumulations of some genetic alterations from nonin-
vasive IPMN to invasive carcinoma derived from 
IPMN.50–53 A recent study by Fritz et al.52 revealed that 
IPMNs show an accumulation of chromosomal altera-
tions refl ecting the progression from low-grade dyspla-
sia to invasive carcinoma. Nakata et al.53 reported that 
REG4 expression shows a signifi cant increasing trend 
from adenoma to carcinoma, thus suggesting that REG4 
might be involved in the carcinogenesis of IPMN. 
Further genetic analyses could therefore help to clarify 
the molecular mechanisms underlying the biological 
and clinical behavior, and the development of malignant 
transformation of IPMNs.

Multifocal Characteristics and Recurrence of IPMN

Mucinous cystic neoplasms are generally solitary and 
do not recur after a complete resection.54 By contrast, 
IPMN is often multifocal. In particular, branch duct 
IPMN can often be multifocal and located in distant 
regions of the pancreas in up to 30% of patients.55,56 
However, there was no signifi cant difference in the 
prevalence of malignancy between single and multifocal 
branch duct IPMN (13% vs 11%).33 The CIS and inva-
sive carcinoma of IPMN, which may be multifocal and 

macroscopically invisible, can also be identifi ed by thor-
ough examinations of all the sectioned specimens of 
the entire resected pancreas. Postoperative recurrence 
might occur in the remnant pancreas during follow-up 
and the recurrent tumor can be cured by a reoperation, 
i.e., a total pancreatectomy in most cases.57 Several sub-
sequent studies from other institutes have reported 
similar experiences. Both benign and malignant recur-
rence in the remnant pancreas in patients with both 
invasive and noninvasive IPMN is well documented.21,22 
A summary of reports describing the incident rate and 
pattern of recurrence after resection of IPMN is shown 
in Table 1.14,16,21,22,42–45,48,57–74 The overall recurrence rate 
for IPMN varies from 4% to 43%. The median disease-
free interval after surgery ranges from 8 to 42 months. 
The pattern of recurrence consists of not only local 
recurrence in the pancreatic bed or remnant but also 
distant metastases. Chari et al.45 reported that the recur-
rences after the resection of invasive IPMN frequently 
occur at distant sites. However, the relationship between 
the site of recurrence and pathological fi ndings of 
primary tumor remains unclear because most studies 
include a relatively small number of patients. Several 
studies have demonstrated that recurrence occurred 
more frequently in patients with invasive IPMN than in 
patients with noninvasive IPMN. To date, there is no 
evidence to defi ne the frequency and type of surveil-
lance to detect these recurrences. However, since 
patients with invasive IPMN are likely to have a signifi -
cant risk of recurrence, they probably should be fol-
lowed up every 6 months using either CT or MRI.4 The 
diagnosis of postoperative recurrence is important for 
improving prognosis since a reoperation for recurrent 
IPMN can provide a complete cure. Furthermore, 
careful follow-up to determine the timing for reopera-
tion could therefore be crucial, since there is no evi-
dence on the effect of other therapeutic modalities 
including chemotherapy and radiation for IPMN. On 
the other hand, recent chemotherapeutic regimens 
for PDAC have signifi cantly improved the survival of 
patients with PDAC. Therefore, its effect for invasive or 
recurrent IPMN should be evaluated in the future. In 
addition, another major issue in future studies may be 
to fi nd molecular-biological markers to predict the 
risk of the multifocal characteristics and recurrence of 
IPMN.

Occurrence of Pancreatic Ductal Adenocarcinoma

Several reports have shown that some IPMN are accom-
panied by independent ordinary type PDAC (Table 
2).75–78 The synchronous and/or metachronous occur-
rence of PDAC concomitant with IPMN ranges from 
2.5% to 9.2%. Yamaguchi et al.75 reported that all the 
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Table 1. Incidence of recurrence after resection of intraductal papillary mucinous neoplasm (IPMN) in large series published 
between 1998 and 2008

First authorRef. Year

Incidence of recurrence
Site of 

recurrence
Median 

follow-up 
(months)

Median disease-free 
interval (months)

Total no. of IPMN 
patients (%)

Primary tumor

Local DistantNI I

Traverso58 1998 6/33 (19%) 0/20 6/13 NM NM 37 13a

Sho57 1998 6/14 (43%) 4/10 2/4 6 2 38.5 38 (18–63)
Kobari14 1999 6/30 (20%) NM/26 NM/4 4 2 37 NM
Yamaguchi59 2000 2/48 (4%) 0/33 2/15 NM NM NM NM
Paye60 2000 10/41 (24%) 0/31 10/10 3 7 NM NM
Cuillerier61 2000 15/43 (33%) 2/26 13/19 8 7 65a NM
Zamora62 2001 3/19 (16%) 1/14 2/5 2 3 41 14 (7–27)
Falconi44 2001 4/51 (8%) 0/32 4/19 4 0 15a 42 (37–62)
Adsay63 2002 5/28 (18%) 2/13 3/15 1 1 35 NM
Chari45 2002 31/113 (27%) 5/73 26/40 12 18 40 18a

Nakagohri64 2002 3/21 (14%) 1/16 2/5 1 2 78 NM
Doi16 2002 3/38 (8%) NM/16 NM/22 1 2 42a 22 (17–32)
Maire48 2002 28/73 (38%) 0/22 28/51 16 28 25 12 (0–56)
Sugiura65 2002 2/30 (7%) 0/27 2/3 0 2 60a (16, 17)
Tollefson66 2003 7/21 (33%) 2/10 5/11 NM NM NM NM
D’Angelica67 2004 12/62 (19%) 3/32 9/30 5 7 32 20 (8–70)
Salvia22 2004 8/137 (9%) 1/80 7/57 8 5 31 NM
Sohn21 2004 28/131 (20%) 7/81 21/50 NM NM 24a NM
Lee68 2005 6/67 (9%) 6/47 0/9 2 4 24 18 (6–31)
Wada69 2005 13/100 (13%) 1/75 12/25 NM NM 56a 26a

Raut43 2006 7/34 (21%) 0/22 7/12 1 7 34 8 (4–25)
Takahashi70 2006 2/20 (10%) 1/17 1/3 0 2 64.7 (17, 25)
Yokoyama71 2007 5/100 (5%) 2/85 3/15 5 0 30 30 (13–73)
White72 2007 6/78 (8%) 6/78 0/0 6 0 40 22 (8–62)
Woo73 2008 3/19 (16%) 0/0 3/19 2 2 18.4 NM
Schnelldorfer74 2008 44/200 (22%) 11/143 33/57 18 27 NM NM
Niedergethmann42 2008 23/97 (24%) 4/29 19/68 3 20 36 NM

NI, noninvasive (including adenoma, borderline, carcinoma in situ); I, invasive (including minimally invasive IPMN); NM, not mentioned
a Mean

Table 2. Occurrence of pancreatic ductal adenocarcinoma (PDAC) concomitant with IPMN

First authorRef. Year

Occurrence of PDAC/
Total no. of IPMN 

patients (%)

IPMN PDAC

Pathology
NI/I

Location
head/body/tail

Period
Syn/Met

Stagea

I/II/III/IV
Tumor 

resectability

Yamaguchi75 2002 7/76 (9.2%) 7/0 3/2/2 5/2 3/0/3/1 7/7
Kamisawa76 2005 3/79 (3.8%) NM 3/0/0 2/1 0/1/1/1 2/3
Tada77 2006 2/80 (2.5%) NM 1/1/0 0/2 1/0/0/1 1/2
Uehara78 2008 5/60b (8.3%) 5/0 3/1/1 0/5 0/0/3/2 4/5

Syn, synchronous; Met, metachronous; NI, noninvasive (including adenoma, borderline, carcinoma in situ); I, invasive (including minimally 
invasive IPMN); NM, not mentioned
a Classifi cation of pancreatic carcinoma from Japan Pancreas Society33

b In this report, PDACs during follow-up of nonsurgical branch duct IPMNs were investigated

IPMNs associated with PDAC are of the branch duct 
type of adenoma with mild dysplasia. In their report, 
PDACs concomitant with IPMN were signifi cantly 
smaller in diameter and earlier in tumor stage, and the 
survival of those patients was more favorable in com-
parison to the patients with sporadic PDAC alone.75 
These results suggest that the close surveillance of the 
pancreas in patients with IPMN may lead to the diag-

nosis of PDAC at an earlier stage than usual. Uehara et 
al.78 reported that PDAC distinct from IPMN occurs in 
5 of 60 patients (8.3%) during the follow-up of nonsur-
gical branch duct IPMN. The incidence of PDAC in the 
pancreas harboring IPMN is 1.1% per year, while that 
of sporadic PDAC in the control group matched for age 
and gender was calculated to be 0.045% per year.78 The 
high prevalence of PDAC in patients with IPMN sug-
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gests that IPMN may be a risk factor for development 
of PDAC, and that entire ductal system including the 
neoplastic epithelium of the pancreas with IPMN is in 
the premalignant state. Although relatively few studies 
have so far described the potential risk for the occur-
rence of PDAC concomitant with branch duct IPMN, 
the risk for coincidence of PDAC with main duct IPMN 
remains unclear at present.

The mechanism of development of PDAC in the pan-
creas harboring IPMN has not been clarifi ed. A K-ras 
gene mutation, which is frequently detected in PDAC,79,80 
was also identifi ed in IPMN.81–83 The frequency of this 
mutation in IPMN increases with increasing grades of 
dysplasia,84,85 suggesting that some IPMN may progress 
to PDAC through stepwise accumulation of genetic 
alterations. However, recent studies on cytogenetic 
alterations have reported that IPMNs have a different 
genetic background in comparison to conventional 
PDAC,52,53 which might explain the distinctly less aggres-
sive clinical behavior of IPMN. Takahashi et al.86 
reported that the Dpc4 tumor suppressor gene was 
expressed in some PDACs similar to invasive carcinoma 
derived from IPMN, while its expression is usually 
diminished in other types of PDACs, thus suggesting 
that two different pathways exist for pancreatic car-
cinogenesis. Therefore, some type of IPMN may be a 
precursor to PDAC, although further epidemiological, 
clinicopathological, and genetic studies are needed to 
clarify the mechanism of pancreatic carcinogenesis.

Since the prognosis of IPMN is much more favorable 
in comparison to that of conventional PDAC,47–49 a close 
surveillance may be critical to detect the PDAC that 
may develop during the follow-up of IPMN. An appro-
priate follow-up strategy for conservative management 
in both postsurgical and nonsurgical cases should be 
established in the near future based on the malignant 
potential of IPMN.

Incidence of Extrapancreatic Malignancy Associated 
with IPMN

Several studies have recently described an increased 
risk of associated EPM in patients with IPMN (Table 
3).59,76,87–93 Most studies have been conducted in Asia 
including Japan and Korea, and there are a few clinical 
studies on EPM from Europe and the United States. 
The incidence of EPM ranges from 10.1% to 38% of 
IPMN. Some have also shown that it is higher in com-
parison to MCN or PDAC. However, the potential 
biases may include the shorter postoperative follow-up 
period in patients with PDAC due to their poor surgical 
outcome, and the younger age for MCN patients in com-
parison to IPMN patients. In addition, most authors 
reported that the digestive system is the most common Ta
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site of EPM.87–92 Riall et al.90 reported a population-
based analysis that revealed the incidence of EPM in 
patients with invasive IPMN (10.1%) was similar to that 
of patients with sporadic PDAC (10.3%). Baumgaertner 
et al.93 reported the fi rst case–control study concerning 
a large series of 178 patients with histologically proven 
IPMN in comparison to 356 age- and gender-matched 
controls. Their results demonstrated a signifi cantly 
higher prevalence of EPM in IPMN patients (16.8%) 
than that in control (8.4%).93 However, the type of EPM 
is not different between IPMN and control groups, and 
the most common site of EPM in patients with IPMN 
and controls were the breast, prostate, and colon/
rectum.93 No defi nitive conclusion on the precise risk of 
EPM can be made because of the limited number of 
cases and short follow-up in relatively few clinical 
studies. However, considerable attention may be 
required in patients with IPMN for the possible occur-
rence of EPM that can determine the long-term survival 
of these patients.

Conclusion

Intraductal papillary mucinous neoplasm has recently 
been noted to have various malignant potentials, not 
only in malignancy derived from IPMN but also in the 
recurrence and occurrence of PDAC and EPM that can 
affect the long-term survival of patients rather than 
IPMN itself. An appropriate standard algorithm for 
conservative therapy or the postsurgical management 
of IPMN should be established in future, based on the 
unique malignant potential of IPMN. Furthermore, 
nationwide registration may be required to clarify 
several current issues regarding the malignant potential 
and management of IPMN (Table 4). IPMN will not 
only offer an attractive model for investigating the 
mechanism of pancreatic carcinogenesis, but may also 
allow for the development of new treatment strategies 
for PDAC.
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