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Abstract

Obijective: Intraductal papillary mucinous neoplasm (IPMN) is a rare pancreatic lesion. The identification of malignancy is critical
for the establishment of treatment strategies. Main pancreatic duct (MPD) diameter is one critical feature for malignant IPMNss.
However, the threshold of 1.0 cm is challenged. In this study, we explored independent risk factors and further calculated the thresh-
old of MPD in identifying malignant IPMNs. Method: A total of |51 IPMN patients were included in this retrospective study.
Demographic information, clinicopathological features, laboratory testing, and preoperative radiological characteristics by magnetic
resonance imaging were collected. The receiver operating characteristic (ROC) curves were performed to determine the MPD
diameter’s cutoff levels and evaluate the predicted factors’ diagnostic ability. Results: A cutoff value of 0.77 cm MPD (an area
under the curve (AUC)=0.746) in all IPMNs and 0.82 cm (AUC=0.742) in the main duct involved IPMNs was obtained. MPD
diameter (odds ratio (OR), 12.67; 95% confidence interval (Cl), 4.80-33.48) and the mural nodule (OR, 12.98; 95% ClI, 3.18-
52.97) were the independent associated factors with high-risk IPMNs. The combined model with MPD and mural nodule showed
a better predictive performance than mural nodule or MPD diameter alone (AUC =0.803 vs 0.619, 0.746). A nomogram was devel-
oped and showed good performance (C index =0.803). Conclusion: Our data show that mural nodule and MPD diameter are
independent risk factors in identifying malignant intraductal papillary mucinous neoplasms. A cutoff value of 0.77 cm of MPD diam-
eter may be a threshold value in identifying malignant intraductal papillary mucinous neoplasms or undergoing surgical resection.
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Introduction

Intraductal papillary mucinous neoplasm (IPMN) is a type of
pancreatic cystic neoplasms (PCNs),' and is also a precursor
lesion of pancreatic cancer. IPMNs exhibit a broad spectrum
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of neoplastic transformation ranging from low-grade dysplasia ontributed equaly fo This wor

(LGD) to high-grade dysplasia (HGD) and invasive carcinoma
(IC).>* The natural history of potential malignant transforma-
tion remains uncertain and therefore the clinical management
of patients with IPMN's is controversial.”~’

With the widely use and improvement of high-resolution
imaging examinations, the number of patients with [PMNs
has increased significantly. Hence, it is important to identify
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the surgical indications accurately in the management of [PMN
patients. Based on radiology and/or histology studies, IPMNs
can be classified into three morphological types, main duct
type IPMNs (MD-IPMNs), branch duct type (BD-IPMNs),
and mixed type IPMNs (MT-IPMNs).® The probability of
HGD/IC in the MD-IPMNs or MT-IPMNs is 38%-68%, and
the malignant risk for patients with BD-IPMNs may range
from 12% to 47%.° Therefore, MD-IPMNs and MT-IPMNs
are usually regarded as absolute indications for surgery in
several guidelines.® ' However, preoperative imaging examina-
tions maybe overdiagnose MD-IPMNs and MT-IPMNs, which
may result in unnecessary surgical risk."' In addition, the current
guidelines, such as the 2018 European Evidence-based
Guidelines on Pancreatic Cystic Neoplasms,'® the 2017
International Association of Pancreatology (IAP) guidelines,® the
2015 American Gastroenterology Association (AGA) guide-
lines,'* and the 2018 American College of Gastroenterology
(ACG) guidelines," agreed that the risk of malignancy should
be balanced against the life-expectancy and comorbidity. But the
recommended IPMNs surgical indications are still different.'*
How to apply existing guidelines to improve the accuracy of
IPMNs diagnosis in clinical practice remains to be further studied.

Main pancreatic duct (MPD) diameter is one of the critical
indicators for surgical resection. However, the threshold value
of 1.0 cm is challenged by several studies. Previous research
showed that MPD in European and American populations sug-
gests a much smaller threshold.”””'” Due to European,
American, and Asian populations may have an ethnical hetero-
geneity, whether these data apply to Asian populations remains
unclear. To the best of our knowledge, there are no relevant
studies on Asian populations. Hence, in the present study, we
explored the related factors of HGD/IC-IPMNs based on popu-
lations in southeastern China and compared the efficiency of
current mainstream guidelines in diagnosing HGD/IC-IPMNEs.
Moreover, we calculated the threshold of MPD in identifying
malignant IPMNs and constructed a regression coefficient-
based predictive nomogram model.

Material and Methods

Patients

The study was approved by the Institutional Review Board
of Affiliated Hospital of Nanjing University of Chinese
Medicine (2017NL-137-05), and the requirement for informed
consent was waived due to its retrospective nature. The reporting
of this study conforms to STROBE guidelines.'® This retrospec-
tive study included 151 patients with pathologically proven
IPMNs who underwent surgery between 2017 and 2020. The
inclusion and exclusion criteria of IPMN patients were as
follows. We included patients who had confirmed histological
diagnosis of IPMNs and completed preoperative magnetic reso-
nance imaging (MRI) examination. We excluded patients who
(1) had medical history of other tumor, (2) had received any treat-
ment (chemotherapy, radiotherapy, chemoradiotherapy) before
surgical resection. This study has de-identified all patient details.

Data Collection

Demographic information, clinical features, laboratory testing,
and preoperative radiological characteristics were collected at
the time of diagnosis. Demographic information included
gender, age; clinical features included pancreatitis and symp-
toms (jaundice and abdominal pain). Laboratory testing
included the serum levels of carbohydrate antigen 19-9 (CA
19-9) and carcinoembryonic antigen (CEA).

MRI Protocol

All patients underwent preoperative MR imaging examinations
(Signa Excite HDx 3.0T, GE Medical Systems, USA). MRI
sequences included T1-weighted images [repetition time/ echo
time (TR/TE)=180/2 ms; section thickness, 5 mm; spacing,
1 mm], T2-weighted images [TR/TE=6000/90 ms; section
thickness, 5 mm; spacing, 1 mm], 2D magnetic resonance chol-
angiopancreatography ~ (2D-MRCP)[TR/TE = 1460/1220 ms;
section thickness, 40 mm; field of view (FOV), 340*340 mm],
3D-MRCP [TR/TE=4615/700 ms; section thickness, 3 mm;
FOV, 400*400 mm]. For contrast enhanced TI-weighted
images, intravenous Gd-DTPA (Bayer-Schering, Germany) of
0.1 mmol/kg was administered at a rate of 2 mL/s.

Radiological Analysis

Radiological characteristics included types of IPMN, pancreatic
duct diameter (MPD), cyst size, tumor location, and the pres-
ence or absence of mural nodule (>5.0 mm). MD-IPMN was
defined as dilation of the pancreatic main duct diameter with
a diameter greater than 5 mm. BD-IPMN was defined as a
cystic lesion with a radiographically identifiable branch-duct
connection to the main duct. MT-IPMN was defined as a
cystic lesion having radiographic characteristics of both main
and branch-duct IPMN. The results of preoperative imaging
for the extent of involvement of the pancreatic ductal system
were compared with surgical histopathology.

Histological Examinations

For pathological evaluations, IPMNs were categorized as low-
grade dysplasia (LGD), high-grade dysplasia (HGD), and inva-
sive carcinoma (IC). HGD and IC were classified as high-risk
diseases, and LGD was classified as low-risk diseases, accord-
ing to the World Health Organization classification system pub-
lished in 2019.

Statistical Analysis

Univariate and multivariate analysis were performed to predict the
risk factors associated with high-risk IPMNSs. For the differences
between low-risk and high-risk IPMNs, categorical variables
were compared using the % test or Fisher’s exact test, and quanti-
tative variables were compared using Student’s t-test or
Mann-Whitney U test. The multivariate logistic regression analyses
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were used to identify the independent predictive factors for high-
risk IPMNs. The predictors with a P value<.05 (mural nodules,
MPD diameter, CA19-9) and some important clinical factors
(gender, age, cyst size) were included in the final model. The
receiver operating characteristic (ROC) curves were performed to
determine the cutoff levels for the MPD diameter and evaluate
the diagnostic ability of the predict factors. Then based on the
optimal cutoff levels, a categorical MPD diameter was included
in the logistic models again. Spearman correlation analysis was per-
formed to test the association between significant predictors in the
logistic model. Finally, a nomogram was constructed to represent
the multivariable model, and measured by C-index and calibration
plots. Statistical significance was defined as P<.05. All statistical
analyses were performed using SPSS 26.0 software, GraphPad
Prism 9.0.0 software, or R 4.0.2 software.

Results

Patient Characteristics

The clinical characteristics of all 151 patients with IPMNs are
shown in Table 1. Preoperative imaging classified the IPMNs
as MD-/MT-IPMNs in 78/151 (51.7%), as BD-IPMNs in 73/
151 (48.3%). Low-risk IPMNs accounted for 104/151
(68.9%), and high-risk IPMNs accounted for 47/151 (31.1%).
Compared with patients with BD-IPMNSs, patients with MD-/
MT-IPMNs were more likely to have high-risk diseases
(48.7% vs 12.3%, P<.001).

Univariate analysis results showed that MPD diameter, ele-
vated serum CA19-9 levels, and the presence of mural nodule
were associated with high-risk IPMNs in both MD-/
MT-IPMN subsets and all type IPMN subsets. However, the
mural nodule was the only significant predictor for high-risk
I[PMNs in BD-IPMN subset.

Risk Factors Associated High-Risk IPMNs in Univariate
and Multivariate Analysis

Based on above significant variables, the multivariate logistic
regression models were constructed, and the cyst size, gender,
and age were also included in the models. As shown in
Table 2, for all type IPMNs, both MPD diameter (Odd ratio
(OR), 24.44; 95% confidence interval (CI), 6.10-97.97;, P<
.001) and the mural nodule (OR, 10.97; 95% CI, 2.64-45.54,;
P=.001) remained as the independent associated factors with
high-risk IPMNs. For MD-/MT-IPMNs, MPD diameter (OR,
15.07; 95% CI, 2.018-112.491; P=.008) was the only indepen-
dent associated factor for high-risk IPMNs. For BD-IPMNs, the
mural nodule (OR, 33.59; 95% CI, 3.66-308.26; P=.002) was
the only independent associated factor for high-risk IPMNss.

Cutoff Values for MPD Diameter in Predicting
High-Risk IPMNs

As shown in Figure 1, for all type IPMNs, the mean diameter of
the MPD was 0.5 + 0.3 cm in patients with low-risk [IPMNs and

0.9+ 0.5 cm in patients with high-risk IPMNs (P<.001). For
MD-/MT-IPMNs, the mean diameter of the MPD was 0.74 +
0.3 cm in patients with low-risk IPMNs and 1.04 +0.4 cm in
patients with high-risk IPMNs (P<.01). In contrast to the
above-mentioned subsets, the MPD diameter was no difference
between low-risk and high-risk disease for patients with
BD-IPMNs (0.32+0.15 cm vs 0.32 £0.11 cm, P=.633).

As shown in Figure 2, ROC curves were used to determine the
cutoff values of the MPD diameter in predicting high-risk [PMNs.
For all type IPMNSs, the cutoff value of the MPD diameter was
0.77 cm, with an area under the curve (AUC) of 0.775, a sensitiv-
ity of 61.7%, and a specificity of 87.3%. For MD-/MT-IPMNSs, the
cutoff value of the MPD diameter was 0.82 cm, with an AUC of
0.737, a sensitivity of 68.4%, and a specificity of 79.5%.
Subsequently, we assessed the diagnostic capacities of MPD diam-
eters as the categorical variables using cutoff values recommended
by guidelines (>1.0cm). For all type IPMNs and MD-/
MT-IPMNs, the AUC values of MPD diameter >1.00 cm were
0.657 (sensitivity, 38.3%; specificity, 93.1%) and 0.656 (sensitiv-
ity, 68.7%; specificity, 62.5%), respectively. The AUC values of
MPD diameter >0.50 cm were 0.687 (sensitivity, 76.6%; specific-
ity, 60.7%), and 0.500, respectively.

For all type IPMNs, the AUC value of MPD diameter
>0.77 cm was increased to 0.746. For the subset of MD-/
MT-IPMNs, the AUC value of MPD diameter >0.82 cm was
increased to 0.742. Therefore, compared with the cutoff
values of 0.5 and 1.0 cm suggested by the guidelines, the pre-
dictive performance for the high-risk IPMNs would be
improved with cutoff values of 0.77 cm in all type IPMNs,
and cutoff values of 0.82 cm in MD-/MT-IPMNs.

Construction of a Predictive Nomogram for High-Risk
IPMNs

Then based on the optimal cutoff values, we focused on the
value of MPD diameter as the categorical variables in the differ-
entiation between the low-risk and high-risk IPMNs. As shown
in Table 3, besides the mural nodule and MPD diameter,
gender, age, location of tumor, and cyst size were also included
in a logistic model. For MD-/MT-IPMNs, MPD diameter
>0.82 cm (OR, 7.47; 95% CI, 2.32-24.07; P=.001) was still
the independent high-risk predictor. For all type IPMNs, multi-
variate analysis demonstrated that the mural nodule (OR, 12.98;
95% ClI, 3.18-52.97; P=.000) and MPD diameter >0.77 cm
(OR, 12.67; 95% CI, 4.80-33.48; P<.001) remained the inde-
pendent predictors. Besides, there was no significant correlation
between mural node and MPD diameter (P=.08, r=0.144).
Therefore, we further constructed a combined model (mural
nodule and MPD diameter >0.77 cm) to predict high-risk
IPMNSs. The combined model showed a better predictive perfor-
mance than mural node or MPD diameter alone (AUC = 0.803
vs 0.619, 0.746), and another combined model (mural nodule
and MPD diameter >1.0 cm) with an AUC =0.722.

As shown in Figure 3, based on the independent risk factors
obtained from logistic analysis (the mural nodule and MPD
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Table 2. Association Between Potential Risk Factors of High-Risk IPMN Were Estimated Using Multinomial Logistic Regression.

All type MD-/MT-IPMNs BD-IPMNs
P OR 95%Cl P OR 95%Cl P OR 95%CI
Cyst Size 913 0988  0.803-1217 528 0904  0.662-1235 736 1057  0.767-1.455
Age 134 0963 0916-1.012 682 0987  0925-1.052 068 0925  0.852-1.006
Gender 066 0397 0.148-1.064 196 0447  0.132-1.515 523 0499  0.059-4.213
Mural nodule 001 10971  2.643-45.536 353 2.659  0.337-20.961  .002  33.585  3.659-308.255
MP Ddiameter® <001 24442 6.098-97.968  .008 15066  2.018-112.491 421 12272 0.027-5514.163
CA19-9 694 1001 0996-1.006  .127 1015  0996-1.034 681 0997  0.984-1.010

Abbreviations: OR, Odds Ratio; 95% CI, 95% Confidence Interval.
 Treated as a continuous variable.

diameter >0.77 cm), a nomogram was created to predict high-
risk disease in all type IPMNs. The C-index of the nomogram
was 0.803, and calibration plots showed a good level of agree-
ment with the predicted risk and actual risk.

Discussion

The management of IPMNs remains a challenge because the
risk of malignancy is difficult to predict.'® In recent years,
with a growing number of patients diagnosed with IPMNs,
the amount of IPMN-related pancreatic surgery has also
increased. However, an unnecessary pancreatic surgery for
LGD IPMNs will cause a series of problem. In contrast,
without early detection and curative resection of lesions with
HGD and/or IC might increase pancreatic cancer mortality.
Therefore, in the last two decades, several guidelines for man-
aging [PMNs or cystic neoplasms of the pancreas have already
been proposed. But none of them reached a consensus because
our knowledge of its natural history is not perfect yet.*

In the present study, we analyzed a cohort of 151 patients
with resected IPMNs confirmed by final histology. We found
that patients with MD-/MT-IPMNs (48.7%) were more likely
to have high-risk IPMNs than BD-IPMNs (12.3%). Our
results were similar to the previous studies.” *'* #* Hence, sur-
gical resection is recommended for MD-/MT-IPMNs because
of their high malignant potential.® 2> ?* However, the accurate
diagnosis of MD-/MT-IPMNs remained a clinical challenge. It
was suggested that about 20% of surgical removals of the
IPMNSs due to presumed MD-/MT-IPMNs were finally identi-
fied as BD-IPMNs,? which may make patients undergo unnec-
essary surgical procedures risks.

Our data confirmed several risk factors for HGD/IC IPMNs
described in the current guidelines. MPD diameter, elevated
serum CA19-9 level, and presence of mural nodule were the
most important predictor for high-risk IPMNs in both all type
IPMNs and MD-/MT-IPMNs subsets. Furthermore, in the multi-
variate analysis, we found that MPD diameter and existing mural
nodule were the independent predictors for high-risk IPMNs in
all type IPMNs. CA19-9 was a significant predictor in univariate
analysis, but in multivariate analysis, CA19-9 was no longer sig-
nificant. When gender, age, tumor location, and cyst size were all
included in the multivariable logistic regression analysis, we

found that MPD diameter and mural nodule were still stable pre-
dictors for malignant [IPMNs. Mural nodule was defined as any
enhancing solid component protuberance within the cyst or
dilated MPD.?¢ In this study, mural nodule was associated with
a 12.98-fold risk of malignant IPMNss.

Main pancreatic duct diameter is one critical factor for
malignant IPMNs. However, the threshold value of 1.0 cm is
challenged. Although several clinical guidelines on IPMNs
are available, there are still many controversial issues, espe-
cially on MPD diameter regarding surgical indication. 2018
European and 2017 IAP guidelines suggested surgical resection
for IPMNs with dilation of MPD exceeding 1.0 cm, while 2015
AGA and 2018 ACG guidelines recommended an MPD diam-
eter of 0. 5 cm. Masaki et al.*” revealed an MPD diameter of >
1.2 cm to be a significant predictive factor for malignancy.
However, only 29 patients with MD-IPMNs were recruited
for their study. Crippa et al.'> found that 0. 9 and 0.7 cm
were the best cutoff to identify malignant IPMNs located in
the head or body-tail of the pancreas, respectively. Del Chiaro
et al.'® found that a cutoff of 0.5 to 0.7 cm MPD diameter
was the best predictor to discriminate between malignant and
benign IPMNs. Ateeb et al'’ suggested using a cutoff
between 0.6 and 0.99 cm to detect precursor lesions that are
suitable for surgery. We further determined the cutoff value
of MPD diameter that can distinguish high-risk IPMNs from
low-risk IPMNSs in our population. We found that the cutoff
value of MPD diameter was 0.77 cm for all type IPMN
subsets. Our data supported that the threshold value of MPD
diameter should be reconsidered. Of note, most previous
studies have little concern about the diagnostic values of the
MPD diameter =1 cm or MPD diameter =0.5 cm, which was
recommended by the guidelines as the surgical indication.
Hence, we compared the different cutoff values of MPD diam-
eter to assess the diagnostic efficiency. We found that using a
cutoff value of 5 mm has a higher sensitivity (76.6%) but
lower specificity (60.7%) compared to using a cutoff value of
0.77 cm (sensitivity 61.7%, and specificity 87.5%, respec-
tively). This will result in unnecessary surgery for many
patients who only need surveillance. The treatment for
IPMNSs is surgical resection and sometimes followed by compli-
cations.? On the other hand, using a cutoff value of 1.0 cm have
a higher specificity (93.1%) but lower sensitivity (38.3%),
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Figure 1. The scatter plots of MPD diameter in the different subsets of IPMNs. (A) The MPD diameter of low-risk and high-risk groups in all
types of IPMN. (B) The MPD diameter of low-risk and high-risk groups in MD-/MTIPMN. (C) The MPD diameter of low-risk and high-risk
groups in BD-IPMNs. **P<.01, ****P < .0001.
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Figure 2. Performance of the risk factors in predicting the high-risk IPMNs using ROC analysis. (A) Diagnostic values of MPD diameter
(continuous data) for all type IPMNs and MD-/MT-IPMNs; (B) Diagnostic values of MPD diameter with different cutoff values (1.0 cm, 0.5 cm,
and 0.77 cm) for high-risk lesions in all type IPMNSs; (C) Diagnostic values of MPD diameter with different cutoff values (1.0 cm, 0.5 cm, and
0.82 c¢m) for high-risk lesions in MD-/MT-IPMNs; (D) Diagnostic values of the MPD diameter, mural nodule, and the combination model for
high-risk lesions in all type [IPMNss.

which might decrease overall survival. Based on our cohort Finally, we construct a regression coefficient-based nomo-
study, the cutoff value of 0.77 cm is a more suitable value to  gram to predict the high-risk IPMNs for all types of IPMN. In
distinguish high-risk IPMNs from low-risk [PMNs. the last few years, several models have been proposed to
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Table 3. Logistic Regression Analysis of Possible Predictors of Malignancy in Subsets of All Type IPMNs and MD-/MT-IPMNs.

All type MD-/MT-IPMNs
P OR 95%CI P OR 95%CI
Mural nodule .001 10.335 2.746-38.898 Mural nodule 127 3.907 0.679-22.489
MPD? <.001 11.586 4.797-27.983 MPD" .000 7.443 2.593-21.367
Mural nodule .001 10.912 2.813-42.338 Mural nodule 123 4.203 0.678-26.054
MPD? <.001 11.960 4.806-29.765 MPD" .001 6.833 2.280-20.472
Gender .326 0.632 0.253-1.578 Gender .636 0.758 0.240-2.391
Age 278 0.974 0.929-1.021 Age 671 0.987 0.927-1.050
Mural nodule <.001 12.978 3.180-52.969 Mural nodule 127 4.498 0.651-31.097
MPD? <.001 12.665 4.791-33.480 MPD" .001 7.472 2.319-24.072
Gender 270 0.583 0.224-1.521 Gender 477 0.645 0.193-2.161
Age .209 0.969 0.922-1.018 Age 713 0.988 0.924-1.055
Tumor Location 263 0.583 0.227-1.500 Tumor Location .198 0.438 0.125-1.539
Cyst Size 974 0.997 0.812-1.223 Cyst Size 958 1.008 0.747-1.361
# MPD is a categorical variable (cutoff=0.77 cm).
® MPD is a categorical variable (cutoff=0.82 cm).
A B
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Figure 3. Clinical nomograms for predicting high-risk lesions in all type IPMNs. (A) The model includes two variables in the nomogram: the
mural nodule and MPD diameter (cutoff=0.77 cm). (B) Calibration curve of the nomogram for predicting high-risk lesions in all type [IPMNs.

overcome univariate analysis limitations. In 2020, Jeong et al.*®

developed a nomogram that contains enhancing mural nodule
>5 mm, serum level of CA 19-9, MPD diameter, and acute pan-
creatitis, which could help predict the malignant potential of
IPMNs (AUC 0.955). However, the results of imaging features
were based on revised international guidelines (2017 IAP
guidelines). In 2021, Xu et al.?” selected six variables (mural
nodule, MPD diameter, abrupt change in caliber of MPD with
distal pancreatic atrophy, cyst size, thickened enhancing cyst
wall, and lymphadenopathy) to construct a prediction nomo-
gram, and the AUC was 0.92 in the training set and was 0.87

in the validation set. However, the nomogram was not validated
by external centers. In 2018, Attiyeh et al.” presented two inde-
pendently validated nomograms (main duct and branch duct)
for predicting high-risk IPMNs and displayed strong objective
power. However, the accurate distinguishing MD-/
MT-IPMNs from BD-IPMNs before surgery is also a challenge.
In this study, our nomogram contained fewer variables but per-
formed well in the prediction of high-risk IPMNs (C-index
0.803). One critical difference between our study and previous
studies is that the cut-off value of 0.77 cm for MPD diameter
not 1.0 cm or 0.5 cm. Moreover, the two variables included in
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the nomogram were all the independent predictors, which dif-
fered from most previous studies.

Several limitations in the present study should be acknowl-
edged. Due to its superior spatial resolution, endoscopic ultraso-
nography (EUS) is an effective modality for the diagnosis of
pancreatic lesions.** *! Some studies have reported that EUS
had significant advantages over MRI and CT in detecting intra-
cyst microstructures of pancreatic cystic neoplasms, such as
septa and nodules.**~*° Unfortunately, the EUS is not routinely
performed in our institution. So it is noteworthy that in this
study, all our data measurements come from MRI examinations
only. Whether our predictive model can be applied to EUS
needs further study. Secondly, this cohort selected a group of
patients who only underwent surgery without follow-up. To
validate this result, comparative studies with surgically treated
IPMN cases after follow-up exhibiting high-risk stigma are
needed. Thirdly, although IPMN is the most common PCN,
its overall incidence is still low, so our cohort only included
151 patients without calculation and justification of the
sample size selected. Finally, the nomogram was constructed
by our single-center data and was not validated by an external
agency. Further studies should focus on a multicenter cohort
of patients to obtain extensive evidence-based data to verify
and improve this prediction nomogram.

Conclusions

We obtained the cut-off value of MPD diameter in all type
IPMNs (0.77 cm) and MPD-involved IPMNs (0.82 cm) in pre-
dicting high-risk lesions. The presence of MPD dilation
>0.77 cm and/or existing mural nodule showed good perfor-
mance in predicting high-risk IPMNs. On the other hand,
careful follow-up rather than immediate surgery should be
applied to patients without mural nodule and with an MPD dila-
tion <0.77 cm. 0.77 cm may be an acceptable cut-off value for
MPD diameter in predicting malignant [IPMNss.
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