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Background/Aims: Presence of enhanced mural nodules, 
which can be visualized using computed tomography (CT), is 
one of high-risk stigmata in branch-duct intraductal papillary 
mucinous neoplasms (BD-IPMNs). Conversely, the absence 
of enhanced mural nodules on preoperative imaging does 
not exclude malignant risk. The present study aimed to in-
vestigate other morphological features as predictors of ma-
lignancy in “pure” BD-IPMNs without enhanced mural nod-
ules on CT. Methods: This retrospective study included 180 
patients with surgically confirmed “pure” BD-IPMNs of the 
pancreas and no enhanced mural nodules on preoperative 
CT. The study was conducted at 15 tertiary referral centers 
throughout South Korea. Univariate and multivariate analy-
ses were used to identify significant predictors of malignancy. 
Results: BD-IPMNs with low-grade (n=84) or moderate-grade 
(n=76) dysplasia were classified as benign; those with high-
grade dysplasia (n=8) or invasive carcinoma (n=12) were 
classified as malignant. The multivariate analysis revealed 

that cyst size ≥30 mm (odds ratio, 8.6; p=0.001) and main 
pancreatic duct diameter ≥5 mm (odds ratio, 4.1; p=0.01) 
were independent risk factors for malignancy in “pure” BD-
IPMNs without enhanced mural nodules on CT. Endoscopic 
ultrasound detected enhanced mural nodules (6/82) that 
had been missed on CT, and two IPMNs with enhanced mu-
ral nodules were malignant. Conclusions: In patients with 
“pure” BD-IPMNs who have no enhanced mural nodules 
on CT, cyst size ≥30 mm and main pancreatic duct diam-
eter ≥5 mm may be associated with malignancy. (Gut Liver 
2018;12:583-590)
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INTRODUCTION

Intraductal papillary mucinous neoplasms (IPMNs) of the 
pancreas have variable malignant potential, ranging from pre-
malignant intraductal lesions to malignant neoplasms associ-
ated with invasive carcinoma. Furthermore, the management 
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of IPMNs of the pancreas is closely related to their malignant 
potential. IPMNs are classified into three types on the basis of 
which pancreatic duct are involved: main-duct (MD) IPMNs, 
branch-duct (BD) IPMNs, and mixed-type IPMNs.1,2 Most of 
clinicians, as well as the 2012 international consensus guideline 
(ICG), recommend surgical resection of MD-IPMNs that have 
a risk of malignancy ≥36%. However, the management of BD-
IPMNs remains controversial because they have a low risk of 
malignancy and the different values of malignant potential re-
ported in the literature. 

In the 2006 ICG known as the Sendai consensus guideline for 
BD-IPMNs, the indications for surgery were (1) the presence of 
mural nodules, (2) cyst size ≥30 mm, and (3) dilated main pan-
creatic duct (MPD).3 However, it transpired that these indications 
were too sensitive and were leading to unnecessary surgery. 
In the updated 2012 ICG for BD-IPMNs, a dilated MPD (5 to 9 
mm in diameter) and a cyst size of ≥30 mm were reclassified as 
“worrisome features,” and only the presence of enhanced mural 
nodules (EMNs) on computed tomography (CT), which constitute 
high-risk stigmata, remained the strongest indicator for resec-
tion without further testing.4 The 2012 recommendations have 
been supported by many studies indicating that the presence of 
EMNs is the most important predictor of malignancy.5-9 Despite 
this, Shimizu et al.5 reported that 9.4% of malignant IPMNs 
show no EMNs on CT. More recently, “flat type” BD-IPMNs—
that is, BD-IPMNs without EMNs on radiological imaging or 
endoscopic ultrasound (EUS)—comprised 9.8% (9/91) of invasive 
carcinomas in patients whose BD-IPMNs had been resected. 
Moreover, such BD-IPMNs had a higher recurrence rate and a 
worse 5-year survival rate than BD-IPMNs that had EMNs on 
CT.10 Therefore, the absence of EMNs on imaging studies does 
not exclude malignancy in BD-IPMNs, and additional factors 
predicting malignancy in BD-IPMNs without EMNs are required. 
However, so far, few studies have addressed predictive factors 
for malignancy in “pure” BD-IPMNs without EMNs. Thus, we 
designed the present multicenter study to elucidate malignant 
potential and risk factors for malignancy in “pure” BD-IPMNs 
without EMNs or solid masses on CT imaging. 

MATERIALS AND METHODS

1. Study population

We identified 218 patients with BD-IPMNs that had under-
gone preoperative abdominal CT and pancreatic resection at 
15 tertiary hospitals throughout South Korea between 2004 
and 2012. The diagnosis of IPMN was confirmed in all cases 
using histological examination of the resected pancreatic speci-
men. Of these patients, we selected 185 who had pathologically 
confirmed BD-IPMNs without MPD involvement or EMNs on 
preoperative abdominal CT (Fig. 1). Of these 185 patients, five 
were excluded because they had no detailed pathologic results. 
Ultimately, data were available from 180 patients. Eighty-two 

patients of these 180 patient underwent EUS. Contrast-enhanced 
EUS was not applied in most of the cases. This database was 
then retrospectively analyzed and supplemented with a review 
of the patients’ electronic medical records. The study protocol 
was approved by The Institutional Review Boards of the 15 hos-
pitals. Importantly, the indications for surgery were inconsistent 
among the hospitals.

Routine preoperative examinations involved clinical evalua-
tion, routine blood tests (including assessment of tumor mark-
ers), and contrast-enhanced abdominal CT. On CT images, any 
enhanced protrusion along the cystic wall that was visible 
on any phase of the dynamic study was defined as an EMN. 
MPD diameter and cyst size were recorded as the maximum 
dimensions measured on cross-sectional images of preopera-
tive abdominal CT. The radiologists who confirmed this finding 
was blinded to patients’ information and the histopathological 
findings. The following data were retrospectively analyzed: 
demographics, clinical and radiological information, operative 
management, and pathology. Age, sex, symptoms, biochemical 
laboratory data, tumor markers, and all available preoperative 
imaging results were analyzed to enable malignancy-predicting 
factors to be identified.

IPMNs were diagnosed in accordance with the 2010 World 
Health Organization criteria,11 which categorize IPMNs as hav-
ing low-, moderate-, or high-grade dysplasia, or as being as-
sociated with invasive carcinoma. Different pathologists from 
each hospital that participated in this study performed this 
pathologic evaluation. For the purpose of our analysis, low- and 
intermediate-grade dysplasia was classified as benign, whereas 
high-grade dysplasia and invasive carcinoma were defined as 
malignant. This classification was based on the assumption that 
BD-IPMNs with high-grade dysplasia or invasive carcinoma 
should be surgically resected, as recommended by the ICG and 
by other investigators.3,4

2. Statistical analyses

Statistical analyses were performed using SPSS version 19.0 
(IBM Corp., Armonk, NY, USA). Continuous variables are ex-
pressed as medians and ranges; they were compared using the 
Mann-Whiney U test. Categorical variables were compared 
using either the chi-square or Fisher exact probability tests. 
Multivariate logistic regression models were used to estimate 
the predictive value of each variable for BD-IPMN malignancy. 
Variables were included in the models if they (1) were known 
risk factors for malignancy in BD-IPMNs, or (2) showed EMNs 
that were readily discernible on either abdominal CT or EUS. 
The optimal cutoff points for discriminating between malignant 
and benign BD-IPMNs were sought for each predictive factor 
using receiver operating characteristic (ROC) curves that were 
generated by calculating the sensitivities and specificities at sev-
eral predetermined cutoff points. The area under the ROC curve 
(AUC) expressed how well each given factor was able to dis-
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criminate between malignant and benign IPMNs. Higher values 
indicated better discrimination; that is, a value of 0.5 indicated 
no predictive discrimination, while a value of 1.0 indicated per-
fect separation of patients.12 The level of significance was set at 
p<0.05. All p-values were two sided.

RESULTS

1. Patient characteristics and histopathological findings

A total of 180 patients met the inclusion criteria and were in-
cluded in this study. The baseline characteristics of the subjects 

are detailed in Table 1. The male to female ratio was 0.7:1. The 
mean age at presentation was similar between men and women 
(63.3±9.5 years vs 64.5±10.2 years, respectively). Overall, 114 
patients (63.3%) were asymptomatic, and there were no sig-
nificant differences in the frequency of abdominal pain and or 
acute pancreatitis between benign and malignant tumors. 

Among all patients, there were 84 (46.7%) with low-grade 
dysplasia, 76 (42.2%) with moderate-grade dysplasia, eight 
(4.4%) with high-grade dysplasia, and 12 (6.7%) with invasive 
carcinoma (Fig. 1). In 10 patients (5.6%), ordinary pancreatic 
duct adenocarcinoma (PDAC) with concurrent BD-IPMNs was 

Table 1. Clinical Characteristics of 180 Patients with BD-IPMNs

Characteristic Benign BD-IPMN (n=160) Malignant BD-IPMN (n=20) Total (n=180) p-value

Male sex 64 (40) 7 (35) 71 (39.4) NS

Age, median (range), yr 63.3 (34–87) 63.5 (44–83) 63.3 (30–87) NS

Clinical symptoms

   Abdominal pain 41 (25.4) 7 (35) 49 (27.2) NS

   Jaundice 0 1 (5) 1 (0.5) NS

   Acute pancreatitis 14 (8.75) 2 (10) 16 (8.9) NS

Location of cysts

   Head 83 (51.9) 11 (55) 94 (52.2) NS

   Body 32 (20.0) 2 (10) 34 (18.8) NS

   Tail 28 (17.5) 3 (15) 40 (22.6) NS

   Multifocal 17 (10.6) 4 (20) 21 (11.7) NS

Cyst size, mean (range), mm 27 (10–62) 35.5 (20–110) 28 (10–110) 0.0002

Diameter of MPD, median (range), mm 2.0 (2–10) 4.2 (2–9) 2 (2–10) 0.02

Concurrent PDAC distinct from IPMN 6 (3.8) 4 (20) 10 (5.6) NS

Serum CEA, mean (range), ng/mL 2 (0.2–114) 2 (1–23) 2 (0.2–114) NS

Serum CA 19-9, mean (range), U/mL 8 (1–473) 9.5 (1–473) 8 (1–473) NS

Data are presented as number (%). 
BD-IPMNs, branch-duct-type intraductal papillary mucinous neoplasms; NS, not significant; MPD, main pancreatic duct; PDAC, pancreatic ductal 
adenocarcinoma; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.

5 Patients without detailed
pathology result

84 Low-grade
dysplasia (46.7%)

12 Invasive
carcinoma (6.7%)

8 High-grade
dysplasia (4.4%)

76 Moderate-grade
dysplasia (42.2%)

218 Patients with BD-IPMNs that underwent
pancreatic resection between 2004 and 2012

185 Patients without mural nodules
at computed tomography

33 Patients with mural nodules at
computed tomography

Fig. 1. Flow chart of study popu-
lation recruitment and histologic 
distribution of resected branch-duct 
intraductal papillary mucinous neo-
plasms (BD-IPMNs) without mural 
nodules.
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found. The concurrent BD-IPMNs showed low-grade dysplasia 
in four patients, moderate-grade dysplasia in two patients, high-
grade dysplasia in three patients, and invasive carcinoma in one 
patient.

The anatomic locations of the lesions, as determined using 
the preoperative images, are described in Table 1. In 94 patients 
(52.2%), the lesions were located at the head of the pancreas. 
The preoperative images showed that the mean cyst size was 28 
mm (range, 10 to 110 mm) and that the median diameter of the 
MPD was 2 mm (range, 2 to 10 mm). The preoperative cyst size 
and MPD diameter differed significantly between benign and 
malignant neoplasms (p=0.0002 and p=0.02, respectively). Pan-
creaticoduodenectomy, including both pylorus-preserving and 
pylorus-resecting forms, was performed in 81 patients (45.0%); 
distal pancreatectomy was performed in 80 patients (44.4%); 

central pancreatectomy was performed in eight patients (4.4%); 
enucleation was performed in seven patients (3.9%), and total 
pancreatectomy was performed in four patients (2.2%).

2. Malignancy-predicting factors in all patients with BD-
IPMNs: abdominal CT imaging

As shown in Table 2, we found that the following two fac-
tors were significant predictors of malignancy on univariate 
analysis: cyst size ≥30 mm (p<0.0001) and MPD dilatation ≥5 
mm (p=0.03) on abdominal CT imaging. Multivariate logistic re-
gression analyses were performed on these factors. The adjusted 
odds ratio (OR) for cyst size ≥30 mm on abdominal CT imaging 
was 8.6 (p=0.001), while that for MPD diameter ≥5 mm was 
4.1 (p=0.01) (Table 3). To determine the cyst size cutoff point 
for differentiating between benign and malignant IPMNs, ROCs 
were conducted (Fig. 2). The AUC for the cyst size for malignant 

Table 2. Univariate Analysis of Factors Associated with Malignant 
BD-IPMNs

Benign  
BD-IPMNs  
(n=160)

Malignant  
BD-IPMNs  

(n=20)

Total 
(n=180)

p-value

Size of cyst ≥30 mm 71 (44.4) 17 (85) 88 (48.9) <0.0001

MPD diameter ≥5 mm 25 (15.6) 7 (35) 25 (13.9) 0.03

Data are presented as number (%).
BD-IPMNs, branch-duct-type intraductal papillary mucinous neo-
plasm; MPD, main pancreatic duct. 

Table 3. Multivariate Analysis of Factors Associated with Malignant 
BD-IPMNs

95% CI Odds ratio p-value

Size of cyst ≥30 mm 2.3217–31.8518 8.6 0.001

MPD diameter ≥5 mm 1.3342–12.3398 4.1 0.01

BD-IPMNs, branch-duct-type intraductal papillary mucinous neo-
plasms; CI, confidence interval; MPD, main pancreatic duct.
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Fig. 2. Receiver operating characteristic curve for determining the 
cutoff point for cyst size on computed tomography. The area under 
the receiver operating characteristic curve for cyst size was 0.753 (95% 
confidence interval, 0.677–0.834).

82 Patients with BD-IPMNs that underwent
both abdominal CT and EUS

6 Positive MN on EUS (7.3%) 76 Negative MN on EUS (92.7%)

4 Benign IPMNs (66.6%)
3 Low-grade
1 Moderate

2 Malignant IPMNs (33.3%)
1 High-grade
1 Carcinoma

72 Benign IPMNs (94.7%)
40 Low-grade
32 Moderate

4 Malignant IPMNs (5.3%)
2 High-grade
2 Carcinoma

Fig. 3. Histological grade of branch-
duct intraductal papillary mucinous 
neoplasms (BD-IPMNs) in patients 
who underwent both abdominal 
computed tomography (CT) and en-
doscopic ultrasonography (EUS). 
MN, mural nodule.
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BD-IPMNs was 0.753 (95% confidence interval [CI], 0.677 to 
0.834); the sensitivity and specificity were 75% and 71%, re-
spectively, when the best cutoff point was set at a 30 mm.

 3. Malignancy-predicting factors of patients with BD-
IPMNs who underwent both EUS and CT

In the subset of patients with BD-IPMNs (n=82) who had 
undergone both EUS and abdominal CT, various clinical char-
acteristics and EUS imaging factors were also analyzed. In six 
of these patients, EUS detected additional mural nodules (MNs) 
that had been missed on CT (7.3%). Among these six patients, 
two (33.3%) had malignant IPMNs. In patients who had cysts 
without MNs on EUS, the rate of malignant IPMNs was 5.3% 
(high-grade dysplasia: two patients, invasive carcinoma: two 
patients) (Fig. 3). The grade of MN size in two patients with ma-
lignant BD-IPMN was 7 mm and 10 mm, respectively. The only 
univariate predictor of malignant BD-IPMNs in this group was 
cyst size ≥3 cm (p=0.01) and the presence of MN (p=0.01). Mul-
tivariate logistic regression analyses of those factors that were 
significant in univariate analysis revealed that the presence of 
MNs on EUS imaging were statistically significant predictors of 
BD-IPMN malignancy (OR, 9.0; p=0.02) (Table 4).

4. Diagnostic performance of independent malignant pre-
dictors on diagnostic imaging

We compared the diagnostic values of the factors in this 
study for differentiating between benign and malignant lesions 
(Table 5). Cyst size and “worrisome features” on CT imaging 
had high sensitivity (85% and 95%, respectively), low accuracy 
(58.9% and 51.1%, respectively), and low specificity (55.6% 
and 46.3%, respectively). The presence of MNs on EUS imaging 

and MPD dilatation ≥5 mm on CT imaging had high specificity 
(94.7% and 87.5%, respectively) but low sensitivity (33.3% and 
20%, respectively). MPD dilatation ≥5 mm and presence of MNs 
on EUS (80.6% and 90.2%, respectively) had higher accuracy 
than cyst size ≥30 mm and “worrisome features” (51.1% and 
58.9%, respectively).

DISCUSSION

BD-IPMNs are less frequently associated with malignancy 
and carry a lower risk of progression toward malignancy than 
MD- or mixed type IPMNs.13 However, it remains challenging 
for clinicians to accurately identify BD-IPMNs with malignant 
pathology preoperatively. In the 2012 ICG, EMNs on CT implied 
a high-risk of malignancy in BD-IPMNs and were therefore 
an indication for surgery. However, in this regard, EMNs on 
CT showed high specificity and low sensitivity, meaning that 
physicians may miss a considerable number of malignant BD-
IPMNs.14-17 For this reason, clinicians must evaluate other 
morphological features, such as cyst size and MPD diameter, as 
predictors of malignancy in BD-IPMNs without EMNs on CT.

Cyst size is a key parameter that is emphasized in each ver-
sion of the ICG. BD-IPMNs with cysts larger than 30 mm were 
considered candidates for surgical resection in the 2006 ICG.3 In 
contrast, the 2012 ICG was more conservative, suggesting that 
BD-IPMNs larger than 30 mm without “high-risk stigmata” or 
“worrisome features” should be monitored closely, but not auto-
matically resected. The guidelines also suggest that patients with 
a cyst >30 mm in diameter, but without MNs on EUS, should 
undergo close surveillance rather than surgery.4 In the present 
study, in the case of BD-IPMNs, the sensitivity (85%) and speci-
ficity (55.6%) for differentiating between benign and malignant 
IPMNs was good when a cutoff value of 30 mm was used. Fur-
thermore, we found that cyst size ≥30 mm was an independent 
risk factor for malignancy in BD-IPMNs without EMNs on CT. 
Similarly, Sahora et al.18 reported that patients with BD-IPMNs 
≥30 mm in diameter had a higher incidence of malignancy than 
those with BD-IPMNs <30 mm in diameter, even in the absence 
of other risk factors for malignancy. Several other recent studies 
have also reported that cyst size is a significant risk factor for 

Table 4. Multivariate Analysis of Malignancy-Predicting Factors in 
Patients with BD-IPMNs Who Underwent both EUS and CT*

95% CI Odds ratio p-value

Presence of MN on EUS 1.2506–64.7665 9 0.02

BD-IPMNs, branch-duct-type intraductal papillary mucinous neo-
plasms; EUS, endoscopic ultrasonography; CT, computed tomogra-
phy; CI, confidence interval; MN, mural nodule. 
*Preoperative EUS imaging was available for analysis in 82 patients. 

Table 5. Diagnostic Performance of Predictors of Malignancy in BD-IPMNs (n=180)

Sensitivity (95% CI) Specificity (95% CI) Positive PV (95% CI) Negative PV (95% CI) Accuracy (%)

Worrisome features* 95 (75.1–99.9) 46.3 (38.3–54.3) 18.1 (11.3–26.8) 98.7 (92.8–100) 51.1

Size of cyst ≥30 mm 85 (62.1–96.8) 55.6 (47.6–63.5) 19.3 (11.7–29.1) 96.7 (90.8–99.3) 58.9

MPD diameter ≥5 mm 25 (8.7–49.1) 87.5 (81.4–92.2) 20 (6.8–40.7) 90.3 (84.5–94.5) 80.6

Presence of MN on EUS† 33.3 (4.3–77.7) 94.7 (87.1–98.5) 33.3 (4.3–77.7) 94.7 (87.1–98.5) 90.2

BD-IPMNs, branch-duct intraductal papillary mucinous neoplasms; CI, confidence interval; PV, predictive value; MPD, main pancreatic duct; MN, 
mural nodule; EUS, endoscopic ultrasonography.
*Worrisome features comprised pancreatic duct diameter 5–9 mm or cyst size ≥30 mm; †Preoperative EUS imaging was available for analysis in 
82 patients.
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malignancy in IPMNs.7,19,20 Relatedly, a recent systemic review 
and meta-analysis reported that low-risk and higher-risk IPMNs 
have an almost 8% and 25% chance of progressing to pancreat-
ic cancer within 10 years, respectively.21 According to the same 
study, surgical management should be considered, particularly 
in younger patients, when the cyst size is >30 mm, even when 
no other worrisome features are present. Nonetheless, a signifi-
cant number of benign BD-IPMNs would be resected if surgery 
were performed on the basis of cyst size ≥30 mm alone. 

Alternatively, MPD dilatation is a high-risk factors in predict-
ing malignancy in IPMNs.22,23 Specifically, patients with a larger 
MPD diameter tend to have a higher incidence of malignant 
IPMNs (>3 to 4 mm: 36%, >5 mm: 54%–57%, ≥10 mm: 60%–
63%).5,24-26 In a large cohort study of pathologically confirmed 
“pure” BD-IPMNs, including BD-IPMNs with EMNs, Ridtitid et 
al.27 showed that, among 135 resected BD-IPMNs, MPD dilation 
(5 to 9 mm) was more frequently identified in malignant lesions 
than in benign lesions (50% vs 18%). However, with regards to 
“pure” BD-IPMNs without EMNs, few studies have addressed 
whether MPD diameter is related to malignancy. In one study by 
Koshita et al.10 involving patients with pathologically confirmed 
invasive cancer that was associated with BD-IPMNs without 
EMNs, 66% of the patients had an MPD of ≥5 mm. However, 
the study had a relatively small sample size.10 Sadakari et al.20 
evaluated 73 BD-IPMNs without EMNs, including six malig-
nant IPMNs, and reported that an MPD diameter of ≥5 mm was 
significantly associated with malignancy. In the present study, 
an MPD of ≥5 mm was an independent malignant predictor in 
“pure” IPMNs without EMNs. Furthermore, the parameter had 
high specificity (87.5%), even though the maximum MPD di-
ameter of the enrolled patients was 10 mm (range, 2 to 10 mm). 
Therefore, we tentatively suggest that MPD diameter ≥5 mm 
could be used as a predictor of malignancy in “pure” BD-IPMNs 
without EMNs.

In the revisions of 2012 ICG, the presence of “worrisome 
features” on CT indicated an evaluation using EUS to further 
verify the absence of MNs or measure the size of MN.28 The 
worrisome features include cyst size >3 cm, enhancing MN <5 
mm, enhancing cyst wall, main duct size of 5 to 9 mm, and 
abrupt change in diameter of pancreatic duct. Zhong et al.16 
reported that EUS in detecting true MNs have higher sensitivity 
(75%) than CT (24%). In the present study, MNs on EUS were an 
independent predictor of malignancy on multivariate analysis. 
Interestingly, we observed that EUS detected additional MNs 
(6/82, 7.3%) that had been missed on CT in patients who un-
derwent both CT and EUS. Indeed, two such IPMNs with MNs 
on EUS imaging were malignant, suggesting that EUS affects 
decision-making in the case of many patients by detecting MNs 
that have been missed on CT imaging. In a previous study, the 
size of MNs >5 mm on EUS, rather than just the presence of 
MNs, was an important predictor of malignancy in multivariate 
analysis, perhaps because smaller EMNs may represent mucin 

aggregates or dysplastic epithelium that has not yet reached 
advanced pathology, such as high-grade dysplasia or invasive 
carcinoma.17 Although no detailed size criterion has yet been 
defined as the most reliable predictor of malignancy in IPMNs, 
recent studies have suggested that increasing diameter of EMNs 
predict the specificity and accuracy of malignancy, with a cut-
off value 10 mm.29,30 Currently, MNs can be distinguished from 
mucus aggregates within the IPMNs using contrast-enhanced 
harmonic EUS, which reportedly increases specificity for malig-
nant nodules.31,32 Contrast-enhanced EUS was not applied in this 
study. Contrast enhanced EUS for evaluating MN in the pancre-
atic cyst is still under investigation and not recommended in the 
revisions of 2012 international consensus guideline and Ameri-
can Gastroenterology Association guideline.28,33

Although IPMNs are believed to be a direct precursor of 
PDAC, several retrospective series have documented a 4% to 
9.2% incidence of concurrent PDAC in a segment of the pan-
creas that is distant from the index IPMNs.17,34-37 Additionally, 
several studies have shown that most concurrent PDACs are 
related to small BD-IPMNs without worrisome features.27,38 We 
observed concurrent PDACs that were distinct from the origi-
nal BD-IPMNs in 10 patients (5.6%). These results support the 
field carcinogenesis concept, which promotes development of 
IPMNs and PDAC. On the same note, Ideno et al.39 reported 
that patients with concomitant pancreatic cancer had a higher 
frequency of gastric subtype BD-IPMNs without guanine 
nucleotide binding protein (GNAS) mutation. Indeed, the epi-
thelial subtypes of IPMNs may help to predict their tendency for 
malignant transformation (intestinal type) or development of 
concomitant pancreatic cancer (gastric type). The possibility of 
concurrent PDAC should always be considered carefully at the 
time of initial IPMN assessment. In this regard, EUS may be a 
crucial modality for detecting concurrent PDAC and EMNs that 
are invisible on CT scan. Relatedly, more effective strategies are 
needed during surveillance after resection (or observation with-
out resection), because even 6-month interval surveillance may 
fail to diagnose PDAC at a sufficiently early stage.

There were several limitations associated with the current 
study. First, it was a retrospective evaluation of multicenter 
data. Therefore, since the data came from 15 centers, neither the 
imaging modalities nor the surgical indications were identical 
among the centers. This would likely have affected the results. 
Second, this study included only surgically resected cases, so 
many patients with small BD-IPMNs who had been conser-
vatively followed up without surgery were not included. This 
patient selection may have affected the incidence of malignant 
BD-IPMNs. On the other hand, the malignant potential of BD-
IPMNs could be determined definitively in the present study 
without reference to the malignant potential of conservatively 
followed lesions, because a pathologic diagnosis was avail-
able for all BD-IPMNs. Third, Different pathologists from each 
hospital that participated in this study conducted pathologic 
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assessment of IPMN according to the 2010 WHO classifica-
tion. This problem may cause bias of dysplasia grade of IPMNs. 
Fourth, Preoperative EUS finding without contrast enhancement 
were evaluated for only 82 cases (45.6%) of the 180 patients. 
This small number of patients who underwent EUS may lead 
to selection bias. The revisions of 2012 international consensus 
guideline recommend EUS for evaluating MN or main duct 
involvement of IPMN.28 Fifth, EUS-guided fine needle aspira-
tion was not analyzed. In this regard, although the sensitivity 
and specificity of fluid analysis are not satisfactory in the case 
of IPMNs, the technique does provide further information by 
obtaining fluid that can be used for cytology, tumor marker 
assessment, amylase measurement, and DNA analysis. With re-
gard to DNA analysis of aspirated fluid, new potential biomark-
ers that distinguish between benign and malignant IPMNs have 
been investigated and require further study.40 

In conclusion, cyst size ≥30 mm and/or MPD diameter ≥5 mm 
in BD-IPMNs without EMNs on CT imaging may be optimal as 
worrisome features in the 2012 ICG guideline that require EUS 
examination and meticulous surveillance. Furthermore, more 
useful combinations of other predictive factors, such as novel 
biomarkers and cytological examination, should be developed 
in further studies to increase the accuracy of malignancy pre-
diction for BD-IPMNs.
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