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Summary
Benign biliary tumor are common lesions that are often an incidental finding in subjects 
who undergo medical imaging tests for other conditions. Most are true neoplasms while 
few result from reactive or malformative proliferation. Benign tumors have no clinical con-
sequences, although the premalignant nature or potential for malignant transformation is 
of concern in some cases. The main practical problem for pathologists is the need to dif-
ferentiate them from malignant biliary tumours, which is not always straightforward. 
Premalignant lesions of the bile duct have been described, although their incidence has 
been poorly characterized. These lesions include biliary mucinous cystic neoplasms, intra-
ductal papillary neoplasms of the bile duct, and biliary intraepithelial neoplasia. In this 
article, histopathology of benign biliary tumors and biliary tumor precursors is discussed, 
with a focus on the main diagnostic criteria.
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Introduction

Bile duct neoplasms are a heterogeneous group of benign and malig-
nant tumors, which may arise at any point of the biliary tree. They derive 
from cholangiocytes and peribiliary glands.
The anatomy of the biliary tree is divided into intrahepatic and extrahe-
patic portions. Intrahepatic biliary tree begins with the canals of Hering, 
which connect bile canaliculi to bile ductules, and progressively merges 
into a system of interlobular, septal, and major ducts, which then coa-
lesce to form the extrahepatic bile ducts. Interlobular bile ducts drain 
into septal ducts (measuring more than 100 μm in diameter), which in 
turn drain into segmental ducts (400 to 800 μm in diameter). Segmental 
ducts continue into the right and left hepatic ducts towards the hepatic 
hilum where they join, giving rise to the common hepatic duct which 
finally becomes the common bile duct (7 to 11 cm long and 5 to 10 
mm in diameter) after giving off the cystic duct to the gallbladder. The 
common hepatic duct, the common bile duct (i.e. choledochus), the gall-
bladder, and the cystic duct are considered as extrahepatic biliary tree 1. 
Peribiliary glands are minute structures that are distributed along the 
intrahepatic large bile ducts and the extrahepatic bile ducts 2. Intra- and 
extrahepatic bile ducts are embryologically different: the former originate 
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from the remodeling of the ductal plate, while large 
ducts derive from the elongation of hepatic ducts at 
hepatic hilum 1.
Small and large biliary ducts also differ from a histo-
logical point of view. In fact, small intrahepatic ducts 
are lined by small cuboidal cholangiocytes, while large 
ducts are lined by tall cylindrical cholangiocytes and 
mucin-producing cells. All these differences reflect the 
different pathological features and biological behavior 
of biliary neoplasms.
Herein we provide a general overview of benign biliary 
neoplasms and biliary tumour precursors, focusing on 
the most important clinical-pathological features, use-
ful in the diagnostic routine. The classification scheme 
reported in the 5th edition of the WHO Classification 
of digestive system tumors is provided in Table I. The 
nomenclature used in this paper is consistent with this 
classification. Cholangiocarcinoma is the topic of an-
other paper in this special issue of Pathologica 3.

Benign biliary neoplasms

bile duct microhamartoma (von meyenburg complex)

Bile duct microhamartoma, also called the von Mey-
enburg complex (VMC), is a ductular liver lesion that 
is thought to be part of the ductal plate malformation 
spectrum. It shows a strong association with hepatic 
fibropolycystic disease, even if most cases occur spo-
radically 4,5. VMC is a common lesion, found in about 
5% of the general population in a large autoptic se-
ries6. Although its malformative rather than neoplastic 
nature, it is reported in this section as it can be a mim-
icker of a biliary malignant tumor. 
VMCs are discrete and well-defined nodules, often mul-
tiple and usually less than 0.5 cm in their greatest di-
mension, and are classically related to portal tracts 4,7. 
Microscopically, a VMC is made of rounded or irregu-
larly shaped and dilated bile ducts, containing bile or 
eosinophilic proteinaceous debris, often with branch-
ing and U shapes, embedded in a dense fibrous stro-
ma (Fig. 1). Sometimes, ductal dilation may lead to the 

development of single or multiple macroscopic cysts. 
The lining cells are flattened or cuboidal, cytologically 
uniform, and lack mitoses. They show the typical chol-
angiocyte immunophenotype, staining positive for cy-
tokeratin (CK) 7, CK8, CK18, and CK19 4. 
VMCs show no significant risk for malignancy, although 
a few reports suggested the development of cholangio-
carcinoma (CCA) in liver with multiple VMCs, particu-
larly in patients with genetic hemochromatosis 8,9.
In the everyday practice of pathologists, it is important 
to differentiate VMC from CCA or metastatic adeno-
carcinoma, particularly in frozen sections on inciden-
tal findings at surgery. The presence of dilated glands 
containing bile is the major clue to exclude metastasis, 
while the complete absence of any cytological atypia 
is helpful to rule out CCA.

Bile duct adenoma

Bile duct adenoma (BDA) is defined as a benign epi-
thelial lesion made of a proliferation of small, normal-
looking bile ducts 7. Peribiliary gland hamartoma is still 
an acceptable synonym.
BDA is commonly observed as an incidental finding 
during abdominal surgery or autopsy, in patients with 
a wide age range (1.5-99 years, mean 55 years), with 
no sex predilection 4,10,11.
The biological meaning of BDA is still controversial. 
It has classically been considered as a reactive pro-
cess due to inflammation or traumatic injury. However, 
BRAF V600E mutations have been described in high 
percentage of cases (> 50%), suggesting its neoplas-
tic nature 11-13.

Table I. Classification of benign biliary tumors and precur-
sors, according to the 5th edition of the WHO Classification 
of digestive system tumours 6.
Benign biliary tumors
Bile duct adenoma
Biliary adenofibroma
Mucinous cystic neoplasm of the liver and biliary system

Biliary tumors precursors
Biliary intraepithelial neoplasia
Intraductal papillary neoplasm of the bile ducts

Figure 1. A Von Meyenburg complex, made of irregularly 
shaped and dilated bile ducts, containing bile and protein-
aceous debris, within a dense fibrous stroma (haematoxylin-
eosin; original magnification 20x).
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BDAs are usually solitary and subcapsular (nearly 
90% of the cases), and more than 90% are less than 
10 mm in size. Grossly, BDA appears as a whitish, 
well-circumscribed, unencapsulated firm nodule 11.
Histological diagnostic criteria include: i) a pattern-
less and disordered proliferation of small, relatively 
uniformly shaped and spaced tubules and/or ductular 
structures with an intact basement membrane, in a 
connective tissue stroma, ii) a single layer of cuboi-
dal to columnar cells with regular nuclei without atypia 
and mitosis, and iii) absence of infiltrative borders 
(Fig. 2). Ducts in BDA show no or little lumen, with-
out dilation. The fibrous stroma can be variably dense, 
collagenized and hyalinized, loose or scant, and may 
show various degrees of chronic inflammation, includ-
ing nodular lymphoid aggregates, particularly at the 
periphery. Normal portal tracts are often enclosed 
within a BDA, usually near the periphery 4,7. Clear-cell 
and oncocytic changes have been described, but their 
meaning is still unknown 14,15. BDA epithelial cell phe-
notype is similar to that of normal bile ducts. They can 
also express mucin and show a secretory gland cell 
phenotype, expressing the foregut epithelial antigens 
D10, 1F6, MUC6, MUC5AC, and TFF2 4,16,17.
Malignant transformation of a BDA has never been 
clearly reported. The main BDA clinical issue is the 
possibility to misdiagnose BDA as a well-differentiat-
ed CCA or a pancreatic adenocarcinoma, particularly 
during intraoperative consultation. In frozen sections, 
the differential is based on tumor size, cytological and 
architectural patterns, the presence of pre-existing 

portal tracts within the lesion, and the presence of in-
vasive features 4,7. However, it is not always possible 
to reach a definite diagnosis in frozen section, and 
even in paraffin-embedded samples diagnosis can be 
challenging. Thus, immunostainings can be of some 
help. The keratin profile is not useful, since BDAs and 
pancreato-biliary cancers share the same immuno-
phenotype, which consists in the expression of CK7, 
CK8, CK18, and CK19, with a variable expression of 
CK20. Ki67, EZH2, p53, and p16 may help. In fact, a 
high proliferation index and a high expression of EZH2 
and p53 favor carcinoma. However, it is important 
to keep in mind that a low proliferation index and a 
low EZH2 and p53 expression do not exclude malig-
nancy. Interestingly, p16 is constantly express in BDA 
(Fig. 3), while a subgroup of CCA lacks its expression. 

Figure 2. Bile duct adenoma is a disordered proliferation 
of small and uniform ductular structures within a connective 
tissue stroma, with no infiltrative borders. Neoplastic cells 
are cuboidal/columnar and lack atypia and mitosis (hema-
toxylin-eosin; original magnification 20x).

Figure 3. Differently from cholangiocarcinoma, bile duct 
adenoma shows a diffuse p16 positivity (A), and a wild-type 
pattern of expression of p53, with only a few positive nuclei 
(B) (A: p16 immunostain; original magnification 20x; B: p53 
immunostain; original magnification 20x).

A

B
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Therefore, a negative p16 stain supports CCA diagno-
sis 18,19. BDA differential diagnoses also include other 
benign biliary proliferations, such as reactive ductular 
proliferation (particularly in cirrhosis, when the prolif-
eration may be nodular in shape), VMC, and biliary 
adenofibroma. BDAs never show cystic changes and 
never contain bile in gland lumens 7.

Biliary adenofibroma

Biliary adenofibroma (BAF) is a solid epithelial benign 
liver neoplasia composed of microcystic and tubulo-
acinar glands lined by non-mucin-secreting biliary epi-
thelial cells, embedded in a fibrous stroma 7. It is an 
exceptionally rare benign tumor with a potential risk 
for malignant transformation and recurrence, if surgi-
cal excision is incomplete 20. In the literature, only 21 
cases have been described, so far.
Mean age at presentation is 60 years, with a slight fe-
male predominance. Most patients show abdominal 
pain, while a few lesions are incidental findings 20. 
BAF is a primary epithelial tumor with a secondarily 
induced stroma 21. Multiple clonal cytogenetic altera-
tions have been described in BAF, supporting its neo-
plastic nature. Moreover, amplifications of CCND1 
and ERBB2 and mutations in CDKN2A were found 
in cases showing aggressive behavior and malignant 
transformation 22.
BAFs are typically solitary and may affect both liver 
lobes. They are usually large lesions, with a wide di-
ameter range, and are well-defined, round to oval, 
whitish, and unencapsulated. On cut section, both 
solid and microcystic areas (with sponge-like appear-
ance) can be recognized, and some lesions may show 
macrocystic changes 7. 
Histologically, BAF is composed of both glandular and 
stromal components. Glandular structures are typical-
ly shaped in acini, tubules, and cysts, and show bili-
ary differentiation, similarly to VMC and BDA. Glands 
and cysts show variable size and shape, with dilation 
and branching, sometimes with complex configura-
tions. Epithelial polypoid projections may be present. 
The glandular component is lined by a cuboidal to low 
columnar, amphophilic, non-mucin-producing epitheli-
um. Cells show bland round nuclei with inconspicuous 
nucleoli, and apocrine changes can be seen. Micro-
cysts are typically lined by flattened epithelium, and 
can be filled with eosinophilic, proteinaceous mate-
rial and cellular debris, but they do not contain mucin. 
Only occasional mitotic figures are present, and the 
proliferation index is low in both epithelial and stro-
mal components. The background stroma is usually 
abundant, collagenous, and contains bland myofibro-
blasts. It is frequently present a patchy chronic inflam-
matory infiltrate. As previously mentioned, epithelial 

cells have a biliary phenotype, expressing CK7, CK19, 
epithelial membrane antigen (EMA), and CA19-9  4,7. 
Premalignant changes have been reported in nearly 
a half of cases, showing epithelial dysplasia and ar-
chitectural disarray, which consists in complex intra-
cystic papillary proliferation and cribriform pattern. As 
the behavior of these tumors is poorly understood, 
patients require close clinical follow-up. Malignant de-
generation leads to the development of a conventional 
adenocarcinoma 20,22-25. 

Mucinous cystic neoplasm of the liver and biliary system

Mucinous cystic neoplasm (MCN) of liver and bili-
ary system, formerly known as ‘hepatobiliary cystad-
enoma’, is a cyst-forming epithelial neoplasia with no 
communication with the bile ducts, made of mucin-
producing epithelium associated with an underlying 
ovarian-type stroma. MCN shows either low grade or 
high grade epithelial dysplasia, and may be associ-
ated with an invasive carcinoma  4,7. Most MCNs are 
solitary intrahepatic lesions, rarely seen in the extra-
hepatic bile ducts and in gallbladder 26,27.
MCNs are rare, with an estimated incidence of 1 
case/20,000-100,000 per year, consisting in less than 
5% of all liver cysts. They occur almost exclusively in 
women, and the mean age at diagnosis is nearly 50 
years, even if MCNs with an associated invasive carci-
noma arise in older people26-29. Patients typically show 
symptoms, which include chronic non-specific abdom-
inal pain or discomfort and swelling, a palpable mass, 
and obstructive jaundice. In old patients, acute symp-
toms may suggest an invasive component 7,27. Preop-
erative diagnosis may be challenging and requires a 
high degree of suspicion. Serum CA19-9 levels may 
be increased, particularly in patients with an associ-
ated invasive component, while intracystic CA19-9 
and carcinoembryonic antigen (CEA) levels may be 
of help in differential diagnosis with non-neoplastic le-
sions, since they are higher in MCN 27,30,31. Abdominal 
imaging shows large multilocular cystic lesions, with 
cyst-in-cyst appearance, without any communication 
with the biliary tree, even though unilocular cystic le-
sions may be seen in about 10% of patients. Irregular 
thickness of the cystic wall, enhancing internal septa 
with mural nodules, and papillary projections suggest 
an invasive component 27,32. Etiology of MCN remains 
unclear, even if its prevalence in middle-aged women 
point toward a hormonal influence 30.
MCN grossly appears as a multiloculated and well-
demarcated cystic lesion, with a fibrous capsule, inde-
pendent from the biliary tree, even if a polypoid exten-
sion into bile duct lumen may be observed 33. Its inner 
surface is usually smooth or trabeculated; when an 
invasive component is present, papillary projections 
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and white solid areas are seen. Cysts may contain 
clear serous, mucinous or gelatinous fluid, which can 
be purulent or hemorrhagic 28,34.
Histological hallmarks are i) mucinous lining epithe-
lium, and ii) specialized ovarian-like stroma. Epithelial 
cells are usually arranged in a single layer and may 
be columnar, cuboidal or flattened, with pale eosino-
philic to mucinous cytoplasm, bland and basally ori-
ented nuclei, and no mitotic activity. In some cases the 
epithelium may be non-mucinous, resembling the lin-
ing of non-neoplastic bile ducts, and may show intes-
tinal and gastric differentiation as well as squamous 
metaplasia. Scattered chromogranin- or synaptophy-
sin-positive neuroendocrine cells can be seen. Small 
polypoid or papillary tufts may be seen along the in-
ner surface. Mucin can be typically demonstrated by 
the histochemical staining with mucicarmine and Al-
cian blue. The lining cells have the staining pattern of 
biliary-type epithelium, with positivity for CK7, CK19, 
CK8, and CK18. They also express EMA, CEA, and 
MUC5AC, while CDX2, MUC2 and CK20 are positive 
in areas with intestinal differentiation. The epithelium 
may be ulcerated, and extravasation of the cyst fluid 
into the stroma or wall may occur, with the develop-
ment of inflammation, xantho-granulomatous reac-
tion, scarring, and calcifications  28,34,35. Importantly 
for diagnostic purposes, the entity-defining stroma is 
present in all MCNs, at least focally. Since it may be 
focal, an extensive sampling of the lesion is recom-
mended. The stroma is hypercellular, clearly resem-
bling ovarian stroma, which, in turn, is surrounded by 
more collagenized fibrous tissue (Fig. 4). Stromal cells 
are characteristically positive for estrogen and proges-
terone receptors, and α-inhibin, and may be focally lu-
teinized (Fig.  4). Stromal inflammation, hemorrhage, 
calcification, and necrosis are common 28. 
Most MCNs have low/intermediate-grade dysplasia. 
However, nuclear pleomorphism, loss of polarity, 
presence of mitotic figures and multilayering of the 
epithelium define a high-grade dysplasia. The associ-
ation with invasive adenocarcinoma, which is defined 
by the infiltration of the underlying stroma by tumor 
cells, is rare and occurs in nearly 6% of cases; it usu-
ally shows tubular or tubulo-papillary patterns and a 
desmoplastic stromal reaction  28,36. It is strongly rec-
ommended a thorough histological examination of the 
surgical specimen for grading dysplasia and excluding 
malignant transformation.
Fine-needle aspiration (FNA) cytology is not helpful 
in MCN diagnosis, since it can only differentiate be-
nign cyst contents from adenocarcinoma, so the final 
diagnosis requires histological confirmation and cor-
relation with clinical history and imaging. Moreover, 
FNA should be avoided if MCN is suspected, since 

Figure 4. Mucinous cystic neoplasm of liver and biliary system 
is composed of a mucin-secreting lining epithelium, embedded 
in a hypercellular specialized ovarian-like stroma (A). Stromal 
cells stain positive for estrogen (B) and progesterone receptors 
(C) (A: hematoxylin-eosin; original magnification 5x; B: estrogen 
receptor immunostain; original magnification 10x; C: progester-
one receptor immunostain; original magnification 10x).

A

B

C
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intraoperative cyst spillage may lead to peritoneal dis-
semination. FNA samples usually contain aggregates 
of bland cuboidal to columnar epithelial cells, with oc-
casional papillary arrangement. Different degrees of 
nuclear atypia might be observed, if a high-grade dys-
plastic or carcinomatous component is present  27,37. 
The ovarian-type stromal component is typically not 
seen. The background is usually watery or with abun-
dant thick mucin containing chronic inflammatory cells 
and histiocytes 27,37. KRAS gene mutations are found 
in nearly 20% of MCNs, mostly in high-grade dysplas-
tic lesions, being uncommon (5%) in cases with low-
grade dysplasia 38.
Many cystic lesions of the liver can mimic MCN, but 
the finding of ovarian-like stroma confirms MCN diag-
nosis. The main differential diagnoses include simple 
bile duct or peribiliary gland cysts, developmental 
cysts, hydatid cysts, microcystic serous cystadeno-
mas, and cystic liver metastases, which occur mainly 
from colorectal, ovarian, pancreatic, or lung carcino-
mas. Endometriosis can simulate MCN, as well. Fi-
nally, intraductal papillary neoplasms of the bile ducts 
can show a cystic appearance and be mimicker of 
MCN, but the absence of an ovarian-like stroma and 
the absence of connection with the biliary tree help 
the pathologist in the diagnosis 4,7,27.
The frequency of MCN malignant transformation has 
been reported to be as high as 20% to 30%; therefore, 
surgical resection is indicated. Prognosis is excellent 
if a complete excision is possible, with an outstand-
ing recurrence-free survival. Marsupialization and 
fenestration are considered inadequate surgical pro-
cedures, with high risk of recurrence. Staging of MCN 
with an associated adenocarcinoma follows the TNM 
classification for intrahepatic cholangiocarcinoma or 
carcinoma of the extrahepatic bile ducts, depending 
on the neoplastic location. Prognosis of MCN-associ-
ated carcinoma seems to be better than conventional 
intrahepatic cholangiocarcinoma 27,38,39.

Biliary tumor precursors

There are two main types of premalignant lesions of the 
bile ducts, which are considered as precursors of CCA:
•	 Biliary intraepithelial neoplasia (BilIN)
•	 Intraductal papillary neoplasm of the bile ducts (IP-

NB).

Biliary intraepithelial neoplasia

BilIN is a microscopic, non-invasive, flat or micropapil-
lary lesion confined to the lumen of bile ducts. It is 
now classified in BilIN with low-grade or high-grade 
dysplasia7.

The prevalence of BilIN of the bile ducts outside the 
setting of invasive carcinoma is not known and difficult 
to assess. Indeed, BilIN is usually seen as an inciden-
tal finding in specimens resected for other reasons, 
and it is not detectable by imaging  7,40. BilIN devel-
opment has been associated with different risk fac-
tors, such as lithiasis, familial adenomatous polypo-
sis, primary sclerosing cholangitis, choledocal cysts, 
and anomalous confluence of pancreato-biliary ducts. 
BilIN is often found in biliary epithelium adjacent to 
invasive adenocarcinoma, as well as in cirrhotic liv-
ers with non-biliary diseases, such as alcoholic liver 
disease or non-alcoholic steatohepatitis  41,42. Persis-
tence of chronic inflammation seems to lead the onset 
and progression of neoplastic changes in biliary epi-
thelium, with involvement of different molecular path-
ways. In fact, it is known that KRAS mutations are an 
early event in biliary carcinogenesis, being present in 
almost 40% of BilINs, while TP53 mutations occur as 
a late molecular event 43,44.
Macroscopically, BilIN are usually not evident, and 
only subtle mucosal changes can be observed, such 
as mucosal thickening, granularity, and change in 
color 7,40.
Histologically, BilIN is classified according to the high-
est degree of nuclear and architectural atypia in low-
grade or high-grade. This classification recently re-
placed the previous three-tiered classification, which 
included BilIN-1, BilIN-2 (now low-grade BilIN), and 
BilIN-3 (now high-grade BilIN). In low-grade BilIN, 
biliary epithelium shows mild cytoarchitectural atypia, 
with hyperchromatic nuclei with prominent nucleoli, 
a mildly increased nucleus/cytoplasm ratio with mi-
nor nuclear pseudostratification and preserved nu-
clear polarity (Fig. 5). Peribiliary glands are rarely in-
volved 29,40,45-47. 
Low-grade BilIN should not be confused with mucosal 
reactive changes, which are much more common 40,43. 
Hyperplasia or regenerative changes are usually flat, 
although low-papillary or micropapillary architecture 
can be observed in association with hepatolithiasis 
or choledochal cyst. Compared with normal epithe-
lium, the cellularity is only slightly increased. Two very 
useful clues supporting the reactive nature are: i) the 
appearance of nuclear membrane, which remains 
smooth, and ii) the presence of intraepithelial infiltra-
tion of neutrophils  48. Immunoistochemical stain may 
be of help, since p53 overexpression supports the 
diagnosis of a dysplastic lesion, even if its absence 
does not exclude it. 
High-grade BilIN more frequently shows micropapil-
lary growth pattern, with taller papillae. Cells display 
severe nuclear atypia, with irregular, pleomorphic, 
and bizarre nuclei, and a complete loss of nuclear po-
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larity, with complex stratification (Fig. 6). An important 
feature, which points to the diagnosis of high-grade 
BilIN, is the evidence of nuclei on the luminal surface 
(i.e. loss of polarization). Overall, the lesion resem-
bles a malignant one, but with a preserved basement 
membrane. Mitoses are frequent, with a markedly in-
creased Ki-67 proliferation index, and involvement of 
the peribiliary glands may occur. Immunohistochemi-
cal stains may be of help in distinguishing low-grade 
from high-grade BilINs (Table II). Epithelial cells may 
show biliary, intestinal, or gastric phenotype 29,40,45-47. 
In FNA specimens, BilIN diagnosis is not considered, 
and when severely atypical features, similar to those 
seen in carcinoma, are seen in biliary epithelial cells, 
it is not possible to differentiate pre-invasive from inva-
sive lesions 49,50.

Intraductal papillary neoplasm of the bile ducts

IPNB is a premalignant lesion with intraductal papil-
lary or villous growth of biliary-type epithelium that 
may show low- or high-grade dysplasia or have an 
associated invasive carcinoma 7. It is considered the 
biliary counterpart of the intraductal papillary muci-

nous neoplasm of pancreas, but in liver it is a rarer 
disease 29,40,47,51,52.
IPNB incidence varies consistently among different 
geographical regions, representing 7-10% of all bile 
duct tumors in Europe and North America, and 10-
40% in Asian cohorts 51,53. Patients with IPNB are pref-
erentially men with a median age of 50-70 years, who 
usually show a recurrent and intermittent pain and 
cholangitis. IPNB is rarely seen in children, and no 
tendency for familial aggregation of cases has been 
described 53-55. IPNB may be radiologically undetect-
able, but in most of cases, cholangiography shows 
filling defects in the biliary tree, due to an intraductal 
mass, with dilatation of either proximal or distal bile 
ducts. The prevalent location of IPNB (intrahepatic 
versus extrahepatic bile ducts) is highly variable 
among studies 55. 
Etiology of IPNB remains unclear in most of the cas-
es, even if known risk factors are primary sclerosing 
cholangitis, hepatolithiasis, and liver fluke infection (in 
Asian countries)  51,55,56. IPNB development and pro-
gression from low- to high-grade dysplasia to invasive 
carcinoma follow a sequential acquisition of molecular 

Figure 5. Low-grade biliary intraepithelial neoplasia shows 
mild cytological atypia, with hyperchromatic nuclei, promi-
nent nucleoli, a mildly increased nucleus/cytoplasm ratio, and 
minor nuclear pseudostratification, with preserved nuclear 
polarity (hematoxylin-eosin; original magnification 20x).

Figure 6. High-grade biliary intraepithelial neoplasia dis-
plays severe nuclear atypia, with irregular and pleomorphic 
nuclei, several mitotic figures (arrows), and a complete loss 
of nuclear polarization, with complex stratification (hema-
toxylin-eosin; original magnification 40x).

Table II. Immunostains that may be of help in differentiating low-grade from high-grade biliary intraepithelial neoplasia.
Immunostain Low-grade BilIN High-grade BilIN
S100 Mildly to moderately increased Diffusely and strongly positive
p53 Usually wild-type expression Frequently positive
p16 Relatively preserved Decreased expression

BilIN: biliary intraepithelial neoplasia.
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alterations involving common oncogenic pathways, in-
cluding KRAS, CDKN2A, and TP53 genes 57.
Grossly, IPNB appears as a visible papillary, villous, or 
polypoid, red-colored, soft mass, predominantly grow-
ing in a dilated bile duct lumen, which may be cystic 
or fusiform in shape. Lesions might be single and iso-
lated or multiple, and mucus hypersecretion can be 
seen. An invasive component can appear as a mass-
forming or nodular lesion 51,55,58.
Histologically, IPNBs are characterized by dilated bile 
ducts filled with papillary or villous structures with fine 
fibrovascular cores covered by biliary epithelial cells, 
with various amount of tubular or glandular compo-
nents, and lack of an ovarian-type mesenchymal 
stroma (Fig. 7). Epithelial cells in IPNB are cuboidal 
or columnar, and may show intestinal, biliary, onco-

cytic, and gastric-type differentiation, based on mor-
phology and immunophenotype. The biliary subtype 
is the most common in Western countries, while the 
oncocytic and gastric types are very rare. Mixtures of 
different subtypes are observed in about 50% of all 
IPNBs, so their classification is based on the most 
prevalent component. The gastric subtype expresses 
MUC5AC and MUC6, the intestinal one is MUC2-
positive, whilst the biliary type frequently expresses 
EMA (MUC1)  40,51,55,59,60. Epithelial cells lining IPNB 
may show variable cytoarchitectural atypia, classified 
into low-grade and high-grade dysplastic lesions, ac-
cording to the highest degree. IPNBs with high-grade 
dysplasia are more frequent in extrahepatic bile ducts. 
The extension of neoplastic process into peribiliary 
glands, particularly in the hilar zone, is quite com-
mon, and is not considered a feature of invasion. A 
clear, frank invasion of the stroma is necessary for a 
definitive diagnosis of an associated invasive adeno-
carcinoma. About 40-80% of IPNBs show a minimal 
invasive component at diagnosis, most commonly a 
tubular adenocarcinoma, sometimes a colloid (muci-
nous) adenocarcinoma 55,61. 
Recently, a group of Japanese and Korean expert pa-
thologists proposed a different classification of IPNB, 
based on similarities with the pancreatic counterparts. 
It divides IPNB in two groups. Type 1 IPNB histological-
ly resembles intraductal papillary mucinous neoplasm 
of the pancreas; it typically develops in the intrahe-
patic bile ducts, and contains macroscopic mucinous 
components. Type 2 IPNB has a more complex his-
tological architecture, with irregular papillary branch-
ing or foci of solid-tubular components; it involves the 
extrahepatic bile ducts, and is more frequently associ-
ated with invasive cancers 51,62 (Tab. III). 
FNA samples from IPNBs are often hypercellular, with 
sheets of epithelial cells that are commonly arranged 
in papillary structures with fibrovascular cores. Micro-
glandular structures and mucin may be present, while 

Figure 7. Intraductal papillary neoplasm in a dilated bile 
duct, with a papillary/villous growth pattern, made of fine 
fibrovascular cores covered by biliary epithelial cells, with 
diffuse low-grade and focally high-grade (asterisks) dyspla-
sia (Immunostain-eosin; original magnification 5x).

Table III. Features of type 1 and type 2 intraductal papillary neoplasm of the bile ducts, according to the Japan-Korea Coop-
erative Study Group 61.

Feature Type 1 IPNB Type 2 IPNB
Preferential location Intrahepatic bile ducts Extrahepatic bile ducts
Mucin secretion Frequent Rare
Architecture Regular homogeneous papillae Irregular complex papillae
Histological subtypes Gastric, intestinal Intestinal, pancreatobiliary
Grade Mostly high grade Always high grade
Stromal invasion < 50%, minimal > 80%, minimal or mild
Similarity to pancreatic IPMN Similar Variable
Aggressiveness Less aggressive More aggressive
Outcome More favorable Worse

IPNB: intraductal papillary neoplasm of the bile ducts; IPMN: intraductal papillary mucinous neoplasm.
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cellular crowding is absent. Epithelial cells usually 
show mild atypia, but not frankly malignant nuclear 
features. In IPNB with malignant transformation, overt 
carcinomatous cytological features are seen 49,50.
Differential diagnoses of IPNB include micropapillary 
biliary intraepithelial neoplasia and intraductal pol-
ypoid liver metastasis, predominantly from colorec-
tal cancers  51,63. The presence of intermixed flat or 
pseudopapillary intrahepithelial neoplasia are in favor 
with the diagnosis of biliary intraepithelial neoplasia. 
Immunohistochemical stains, including CK7, CK19, 
CK20 and CDX2, are recommended to differentiate 
IPNB from metastatic colon cancer.
Hepatectomy is the standard therapy of IPNBs con-
fined to the liver. IPNB-associated invasive carcinoma 
has demonstrated a better prognosis than convention-
al intrahepatic and extrahepatic cholangiocarcinoma, 
with an overall survival of nearly 70% at 5 years and 
a tumor recurrence rate of 47%. The percentage of 
invasive carcinoma and its depth of invasion correlate 
with survival. Invasive carcinomas arising from biliary-
type IPNB have worse clinic-pathological features and 
a worse clinical outcome compared to other subtypes. 
Staging of IPNB-related adenocarcinoma follows the 
TNM classification for intrahepatic cholangiocarcino-
ma 39,53-55,64.
A so-called intraductal tubulopapillary neoplasm 
(ITPN) variant exists, and has a more solid, tubular 
growth pattern with less papillary frond formation and 
mucin production. ITPNs are found in different points 
of the biliary tree, with different frequencies: intra-
hepatic bile ducts (53%), perihilar bile ducts (30%), 
and extrahepatic bile ducts (17%). Tumors tend to be 
larger, with a median size of 5.3 cm. Approximately 
40% to 80% of lesions are associated with invasive 
carcinoma; therefore, ITPNs should undergo a formal 
oncologic resection, which includes a partial hepatec-
tomy for intrahepatic disease 60,65-67.
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