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Abstract
Biliary tract cancers are a wide group of heterogeneous neoplasms of the biliary tree, composed of intrahepatic 
cholangiocarcinoma perihilar bile duct cancer and distal bile duct cancer, according to location. The variability in 
location reflects the different morphologies and molecular alterations. In particular, intrahepatic peripheral mass 
forming cholangiocarcinoma is represented by the “small duct type” cholangiocarcinoma, which is different from 
the “large duct type” cholangiocarcinoma that, although intrahepatic, behaves similar to extrahepatic bile duct 
cancers, perihilar and distal ones. Recently, molecular targetable alterations, mainly FGFR2 fusions and IDH1 
mutations, have been described, mostly in the intrahepatic “small duct type” subgroup and have opened the way, 
together with rarer targetable alterations, for personalisation of therapy also in these aggressive neoplasms.

Keywords: Biliary tract cancer, cholangiocarcinoma, molecular pathology, WHO classification, targetable 
alterations

BACKGROUND
Biliary tract cancer is a heterogeneous and very aggressive group of neoplasms that includes intrahepatic 
cholangiocarcinoma and extrahepatic bile duct cancer. It arises in different clinical contexts and often in 
non-cirrhotic livers, without clear aetiology. It can be found on surgical specimens associated with 
preneoplastic lesions that at least partially resemble the pancreatic counterpart. Recently, the morphological 
classification of this neoplasm has been improved and finds confirmation in the molecular profile. In fact, 
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important targetable molecular alterations have recently been described, regarding around 15%-20% of the 
intrahepatic cholangiocarcinoma, whilst the extrahepatic bile duct cancer is rarely a suitable subject for 
targeted therapy. These aberrations are FGFR2 fusions, IDH1/2 mutations, more rarely BRAF V600E and 
BRCA1/2 alterations, neurotrophic receptor tyrosine kinase (NTRK) fusions and microsatellite instability 
(MSI). These represent an important advancement in the understanding of the disease, although further 
investigation is mandatory for our patients.

HISTOPATHOLOGY OF BILIARY TRACT CANCER
Cholangiocarcinoma is a malignant epithelial neoplasm, generally an adenocarcinoma, arising from the 
biliary tree and includes a wide range of malignant tumours, commonly in the context of a non-cirrhotic 
liver. The term “cholangiocarcinoma” should be used for intrahepatic malignancies (iCCA), whilst the 
extrahepatic ones should be called “of the extrahepatic bile ducts” (eCCA) (sec. WHO 2019[1]). This 
classification is supposed to follow the probable cell of origin of these neoplasms and agree with the TNM 
system. In fact, the TNM staging system subdivides iCCA as located proximal to the second order bile 
ducts, from the perihilar eCCA, developing in the right and left hepatic duct or at the confluence between 
the two, and the distal eCCA that involves the common bile duct. The eCCA are divided from the insertion 
of the cystic duct. iCCA can arise from the bile ductules until the second-order bile ducts or segmental bile 
ducts, and the WHO 2019 subdivides between “small duct type” and “large duct type” iCCA[1]. The “small 
duct type” is generally peripheral, mass forming, typically made of small tubules and ductules, not 
producing mucus [Figure 1] and can arise in the context of cirrhosis[2,3]. The “large duct type” more 
commonly arises in the intrahepatic perihilar region and generally presents as a highly desmoplastic lesion 
with poorly defined margins, typically with periductal infiltrating pattern of growth. It generally shows all 
the typical aspects of the extrahepatic bile duct adenocarcinoma in terms of aggressiveness, with large 
vessels and nerves infiltration [Figure 2].

The “small duct type” iCCA can arise in the context of a ductal plate malformation or a biliary 
adenofibroma, as occasionally reported in the literature[4,5]. Biliary adenofibroma is a recently introduced 
category in the WHO 2019[1], representing a mass forming lesion made of glands and stroma, with cystic 
dilatation, covered by biliary cuboidal epithelium without significant atypia not communicating with the 
biliary tree[6], and in fact after extensive sampling of the tumour it is possible to appreciate aspects 
resembling an underlying biliary adenofibroma [Figure 3A and B]. The “large duct type” iCCA is usually 
associated with preinvasive neoplasms such as biliary intraepithelial neoplasms (BilIN) or intraductal 
papillary neoplasms of the bile ducts (IPNB)[1]. BilIN presents with flat or micropapillary proliferation of the 
biliary epithelium not radiologically visible, now subdivided between low grade and high grade depending 
on architecture and cytological alterations[1] [Figure 4]. IPNB is a grossly visible lesion, radiologically 
detectable and generally associated with dilatation of the bile ducts. Both the preinvasive lesions of the 
biliary tree have their pancreatic counterpart in the pancreatic intraepithelial neoplasms and intraductal 
mucinous papillary neoplasms (IPMN), although with some morphological and phenotypical differences[7], 
IPNB protrudes as a polyp in the lumen of a dilated bile duct and can also develop in the context of the 
peribiliary glands[8].

The IPNB are subdivided between types I and II. Type I IPNB mainly arises in the intrahepatic bile ducts, 
phenotypically gastric or intestinal [Figure 5A] and less aggressive than the type II IPNB, which is more 
typical of the extrahepatic bile ducts, has an irregular architecture and shows intestinal or pancreaticobiliary 
phenotype[1] [Figure 5B].
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Figure 1. iCCA small duct type with mass forming type pattern of growth (haematoxylin-eosin staining, 20×).

Figure 2. iCCA large duct type with extensive perineural infiltration (haematoxylin-eosin staining, 20×).

Figure 3. (A, B) iCCA with aspects of biliary adenofibroma (haematoxylin-eosin staining, 20×).

Another recently described entity, with a well-established counterpart in the pancreas and radiologically 
identifiable, is the intraductal tubulo-papillary neoplasm of the bile ducts, which has a more compact 
architecture and is mainly made of small tubules, with small or no mucin production[9] [Figure 6].
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Figure 4. BilIN (haematoxylin-eosin staining, 20×).

Figure 5. Intestinal type (A) and pancreatico-biliary type (B) IPNB (haematoxylin-eosin staining, 20×).

The mucinous cystic neoplasm of the liver is a neoplastic lesion characterised in general by a mucinous 
epithelium with underlying ovarian-type stroma [Figure 7]. This lesion is considered a possible precursor of 
iCCA, because the cuboidal or mucinous columnar epithelium covering the cyst can become dysplastic and 
then undergo malignant degeneration. The amount of mucous produced by this lesion is very variable[10], 
sometimes making the diagnosis difficult especially if the cyst undergoes fenestration. Moreover, the 
ovarian-type stroma can also be patchy and loose[10], sometimes difficult to be recognised in intraoperative 
consultation. It is mandatory to resect the whole cyst once the diagnosis is performed because of the 
neoplastic nature of the lesion.
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Figure 6. Intraductal tubulopapillary neoplasm of the bile duct (with high-power view) (haematoxylin-eosin staining, 4×).

Figure 7. Mucinous cystic neoplasm of the liver (haematoxylin-eosin staining, 40×) without dysplasia of the epithelium.

In cystoadenocarcinoma [Figure 8], it is often difficult to find the ovarian type stroma, and it is not clear if 
they represent a mucinous cystic neoplasm that has undergone regression of the stroma or a different entity. 
The suggested term in the WHO 2019[1] is mucinous cystic neoplasm with associated invasive carcinoma, 
and it is important to recognise it because its behaviour depends on the complete or incomplete resection of 
the cyst and the amount of parenchymal invasion.

The combined hepatocellular-cholangiocarcinoma (cHCC-CCA) [Figure 9] is now a category itself inside 
WHO 2019[1] with some simplification compared with the previous WHO 2010[11]. This entity is very 
heterogeneous and rare, thus controlled studies to understand its biology and potential treatment are 
needed. The diagnosis should rely on morphology first, and immunohistochemistry should be used for 
confirmation. Although the real risk factors for cHCC-CCA are largely unknown, they are more commonly 
found in cirrhotic liver compared to iCCA, reported to be around 40% in a large series[12]. Some reports 
found that it behaves more as an HCC[13], but actually their treatment is still without defined guidelines[14]. 
The so-called “cholangiolocarcinoma” can be a part of cHCC-CCA, but it is more commonly found of part 
of iCCA and is now considered a subtype of iCCA [Figure 10][1]. Differently, the presence of distinct HCC 
and iCCA in the same liver has been reported in fewer than 40 cases in the literature[15], mainly in cirrhotic 
liver explants.
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Figure 8. Cystoadenocarcinoma of the liver (haematoxylin-eosin staining, 20×).

Figure 9. Combined hepatocellular-cholangiocarcinoma (haematoxylin-eosin staining, 20×).

Figure 10. Cholangiolocarcinoma together with small duct type iCCA (haematoxylin-eosin staining, 20×).

Carcinosarcoma and the undifferentiated carcinoma of the biliary tree do exist, although they are very rare, 
the first showing both components [Figure 11], the sarcoma differentiation lacking the epithelial 
differentiation and the second showing only the epithelial differentiation[1].
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Figure 11. Carcinosarcoma of the liver (haematoxylin-eosin staining, 20×).

IMMUNOHISTOCHEMISTRY
Although the distinction between iCCA and HCC based only on morphology can be difficult in some cases, 
especially in poorly differentiated ones, some immunohistochemical markers are helpful for suggesting 
hepatocellular differentiation such as HepPar‐1 (hepatocyte in paraffin 1) or hepatocyte specific antigen, 
arginase‐1, alpha‐fetoprotein, bile salt export pump and glutamine synthetase. CD10 and pCEA have to 
show canalicular pattern of expression. There are no markers specific for biliary differentiation until now, 
but CK7 and CK19, although not specific, are usually variably expressed by the biliary tumours. Be careful 
with CK19 in poorly differentiated tumours because different subtype can show expression[16]. Concerning 
the usefulness of immunohistochemistry in the diagnosis of cHCC-iCCA, some markers were suggested in 
the previous WHO 2010[11] such as CD56n and KIT in the case of the so-called stem cell subtype (this term 
is no longer recommended by the current WHO[1]), both of them mainly staining the intermediate cell 
subtype[17]. Both CD56n and KIT are reported to be expressed by canals of Hering and hepatic 
progenitors[18].

Mucins, in particular MUC1, MUC2, MUC5AC and MUC6, can be of some importance as they are for 
IPMN[1] for distinguishing among immunophenotypes of IPNB, in particular MUC2 for intestinal subtype, 
MUC1 for pancreatico-biliary and MUC5AC and MUC6 which suggest gastric differentiation[7].

MOLECULAR CHARACTERIZATION OF BILIARY TRACT CANCER
Since 2014[19], the biliary tract cancers have been discovered to be targetable because of distinctive molecular 
alterations that can be found in around 50% of cases in large series[20], allowing patients to have more 
chances to be treated also when relapsing and opening the way to personalisation of therapies (see Table 1 
for a summary concerning targetable alterations and detection methods, modified from the very useful one 
from Valle et al.[21]). iCCAs has targetable alterations definitely more commonly than eCCAs, but this is true 
for the mass forming “small duct type” iCCAs, whilst the “large duct type” behave mostly as an eCCA, 
showing mutations in oncogenes and tumour suppressor genes[19]. The targetable alterations mainly regard 
FGFR2 and IDH1[20], representing around 20% and 15% of cases, respectively[22].

FGFR2 rearrangements seems to occur mainly in young adults and possibly confer a better prognosis[23]. 
FGFR2 aberrations can present as hotspot mutations, deletion-in-frame and fusions, which generally regard 
the breakpoint within intron 17 or exon 18 and more frequently involve the bicaudal family RNA binding 
protein 1 (BICC1) in 27.9% of cases[24]. Interestingly, 32.9% of patients have a peculiar unique rearrangement 
and/or the aberration involves an intronic region[24]. Fusions are a part of the rearrangements and induce 
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Table 1. Summary table of molecular targets with methods for detection

Molecular 
target Frequency of alteration Methods for detection

FGFR alterations 20% of intrahepatic 
cholangiocarcinoma cases

FISH testing for FGFR2 translocation, if available also next-generation DNA sequencing 
including FGFR2 intronic region, targeted RNAseq

IDH1/IDH2 15% of intrahepatic 
cholangiocarcinoma cases

DNA sequencing for hotspot mutations in coding region of IDH1 (immunohistochemistry 
not applicable)

MSI-high or MMR 
deficiency

5% of biliary tract cancer cases Immunohistochemistry, PCR or tumour next-generation DNA sequencing

BRCAness 3.60% Next generation DNA sequencing

ERBB2 (HER2) 1.4%-2.4% Immunohistochemistry and FISH for validation/interpretation of immunohistochemistry to 
identify eventual amplification, tumour next-generation DNA sequencing for mutations

BRAF 1% of intrahepatic 
cholangiocarcinoma cases

Immunohistochemistry, DNA sequencing for hotspot mutations in coding region of BRAF

NTRK 0.75% Immunohistochemistry with Pan-TRK antibodies, next-generation DNA sequencing 
including NTRK intronic region or targeted RNAseq, or FISH testing for NTRK translocation

Modified from Ref[21].

the constitutive activation of FGFR2[25], happening between the N-terminus containing exons 1-19 of 
FGFR2 with a functional tyrosine kinase domain and the C-terminus that contains the partner dimerisation 
domain. Recently, deletion-in-frame alteration has also been described in 2.8% of cases in a large series of 
178 patients, also finding that this kind of alteration is targetable with FGFR inhibitors[26]. For this reason, 
although the first analysis should consider fluorescence in situ hybridisation (FISH) when looking for 
translocation and fusions, it is recommended to also search for FGFR2 aberrations through next-generation 
DNA sequencing including analyses of the intronic region[21].

IDH1 alterations are missense mutations that generally involve a single residue in the active site of the 
enzyme. They generally regard “small duct type” iCCA with poor grade of differentiation[27-29]. The most 
frequent hot spot mutations identified are R132C (70%) and less frequently R132L (15%) or R132G (12%)[22], 
which are distinct from IDH1 mutant alleles found in glioma and acute myeloid leukaemia[30]. Recently 
Lee et al.[27] found IDH1 mutation to be significantly associated with mass-forming iCCA, bile ductular or 
small duct histological types, not producing mucus and a trend with better prognosis, although this needs 
further evaluation on larger series.

Fusion events can involve the NTRK kinase (NTRK 1-3 genes) with different upstream partners, leading to 
the overexpression of chimeric protein and constitutively active, ligand-independent downstream signalling. 
NTRK fusions are rare in the routine practice for biliary tract cancer. In the recent study by Demols et al.[31], 
the cases were screened by immunohistochemistry and confirmed by NGS, and NTRK was found to be 
altered in 0.75%. Moreover, we have to remember that NTRK alterations are definitely important for the 
treatment of different malignancies[32]. In the metastatic settings, the guidelines recommend to also directly 
apply NGS for detecting NTRK fusions[33].

MSI is found in around 5% of iCCAs, sometimes occurring in Lynch syndrome[34,35]. The MSI status does 
not directly correlate with the site of tumour, unless the distal bile duct cancer seems to always be stable[35] 
and was found mainly in those with mucinous or papillary morphology[35]. MSI status does have an impact 
on survival[35] and is the only predictive marker so far for sensitivity to immune checkpoint inhibitors[36]. In 
fact, until now, the immunoexpression of PD-L1 has not been proven to be relevant since it is usually found 
in macrophages and not in cancer cells[37]. More studies are needed to investigate this important aim.
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BRCA mutations are found in around 3.6% of iCCAs[38] without differences in terms of site, providing 
rationale for targeted therapies. BRCA mutant biliary tract cancers are more frequently associated with MSI 
and high mutational burden[39], but not with PD-L1 expression. Nevertheless, the clinical significance of 
BRCA status in biliary tract cancer also needs further investigation.

Another rare mutation (1%) regards BRAFV600E[40], which can be detectable with immunohistochemistry 
and/or directly investigated with DNA-based methods[41].

Rarely, HER2 can be found overexpressed by immunohistochemistry in biliary tract cancer (around 1.4% in 
a large study by Albrecht et al.[42]), more commonly in distal bile duct cancer[42], and its detection requires 
screening with immunohistochemistry and confirmation with FISH, mainly because of the rare detections 
and absence of guidelines for evaluation of immunostaining. In fact, the quantitative and qualitative 
reporting of HER2 immunohistochemical expression still relies on the same system applied for gastric 
cancer[43].

Concerning eCCAs, as mentioned above, they rarely show targetable alterations tending to be similar to 
pancreatic adenocarcinoma, with mutations regarding TP53, KRAS and SMAD4[44]. ERBB2 amplification is 
found only in around 1.3% of cases, mainly characterised by papillary architecture[44], which regards a small 
percentage of whole eCCAs in the routine practice, since most of them are generally perihilar 
adenocarcinomas with periductal pattern of growth. IDH1/2 mutations are found in 4.7% of cases of eCCA, 
whilst other eventual targets to be evaluated for the future are found in other around 20% of cases[44]. In the 
important study by Montal et al.[44], 11.5% of cases were “inflamed” and overexpressing PD-L1, thus being 
good candidates for immune checkpoint inhibitors therapy. Nevertheless, eCCAs is still a great orphan 
concerning molecular targets and the available therapies for this poorly responsive cancer are scant[45].

Since patients present already in advanced stage of disease, another important issue regards the possible 
application of liquid biopsy technology in biliary tract cancer. Importantly, a large recent study[20] has 
assessed the possibility to identify actionable alterations in primary, metastasis and liquid biopsy. 
Israel et al.[20] found that all three biopsy types are appropriate for genomic testing, although with 
significantly different mutational rates. These results are fundamental considering the large number of 
patients who can present in metastatic conditions or have comorbidities, leading the way for the liquid 
biopsy application also in biliary tract cancer.

CONCLUSIONS
Biliary tract cancer is a large group of neoplasms including intrahepatic and extrahepatic biliary neoplasms 
with a wide spectrum of morphological characteristics and recently discovered important molecular targets 
for personalisation of therapies [Figure 12].

Future developments are urgently needed because, although the new molecular targets have allowed 
important advancements in clinical practice, these chances regard only a part of our patients, variable from 
15%-20%, as described in the literature, to around 40%-50% of the patients tested in our routine practice[46].

Moreover, another important issue regards the possibility to perform an early diagnosis or identify an early 
relapse with new biomarkers, such as plasma N-glycoproteins with specific N-glycan compositions[47], or 
change therapy according to molecular profiling performed through liquid biopsy as it happens for lung 
cancer[48].
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Figure 12. Graphic abstract summarizing morphological and molecular advancement in biliary tract cancer.

Another important issue regards the need for a better understanding of the disease progression through the 
study of tumour microenvironment, to find solutions for preventing advanced stage[49]. For example, it has 
recently been discovered that α-1,2-mannosylated N-glycans are expressed on the proteins constituting the 
membrane of the cancer cell and may be targeted for preventing metastasis[50].

Although all these important new topics and the incessant investigation of morpho-molecular 
characterisation of biliary tract cancer are quickly changing the landscape of opportunities for the treatment 
of our patients, strong support from the scientific community is necessary to bring them to application in 
clinical practice in the near future.
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