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Intraductal papillary neoplasms of the bile duct (IPNBs) are 
known to show various pathologic features and biological 
behaviors. Recently, two categories of IPNBs have been 
proposed based on their histologic similarities to pancreatic 
intraductal papillary mucinous neoplasms (IPMNs): type 1 
IPNBs, which share many features with IPMNs; and type 2 
IPNBs, which are variably different from IPMNs. The four 
IPNB subtypes were re-evaluated with respect to these two 
categories. Intestinal IPNBs showing a predominantly vil-
lous growth may correspond to type 1, while those showing 
papillay-tubular or papillay-villous growth correspond to type 
2. Regarding gastric IPNB, those with regular foveolar struc-
tures with varying numbers of pyloric glands may correspond 
to type 1, while those with papillary-foveolar structures with 
gastric immunophenotypes and complicated structures may 
correspond to type 2. Pancreatobiliary IPNBs that show fine 
ramifying branching may be categorized as type 1, while 
others containing many complicated structures may be 
categorized as type 2. Oncocytic type, which displays solid 
growth or irregular papillary structures, may correspond to 
type 2, while papillary configurations with pseudostratified 
oncocytic lining cells correspond to type 1. Generally, type 1 
IPNBs of any subtype develop in the intrahepatic bile ducts, 
while type 2 IPNBs develop in the extrahepatic bile duct. 
These findings suggest that IPNBs arising in the intrahepatic 
ducts are biliary counterparts of IPMNs, while those arising 
in the extrahepatic ducts display differences from prototypi-
cal IPMNs. The recognition of these two categories of IPNBs 
with reference to IPMNs and their anatomical location along 
the biliary tree may deepen our understanding of IPNBs. (Gut 
Liver 2019;13:617-627 )
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INTRODUCTION

 Intraductal papillary neoplasms of the bile duct (IPNBs) 
are characterized by dilated bile ducts that are filled with pre-
invasive papillary or villous biliary neoplasms covering fine 
fibrovascular stalks and a lack of an ovarian-type stroma (Fig. 
1A and B) and are regarded as preinvasive biliary lesions that 
are eventually followed by stromal invasion (IPNB associated 
with an invasive carcinoma).1-5 In addition, IPNBs show a vari-
able intramucosal spread of neoplastic epithelia around the 
main papillary tumor (Fig. 1C); in some cases, this intramucosal 
spread is extensive. Intraductal papillary mucinous neoplasms 
(IPMNs) of the pancreas are also a preinvasive intraductal papil-
lary neoplasm and are characterized by the intramucosal spread 
of neoplastic epithelia followed by invasive carcinoma.1,3,6 Al-
most all IPMN cases are associated with excessive intraductal 
mucin hypersecretion and show different clinicopathological 
features and genetic molecular alterations according to their 
anatomical locations (main pancreatic duct and branch duct) 
and the four subtypes into which they are classified (intestinal, 
gastric, pancreatobiliary [PB], and oncocytic subtype).7 

IPNBs have been the topic of many recent studies, including 
studies on their clinicopathological features and imaging find-
ings, and it was found that IPNBs show variable gross and his-
topathological features and biological behaviors.3,8-18 It is note-
worthy that the incidence of stromal invasion and the histologic 
features differ among several of the proposed subcategories of 
IPNB.9,12,17,19 There have been several studies on the histological 
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similarities between IPNBs and IPMNs. For example, IPNBs are 
also divided into four subtypes,1,3,6 and IPNBs also frequently 
show excessive intraductal mucin hypersecretion. Recently, 
IPNBs were also reported to present different gross and histo-
logic features according to their anatomical location along the 
biliary tree, suggesting that IPNB may be a heterogeneous and 
complex biliary disease.17-20 This heterogeneity and complexity 
lead to controversies regarding the clinicopathological recogni-
tion and diagnosis of IPNB.4,10,21,22

The re-evaluation of the pathological features of IPNBs with 
reference to IPMNs and their anatomical location along the bili-
ary tree may improve our understanding and recognition of the 

clinicopathological aspects of IPNB and build a better consensus 
regarding these neoplasms.

In this review, we assessed the pathologic heterogeneity and 
variability of IPNBs and introduce two categories of IPNBs (type 
1 and 2) with reference to their similarity to IPMN.22 We then 
re-evaluated the four subtypes of IPNBs based on these two cat-
egories and on their anatomical location along the biliary tree. 
We also reviewed several disease entities that mimic IPNB.4,23-27 
In our study, the extrahepatic bile duct included the right and 
left hepatic ducts, while the intrahepatic bile ducts were proxi-
mal to the right and left hepatic ducts. The study protocol of 
this review was approved by the Institutional Review Boards of 
Fukui Saiseikai Hospital (2017-093) and Shizuoka Cancer Center 
(T286). The informed consent was waived.

HETEROGENEITY IN THE PATHOLOGY OF IPNB 

Macroscopically, intrahepatic IPNBs are more likely to show 
unilocular or multilocular cystic dilatation of the affected ducts 
where papillary neoplasms are identifiable (Fig. 2A), while ex-
trahepatic IPNBs presenting papillary or polypoid neoplasms are 
typically associated with cylindrical or fusiform dilatation of the 
affected bile ducts (Fig. 2B).1-3,8 Gross changes in extrahepatic 
IPNBs can also be encountered in intrahepatic IPNBs. Excessive 
mucin hypersecretion is more frequently observed in intrahepat-
ic IPNBs than in extrahepatic IPNBs.5,28 Bile ducts with excessive 
mucin secretion located upstream and downstream from IPNBs 
are significantly dilated due to the large amount of mucin in the 
duct lumen. The anatomical location of IPNBs within or outside 
the liver parenchyma and the presence or absence of excessive 
mucin hypersecretion from an IPNB may influence the gross 
appearance of the IPNB.14,18

IPNBs are histologically classifiable into four subtypes based 

B
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Fig. 1. Intraductal papillary neoplasm of the bile duct arising in the 
extrahepatic bile duct. (A) A papillary lesion and laterally spreading 
lesion in the extrahepatic bile duct (H&E, ×50). (B) A higher-magnifi-
cation view of the papillary lesions marked by circle in A shows fine 
fibrovascular cores covered by neoplastic epithelia (H&E, ×70). (C) A 
higher-magnification view of the laterally spreading lesion marked 
by circle in A shows micropapillary and flat neoplastic epithelia (H&E, 
×100).

Fig. 2. The gross features of an intraductal papillary neoplasm of the 
bile duct (IPNB). (A) An IPNB growing in the intrahepatic bile duct 
showing cystic dilatation (white asterisk, dilated bile duct lumen). (B) 
IPNB in the extrahepatic bile duct showing villous features (one tu-
mor was separated into two [arrows] at the time of dissection). 

A B

Fig. 3. Intestinal-type intraductal papillary neoplasm of the bile duct 
(IPNB) (type 1). (A) An IPNB arising in the intrahepatic bile duct 
shows a villous architecture with thin fibrovascular cores (H&E, ×80). 
(B) A higher-magnification view of the villous neoplasm shows strati-
fied nuclei with amphiphilic cytoplasm and little supranuclear mucin 
(H&E, ×120). 

A B
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on the lining epithelial cells and architectures, including fi-
brovascular stroma: intestinal (Figs 3, 4), gastric (Figs 5, 6), PB 
(Figs 7, 8) and oncocytic (Figs 9, 10). While many cases are 
predominantly composed of an individual subtype, mixtures of 
other subtypes are not infrequently observed, as is the case in 
IPMN.1,2,5,7,8 This subtyping is facilitated by immunohistochem-
istry to detect mucus core proteins and cytokeratins.1,5 A recent 
study showed that the incidence of these subtypes differed be-
tween intrahepatic and extrahepatic IPNBs.5 As for the histolog-
ical grades of intraepithelial neoplasms (dysplasia), many IPNB 
cases arising in the intrahepatic bile ducts are graded as high-
grade dysplasia, while the areas of low-/intermediate-grade 
dysplasia infrequently co-exist within the same tumor. Some 
IPNBs are composed of only low-/intermediate-grade dysplasia. 
In contrast, extrahepatic IPNBs are always composed of high-

grade dysplasia and in many cases are only composed of high-
grade components. IPNBs, particularly those containing variable 
foci of low-/intermediate-grade dysplasia, may be undergoing 
multi-step carcinogenesis.1,29 

Furthermore, unlike intrahepatic IPNBs, which are invasive 
at the time of resection in approximately 50% of cases, many 
extrahepatic IPNBs show at least focal stromal invasion, which 
implies that intrahepatic IPNBs are less aggressive than ex-
trahepatic IPNBs. In addition to the papillary and/or villous 
structures, other features, such as crowded tubular, cribriform or 

Fig. 4. Intestinal-type intraductal papillary neoplasm of the bile duct 
(IPNB) (type 2). (A) An IPNB arising in the distal bile duct shows 
papillary-tubular architecture with thin, focally fibrotic, fibrovascu-
lar cores (H&E, ×60). (B) An IPNB arising in the distal bile duct with 
high-grade dysplasia. The structures of the papillary-tubular patterns 
are irregular (H&E, ×80). (C) These neoplastic cells are diffusely posi-
tive for CDX2 (immunostaining, ×70). 
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Fig. 5. Gastric-type intraductal papillary neoplasm of the intrahepatic 
bile duct (type 1). Foveolar epithelia and pyloric glands comprise the 
basic architecture of this gastric neoplasm (H&E, ×150). 

Fig. 6. Gastric-type intraductal papillary neoplasm of the extrahepatic 
bile duct (type 2). (A) A papillary neoplasm with fine fibrovascular 
cores and epithelial lining (asterisk), and flat and nonpapillary neo-
plastic epithelial lining in the adjacent mucosa (arrow) are identifi-
able (H&E, ×80). (B) A higher-magnification view of (A) shows a low 
columnar clear cytoplasm and basally located nuclei appearing as 
pyloric glands (right half) and low columnar epithelia with less mu-
cinous cytoplasm, reminiscent of gastric foveola (left half). Asterisk 
indicates solid structures (H&E, ×120).

A B

Fig. 7. Pancreatobiliary-type intraductal papillary neoplasm of the 
bile duct (IPNB) (type 1). (A) An IPNB arising in the intrahepatic bile 
duct shows fine and branching fibrovascular cores lined by columnar 
epithelia. (H&E, ×120). (B) Fine and branching stalks are lined by low 
columnar and cuboidal epithelia. A higher-magnification view of (A) 
(H&E, ×140).
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solid growth patterns, may complicate the architecture of IPNBs, 
particularly in those of the extrahepatic bile ducts.22 Generally, 
papillary or villous growth with fibrovascular stalks (>5 mm in 
height from the adjacent biliary mucosa) are typical; however, 
some papillary neoplasms with a similar histopathology that are 
<5 mm but >3 mm in height are occasionally encountered.1,5,16,24 
IPNBs located in the intrahepatic bile ducts tend to be larger in 
both mass and length than those in the extrahepatic bile ducts.15 
Taken together, these findings suggest that the gross and mi-
croscopic morphologies, pathogenesis and biological activities 
of IPNBs may be related to their anatomical location along the 
biliary tree.5,16,22

SIMILARITIES BETWEEN IPNB AND PANCREATIC IPMN

There are several biliary and pancreatic diseases that share 
many clinical and pathological features5,15,16,18,25,26,30,31 and can 
be regarded as a spectrum of “biliary diseases with pancreatic 
counterparts.” The representative diseases are shown in Table 
1. The pathological and clinical similarities between IPNB and 
IPMN have been reported,5,15,18,22,30 suggesting that IPNBs and 
IPMNs can be included in this spectrum.

 There are many anatomical, embryological and experimental 
data or background characteristics that support the occurrence 
of similar diseases in the biliary tract and pancreas;30,32-36 some 
of these are shown in Table 2. They suggest that the bile duct is 
inherently accompanied by variable pancreatic features, making 
it plausible for diseases with similar features to develop in the 
pancreas as well as the biliary tract.27,30

1. The similarities and differences between IPNB and IPMN

IPNBs and IPMNs may present with similar histological 
features and biological behaviors and may undergo similar 
pathogenetic processes. However, the bile ducts and pancreas 
themselves are different organs, so it is conceivable that IPNB 
and IPMN are not completely identical. According to our recent 
studies, approximately half of IPNBs showed similar histopatho-
logical features to IPMNs, while the other half did not.5,15 The 
similarities and differences between IPNBs and IPMNs are sum-
marized in Table 3. 

IPMNs can involve the main pancreatic duct (main duct 
type), branch duct (branch duct type), or both ducts (combined 
type). The branch duct type of IPMN is usually multicystic and 
of the gastric subtype. While IPNBs involving the extrahepatic 
bile ducts and intrahepatic large bile duct may correspond to 

Fig. 8. Pancreatobiliary-type intraductal papillary neoplasm of the 
bile duct (IPNB) (type 2). (A) An IPNB arising in the extrahepatic bile 
duct showing fine and branching fibrovascular stalks lined by papil-
lary neoplastic epithelia (H&E, ×50). (B) The epithelial lining shows 
branching stalks with papillary, pseudopapillary and serrated epithe-
lia with high-grade dysplasia (H&E, ×120).

A B

Fig. 9. Oncocytic-type intraductal papillary neoplasm of the intrahe-
patic bile duct (type 1). (A) A papillary neoplasm with fine fibrovas-
cular cores and epithelial lining (H&E, ×50). (B) Lining the epithelia 
are several cell layers with numerous secondary lumina and acido-
philic or oncocytic cytoplasm as well as hyperchromatic nuclei. A 
higher-magnification view of (A) (H&E, ×120). 

A B

Fig. 10. Oncocytic-type intraductal papillary neoplasm of the extra-
hepatic bile duct (type 2). (A) A papillary neoplasm shows polypoid 
growth with fine fibrovascular cores and multilayered nuclei (H&E, 
×40). (B) The papillary or compact growth of oncocytic cells with 
hyperchromatic and pleomorphic nuclei. The secondary lumina are 
vague (asterisks, edematous stalk). A higher-magnification view of (A) 
(H&E, ×150). 

A B



Nakanuma Y, et al: Pathology of Intraductal Papillary Neoplasm of the Bile Duct   621

the main pancreatic duct type, the counterparts of branch-type 
IPMN in the biliary tract remain speculative. Cystic micro-
papillary neoplasms in the peribiliary glands, which usually 
show gastric immunophenotypes,16,37,38 may be counterparts of 
branch-type IPMN.

Four subtypes are recognizable in IPNB and IPMN,1,2,7 al-
though the histology of subtypes of IPNBs and IPMNs are not 
the same in all cases, and morphologic variations of IPNBs re-
main to be more characterized (see below). The excessive mucin 
hypersecretion from the neoplastic epithelium into the ductal 
lumen is highly characteristic of IPMN. Thus, IPNB with exces-
sive mucin hypersecretion may be a real counterpart of IPMN, 
while IPNB without mucin hypersecretion may be another cat-
egory of IPNB.14,17,19 Both IPNBs and IPMNs show various grades 
of dysplasia, ranging from low-/intermediate- to high-grade 

dysplasia. IPNBs predominantly show high-grade dysplasia, and 
main pancreatic duct-type IPMNs are also often high-grade, 
although the gastric subtype of the branch duct type of IPMNs 
usually shows low-/intermediate-grade dysplasia. Interestingly, 
many IPNBs show papillary or villous structures that are shared 
by pancreatic IPMNs microscopically, while some IPNBs harbor 
more complicated architecture with foci that show a solid and 
cribriform or crowded tubular growth in addition to the papil-
lary or villous architecture.16,22

IPNB and IPMN are eventually followed by an invasive ad-
enocarcinoma. Extensive sampling may be required to identify 
small foci of invasion, particularly in tumors with an extensive 
flat or nonpapillary neoplastic spread around the papillary 
tumors.7,39 Invasive parts of IPNB usually show tubular adeno-
carcinoma with desmoplastic reaction and only occasionally 

Table 1. Nonneoplastic and Neoplastic Biliary and Pancreatic Diseases Sharing Common Pathologic Features (Biliary Diseases with Pancreatic 
Counterparts)

Nonneoplastic diseases

 •  IgG4-related sclerosing cholangitis and type I autoimmune pancreatitis: inflammatory diseases with similar features in the bile duct and  

pancreas and belonging to the family of systematic IgG4-related disease. Almost always found in the same patients.

 • Follicular cholangitis and follicular pancreatitis: show similar features in the bile duct and pancreas. 

 • Cystic fibrosis of the bile duct and pancreatic duct: same mechanisms involved.

Neoplastic diseases

 • Mucinous cystic neoplasm of the hepatobiliary system and pancreas: present the same clinical and histologic features.

 •  Perihilar and distal cholangiocarcinoma (p/dCCA) and pancreatic duct and adenocarcinoma (PDAC): show similar pathologic features and 

biological behaviors.

 •  Biliary intraepithelial neoplasm (BilIN) and pancreatic intraepithelial neoplasm (PanIN): BilINs develop in the bile duct as the precursor of  

p/dCCA while PanINs develop in the pancreatic duct as the precursor of PDAC. Both share many histopathological and molecular features. 

 • Intraductal tubulopapillary neoplasia of the bile duct and pancreas: share many pathologic features.

 • Intraductal papillary neoplasm of bile duct and intraductal papillary mucinous neoplasm of pancreas: share many features.

Table 2. Anatomical and Embryological Backgrounds for the Occurrence of Several Diseases in the Bile Duct and Pancreas Sharing Many Patho-
logic Features

Anatomic and embryologic factors

 •  The biliary tract and pancreas are closely located anatomically and function cooperatively. They share several developmental processes and 

are derived from the endoderm of the foregut at almost the same time. In addition, the same several transcription factors, such as HES1 and 

PDX2, are involved in their development.

 •  The ventral pancreas, which is derived from the extrahepatic bile duct, revolves eventually to unite the dorsal pancreas and form the pan-

creas. The peribiliary glands physiologically located around the biliary tract may be reminiscent of the ventral pancreas along the biliary tree 

for the following reasons:

     1) Small amounts of pancreatic exocrine acini are intermingled with these glands.

     2) Pancreatic exocrine enzymes are detected in the peribiliary glands.

     3) Peribiliary glands drain into the bile duct lumen. 

 •  Stem cells or progenitor cells for cholangiocytes and pancreatic cells are physiologically located in the peribiliary glands and are involved in 

the regeneration and pathology of the bile duct. 

Experimental animal studies

 •  HES1-deficient mice: the biliary tract is replaced by pancreatic differentiation, suggesting the potential conversion of the biliary tract to the 

pancreas under pathologic conditions. 



622  Gut and Liver, Vol. 13, No. 6, November 2019

Table 3. Similarities and Differences in the Pathologic Features and Architecture of IPNB and IPMN of the Pancreas

Similarities Differences

Gross and microscopic  

lesions

1)  IPNB and IPMN are preinvasive papillary neoplastic le-

sions. 

2)  Flat or less-papillary intraepithelial neoplasms are 

frequently found around the main papillary neoplasm in 

IPNB and IPMN.

1)  IPMNs show cystic or multicystic dilatation of the 

affected ducts. Intrahepatic IPNBs show cystic or mul-

ticystic changes, whereas extrahepatic IPNBs  

show cylindrical or fusiform dilatation 

2)  IPNBs are usually larger in both mass and length than 

IPMN.

Four subtypes Four subtypes are recognizable in IPNB and also IPMN. The histologies of these subtypes are not exactly the  

same between IPNB and IPMN.

Excessive mucin  

hypersecretion into  

the ductal lumen

Excessive mucin hypersecretion is almost always found in 

IPMN and frequently found in intrahepatic IPNB.

Excessive mucin hypersecretion is uncommon in IPNBs 

in the extrahepatic bile duct.

Grades of intraepithelial 

neoplasia of papillary 

lesions

IPNB and IPMN show various grades of dysplasia ranging 

from low/intermediate to high-grade dysplasia.

1) Most IPNBs show high-grade dysplasia. 

2)  The main pancreatic duct type of IPMN is high grade. 

The branch duct gastric subtype generally shows low/

intermediate grade dysplasia. 

Complicated  

architectures

Some IPNBs show similar or nearly identical papillary or 

villous architectures to IPMNs both phenotypically and 

architecturally.

Some IPNBs show complicated architectures with foci of 

solid and cribriform or tubular growth in addition to 

papillary structures. These features are usually absent  

in IPMNs.

Stromal invasion 1)  IPNB and IPMN are eventually followed by an invasive 

adenocarcinoma at the base of the papillary lesion as 

well as at the surrounding flat intraepithelial neoplastic 

lesions. 

2)  Intrahepatic IPNBs infrequently show invasion while 

extrahepatic IPNBs frequently show invasion. IPMN of 

main duct type frequently shows invasion, while branch 

type IPMN infrequently shows invasion.

1)  In invasive parts of IPMN, colloid carcinoma is a 

frequent feature, and tubular or oncocytic carcinomas 

with desmoplastic reaction are infrequently found. 

2)  In invasive areas of IPNB, tubular adenocarcinoma 

with desmoplastic reaction is found in almost all cases, 

and colloid or oncocytic carcinoma is occasionally 

found.

IPNB, intraductal papillary neoplasm of the bile duct; IPNB, intraductal papillary mucinous neoplasm.

Table 4. Two Categories of Intraductal Papillary Neoplasm of the Bile Duct

Type 1 Type 2

Relation to prototypes of IPMN 

   (individual subtypes)

Similar to prototypes of IPMN Variably different from prototypes of IPMN

Regularity of architecture Regular and homogeneous Irregular and variable

Solid, cribriform, crowded tubular patterns Rare Variably present, in addition to papillary 

  or villous patterns

Cellular and nuclear pleomorphism 

   and atypia 

Mild atypia Pleomorphic and increased atypia 

   (including overt malignant changes) 

Excessive mucin hypersecretion Frequent Uncommon

Stromal invasion Less than 50% More than 80%

Anatomical location along the biliary tree Proximal intrahepatic branches to right 

   or left hepatic ducts

Extrahepatic bile duct, including the right 

   and left hepatic ducts

IPMN, intraductal papillary mucinous neoplasm.
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show oncocytic or colloid carcinoma, while the invasive parts of 
IPMNs are frequently associated with colloid carcinoma with or 
without tubular adenocarcinoma components.7

2. The subclassification of IPNBs based on their similarities 
to IPMNs 

Based on the above-mentioned similarities and differences 
between IPNBs and IPMNs and on the presence or absence of 
complicated lesion(s), IPNBs can be subdivided into two catego-
ries: types 1 and 2 (Table 4).16 Recently, a Japan-Korea study 
group on IPNBs, which was jointly sponsored by the Japan Bili-
ary Association and the Korean Association of Hepato-Biliary 
and Pancreas Surgery, supported the classification of IPNBs into 
these two categories.22

1) Type 1 IPNB
This type (Figs 3, 5, 7, 9) resembles IPMN histologically and is 

usually found in the intrahepatic bile duct. Growth patterns are 
relatively uniform or regular within individual tumors. Papil-
lary fibrovascular stalks are generally thin, but occasional foci 
of edematous broad stroma may also be present. In addition to 
the papillary or villous architecture, tubular components may 
co-exist, as they do in gastric-type IPMN (pyloric gland com-
ponents), and they are relatively well organized. Gross mucin 
in the dilated duct is common (found in roughly 80% of cases). 
While many IPNBs of this type show high-grade dysplasia, 
some contain foci of low-/intermediate-grade dysplasia while 
others are completely composed of low-/intermediate-grade 
dysplasia. This type is associated with invasive carcinomas in 
less than 50% of cases at the time of surgical resection.22

2) Type 2 IPNB
Generally, this type (Figs 4, 6, 8, 10) shows various differ-

ences from prototypical IPMNs and typically develops in the 
extrahepatic bile duct. The papillary architecture is mainly 
composed of thin fibrovascular stalks, although such stalks are 
variably widened at the basal side in some cases and are often 
associated with irregular or complicated branching or papillary 
architecture. Crowded tubular, cribriform and solid components 
may also be observed within the tumor. Grossly identifiable mu-
cin overproduction is uncommon. The noninvasive components 
show predominantly high-grade dysplasia (in all cases) with an 
occasional identifiable component of low-/intermediate-grade 
dysplasia. Many cases are associated with invasive adenocarci-
noma.

3. The anatomical location of the two categories of IPNB 
along the biliary tree

Why some IPNB cases show histological similarities to IPMN 
and others do not is unclear at present. Type 1 is frequently 
found in the intrahepatic bile duct, while type 2 is frequently 
found in the extrahepatic bile duct, including the hilar bile 

ducts, suggesting that the anatomical locations of IPNB along 
the biliary tree are important in the development of the two 
categories. Embryologically, the origin and development of the 
bile ducts are thought to differ, with the bile ducts proximal to 
the right and left bile ducts derived from the ductal plates and 
remodeled bile ducts around the hepatic parenchyma, which 
are derived from albumin-positive hepatoblasts in the hepatic 
diverticulum, and the bile ducts distal from the extrahepatic bile 
ducts derived from the albumin-negative hepatoblasts in the 
hepatic diverticulum (Fig. 11).33,34,40 These embryological and 
anatomic differences in the biliary tree may be related to the 
development of the two categories of IPNB. 

However, some IPNB cases may have overlapping features 
of type 1 and 2; thus, classifying such IPNBs into either of the 
two types is difficult, and some cases show type 1 and 2 IPNBs 
synchronously and/or asynchronously in the intrahepatic and 
extrahepatic bile ducts, suggesting that type 1 and 2 IPNBs are 
part of a spectrum of IPNBs along the biliary tree. 

THE RE-EVALUATION OF THE FOUR SUBTYPES OF IPNB 
WITH REFERENCE TO THE TWO CATEGORIES (TYPES 1 
AND 2) 

In our experience, the histological features characterizing the 

DuodenumAmpulla of Vater

Hepatocyte
Intrahepatic bile duct
Extrahepatic bile duct

Fig. 11. The development of the intrahepatic bile duct, extrahepatic 
bile duct and hepatocytes differs in mice (18.5 embryonic days). The 
hepatocytes are directly derived from albumin-positive hepatoblasts 
in the hepatic diverticulum, while the intrahepatic bile ducts are de-
rived via the ductal plate from albumin-positive hepatoblasts in the 
hepatic diverticulum, and the extrahepatic bile duct is derived from 
albumin-negative hepatoblasts in the hepatic diverticulum. Adapted 
with permission from Nishikawa Y and Enomoto K.40 
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four subtypes of IPNB are not the same as those of IPMN.35 We 
therefore reviewed the histology of a total of 69 cases of IPNB 
with an emphasis on the four subtypes in consideration of the 
two abovementioned categories (types 1 and 2). The number of 
cases of individual subtypes and the proportions of types 1 and 
2 in these subtypes are shown in Table 5.

1. Intestinal IPNB 

This subtype was found in 33 cases (47.8%) of IPNBs. Intes-
tinal IPNB (iIPNB) is defined by neoplastic epithelia lining the 
fibrovascular cores, showing columnar cells with pseudostrati-
fied, cigar-shaped nuclei and basophilic or amphophilic cyto-
plasm with variable amounts of supranuclear mucin, resembling 
colorectal mucosal epithelia and their derived neoplasms.1,6 
Goblet-like cells with micropapillary features are variably ad-
mixed. The epithelial cells in iIPNB usually have intermediate- 
or high-grade dysplasia. Immunohistochemically, CK20 and/
or CDX2 (>50% of whole tumor) are constantly expressed in 
their cytoplasm. iIPNB with typical histology is almost always 
positive for CDX2. Rare iIPNB cases that are negative or only 
focally positive for CDX2 are diffusely positive for CK20. MUC2 
is usually detectable in goblet cells in iIPNB. 

Interestingly, some iIPNBs present mainly villous structures, 
and the overall picture is highly reminiscent of colorectal villous 
neoplasms; thus, they resemble intestinal IPMNs showing villous 
patterns (Fig. 3). Other iIPNBs resemble papillovillous or papil-
lotubular colorectal neoplasms (Fig. 4). The villous neoplasms 
may deserve to be classified as type 1 based on its similarities to 
intestinal IPMN and is usually detected in the intrahepatic bile 
duct (Nakanuma et al., unpublished observation). Some cases of 
papilla-tubular or papilla-villous neoplasms additionally present 
with cribriform or solid structures and crowded tubular patterns 
as well as more aggressive histopathological features and can be 
considered to be type 2—these are usually detected in the extra-
hepatic bile ducts. Type 1 iIPNBs frequently show gene muta-
tions, such as GNAS and KRAS mutations, as seen in intestinal 
IPMN, while type 2 gene mutations include SMAD4, PIK3CA, 
APC and CTNNB1, which are seen in colorectal neoplasms (Na-
kanuma et al., unpublished observation). 

2. Gastric IPNB 

This subtype was found in 17 cases (23.2%) of IPNBs. The 
epithelium lining gastric IPNB (gIPNB) is composed of tall co-
lumnar cells with basally oriented nuclei and abundant pale 

mucinous cytoplasm, reminiscent of gastric foveolar epithelium. 
Pyloric glands are frequently intermingled with these foveolar 
patterns. Scattered goblet cells can be seen. gIPNBs are moder-
ately to extensively positive for MUC5AC in the foveolar areas 
and MUC6 can be detected in the pyloric gland portions. Gener-
ally, gIPNBs with innocuous epithelia corresponding to low-or 
intermediate grade dysplasia, particularly those in the intrahe-
patic bile duct, resemble gastric IPMNs and thus deserve to be 
classified as type 1 (Fig. 5). Interestingly, low papillary or flat 
IPMNs of the gastric type with cystic changes characteristically 
involving the branch pancreatic ducts are not found in gIPNB. 

Other IPNBs composed of columnar epithelia with high-grade 
dysplasia and variably expressing MUC5AC and MUC6 show 
more complicated structures, such as irregular papillary or tubu-
lar or microcystic changes with atypical features, frequent high-
grade dysplasia and even overt malignant changes; however, a 
foveolar appearance is consistently observed, and pyloric glands 
features with cuboidal or low columnar epithelial cells are 
recognizable (Fig. 6). They may belong to the gastric type and 
therefore deserve to be categorized as type 2 gIPNB. They are 
generally seen in the extrahepatic bile ducts but can also occur 
in the intrahepatic bile ducts.

3. Pancreatobiliary IPNB

IPNBs showing ramifying fine and thin branches and papillae 
covered by cuboidal to low columnar epithelia with round, hy-
perchromatic nuclei, prominent nucleoli, variably acidophilic or 
amphophilic or pale cytoplasm, and a less mucinous appearance 
are recognized as PB type. Pancreatobiliary IPNB (pbIPNB) was 
found in 11 cases in the present study (15.9%) of IPNBs. These 
lesions are usually immunohistochemically positive for S100P 
and MUC1. MUC5AC is frequently negative in these neoplastic 
cells. Some pbIPNBs showing more regular and monotonous 
structures with a thin fibrovascular stalk covered by low co-
lumnar or cuboidal biliary epithelia are regarded as type 1 (Fig. 
7) and also seem similar to the prototypical PB type of IPMN. 
The structures of other IPNBs present with irregular papillary 
architecture with more stratified nuclei and solid or comedo-like 
structures with atypical structures and cells and nuclei including 
overt malignant changes; these are classified as type 2 (Fig. 8).

4. Oncocytic IPNB

This subtype was found in eight cases (11.6%) of IPNBs and 
usually has complex and arborizing papillae with delicate fi-

Table 5. The Numbers of the Four Subtypes and the Incidence of Types 1 and 2 among the Four Subtypes of Intraductal Papillary Neoplasm of the 
Bile Duct

Total
Subtype

Intestinal Gastric Pancreatobiliary Oncocytic

Total    69 33 17 11          8

Proportion of type 1:2     19:50 5:28 7:10 4:7 3:5
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brotic and edematous stroma. The papillae are lined by one to 
several stratified layers of cuboidal to columnar cells with abun-
dant eosinophilic granular cytoplasm and occasional hyaline 
globules with high-grade dysplasia. The nuclei are hyperchro-
matic, round, large and fairly uniform and typically contain a 
single and prominent nucleolus. Some hyperchromatic nuclei 
are rather pyknotic. Goblet cells may be interspersed among the 
oncocytic cells. The neoplastic cells often form intraepithelial 
lumina. In some cases, these intraepithelial lumina produce a 
cribriform pattern, and in others, the epithelium of the adjacent 
papillae seems to fuse, producing a solid growth pattern punc-
tuated by small vessels. 

Some oncocytic IPNBs (oIPNBs) show a more complex and 
solid structure or papillary architecture with one- to two-layered 
columnar cells with variably oncocytic cytoplasm; others show 
fine fibrovascular branches lined by stratified oncocytic colum-
nar or cuboidal neoplastic epithelia with secondary lumina; the 
latter deserve to be classified as type 1 oIPNBs (Fig. 9) and re-
semble a prototypical oncocytic IPMNs of the pancreas, whereas 
the former show a complex and solid growth pattern and can 
be regarded as type 2 (Fig. 10).

Taken together, these findings suggest that some IPNBs pres-
ent with subtypes similar to the four subtypes of IPMN, while 
the histology of others differs to varying degrees from the four 
prototypical IPMN subtypes. Interestingly, type 1 IPNB is fre-
quently found in the intrahepatic bile duct, while type 2 IPNB is 
found in the extrahepatic bile duct, suggesting that the anatom-
ical site of the biliary tree where IPNBs arise may also influence 
in the development of the two categories of IPNB subtypes.

TREATMENT

Because of possible recurrent biliary obstruction in all cases 
and frequent high-grade dysplasia with minimal invasion, all 
patients with IPNB should be treated.18 All patients without dis-
tant metastasis are surgical candidates and should be resected in 
a manner similar to surgery for cholangiocarcinoma.18,28 If su-
perficial spreading is extensive with a positive resection margin, 
resection of the extensive biliary tree and pancreaticoduodenec-
tomy may be performed.41

MIMICKERS OF IPNB

Several biliary tumors other than IPNB are also present or are 
associated with intraductal growth in the bile ducts. Typically, 
conventional cholangiocarcinomas (CCAs) present nodular/
sclerosing growth of the affected bile ducts with luminal steno-
sis or obliteration, and the luminal surface of the affected and 
adjacent bile duct mucosa are grossly granular or coarse. These 
conventional, nodular/sclerosing CCAs occasionally present 
with intraductal growth showing invasive carcinoma with des-
moplasia continuous with invasive ductal and periductal inva-

sive carcinoma. Metastatic carcinomas, particularly those from 
colorectal adenocarcinoma, also show grossly visible intralumi-
nal growth in the bile duct.23

Several examples of disease entities that mimic IPNB are de-
scribed below.

1. Conventional CCAs with intraductal growth versus IPNB 
associated with an invasive carcinoma

IPNB is not difficult to diagnose when stromal invasion de-
velops in the basal sites (IPNB associated with an invasive car-
cinoma). However, when IPNB shows invasion of adenocarci-
noma in the fibrovascular stroma with a desmoplastic reaction, 
such invasion results in the fibrous widening of fibrovascular 
cores and deformity of the papillary structures forming nodular-
ities, making it difficult to differentiate from some conventional 
CCAs with intraluminar nodular growth. Micropapillary compo-
nents corresponding to biliary intraepithelial neoplasms (BilINs) 
preceding invasive CCAs have occasionally been seen on their 
luminal surface or the adjoining mucosa of these invasive con-
ventional CCAs.4,14 The clinical and pathologic differentiation 
of these nodular sclerosing CCAs from IPNB associated with 
an invasive carcinoma are occasionally controversial. At pres-
ent, “papillary components comprising >50% of the intraductal 
tumor and papillary growth typically >5 mm in height” are the 
proposed diagnostic criteria for IPNB, particularly type 2 IPNB 
associated with an invasive carcinoma;22 these criteria will be 
useful for differentiation from conventional CCA with intralu-
minal nodular growth. 

In addition, in some cases of IPNB, invasion predominantly 
develops at the lateral-spreading flat or non-papillary neoplas-
tic areas immediately around as well as remote from the main 
tumor of the IPNB, and this invasive carcinoma is occasionally 
present as nodular sclerosing CCA.24 Similar phenomena have 
also been reported in IPMN cases in which carcinoma develops 
in the non-papillary flat neoplastic area around the IPMN.7

2. Biliary intraepithelial neoplasms 

BilINs are another type of preinvasive lesion of CCA. They 
are flat or non-papillary. In most cases, conventional nodular/
sclerosing CCAs follow a BilIN. They are graded as BilIN-1 and 
BilIN-2 (low/intermediate dysplasia) and BilIN-3 (high-grade 
dysplasia, carcinoma in situ). In fact, BilINs that appear similar 
to intraepithelial neoplasia are frequently encountered in the 
mucosa surrounding a conventional CCA. Interestingly, some 
BilINs present with pseudopapillary- or micropapillary-like le-
sions, but their heights are less than 3 mm (micropapillary Bil-
INs), which differentiates them from IPNB.24

3. Intraductal tubulopapillary neoplasms of the bile duct

The most important microscopic characteristics of intraductal 
tubulopapillary neoplasms (ITPNs) are as follows:25,26 (1) the 
tumor is mainly composed of tubular configurations with abor-
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tive papillary components, and the tumor cells contain no cy-
toplasmic mucin; (2) uniform high-grade dysplasia is observed 
throughout the tumor, and no low-grade areas are seen. These 
features contrast with those of IPNBs. In IPNBs, the tumor cells 
frequently show the apparent production of intercellular and 
extracellular mucin. In addition, the transition from low- to 
high-grade areas can be seen in IPNBs. The histological subtyp-
ing used for IPNBs is not applicable to ITPNs. This may also be 
a biliary counterpart of pancreatic ITPN.

4. Pyloric gland adenoma and others

Pyloric gland adenoma, which resembles a pyloric gland and 
expresses MUC6, has been reported in the bile duct.31 In addi-
tion, we have experienced grossly visible intraluminal tumors 
showing a tubular neoplasm without invasion into the ductal 
wall and periductal tissues. Some of these cases showed intesti-
nal differentiation and could be described as tubular colorectal 
neoplasms. These tubular or glandular neoplasms will be char-
acterized in the future. 

CONCLUSIONS

The gross and microscopic features and biological behaviors 
of IPNBs are highly variable, suggesting that IPNB could be a 
complex biliary disease. Some IPNBs share many features with 
pancreatic IPMN (type 1), while other cases display various dif-
ferences from IPMN and also present with cribriform or solid 
or tubular components (type 2). Interestingly, the four subtypes 
of IPNB were also dividable into categories either reminiscent 
of the four prototypical subtypes of IPMN (type 1) or vari-
ably different from IPMN (type 2). Type 1 IPNBs were usually 
found in the intrahepatic bile ducts, while type 2 IPNBs were 
predominantly found in the extrahepatic bile ducts, suggesting 
that anatomical factors influence the development of these two 
categories. The recognition of these two categories of IPNB with 
reference to IPMN and its anatomic location along the biliary 
tree improves our understanding of the variable pathologies, 
clinical behaviors and manifestations of IPNB. 
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