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INTRODUCTION
Intraductal papillary mucinous neoplasm (IPMN) of 
the pancreas is a unique clinical entity characterized by 
intraductal proliferation of mucin-producing epithelial 
cells that caused cystic dilatation of pancreatic duct [1], 
which was first reported by Ohhashi et al. [2]. It shows a 
wide spectrum of histological differentiation from low-
grade dysplasia, intermediate-grade dysplasia, high-grade 
dysplasia, which had been named non-invasive carcinoma, 
to invasive carcinoma [3]. According to the location of 
tumor, IPMN is classified into 2 types of main duct IPMN 
(MD-IPMN) and branch duct IPMN (BD-IPMN), which have 
been managed differently from each other by the guidelines 
published in 2006 [4]. Resection has been recommended to 
all MD-IPMNs because the average frequency of malignancy 
has been 70% and approximately two-thirds of them have 
been invasive. In contrast, in BD-IPMN, surgery has been 
recommended only to neoplasms that had higher likelihood 
of malignancy or caused symptoms on the ground of lower 
frequencies of malignancy and invasive carcinoma, which 
have been 25% and 15%, respectively. However, it was 
reported that when surgery was performed according to 

the guidelines, a considerable number of benign BD-IPMNs 
were resected [5-7]. In the guidelines revised in 2012, a 
new algorithm was proposed for the management of BD-
IPMNs in order to avoid unnecessary surgery [8]. However, 
the algorithm, which remains to be validated, was too 
complex to refer to in clinical practice. One of the reasons 
for the failure in identifying simple indicators of surgery 
may be a selection bias in numerous studies that examined 
resected BD-IPMNs exclusively in analyzing factors that 
may predict malignancy [9-15]. In the present study, using 
statistical methods, we attempted to identify predictors of 
malignancy in all BD-IPMNs including resected neoplasms 
and non-resected ones that were not submitted to surgery 
because of their lower likelihood of malignancy.

METHODS
Patients

Consecutive patients who were diagnosed to have 
BD-IPMNs at Osaka Medical Center for Cancer and 
Cardiovascular Diseases were enrolled. This study protocol 
was approved by the institutional review board of Osaka 
Medical Center for Cancer and Cardiovascular Diseases.

They underwent also ultrasound (US), endoscopic 
ultrasound (EUS), computed tomography (CT) or magnetic 
resonance cholangiopancreatography (MRCP). IPMN was 
identified by its typical features such as open orifice of the 
duodenal papilla, secretion of mucus, or filling defect in 
dilated main pancreatic duct (MPD) or cyst communicating 
with it. Cyst size and MPD diameter were measured by 
MRCP, and mural nodule size by US or EUS. All the patients 
underwent endoscopic retrograde pancreatography (ERP) 
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Cardiovascular Diseases. Written informed consent was 
obtained from all study patients.

STATISTICS

Statistical analysis was performed by software (SPSS II, 
IBM Corporation, Chicago, IL). Comparison of continuous 
data was performed by Mann-Whiteny’s U test and 
categorical data by chi square test. Receiver operating 
characteristic (ROC) curve was used to determine the 
optimal cutoff values for continuous data. Univariate 
analysis was performed by logistic regression model using 
factors which were shown to be significantly different 
between benign and malignant BD-IPMNs by Mann-
Whiteny’s U test or chi square test. Multivariate analysis 
was further performed by logistic regression model using 
factors shown to be statistically significant by univariate 
analysis. A p-value less than 0.05 were considered to be 
statistically significant.

RESULTS

Background Characteristics of the Study Patients

Background characteristics of 202 patients with BD-IPMNs 
were shown in Table 1. One hundred and seventy-eight 
benign BD-IPMNs comprised 11 confirmed by surgery 
and 167 diagnosed by imaging examinations and follow-
up; 24 malignant BD-IPNMNs were confirmed by surgery. 
Resected BD-IPMNs comprised 11 low to intermediate-
grade dysplasia, 15 high-grade dysplasia, and 9 invasive 
carcinoma. Cyst size, MPD diameter, and mural nodule size 
were significantly greater in malignant BD-IPMNs than in 
benign neoplasms. Presence of mural nodule and positive 
cytology were significantly more frequent in malignant 
BD-IPMNs than in benign neoplasms.

Determination of Predictors of Malignancy

ROC curves that determined the cutoff values of cyst size, 
MPD diameter, and mural nodule size for discriminating 
benign from malignant BD-IPMNs were shown in Figure 
1. Optimal cutoff values of cyst size, MPD diameter, and
mural nodule size were determined as 30 mm, 6 mm, and 
10 mm, respectively.

and pancreatic juice was collected during the procedure 
using a duodenoscope (JF260, Olympus, Tokyo, Japan). 
After cannulation of a catheter into the main pancreatic 
duct, contrast medium was injected through the catheter to 
obtain a pancreatogram. A guidewire (0.025-inch Jagwire, 
Boston Scientific, Natick, MA, or 0.032-inch Radifocus, 
Terumo, Tokyo, Japan) was inserted through the catheter, 
which was further advanced into the main duct over the 
guidewire. After the guidewire was withdrawn, pancreatic 
juice was aspirated using syringes. All procedures were 
performed under fluoroscopic control. Pancreatic juice 
was centrifuged, cell pellets were smeared on several slide 
glasses, fixed in 95% ethanol, and stained by Papanicolaou’s 
method. The specimens were diagnosed as normal, 
atypical, suspicious, strongly suspicious, or malignant. 
Normal, atypical, suspicious, and strongly suspicious were 
considered as negative, and malignant as positive.

BD-IPMNs were defined as those that had mural nodules 
in dilated branch ducts. In addition, IPMNs without mural 
nodules were classified as BD-IPMN when their MPD 
diameters were <10mm and cyst sizes were more than 
three times as large as MPD diameters. Moreover, IPMNs 
without mural nodules were classified as BD-IPMN even 
though MPD diameters were ≥10mm when their cyst sizes 
were ≥30 mm and MPD dilated only at its vicinity. 

Consequently, 202 patients with BD-IPMNs were enrolled. 
35 patients underwent surgery and their BD-IPMNs were 
confirmed by histological examination. Low-grade and 
intermediate-grade dysplasia were classified as benign BD-
IPMN, and high-grade dysplasia and invasive carcinoma 
as malignant BD-IPMN. The remaining 167 patients who 
had BD-IPMNs in which mural nodules were absent or 
<10mm and cytology indicated benign neoplasms at the 
initial diagnosis. They were regarded as benign BD-IPMNs, 
because they had lower likelihood of malignancy at the 
initial diagnosis and did not increase in morphological 
parameters during follow-up by imaging examinations for 
1 year.

ETHICS
This study protocol was approved by the institutional 
review board of Osaka Medical Center for Cancer and 

Table 1. Background characteristics of benign and malignant BD-IPMNs.
Benign  Malignant

Surgery ‡ Follow-up Subtotal    Surgery §
Factors (N=11) (N=167) (N=178)    (N=24)  p value ¶
Age (mean ± SD, years) 68 ± 7 67 ± 8 67 ± 8    67 ± 8 0.80
Gender (M : F) 6 : 5 87 : 80 93 : 85     16 : 8 0.20
Location (head : body or tail) 8 : 3 98 : 69 106 : 72     15 : 9 0.83
Cyst size (mean ± SD, mm) 37 ± 21 26 ± 11 26 ± 12    33 ± 15 0.012
MPD diameter (mean ± SD, mm) 5 ± 2 4 ± 2 4 ± 2     6 ± 5 <0.0001
Presence of mural nodule 6 (55%) 31 (19%) 37 (21%)    14 (58%) <0.0001
Mural nodule size † (mean ± SD, mm) 6 ± 5 6 ± 2 6 ± 2     15 ± 8 <0.0001
Positive cytology 1 (9%) 0 (0%) 1 (0.6%)    13 (54%) <0.0001
BD-IPMN: branch duct intraductal papillary mucinous neoplasm; MPD: main pancreatic duct.
† IPMN without mural nodul was excluded. 
‡ Resected benign BD-IPMNs comprised low to intermediate-grade dysplasia.
§ Resected malignant BD-IPMNs comprised 15 high-grade dysplasia and 9 invasive carcinoma.
¶ P-values were calculated between benign and malignant BD-IPMNs.
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Univariate analysis by logistic regression model showed 
that cyst ≥30 mm, MPD diameter ≥6 mm, mural nodule ≥10 
mm, and positive cytology were predictors of malignancy 
in BD-IPMN (Table 2). Multivariate analysis by logistic 
regression model showed that mural nodule ≥10 mm (OR 
198, 95% CI 23.1-1690, p<0.0001) and positive cytology 
(OR 634, 95% CI 49.1-8190, p<0.0001) were independent 
predictors of malignancy in BD-IPMN.

Diagnostic Accuracies of Mural Nodule Size and 
Cytology

Diagnostic accuracies of mural nodule size and cytology 
were shown in Table 3. Sensitivity, specificity, and overall 
accuracy of mural nodule size ≥10 mm were 50%, 99%, and 
93%, respectively. Those of positive cytology were 54%, 
99%, and 94%, respectively. When BD-IPMNs with mural 
nodules ≥10 mm or positive cytology were diagnosed to be 
malignant, those were 88%, 98%, and 97%, respectively.

DISCUSSION
In the present study, mural nodule size ≥10 mm and 
positive cytology were demonstrated to be independent 
predictors of malignancy in BD-IPMN. These predictors 
were identified by examining all BD-IPMNs including 
resected neoplasms and non-resected ones that were not 
submitted to surgery because of their lower likelihood 
of malignancy. This was quite consistent with our recent 
suggestion that mural nodule ≥10 mm and positive 
cytology might be indicators of surgery during follow-up 
of BD-IPMNs with lower likelihood of malignancy [16]. 
Sensitivity and specificity for malignancy were 88% and 
98%, respectively, when BD-IPMNs with either of these 
predictors were diagnosed to be malignant.

The original guidelines for the management of IPMN 
recommended surgery to BD-IPMNs that had cyst ≥30 
mm, MPD ≥6 mm, mural nodule, positive cytology, or 
symptoms on the ground of 8 surgical series describing 
their lower frequencies of malignancy and invasive 
carcinoma, which have been 25% and 15% in average, 
respectively [4]; however, not a few benign BD-IPMNs 
were resected when surgery was performed according 

to the guidelines [5-7]. In the revised guidelines, a new 
algorithm for the management of BD-IPMNs was proposed 
in order to avoid unnecessary surgery [8]. Resection was 
recommended to BD-IPMNs with “high risk stigmata” 
of bile duct obstruction, enhancing solid component, or 
MPD ≥10 mm. In addition, resection was recommended 
to BD-IPMNs with “worrisome features” of cyst size ≥30 
mm, thickened or enhancing cyst walls, non-enhancing 
mural nodule, or abrupt change in caliber of pancreatic 
duct with distal pancreatic atrophy, if they had definite 
mural nodule, MPD features suspicious for involvement, or 
cytologically suspicious or positive results for malignancy. 
However, these criteria, which remain to be validated, are 
rather complex in clinical practice.

Most studies that aimed to identify predictor of malignancy 
in BD-IPMN have been performed by examining resected 
neoplasms exclusively [9-15]. Result of analysis including 
only resected BD-IPMNs with higher likelihood of 
malignancy and excluding neoplasms for which surgery 
was not indicated because of their lower likelihood of 
malignancy may have been distorted by selection bias. 
This may have been one of the reasons why simple 
predictors of malignancy in BD-IPMN have not been 
identified. The present study which included not only 
resected BD-IPMNs but also non-resected neoplasms with 
lower likelihood of malignancy was free from the selection 
bias which most previous studies could not escape. BD-
IPMNs in which mural nodules were absent or <10 mm 
and cytology indicated benign neoplasms at baseline, and 
remained unchanged in imaging parameters for 1 year 
were included in the present study by regarding them as 
benign neoplasms.

Morphological predictors of malignancy in BD-IPMNs were 
cyst size ≥30 mm [7, 9, 12], dilatation of MPD [10, 14], and 
presence of mural nodule [7, 9-13, 15]. Consistently, a very 
recent meta-analysis showed that these 3 factors were their 
indicators of malignancy (17). In the present study, analysis 
was performed using ROC curve in order to determine the 
cyst size, MPD diameter, and mural nodule size that could 
discriminate malignant from benign BD-IPMNs (Figure 2). 
Subsequent univariate and multivariate analysis by factors 
including these parameters showed that mural nodule 
size ≥10mm was the only predictor of malignancy except 
positive cytology of pancreatic juice. Presence of mural 
nodule was a strong indicator of malignancy in BD-IMMN 
[7, 9-13, 15], but their sizes have not been considered. In 
discrimination of malignant and benign BD-IPMNs, their 
sizes have to be taken into consideration, because IPMNs 
with larger nodules were shown likely to be malignant 
in a few studies that did not examine MD-IPMNs and BD-
IPMNs separately [17-22]. Recently, by investigating BD-
IPMNs exclusively, it was shown that the mural nodule 
sizes were significantly greater in malignant neoplasms 
than in benign ones (16.4 mm vs. 4.3 mm) [23]. In addition, 
it was reported that using cut off values of 5 mm and 7 mm, 
sensitivities and specificities for malignancy in BD-IPMN 
were 73% and 80%, 86% and 100%, respectively [24, 25]. 

Figure 1: Receiver operating characteristic (ROC) curve was drawn to 
determine the optimal cutoff values for cyst size, main pancreatic duct 
(MPD) diameter, and nodule size. Area under the ROC curve for cyst size, 
MPD diameter, and nodule size were 0.64, 0.63, and 0.74, respectively. 
The optimal cutoff values for cyst size, MPD diameter, and nodule size 
were determined as 30 mm, 6 mm, and 10 mm, respectively.
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A low sensitivity of 50% and a high specificity of 99% in 
the present study indicated that a substantial number of 
malignant BD-IPMNs had mural nodules <10 mm and few 
benign BD-IPMNs had mural nodules ≥10 mm. Moreover, 
because not a few malignant BD-IPMNs lacked mural 
nodule [22], discrimination of malignant from benign 
neoplasms by setting a cut off value is limited in accuracy. 
In order not to miss malignant BD-IPMNs in selecting 
candidate for surgery, another predictor of malignancy 
should be considered.

Another test for predicting malignancy in IPMN is 
cytologic examination of pancreatic juice. We had reported 
for the first time that pancreatic juice cytology was a 
predictor of malignancy in IPMN, when it was called 
mucin producing tumor of the pancreas [26]. However, 
later investigations could not reproduce a promising 
result like ours [27] but yielded only low sensitivities 
for malignancy, where calculation was performed in all 

IPMNs including MD-IPMNs and BD-IPMNs [10, 28]. In 
contrast, studies that calculated sensitivities of cytology 
individually in MD-IPMNs and BD-IPMNs yielded higher 
sensitivities in the former and lower ones in the latter [24, 
29, 30]. Especially, Yamaguchi reported a high sensitivity 
of 80% in MD-IPMNs by collecting materials directly using 
peroral pancreatoscopy, which was a procedure similar to 
ours that had been published [27], and a low sensitivity 
of 42% chiefly in BD-IPMNs using catheter alone [30]. 
Results of these reports indicated that higher sensitivities 
of pancreatic juice cytology were yielded only by acquiring 
specimens directly from the neoplasms in MPD, whereas 
lower sensitivities were produced because malignant 
cells were not aspirated directly but sampled using a 
catheter placed in MPD that communicated with dilated 
branch ducts harboring neoplasm. In order to improve 
the diagnostic accuracy of pancreatic juice cytology in 
BD-IPMNs, it is important to obtain a sufficient volume of 
mucous pancreatic juice and to identify a few malignant 
cells among a vast majority of benign adenomatous cells 
in the specimen [26]. In the present study, significance of 
cytology was the identification of malignant BD-IPMNs 
that was not detected by mural nodule size ≥10 mm. A 

Table 2. Factors associated with malignant IPMN determined by logistic regression analysis.

Univariate analysis Multivariate analysis

OR (95 % CI) p value OR (95 % CI) p value

Cyst size, ≥30 mm 3.04 (1.26-7.34) 0.013 2.47 (0.64-10.3) 0.36

MPD diameter, ≥6 mm 3.67 (1.45-9.29) 0.006 4.22 (0.55-32.2) 0.17

Nodule size, ≥10 mm 88.0 (17.6-439) <0.0001 198 (23.1-1690) <0.0001

Cytology, positive † 209 (25.0-1750) <0.0001 634 (49.1-8190) <0.0001

IPMN: intraductal mucinous neoplasm; MPD: main pancreatic duct;
OR: odds ratio; CI: confidence interval.
† Positive cytology was defined as cytological results of class V.

Table 3. Diagnostic accuracy of nodule size ≥10 mm and/or positive cytology as predictors of malignancy.
Sensitivity Specificity Overall accuracy

Nodule size ≥10 mm 50% 99% 93%
Positive cytology 54% 99% 94%
Nodule size ≥10 mm and/or Positive cytology 88% 98% 97%
IPMN: intraductal papillary mucinous neoplasm.

Figure 3. A representative case of malignant IPMN without mural 
nodule and positive cytology. (a). MRP showed a cyst of 16 mm in size 
at the pancreatic body. (b). ERP showed the MPD without dilation. (c,d). 
Mural nodule was not detected inside the cyst by CT and ultrasound. E). 
Microscopic examination of pancreatic juice revealed adenocarcinoma 
(Papanicolaou’s stain,). The patient underwent surgery because of 
positive cytology. (f). Final diagnosis was determined as non-invasive 
intraductal papillary mucinous carcinoma by microscopic examination of 
the resected specimens. Carcinomatous epithelia showing low- papillary 
architecture were observed along the cystic wall at the pancreatic body.

Figure 2. A representative case of malignant IPMN with nodule size 
of ≥10 mm in size and negative cytology. (a). Magnetic resonance 
pancreatography (MRP) showed a cyst of 15 mm in size at the pancreatic 
body and the diffuse dilated main pancreatic duct . (b). Endoscopic 
retrograde pancreatography (ERP) showed a filling defect in the cyst and 
peri-cystic area which indicated presence of mucus. Tip of the catheter 
used for aspiration of pancreatic juice was inserted into the cyst. (c,d). 
CT and endoscopic ultrasound showed a mural nodule of 15 mm in size 
inside the cyst. (e). Microscopic examination of pancreatic juice revealed 
hyperplastic cells which were classified into class II (Papanicolaou’s 
stain). Despite negative cytological result, the patient underwent surgery 
because of mural nodule of ≥10 mm in size. (f). Final diagnosis was 
determined as non-invasive intraductal papillary mucinous carcinoma 
by microscopic examination of the resected specimens. A mural nodule 
consisted of carcinomatous epithelia was observed inside the cyst at the 
pancreatic body.
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sensitivity of 50% by mural nodule size alone increased to 
88% without lowering specificity by diagnosing BD-IPMNs 
with mural nodules <10 mm as malignant when they had 
positive results of cytology. Despite its low sensitivities 
reported, one of the predictors of malignancy in BD-IPMN 
is positive cytology in pancreatic juice [13, 29, 31], which is 
recommended in its management (Figure 3).

Limitation of the present study is its single center and 
retrospective nature. In addition, prospective multicenter 
study is necessary to validate our indication for surgery. 
Moreover, as mentioned above, analysis was performed by 
including not only resected BD-IPMNs but also neoplasms 
that were not resected because of their lower likelihood 
of malignancy without establishment of histological 
diagnosis. Few of them may be malignant, because they 
had lower likelihood of malignancy at the initial diagnosis 
and remained unchanged on imaging parameters during 
follow-up for 1 year.

In conclusion, simple predictors of malignancy in BD-IPMN 
were identified in the present study. They were mural 
nodule ≥10 mm and positive cytology. When BD-IPMNs 
that had either of the indicators were diagnosed to be 
malignant, sensitivities and specificities for malignancy 
were 88% and 98%, respectively. It is expected that the 
indication of surgery for BD-IPMNs should be simplified in 
the guidelines.
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