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Abstract

Background Which patients with pancreatic intraductal papillary mucinous neoplasms (IPMNs) should undergo surgical inter-
vention remains a controversial issue. The aim of this retrospective study was to validate the new European evidence-based
guidelines on pancreatic cystic neoplasms (EEBGPCN) for the management of [IPMNs.

Methods One hundred fifty-eight patients with resected IPMNs at National Taiwan University Hospital between January 1994
and December 2016 were enrolled. Clinical information, including new-onset diabetes mellitus (DM) and preoperative CA 19-9
levels, were collected. All patients were stratified into three groups—absolute, relative indications, and conservative approach—
according to EEBGPCN. The performance characteristics of EEBGPCN for high-grade dysplasia (HGD)/invasive carcinoma
(IC) of IPMNSs were calculated.

Results One hundred seven (67.7%) patients with low-grade dysplasia and 51 patients with HGD/IC, including 10 HGD
and 41 IC, were analyzed. The missed rate for HGD/IC by EEBGPCN was 1.9% (3/158). The sensitivity, specificity,
positive and negative predictive values, and accuracy of the absolute or relative indications for resecting IPMN accord-
ing to EEBGPCN were 94.1%, 28.0%, 38.4%, 90.9%, and 49.4%. Jaundice, enhancing mural nodule < 5 mm, cyst
diameter > 40 mm, increased levels of serum CA 19-9, new-onset DM, and main pancreatic duct dilation were associ-
ated with HGD/IC.

Conclusions The missed rate for HGD/IC is low by EEBGPCN. Increased serum CA 19-9 and new-onset DM in EEBGPCN
were verified as the indications for the surgical resection of [IPMNs.

Keywords Intraductal papillary mucinous neoplasms (IPMNs) - New-onset diabetes mellitus (DM) - European evidence-based
guidelines
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Introduction

Intraductal papillary mucinous neoplasms (IPMNs) of the pan-
creas represent a group of pancreatic mucinous cystic neo-
plasms that are considered to have malignant potential'. The
estimated malignant transformation rates of IPMNs range from
6 to 40%°. Surgically fit patients should consider to be treated
by tumor resection, but surgical resection for [IPMNss is associ-
ated with significant rates of morbidity and mortality and not all
IPMNSs are malignant. Therefore, which patients with IPMNs
should undergo surgical intervention remains controversial®. In
recent decades, different practice guidelines have been pub-
lished to provide recommendations for the clinical management
of pancreatic [IPMNSs, but their application has reported the
presence of unnecessary surgery for low-risk lesions and miss-
ing lesions of high-grade dysplasia (HGD) or invasive carcino-
ma (IC)*°. Sighinolfi et al. reported that the 2015 American
Gastroenterological Association (AGA) criteria have lower sen-
sitivity than the 2012 International Consensus/Fukuoka
Guidelines for the detection of advanced pancreatic cystic neo-
plasms but higher specificity than the Fukuoka criteria®.
European evidence-based guidelines on pancreatic cystic neo-
plasms (EEBGPCN) were published to improve the diagnosis
and management of PCN in 2018'°. The summary of European
evidence-based guidelines, AGA Institute guidelines, and the
Fukuoka consensus guidelines on management of pancreatic
cystic neoplasms are shown in Table 1. The EEBGPCN recom-
mend that patients with the absolute and relative indications to
receive surgical resection of IPMN. A conservative approach is
recommended for asymptomatic IPMNs measuring less than 40
mm'’. The main differences between EEBGPCN and the other
international guidelines are the adoption of laboratory data, in-
cluding the serum levels of carbohydrate antigen (CA) 19-9 and
new-onset diabetes mellitus (DM), and an increased cyst diam-
eter to 40 mm as indications for resection'’. To evaluate the
performance characteristics of the new EEBGPCN, we con-
ducted this retrospective study to enroll a series of patients with
surgically resected and pathologically proven IPMNs at our
institution and prove the effectiveness of EEBGPCN.

Methods
Study Population

We retrospectively analyzed and reviewed the medical records
of 158 consecutive patients diagnosed with IPMNs by surgical
pathology at the National Taiwan University Hospital between
January 1994 and December 2016. Clinical information, in-
cluding age at the time of surgery, gender, presence of symp-
toms (jaundice and history of acute pancreatitis), presence of
DM, new-onset DM, and preoperative CA 19-9 serum levels,
imaging studies, and pathologic reports, was collected. The

preoperative imaging diagnosis was made by computed to-
mography (CT), magnetic resonance imaging (MRI)/magnet-
ic resonance cholangiopancreatography (MRCP), and/or en-
doscopic ultrasonography (EUS). The sizes of the cyst, mural
nodule, and diameter of the main pancreatic duct were evalu-
ated by imaging studies, and the maximum measurements
were recorded. All the patients with [IPMNs were stratified
into three groups (absolute indications, relative indications,
and conservative approach) after retrospectively reviewing
the absolute and relative indications for resection according
to EEBGPCN. The IPMNs that did not meet any criteria of
absolute or relative indications for resection were classified as
the conservative approach group. The surgical pathology
specimens were reviewed by a single experienced pathologist
(Y. M. Jeng) using a two-tiered classification system: low
grade versus high grade to replace the WHO three-tiered clas-
sification for IPMN according to the revised classification
system from the Baltimore consensus meeting for neoplastic
precursor lesions in the pancreas''. Because EEBGPCN
guidelines recommend that all the patients with MD (main
ductal)-IPMN or MT (mixed type)-IPMN who are fit for sur-
gery should undergo resection, we analyzed all the patients
with IPMN and patients with BD-IPMN separately. The study
protocol was approved by the Institutional Review Board of
National Taiwan University Hospital. Informed consent from
the patients was waived because this study was a retrospective
medical record review.

Statistical Analysis

To assess the difference in the demographic data and clinical
characteristics between the low-grade dysplasia (LGD) and
HGD/IC groups diagnosed by surgical pathology, categorical
variables were analyzed using chi-squared tests and continu-
ous variables using 7 tests. Fisher’s exact test was used when
the cell counts were fewer than 5. Univariate analysis was
performed to identify risk factors that were correlated with
HGD/IC. Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy were
calculated to evaluate the performance of EEBGPCN in iden-
tifying HGD/IC. Statistical analysis was performed using SAS
9.4 Statistical Software (SAS Institute, Cary, NC, USA). All
tests were two-tailed, differences were considered significant
when p < 0.05, and confidence intervals were set at 95%.

Results
Patient Characteristics
One hundred fifty-eight patients were included in our study.

The clinical characteristics of the study population stratified
by final surgical pathology results are shown in Table 2.
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Table 1T  Summary of European evidence-based guidelines, American Gastroenterological Association Institute guidelines, and Fukuoka consensus
guidelines on the management of pancreatic cystic neoplasms
Guidelines
2018 EEBGPCN 2015 AGA 2012 Fukuoka
Absolute Positive cytology for High-risk Cyst > 40 mm High-risk Obstructive jaundice
indications malignancy/HGD features stigmata
Solid mass Solid component Solid component/mural nodules
Jaundice Dilated main Dilated main duct (> 10 mm)
pancreatic duct
Enhancing mural nodule > 5 mm Worrisome Size >3 cm
MPD dilation > 10 mm features Acute pancreatitis
Relative Grow rate > 5 mm/year Thicken, enhancing walls
indications

Increased levels of serum CA 19-9 >
37 U/mL
MPD dilation between 5 and 9.9 mm

Cyst diameter > 40 mm

New-onset DM
Acute pancreatitis
Enhancing mural nodule < 5 mm

Dilated duct (5 to 9 mm)

Non-enhancing mural nodule

Change in duct caliber with distal
atrophy

Lymphadenopathy

AGA, American Gastroenterological Association; CA, carbohydrate antigen; DM, diabetes mellitus; EEBGPCN, European evidence-based guidelines on
pancreatic cystic neoplasms; HGD, high-grade dysplasia; /PMN, intraductal papillary mucinous neoplasm

Among these 158 patients, 107 (67.7%) had a LGD diagnosis
by surgical pathology; the remaining 51 patients were classi-
fied as HGD/IC, which included 10 HGD and 41 IC based on
surgical pathology. The mean age of these 158 patients was
63.4 years (20-84.8 years) with a male: female ratio of 1.19:1.
Most of the lesions were located at the pancreatic head
(71.5%, 113/158) and were branch duct (BD)-IPMNs
(64.6%, 102/158) (Table 2). The mean size of the cystic lesion
measured on imaging study was 34.3 mm (5-120 mm). The
mean size of the main pancreatic duct (MPD) measured was
9.6 mm (0.8-75 mm). The mean of the CA 19-9 serum level
was 437.2 U/mL (1-24,000 U/mL). Among these 158 pa-
tients, age, gender, tumor location, IPMN type, mean MPD
size, and DM history were not significantly different between
the LGD and HGD/IC groups (Table 2).

Among 102 patients with BD-IPMN, 69 (67.6%) had a
LGD diagnosis by surgical pathology. The remaining 33 pa-
tients were classified as HGD/IC, which included 6 HGD and
27 IC based on surgical pathology (Table 2). The mean age of
these 102 patients was 62.0 years (20-84.4 years) with a
male:female ratio of 1.04:1. Most of the lesions were located
at the pancreatic head (67.6%, 69/102) (Table 2). The mean
size of the cystic lesion measured on imaging study was
34.7 mm (7-120 mm). The mean size of the main pancreatic
duct (MPD) measured was 6.4 mm (2.1-16 mm). The mean of
the CA 19-9 serum level was 519.2 U/mL (1-24,000 U/mL).
Among these 102 patients, age, gender, tumor location, mean
MPD size, and DM history were not significantly different
between the LGD and HGD/IC groups (Table 2).

@ Springer

Diagnostic Performance of the 2018 EEBGPCN
for Resected IPMNs

When EEBGPCN was applied to the study population, 60
(38.0%, 60/158) patients met the criteria with at least one
absolute indication for resection, and 29 (48.3%, 29/60) were
verified with HGD/IC (Table 2). In the patients with at least
one relative indication for resection, 47 of 116 (40.5%) pa-
tients were verified with HGD/IC. The indications including
positive cytology for malignancy/HGD (p = 0.001), solid
mass (p = 0.0003), jaundice (p < 0.0001), MPD dilation more
than 10 mm (p = 0.046), a growth rate more than 5 mm per
year (p = 0.040), increased levels of serum CA 19-9 (p =
0.004), a cyst diameter more than 40 mm (p = 0.0005), new-
onset DM (p = 0.004), and enhancing mural nodule less than
5 mm (p < 0.0001) were significantly associated with HGD/IC
(Table 2).

Among the patients with BD-IPMN, 15 (14.7%) patients
met the criteria with at least one absolute indication for resec-
tion and 11 (73.3%) were verified with HGD/IC (Table 2). In
the patients with at least one relative indication for resection,
30 of 70 (42.8%) patients were verified with HGD/IC.
Positive cytology for malignancy/HGD (p = 0.01), solid mass
(p = 0.011), jaundice (p < 0.0001), increased levels of serum
CA 19-9 (p =0.001), MPN dilation between 5 and 9 mm (p =
0.004), a cyst diameter more than 40 mm (p = 0.0006), new-
onset DM (p = 0.011), and enhancing mural nodule less than
5 mm (p = 0.002) were significantly associated with HGD/IC
(Table 2).
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Table 2 Demographic data of all patients with intraductal papillary mucinous neoplasms, and the indications for resection according to the

mucinous neoplasms and patients with branch duct-intraductal papillary European evidence-based guidelines on pancreatic cystic neoplasms
All IPMN Branch duct-IPMN
(V=158) (N=102)
Low-grade High-grade dysplasia/ inva-  p Low-grade High-grade dysplasia/ )2
dysplasia sive carcinoma value  dysplasia invasive carcinoma value
N=107 N=51 N=069 N=33
Age, years (mean + SD) 63.7+12.4 62.7+11.7 0.644 62.8+13.0 60.1 +11.0 0.303
Gender, male (N, %) 55 (51.4%) 31 (60.8%) 0.268 33 (47.8%) 19 (57.8%) 0.357
Tumor location (&, %) 0.552 0.170
Head 77 (72.0%) 36 (70.6%) 49 (71.0%) 20 (60.6%)
Body 19 (17.7%) 7 (13.7%) 13 (18.8%) 5 (15.2%)
Tail 11 (10.3%) 8 (15.7%) 7 (10.3%) 8 (24.2%)
IPMN type (N, %) 0.943
Main 25 (23.4%) 11 (21.6%)
Branch 69 (64.5%) 33 (64.7%) 69 (100%) 33 (100%)
Mixed 13 (12.1%) 7 (13.7%)
Cyst size (mm) (mean £+ SD) 292 +16.9 44,8 £25.8 0.001 294+17.2 45.7+£24.7 0.001
MPD size (mm) (mean + SD) 152+ 144 150+ 13.4 0929 55+3.6 74+38 0.108
DM total (N, %) 44 (41.1%) 25 (49.0%) 0.349 25 (36.2%) 16 (48.5%) 0.238
CA 19-9 (U/mL) (mean + SD) 962 +4404  1152.4 +3808.2 0.054 34.8+79.6 1532.2 £ 4647.5 0.074
At least one absolute indication for 31 (29.0%) 29 (56.9%) 0.001 4 (5.8%) 11 (33.3%) 0.0005
resection (N, %)
Positive cytology for 0 5(9.8%) 0.001 0 4 (12.1%) 0.010
malignancy/HGD (N, %)
Solid mass (N, %) 0 6 (11.8%) 0.0003 0 4 (12.1%) 0.0106
Jaundice (N, %) 1 (0.9%) 9 (17.6%) < 0 6 (18.2%) <
0.0- 0.0-
001 001
Enhancing mural nodule > 5 mm (N, 1 (0.9%) 2 (3.9%) 0.200 O 2 (6.1%) 0.102
%)
MPD dilation > 10 mm (N, %) 31 (29.0%) 23 (45.1%) 0.046 4 (5.8%) 5 (15.2%) 0.144
At least one relative indication for 69 (64.5%) 47 (92.2%) 0.0002 40 (58.0%) 30 (90.9%) 0.001
resection (N, %)
Grow rate > 5 mm/year (N, %) 0 2 (3.9%) 0.040 O 1 (3.0%) 0.324
Increased levels of serum CA 19-9 > 26 (24.3%) 24 (47.1%) 0.004 13 (18.8%) 17 (51.5%) 0.001
37 U/mL (N, %)
MPD dilation between 5 and 9.9 mm 11 (10.3%) 11 (21.6%) 0.055 7(10.1%) 11 (33.3%) 0.004
N, %)
Cyst diameter > 40 mm (¥, %) 20 (18.7%) 23 (45.1%) 0.0005 16 (23.2%) 19 (57.6%) 0.0006
New-onset DM (V, %) 12 (11.2%) 15 (29.4%) 0.004  5(7.2%) 9 (27.3%) 0.011
Acute pancreatitis 20 (18.7%) 5(9.8%) 0.154 10 (14.5%) 2 (6.1%) 0.328
Enhancing mural nodule < 5 mm (N, 5 (4.7%) 21 (41.2%) < 27 (39.1%) 3(9.1%) 0.002
%) 0.0-
001
Presumed conservative approach (N, 30 (28.0%) 3 (5.9%) 0.001 27 (39.1%) 309.1%) 0.001
%)

CA, carbohydrate antigen; DM, diabetes mellitus; HGD, high-grade dysplasia; /PMN, intraductal papillary mucinous neoplasm; MPD, main pancreatic
duct; N, number; SD, standard deviation

Based on the final surgical pathology, Table 3 shows the  patients with BD-IPMN. Among the 102 patients with BD-
diagnostic performance of indications for resection according IPMN, 11 (33.3%) and 30 (90.9%) of 33 patients with HGD/
to the EEBGPCN stratified by the all patients with IPMN and ~ IC met the criteria of at least one absolute and at least one
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Resected branch duct-IPMN

(N =102)

All resected IPMN

N

Diagnostic performance of specified indications for resection according to the European evidence-based guidelines on pancreatic cystic neoplasms stratified by patients with intraductal papillary

mucinous neoplasms and patients with branch duct-intraductal papillary mucinous neoplasms

Table 3

@ Springer

158)

Accuracy

PPV NPV

Specificity

Accuracy Sensitivity

Specificity PPV NPV

Sensitivity

0.733 0.747 0.745

0.942

0.483 (29/60) 0.776 (76/98) 0.665 0.333

0.710

0.569

At least one absolute indication

(76/102)
0.578

(65/87)

0.906

(11/15)

0.428

(65/69)

0.420

(11/33)

(105/158)
0.905 (38/42) 0.538 (85/158) 0.909

(76/107)

0.355

(29/51)

0.922

0.405

At least one relative indication

(59/102)

0.559

(29/32)
0.900

(30/70)

0417

(29/69)

0.391

(30/33)

0.909 (30/33) 0.494 (78/158) 0.909

(47/106)
0.384

(38/107)

0.280

@7/51)

0.941

At least one absolute or one

(57/102)

0.765

(27/30)

0.753

(30/72)
0.846

(27/69)

0.971

(30/33)

0.333

(48/125)
0.549 (28/51) 0.785

(30/107)

0.785

(48/51)
0.549

relative indication

0.709

At least one absolute and one relative

(78/102)

0.716

(67/89)

0.778

(11/13)

0.567

(67/69)

0.812

(11/33)

0.515

(102/158)

(84/107)
0.665

0.480 (24/50) 0.750

(84/107)

0.757

(28/51)

0.471

indications

Increased levels of serum CA 19-9

(73/102)

(56/72)
0.716

(17/30)
0.643 (9/14) 0.727

(56/69)

(17/33)
0.273 (9/33)  0.928

(81/107) (81/108) (105/158)
0.888 0.556 (1527) 0.725 0.696

(24/51)
0.294

New-onset DM

(73/102)

(64/88)

(64/69)

(110/158)

(95/121)

(95/107)

(15/51)

CA, carbohydrate antigen; DM, diabetes mellitus; /PMN, intraductal papillary mucinous neoplasms; NPV, negative predict value; PPV, positive predict value

relative indication for resection, respectively (Table 3). The
sensitivity, specificity, PPV, NPV, and accuracy for at least
one absolute indication for resection according to
EEBGPCN to identify HGD/IC in patients with BD-IPMN
were 33.3%, 94.2%, 73.3%, 74.7%, and 74.5%, respectively,
The diagnostic performance for at least one relative indication
for resection in identified HGD/IC among the BD-IPMN
group were 90.9%, 42.0%, 42.8%, 90.6%, and 57.8%, respec-
tively (Table 3). Table 3 also shows the diagnostic perfor-
mance of at least one absolute or one relative indication and
at least one absolute and one relative indications for resection
according to EEBGPCN.

According to EEBGPCN, 33 patients were presumed to be
in the conservative approach group but received surgical re-
section. Thirty of them were the patients with BD-IPMN and
three of them were proven to have HGD/IC (Table 2). Hence,
the missed rate for EEBGPCN was 1.9% (3/158) among all
the patients with IPMN and 2.9% (3/102) among the patients
with BD-IPMN in this study. One of these three patients who
received pylorus-preserving pancreatectomy had a 3.7-cm-
sized cyst that turned out to be IPMN with HGD by surgical
pathology. Another two patients had 2.6- and 2.1-cm-sized
cysts, respectively. Distal pancreatectomy was performed,
and both final pathologic reports were IC.

Discussion

The selection of patients with IPMN for surgical resection
remains a clinical challenge because the biological behavior
of IPMN ranges from benign to malignant. The EEBGPCN
introduced by a joint initiative of the European experts in 2018
replaced the 2013 European expert consensus statement on
cystic tumors of the pancreas’*'°. It recommended that patients
with MD-/MT-IPMN should undergo surgical resection be-
cause of the high prevalence of malignancy, and patients with
BD-IPMN should be followed unless they have absolute or
relative indications for resection'®. In addition to the European
guidelines, other international guidelines for the management
of patients with PCN have been published for years®®'%. The
reported ranges of the sensitivity, specificity, PPV, NPV, and
accuracy for the other guidelines were 7.3-97.7%, 28.2—
95.8%, 10.0-78.6%, 73.2-98.9%, and 44.7-80.2%,
respectively”®'3~!5. The diagnostic performance of 2018
EEBGPCN is comparable to those reported by previous stud-
ies using the other guidelines *'*'3, This study investigated
the clinical usefulness of the 2018 EEBGPCN using a case
series with pathologically proven IPMNs. We found that the
frequency of HGD/IC of IPMNs was 32.3% in our study, a
value within the range of previously reported surgical
series'*'*. When EEBGPCN was applied, three of 33 patients
presumed to be in the conservative approach group were ver-
ified with HGD/IC by surgical pathology. Therefore, the
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missed rate for EEBGPCN was 1.9% (3/158) in this study.
Thus, the false-negative rate was 5.9% (3/51), which was cor-
related with the high sensitivity (94.1%) of the at least one
absolute or one relative indication for resection according to
EEBGPCN (Table 3). These three missed cases were all
young (53, 51, and 52 years old, respectively) and had BD-
IPMN with a cyst size more than 2 cm in diameter. They
received surgical resection according to the recommendation
of the Fukuoka guidelines. The first one had a 3.7-cm-sized
cyst, and the second and third patients had a 2.6- and 2.1-cm-
sized cyst with worrisome features on EUS, respectively. The
last two patients both had a cyst more than 2 cm but less than
3 c¢m in diameter, indicating that even small cysts can harbor
IC in this study. The Sendai and Fukuoka guidelines have
emphasized a cyst size more than 3 cm as an indication for
resection, but there are several studies with demonstrated
HGD/IC in cysts with a size less than 3 cm'®'”. Therefore,
size alone is not an accurate indication for resection. In this
study, the sensitivity, specificity, PPV, NPV, and accuracy of a
cyst diameter more than 40 mm as a resection indication were
45.1% (23/51), 81.3% (87/107), 53.5% (23/43), 75.6% (87/
115), and 69.6% (110/158), respectively. Applying the criteria
of a cyst diameter more than 30 mm as a resection indication
in our case series, the sensitivity (52.9%, 27/51) was higher
than 45.1%, but the specificity (71.0%, 76/107) was lower
than 81.3%. The accuracy (69.6%) of the cyst diameter more
than 40 mm was higher than that more than 30 mm (65.2%,
103/158), indicating that EEBGPCN provided a significant
paradigm by classifying the cyst size more than 40 mm as a
relative indication for resection without sacrificing the diag-
nostic accuracy in this study.

EEBGPCN shows less stringent resection criteria than the
European expert consensus statement and the Fukuoka guide-
lines, allowing more patients to be observed, but the false-
positive rate for surgical resection according to the at least
one absolute or at least one relative indications for resection
was 58.3% (42/72) in patients with resected BD-IPMN. Thus,
42 patients received unnecessary surgery for a low-grade le-
sion. These low-specificity (39.1%) and accuracy (55.9%)
values were comparable to the study by Zhou W et al in
China'®. Furthermore, when another guideline was applied
to our case series, surgical resection was also recommended
to the patients with low-grade lesions in this study. The
EEBGPCN, like other guidelines for the management of
IPMN, still cannot avoid overtreating patients or treating pa-
tients too early with PCNss.

We found that the presence of jaundice, an enhancing mu-
ral nodule less than 5 mm, a cyst diameter more than 40 mm,
increased levels of serum CA 19-9, new-onset DM, MPD
dilation between 5 and 9.9 mm, and an MPD dilation more
than 10 mm are associated with malignancy. Most of the 12
absolute and relative indications for resection according to
EEBGPCN are the predictors of IPMN with HGD/IC in

another studies’ '*'*'®, Increased levels of serum CA 19-9
and new-onset DM are the relative indications for resection
according to EEBGPCN and are the relatively new criteria
formally applied in the guidelines for the management of
PCNs. Using 2018 EEBGPCN criteria, we confirmed that
increased levels of serum CA 19-9 were associated with
HGD/IC in this study. Increased levels of serum CA 19-9, at
least one absolute indication, and at least one absolute and one
relative indications in identified HGD/IC among resected
IPMN group have the same accuracy (71.6-76.5%). In a sys-
tematic review conducted by Heckler et al. for the predictive
performance of factors associated with IPMN with HGD/IC, it
was reported that CA 19-9 might be a valuable adjunct for the
management of IPMN'®, Our study provides evidence that
increased levels of serum CA 19-9 could be a relative indica-
tion of resection for IPMNs as an EEBGPCN
recommendation.

In this study, we found that new-onset DM was statistically
significantly associated with IPMNs with HGD/IC. Although
the sensitivity of new-onset DM (27.3%) in identified HGD/
IC was not as high, the specificity was 92.8% and accuracy
was 71.6% in identified HGD/IC among resected BD-IPMN
group. The association between DM and pancreatic cancer
(PC) has been known for years'*°. Long-standing DM is a
risk factor for PC, and new-onset DM can be an early mani-
festation of PC. An evidence-based review conducted by
Raghavan et al. reported that patients with non-insulin-
dependent (NID) DM have a 1.5- to 2-fold increased relative
risk of developing PC. One-fourth of patients with PC have
NIDDM compared with one-tenth of age-matched control
subjects (p < 0.0001). New-onset DM is identified in 14.7%
of patients with PC compared with 2.7% of age-matched
controls®'. Khadka et al. reported a review article that revealed
a bidirectional relationship between DM and PC. New-onset
DM could be an early sign of PC*%. Our study validated that
new-onset DM is a risk factor for IPMN and should be a
relative indication for the resection of IPMN as an
EEBGPCN recommendation.

There are several differences between the EEBGPCN and
the Fukuoka guidelines. First, EEBGPCN classifies cyst size
more than 40 mm as a relative indication for resection.
Second, increased levels of serum CA 19-9 and new-onset
DM are formally the indications for resection of IPMNs in
the guidelines. Third, EEBGPCN defined a growth rate of
more than 5 mm per year as a relative indication for resection.
Fourth, the cutoff value of an enhancing mural nodule was set
at 5 mm as the criterion for absolute and relative indication.
According to this study, we validated the clinical usefulness of
a cyst size more than 40 mm, increased levels of serum CA
19-9, and new-onset DM as indications for the resection of
IPMN.

There are several limitations in this study. First, it was a
retrospective study involving a small number of patients. The

@ Springer



2542

J Gastrointest Surg (2020) 24:2536-2543

outcomes of our patients presumed to receive a conservative
approach by EEBGPCN were not known because all the pa-
tients underwent surgical resection, so our study might not be
applied to the population of patients being evaluated prior to
surgical resection. A large population-based prospective co-
hort study is needed to further validate the performance of
EEBGPCN. Second, only 13 patients had received
endoscopic-ultrasound-guided fine needle aspiration of the
pancreas before surgical intervention. The absolute indication
of positive cytology for malignancy/HGD cannot be well
evaluated. Third, six of 158 patients had a solid mass and none
had a final surgical pathology of LGD. We could not calculate
the robust OR using statistical methods. Finally, our institution
is an academic tertiary care referral center. We could not ob-
tain the detailed follow-up history and imaging data of the
patients from other hospitals. Therefore, we could not evaluate
whether the growth rate was more than 5 mm per year.

Conclusion

The diagnostic performance of the 2018 EEBGPCN was com-
parable to other established guidelines. Both absolute and rel-
ative indications for the resection of IPMNs show statistically
significant differences between the LGD and HGD/IC groups.
Adbhering to the guidelines, the missed rate for HGD/IC is low
using the EEBGPCN criteria. In addition to most indications
for resection that had been well established by the other guide-
lines, increased levels of serum CA 19-9 and new-onset DM
were verified as the relative indications for surgical resection
of IPMNss in this study. We recommend EEBGPCN as the
current guideline for the management of patients with
IPMN, but more well-designed prospective studies are needed
to answer the uncertain questions about the clinical manage-
ment of [IPMNss in the future.
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