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ABSTRACT: Cholangiocarcinoma (CCA) develops through multistep carcinogenesis. During the past decades, 2 precursors have been proved
to evolve to CCA. The 2 main precursor lesions of CCA are biliary intraepithelial neoplasia and intraductal papillary neoplasm of the bile duct.
It is an interesting and relatively novel entity for the hepatobiliary surgeons, radiologists, oncologists, and pathologists. It worth being familiar
with these 2 entities for better communication between pathologists, oncologists, and surgeons to improve the treatment and follow-up of these
lesions, which can definitely decrease their evolvement to CCA as an aggressive, poor prognostic, and life-threatening cancer. In this narrative
review, | collected and discussed all published studies about these 2 precursor lesions of CCA including radiologic, clinical, and pathological

manifestation.
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Introduction
Cholangiocarcinoma (CCA) is an aggressive cancer of intra-
and extrahepatic bile ducts which has been proved to develop
through a multistep sequence (multistep carcinogenesis).
Precursor neoplastic lesions of bile ducts were used to be called
as biliary dysplasia or atypical biliary epithelium.! However, in
2005, Zen et al proposed the entity of biliary intraepithelial
neoplasia (BilIN) as precursors of CCA in multistep carcino-
genesis.> Another preinvasive lesion of biliary epithelium
which is also considered as precursor of CCA is intraductal
papillary neoplasm of the bile duct (IPNB) which was intro-
duced as distinct pathologic entities in World Health
Organization classification of hepatobiliary tumors in 2010.3

Recently, pathologists and clinicians are exposed to more
cases of precursor lesions of biliary tracts diagnosed by imaging
techniques, and it is very important for them to be familiar with
these 2 entities and start reporting them for early diagnosis of
biliary tract lesions before the occurrence of invasion to become
malignant and aggressive CCA which has poor prognosis.*
This subject is especially very important in the patients with
primary sclerosing cholangitis which causes chronic recurring
inflammation and destruction of biliary epithelium of bile
ducts,®” although recently there are some reports of the occur-
rence of BilIN in nonbiliary cirrhotic patients.®

In this review, we will discuss about all the clinicopathologic
and molecular aspects of precursors of CCA by reviewing all
the published studies in English literature.

Normal histology of biliary epithelium

Epithelial cells that line biliary tracts are called cholangiocytes
which progressively continue into a system of interlobular,

septal, major ducts, and final extrahepatic bile ducts continuing
to ampulla of Vater in the duodenum.’ Biliary epithelium is flat
with a single layer of columnar cells with basal oval nuclei and
eosinophilic cytoplasm. 1

Histologic subtypes of CCA

Cholangiocarcinoma is classified as intrahepatic cholangiocar-
cinoma (ICC), perihilar, and distal. They can be conventional,
bile ductular, and intraductal. Conventional can be small or
large bile duct type. Each of them can be well-, moderately, and

poorly differentiated adenocarcinoma.112

Precursors of CCA

There are 2 main types of premalignant lesions which are con-

sidered as precursors of CCA:

1. Biliary intraepithelial neoplasia (BilIN)
2. Intraductal papillary neoplasm of the bile duct IPNB).

It is believed that these are more important in the develop-
ment of ICC and perihilar CCA rather than extrahepatic
CCA.22 Other rare, less well-defined and controversial precur-
sor lesions of CCA are peribiliary glands, von Meyenburg com-

plex, and bile duct adenoma.3-18

Predisposing factors

There is not significant association between cirrhosis and pre-
cursors of CCA; however, primary sclerosing cholangitis has
been proved to have association with them. It is the over-
whelming driver of most hilar/extrahepatic CCA in the
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Western world.®” There is significant difference in the predis-
posing factors in different geographic areas of the world.?
There are significantly higher rates of ICC seen in Eastern
Asia when compared with Western countries which is mostly
attributed to hepatolithiasis and parasitic infestation by liver
flukes.?0 Recently, association between these lesions and hepa-
titis viruses, especially hepatitis C virus (HCV), has been
described.®?! The association with chemical agents such as
environmental and occupational exposure in printing plant has
been reported from Japan as well as thorotrast.??

Main predisposing factors for ICC are choledochal cysts,
choledocholithiasis, cirrhosis, cholelithiasis, hepatitis B virus
(HBV), HCYV, alcohol, cholecystocholithiasis, inflammatory
bowel disease, and smoking. These predisposing factors for
extrahepatic CCA are mainly choledochal cysts, choledocho-
lithiasis, cirrhosis, cholelithiasis, HBV, alcohol, cholecystocho-
lithiasis, inflammatory bowel disease, and smoking.?3

Clinical manifestation

These precursor lesions are more common in male patients
after 50years of age; however, there are very little published
articles about the clinical manifestations of them; most of
the cases of BilIN have been incidentally discovered in the
cases with other problems such as hepatolithiasis, biliary
strictures, biliary cysts, papillary adenoma, or primary scle-
rosing cholangitis.?+?° Some others have been found in the
nontumoral biliary tracts of the patients with CCA such as
surgical margins.?’ Rare presentations such as hemobilia
have also been reported in individual case reports.?> Also,
there are reports of the discovery of BilIN in nonbiliary con-
ditions such as alcoholic cirrhosis and hepatitis C-related
cirrhosis without producing any related clinical findings.3
Biliary intraepithelial neoplasia has been considered as a flat
type of intraepithelial neoplasia or flat dysplasia, which
unlike the tumoral counterpart of intraepithelial neoplasia
such as colonic adenoma will not produce significant clinical
manifestations.3!

Intraductal papillary neoplasm of the bile duct is a tumoral
type of precursor lesions of CCA which causes papillary in-
growth within the biliary tract and can produce mass lesions
and clinical manifestations related to the mass and biliary
dilatation.3! These lesions have been reported to produce
symptoms such as abdominal discomfort, abdominal pain,
pyrexia, anorexia, and even jaundice.3>3 Therefore, although
the main precursors of the CCA are the lesions of BilIN, how-
ever, BillNs are mostly asymptomatic but less common IPNB
cases can produce clinical sign and symptoms related to
tumoral dysplasia.??-33

Imaging findings

Biliary intraepithelial neoplasias are flat and microscopic
epithelial lesions, so they cannot be detected by the image

analysis, and the diagnosis completely depends on pathologi-
cal examination.®® The utility of conventional imaging
modalities as a diagnostic method is very limited. However,
techniques such as diffusion-weighted imaging or magnetic
resonance cholangiopancreatography can detect papillary
lesions within the duct, ie, IPNB. Uncommon mucin-pro-
ducing variant of IPNB can cause biliary dilatation which is
visible by magnetic resonance imaging. Endoscopic proce-
dures such as endoscopic retrograde cholangiopancreatogra-
phy or cholangioscopy have also been considered as modalities
which can be useful for the diagnosis of BillNs.343%36
Although cross-sectional imaging studies are necessary for
the diagnosis of early biliary tract neoplasia, so far, these are
not recommended as screening test in high-risk patients
such as primary sclerosing cholangitis or hepatolithiasis.*

Molecular pathogenesis
It has been proved that development of CCA occurs through

multistep carcinogenesis. As it has been mentioned in previous
paragraphs, there are 2 main types of precursors in CCA (BilIN
and IPNB). This multistep carcinogenesis seems to be differ-
ent in these 2 types of precursors, but there are many contro-
versial issues regarding the difference between these two. In
some studies, different molecules which are involved in cell
cycle and cell proliferation have been compared in these 2
lesions, ie, P21, P53, and cyclin D1. Studies have shown that all
the 3 are upregulated in both lesions.3” However, mucin profile
of BilIN and IPNB is different, for example, MUC-1 shows
overexpression in BilIN, but it is negative in IPNB. This will
cause more tubular type of CCA which is more aggressive than
colloid carcinoma which occurs most commonly secondary to
IPNB.3 This mucin and cytokeratin profile will be described
in more detail in the next section of immunohistochemical
findings in precursor lesions.

Another study has shown that KRAS mutation occurs in
more than 30% of cases with BilIN and seems to be an early
molecular event during the progression of BilIN to CCA in
patients with hepatolithiasis, whereas p53 overexpression is a
late molecular event.??

Recently, the role of autophagy has been proposed in pre-
cursor lesions of CCA, ie, proteins related to autophagy are
upregulated in early stages of BilIN (ie, BilIN 1, 2) in the
patients with hepatolithiasis.*0

Pathologic and immunobistochemical findings of
BilIN

Biliary intraepithelial neoplasia is a microscopic finding and
grossly the pathologic changes are very subtle such as mild
granularity and thickening of the mucosa.* Microscopically,
according to the differences in cellular and nuclear features as
well as architectural findings, BilIN is divided into 3 types:
BilIN I, IT, I11.
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Figure 1. Sections from bile duct (A, B) with BilIN | and (B, C) BilIN 1. (H&EX250)

Bi/IN I. This lesion can be flat or micropapillary. This can be
counterpart of low-grade dysplasia in gastrointestinal epithe-
lial cells, ie, the nuclei are located within the lower two-thirds
of the epithelium. There is focal nuclear and mild nuclear
pseudostratification with increased nuclear to cytoplasmic
ratio as well as mild irregularities of nuclear membrane and
nuclear elongation. The number of mitosis is very low and
rare.* Nuclear sizes and shapes are almost uniform, and there
is no pleomorphism. The presence of large nuclei is mostly in
favor of higher grades of BilIN, ie, BilIN-Ii or BilIN-III'
(Figure 1A and B).

Bi/INII. This lesion can also be seen in flat or micropapillary
configuration. There is loss of cellular polarity and nuclear
pseudostratification; however, the nuclei are hyperchromatic
and enlarged and can reach the luminal surface. Some nuclear
membrane irregularities and variations in nuclear sizes are pre-
sent. Mitosis is not very common; however, there is more mito-

sis compared with BilIN 1.4># (Figure 1C and D).

Bi/INIII. This lesion can also be seen in flat or micropapillary
shape. This lesion is the counterpart of carcinoma in situ in
other mucosal parts of the body. There is marked loss of cellular
polarity and nuclear stratification as well as cribriform pattern
is present. The nuclei can reach the luminal surface with
enlargement and hyperchromasia. Nuclear membrane irregu-
larities are also present.®%4

Immunohistologically, MUCS5AC, as an early-phase pro-
tein, and Ki67, as a “late-phase” expression, were identified
with increasing degrees of dysplasia. Early-phase cell cycle pro-
teins, p16 (decrease) and p21 (increase), altered with increasing
degrees of dysplasia.*!

It has been shown that S100P, which is negative in normal
bile duct epithelial cells, can be positive in preinvasive BillN as
well as CCA. This can be used for confirmation of premalig-
nant nature of BilIN. 4243

As a whole it seems that characteristic immunohistochemi-
cal pattern in BilIN is reactive with CK7, CK19, CK20,
MUC5AC+,MUCT1 and negative with MUC2 and MUC6.#

Histologic differential diagnosis of BilIN. Difterential diagnosis
of BilIN from reactive atypia is very important, especially in
the patients with primary sclerosing cholangitis and diseases of
biliary tract such as hepatolithiasis. Inflamed bile duct epithe-
lial cells can reveal mild nuclear atypia and hyperchromasia
(reactive atypia). So, it can be very difficult to differentiate
BilIN I from reactive atypia. However, in reactive atypia, vari-
able degree of acute inflammation is present in the stromal
background. Therefore, diagnosis of BilIN should be made

with caution in the presence of acute inflammation.”

Pathologic and immunobistochemical findings of
IPNB

Intraductal papillary neoplasm of the bile duct has been
defined in 2010 classification as the biliary counterpart of the
intraductal papillary mucinous neoplasm (IPMN) of the pan-
creas. This lesion is currently considered as an important pre-
cursor of CCA, comprising 9% to 38% of CCAs in eastern
countries.!2

Grossly it is seen connected to a dilated bile ducts as white- to
red-colored soft, papillary lesions without invasion covered by
epithelial cells which can be pancreatobiliary, intestinal, gastric,
and oncocytic.® In the eastern countries, intestinal subtype is
more common which is mostly secondary to hepatolithiasis and
clonorchiasis. In Western countries, pancreaticobiliary histologic
subtype is more common and oncocytic and gastric types are
very rare.!? These types of epithelial linings are very similar to
IPMN of pancreas; however, in contrast to IPMN, mucin pro-
duction is rarely seen in IPNB.12 According to the degree of dys-
plasia of the epithelial lining, IPNB is subdivided into IPNB
with low, intermediate, and high grade of dysplasia which is very
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similar to histologic classification of BilIN.3 It seems that the
biliary tumors, used to be called as papillomatosis and papillary
adenocarcinoma, should now be described as an IPNB.%

Immunohistochemical studies of IPNB shows that cyclin D1
and p21 expression increase in IPNB just as it does in BilIN.
Another protein of cell cycle is p16 which shows aberrant expres-
sion in IPNB.1? Studies regarding inactivation of p53 in differ-
ent grades of dysplasia in IPNB are controversial; however, most
of them has shown increased expression with increasing grade of
dysplasia and with invasion. This seems to be different for KRAS
mutations which are more common in lower grades of dysplasia
and early lesions.!? There seems to be a correlation between
expression of MUC antigens and patient survival. Previous stud-
ies on the expression of MUC1 and MUC?2 in bile duct tumors
indicated that patients with invasive CCA and poor outcome
were MUC1-positive and MUC2-negative. Accordingly, many
patients with noninvasive IPNB and favorable outcome have
been MUC1-negative and MUC2-positive.4¢

Histologic differential diagnosis of IPNB. Biliary intraepithelial

neoplasia is a microscopic lesion of bile ducts without grossly
visible lesion, so it could be differentiated from the IPNB.#6

Treatment of BilIN and IPNB

There are very few reports about the treatment of these 2 pre-
cursors and currently no guideline is available. Most of the rec-
ommendations have been based on individual cases and
experiences. In one study, presence of BilIN in the surgical
margin of a case of CCA has not been resected and no compli-
cation has occurred in the course of the disease?8; however, in
most of the previous studies, lesion excision by surgery or lapa-
roscopy has been recommended as the treatment of choice with
successful results.?”#748 Definitely, more cases and cohort stud-
ies are necessary for better evaluation and understanding of
these precursor lesions.

Conclusions

There are increasing literature regarding precursor lesions in
different organs such as cervix, gastrointestinal tract, and geni-
tourinary tract. However, there are not so many studies about
the precursor lesions of CCA which is an aggressive, poor
prognostic, and life-threatening cancer. Surgeons, oncologists,
hepatologists, radiologists, and pathologists should be familiar
with precursors of CCA, ie, BilIN and IPNB, especially in the
patients with ongoing inflammation, fibrosis, and destruction
of bile duct epithelial cells such as primary sclerosing cholangi-
tis, hepatolithiasis, and parasitic infestations.
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