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Abstract

Background A mural nodule is a strong predictive factor
for malignancy in branch duct intraductal papillary mucin-
ous neoplasm (IPMN) of the pancreas, but the nodule size has
hardly been considered. The aim of this study was to inves-
tigate whether a mural nodule of 10 mm was appropriate as
an indicator of surgery for IPMN during follow-up.
Methods The follow-up outcomes of 100 patients who
had branch duct IPMN without mural nodules or who had
branch duct IPMN with mural nodules of less than 9 mm in
a tertiary care setting were investigated retrospectively.
The patients underwent abdominal ultrasound (US) every
3 months and additional imaging examinations or cyto-
logic examination of pancreatic juice when necessary.
Surgery was recommended to them when a mural nodule
developed or when a nodule enlarged and reached 10 mm.
Results  During an average follow-up period of 97 months,
branch duct IPMNs developed mural nodules that reached
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10 mm in 5 patients (0.62% per year). In one patient the
IPMN was revealed to be non-invasive carcinoma by
resection, 1 IPMN was shown to be malignant by further
follow-up, and 3 were not resected because of refusal or the
patient’s age. In 7 patients, mural nodules stayed within
9 mm. The remaining 88 patients lacked mural nodules in
their branch duct IPMNs throughout the follow-up. The
occurrence of invasive carcinoma around the IPMN was not
indicated by imaging examinations in any patient. Univariate
analysis showed that the size of the cyst at baseline signifi-
cantly predicted the development of a mural nodule that
reached 10 mm during follow-up (P = 0.05).

Conclusions A mural nodule of 10 mm is appropriate as
an indicator of surgery in the follow-up of branch duct
IPMN.

Keywords Pancreas - Branch duct IPMN - Follow-up -
Mural nodule

Abbreviations

IPMN Intraductal papillary mucinous neoplasm
[N} Ultrasound

EUS Endoscopic ultrasound

CT Computed tomography

ERCP  Endoscopic retrograde cholangiopancreatography
MRCP Magnetic resonance cholangiopancreatography
Introduction

Intraductal papillary mucinous neoplasm (IPMN) of the
pancreas is being increasingly recognized, and is estimated
to represent 1-3% of exocrine pancreatic neoplasms, 3—5%
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of all pancreatic neoplasms, and 20% of all cystic
neoplasms of the pancreas [1, 2]. IPMN is a unique clini-
copathological entity characterized by cystic dilatation of
the pancreatic duct, mucus production, and papillary growth
[1, 2]. IPMN is defined by histopathology as an intraductal
mucin-producing neoplasm with tall columnar mucin-
containing epithelium with or without papillary projections,
and the neoplasm shows a wide spectrum of histological
differentiation, from adenoma, dysplasia, and non-invasive
carcinoma, to invasive carcinoma [1, 2]. The prognosis of
IPMN is favorable compared with that of invasive ductal
carcinoma if it is resected while noninvasive carcinoma is
shown [3, 4].

IPMN is classified into 2 types according to site: main
duct IPMN and branch duct IPMN, which are managed
differently from each other. It has been recommended, by
the consensus guidelines published recently, to resect all
main duct IPMNs,because the average frequency of
malignancy has been 70% and approximately two-thirds of
them have been invasive. In contrast, on the grounds of
lower frequencies of malignancy and invasive carcinoma,
which have been 25 and 15%, respectively, surgery has
been recommended only for branch duct IPMNs that had
symptoms, cyst of more than 30 mm, mural nodule, or
positive cytology [5]. However, recent studies showed that
resection of branch duct IPMNs that had a cyst of more
than 30 mm resulted in oversurgery in many cases [6—10].
Although a mural nodule is a predictor of malignancy in
branch duct IPMN [6, 7, 11-16], nodule size has hardly
been taken into consideration, with the exception of a few
studies which found that branch duct IPMNs with mural
nodules of more than 5 mm included not a few benign
neoplasms [17-19]. In the present study, we followed up
branch duct IPMNs without mural nodules and those with
mural nodules of less than 9 mm until nodules developed
or enlarged to a size of 10 mm, and we investigated whe-
ther the size of 10 mm was appropriate as an indicator of
surgery for branch duct IPMN.

Patients and methods

The follow-up outcomes of 100 patients who had branch
duct IPMN without mural nodules or with mural nodules
less than 9 mm were investigated retrospectively.

Branch duct IPMNs were suggested by ultrasound (US),
endoscopic ultrasound (EUS), or computed tomography
(CT), and were confirmed by a dilated branch duct with a
minimum size of 10 mm and mucus in it on endoscopic
retrograde cholangiopancreatography (ERCP). The dilated
branch duct corresponded to the cyst shown by imaging
examinations in all patients. Branch duct IPMNs that had
mural nodules of more than 10 mm or a positive result on
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cytologic examination of pancreatic juice collected during
ERCP were excluded.

The study patients underwent US every 3 months for at
least 36 months, and the sizes of the cyst, the main duct, and
mural nodules were measured. The size of the mural nodule
was expressed as its maximal diameter. When the cyst or the
main duct was enlarged, or when mural nodules had devel-
oped or become enlarged on regular US, special imaging
examinations such as EUS, CT, or magnetic resonance
cholangiopancreatography (MRCP) were performed, and
the sizes of the cyst, the main duct, and mural nodules were
measured. Additional ERCP with cytologic examination of
pancreatic juice was performed when the cyst or the main
duct had enlarged significantly, or when mural nodules had
developed or become enlarged. An increase in the size of the
cyst by more than 50% and reaching 30 mm was defined as
significant enlargement. Similarly, an increase in the size of
the main duct by more than 50% and reaching 6 mm was
defined as significant enlargement. Surgery was recom-
mended to the patient when a mural nodule developed or had
become enlarged and reached 10 mm, or when cytology
indicated malignancy. A representative US image indicating
a branch duct IPMN which developed a mural nodule of
10 mm is shown in Fig. 1.

This study protocol was approved by the institutional
review board of Osaka Medical Center for Cancer and
Cardiovascular Diseases. Informed consent was obtained
from all the patients.

Statistical analysis was performed with SPSS software
(SPSS, Chicago, IL, USA). Normally distributed continuous
variables were compared by Student’s f-test, non-normally
distributed variables by the Mann—Whitney U-test, and
categorical variables by the Chi-square test or Fisher’s exact
test. Hazard ratios of potential predictive variables were
calculated with a univariate or multivariate Cox proportional

Fig. 1 Ultrasound (US) showed a mural nodule of 10 mm (arrow) in
a branch duct intraductal papillary mucinous neoplasm (IPMN)
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hazard model, which was used for modeling time-to-event
data in the presence of censored cases. A P value of <0.05
was considered to be statistically significant.

Results

Clinical characteristics of 100 patients with branch duct
IPMN, and morphological features of their IPMNs

The clinical characteristics of 100 patients with branch duct
IPMN and morphological features of their IPMNs at base-
line are summarized in Table 1. The mean age of the
patients was 65 years (range 40-80 years), and there was no
significant preponderance in the gender of the patients. A
small minority of patients were symptomatic or diabetic,
and had a high carcinoembryonic antigen (CEA) or carbo-
hydrate antigen (CA) 19-9 level. There was no significant
preponderance in the anatomical location of the branch duct
IPMNs. Approximately two-thirds of the branch duct
IPMNs were multiple. The mean sizes of the cyst and the
main duct were 21 mm (range 10-60 mm) and 3.8 mm
(range 1-8 mm), respectively. Only 5 patients had mural
nodules, with the mean size being 4.4 mm (range 3—5 mm).
The median follow-up period was 97 months (range
37-257 months).

Morphological changes of branch duct IPMNs
and results of cytology during follow-up

The cyst and the main duct were significantly enlarged in
28 (28%) and 11 (11%) patients, respectively. Five (5%)

Table 1 Clinical characteristics of 100 patients with branch duct
IPMN and morphological features of their [IPMNs

Mean age (range) 65 years (40-80)

Male/female 53:47
Symptomatic 5 (5%)
Diabetic 9 (9%)

CEA more than 5.0 ng/dl 3 (7%)*
CA19-9 more than 37 U/dl 6 (6%)
Head/body and tail 56:44
Solitary/multiple 32:68

Mean size of cyst (range) 21 mm (10-60)
Mean size of the main duct (range) 3.8 mm (1-8)
Presence of mural nodule 5 (5%)

Mean size of mural nodule (range) 4.4 mm (3-5)

Median follow-up period (range) 97 months (37-257)

patients developed mural nodules that reached 10 mm
during follow-up, and 2 (2%) patients developed mural
nodules that did not reach 10 mm. The mural nodules that
were present at baseline in 5 (5%) patients did not become
enlarged during follow-up. The remaining 88 (88%)
patients lacked mural nodules throughout the follow-up.
The occurrence of invasive carcinoma around the IPMN
was not indicated by imaging examinations in any patient.
The rate of development of a mural nodule that reached
10 mm in branch duct IPMN during follow-up was 0.62%
per year. Cytologic examination of pancreatic juice did not
indicate malignancy in any patient in whom a mural nodule
did not develop to reach 10 mm.

Comparison of clinical characteristics of patients

and morphological features of their IPMNs at baseline
between those which developed mural nodules

that reached 10 mm and those which did not

High CEA and CA19-9 levels at baseline were less fre-
quent in patients who developed mural nodules that
reached 10 mm, although the differences were not sig-
nificant. Branch duct IPMNs in the pancreatic head,
solitary IPMNs, and IPMNs with a larger cyst developed
mural nodules that reached 10 mm more frequently,
although the difference did not reach statistical signifi-
cance (Table 2).

Table 2 Comparison of clinical characteristics of patients and mor-
phological features of their IPMNs at baseline between those which
developed a mural nodule that reached 10 mm and those which did
not

Factors at baseline Developed MN <9mm P
MN > 10 mm or no MN
Age (mean =+ SD, years) 63 + 10 65 £ 8 0.53
Male/female 3:2 50:45 0.75
Symptomatic 0 (0%) 5 (5%) 0.60
Diabetic 0 (0%) 9 9%) 0.47
CEA more than 5.0 ng/ml 0 (0%)* 3 (7%)* 0.09
CA19-9 more than 37 U/ml 0 (0%) 6 (6%) 0.09
Head/body and tail 4:1 52:43 0.27
Solitary/multiple 3:2 29:66 0.17
Size of the main duct 38+ 1.6 38+ 1.6 0.99
(mean £+ SD, mm)
Size of cyst 26 £ 7 20 + 10 0.21
(mean 4+ SD, mm)
Mural nodule 0 (0%) 5 (5%) 0.60
Follow-up period 107 £ 55 96 + 39 0.60

(mean = SD, month)

IPMN intraductal papillary mucinous neoplasm, CEA carcinoembry-
onic antigen, CA carbohydrate antigen

2 CEA was measured in 47 patients

MN mural nodule

* CEA was measured in 4 patients who developed a mural nodule that
reached 10 mm and in 43 patients otherwise
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Table 3 Clinical characteristics of 5 patients who developed mural nodules that reached 10 mm in branch duct IPMNs, and morphological

features of their IPMNs

No. Age Sex  Site Number of  Before (mm) After (mm) Imaging® that detected ~ Follow-up period
(years) cysts MN > 10 mm (months)
Cystt. MD MN Cyst MD MN
1 66 M Head  Solitary 35 6 - 38 8 10 EUS 37
2 67 F Head Multiple 25 3 - 44 3 11 US, MRCP 105
3 67 M Head  Multiple 20 2 - 41 3 10 US, EUS, MRCP 132
4 46 M Body  Solitary 20 5 - 48 13 10 US, EUS, CT 182
5 69 F Head  Solitary 30 3 - 40 16 10 EUS, CT, MRCP 80

MN mural nodule, MD main pancreatic duct, US ultrasound, EUS endoscopic ultrasound, MRCP magnetic resonance cholagiopancreatography,

CT computed tomography

? Imaging examinations that detected mural nodule >10 mm for the first time are italicized

2

Fig. 2 Endoscopic ultrasound (EUS) showed a mural nodule of
10 mm (arrow) in a branch duct IPMN

Branch duct IPMNs which developed mural nodules
that reached 10 mm during follow-up

The clinical characteristics of the 5 patients who developed
mural nodules that reached 10 mm in branch duct IPMNs
during follow-up, and their morphological features, are
summarized in Table 3. The cyst and the main duct were
enlarged significantly in 4 and 2 patients, respectively.
Mural nodules that developed and reached 10 mm were
detected by US in 3, EUS in 1, and MRCP in 1, and were
also shown by other imaging examinations that were per-
formed subsequently. In 1 patient (no. 1), a mural nodule
reached 10 mm at 37 months without significant enlarge-
ment in the cyst or the main duct on EUS (Fig. 2). The
IPMN was successfully resected, and was revealed to be a
non-invasive intraductal papillary mucinous carcinoma
(Fig. 3). In 3 patients (nos. 2—4), mural nodules developed
that reached 10 mm at 105, 132, and 182 months, without a
suggestion of the occurrence of invasive carcinoma around
the IPMNs on imaging examinations. However, surgery
recommended to these patients was not performed because
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Fig. 3 Histological examination of resected IPMN disclosed a non-
invasive intraductal papillary mucinous carcinoma of the pancreas
(H&E, x20)

of their age or refusal. They were followed up for a further
4, 15, and 31 months without any suggestion of the
occurrence of invasive carcinoma around the IPMNs on
imaging examinations. In the remaining 1 patient (no. 5), a
mural nodule developed that reached 10 mm at 88 months
without any suggestion of the occurrence of invasive car-
cinoma around the IPMN, but she refused cytologic
examination or surgery recommended to her. EUS indi-
cated cancer invasion beyond the IPMN 7 months later
(Fig. 4), and she died of cancer a further 10 months later.
Consequently, 2 IPMNs that developed mural nodules that
reached 10 mm during follow-up were confirmed to be
malignant.

Predictive factors at baseline for the development
of mural nodules that reached 10 mm in branch
duct IPMN

Univariate and multivariate analyses of potential predictive
factors at baseline for the development of mural nodules
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Fig. 4 EUS indicated cancer invasion beyond the IPMN (arrows)

Table 4 Analysis of predictive factors at baseline for the develop-
ment of a mural nodule that reached 10 mm in branch duct IPMN;
Cox proportional hazard model

Factors Univariate analysis Multivariate analysis
HR 95% CI P HR 95% ClI P
Age (years) 1.1 09-12 046 1.1 09-12 0.52
Male 1.0 0.2-59 097 0.8 0.1-6.7 0.78
Solitary cyst 4.6 0.8-27.5 0.10 53 0.6-43.7 0.12
Pancreatic head 48 0.5-45.7 017 7.7 0.3-216.0 0.23

Size of the main duct 09 05-1.6 0.77 0.7 0.3-1.5 0.33
(mm)

Size of cyst (cm) 24 1.0-5.7 0.05* 2.7 09-7.8 0.07

Analysis showed that the presence of symptoms, diabetes, a high level
of carcinoembryonic antigen (CEA) or carbohydtare antigen (CA) 19-
9, and the presence of a mural nodule at baseline were not significant
predictors of the development of a mural nodule that reached 10 mm

HR hazard ratio, CI confidence interval

4 Size of cyst was shown to be a significant predictive factor by
univariate analysis

that reached 10 mm, by Cox proportional hazard model,
are summarized in Table 4. Univariate analysis showed
that the size of the cyst at baseline was a predictive factor
that was statistically significant (hazard ratio 2.4, 95%
confidence interval 1.0-5.7, P value 0.05), although mul-
tivariate analysis failed to find statistical significance
(P value 0.07). The location of the pancreatic head and
solitary cyst at baseline predicted the development of a
mural nodule that reached 10 mm, although not signifi-
cantly. Other factors were not shown to predict the
development of a mural nodule that reached 10 mm during
follow-up. Analysis showed that the presence of symptoms,
diabetes, a high level of CEA or CA19-9, and the presence
of a mural nodule at baseline were not significant

predictors of the development of a mural nodule that
reached 10 mm.

Development of ductal carcinoma distinct
from IPMN during follow-up

Ductal carcinoma of the pancreas, distinct from branch
duct IPMN, developed in 2 patients during follow-up. Both
of the cancers were detected at a resectable stage; one was
successfully resected and the other was not submitted to
surgery because of the age of the patient.

Discussion

In the management of branch duct IPMNs of the pancreas,
surgery has been recommended to those with mural nod-
ules irrespective of their size, because a mural nodule has
been considered a strong predictor of malignancy [6, 7, 11—
16]. However, the nodule’s size has to be considered,
because larger nodules are likely to be malignant and
smaller ones are likely to be benign [20, 21]. Recent studies
showed that branch duct IPMNs with mural nodules of
more than 5 mm included not a few benign neoplasms [17—
19]. Therefore, in the present study, branch duct IPMNs
without mural nodules or with mural nodules of less than
9 mm were followed up until nodules developed or became
enlarged and reached 10 mm, when surgical resection was
recommended to the patient. Branch duct IPMNs that could
be followed up were selected, and also cytologic exami-
nation of pancreatic juice was performed for all the IPMNs
during ERCP in order to exclude malignant neoplasms.
Cytology is useful for discriminating benign from malig-
nant branch duct [IPMNs, although this modality is not as
useful as it is for discriminating benign from malignant
main duct IPMNs ([22] and our unpublished data).

In the present study, mural nodules developed or
enlarged reachingl0 mm in only 5 (5%) branch duct
IPMNs during an average period of 97 months (0.62% per
year). One IPMN was successfully resected and subsequent
histological examination of the resected specimen dis-
closed a non-invasive carcinoma; 4 were not resected
because of the patients’ age or refusal. Further follow-up
examinations for 3 of these 4 did not indicate any devel-
opment of invasive carcinoma around the IPMNs, sug-
gesting they were still intraductal neoplasms. In 7 branch
duct IPMNs whose mural nodules stayed within 9 mm, and
the remaining 88 IPMNs which lacked mural nodules
throughout the follow-up, the development of invasive
carcinoma was not indicated around the IPMNs by imaging
examinations. Without surgery, it could not be known
whether or not they developed malignancy, but they were
likely to remain benign neoplasms, considering that they

@ Springer



662

J Gastroenterol (2011) 46:657-663

grew slowly or were barely enlarged. These results showed
that a 10 mm mural nodule was quite appropriate as an
indicator of surgery for branch duct IPMNs during follow-
up. Regrettably, in 1 patient who developed a mural nodule
that reached 10 mm and refused surgery, EUS indicated an
invasive carcinoma adjacent to the mural nodule 7 months
after the identification of the nodule. It is possible that the
IPMN could have been successfully resected while it was
non-invasive carcinoma, but the patient refused surgery
when the mural nodule had just reached 10 mm. However,
we were not able to confirm that it was non-invasive
carcinoma because surgery was not performed. Surgery
should be strongly recommended for branch duct IPMNs
that developmural nodules that reach 10 mm.

In the present study, univariate analysis by the Cox
proportional hazard model showed that the size of the
cyst was a significant predictive factor for the develop-
ment of a mural nodule that reached 10 mm, although
multivariate analysis failed to show statistical signifi-
cance, with a P value of 0.07. In following up branch
duct IPMNs with larger cysts, physicians should pay
special attention to the development of mural nodules in
the IPMNs. This does not always indicate that branch
duct IPMNs with larger cysts should immediately be
resected. Although a cyst of more than 30 mm has been
reported to be a predictor of malignancy in branch duct
IPMN [11, 18] and consensus guidelines published
recently have recommended surgery for IPMNs in which
the cyst was more than 30 mm [5], more recent studies
have shown that resection of these branch duct IPMNs
resulted in oversurgery in many cases [6—10]. In the
present study, 28 (28%) branch duct IPMNs that pro-
gressed to exceed 30 mm in cyst size were not resected
unless their mural nodules reached 10 mm; these patients
were followed up without occurrence of invasive carci-
noma around the IPMNs on imaging or positive cytology.
Without surgery, we did not know whether or not they
developed malignancy during follow-up, but the absence
of invasive carcinoma around the IPMNs on imaging and
the negative cytology indicated that the neoplasms were
likely to remain benign. However, branch duct IPMNs
that continue to enlarge in cyst size may need resection
even if they lack mural nodules, positive cytology, or the
occurrence of invasive carcinoma around the IPMNs on
imaging, and even if they actually are not malignant
neoplasms.

We had assumed that branch duct IPMN with a mural
nodule at baseline might be at high risk for progression,
because the presence of a mural nodule has been a strong
predictor of malignancy [6, 7, 11-16]. However, in the
present study, analysis failed to show the presence of a
mural nodule at baseline as a predictive factor for the
development of a mural nodule that reached 10 mm. The
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mural nodules in the 5 IPMNs that had already been
present at baseline were barely enlarged during follow-up,
and all of the 5 IPMNs that developed mural nodules that
reached 10 mm during follow-up had lacked them at
baseline.

Having our attention caught only by mural nodules, we
may miss detecting the development of malignancy in
branch duct IPMN without a mural nodule. To prevent such
an oversight, in the present study, cytologic examination of
pancreatic juice at ERCP was performed when the cyst or
the main duct had become significantly enlarged during
follow-up. We previously reported, for the first time, that
cytology could differentiate benign from malignant IPMNs
of the pancreas, when IPMNs had been called “mucin-
producing tumors” [23]. Cytologic examination is useful
for the discrimination of branch duct IPMNs, as mentioned
before, although this examination’s sensitivity for malig-
nancy was inferior to that for main duct IPMNs ([22] and
our unpublished data). However, in the present study,
cytology during follow-up did not indicate malignancy in
any IPMN in which a mural nodule did not develop to a
size of 10 mm.

We found that two (2%) ductal carcinomas occurred,
distinct from branch duct IPMNs, during the follow-up. We
found it difficult to believe they had already been present
when the follow-up started, because they had not been
indicated by high-resolution imaging or by cytologic
examination of pancreatic juice. Further, the ductal carci-
nomas were detected at 45 and 112 months of follow-up. It
is not possible that they had already been present for so
long before detection, considering that ductal carcinoma of
the pancreas is a rapidly progressing tumor. There have
been a few reports on the synchronous or metachronous
occurrence of ductal carcinoma and IPMN of the pancreas
[24, 25]. Recently, we also reported the development of
ductal carcinoma during the follow-up of branch duct
IPMN [26]. In these branch duct IPMNs, the cysts were
smaller in size, ranging from 10 to 30 mm [24, 26].
However, surgery for all IPMNs with smaller cysts would
not be justified, because ductal carcinoma occurred in only
8-9% of branch duct IPMNs [25, 26]. This is a different
issue from the selection of candidates for surgery in branch
duct IPMN, which is argued in the present study, although
a matter of importance considering the poor prognosis of
ductal carcinoma compared with that of IPMN. Special
attention should be paid to the occurrence of ductal car-
cinoma of the pancreas during the follow-up of branch duct
IPMN.

In conclusion, it was shown that mural nodule size was
appropriate as an indicator of surgery in the follow-up of
branch duct IPMN. Surgery should be recommended for
branch duct IPMNs that develop mural nodules that exceed
10 mm during follow-up, while IPMNs may be managed



J Gastroenterol (2011) 46:657-663

663

conservatively as long as their mural nodules do not reach
10 mm.
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