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Background: Follow-up in patients with intraductal papillary mucinous neoplasm (IPMN) aims to detect
advanced neoplasia (high-grade dysplasia/cancer) in an early stage. The 2015 American Gastroentero-
logical Association (AGA), 2017 International Association of Pancreatology (IAP), and the 2018 European
Study Group on Cystic tumours of the Pancreas (European) guidelines differ in their recommendations
on indications for surgery. However, it remains unclear which guideline is most accurate in predicting
advanced neoplasia in IPMN.
Methods: Patients who underwent surgery were extracted from a prospective database (January 2006
eJanuary 2021). In patients with IPMN, final pathology was compared with the indication for surgery
according to the guidelines. ROC-curves were calculated to determine the diagnostic accuracy for each
guideline.
Results: Overall, 247 patients underwent surgery for cystic lesions. In 145 patients with IPMN, 52 had
advanced neoplasia, of which the AGA guideline would have advised surgery in 14 (27%), the IAP and
European guideline in 49 (94%) and 50 (96%). In 93 patients without advanced neoplasia, the AGA, IAP,
and European guidelines would incorrectly have advised surgery in 8 (8.6%), 77 (83%) and 71 (76%).
Conclusion: The European and IAP guidelines are clearly superior in detecting advanced neoplasia in
IPMN as compared to the AGA, albeit at the cost of a higher rate of unnecessary surgery. To harmonize
care and to avoid confusion caused by conflicting statements, a global evidence-based guideline for PCN
in collaboration with the various guidelines groups is required once the current guidelines require an
update.
© 2023 Published by Elsevier B.V. on behalf of IAP and EPC.
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1. Introduction

Increased use of high-quality cross-sectional imaging and the
trend for healthy individuals to undergo preventive health check-
ups, including full-body magnetic resonance imaging (MRI), has
increased the detection of pancreatic cystic neoplasms (PCN). The
increased detection and awareness of PCN led to the development
of several, mainly consensus-based, periodically revised national
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Abbreviations

ACG American College of Gastroenterology
AGA American Gastroenterological Association
AI Artificial Intelligence
AN Advanced Neoplasia
AUC Area Under the Curve
CA 19.9 Cancer Antigen 19.9
CI Confidence Interval
cm Centimeter
cNET Cystic Neuroendocrine Tumor
CT Computed Tomography
European European Study Group of Cystic tumours of the

Pancreas
EUS Endoscopic Ultrasound
GNAS Guanine nucleotide binding protein (G protein),

alpha stimulating activity polypeptide 1
HGD High-grade dysplasia
IAP International Association of Pancreatology
IPMN Intraductal Papillary Mucinous Neoplasm
IQR Interquartile Range

KRAS v-Ki-ras2 Kirsten rat sarcoma 2 viral oncogene
homolog

LGD Low-grade dysplasia
MCN Mucinous Cystic Neoplasm
MD Main Duct
mm millimeter
MRI Magnetic Resonance Imaging
MT Mixed Type
n Number
PCN Pancreatic Cystic Neoplasm
PD Pancreatic Duct
PDAC Pancreatic ductal adenocarcinoma
PIK3CA Phosphatidylinositol-4,5-Bisphosphate 3-Kinase

Catalytic Subunit Alpha
PTEN Phosphatase and Tensin Homolog deleted on

Chromosome 10
ROC curve Receiver operating characteristic curve
SB Side Branch
SCN Serous Cystic Neoplasm
SD Standard Deviation
SPN Solid Pseudopapillary Neoplasm
TP53 Tumor Protein 53
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and international guidelines. Currently, the 2015 American
Gastroenterological Association (AGA) [1], the 2017 International
Association of Pancreatology (IAP) [2] and the 2018 European Study
Group on Cystic tumours of the Pancreas (European) [3] guidelines
provide recommendations on follow-up and surgical resection
based on symptoms and the (perceived) risk of malignancy. An
additional fourth guideline, the American College of Gastroenter-
ology (ACG) Clinical Guideline, does not give recommendations on
follow-up or surgical treatment of PCN [4]. The IAP [2] and Euro-
pean [3] guidelines are revisions of earlier guidelines. The primary
goal of these guidelines is to prevent malignancy and/or alleviate
symptoms, while avoiding unnecessary surgery. Surgical resection
is generally considered justifiable, in hindsight, in patients with
advanced neoplasia (i.e. high-grade dysplasia (HGD) or invasive
cancer) or in patients with symptom improvement after resection
of symptomatic PCN.

The exact recommendations on indications for surgical resec-
tion of IPMN and symptomatic PCN differ between guidelines
(Table 1). For IPMN, the IAP and European guidelines advise
resection in case of involvement of the main pancreatic duct (i.e.
main duct (MD)- or mixed type (MT)-IPMN), whereas the AGA
guideline requires the presence of a nodule or cytology positive for
malignancy. Management of side branch (SB)-IPMN also differs
between guidelines. Considering the variation in recommendations
for surgery, it remains indeterminate which guideline is most ac-
curate in predicting advanced neoplasia.

Therefore, this study aimed to evaluate and compare the diag-
nostic accuracy of each guideline in predicting advanced neoplasia
in IPMN. Furthermore, we evaluated the diagnostic accuracy of a
multidisciplinary team of experts.

2. Patients and methods

2.1. Study cohort

This study was designed as a monocenter, retrospective cohort
study describing the accuracy of the different guidelines in iden-
tifying advanced neoplasia in patients with IPMN. This study was
reviewed by the Medical Ethics Review Committee of the
252
AmsterdamUMC, location Academic Medical Center, whomwaived
the need for informed consent under the Dutch Medical Research
Involving Human Subjects Act (reference number WH17_330 #
17.384).

Since November 2006, all patients presenting at our tertiary care
center with a potential PCN were registered in a prospective
database. Surveillance modalities and intervals were based on the
2006 and 2012 IAP guidelines and the 2018 European guideline. All
patients who underwent surgical resection because of PCN up to
January 2021 were selected from the prospectively maintained
database. The decision for surgical treatment was made in our
multidisciplinary hepato-pancreato-biliary team meetings
(including radiologists, interventional radiologists, surgeons and
gastroenterologists). The diagnosis was made based on the com-
bination of findings on cross-sectional imaging (computed to-
mography (CT), magnetic resonance imaging (MRI)) and/or
endoscopic ultrasound (EUS) with or without fine needle aspiration
for cyst fluid analysis, depending on the investigations that were
performed.

Patient were referred for surgery in case of a suspected
pancreatic malignancy, MCN, solid pseudopapillary neoplasm
(SPN), cystic neuroendocrine tumor (cNET) and symptomatic PCN.
Patients suspected for IPMN with at least one of the following
features were referred for surgical resection: a(n) (enhancing)
nodule, a dilated pancreatic duct (PD) of 10 mm or more, jaundice
or cytology suspicious of malignancy. Relative indications for sur-
gery in patients with IPMNwere the presence of one or more of the
following features: pancreatitis, dilated PD between 5 and 9 mm,
cyst size of 3 cm or more, thickened/enhancing wall or abrupt
caliber change of the PD with distal pancreatic atrophy. These ab-
solute and relative indications were based on the IAP guidelines of
2006 and 2012 [5,6].

2.2. Data collection

Data were extracted retrospectively from the prospectively
maintained database, including baseline characteristics, surgical
characteristics, and histopathological outcomes. Cyst size was
recorded as the maximum diameter on imaging (CT/MRI/EUS) as



Table 1
Absolute and relative indications for surgical resection in MCN and IPMN by the current AGA, IAP and European guidelines.

Guidelines Cyst
type

Absolute indications for surgery Relative indications for surgery

AGA MCN MCN
IPMN PD � 5 mm (on MRI AND EUS) AND solid component OR cytology positive for

malignancy

IAP MCN MCN Grow-rate �5 mm/2 years
IPMN Cytology suspicious or positive for malignancy Increased levels of serum CA 19.9

Jaundice (tumour related) PD dilatation between 5 and 9 mm
Enhancing mural nodule (�5 mm) Cyst diameter ≥ 30 mm
PD dilatation �10 mm Acute pancreatitis (caused by IPMN)

Enhancing mural nodule (<5 mm)
Abrupt change in caliber of PD with distal pancreatic
atrophy
Lymphadenopathy
Thickened/enhancing cyst walls

European MCN Cyst diameter �40 mm Grow-rate �5 mm/year
Enhancing mural nodule Increased levels of serum CA 19.9 (>37U/mL)*
Symptoms PD dilatation between 5 and 9.9 mm
Positive cytology for malignancy/HGD Cyst diameter ≥ 40 mm

IPMN Solid mass New onset of diabetes mellitus
Jaundice (tumour related) Acute pancreatitis (caused by IPMN)
Enhancing mural nodule (�5 mm) Enhancing mural nodule (<5 mm)
PD dilatation �10 mm

AGA, American Gastroenterological Association; CA 19.9, Cancer Antigen 19.9; EUS, endoscopic ultrasound; HGD, high-grade dysplasia; IAP, International Association of
Pancreatology; IPMN, Intraductal papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; MRI, Magnetic resonance imaging; PD, Pancreatic duct.
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stated in the (radiological) report. If multiple cyst were present, the
size of the largest cyst was used for the analysis. Cyst growth was
defined as growth rate of at least 5 mm/year. A pancreatic duct of
5 mm or more was considered dilated. A serum cancer antigen CA
19.9 of more than 37 U/mL was considered elevated. Level of
dysplasia was recorded as the highest grade of dysplasia, sub-
divided into low-grade, high-grade or invasive cancer according
to the two-tiered grading system of dysplasia in PCN [7]. According
to this two-tiered classification system, low-grade dysplasia
included both low-grade and intermediate-grade dysplasia (IGD)
[7]. Advanced neoplasia was defined as PCN with high-grade
dysplasia or invasive cancer at surgical pathology.
2.3. Outcomes

The primary outcome was the diagnostic accuracy of the AGA,
IAP, and European guidelines for detecting advanced neoplasia in
IPMN. Resection was considered indicated if there was at least one
absolute indication (or high-risk stigmata) present, or at least two
relative indications (or worrisome features). The ACG guideline [4]
was not included in the analysis, as the ACG only provides a
recommendation for referral to amultidisciplinary team and not for
surgical resection. Secondary outcomes included the number of
patients in whom the preoperative differentiation between the
type of cysts was made correctly by our multidisciplinary team of
experts. For this analysis MD- andMT-IPMNwere considered as the
same entity. We also evaluated the number of patients inwhom the
preoperative differentiation between benign and (pre)malignant
cyst was made correctly by our multidisciplinary team of experts.
2.4. Definitions

SB-IPMN is characterized by a cyst of 5 mm or more in diameter
that communicates with the PD. MD-IPMN is characterized by
segmental or diffuse dilation of the PD of 5 mm or more without
other causes of obstruction. MT-IPMN is characterized by
segmental or diffuse dilation of the PD of 5 mm or more without
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other causes of obstruction and a cyst of 5 mm or more in diameter
that communicates with the PD. Symptom improvement was
defined as any (subjective) symptom improvement (abdominal
pain, gastric outlet obstruction, or pancreatitis) after resection
because of a cystic lesion suspected to be the cause of the symp-
toms. Benign cysts were defined as SCN or all the other non-
neoplastic cysts. Pre(malignant) cysts were defined as MCN,
IPMN, SPN, cNET, cystic ductal adenocarcinoma. Surgical resection
was considered justified in retrospect for patients with invasive
cancer, high-grade dysplasia, cNET, SPN or in patients with symp-
tom improvement after resection of symptomatic pancreatic cysts
(i.e. abdominal pain, gastric outlet obstruction, pancreatitis).
2.5. Statistical analysis

Continuous data were reported as mean ± standard deviation
(SD) or as median and interquartile range (IQR), depending on the
distribution. Categorical data were reported as frequency or per-
centage. Sensitivity, specificity, and accuracy were calculated to
evaluate the diagnostic value. The area under the receiver operating
characteristic curve (AUC) for the guidelines were statistically
compared usingMedCalc Statistical Software version 18.5 (MedCalc
Software bvba, Ostend, Belgium; http://www.medcalc.org; 2018). P
values of <0.05 were considered to be statistically significant. Sta-
tistical analysis were performed using IBN SPSS statistics version 24
(IBM, Armonk, NY, USA).
3. Results

From the 748 patients in our PCN database, 255 underwent
surgical resection. Since 7 patients had incomplete data and 1 pa-
tient refused participation, 247 patients were included in our
analysis (Fig. 1).

Baseline characteristics of these patients are shown in Table 2.
We previously reported accuracy of the preoperative diagnosis in
115 of these patients based on the previous IAP and European
guidelines [8].

http://www.medcalc.org


Fig. 1. Flow chart of patient selection.

Table 2
Baseline characteristics.

Characteristics Total cohort (n ¼ 247)

Female, n (%) 142 (57%)
Age, y, mean (SD) 60 (±14)
Any symptoms at diagnosis, n (%) 165 (67%)
Jaundice, n (%) 19 (7.7%)
Pancreatitis, n (%) 47 (19%)
PD size, mm
<5 mm, n (%) 122 (49%)
5e9 mm, n (%) 60 (24%)
�10 mm, n (%) 65 (26%)

Type of surgery
Pancreatoduodenectomy, n (%) 116 (47%)
Central pancreatectomy, n (%) 11 (4.5%)
Distal pancreatectomy, n (%) 100 (40%)
Total pancreatectomy, n (%) 8 (3.2%)
Cyst enucleation, n (%) 8 (3.2%)
Diagnostic laparoscopy, n (%) 4 (1.6%)

IQR, interquartile range; n, number; PD, pancreatic duct; SD; standard deviation; y,
year.

N.C.M. van Huijgevoort, S.A.M. Hoogenboom, S.J. Lekkerkerker et al. Pancreatology 23 (2023) 251e257
3.1. Diagnostic accuracy of the current guidelines in identifying
advanced neoplasia in IPMN

Overall, 145 patients with IPMN (97 MD/MT-IPMN, 48 SB-IPMN)
on surgical pathology were included in the analysis to identify the
accuracy of the different guidelines for predicting advanced
neoplasia. Three patients with IPMN were excluded from the final
analysis as the indication for resection was not the IPMN, but a
concurrent malignancy. Of the 145 patients with IPMN, 52 were
diagnosed with advanced neoplasia; 19 patients with HGD and 33
patients with invasive cancer.

According to the AGA guideline, 22 of the 145 patients (15%) had
at least one absolute indication for resection (Table 3). According to
the IAP guideline, 97 of the 145 patients (67%) had at least one
absolute indication and 47 (of the remaining 48) had at least one
relative indication for resection. According to the European
guideline, 97 of the 145 patients (67%) had at least one absolute
indication, and 43 (of the remaining 48) had at least one relative
indication for resection.

Of the 52 patients with advanced neoplasia on final pathology,
49 and 50 patients were detected by the IAP and the European
guidelines, with a sensitivity of 94% and 96%, respectively (Table 4).
In total, 3/52 patients with advanced neoplasia were missed by the
IAP guidelines, and 2/52 by the European guidelines. One patient
with a SB-IPMN of 49 mm with a non-enhancing nodule of 8 mm
and one patient with a SB-IPMN of 23 mm with a non-enhancing
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nodule of 8 mm were missed by both the IAP and European
guidelines. A patient with recurrent episodes of pancreatitis, new
onset diabetes, and a SB-IPMN of 16 mm was missed by the IAP
guideline. Of the 19 patients with HGD on final pathology,16 and 17
were detected by the IAP and the European guidelines, with a
sensitivity of 84% and 89%, respectively. In contrast, 14/52 patients
with advanced neoplasia were correctly suggested for surgical
resection by the AGA guideline. Consequently, 38 patients with
advanced neoplasia would have been missed, including 21 patients
with invasive cancer, resulting in a sensitivity of 27%. Of the 19
patients with HGD on final pathology, 2 were detected by the AGA
guideline. Of those patients without advanced neoplasia, 8 (8.6%),
77 (83%) and 71 (76%) would have been incorrectly suggested for
surgical resection by the AGA, IAP and European guidelines,
respectively. The ROC curve comparison analyses showed that the
European guideline (AUC 0.599 95% CI 0.514e0.679) was superior
to the IAP guideline (AUC 0.557 95% CI 0.472e0.640) in identifying
advanced neoplasia (p ¼ 0.009) (Fig. 2A), whereas no statistical
difference was seen between the European and AGA guidelines
(AUC 0.592 (0.507e0.672)) (p ¼ 0.854) (Fig. 2B).
3.2. Diagnostic accuracy of multidisciplinary team

The preoperative classification of type of cysts by the multidis-
ciplinary team was correct in 174/245 (70%) (Table 5). No final pa-
thology was available in two patients; in one patient the lesion was
unresectable, which resulted in an open-close procedure, and in the
other patient no cystic lesion was found during surgery and
therefore no resection was performed (this lesion was most likely a
pseudocyst which had already resolved). Overall, MD/MT-IPMN,
SB-IPMN and MCN were diagnosed with an accuracy of 89%, 71%
and 81%, respectively. In 213/245 (87%) patients the correct pre-
operative differentiation was made between benign and (pre)ma-
lignant cysts by the multidisciplinary team.

In hindsight, surgery was justified in 100/247 patients (40%)
based on final pathology (concurrent malignancy (n ¼ 5, 2.0%),
invasive cancer (n¼ 43,17%), HGD (n¼ 21, 8.5%), SPN (n¼ 13, 5.3%),
cNET (n ¼ 4, 1.6%) and symptom improvement (n ¼ 14, 5.7%). In
hindsight, surgery could be seen as overtreatment for the remain-
ing 147/247 patients (60%); resection of premalignant cystic neo-
plasms without advanced neoplasia (MD/MT-IPMN 57 (23%), SB-
IPMN 28 (11%), MCN 25 (10%)), a benign/inflammatory cystic
lesion 32 (13%), or no symptom improvement after resection
because of a supposed symptomatic lesion (n ¼ 5, 2.0%). The indi-
vidual cases of patients with pancreatic cystic lesion undergoing
surgery for supposed symptomatic lesions are described in
Supplementary Table 1.



Table 3
Absolute and relative indications according to the different guidelines in the resected IPMN.

Diagnosis AGA guideline (2015) IAP guideline (2017) European guideline (2018)

Absolute indications n (%) n (%) n (%)
0 123 (85%) 48 (33%) 48 (33%)
1 15 (10%) 71 (49%) 71 (49%)
2 7 (4.8%) 20 (14%) 20 (14%)
3 0 (0.0%) 5 (3.4%) 5 (3.4%)
4 0 (0.0%) 1 (0.7%) 1 (0.7%)

Relative indications
0 145 (100%) 26 (18%) 40 (28%)
1 0 (0.0%) 55 (38%) 63 (43%)
2 0 (0.0%) 43 (30%) 37 (26%)
3 0 (0.0%) 16 (11%) 5 (3.4%)
4 0 (0.0%) 5 (3.5%) 0 (0.0%)

IPMN, Intraductal Papillary Mucinous Neoplasm.

Table 4
Comparison of the current AGA, IAP, and European guidelines based on surgical pathology.

Guidelines Advice guideline Surgery indicated based on surgical pathology, n (%) Surgery not indicated based on surgical pathology, n (%)

AGA guideline Surveillance 38 (26%) 85 (59%)
Surgery 14 (9.7%) 8 (5.5%)

IAP guideline Surveillance 3 (2.1%) 16 (11%)
Surgery 49 (35%) 77 (53%)

European guideline Surveillance 2 (1.4%) 22 (15%)
Surgery 50 (35%) 71 (49%)

AGA, American Gastroenterological Association; IAP, International Association of Pancreatology; European, European Study Group of Cystic tumours of the Pancreas.

Fig. 2A. The area under the receiver operating characteristic curve for European [3]
compared to the IAP(2) guideline
The ROC curve comparison analyses showed that European (AUC 0.599 95% CI
0.514e0.679) was superior to the IAP guideline (AUC 0.557 95% CI 0.472e0.640) in
identifying advanced neoplasia (p ¼ 0.009).

Fig. 2B. The area under the receiver operating characteristic curve for European [3]
compared to the AGA(1) guideline
The ROC curve comparison analyses showed no statistical difference between the
European guideline (AUC 0.599 95% CI 0.514e0.679) and the AGA guideline (AUC 0.592
(0.507e0.672)) (p ¼ 0.854).

N.C.M. van Huijgevoort, S.A.M. Hoogenboom, S.J. Lekkerkerker et al. Pancreatology 23 (2023) 251e257

255
4. Discussion

This study comparing the diagnostic accuracy of the three cur-
rent guidelines for predicting advanced neoplasia in IPMN, found a
lower sensitivity for the AGA as compared to the IAP and European
guidelines (27% vs. 94% and 96%). The risk of missing advanced
neoplasia in patients with IPMN was 26% with the AGA guidelines
compared to 2.1% and 1.4% with the IAP and European guidelines.
This comes at the costs of more unnecessary surgery with the IAP
and European guidelines (8.6% vs. 83%, and 76%).

Recently, a comparable study with a limited sample size inves-
tigated the accuracy of the current AGA, IAP, and European guide-
lines in detecting advanced neoplasia [9]. They reported a
sensitivity of 96% for the European guidelines, similar with our
results (96%). In contrast, the sensitivity of the AGA guidelines in
their study was considerably higher (80%) than the IAP guidelines
(67%). This discrepancy may be explained by the fact that in pa-
tients with worrisome features, the IAP guideline recommends
confirmation of these features with EUS, and leaves the decision for
surgery in healthy patients with inconclusive EUS results to the
physician. Vanden Bulcke et al. [9] considered surgery only indi-
cated by the IAP guideline when these features were confirmed by
EUS, whereas we considered surgery indicated in the presence of
two worrisome features on any imaging modality (CT, MRI and/or
EUS).

Several studies have investigated the accuracy of the current
AGA guidelines [1], and the previous 2012 IAP guidelines [6], and
2013 European guidelines [10] in predicting advanced neoplasia in
IPMN. Four previous studies have identified the accuracy of the
2015 AGA guideline and demonstrated that advanced neoplasia
was missed in 12e93% of patients with IPMN [8,11e13].

Two previous multicenter studies assessed the accuracy of the
current IAP guideline for predicting advanced neoplasia in IPMN
[14,15]. Sharib et al. reported a sensitivity of 98% and specificity of
16% for the presence of �1 worrisome features or �1 high-risk



Table 5
Preoperative and postoperative diagnosis and the accuracy of preoperative diagnosis.

Diagnosis Preoperative diagnosis n (%) Definitive diagnosis n (%) Correctly diagnosed preoperatively n (%)

Overall diagnosis - e 174 (70%)
(Pre)malignant - e 213 (87%)
(Pre)malignant
MD/MT-IPMN 104 (42%) 99 (40%) 88/99 (89%)
SB-IPMN 53 (21%) 49 (20%) 35/49 (71%)
MCN 60 (24%) 36 (15%) 29/36 (81%)
SPN 12 (4.9%) 13 (5.3%) 9/13 (69%)
NET 4 (1.6%) 4 (1.6%) 2/4 (50%)
Cystic acinar cell carcinoma 1 (0.4%) 1 (0.4%) 1/1 (100%)
Ductal adenocarcinoma 0 (0.0%) 3 (1.2%) 0/3 (0.0%)

Benign
SCN 7 (2.8%) 21 (8.5%) 7/21 (33%)
Pseudocyst 3 (1.2%) 14 (5.7%) 2/14 (8.3%)
Mesenteric cyst 1 (0.4%) 0 (0%) 0/0 (0.0%)
Lymphangioma 0 (0.0%) 1 (0.4%) 0/1 (0.0%)
Lymphoepithelial cyst 0 (0.0%) 1 (0.4%) 0/1 (0.0%)
Ciliated foregut cyst 0 (0.0%) 1 (0.4%) 0/1 (0.0%)
Retention cyst 0 (0.0%) 2 (0.8%) 0/2 (0.0%)

Undefined 2 (0.8%) 2 (0.8%) 0/2 (0.0%)

IPMN, Intraductal Papillary Mucinous Neoplasm; MCN, Mucinous Cystic Neoplasm; MD, Main Duct; MT, Mixed Type; SB Side Branch; SCN, Serous Cystic Neoplasm; SPN, Solid
Pseudopapillary Neoplasm.
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stigmata for predicting advanced neoplasia in IPMN [14]. We found
a 98% sensitivity for the presence of �1 worrisome features or � 1
high-risk stigmata for predicting advanced neoplasia in IPMN.
Watanabe et al. described a 90% sensitivity and 67% specificity of
high-risk stigmata for identifying advanced neoplasia in IPMN [15].
The sensitivity of high-risk stigmata for predicting advanced
neoplasia is comparable to our study (90% vs. 88%), however we
found a lower specificity (67% vs. 45%).

Only one previous multicenter study assessed the accuracy of
the new European guideline for predicting advanced neoplasia in
patients with SB-IPMN [16]. The rate of advanced neoplasia in this
study was 40%, including HGD (27%) and invasive cancer (13%) [16].
This analysis showed that patients with only one relative indication
for resection had a lower risk of invasive cancer than those with �1
relative indication, nevertheless, the rate of advanced neoplasia in
both groups were comparable. The accuracy of �1 relative indica-
tion for predicting invasive cancer in SB-IPMN was 65% [16]. In
contrast to our study, the accuracy of absolute indications for pre-
dicting advanced neoplasia was not determined.

The current study identified that new diagnostic approaches are
needed to more accurately identify patients with high-risk PCN.
Next-generation sequencing of cyst fluid DNA have identified key
driver gene mutations that can reliable distinguish IPMN from
other cystic lesions, and low-grade from high-grade premalignant
lesions [17e22]. A prospective study with 102 patients with sur-
gical follow-up identified that the combination of KRAS/GNAS mu-
tations and alterations in TP53/PIK3CA/PTEN had an 89% sensitivity
and 100% specificity for advanced neoplasia [23].

Recently, a multimodality test named CompCyst was developed
that evaluates clinical features, imaging characteristics, genetic and
biochemical markers, to guide the management of patients with a
PCN [24]. Springer et al. showed that CompCyst was more accurate
than conventional clinical tools for identifying patients with cysts
that required surgery, cysts that should be monitored, and cysts
that were benign and did not require monitoring at all [24]. How-
ever, CompCyst does not replace conventional clinical tools.
Instead, it contributes additional information, allowing clinicians to
make more informed decisions.

Artificial intelligence (AI)-based clinical decision-making is
another promising innovation that might be useful to identify and
stratify IPMN lesions based on their risk for advanced neoplasia
[25]. Recently, Corral et al. developed a deep-learning neural
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network for the detection of advanced dysplasia on MRI in IPMN
[26]. Their network provided an automated identification and risk-
stratification of IPMN with a diagnostic accuracy comparable to
current AGA and IAP guidelines. They showed that this deep
learning neural network is able to generate a faster risk-
stratification of IPMN with slightly increased sensitivity. However,
these results should still be validated in a large prospective trial.

Our study has several limitations. First, we only evaluated pa-
tients with PCN who underwent surgical resection. It is therefore
unknown in howmany patients in our surveillance cohort, surgical
resection would have been actually necessary, because of high-
grade dysplasia or invasive cancer. Unfortunately, this selection
bias is inevitably, because the highest-grade of dysplasia of PCN can
only be determined reliable with surgical histopathology. As a
result, the number of false negative preoperatively diagnosed
‘innocent’ PCN is therefore unknown and could not be compared
between the three guidelines. This question should be evaluated in
a large prospective study, possible within the scope of the ongoing
PACYFIC study, an international prospective cohort study with
5000 patients aiming to optimize pancreatic cystic neoplasm sur-
veillance [27]. Second, althoughwe state that surgical resectionwas
not indicated in hindsight according to surgical pathology in a
substantial number of PCN, we cannot predict whether these cysts
would have progressed to HGD or invasive cancer if they had not
been resected. Especially in younger, surgically fit patients, resec-
tion of MD-IPMN with LGD could be considered justified. Third,
determining the presence of vascularity in mural nodules with
contrast enhanced EUS is useful to distinguish mural nodules from
mucin clots [28e30]. In this cohort, evaluation of mural nodules
was not performed uniformly with intravenous contrast, therefore
the number of preoperatively diagnosed mural nodules with
enhancement could be underestimated.

In conclusion, this monocenter cohort showed that all current
guidelines lead to surgical overtreatment of IPMN based on histo-
pathological outcomes. The European and IAP guidelines are clearly
superior in detecting advanced neoplasia in IPMN as compared to
the AGA, albeit at the cost of a higher rate of unnecessary
surgery. To harmonize care and to avoid confusion caused by con-
flicting statements, a global evidence-based guideline for PCN in
collaboration with the various guidelines groups is required once
the current guidelines require an update.
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