
Summary. Invasive biliary tract carcinomas are usually
tubular adenocaricnomas with abundant desmoplastic
reactions and frequent ductal and periductal invasion at
the time of the diagnosis. Recently, several intraductal
neoplasms of the bile duct, particularly at a pre-invasive
stage, have been recognized. They include intraductal
papillary neoplasm of the bile duct (IPNB), biliary
intraepithelial neoplasm (BilIN), and others, such as
intraductal tubulopapillary neoplasm (ITPN) of the bile
duct. IPNBs are grossly visible predominantly
intraductal-growing papillary neoplasms covered by
well-differentiated neoplastic epithelium with fine
fibrovascular cores in the dilated bile ducts. Regarding
their similarities to intraductal papillary mucinous
neoplasm of the pancreas (IPMN) of main pancreatic
duct type, some IPNBs resemble IPMN (“pancreatic
type”), while others are only somewhat similar or
variably different from IPMN (“non-pancreatic type”).
Some IPNBs develop via a common oncogenic signaling
pathway, and others, particularly those of intestinal type,
frequently show GNAS mutations, as in IPMN. BilINs
are a microscopically recognizable flat or micropapillary
pre-invasive neoplasm and are presumed to precede
conventional nodular-sclerosing cholangiocarcinomas.
ITPN of the bile duct is a rare neoplasm composed of
densely packed tubular glands. These three types of
neoplasms are not infrequently associated with invasive
adenocarcinoma. Pre-invasive intraglandular neoplasms

of the peribiliary glands, another epithelial system in the
biliary tree, have been also reported. Further
characterization of these intraductal and intraglandular
neoplasms of the bile duct is needed to overcome
devastating invasive biliary tract carcinoma. 
Key words: Biliary tree, Intraductal papillary neoplasm,
Pre-invasive neoplasm, Papillary neoplasm, Biliary
intraepithelial neoplasm, Tubulopapillary neoplasm

Introduction

Invasive biliary tract carcinomas frequently present
as tubular adenocarcinomas with variable desmoplastic
reactions and have a poor prognosis (Albores-Saavedra
et al., 2010; Nakanuma et al., 2010; Razumilava and
Gores, 2014). Surgical resection is the only curative
approach to this devastating disease, but at the time of
the diagnosis, the majority of such lesions are inoperable
due to local advanced or metastatic disease status
(Razumilava and Gores, 2014). 

Recently, several types of intraductal neoplasms of
the bile duct have been reported at a pre-invasive stage
(Chen et al., 2001; Albores-Saavedra et al., 2010;
Nakanuma et al., 2010, 2016a,b; Nakanuma and Sudo,
2017; Schlitter et al., 2015) and the representative ones
are shown in Table 1. One of these neoplasms is
intraductal papillary neoplasm of bile duct (IPNB), a
unique type of biliary tumor showing an intraductal
predominant, grossly visible papillary growth covered
by well-differentiated neoplastic epithelium with fine
fibrovascular cores in the dilated bile ducts (Chen et al.,
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2001; Zen et al., 2006; Nakanuma et al., 2010, 2016a,b;
Ohtsuka et al., 2011, 2014). In most cases of
cholangiocarcinoma (CCA) showing nodular and/or
diffuse thickening of the affected bile ducts due to the
proliferation and infiltration of tubular adenocarcinoma
and desmoplasia (nodular-sclerosing CCA [NS-CCA]),
intraductal intraepithelial neoplasm (BilIN) is reportedly
presumed to be a pre-invasive, microscopically
recognizable intraductal neoplasm (Zen et al., 2007;
Nakanuma et al., 2010; Nakanuma and Sudo, 2017).
Intraductal tubulopapillary neoplasm (ITPN) of the bile
duct, another pre-invasive, intraductal neoplasm, has
also been recently reported (Schlitter et al., 2015). 

At the time of their diagnosis, IPNB and ITPN are
not infrequently associated with variable invasive
tubular adenocarcinoma. Interestingly, several
intraductal neoplasms in the pancreas have been found to
share similar pathological and biological features and
molecular events with IPNB, ITPN and BilINs, such as
intraductal papillary mucinous neoplasm (IPMN), ITPN
of the pancreas, and pancreatic intraepithelial neoplasm
(PanIN) (Adsay et al., 2010; Hruban et al., 2010). These
lesions are regarded as the pancreatic counterparts of
these three intraductal neoplasms of the bile duct
(Nakanuma, 2010; Nakanuma et al., 2010; Schlitter et
al., 2015; Nakanuma and Sudo, 2017). Pre-invasive
intraglandular neoplasms of the peribiliary glands,
another epithelial system in the biliary tree, have also
been reported (Nakanishi et al., 2011; Sato et al., 2014b;
Miyata et al., 2016; Uchida et al., 2016).

Recent discoveries concerning the molecular and
genetic aspects of these intraductal neoplasms and
invasive biliary tract carcinomas have increased our
understanding of these lesions (Sasaki et al., 2013a,b;
Tsai et al., 2013, 2017; Schlitter et al., 2015; Nakanuma
et al., 2016a). Herein, we discuss recent information

regarding the gross and microscopic features and
molecular pathogeneses of these three intraductal
neoplasms of the bile duct and of intraglandular
neoplasms of the peribiliary glands. Neoplasms of the
gallbladder and ampulla of Vater will not be discussed
here.
Intraductal neoplasms of the bile duct 

These neoplasms arise from the lining epithelia of
the bile duct lumen. Several types of biliary neoplastic
diseases are attributed to these neoplasms; some are
grossly visible and present characteristic clinicopatho-
logical features, while others are only microscopically
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Table 1. Intraductal neoplasms of the bile duct.

1. Intraductal papillary neoplasm of bile duct (IPNB)
a. Pancreatic type (Type I )

1) Low/intermediate dysplasia
2) High grade dysplasia
3) Associated with invasive carcinoma

b. Non-pancreatic type (Type II)
1) High grade dysplasia
2) Associated with invasive carcinoma

2. Biliary intraepithelial neoplasm (BilIN)
1) Low/Intermediate dysplasia (BilIN-1/2)
2) High grade dysplasia BilIN-3

3. Others
a. Intraductal tubulopapillary neoplasm (ITPN) of bile duct

1) Preinvasive
2) Associated with invasive carcinoma

b. Intraductal tubular neoplasm
c. Pyloric gland adenoma
d. Uncharacterized ones

Table 2. Pathologic characteristics of intraductal papillary neoplasms of the extrahepatic and intrahepatic bile ducts.

i) Grossly visible intraductal predominant growth of papillary neoplasms including villous ones in the dilated bile duct(s).
ii) A papillary tumor is covered by well-differentiated neoplastic epithelium (single to multiple layered) with fine fibrovascular cores. However, some

part(s) of fibrovascular cores, particularly at the center of and near the base of papillary lesion(s), are rather broad and more fibrous than those
near the luminal surface in some cases, and some fibrovascular cores show edematous or inflammatory widening.

iii) While papillary components are predominant within the tumor, tubular components are not infrequently admixed. While the proportion of tubular
components is usually less than 50% in IPNB, some subtypes such as gastric type show larger areas of tubular pattern. 

iv) The height of IPNB usually exceeds 0.5cm (as measured from the basement membrane of the adjoining bile ducts), although some IPNBs show
typical histoloiges but are less then 5 mm in height. 

v) Mucin hypersecretion is frequent but not constant.
vi) IPNB has four subtypes (gastric, pancreatobiliary oncocytic and intestinal types), as seen in IPMN, but IPNBs can contain two or more subtypes

simultaneously as well as unclassifiable mixed subtypes.
vii) A majority of IPNBs show heterogeneous atypia from low/intermediate to high-grade dysplasia in a variable proportion within the tumor. IPNBs

arising in the intrahepatic bile ducts occasionally contains areas of low/intermediate dysplasia and frequently areas of high-grade dysplasia as
well. Lesions arising in the extrahepatic bile ducts frequently have high-grade dysplasia with occasional regions of low/intermediate dysplasia. 

viii) Some IPNBs remain pre-invasive while others show variable invasion (IPNB associated with an invasive carcinoma). At invasive sites, tubular
adenocarcinoma with desmoplastic reaction is commonly found, although the foci of mucinous carcinoma are also infrequently identifiable.

ix) IPNBs are frequently and continuously associated with fields of intraepithelial neoplasm of the same character around the main papillary tumor.



identifiable. Interestingly, three types of pancreatic
intraductal neoplasms showing similar histologies and
phenotypes or subtypes to these intraductal neoplasms of
the bile duct are known (pancreatic counterparts) (Adsay
et al., 2010; Nakanuma, 2010; Sato et al., 2014a, 2014c;
Schlitter et al., 2015; Nakanuma and Sudo, 2017).
Intraductal papillary neoplasms of the bile duct (IPNB)

The characteristics of IPNB are shown in Table 2. 
Gross and microscopic features

General features. IPNB is an intraductal predominant
growth of papillary neoplasm including villous
structures in the dilated bile ducts and is covered by
well-differentiated neoplastic epithelium with fine
fibrovascular cores (Figs. 1-3) (Chen et al., 2001;
Nakanuma et al., 2010, 2016a,b; Ohtsuka et al., 2011).
Some cases show considerable luminal spreading of
papillary lesions (Nakanuma et al., 2016b). However,

some parts of the fibrovascular cores, particularly at the
center of and near the base of papillary lesions, are
rather broad and more fibrous than those near the
luminal surface in some cases, appearing as a stalk of
trees with many fine branches. Edematous or
inflammatory cell infiltrations in the stroma can be
secondary to chemical or mechanical injuries to the
IPNB itself floating in the bile flow containing many
irritable constituents; this may result in variable
widening of the stroma in some cases. While papillary
components are predominant within the tumor, tubular
components are not infrequently admixed (Nakanuma et
al., 2016a). However, the proportion of tubular
components is usually less than 50% in IPNB, except for
IPNB of gastric subtype (Fig. 1). The height of IPNB
usually exceeds 5 mm (as measured from the basement
membrane of the adjoining bile ducts). Intraductal mucin
hypersecretion is frequent but not constant. 

IPNBs are classifiable into four subtypes (gastric
type, pancreatobiliary [PB] type, oncocytic type and
intestinal type) based on the epithelial nature and
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Fig. 1. Intraductal papillary neoplasm of the bile duct arising in the intrahepatic bile duct. A. Papillary neoplasia with fine fibrovascular cores in the
dilated bile duct. HE. B. The lining epithelia are composed of papillary and tubular components resembling gastric foveola and the pyloric glands
(gastric subtype, low/intermediate dysplasia). HE.



structure (Figs. 1-3), similar to the types seen in IPMN
(Adsay et al., 2010; Nakanuma et al., 2010). Gastric type
presents with the features of foveolar and/or pyloric
glands, while intestinal type shows a villous pattern and
goblet cells. PB type is characterized by ramifying
branches, and onocytic type presents with acidophilic
cytoplasm and secondary glands. Among the subtypes,
PB type, intestinal type, and gastric type are variably
found, while oncocytic type is relatively infrequent.
IPNBs tend to present rather characteristic immuno-
phenotypes with mucin hypersecretion characteristic to
the subtypes; for example, IPNBs showing intestinal
differentiation demonstrate high immunohistochemical
expressions of CK20, CDX2 and MUC2, as well as a
significant association with mucin hypersecretions and
villous architectures. Interestingly, unlike IPMN, IPNB
frequently presents with two or more subtypes as well as
unclassifiable mixed subtypes. IPNBs also occasionally
show multiple occurrence and/or recurrence after
surgical resection along the biliary tree (Chen et al.,
2001; Nakanuma et al., 2016b).

IPNBs are classified as having either low-

/intermediate-grade intraepithelial neoplasia (dysplasia)
(Fig. 1) or high-grade dysplasia (“carcinoma in situ
(CIS)”) (Figs. 2, 3) based on the degree of cellular and
nuclear atypia (Chen et al., 2001; Nakanuma et al., 2010;
2016a,b). The low-/intermediate-grade category includes
borderline lesions, whereas the high-grade category
includes verified “noninvasive” carcinomas with
cellular/nuclear and structural atypia adequate for a
diagnosis of malignancy. IPNB is not infrequently
associated with invasion (IPNB with an associated
invasive carcinoma), which is usually focal and minimal
at the time of surgical resection. Tubular adeno-
carcinoma with a desmoplastic reaction is always found
in the invasive areas, and mucinous changes may also be
encountered focally but infrequently (Chen et al., 2001;
Nakanuma et al., 2016a,b). 

A majority of IPNBs arising in the intrahepatic bile
ducts remain pre-invasive, while those arising in the
extrahepatic bile ducts frequently show variable but
usually mild invasion at the time of surgical resection.
IPNB without invasion has a favorable prognosis. IPNBs
are frequently and continuously associated with fields of
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Fig. 2. Intraductal papillary neoplasm of the bile duct arising in the intrahepatic bile duct. A. Papillary neoplasia with fine fibrovascular cores in the
dilated bile duct. HE. B. The lining epithelia are composed of oncocytic changes (high-grade dysplasia). HE.



intraepithelial neoplasm of the same character and of
variable height around the main papillary tumor
(Nakanuma et al., 2016b). 
Subclassification. IPNBs reportedly show histologic and
even biologic similarities to PMN of the main pancreatic
duct type to various degrees (Chen et al., 2001; Zen et
al., 2006; Nakanuma, 2010; Nakanuma et al.,  2016a).
Some are similar or identical to IPMN, while others are
only somewhat similar or variably different from IPMN. 

IPNB can be classified into two subtypes
(“pancreatic” and “non-pancreatic” type) based on a
given lesion’s similarities to IPMN with consideration of
its location along the biliary tree (Nakanuma et al.,
2016a). More simply, the former can be called type I,
while the latter is type II. This subclassification may be
useful in clinical practice and holds promise with regard
to developing a novel approach to analyzing tumori-

genesis of IPNB (Table 3). 
a) Pancreatic type (type I). This type is pathologically
similar or identical to typical forms of IPMN and is
mainly found in the intrahepatic and/or hilar bile ducts
(Figs. 1, 2). The affected bile ducts usually show cystic
(unilocular or multilocular) or aneurismal dilatation, but
cylindrical dilatation has also been reported. This type
contains considerably large areas of low/intermediate
atypia of intraepithelial neoplasm (dysplasia) and
frequently foci of high-grade dysplasia. Gastric and
intestinal types are the most common lesions found in
this type, followed by oncocytic type. PB type is also
experienced but is relatively rare. Most lesions of this
type are pre-invasive, but some show minimal or more
invasion. The incidence of mucin hypersecretion is
frequent (about 60%) (Nakanuma et al., 2016b). This
type may be pathobiologically less aggressive than the
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Fig. 3. Intraductal papillary neoplasm of the bile duct arising in the extrahepatic bile duct. A. Papillary neoplasia with fine fibrovascular cores with
inflammatory changes. HE. B. The lining epithelia show serrated structures as well as nuclear hyperchromasia (high-grade dysplasia). HE.



non-pancreatic type (see below). Given the similarities
between this type and IPMN-P and the relative frequency
of the GNAS mutation with this type, particularly
intestinal type lesions (Tsai et al., 2013, 2017), a common
histopathogenesis and molecular pathogenesis may be
suggested between type I IPNB and IPMN. 
b) Non-pancreatic type (type II). This type is mainly
found in the extrahepatic bile ducts and is variably
different from IPMN, although this type can be also
occasionally encountered in IPMN (Fig. 3). Most lesions
of this type are composed predominantly or almost
entirely of areas of high-grade dysplasia with or without
variable foci of low/intermediate dysplasia. The high-
grade foci in this subtype have frequently more overt
malignant features than those of pancreatic type. While
this type frequently shows variable but usually mild
invasion in surgically resected cases, non-invasive cases
are also occasionally experienced. Most non-pancreatic
type lesions are of the PB and high-grade intestinal
types, although other types, such as high-grade gastric
type, are also encountered. The affected bile ducts show
fusiform or cylindrical dilatation. This type appears to be
more or overtly malignant histologically than pancreatic
type IPNB and may be more aggressive. 

Most invasive and non-invasive papillary adeno-
carcinomas or CCAs of the gallbladder and extrahepatic
bile ducts proposed by Albores-Saavedra et al. (Hoang et
al., 2002; Albores-Saavedra et al., 2000, 2005) and
“papillary cholangiocarcinoma” reported by Fujikura et
al. (Fujikura et al., 2016) may be classified as this type.
Given these previous reports, this type of IPNB can also
be called “papillary cholangiocarcinoma” type. 

Of note, pancreatic type can also occur in the
extrahepatic bile duct, and non-pancreatic type can
develop in the intrahepatic bile duct. In addition,
pancreatic type can contain some features or
characteristic areas of non-pancreatic type, and vice
versa. 

Molecular pathogenesis
IPNBs show unique molecular and genetic features

according to their degree of similarity to IPMN and
subtype or grades of dysplasia and invasion (Hsu et al,
2013; Sasaki et al., 2013a, 2013b; Tsai et al., 2013;

2017; Sasaki and Sato, 2017). Nakanishi et al. (2008)
reported that the expression of p21 and cyclin D1 was
gradually increased and SMAD4 expression was
gradually decreased with histological progression in
IPNB. p53 overexpression was already up-regulated in
low-grade IPNB and peaked in high-grade IPNB
regardless of invasion (Nakanishi et al., 2008). Schlitter
et al. (2014) also reported based on their molecular and
immunohistochemistry analyses that mutated KRAS and
loss of p16 were detected in low-grade IPNB, whereas
loss of SMAD4 was found in the late phases of IPNB
development. Alterations in the expression of HER2,
EGFR and β-catenin were rare events in IPNB (Schlitter
et al., 2014). Sasaki et al. (2013b) reported that the
overexpression of enhancer of zeste homolog 2 (EZH2)
may be associated with malignant behavior in IPNB, in
parallel with the up-regulated MUC1 expression and
down-regulated MUC6 expression. The expression of
insulin-like growth factor II mRNA-binding protein 3
(IMP3) and DNA methyltransferatse-1 (DNMT1) were
significantly weaker in non-invasive IPNB than in
invasive IPNB, and the diffuse cytoplasmic expression
of IMP3 showed the greatest specificity for predicting
the presence of invasion (Sasaki and Sato, 2017). The
membranous expression of β-catenin decreased with the
progression of PNB lineages. Cyclin D1 and c-myc were
frequently positive, and nuclear β-catenin staining was
also observed in IPNB, reflecting the activation of Wnt
signaling (Itatsu et al., 2007). These data suggest that the
development of IPNB follows sequential progression,
such as low/intermediate dysplasia to high-grade
dysplasia, eventually followed by invasion, in
association with the stepwise activation or alterations of
common oncogenic pathways (Schlitter et al., 2014). 

Activating point mutations of GNAS at codon 201
have been detected in approximately two-thirds of
IPMNs (Wu et al., 2011; Komatsu et al., 2014).
Recently, Sasaki et al. (2013a) reported that GNAS
mutations were detected in 50% of IPNBs. Tsai et al.
(2013) also reported that GNAS mutations were detected
in 29% of IPNBs and showed that all IPNBs with GNAS
mutations had intestinal differentiation with villous
architecture and mucus hypersecretion. GNAS-mutated
IPNB may constitute a distinct subgroup of IPNB (Tsai
et al., 2013). RNF43 is a tumor suppressor gene that
suppresses the Wnt-β-catenin signaling pathway. In

1006
Intraductal neoplasm of bile duct

Table 3. Subclassfication of IPNB.

Pancreatic type (Type I) Non-pancreatic type (Type II)

Similarities to P-IPMN similar or identical partially similar or not similar 
Preferential location intrahepatic bile duct extrahepatic bile duct
Mucus hypersecretion frequent occasional
Shape of dilated bile duct cystic, aneurysmal, cylindrical cylindrical, spindle 
Dysplasia of lining epithelia low/intermediate 〜 high high with foci of low/intermediate
Features of overt malignancy rare not infrequent
Stromal invasion not infrequent frequent
Common subtype gastric, intestinal, oncocytic intestinal, pancreatobiliary



IPMNs, RNF3 is the most frequently mutated gene
(Kloppel et al., 2014). Tsai et al. identified RNF43
mutations in more than 10% of IPNBs, and the RNF43
mutation was more frequent in the intestinal type of
IPNB than in other types and strongly associated with
the GNAS mutation (Tsai et al., 2017). 

In this context, Tsai et al. (2017) categorized IPNBs
into two groups based on their clinicopathological and
molecular features. One group represents the 'biliary
counterpart of IPMN of the pancreas' (biliary-IPMN),
comprising about 25% of IPNBs, and may be part of the
pancreatic type mentioned in this review (see above).
This group showed unique features reminiscent of
IPMN, such as macroscopic and microscopic mucin
hypersecretion, an intestinal cell lineage, and GNAS and
RNF43 mutations (identified in 100% and 36% of group
2 lesions, respectively). The identification of RNF43
mutations in group 2 suggests novel molecular roles of
this gene in the pathogenesis of IPNB and implies the
potential utility of Wnt pathway inhibitors for cancer
therapy. Group 1 IPNBs showed no such characteristic
features.

Differential diagnoses and related lesions
Lower IPNBs vs. micropapillary BilINs. (please see B.
BilINs)
IPNB vs. cancerization of invasive CCA. “Intraepithelial
spread of carcinoma” reflecting cancerization, “the
direct intraepithelial invasion of periductal invasive
carcinoma through the basement membrane of non-
neoplastic bile ducts”, has been reported in NS-CCA
with or without hepatolithaisis (Sato et al., 2013b;
Nakanuma et al., 2017). In the pancreas, this
cancerization can show intraductal papillary growth
resembling IPMN in addition to flat, intraepithelial
lesions resembling PanIN (Basturk et al., 2015).
However, there have been no detailed studies on the
issue of cancerization in the bile duct with respect to
IPNB.
Metastasis from extrahepatic organs. Among metastatic
carcinomas to the liver, particularly those from colon
carcinoma, intraductal metastasis of the biliary tree
occasionally mimics IPNB (Yamao et al., 2015). While a
history of colon cancer is very useful for differentiation,
metastatic lesions present more homogeneous
histologies of intestinal type of adenocarcinoma, usually
tubular adenocarcinoma, than IPNB. 
Biliary intraepithelial neoplasm (BilIN)

Gross and microscopic features
General features. The term “BilIN” was coined to
describe atypical intraepithelial neoplastic lesions that
are microscopically recognizable on the luminal surface
of bile ducts and is recommended to be used over a

number of traditional terms, such as atypical biliary
epithelia and biliary epithelial dysplasia (Fig. 4) (Zen et
al., 2007; Nakanuma et al., 2010). While BilIN is
macroscopically unidentifiable, some cases show fine-
granular or low-villous mucosa. BilINs are presumed to
be pre-invasive lesions of NS-CCA, a common CCA of
the perihilar and distal bile ducts (Zen et al., 2007;
Nakanuma et al., 2010; Nakanuma and Kakuda, 2015).
BilINs are characterized by flat, pseudopapillary,
micropapillary and papillotubular features in the biliary
tract mucosa and are usually less than 2 mm (but
occasionally 3 mm) in height and show a continuous
neoplastic epithelial field of several millimeters or more
in their extensional areas on the bile duct mucosa.

While BilINs usually present with the histological
features and immunophenotypes compatible with PB
type, such as the strong expression of biliary
cytokeratins (CK7/CK19) (Sato et al., 2014c; Nakanuma
et al., 2017), metaplastic changes with corresponding
immunophenotypes are not infrequently encountered in
BilIN, including gastric and intestinal metaplasia (Sato
et al., 2014c). With the gastric type, the pyloric gland
frequently appears to have a tubular pattern beneath the
lining dysplastic biliary epithelia or gastric foveola.
Some BilINs can develop in preceding gastric
metaplasia of the biliary tract with pyloric gland
formation. These metaplastic changes are more
frequently observed in BilIN-2/3 than BilIN-1. Intestinal
type with goblet metaplasia and/villous structures are
also encountered in BilINs, particularly in primary
sclerosing cholangitis (PSC) (Zen et al., 2011;
Nakanuma et al., 2017). 

So far, the histopathological and molecular
characteristics of BilINs have mainly been examined and
established in cases of chronic biliary diseases,
particularly hepatolithiasis and PSC with and without
CCAs (Zen et al., 2007, 2011; Nakanuma et al., 2010).
BilINs are occasionally associated with minimal
invasion at the very early stages in these cases. In
addition, a recent study showed that BilINs lesions are
also recognizable in the surrounding bile ducts in about
one-third of NS-CCA cases without preceding chronic
biliary disease (Nakanuma et al., 2017). 
Grading. Based on the degree of atypia of intraepithelial
lesions, such as loss of cellular/nuclear polarity,
increased nuclear-to-cytoplasmic ratio and nuclear
hyperchromasia, BilINs are classified as BilIN-1 (low-
grade), BilIN-2 (intermediate-grade) or BilIN-3 (high-
grade or CIS) (Zen et al., 2007; Nakanuma et al., 2010,
2017). A two-tiered classification system is also
applicable: BilIN-1/2 (low/intermediate-grade lesion)
(Fig. 4A) and BilIN-3 (high-grade lesion) (Fig. 4B) as in
pancreatic precursor lesions (Basturk et al., 2015).
BilIN-3 is usually seen in hepatolithiatic livers with or
without invasive CCA. BilINs show an epithelial field
strongly positive for S100P (see below). The
stratification of nuclei from the basal lamina to the
apical surface of the bile duct is a useful morphological

1007
Intraductal neoplasm of bile duct



feature for distinguishing BilIN-2 from BilIN-1, while
the diffuse disturbance of cellular/nuclear polarity in a
considerable area of bile duct mucosa favors a diagnosis
of BilIN-3. 

Molecular pathogenesis 
Multiple carcinogenetic factors, such as oxidative

stress and toxic bile acids, may be involved in the
initiation of BilINs, and cellular senescence and escape
from senescence may be responsible for the multistep
development of BilINs and eventual progression to
invasive NS-CCA (Sasaki et al., 2008). The expression
of p21, p53 and cyclin D1 was up-regulated with
progression in BilINs, whereas the SMAD4 expression
was down-regulated in BilINs (Nakanishi et al., 2008).
In BilINs, the p21 expression was significantly up-
regulated at an early stage. Specifically, the p53
expression was quite low in BilIN-1/2 but was slightly
increased in BilIN-3 and markedly up-regulated in
invasive lesions, suggesting that p21, p53, cyclin D1 and
SMAD4 are involved in the carcinogenesis of BilINs of
the bile duct (Nakanishi et al., 2008). The immuno-
histochemical expression of S100P was increased in
BilIN and perihilar and distal CCA (Sato et al., 2013a,
2014c; Nakanuma et al., 2017). Among all of the
relevant proteins, S100P expression was the most
drastically increased during the multistep carcinogenesis
process (Sato et al., 2013a). The bile levels of S100P
were significantly higher in patients with CCA than in
those with lithiasis alone, and the S100P bile
concentration was a good indicator of a diagnosis of
CCA (Sato et al., 2013a). The membranous expression
of β-catenin and E-cadherin decreased with the
progression in BilIN lineages. Matrix metalloproteinase

(MMP)-7 and membrane-type MMP-1 were commonly
expressed in invasive ICC with BilIN, while non-
invasive lesions (BilIN-1, BilIN-2 and BilIN-3) were
only occasionally and weakly positive for these
molecules (Itatsu et al., 2007). KRAS mutations were
found to be more frequent in hepatolithiatic patients with
ICC (31.5%), BilIN-3 (30%) and BilIN-2 (43.8%) than
in those with BilIN-1 (25%) (Hsu et al., 2013). KRAS
mutations occurred as an early molecular event during
the progression of BilIN to ICC (Itatsu et al., 2007).
GNAS mutations were not identified in any of the NS-
CCAs or BilINs examined (Hsu et al., 2013). 

Recent studies have shown that CCA and pancreatic
duct adenocarcinoma (PDAC) and their precursor
lesions such as BilINs and PanINs present similar
pathologic and immunohistochemical features and share,
at least in part, a common carcinogenic process,
suggesting that BilIN can be regarded as the biliary
counterpart of PanIN (Nakanuma et al., 2010a; Sato et
al., 2014a). Sato et al. (2014a) reported that MUC1,
MUC2, MUC5AC, cyclin D1, p21, p53 and S100P
showed similar expression patterns between BilIN and
PanIN, with the expression of these molecules tending to
increase with the increase in the atypia of neoplastic
epithelial lesions of BilINs and PanINs. Significant
differences were observed in the increase in mucin
production in PanIN-1 and the increased expression of
p53 in PanIN-3 compared with those changes in BilIN of
a corresponding grade (Sato et al., 2014a).

Differential diagnoses and related lesions 
Reactive changes. The biliary tract is often affected by
inflammatory conditions, particularly in chronic biliary
tract diseases as well as CCA. In such cases, the lining
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Fig. 4. Biliary intraepithelial neoplasia (BilIN). A. BilIN-1/2. Lining biliary epithelia showing nuclear stratification and mild hyperchromasia. Nuclear
polarity is retained. HE. B. BilIN-3. Neoplastic lining epithelia showing a micropapillary pattern and nuclear stratification with mildly disordered polarity.
HE.



epithelia frequently shows reactive, atypical changes,
such as nuclear stratification and hyperchromasia
mimicking BilINs (Zen et al., 2007). It is critical to
differentiate such reactive changes from carcinoma and
its precursor lesions, such as BilINs. In these bile ducts,
inflammatory cells, particularly neutrophilic leukocytes,
frequently infiltrate into the biliary epithelial layer, while
such lesions are usually absent or rare in BilINs. The
strong and diffuse expression of S100P in a continuous
epithelial field or lesion favors BilINs than do reactive
changes of biliary epithelial cells (Nakanuma et al.,
2017).
Micropapillary BilIN vs. lower IPNB. Micropapillary
neoplastic lesions, usually shorter than 3 mm in height,
are not infrequently intermingled with flat or woven or
pseudopapillary BilIN lesions and can be included among
BilINs (Zen et al., 2007; Sato et al., 2014c; Nakanuma et
al., 2017). IPNBs are usually taller than 5 mm in height,
but shorter IPNB lesions are also encountered and
resemble micropapillary BilIN (Nakanuma et al.,
2016a,b). In the surrounding biliary mucosa around a

main papillary neoplasm (IPNB) there may
simultaneously be many papillary neoplastic lesions less
than 5 mm in height showing the same features as the
main tumor. This borderline field or distinction with
respect to height between BilINs and IPNBs is still
controversial, and more scientific data and consensus
discussion are needed for their differentiation. Tentatively,
micropapillary neoplastic lesions less than 3 mm in
height, particularly those without fibrovascular stalks,
may be included as BilINs (Nakanuma et al., 2017).
Cancerization vs. BilINs. Sato et al. (2013b) first
reported that, in the bile ducts of CCA associated with
hepatolithiasis,  the “intraepithelial spread of
carcinoma” reflecting cancerization was found in
addition to BilIN-3 (a pre-invasive lesion). This lesion
was usually continuously adjacent to the main tumor of
NS-CCA. Such cancerization is also frequent in
entrapped non-neoplastic bile ducts within the main
tumor. Cancerized lesions are usually composed of
more atypical or bizarre carcinoma cells than BilIN-3.
The phenotypes of carcinoma cells, such as the
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Fig. 5. Intraductal tubulopapillary neoplasm of the bile duct. A. Lower magnification of intraductal tubulopapillary neoplasm of the bile duct. A cellular
tumor clogs the dilated bile ducts. HE. B. Higher magnification. Uniform cuboidal tumor cells without mucin production are proliferating in a
tubulopapillary fashion. Note the central comedo-like necrosis. HE.



excessive expression of p53, are found in invasive
tubular adenocarcinoma as well as in cancerized
intraepithelial neoplasm in the bile duct, while p53
expression is infrequent in BilINs. The expression of
cancer-related molecules and the MIB-1 index of
BilINs differ from those of invasive CCA, while these
features of cancerization are relatively similar to those
of invasive CCA (Sato et al., 2013b).

Recently, such cancerization in addition to BilINs
has also been reported to develop occasionally in the bile
ducts of NS-CCA without preceding lesions (Nakanuma
et al., 2017), suggesting that intraepithelial neoplasm in
the biliary tract of NS-CCA with or without
hepatolithiasis may in fact be a chimera state of BilINs
and cancerized intraepithelial lesions, particularly
around the main tumor of NS-CCA. Differentiation of
these lesions from each other is necessary for
determining the surgical margin of surgically resected
bile duct specimens.

For the differentiation of BilIN from metastatic
carcinoma from other organs involving the biliary
epithelial layer, please see the differential diagnosis and
related lesions of IPNB (c. metastasis from extrahepatic
organs). 
Other intraductal neoplasms

Several uncategorized intraductal, pre-invasive
neoplasms of the bile ducts have been observed and
reported. Some have been recently characterized, as
below (Schlitter et al., 2015). 

Intraductal tubulopapillary neoplasm (ITPN) of the
bile duct
Gross and microscopic features. ITPN is a relatively new
disease entity first described in 2009 as a pancreatic
neoplasm (Yamaguchi et al., 2011) that is clearly distinct
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Fig. 6. Cystic micropapillary neoplasm (arrows) of the peribiliary gland found around the left hepatic bile duct. A. Multiple cysts covered by
micropapillary epithelia. P, portal vein. HE. B. Higher magnification. Micropapillary features of the lining epithelia with mucin are evident, and the septa
is fibrous. No malignant changes are found. HE.



from known other pancreatic neoplasms such as PanIN or
IPMN. Pancreatic ITPN is now officially described as an
independent entity in the recent WHO classification
system (Adsay et al., 2010). Since its recognition, biliary
intraductal neoplasms quite similar to pancreatic ITPN
have been reported (Park et al., 2010; Zen et al., 2012;
Schlitter et al., 2015; Nakagawa et al., 2016), namely,
biliary ITPN. However, in contrast to its pancreatic
counterpart, biliary ITPN has not been established as an
independent disease entity under the international
classification system for biliary neoplasms (Albores-
Saavedra et al., 2010; Nakanuma et al., 2010). Although
knowledge and information regarding biliary ITPN are
limited at present, we herein describe the characteristics
of biliary ITPNs based on several recent reports.

Grossly, solid nodular lesions are observed within
the bile ducts. The involved ducts are directly pushed by
the expanding tumor, resulting in prominent dilatation.
The nodules are large and dense with a fleshy to rubbery
texture. Punctate or geographic foci of necrosis have
been noted in some cases. In some areas, the ducts are
only partially filled by the intraductal lesion, and the bile
duct contours are relatively well-preserved, leading to
the clear recognition of the intraductal nature of the
tumor. In others, the duct lumens are filled entirely by
the intraductal process, which also obscures the duct
wall, resulting in difficulty in confirming the intraductal
localization of the tumor. Cystic dilatation of bile ducts
may occur, but mucinous contents, typically seen in
cases of IPNB, are absent. Unlike IPNB, tumors of ITPN
are relatively firm, and papillary or velvet-like soft
mural nodules are never seen, grossly. 

Histologically, ITPNs display unequivocal
architectural and cytological evidence of high-grade
dysplasia/CIS. They form hypercellular masses clogging
the dilated ducts (Fig. 5A). In some areas, crowded
back-to-back tubular glands are readily apparent. In
addition, cribriform glands and solid areas are often
recognized. The neoplastic glands are mainly composed
of cuboidal cells with modest amounts of eosinophilic to
amphophilic cytoplasm. In other areas, the same
monotonous tumor cells show a complex papillary
architecture with delicate fibrovascular cores.

ITPN consists of a tubular component and a
papillary component intermingled with each other (Fig.
5B), but variation does occur; indeed, some ITPNs are
almost purely tubular lesions, while others are composed
of predominantly papillary structures. In most ITPNs,
multiple intraglandular necrotic foci are easily
recognizable here and there (comedocarcinoma-like
pattern). The nuclei are round to oval in shape and
moderately to markedly atypical. Mitotic figures are
often readily identifiable. The major microscopic
characteristics of ITPNs are the following two aspects:
(1) the tumor cells contain no cytoplasmic mucin, and
(2) uniform high-grade dysplasia is observed throughout
the tumor, with no low-grade areas seen. These features
differ markedly from IPNBs. In IPNBs, the tumor cells
show apparent intercellular and extracellular mucin

production. In addition, the transition from low- to high-
grade areas is frequently seen in IPNBs. The histological
subtyping used for IPNBs is not applied for ITPNs. 

ITPNs can show stromal invasion, with the invasive
pattern varying from case to case (Park et al., 2010);
however, the mucinous/colloid invasive pattern
commonly seen in IPNBs has never been recognized in
ITPNs. Occasionally, the invasive component of ITPNs
is strikingly similar to the intraductal component.

Immunohistochemically, ITPN-cells are positive for
CK7 and/or CK19, revealing apparent ductal differen-
tiation. Regarding the mucin core proteins, most ITPNs
are positive for MUC1, and some are positive for
MUC6. They are consistently negative for MUC2, which
is highly specific for IPNBs, and MUC5AC, which is
highly sensitive to IPNBs. The expression pattern of
mucin core proteins is important for the differentiation
between ITPNs and all subtypes of IPNBs.

These macroscopic, microscopic and immunohisto-
chemical characteristics of biliary ITPNs clearly indicate
that the neoplasm should be categorized as an
independent entity from IPNBs. 
Molecular pathogenesis. Although data on the
molecular characteristics of ITPNs are still limited,
several genetic findings have been reported. Most
ITPNs show the wild-type KRAS gene, in contrast to
other ductal neoplasms in the pancreatobiliary system.
BRAF or PIK3CA mutations are also very rare in
ITPNs. In addition, no ITPNs with GNAS mutations
have been documented; this gene is known to be
frequently mutated in both IPNBs and IPMNs. Schlitter
et al. reported that the loss of CDKN2A/p16 expression
and/or LOH of CDKN2A were observed in 44% of non-
invasive ITPNs and 33% of invasive carcinomas (2015).
Most ITPNs show normal patterns of expression of p53,
β-catenin and SMAD4/DPC4. These findings prove the
unique molecular characteristics of ITPNs compared
with other known pancreatobiliary neoplasms, such as
IPNBs.

However, while biliary ITPNs display a number of
unique characteristics, further study regarding this
neoplasm is required to clarify whether biliary ITPN is a
truly independent entity among biliary neoplasms or if it
is identical to pancreatic ITPN.

Intraductal tubular neoplasms
Tubular component-predominant intraductal

neoplasm at a pre-invasive stage has been reported in the
biliary tract. For example, Sato et al. reported a unique
case of high-grade tubular adenoma showing histological
features of intestinal type with occasional goblet cells
and low-grade tubular adenoma showing histological
features of pyloric gland type (Sato et al., 2010).

Others
Intraductal pyloric gland type adenoma in the bile
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duct may be another example of intraductal neoplasm. In
the pancreas, this type of adenoma is usually included in
the gastric type of IPMN (Adsay et al., 2010).
Intraglandular neoplasms of the peribiliary glands

Among lesions of the peribiliary glands, there are
reportedly several candidates for pre-invasive neoplastic
lesions, such as cystic micropapillary neoplasm (C-P
neoplasm), IPNB and BilIN, suggesting that some CCAs
may arise from these pre-invasive lesions in the
peribiliary glands (Nakanishi et al., 2009, 2011;
Nakanuma and Sato, 2012; Nakanuma et al., 2012;
Miyata et al., 2016; Uchida et al., 2016). Several types
of pre-invasive, intraglandular neoplasms are discussed
below.
Cystic neoplasms of the peribiliary glands

A number of cystic changes have been observed in
the peribiliary glands, the most frequent of which are
“peribiliary cysts”, which are found focally and
multifocally along the intrahepatic large bile ducts and
hilar bile ducts (Nakanuma et al., 2012). Two categories
of neoplastic cystic diseases of the peribiliary glands
have been proposed: one is associated with the
micropapillary epithelial proliferation of cyst-lining
epithelial cells (C-P neoplasm) and the other with
grossly visible papillary epithelial proliferation of cyst-
lining epithelial cells (IPNB) (Sato et al., 2014b; Miyata
et al., 2016; Uchida et al., 2016). 

C-P neoplasms of the peribiliary glands
This lesion is characterized by a grossly visible

multicystic or oligocystic epithelial lesion that is
associated with foci of microscopically recognizable
micropapillary projections covering fine fibrovascular
cores or septa (Figs. 6A,B) (Sato et al., 2014b; Miyata et
al., 2016; Uchida et al., 2016). The higher Ki-67 labeling
index and frequent S100P strong expression of C-P
neoplasms also support their neoplastic character. These
C-P neoplasms were incidentally observed in 1% of a
large consecutive series of autopsy livers, mainly in the
hepatic hilus and around the intrahepatic large bile ducts
(Sato et al., 2014b). The atypia of the micropapillary
epithelia is generally mild but variable; some cases have
low- to intermediate-grade intraepithelial neoplasia,
while others have high-grade neoplasia without invasion.
Microinvasion is rarely detected. The immunoprofiles of
C-P lesions are typically gastric type; MUC5AC is
frequently expressed in C-P neoplasms. These features
are similar to those of branch-type IPMN of the
pancreas. Some of this type may progress to IPNB of the
peribiliary glands and bile ducts (see below) or even to
CCA. Regarding the characteristic imaging findings,
enhanced computed tomography and magnetic
resonance imaging show cystic lesions around the hilar
bile ducts (Uchida et al., 2016). 

IPNB of the peribiliary glands
There have been several cases of IPNB closely

related to the peribiliary glands in their development,
and some eventually developed invasion (IPNB
associated with an invasive carcinoma) (Nakanishi et al.,
2011; Lim et al., 2011; Nakanuma and Sato, 2012;
Miyata et al., 2016). The affected bile ducts represent
diverticulum-like or aneurismal dilatation, and in some
cases, cystic lesions are located closely along the biliary
tree. There have been several recent reports of IPNB
exclusively involving or being related to the peribiliary
glands, with some simultaneously involving the adjacent
bile duct lumen (Nakanishi et al., 2011). The papillary
neoplastic lesions are composed of epithelial cells in
four subtypes of IPNB with delicate fibrovascular cores,
compatible with a diagnosis of IPNB. The atypia of the
lining epithelia in such IPNBs is variable; some cases
have low- to intermediate-grade intraepithelial neoplasia,
while others have high-grade neoplasia with or without
invasion. 
IPNB exclusively involving the peribiliary glands. This
type is a biliary cystic papillary tumor that originates
from the peribiliary glands and has even been found to
be localized to the peribiliary glands (Nakanishi et al.,
2011; Miyata et al., 2016). The papillary lesions are
grossly visible. The cyst is multilocular in appearance
and is located within the portal tract of the perihilar
region or large portal tracts or communicates with the
adjoining bile ducts. The fibrotic and variably hyalinzied
wall of the cystic tumors lacks an ovarian-like stroma.
The tumor is composed of papillary and glandular
components, and the neoplastic cells are histologically
and phenotypically similar to gastric foveolar and
pyloric gland epithelia. The tumor cells are usually
positive for MUC5AC and MUC6. These tumors
comprise only the cysts involving the peribiliary glands,
sparing the adjacent bile duct lumen (Nakanuma and
Sato, 2012).
IPNB involving the peribiliary glands and luminal
surface of the adjacent bile ducts. This type is a cystic
neoplasm with grossly visible papillary epithelial cells of
the peribiliary glands and also involves the bile duct
lumen of the adjacent bile ducts (Nakanishi et al., 2009;
Lim et al., 2011). The papillary neoplastic epithelia
spread into the surrounding biliary mucosa of the
adjacent hepatic ducts. IPNBs related to the peribiliary
glands can be also associated with invasion of tubular
adenocarcinoma.
BilIN of peribiliary glands

The peribiliary glands also have non-cystic
intraglandular neoplastic epithelia showing variable
atypical, dysplastic changes (Terada and Nakanuma,
1990; Nakanuma et al., 2012). Such lesions are usually
seen in the proliferating peribiliary glands of chronic
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biliary diseases, particularly hepatolithiasis, and show
variable atypia corresponding to BilIN-1 to BilIN-3
found in the duct-lining epithelia. Occasionally, invasive
lesions are admixed with the peribiliary glands with
BilIN-3.

In conclusion, intraductal neoplasms of the bile duct,
including IPNB, ITPN and BilIN, have been recognized
as pre-invasive stages or lesions of biliary tract
carcinomas. These neoplasms display unique clinico-
pathological features and molecular pathogeneses.
Interestingly, these three types of intraductal neoplasms
resemble the pancreatic intraductal neoplasms IPMN,
ITPN and PanIN (pancreatic counterparts). In addition to
the exploitation of the tools for surveying and detecting
these neoplasms, several genetic alterations can be
challenged as targets for treatment. Studies of the
peribiliary glands, another epithelial system of the
biliary tree, have identified cystic papillary and non-
cystic pre-invasive neoplasms localized to these glands
that may be followed by invasion. Further studies are
required to investigate more molecular changes and to
clarify the mechanisms underlying the carcinogenesis of
these intraductal and intraglandular neoplasms of the
bile duct.
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