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Abstract
Intraductal papillary neoplasm of the bile duct (IPNB) is a mass-forming neoplasm in the bile duct considered to be the
biliary counterpart of pancreatic intraductal papillary mucinous neoplasm (IPMN). By its cell lineage, IPNB can be classified
into gastric, intestinal, pancreatobiliary, and oncocytic types. Recently, a group of Japanese and Korean pathologists
proposed that IPNB be classified into two types, with type 1, being the histological counterpart of IPMN and type 2, having a
more complex histological architecture. We used targeted next-generation sequencing to study the molecular change of 37
IPNBs and identified frequent mutations of KRAS (49%), GNAS (32%), RNF43 (24%), APC (24%), TP53 (24%), and
CTNNB1 (11%) in IPNBs. Intestinal-type IPNB was associated with KRAS, GNAS, and RNF43 mutations. Japan–Korea
consensus type 1 was associated with KRAS and GNAS mutations. All four IPNBs with CTNNB1 mutations were of
pancreatobiliary type and located in the extrahepatic bile duct. A hierarchical analysis identified three distinct groups within
IPNB: group 1 was Japan–Korea consensus type 1 tumors with macroscopic mucin, old age, and frequent KRAS, GNAS, and
RNF43 mutations. Group 2 was Japan–Korea consensus type 2 with intestinal differentiation and frequent KRAS mutation
but rare GNAS mutation, MUC2 expression, and macroscopic mucin. Group 3 was characterized by CTNNB1 mutation,
extrahepatic location, lack of expression of intestinal markers, Japan–Korea consensus type 2, and lack of mutations in
KRAS, APC, RNF43, and GNAS. Our results indicated that IPNB is a heterogeneous disease and that the activation of Ras-
mitogen-activated protein kinase (MAPK), Wnt/β-catenin, and G-protein-coupled receptor (GPCR)–cAMP signaling is the
main oncogenic mechanism of IPNB.

Introduction

Intraductal papillary neoplasm of the bile duct (IPNB) is a
neoplastic lesion characterized by noninvasive papillary or
villous biliary epithelial cells covering the fibrovascular stalk
in dilated bile ducts. It is considered the biliary counterpart of
the intraductal papillary mucinous neoplasm (IPMN) of the
pancreas [1], and a precursor lesion of cholangiocarcinoma
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[2]. Unlike IPMN, IPNB is mainly reported in East Asian
countries, such as Taiwan, Japan, and Korea [3–6]. IPNB is a
heterogeneous disease. Reports have suggested the use of the
classification system of IPMN to categorize IPNB into four
cell lineage subtypes: gastric, intestinal, pancreatobiliary, and
oncocytic [5]. Recently, a group of Japanese and Korean
pathologists proposed a consensus classification of IPNB into
two types [6]. Type 1 is a histological counterpart of IPMN
and mainly located in the intrahepatic bile duct. Type 2 has a
more complex histological architecture with irregular papil-
lary branching or with foci of solid-tubular components and
mainly involves the extrahepatic bile ducts [6]. Type 2 IPNB
frequently exhibits high-grade dysplasia, and is more likely
to have invasive adenocarcinoma at the time of surgical
resection [6].

The molecular pathogenesis of IPNB remains to be
clarified. We, along with other groups, have identified fre-
quent KRAS, GNAS, and RNF43 mutations in IPNB, mainly
in intestinal-type IPNB with mucin hypersecretion [4, 7–9].
For a more comprehensive analysis of the molecular
pathogenesis of IPNB, we used a targeted next-generation
sequencing panel which included commonly mutated genes
in gastrointestinal adenocarcinoma. The objective was to
identify novel mutated genes in IPNB and correlated the
findings to the histological and clinical features.

Materials and methods

Patients

Thirty-seven patients with IPNB diagnosed from 1998 to
2015, and who underwent surgical resection in the National
Taiwan University Hospital were enrolled in this study. The
sections were reviewed by two hepatobiliary pathologists (J.-
H.T. and Y.-M.J.) and classified according to cell lineage and
to the Japan–Korea consensus classification [6]. Clinical data,
including demographics, clinical information, and patient
outcome, were obtained from chart review. This study was
approved under the regulations of the Research Ethics
Committee of the National Taiwan University Hospital
(Approval number 201704003RIND), and was conducted
according to the principles of the Declaration of Helsinki.

Next-generation sequencing

Genomic DNA was extracted from the tumorous areas
macrodissected from 10-mm paraffin sections with a
QIAamp® DNA FFPE Tissue Kit (QIAGEN, Santa Clarita,
CA, USA) according to manufacturer protocol. A multiplex
PCR target-enrichment panel for target relevant genes was
used to enrich DNA by a custom-made QIAseq Targeted
DNA Panel (QIAGEN). The genes and exons analyzed are

listed in Supplementary Table 1. The primers used for DNA
amplification were designed by QIAGEN QIAseq designer
website (https://www.qiagen.com/us/shop/genes-and-pathwa
ys/custom-products/custom-array-products/qiaseq-targeted-
dna-panels/#design). Specimens were macrodissected from
formalin-fixed, paraffin-embedded sections to enrich DNA
for regions with at least 20% cancer cell nuclei. DNA was
extracted using the QIAamp DNA micro kit. At least 50 ng
of DNA was used for library preparation. Amplification and
adaptor ligation were performed according to manufacturer
protocol. The sequences of 2 × 150 bp paired-end reads were
produced from a MiSeq sequencer (Illumina, San Diego,
CA, USA) following the instructions of the manufacturer.
The mean coverage of each sample was >1000×. Somatic
mutations were detected using the smCounter workflow.
All detected variants with a minimum coverage depth of
100 reads were filtered for known single nucleotide
polymorphisms (SNPs) using the Exome Sequencing Project
databases and annotated by searching the Variant
Effect Predictor (https://asia.ensembl.org/info/docs/tools/
vep/index.html). A subsequent search in the COSMIC
catalog was performed to identify driver mutations. All
missense variants not reported somatic were confirmed by
the Sanger sequencing of the nontumorous part.

Immunohistochemistry

Immunohistochemical staining for mucin 1 (MUC1), mucin 2
(MUC2), and β-catenin was performed on a Ventana
BenchMark XT autostainer (Roche, Basel, Switzerland).
After deparaffinization, rehydration, and antigen retrieval by
CC1 (pH 8.0) for 20min at 100 °C, the slides were incubated
with primary antibodies for 16min at 37 °C followed by
visualization with the OptiView DAB IHC Detection Kit
(Roche). The primary antibodies used are CK7 (1:50; Dako
Cytomation, Carpinteria, CA, USA), CK20 (1:50; Dako
Cytomation), CDX2 (1:100; Dako Cytomation), MUC1
(clone SPM493, 1:100; Thermo Fisher Scientific, Fremont,
CA, USA), (clone CCP58, 1:200; Leica Biosystems, New-
castle, UK), and β-catenin (clone 14, 1:100, BD Bioscience,
San Jose, CA, USA). Except for β-catenin, each marker was
scored in a dichotomous manner, either showing no or low
expression (≤50%) or high expression (>50%) in the tumor. β-
catenin staining was classified into membranous staining only
or membranous and nuclear staining.

Statistical analysis

Statistical analyses were conducted using SPSS® 19.0 soft-
ware (IBM, Armonk, NY, USA). Comparisons of catego-
rical variables were performed using the Pearson χ2 method
or Fisher’s exact test when appropriate. Continuous vari-
ables were analyzed using the Student’s t test. A
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hierarchical cluster analysis algorithm was employed to
stratify the clinicopathological features in IPNBs. All sta-
tistical results were considered significant at P < 0.05.

Results

Clinical information

The 37 patients included 20 men and 17 women. The mean
age was 64.8 years (range: 35–80 year). Ten patients (27%)
had stones in the biliary tracts. Sixteen tumors were located
in the extrahepatic bile duct, 12 in the hilar area, and nine in
the intrahepatic bile duct. Macroscopic mucin hypersecre-
tion was identified in 11 patients. Operative methods were
as follows: lobectomy in 15, atypical hepatectomy (resec-
tion not based on the segmental anatomy) in 4, wedge
resection of liver in 1, partial resection of bile duct in 6, and
Whipple operation in 11 cases.

Morphologically, 18 tumors were classified as intestinal
type, 2 as gastric type, 15 as pancreatobiliary type, and 2 as
oncocytic type. According to the Japan–Korea consensus
classification, 11 belonged to type 1 and 26 belonged to
type 2 (Fig. 1). Foci of high-grade dysplasia were identified
in 22 tumors. Twenty-five tumors had invasive compo-
nents (Table 1).

Identification of frequently mutated genes

Parallel sequencing was performed for all 37 tumors. Of
the 11 genes analyzed, 6 genes displayed mutations in

more than 10% of all cases (Fig. 2). The most frequently
mutated gene was KRAS (18 of 37, 48.6%). All mutations
were nucleotide substitutions in codons 12, 13, and 61.
GNAS mutations were identified in 12 tumors, resulting in
the replacement of arginine residue by either histidine or
cysteine in codon 201. APC and RNF43 were mutated in
nine tumors. Most mutations in these two tumor sup-
pressor genes were frameshift or nonsense mutations. Six
APC mutations (67%) were located in the β-catenin
binding domain. Nine tumors harbored TP53 mutations,
mostly common missense mutations in the DNA-binding
domains. Mutations in CTNNB1, the gene encoding the β-
catenin protein, were identified in four tumors. All these
mutations were known activating mutations in the GSK3
phosphorylation sites (p.S37F, p.S37A, p.T41A, and p.
S45A). Mutations in three Wnt pathway genes (APC,
RNF43, and CTNNB1) were mutually exclusive.

Correlation of mutated genes with clinicopathologic
features

We analyzed the clinicopathologic features of tumors with
mutations in the six genes (Supplementary Tables 2 and
3). GNAS mutations were associated with a larger tumor
size, and the presence of gross mucin. Histologically,
GNAS mutations were strongly associated with the
intestinal subtype, the Japan–Korea consensus type 1, and
an absence of high-grade dysplasia. GNAS mutations
often coexisted with KRAS and RNF43 mutations. RNF43
mutations were associated with gross mucin and the
intestinal type. KRAS mutations were more frequently

Fig. 1 Representative
morphology of intraductal
papillary neoplasm of the bile
duct (IPNB). a Intestinal-type
IPNB, also classified as a
Japan–Korea consensus type 1
IPNB based on its similarity to
pancreatic intestinal type IPMN.
b Intestinal-type IPNB, but
classified as a Japan–Korea
consensus type 2 IPNB.
c Pancreatobiliary-type IPNB
with focal stromal invasion.
d Oncocytic-type IPNB.
b–d Classified as Japan–Korea
consensus type 2 IPNBs because
of their complex histological
architecture with irregular
papillary branching or foci of
solid or tubular components
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observed in the intestinal subtype and in the Japan–Korea
consensus type 1.

Seven of the nine APC-mutated tumors and all four
CTNNB1-mutated tumors were located in the extrahepatic
bile duct. Morphologically, all four tumors with CTNNB1
mutations were classified as the pancreatobiliary subtype
and Japan–Korea consensus type 2.

Nuclear expression of β-catenin in IPNB correlated
with mutations in Wnt/β-catenin pathway genes

Because 22 tumors (59%) had mutations in Wnt/β-catenin
pathway genes (APC, RNF43, and CΤΝΝΒ1), we studied
the expression pattern of β-catenin by immunohistochem-
istry. Most tumors revealed predominant membranous/
cytoplasmic β-catenin expressions with an occasional weak

nuclear expression of β-catenin. Eight tumors exhibited a
strong nuclear expression of β-catenin. All eight tumors
harbored mutations in the Wnt/β-catenin pathway genes
(CTNNB1: 4, APC: 2, and RNF43: 2) (Fig. 3).

Clinicopathologic and molecular features of cell
lineage subtypes and Japan–Korea consensus
classification

Our previous studies have demonstrated that intestinal-type
IPNB had distinct clinicopathologic and molecular features
[4, 7]. Therefore, we stratified the 37 tumors according to the
cell lineage subtype and the newly proposed Japan–Korea
consensus classification. In our cohort, 18 tumors were
classified as the intestinal subtype and 11 tumors were
classified as the Japan–Korea consensus type 1. All 11

Table 1 Clinicopathologic and molecular features of IPNB stratified according to the cell lineage subtype and Japan–Korea classification

Cell lineage subtype P value Japan–Korea classification P value

Intestinal
n= 18

Other
n= 19

Type 1
n= 11

Type 2
n= 26

Age (years) 68.4 ± 8.8 61.3 ± 10.2 0.03 69.7 ± 7.5 62.7 ± 10.4 0.03

Male sex, no. (%) 10 (56) 10 (53) 0.86 7 (64) 13 (50) 0.44

Location

Intrahepatic, no. (%) 3 (17) 6 (32) 0.08 2 (18) 7 (27) 0.17

Hilar, no. (%) 9 (50) 3 (16) 6 (55) 6 (23)

Extrahepatic, no. (%) 6 (33) 10 (53) 3 (27) 13 (50)

Presence of lithiasis, no. (%) 5 (27) 5 (26) 0.92 3 (27) 7 (27) 0.98

Presence of high-grade
dysplasia, no. (%)

6 (33) 16 (84) 0.002 2 (18) 20 (77) 0.0008

Invasive adenocarcinoma,
no. (%)

10 (56) 15 (79) 0.13 6 (55) 19 (73) 0.27

Tumor size (cm) 3.7 ± 2.2 2.8 ± 0.9 0.16 3.9 ± 2.1 3.0 ± 1.4 0.26

Gross mucin, no. (%) 10 (56) 1 (5) 0.0008 8 (73) 3 (12) 0.0002

Japan–Korea classification
type 1, no. (%)

11 (61) 0 (0) 0.0001

Intestinal type, no. (%) 11 (100) 7 (27) <10−4

Immunohistochemistry, no. (%)

High expression of CK7 10 (56) 13 (23) 0.41 8 (73) 15 (58) 0.39

High expression of CK20 13 (72) 1 (5) <10−4 7 (64) 7 (27) 0.04

High expression of MUC1 14 (78) 16 (89) 0.61 8 (73) 22 (85) 0.40

High expression of MUC2 11 (61) 2 (11) 0.001 9 (82) 4 (15) 0.0001

High expression of CDX2 18 (100) 8 (73) 0.0001 11 (100) 15 (58) 0.02

Nuclear β-catenin 2 (11) 6 (31) 0.13 1 (9) 7 (27) 0.23

Genetic change

APC mutation 5 (27) 4 (21) 0.63 2 (18) 7 (27) 0.69

RNF43 mutation 7 (39) 2 (11) 0.04 5 (46) 4 (15) 0.09

CTNNB1 mutation 0 (0) 4 (21) 0.11 0 (0) 4 (15) 0.29

KRAS mutation 13 (72) 5 (26) 0.005 9 (82) 9 (35) 0.008

GNAS mutation 11 (61) 1 (5) 0.0003 9 (82) 3 (12) <10−4

p53 mutation 2 (11) 7 (39) 0.07 1 (9) 8 (31) 0.16
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Japan–Korea consensus type 1 tumors were intestinal-type
tumors. Intestinal type is associated with older age, presence
of gross mucin, and absence of high-grade dysplasia. As
expected, most intestinal-type IPNBs displayed a strong
expression of intestinal markers CK20, MUC2, and CDX2.
KRAS, GNAS, and RNF43 were more frequently mutated in
intestinal-type IPNBs.

Japan–Korea consensus type 1 IPNB was also associated
with older age, presence of gross mucin, and absence of
high-grade dysplasia, strong expression of intestinal mar-
kers, and KRAS and GNAS mutations.

Cluster analysis of IPNB

We applied hierarchical cluster analysis to subclassify the
37 IPNBs and identify the key factor to determine the
classification (Fig. 4). Ten cases were tightly clustered
(group 1). They were characterized by intestinal differ-
entiation, Japan–Korea consensus type 1, macroscopic
mucin, age > 60 years, KRAS, GNAS, and RNF43 muta-
tions. A second group was mainly composed of cases with
intestinal differentiation but classified as Japan–Korea
consensus type 2 in terms of histological architecture

Fig. 2 a The case numbers of IPNB with mutations of 9 cancer-related genes. b–d The distribution of somatic mutations of RNF43 (b), APC (c),
and TP53 (d) in 37 cases of IPNB

Targeted next-generation sequencing identifies distinct clinicopathologic and molecular entities of. . . 1641



Fig. 4 Hierarchical clustering of IPNB according to the clinicopathologic and molecular features. Three groups were identified. Group 1:
Japan–Korea consensus type 1. Group 2: Japan–Korea consensus type 2 intestinal type. Group 3: CTNNB1-mutated

Fig. 3 a, b A case of intestinal
type, Japan–Korea consensus
type 1 IPNB shows membranous
staining of β-catenin (b). c, d A
case of pancreatobiliary type,
Japan–Korea consensus type 2
IPNB with CΤΝΝΒ1 mutation
shows nuclear localization of β-
catenin in groups of tumor cells
(d)

1642 C.-Y. Yang et al.



(group 2). Tumors belonging to this group were also
frequently KRAS-mutated but they rarely had GNAS
mutation, MUC2 expression, or macroscopic mucin.
Among the remaining cases, the four CTNNB1-mutated
cases were clustered in one last group (group 3). They were
characterized by nuclear expression of β-catenin, extra-
hepatic location, lack of expression of intestinal markers,
Japan–Korea consensus type 2, and lack of mutations in
KRAS, APC, RNF43, and GNAS.

Discussion

In this study, we identified six genes that are frequently
encountered in IPNB. KRAS is mutated in nearly half of all
cases. Activating mutations in the KRAS genes result in the
constitutive activation of the MAPK pathway [10]. RNF43
encodes an E3 ubiquitin ligase, which induces Frizzled
ubiquitination and suppresses the Wnt signaling pathway
[11]. Apart from the known RNF43 mutations, we identified
mutations in two other Wnt/β-catenin pathway genes, APC,
and CTNNB1. In total, 22 tumors (59%) had mutations in
Wnt/β-catenin pathway genes. Another frequently mutated
gene, GNAS, encodes the subunit of stimulatory guanine
nucleotide-binding protein (Gsa), which regulates the ade-
nylate cyclase activity upon activation of GPCRs [12].
These results indicated the Ras-MAPK, Wnt/β-catenin, and
GPCR-cAMP signaling were the main drivers of IPNB.

IPNB is viewed as the biliary counterpart of IPMN.
Some molecular events, such as mutations in KRAS, GNAS,
and RNF43, are shared by both types of tumors. However,
during the analysis of 169 genes commonly mutated in
cancer, APC, CTNNB1, and TP53 mutations were not
identified in IPMN [13]. Springer et al. analyzed 96 IPMNs
and discovered mutations in APC and CTNNB1 in only 0%
and 6% of IPMN, respectively [14]. These results suggest a
different molecular pathogenesis between IPNB and IPMN.
Morphologically, we have established that, unlike IPMNs,
many IPNBs cannot simply be classified into a gastric type,
pancreatobiliary type, or oncocytic type. These tumors tend
to have a more complex architecture with papillary or
tubulocystic configuration. High-grade dysplasia is fre-
quently identified in this subgroup. Fujikura et al. proposed
the term “papillary cholangiocarcinoma” to describe the
cases with complex histologic architecture [15]. Recently, a
group of Japanese and Korean expert pathologists proposed
that IPNB be separated in two types. Type 1 IPNB is a
histologic counterpart of IPMN and typically develops in
the intrahepatic bile ducts. Type 2 IPNB has a more com-
plex histological architecture and typically involves the
extrahepatic bile ducts. Our study concurs with this classi-
fication in several aspects. We observed that type 1 IPNB
more frequently harbored KRAS, GNAS, and RNF43

mutations than type 2 IPNB, suggesting that besides mor-
phology, type 1 IPNB is molecularly similar to IPMN. We
also discovered type 2 IPNB was more likely to have foci of
high-grade dysplasia. However, we found subtle differences
between our results and theirs. All type 1 IPNBs in our
study were classified as the intestinal type whereas their
report indicated most type 1 IPNBs were classified as gas-
tric type. We did not detect a relevant association between
tumor types and locations. The discrepancy may be due to
different criteria in assigning histologic subtypes. Some
tumors have mixed cell lineages. We tended to classify
tumors with both gastric-type and intestinal-type epithelium
as intestinal type because intestinal epithelium with
expression of intestinal markers is usually the major com-
ponent of these tumors. Another explanation for these dis-
crepancies might be the true epidemiologic differences in
between countries. In Taiwan, numerous IBNBs arise from
a background of cholangiopathy, mainly due to hepato-
lithiasis (4). IPNBs associated with hepatolithiasis are more
likely to be of the intestinal type with expressions of CDX2
and MUC2, and gross mucin production [16, 17]. Addi-
tional cross-country studies should be conducted to clarify
this aspect.

During preparation of this report, Fujikura et al. reported
mutations in APC or CTNNB1 in 6 out of 14 IPNBs (type 1
IPNB in the Japan–Korea consensus classification) [18].
However, none of the mutations were identified in intraductal
cholangiocarcinoma (type 2 IPNB in the Japan–Korea clas-
sification). Our results demonstrated APC or CTNNB1
mutations were more frequently identified in type 2 IPNB.
Furthermore, they did not detect any GNAS and RNF43
mutations in the 14 type 1 and 14 type 2 cases. Another
Japanese group reported GNAS mutations in 50% of IPNBs
[8], but unlike our study, only 1 of 30 tumors in their study
was classified as the intestinal subtype. GNAS mutation did
not correlate with clinicopathologic features in their study.
These results further suggest differences in the mass-forming
tumors of the bile duct depending on the countries.

All four IPNBs with CTNNB1 mutations were
pancreatobiliary-type tumors located in the distal extra-
hepatic bile duct. As the case number was too small, we are
not able to confirm whether these tumors constitute a dis-
tinct subtype of IPNB. CTNNB1 mutations were frequently
detected in gallbladder adenoma [19]. This group of IPNBs
may be the bile duct counterpart of gallbladder adenoma.

Including only 11 genes in our analysis might represent a
substantial impediment. Fujikura et al. identified mutations
in CDC27, histone methyltransferases (KMT2C and
KMT2D), and DNA mismatch repair proteins (MSH3,
MSH6, and PMS2) in one patient each. A larger cohort of
whole-exome sequencing studies is required to demonstrate
these genes are frequently mutated in IPNB and are func-
tionally relevant.
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Intraductal tubulopapillary neoplasms (ITPNs) are
another type of intraductal mass-forming epithelial neo-
plasm in the pancreas and biliary tree. These tumors are
characterized by a tubular architecture and the absence of or
minimal mucin production. Unlike IPNBs and IPMNs, the
intestinal markers CDX2 and MUC2 are not expressed in
ITPNs [20–22]. A molecular study indicated that the loss of
CDKN2A/p16 expression and/or loss of heterozygosity of
the CDKN2A locus were frequent events in biliary ITPNs
(intraductal components= 44%, invasive= 33%). Further-
more, TP53 mutations were identified in 17% of intraductal
components and 9% of invasive tumors, and mutations in
KRAS, GNAS, and PIK3CA were rare or absent. Moreover,
the loss of the CDKN2A locus and lack of mutations in the
Ras-MAPK, Wnt/β-catenin, and GPCR-cAMP signaling
pathways were identified in pancreatic ITPNs [22]. In
addition, pancreatic ITPNs frequently harbored mutations in
the phosphatidylinositol 3-kinase pathway (PIK3CA,
PIK3CB, INPP4A, and PTEN) and FGFR2 fusions [22]. In
the present study, we did not identify PIK3CA mutations in
our cohort, and the differences in the mutated genes sug-
gested that IPNBs and ITPNs are distinct neoplasms with
different molecular features.

In the pancreas, oncocytic-type IPMNs are increasingly
been recognized as a distinct entity. Whole-genome
sequencing of nine cases revealed the absence of GNAS
and KRAS mutations in typical oncocytic IPMNs. By con-
trast, intestinal-subtype IPMNs with focal oncocytic epi-
thelia frequently had TP53, GNAS, and RNF43 mutations
[23]. Our study only included two oncocytic IPNBs; one
had mutations in APC (p.Thr1556fs) and KRAS (p.
Gln61His), whereas the other had mutations in TP53 (p.
Pro152Leu). Further reviewing the slides revealed that these
two tumors were not entirely composed of oncocytic cells;
pancreatobiliary-type cells were identified in both tumors.
Therefore, these two tumors may not be the biliary coun-
terparts of typical oncocytic IPNBs of the pancreas, and
further studies of more cases are required for clarification.

In conclusion, we identified frequent mutations in six
tumor-related genes in IPNB. The results indicate Ras-
MAPK, Wnt/β-catenin, and GPCR/cAMP signaling are the
main drivers of IPNB. We confirmed that KRAS, GNAS, and
RNF43 mutations are closely associated with the intestinal
type and Japan–Korea consensus type 1, supporting the
concept that IPNB is a heterogeneous neoplasm and that
further classification is mandatory. The presence of APC
and CTNNB1 mutations suggest that at least a subset of
IPNB is molecularly distinct to pancreatic IPMN.
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