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Objective: This study aimed to elucidate the natural history of intraductal
papillary mucinous neoplasm (IPMN) of the pancreas with mural nodules
(MNs) in branch duct IPMN (BD-IPMN).
Methods: Among the 402 registered patients with BD-IPMN on
long-term follow-up at 10 institutions in Japan, 53 patients with MNs of
less than 10 mm in height detected by endosonography were included in
this study. The morphological changes of the BD-IPMN in these patients
and histologic findings of the resected specimen were investigated.
Results: The median height of the MNs at the initial diagnosis was
3 mm (range, 1Y8 mm), and 12 (23%) of the 53 patients showed an
increase in the height of the MNs during follow-up (mean duration,
42 months). Six patients underwent surgery because of an increase in the
height of MNs, yielding high-grade dysplasia in 1 patient and low-grade
dysplasia in 5 patients. No patients developed invasive carcinoma derived
from IPMN, and distinct pancreatic ductal adenocarcinoma developed in 1
(2%) patient. The incidence of the development of malignancy in BD-
IPMNs, including distinct pancreatic ductal adenocarcinoma, was similar
to that of those without MNs.
Conclusions: In patients who have BD-IPMN with MNs of less than
10 mm in height, observation instead of immediate resection is considered
to be possible.
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Abbreviations: BD-IPMN - branch duct intraductal papillary mucinous
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MPD - main pancreatic duct, MRCP - magnetic resonance
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According to the international consensus guidelines 20121 for
the management of intraductal papillary mucinous neoplasms

(IPMNs) and mucinous cystic neoplasms of the pancreas, main
duct IPMN (MD-IPMN) and branch duct IPMN (BD-IPMN) are
significantly different with regard to the prevalence of carcinoma,
and therefore, the classification has prognostic implications.
When MD-IPMN is diagnosed in a patient, surgical treatment
should be considered. In BD-IPMN, however, it is important
to differentiate low-grade dysplasia from high-grade dysplasia
(carcinoma in situ) or ordinary invasive pancreatic ductal ade-
nocarcinoma (PDAC) to avoid excessive surgery.

The presence of mural nodules (MNs) has reportedly been the
most important factor for predicting malignancy and determining
the indication for surgery of BD-IPMN. However, there is a paucity
of data on the morphological and histologic changes in patients
with BD-IPMN with MNs during follow-up. The aim of this study
was to evaluate long-term follow-up results of patients with BD-
IPMN who had MNs on initial imaging in a retrospective multi-
center series for better management of patients with BD-IPMN.

MATERIALS AND METHODS

Patients
The working group of the Japan Pancreas Society for the

investigation of the natural history of IPMN,2 5 university hos-
pitals and 5 tertiary referral institutions, collected information on
417 follow-up patients for more than 1 year who had undergone
endoscopic ultrasonography (EUS) at the time of initial diagnosis
during the period from November 1993 to February 2008. Those
patients who had been followed up due to an inoperable PDAC
derived from IPMN were excluded.

The indications for follow-up were based on the sugges-
tions described in the international consensus guidelines 20063;
these are as follows: BD-IPMNs with no symptoms such as ab-
dominal pain, jaundice, or pancreatitis, MNs of less than 10 mm
in height, cyst size of less than 3 cm, and main pancreatic duct
(MPD) dilation of less than 10 mm. Ten patients with an initial
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cyst size of 3 cm and 5 patients with that of more than 3 cm
were included.

Among the 417 follow-up patients, 15 were excluded from
the analysis because they did not satisfy the inclusion criteria,
which are as follows: follow-up periods of less than 1 year in
4 patients, MPD dilation of more than 10 mm in 5 patients,
histologically diagnosed as non-IPMN in 3 patients, MN height
of more than 10 mm in 1 patient, and incomplete data in
2 patients. Accordingly, 402 patients with BD-IPMN without
MNs of 10 mm or greater in height on EUS at the time of initial
diagnosis who had been followed up by several surveillance im-
agings for 1 year or more were eligible for this study.2 Finally, a
total of 53 patients with BD-IPMN with MNs of less than 10 mm
in height who underwent EUS, ultrasonography (US), and/or
computed tomography (CT) at least twice, including the initial
EUS during follow-up, were included.

Definitions
A diagnosis of IPMN was made by imaging when a dilated

MPD or a cystically dilated branch duct was recognized in asso-
ciation with secretion of mucin from the major or minor papilla or
mobile filling defects in the pancreatic duct on endoscopic retro-
grade cholangiopancreatography (ERCP) or when multilocular
cystic lesions were recognized on EUS, magnetic resonance
cholangiopancreatography (MRCP), and/or CT. Branch duct
IPMN was defined as a condition in which the main lesion was a
cystically dilated branch duct with an MPD diameter of less than
10 mm. The size of the dilated branch duct was measured en bloc
in patients with multilocular cysts. The presence or absence of
MNs in cystic branches was determined based on morphological
features on EUS at the initial diagnosis. Color Doppler imaging
or contrast-enhanced EUS was not applied in most of the cases
because of the dominant use of a mechanical radial scanner.
The change in the height of MNs was assessed essentially by
follow-up EUS at registration, as available. In patients who
underwent surgery after follow-up, the diagnosis of IPMN was
confirmed histologically. Pathologic results were determined by
the World Health Organization criteria published in 20104; these
are as follows: low-grade dysplasia (‘‘intraductal papillary mu-
cinous adenoma’’), intermediate-grade dysplasia (‘‘IPMN with
moderate dysplasia’’), high-grade dysplasia (‘‘intraductal papil-
lary mucinous carcinoma, noninvasive,’’ ‘‘carcinoma in situ’’),
and PDAC. The highest pathologic grade was adapted when there
were multifocal lesions.

Pancreatic ductal adenocarcinoma was divided into 2 types,
as reported by Yamaguchi et al,5 1 derived from IPMN (‘‘IPMN
with an associated invasive carcinoma’’) showing a histologic
transition between IPMN and invasive carcinoma and the other
concomitant with IPMN in which invasive carcinoma developed
at a site in the pancreas different from that of the IPMN,
according to the radiologic images and macroscopic or micro-
scopic findings.

Methods
In patients with evident MNs in the cystic lumen, the height

of the most prominent MNs was measured by EUS. During the
follow-up period, strict monitoring of BD-IPMNs was performed
by EUS, US, MRCP, and/or CTat intervals of 3 to 6 months. The
modality used for the monitoring of BD-IPMNs was at the dis-
cretion of each institution and on a case-by-case basis, not fol-
lowing a unified protocol.

The maximum diameter of cystically dilated branch ducts
and MPDs was measured by EUS in combination with US, CT,
and/or MRCP, as available. Morphological findings at the initial
examination, including the height of MNs, size of cystic branch,

diameter of MPD, and presence of multifocal lesions, were
collected. The frequency of enlargement of the cystically dilated
branch, progression of MPD dilation, and an increase in the
height of MNs were investigated using the follow-up data.
Then, the characteristics of patients with BD-IPMN showing an
increase in the height of MNs during follow-up were evaluated
and compared with those patients without such an increase. In
patients who had undergone surgery with morphological pro-
gression during follow-up, histologic findings of the resected
specimens were evaluated, and the incidence and background
of the development of invasive carcinoma associated with those
lesions during follow-up were investigated.

These characteristics and morphological changes in the pa-
tients with IPMN with MNs were compared with those of the
patients who did not show MNs on EUS at the time of initial di-
agnosis. The incidences of the development of PDAC derived
from IPMN and PDAC concomitant with IPMN during follow-up
were compared as well. Furthermore, the factors predictive of
PDAC concomitant with IPMN were investigated.

Statistical Analysis
The average age, maximum size of cystic branch, maximum

diameter of the MPD, and maximum height of MNs at the initial
examination were compared using Student t test. The differences
in the incidence of sex, enlargement of cystic branch, progression
of MPD dilation, progression of MNs height, and multifocal le-
sions were examined with the W2 test or Fisher exact test. P value
of less than 0.05 was considered significant. The predictive fac-
tors for PDAC concomitant with IPMN were investigated by
univariate analysis. The calculations were carried out using SPSS
II for Windows (release 16.0; SPSS, Chicago, Ill).

RESULTS

Follow-up Results
The mean follow-up period of the 53 patients with BD-IPMN

with MNs was 42.4 (SD, 22.2) months (range, 12Y196 months).
There were 28 men and 25 women, with a mean age of 66.1
(SD, 8.1) years (range, 44Y83 years).

At the time of the initial diagnosis, all 53 patients underwent
EUS. Computed tomography, US, MRCP, and ERCP were also
carried out in 32, 30, 26, and 40 patients, respectively. At regis-
tration, EUS, CT, US, MRCP, and ERCP were carried out in
43, 25, 15, 27, and 20 patients, respectively. The mean height of
MNs among the 53 patients at the start of follow-up was 3.2
(SD, 1.6) mm (median, 3 mm; range, 1Y8 mm), and MN heights
of less than 5 mm and those 5 to 10 mm were found in 41
(77.4%) patients and 12 (22.6%) patients, respectively. The mean
maximum size of the cystically dilated branch and the mean di-
ameter of the MPD were 2.2 (SD, 0.9) cm (range, 0.8Y4.2 cm)
and 3.9 (SD, 1.4) mm (range, 1Y9 mm), respectively. The
cystically dilated branch with the main MN was located in the
head of the pancreas in 32 patients, in the body in 16 patients,
and in the tail in 5 patients. Ten patients underwent surgery
because of an increase in the height of the MNs (n = 6), en-
largement of the dilated branches (n = 1), development of con-
comitant PDAC (n = 1), emergence of symptoms (n = 1), and
patient’s request (n = 1).

Changes in the Size of Cystic Branches
During follow-up, enlargement of the cystic branch was

identified in 4 (7.5%) of the 53 patients, none of whom showed an
increase in the size of the MNs (Fig. 1). One patient, a 68-year-old
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man, underwent surgery because of an increase in the size of
the cystic branch from 3 to 4.5 cm in 37 months, whereas the
height of MN (3 mm) remained unchanged during follow-up.
The histologic examination of the resected specimen verified
low-grade dysplasia.

Changes in the Size of MPD
Of the 53 patients, 4 (8%) showed progression of MPD

dilation during the follow-up (Fig. 1). All of these 4 patients
exhibited an increase in the size of the MNs as well; these are
as follows: from 3 to 6 mm, from 8 to 13 mm, from 4 to 8 mm,
and from 5 to 8 mm, respectively. One patient underwent resec-
tion, leading to a pathologic diagnosis of low-grade dysplasia
(patient 7; Table 1). The other patients are now under follow-up.

Changes in the Height of MNs
Of the 53 patients, 12 (23%) showed an increase in the

height of the MNs during follow-up (Fig. 1). In those 12 patients,
the mean size of the cystic branch, the mean diameter of the
MPD, and the mean height of the MNs at the initial examination
were not significantly different from those in the group without
an increase in the size of the MNs during follow-up (Table 2).
Furthermore, none of these 12 patients showed an enlargement
of the cystic branch during follow-up. The frequency of pro-
gression of MPD dilatation during follow-up was significantly
higher in the group with an increase in the height of MNs than
those in the group without (33% vs 0%, P = 0.002). Furthermore,
there was no significant difference in the frequency of enlarge-
ment of cystic branch between the groups (0% vs 10%, P = 0.35).

FIGURE 1. Changes in MNs, cyst size, and MPD diameter during follow-up.

TABLE 1. Patients With BD-IPMN Showing an Increase in Height of MNs During Follow-up (n = 12)

Patient no Age, y Sex Follow-up, mo MN Size, mm
Progression of

MPD Dilation, mm
Enlargement of
Cystic Branch Resection

Histologic
Findings

1 58 F 60 1 Y 4 V V j V
2 76 F 40 1 Y 5 V V j V
3 74 F 32 3 Y 8 V V j V
4 69 F 60 3 Y 6 5 Y 7 V j V
5 75 M 74 8 Y 13 6 Y 12 V j V
6 75 M 67 4 Y 8 4 Y 9 V j V
7 61 F 82 5 Y 8 6 Y 10 V + Low-grade dysplasia
8 56 F 24 3 Y 5 V V + Low-grade dysplasia
9 54 M 15 1 Y 3 V V + Low-grade dysplasia
10 63 M 26 7 Y 13 V V + Low-grade dysplasia
11 60 M 91 5 Y 10 V V + Low-grade dysplasia
12 72 M 71 6 Y 13 V V + High-grade dysplasia

F indicates female; M, male.
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Six of the 12 patients showing an increase in the height of
MNs underwent surgery. Histologic examination of the resected
specimens verified high-grade dysplasia in 1 patient and low-
grade dysplasia in 5 patients. None of them showed develop-
ment of PDAC (Table 1). Among the 6 other patients who did not
undergo surgery, 1 patient with MNs of 13 mm in height refused
surgery and the remaining 5 patients who had MNs of less than
10 mm in height are under follow-up.

Of the 41 patients without an increase in the height of MNs,
4 underwent surgery, 1 of whom had a new appearance of a solid
mass in a different portion in the pancreas. Histologic examination
of the resected specimen revealed the mass to be a PDAC con-
comitant with IPMN and the IPMN itself was a low-grade dys-
plasia (Fig. 1). In the remaining 3 patients, pathologic diagnosis
was all low-grade dysplasia.

Development of Malignancy Among Surgical Cases
To summarize the 10 surgical cases, 1 (2%) patient devel-

oped PDAC concomitant with IPMN without enlargement of the
cystic branch, an increase in the height of MNs, or progression of
MPD dilation.

In the remaining 9 patients, 1 (2%) had high-grade dysplasia
and the others had low-grade dysplasia. The patient with high-
grade dysplasia showed an increase in the height of the MNs
from 6 to 13 mm in 71 months without enlargement of the cystic
branch or progression of MPD dilation (Fig. 1).

Comparison of Morphological Changes and
Histologic Findings Between Patients With
BD-IPMN With and Without MNs

Size of Cystic Branches
The comparison of morphological changes and histologic

findings between patients with BD-IPMN with and without MNs
is shown in Table 3. At the time of the initial diagnosis, the mean
maximum size of the cystically dilated branch in the patients with
and without the MNs was 2.2 (SD, 0.9) cm and 2.0 (SD, 0.9) cm,
respectively. There was no significant difference between the
2 groups (P = 0.28). Furthermore, there was no significant dif-
ference in the incidence of enlargement of cystic branch during
follow-up between the groups (8% vs 9%, P = 0.47).

Diameter of MPD
The initial diameter of the MPD in the patients with MNs

was significantly greater than that in those without (3.9 [SD,
1.4] mm vs 3.3 [SD, 1.3] mm, P = 0.001). On the other hand,
there was no significant difference in the frequency of pro-
gression of MPD dilation during follow-up between the groups
(8% vs 7%, P = 0.52).

Development of Malignancy
The number of patients who underwent surgery in each

group with and without MNs was 10 of the 53 patients and 29

TABLE 2. Comparison of Characteristics Between the Patients With BD-IPMN With and Without an Increase in Height of MNs
During Follow-up (n = 53)

Height of MNs

P

Increased No Change

n = 12 (23%) n = 41 (77%)

Mean (SD) age, y 66.1 (8.3) 66.1 (8.2) 0.99
Sex (male/female) 7/5 21/20 0.66
Initial average (SD) size of cystic branch, cm 2.6 (1.0) 2.1 (0.8) 0.07
Initial average (SD) diameter of MPD, mm 4.3 (1.50) 3.8 (1.4) 0.29
Initial average (SD) height of MNs, mm 3.9 (2.4) 3.0 (1.4) 0.24
Enlargement of cystic branch 0 4 (10%) 0.35
Progression of MPD dilation 4 (33%) 0 G0.01 (0.002)
High-grade dysplasia 1 (8%) 0
Invasive carcinoma derived from IPMN 0 0
Invasive carcinoma concomitant with IPMN 0 1 (2%)

TABLE 3. Comparison of BD-IPMNs With and Without MNs by EUS at the Initial Examination (n = 402)

MNs by Initial EUS Present (n = 53) Absent (n = 349) P

Mean (SD) age, y 66.1 (8.1) 65.7 (10.0) 0.79
Sex (male/female) 28/25 178/171 0.80
Initial average (SD) size of cystic branch, cm 21.7 (8.8) 20.2 (9.3) 0.28
Initial average (SD) diameter of MPD, mm 3.9 (1.4) 3.3 (1.3) G0.01 (0.001)
Enlargement of cystic branch 4 (8%) 32 (9%) 0.47
Progression of MPD dilation 4 (8%) 24 (7%) G0.01 (0.002)
High-grade dysplasia 1 (2%) 8 (2%) 0.66
Invasive carcinoma derived from IPMN 0 1 (0.3%) 0.87
Invasive carcinoma concomitant with IPMN 0 1 (2%) 0.72
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of the 349 patients, respectively. Among the 53 patients with
MNs, the PDAC derived from IPMN developed in 0 patient, the
PDAC concomitant with IPMN in 1 (1.9%) patient, and high-
grade dysplasia in 1 (1.9%) patient. The corresponding numbers
in the group without MNs including 3 patients with unresected
PDAC concomitant with IPMN were 1 (0.3%), 7 (2.0%), and
8 (2.3%). There were no significant differences in the develop-
ment of malignancyVhigh-grade dysplasia (P = 0.66), PDAC
derived from IPMN (P = 0.87), and PDAC concomitant with
IPMN (P = 0.72)Vbetween the 2 groups.

Factors Predictive of Development of Malignancy
in BD-IPMNs During Follow-up

One patient with PDAC derived from IPMN did not show
the emergence of MNs, enlargement of cystic branch, increase in
the height of MNs, or multifocal lesions. However, MPD dilation
progressed during the follow-up. In other patients with BD-IPMN
without PDAC derived from IPMN, the frequency of progression
of MPD dilation was 7%.

The factors predictive of PDAC concomitant with IPMN in
the follow-up patients were investigated by univariate analysis.
There was no significant difference in each morphological feature
between the patients with PDAC concomitant with IPMN and
those without (Table 4).

DISCUSSION
The international consensus guidelines recommend that

patients with BD-IPMNs who have MNs should basically con-
sider surgery if clinically appropriate. The subjects of the pres-
ent study, however, were patients who had been observed because
the height of MNs was less than 10 mm. In these patients, strict
monitoring of BD-IPMNs had been performed at short intervals,
which enabled investigation of the natural history of BD-IPMNs
with MNs of less than 10 mm in height. Among these pa-
tients, 23% showed an increase in the height of the MNs during
follow-up for over 40 months. In this group, there were no pa-
tients who showed enlargement of the cystic branch; however,
all 4 patients who showed progression of MPD dilation exhib-
ited an increase in the size of the MNs. The frequency of pro-
gression of MPD dilatation during follow-up was significantly
higher in the group with an increase in the height of MNs than
in the group without.

In the follow-up patients who had BD-IPMN with MNs,
none developed PDAC derived from IPMN. The incidence of
the development of malignancy in BD-IPMNs including a dis-
tinct PDAC was similar to that of those without MNs reported
in the literature. Therefore, in those who have a BD-IPMN with

MNs of less than 10 mm in height, observation instead of im-
mediate resection is considered to be possible.

It is well known that IPMNs are characterized by slow
progression and a favorable prognosis in contrast to ordinary
PDAC, which is recognized as being very invasive.6Y11 Histo-
logic studies of resected IPMNs have revealed that most IPMNs
are dysplasia without parenchymal invasion such as high-grade
dysplasia (carcinoma in situ), intermediate-grade dysplasia (bor-
derline, moderate dysplasia), and low-grade dysplasia.4 On the
other hand, the presence of PDAC derived from IPMN showing
parenchymal invasion has also been recognized, colloid carcino-
ma and tubular adenocarcinoma being its predominant histologic
cell types. Therefore, the indications for surgery and determina-
tion of operative procedures based on the biologic behavior of this
tumor are currently of great concern.

There are 2 opinions as to the indications for surgery in
IPMN. One is that all patients with IPMN, including those with
low-grade dysplasia, should undergo resection. This idea is based
on the possible existence of an adenoma-carcinoma sequence in
the evolution of this type of neoplasm and is also supported by the
observations of oncogene activation. Yanagisawa et al12 reported
that the same point mutation was detected both in the area of
carcinoma and in coexisting adenoma components. Furthermore,
duct-ectatic mucinous cystic neoplasms accompany K-ras point
mutation similar to typical exocrine pancreatic carcinomas.

On the other hand, with the increase in clinical knowledge
on the progression of IPMNs, the demand for establishing surgical
indications that take the biologic behavior of such neoplasms into
consideration is increasing.13Y16 There are some groups who rec-
ommend surgery only in cases of high-grade dysplasia or invasive
carcinoma, avoiding excessive surgery for benign conditions.

Main duct IPMN and BD-IPMN are significantly different
with regard to the prevalence of carcinoma,13Y16 and therefore,
the classification has prognostic implications. In the review by
Tanaka et al,1 the frequency of invasive carcinoma in MD-IPMN
and in BD-IPMNs have a mean of 43% (range, 11%Y81%) and
18% (range, 1%Y37%), respectively.

According to the new international consensus guidelines
2012 for the management of IPMNs,1 when MD-IPMN is diag-
nosed in a patient with an IPMN, surgical treatment is strongly
recommended. In BD-IPMN, however, the likelihood of invasive
carcinoma is substantially less compared with that inMD-IPMNs.
Thus, the differentiation of low-grade dysplasia from high-grade
dysplasia or PDAC derived from IPMN would enable us to
avoid excessive surgery.

Among the subjects of the present study on BD-IPMN,
surgical resection was indicated according mainly to the previ-
ous international guidelines 2006,3 which are as follows: the

TABLE 4. Risk Factors of PDAC Concomitant With IPMN During Follow-up by Univariate Analysis n = 402

PDAC Concomitant With IPMN (n = 8) Others (n = 394) P

Mean (SD) age, y 69.0 (6.6) 65.7 (9.8) 0.34
Sex (male/female) 5/3 201/193 0.39
Presence of MNs 1 (13%) 52 (13%) 0.72
Initial average (SD) size of cystic branch, cm 2.0 (1.2) 2.0 (0.9) 0.81
Initial average (SD) diameter of MPD, mm 3.4 (7.4) 3.4 (1.3) 0.97
Initial average (SD) height of MNs, mm 0.3 (0.7) 0.4 (1.3) 0.69
Enlargement of cystic branch 0 36 (9%) 0.47
Progression of MPD dilation 1 (13%) 27 (7%) 0.44
Increase in height of MNs 0 38 (10%) 0.45
Multifocal lesions 2 (25%) 129 (33%) 0.49
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appearance of symptoms attributable to IPMN (eg, pancrea-
titis), a cyst size greater than 30 mm, and dilation of the MPD
(96 mm).16Y19 The usefulness of the previous consensus cri-
teria for resection has been validated by many reports.20Y24

According to the international consensus guidelines 2012, be-
cause a cyst size of more than 3 cm is a weaker indicator of
malignancy than the presence of MNs and positive cytology,
a BD-IPMN of more than 3 cm in size without MNs or positive
cytology can be observed without immediate resection, partic-
ularly in elderly patients.

Some researchers consider the measurement of the max-
imum height of the MNs in BD-IPMNs to be effective for
the differentiation between high-grade dysplasia and low-grade
dysplasia and have suggested the height of the papillary pro-
trusion of 3 to 10 mm as a cutoff value for determining the in-
dication for surgical treatment.25,26 In our retrospective study on
the relationship between the height of MNs on EUS and histo-
logic findings,26 most patients in whom the maximum height of
the MNs was more than 10 mm experienced high-grade dys-
plasia (86%). Furthermore, among those who underwent sur-
gery due to the presence of MNs, no patients with MNs of
5 to10 mm in maximum height as shown by EUS developed
PDAC derived from the BD-IPMN. Considering the biologic
behavior of this neoplasm, performing surgery only in cases of
BD-IPMN with a maximum height of MNs of more than 10 mm
is likely to be justified.

Unfortunately, these retrospective studies entailed selection
bias, that is, only patients with BD-IPMN who had been con-
sidered to have indications for surgery due to the presence of
MNs and had undergone surgery were included. To verify the
appropriateness of surgical indications based on the maximum
height of MNs, a better understanding of the developmental
course and the process of invasion in IPMN is necessary. The
investigation of the morphological and histologic changes in
patients with BD-IPMN who have undergone follow-up studies
before resection is thus indispensable.

In 2011, the same working group of the Japan Pancreas
Society2 reported long-term follow-up results of 349 patients
who had no MNs on EUS at initial diagnosis. The results
showed that the PDAC derived from IPMN and the distinct
PDAC developed in 0.3% of the patients and 2.0% of the pa-
tients, respectively. In contrast, among the patients with MNs in
the present multicenter study, PDAC derived from IPMN and
PDAC concomitant with IPMN developed in 0% of the patients
and 2% of the patients, respectively; that is, the incidence of
the development of invasive carcinoma in BD-IPMNs with
MNs was similar to that of those without MNs.

As previously reported, there may possibly be 2 develop-
mental patterns of PDAC derived from IPMN, 1 with an in-
crease in the height of MNs of more than 10 mm10 and the other
at a site that is rather flat.26 Therefore, periodical surveillance is
mandatory in BD-IPMNs regardless of the presence/absence
and height of MNs.

Concerning the histologic type, most of the patients with
PDAC had tubular adenocarcinomas showing few papillary
growths, whereas approximately 30% of the patients with PDAC
derived from IPMN had colloid carcinomas with high papillary
protrusions. Colloid carcinoma derived from intestinal type27 is
deemed to show more expansive and slower progression com-
pared with other invasive carcinomas.11 Therefore, PDAC derived
from IPMN shows a different invasive behavior from ordinary
PDAC. Yamaguchi et al5 reported that the median survival time
of 122 patients with PDAC derived from IPMNwas 46 months,
which was significantly longer than what was reported (12 months)
in 7605 patients with ordinary PDAC.

Another problematic issue in patients with BD-IPMNs is
that a distinct PDAC may develop in patients with IPMN, either
synchronously or metachronously. Ohtsuka et al28 reported that
the incidence of synchronous and metachronous multifocal
occurrence of IPMNs in the remnant pancreas during follow-up
evaluation after pancreatectomy for IPMNs was 20% and that
of distinct PDAC was 9.9%. Izawa et al29 stated the possibility
of multicentric development of cancer in IPMN, based on the
observation that hyperplasia developed multifocally in different
branch ducts with a different frequency of K-ras point mutation.
In this study, we could not detect any significant predictive fac-
tors for the development of PDAC concomitant with IPMN.

The present study has several limitations. First, because of
the retrospective nature of this study, the modality used for
monitoring of BD-IPMN at intervals of 3 to 6 months was at the
discretion of each institution, not following a unified protocol.
Second, the presence of MNs was determined based solely on
morphological features on EUS without color Doppler imaging,
which may have resulted in inclusion of mucus nodules. How-
ever, the requirement in the inclusion criteria to have undergone
EUS, US, and/or CT at least twice is thought to have minimized
this risk. Third, the number of patients with MNs included in
this study was not large because the presence of MNs is con-
sidered to be the most important factor for the surgical indica-
tion of BD-IPMN regardless of its height. However, the subjects
were patients who had been followed up despite having MNs,
and the number is the largest in the literature to date owing
to multicenter cooperation. Fourth, patients with BD-IPMN
who underwent surgery and histologic examination of resected
specimens included not only patients showing an increase in
the MN height to more than 10 mm but also those with no
change or a change within 10 mm in height of MNs during
follow-up. Furthermore, there is no way to investigate the inci-
dence of high-grade dysplasia in the 43 patients who had not
had surgical resection.

In summary, no PDAC derived from BD-IPMN developed
in patients with MNs of less than 10 mm in height during
follow-up for over 40 months. Furthermore, the incidence of
the development of malignancy in BD-IPMNs including a dis-
tinct PDAC was similar to that of those without MNs. In pa-
tients who have BD-IPMN with MNs of less than 10 mm in
height, observation instead of immediate resection is consid-
ered to be possible.
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