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Abstract
The global morbimortality of biliary tract cancer (BTC) is steadily increasing and accounts for ~10% of all primary 
liver cancer. Distinct anatomical locations of BTC have singularities in their etiopathogenesis, which are translated 
into differences in their molecular fingerprints and the associated therapeutic approaches. Extrahepatic 
cholangiocarcinoma (eCCA), arising in the large and distal bile ducts, presents recurrent activating mutations of 
KRAS and loss-of-function alterations in TP53, SMAD4, and CDKN2A/B. Despite being highly prevalent, no targeted 
therapies are yet available for these oncogenic drivers. ERBB2 mutations and amplifications, on the other hand, are 
the most recurrent actionable alterations for eCCA, with several clinical trials aiming to provide benefits in 
biomarker-enriched populations. In addition, integrative multi-omics analysis of eCCA has allowed the 
identification of novel molecular classes of this disease that could be therapeutically exploited. Beyond that, the 
highly immunosuppressive tumor microenvironment of eCCA has prevented until now the success of immune 
checkpoint inhibitors, recently approved in combination with cytotoxic chemotherapy. Further characterization of 
eCCA at the molecular level would potentially foster treating patients based on a precision oncology approach in 
order to increase the clinical outcomes for this challenging disease.
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INTRODUCTION
Globally, hepatobiliary cancer is the third most common cause of cancer-related death after lung and 
esophagogastric cancer and ranks sixth in terms of incident cases (more than 1 million new cases each 
year)[1]. Biliary tract cancer (BTC) is the second most common liver malignancy after hepatocellular 
carcinoma (HCC)[2]. The estimated worldwide incidence of BTC, including cholangiocarcinoma (CCA) and 
gallbladder cancer (GBC), is 184,000 new cases annually[1]. Of note, the global mortality rate for CCA has 
increased during recent decades[3]. CCAs are divided into different subtypes depending on their anatomical 
origin: intrahepatic (iCCA) or extrahepatic (eCCA), with the second-order bile ducts acting as the 
separation point[4,5]. In addition, eCCA has been divided into perihilar (pCCA) and distal (dCCA) at the 
level of the cystic duct[4,5].These subtypes differ in their etiopathogenesis as well as in their clinical 
management.

The most common clinical manifestation of eCCA is the presence of jaundice as a result of a bile duct 
stricture[6]. Pathological diagnosis should be obtained before treatment, preferably by endoscopic retrograde 
cholangiopancreatography-guided biopsies[7]. The 8th edition AJCC/UICC TNM classification established a 
different staging system for pCCA and dCCA, but despite providing prognostic information, it cannot allow 
evaluation of the local resectability of the tumor. In this regard, several alternative classifications have been 
proposed, such as the one described by Bismuth and Corlette for classifying bile duct involvement in 
pCCA[7].

A global treatment algorithm for BTC is usually presented[7] although the clinical strategy varies for each 
anatomical subtype. At early stages of eCCA, the only potentially curative option is surgical resection with 
lymphadenectomy. Neoadjuvant chemoradiotherapy followed by liver transplantation in locally 
unresectable pCCA was proposed by the Mayo Clinic[8]; however, the level of evidence supporting this 
approach is insufficient to establish it as a standard of care. The recurrence rate following surgery is high, 
with 5-year overall survival in the range of 11%-41% for pCCA and 27%-37% for dCCA[6]. The role of 
adjuvant chemotherapy or chemoradiation therapy in patients with resected eCCA is poorly defined[7], but 
adjuvant chemotherapy with capecitabine should be considered[9]. For patients who are not candidates for 
curative treatment, systemic therapy is indicated to relieve symptoms and prolong life. Cytotoxic 
chemotherapy with cisplatin and gemcitabine is still the cornerstone of treatment[10]. However, the addition 
of durvalumab (anti-PDL1) to this treatment strategy has recently improved clinical outcomes and may 
become the new standard for first-line treatment[11].

Molecular profiling of BTC identified FGFR2 fusions and IDH1/2 mutations as candidate targets[12]. 
Recently published trials confirm the benefit of inhibiting these signaling pathways in patients with tumors 
harboring these genetic alterations[13,14]. Unfortunately, these actionable genetic alterations are almost 
exclusively seen in iCCA. Regarding eCCA, no molecular targeted therapies have been approved for its 
treatment. Therefore, studies are necessary to elucidate molecular pathways driving eCCA progression that 
would facilitate a precision oncology approach for this disease. The present review aims to provide a 
comprehensive overview of the current molecular knowledge of eCCA, describing its singularities in terms 
of molecular pathogenesis, genetic aberrations, molecular classifications, and features of the tumor 
microenvironment.

RISK FACTORS AND MOLECULAR PATHOGENESIS
BTC rarely occurs before the fourth decade of life and men are at slightly higher risk than women[15]. Long 
established risk factors for eCCA, such as hepatobiliary flukes, primary sclerosing cholangitis and 
hepatolithiasis, are associated with chronic biliary inflammation and increased cellular turnover[16]. On the 
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other hand, cirrhosis due to hepatitis B and C virus chronic infection is a major risk factor for iCCA[17]. 
Nevertheless, in the vast majority of BTC cases, the disease is sporadic and known risk factors are not 
present[18]. The different geographical distribution of risk factors explains the observed heterogeneous 
incidence of BTC worldwide.

Liver flukes (Opistorchis viverrine and Clonorchis sinensis), endemic in Asia, can infect humans by the 
consumption of raw or undercooked fish and the subsequent deposition of eggs in the biliary tract[19]. The 
parasite persists over the years and progressively accumulates in the biliary system causing mechanical 
damage and an inflammatory response leading to eCCA[20]. This etiology explains the highest incidence of 
BTC in Northeast Thailand (> 80 per 100,000 population)[4]. In most Western countries, BTC is a low 
prevalent cancer (incidence < 6 cases per 100,000 people)[6]. In this scenario, primary sclerosing cholangitis 
is the most common biliary condition leading to eCCA, produced through peribiliary gland cell 
proliferation, mucinous metaplasia, and dysplasia to cancer progression within bile ducts[21].

Cholangiocarcinogenesis is a multifactorial process[15]. A variety of cytokines, growth factors, tyrosine 
kinases, and bile acids can contribute to the alterations in proliferation, apoptosis, senescence, and cell-cycle 
regulation required for carcinogenesis[22]. Large bile duct eCCA has been proposed to arise from the biliary 
columnar epithelium and peribiliary glands[6,23], which are also implicated in the origin of precursor lesions 
(such as intraductal papillary neoplasm)[24]. Tumoral cells gradually adopt invasive phenotypes by changing 
to a mesenchymal-like phenotype, which increases their migratory and invasion capabilities, and eventually 
deposit at distant sites[25]. Several signaling pathways are dysregulated in BTC[25], including the 
inflammation-related IL-6-JAK-STAT3[26], MAPK-ERK[27], PI3K-AKT-mTOR[28], Hedgehog[29], Wnt[30], 
Notch[31] and others.

STRUCTURAL GENETIC ALTERATIONS
Several studies have identified recurrent genetic alterations in BTC by next-generation sequencing[32]. The 
median numbers of non-silent somatic mutations in iCCA, eCCA, and GBC are 39, 35, and 64, 
respectively[33].

In terms of chromosomal aberrations in CCA, broad gains of 5q, 7p, 8q, 13q, 17q, and 20q and losses of 3p, 
6q, 9p, and 17p have been reported[34,35]. These aberrations also underlie high-level focal amplification of 
oncogenes such as ERBB2 or deletion of tumor suppressor genes such as CDKN2A and TP53. The 
proportion of the most prevalent aberrations in eCCA is provided in Table 1[33,36-38]. These genes converge 
into four main oncogenic signaling pathways[38]: RTK-RAS-PI3K (altered in 53% of tumors), TP53-RB 
(47%), histone modification (22%), and transforming growth factor-β (TGFβ, 18%).

Activating mutations of KRAS, particularly on the G12D hotspot[38], and loss-of-function mutations in TP53, 
SMAD4 and CDKN2A/B are the most prevalent throughout different anatomical locations. In addition, 
mutations in several chromatin-remodeling genes, including ARID1A, have also been frequently observed 
in BTC[39]. The repertoire of some less prevalent alterations, however, varies across the different anatomical 
BTC subtypes, which is in line with the previously mentioned differences in etiopathogenesis.

FGFR2 translocations have been uncovered in approximately 20% of iCCA[12,33,40,41]. Multiple fusion partners 
to a consistent breakpoint within the FGFR2 gene have been reported. The mechanism by which FGFR2 
fusions drive oncogenesis has been associated with the ligand-independent constitutive activation of the 
fusion protein and the subsequent canonical downstream signaling. Furthermore, mutations in IDH1 and 
IDH2 are found to be exclusively in around 14% of iCCA[12,33,42]. These IDH1/2 mutations are associated with 
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Table 1. Recurrent structural genetic alterations in extrahepatic cholangiocarcinoma.

Gene Alteration type Percentage (range)

TP53 Mut/Del 26%-45%

KRAS Mut 10%-43%

CDKN2A Del 5%-28%

SMAD4 Mut 10%-16%

ARID1A Mut 7%-15%

CDKN2B Del 15%

APC Mut 4%-11%

ELF3 Mut 7%-10%

EPHA2 Mut 10%

ERBB2 Mut/Amp 4%-9%

ARID2 Mut 5%-8%

PTEN Mut 5%-7%

ARID1B Mut 4%-7%

STK11 Mut 2%-7%

SF3B1 Mut 6%

YEATS4 Amp 6%

NF1 Mut 5%-6%

ATM Mut 5%-6%

MYC Amp 4%-6%

ACVR2A Mut 3%-6%

FGF19 Amp 5%

CCND1 Amp 5%

GNAS Mut 5%

MDM2 Amp 5%

KMT2D Mut 5%

RNF43 Mut 5%

PIK3CA Mut 4%-5%

FBXW7 Mut 4%-5%

CCNE1 Amp 3%-5%

NRAS Mut 1%-5%

Percentage of mutations and copy number alterations identified in 498 patients with eCCA analyzed with whole or targeted exome sequencing in 
four independent studies[33,36-38].

hypermethylation of CpG shores, followed by global deregulation of transcriptional programs regulating 
differentiation. Indeed, they have been proposed to promote iCCA by blocking hepatocyte differentiation 
through the deregulation of HNF4α[43].

ERBB2 mutations and amplifications have been described in BTC, with a higher incidence in GBC and 
eCCA[44,45]. Activating alterations of this gene leads to downstream oncogenic pathway signaling, including 
the MAPK. Of note, ERBB2 structural genetic alterations are more prevalent in tumors with papillary 
histology[38]. On the other hand, novel gene fusions involving PRKACA/B, which encode catalytic subunits 
of protein kinase A, have been detected only in eCCA, albeit in a low proportion[33].

The same technological advances that have enabled the construction of a comprehensive catalog of cancer 
genes are becoming increasingly available for diagnostic purposes with reasonable costs and timeframes. 
Thus, clinicians will need to distinguish genomic data that could effectively be targeted with matched drugs 
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based on available evidence in order to facilitate the implementation of precision medicine[46,47].

MOLECULAR CLASSIFICATIONS
Studies conducted in the setting of The Cancer Genome Atlas (TCGA)[42]and the International Cancer 
Genome Consortium (ICGC)[33]consortiums analyzed together all types of BTC in order to propose an 
integrative clustering of these tumors. However, eCCA was underrepresented in these projects (4 and 40 
patients in the TCGA[42] and ICGC[33], respectively). The proposed molecular classifications highlighted the 
critical role of anatomical location in the biological landscape of this disease[33]. Molecular landscapes also 
differed by etiology (liver flukes)[36], underscoring how BTC subtypes may arise through different extrinsic 
and intrinsic carcinogenic processes. According to these observations, a molecular classification for each 
specific subtype of BTC seems a better approach in order to capture the biological peculiarities of each 
disease.

Molecular profiling of iCCA as a single entity has allowed the discovery of two distinct transcriptome-based 
classes[48-50]: an Inflammation class with predominant activation of STAT3 and overexpression of cytokines 
and a Proliferation class with activation of classic oncogenic pathways (including RAS and MET) and 
specific copy number alterations that correlate with worse outcome[48]. Furthermore, an IDH mutant-
enriched subtype of iCCA has been uncovered, with distinct molecular features including low expression of 
chromatin modifiers, elevated expression of mitochondrial genes, and increased mitochondrial DNA copy 
number[42].

A comprehensive genomic analysis of 189 eCCA from Western countries proposed the existence of four 
transcriptome-based well-defined molecular classes [Figure 1][38]: the Metabolic class, determined by 
disruption of bile acid and fatty acid metabolism, which may favor tumor progression and the acquisition of 
a HNF4A-driven hepatocyte-like phenotype; the Proliferation class, with activation of the cell cycle, mTOR 
and ERBB2 as key features; the Mesenchymal class, defined by EMT, TGFβ signaling activation and a 
desmoplastic reaction observed on pathological analysis, resulting into poor clinical outcomes; and finally, 
the Immune class, with a higher lymphocytic infiltration and increased immune checkpoint expression.

Tumor and microenvironment molecular features of transcriptome-based Metabolic, Proliferation, 
Mesenchymal and Immune classes discovered in eCCA[38]. Candidate targeted therapies with a potential 
benefit in Proliferation and Immune classes are proposed. Figure adapted from Montal et al. J. Hepatol 
2020[38].

This molecular classification of eCCA aligns well with the known molecular landscape of gastrointestinal 
tract tumors[51], with some overlaps that suggest recurring oncogenic pathways among different tissues of 
origin. Indeed, the four molecular classes were subsequently validated in an external cohort[33] using a gene-
expression eCCA classifier[38], indicating cross-validity of the model independently of geographic region.

TUMOR MICROENVIRONMENT
BTC is characterized by a dense and reactive desmoplastic stroma containing mainly cancer-associated 
fibroblasts (CAFs), endothelial cells, and a complex group of inflammatory cells, including macrophages, 
neutrophils, natural killer cells, and T cells[24].

Although the precise origin of CAFs is still not clear, they are probably derived from tissue-resident portal 
fibroblasts or hepatic stellate cells[52]. CAFs promote tumor progression via reciprocal communication with 
cancer cells and stromal cells. They secrete molecules such as PDGF and Rho GTPases that promote cancer 
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Figure 1. Molecular classification of extrahepatic cholangiocarcinoma.Tumor and microenvironment molecular features of 
transcriptome-based Metabolic, Proliferation, Mesenchymal and Immune classes discovered in eCCA[38]. Candidate targeted therapies 
with a potential benefit in Proliferation and Immune classes are proposed. Figure adapted from Montal et al. J. Hepatol 2020[38].

progression by enhancing proliferation, survival, and angiogenesis[52-55]. Indeed, a stromal signature with up-
regulated genes related to cell cycle, extracellular matrix, and TGFβ pathways was found to be associated 
with poor CCA prognosis[56]. Likewise, the previously mentioned and predominant Mesenchymal class of 
eCCA[38] presented overexpression of periostin, which is produced by activated CAFs and associated with 
the promotion of cell invasion[52].

Tumor-associated macrophages (TAMs), originating from circulating monocytes, are the most 
representative infiltrating immune cells of the BTC stromal compartment. They produce several molecules 
with well-known tumorigenic effects, such as matrix metalloproteinases, interleukins, VEGFA, TNF, TGFβ 
and Wnt ligands, which establishes a crucial crosstalk with the rest of the tumor microenvironment to 
create an immunosuppressive milieu[6].

The emerging therapeutic role of immune checkpoint inhibitors (ICIs) in cancer has increased the interest 
in analyzing the T cell immune infiltration of tumors. Immunohistochemical analyses have demonstrated a 
predominant presence of CD8 + T cells within the tumor and CD4 + T cells in invasive margin[57]. A small 
subset of eCCA, included in the Immune class[38], displayed marked lymphocytic infiltration. However, this 
T cell tumor infiltration was dysfunctional, which may explain another mechanism of tumor immune 
evasion. Indeed, interferon IFN-γ was a key regulator of this class, which has been proposed to predict 
clinical responses to ICIs[58]. PDL1, a commonly used biomarker for predicting response to ICIs, was 
expressed in 57% of tumors from the Immune class in comparison to 28% in the rest of the molecular 
classes of eCCA. Overall, there are still a lot of questions to be answered about the cellular and molecular 
mechanisms by which the anti-tumor immune response is triggered and maintained[59].
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ACTIONABLE MOLECULAR ALTERATIONS AND TARGETED THERAPIES
Molecular profiling of BTC has characterized the genomic landscape of this disease and has proposed 
candidate targets for drug development [Figure 2][32]. Targeted therapies were initially explored in BTC for 
all comers with disappointing results. Phase II trials assessing everolimus (mTOR inhibitor)[60], 
selumetinib[61] (MEK inhibitor) and erlotinib[62] (EGFR inhibitor) showed objective responses in just 5-10% 
of patients, indicating the need for developing clinical trials with a biomarker-enrichment design. 
Subsequent clinical trials have improved patient selection based on molecular features as well as anatomical 
location. Actionable genomic alterations are less common in eCCA than in iCCA, with only ~25% of 
tumors having an associated potential targeted therapy[38]. In Table 2, there is a list of ongoing phase II-III 
clinical trials assessing targeted therapies for patients with eCCA.

The discovery of recurrent FGFR2 fusions in patients with CCA stimulated the pharmaceutical appearance 
of FGFR inhibitors. Infigratinib, the first of its class, showed a promising 15% objective response rate (ORR) 
in patients with FGFR alterations[63]. As seen with other oncogene-addicted tumors, acquired resistance to 
this drug limited the durability of response and has been related to the emergence of polyclonal secondary 
mutations in the FGFR2 kinase domain[64]. Other selective FGFR inhibitors have followed these studies, 
highlighting the case of pemigatinib, approved by regulatory agencies on the basis of 35% ORR and median 
OS of 21 months in patients with FGFR2 fusions whose disease had progressed while receiving prior 
therapy[13]. Phase III clinical trials (NCT03656536, NCT03773302) are comparing FGFR-inhibition versus 
cisplatin and gemcitabine in the first-line setting. Even though eCCA is not an exclusion criterion for these 
trials, the presence of FGFR2 fusions in this anatomical location is marginal in comparison to iCCA.

The finding that IDH1/2 mutations occur frequently in CCA led to the development of inhibitors specific to 
the individual mutant alleles (e.g., to IDH1R132 and IDH2R172). Ivosidenib, an IDH1 inhibitor, has 
improved progression-free survival (PFS) from 1.4 months with placebo to 2.7 months in patients 
previously treated with unresectable or metastatic CCA with an IDH1 mutation[64]. However, as seen with 
FGFR2 alterations, IDH mutations are rarely seen in eCCA, and thus, the clinical development of drugs 
against IDH is focused on iCCA.

Another promising target with ongoing clinical trials in patients with eCCA is ERBB2. In GBC and eCCA, 
ERBB2 overexpression, amplification, or mutation can occur in up to 15% of cases. Small CCA cohorts 
treated with trastuzumab plus pertuzumab[65] or with neratinib have detected partial responses in some 
patients[66]. Novel therapeutic approaches against ERBB2 are in clinical development, such as antibody-drug 
conjugates (MRG002 and RC48-ADC) or bispecific antibodies directed against two non-overlapping 
domains of ERBB2 (zanidatamab).

A basket trial observed up to 36% ORR with dabrafenib (BRAF inhibitor) in combination with trametinib 
(MEK inhibitor) for CCA harboring BRAF-V600E mutations[67]. However, the low prevalence of this 
mutation in eCCA (< 2%) hampers the development of large clinical trials. Much more common is the 
presence of mutations in KRAS (up to 43% depending on the cohort), a traditionally undruggable target that 
would be the focus of clinical research during the following years due to the recent appearance of KRAS
G12D inhibitors[68]. Another target of the MAP/ERK signaling pathway is EGFR, with mutations in a small 
subset of eCCA patients.

The presence of somatic or germline mutations in DNA damage repair genes such as ATM o BRCA1/2 in 
eCCA has facilitated the development of trials with PARP inhibitors (olaparib and rucaparib), specifically 
targeting these genetic aberrations. Beyond structural genetic alterations, CLDN18.2 overexpression has 
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Table 2. Ongoing trials of targeted therapies for extrahepatic cholangiocarcinoma.

Drug Target Treatment 
setting Biomarker Combination therapies NCT reference

Camrelizumab PD1 Locally advanced Radiotherapy NCT03898895

Durvalumab PDL1 Neoadjuvant, 
Adjuvant, 
Advanced 

Cisplatin/Gemcitabine, Tremelimumab/Capecitabine, 
Tremelimumab/Radiotherapy, Olaparib, Ceralasertib, 
TACE/Bevacizumab/Tremelimumab

NCT03482102, NCT05239169, 
NCT04308174, NCT05222971, 
NCT04298008, NCT04298021, 
NCT03937830

Envafolimab PDL1 Advanced Gemcitabine/Oxaliplatin NCT03478488

Nivolumab PD1 Advanced DKN-01, Rucaparib NCT04057365, NCT03639935

Pembrolizumab PD1 Advanced PDL1 CPS > 1%, 
MSI-H

SMT-NK injection, Olaparib, Lenvatinib NCT05429697, NCT04306367, 
NCT03895970, NCT04550624

Tislelizumab PD1 Adjuvant, Locally 
advacned, 
Advanced

Capecitabine/Lenvatinib, Lenvatinib/Gemcitabine/Oxaliplatin, 
Lenvatinib/Cisplatin/Gemcitabine, Sitravatinib, Radiotherapy, 
Levnatinib/Oxaliplatin/Capecitabine

NCT05532059, NCT04727996, 
NCT05254847, NCT05156788, 
NCT04866836, NCT05291052

Toripalimab PD1 Advanced Gemcitabine/S1, Lenvatinib, TACE, HAIC, Gemcitabine/Oxaliplatin, 
Axitinib

NCT03796429, NCT04211168, 
NCT05448183, NCT04217954, 
NCT04191343, NCT04010071

Tremelimumab CTLA4 Adjuvant, 
Advanced

Durvalumab/Capecitabine, Durvalumab/Radiotherapy, 
Durvalumab/Bevacizumab/TACE

NCT03482102, NCT05239169, 
NCT03937830

TQB2450 PDL1 Advanced Antolinib NCT04809142

Sintilimab PD1 Advanced Bevacizumab/Gemcitabine/Oxaliplatin NCT04984980

Immune 
checkpoint 
inhibitors

XmAb20717 PD1/CTLA4 Advanced NCT05297903

Anlotinib VEGFR/FGFR Advanced TQB2450 NCT04809142

Apatinib VEGFR Advanced NCT03427242

Axitinib VEGFR Advanced Toripalimab NCT04010071

Bevacizumab VEGFR Advanced Sintilimab/Gemcitabine/Oxaliplatin, 
Durvalumab//Tremelimumab/TACE

NCT04984980, NCT03937830

Infigratinib FGFR Advanced FGFR2 fusion NCT03773302

Lenvatinib VEGFR/FGFR Adjuvant, Locally 
advanced, 
Advanced

Capecitabine/Tislelizumab, Tislelizumab/Gemcitabine/Oxaliplatin, 
Paclitaxel, Toripalimab, Tislelizumab/Cisplatin/Gemcitabine, 
Pembrolizumab, Tislelizumab/Oxaliplatin/Capecitabine

NCT05170438, NCT04211168, 
NCT05532059, NCT05254847, 
NCT05509478, NCT05156788, 
NCT03895970, NCT05291052, 
NCT04550624

Pemigatinib FGFR Advanced FGFR2 fusion NCT03656536

Sitravatinib VEGFR Tislelizumab NCT04727996

Tasurgratinib FGFR Advanced FGFR2 fusion NCT04238715

VEGFR/FGFR 
signaling

TT-00420 VEGFR/FGFR Advanced FGFR2 
alterations

NCT04919642
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Erlotinib EGFR Advanced Pemetrexed NCT03110484

MRG002 HER2 Advanced HER2 
overexpression

NCT04837508

MRG003 EGFR Advanced EGFR positive NCT04838964

RC48-ADC HER2 Advanced HER2 
overexpression

NCT04329429

Trametinib MEK1/2 Advanced KRAS mutation Hydroxychloroquine NCT04566133

Trastuzumab HER2 Advanced HER2 
overexpression

Oxaliplatin/5FU NCT04722133

MAPK/ERK 
signaling

Zanidatamab HER2 Advanced HER2 
overexpression

Cisplatin/Gemcitabine NCT03929666

Abemaciclib CDK4/CDK6 Advanced NCT04003896

Ceralasertib ATR Advanced Durvalumab, Olaparib NCT04298008, NCT04298021

DKN-01 DKK1 Advanced Nivolumab NCT04057365

HA121-28 RET Advanced NCT04784520

Olaparib PARP Advanced DDR mutation Pembrolizumab, Durvalumab, Ceralasertib NCT04306367, NCT05222971, 
NCT04298021

Rucaparib PARP Advanced Nivolumab NCT03639935

Miscellaneous

TST001 CLDN18.2 Advanced CLDN18.2 
overexpression

NCT05190575

Data were obtained in October 2022 from the ClinicalTrials.gov database. Keyword searches for “Cholangiocarcinoma OR Biliary Tract Cancer” were used to identify active and recruiting phase II/IIII clinical trials 
investigating targeted therapies alone or in combination with other treatments for patients with eCCA. Basket trials and studies only designed for iCCA were excluded.

been used as a biomarker for selecting the eventual clinical efficacy of monoclonal antibodies against this protein (TST001). Other targeted therapies, mostly 
tyrosine kinase inhibitors against VEGFR/FGFR signaling pathways[69], are in clinical development for eCCA without a biomarker-enrichment design and 
typically in combination with chemotherapy or ICIs.

The clinical experience with ICIs in monotherapy for BTC is limited in comparison to other solid tumors[19]. A phase II trial evaluating pembrolizumab 
(anti-PD1) in advanced solid tumors, including BTC, obtained an ORR of 41% in patients with MSI-H/dMMR tumors[70] and 7% in PD-L1 expressers[71]. In 
combination with the standard gemcitabine and cisplatin, durvalumab (anti-PDL1) has shown positive results in terms of OS in a phase III clinical trial 
without biomarker[11]. Several trials assessing ICIs (anti-PD1, anti-PDL1, and anti-CTLA4) are in development for eCCA, most of them in combination with 
other treatment modalities.
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Figure 2. Molecular targeted therapies with ongoing clinical trials for extrahepatic cholangiocarcinoma.Targeted therapies identified in 
Table 2 are represented according to their signaling pathways.

CONCLUSION
Cancer is a multifactorial disease harboring a cocktail of altered oncogenes and tumor suppressors that 
work in concert with specific molecular pathways leading to the carcinogenic process. In view of this, 
oncological translational research has benefited from worldwide efforts aimed at delineating the genetic and 
molecular fingerprints of thousands of human samples spanning all major cancer types. However, 
molecular characterization of BTC has been traditionally challenged by the scarcity of available samples[42] 
and by the heterogeneity among different anatomical subtypes[33,42]. Indeed, the inclusion of surgically 
resected patients has been traditionally the only source of samples for integrative genomic analysis of 
BTC[33,36,38,42,48], which inherently questions the reproducibility of the molecular fingerprint depicted in 
localized tumors in metastatic tumors. In this scenario, liquid biopsy is envisioned as a valuable tool for 
dynamic molecular testing to guide the selection of precision therapies[72].

As opposed to other solid malignancies, structural genetic alterations detected in eCCA were of limited 
clinical relevance. However, recent discoveries offer new hope for these tumors. Studies analyzing hundreds 
of samples from eCCA[33,36-38,42]identified TP53, KRAS, SMAD4 and ARID1A as the most prevalent mutations 
in eCCA, whereas recurrent deletions include mainly CDKN2A/B. Mutations in IDH1/2 and FGFR2 
translocations, of interest for their associated targeted therapies, are predominant in iCCA[12]. ERBB2 
mutations and amplifications are the most recurrent actionable alterations for eCCA. Together with other 
low prevalent genetic alterations (BRCA1/2, EGFR, ERBB2, CDK4, BRAF, NRAS, PIK3CA, and MDM2), 
around 25% of eCCA display at least one putative actionable driver[38]. Beyond that, four novel 
transcriptome-based eCCA classes have been identified and linked with proposed treatment strategies[38], 
notably, ERBB2 inhibitors for the Proliferation class based on the aberrant activation of this target and its 
downstream signaling pathways, and anti-PD-1/PD-L1 inhibitors for the Immune class according to the 
high CD8 + lymphocytic infiltration of these tumors. Altogether, the uncovered genomic traits of eCCA 
provide the rationale for analyzing novel treatment strategies for biomarker-enriched populations.

Besides the tumor intrinsic biological features, it is worth highlighting the dense desmoplastic stroma 
observed in eCCA that, as observed in pancreatic cancer, is responsible for creating a mechanical barrier 
that prevents appropriate vascularization and thus limits exposure to systemic treatments[73]. At the same 
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time, it confers a unique immunosuppressive microenvironment that has challenged the emergence of 
immunotherapies[6]. To date, single-agent ICIs have been unsuccessful in eCCA and other ‘non-
immunogenic’ tumors, partly owing to the restrains in immune cell infiltration[74]. However, a small 
percentage (4%) of hypermutated eCCA show promise due to MSI-H/dMMR[38,70]. To achieve clinical 
success, future approaches should consider combing therapies that target multiple aspects of the tumor 
microenvironment. In fact, the combination of cytotoxic chemotherapy and ICIs has recently improved the 
clinical outcome of advanced eCCA patients[11]. In addition, the identification of accurate predictive 
biomarkers of response to ICIs remains an unmet medical need, as it could facilitate the effective use of 
these drugs in eCCA.

A large number of clinical trials assessing targeted therapies are in development for BTC, a substantial part 
of them still without a companion biomarker for the optimal selection of patients that may benefit from the 
intervention. Furthermore, anatomical location of BTC is not considered as an inclusion criterion for the 
vast majority of studies, despite its fundamental implications according to the described different biological 
landscapes of eCCA, iCCA and GBC. The most frequent strategy of ongoing clinical trials is the 
combination of ICIs together with inhibitors against VEGFR/FGFR signaling pathways, according to the 
synergistic effect observed in other solid tumors such as HCC[75]. New drug approvals for eCCA are 
expected to come as a result of the successful achievement of different steps, including molecular profiling 
of tumors, identification of oncogenic driver alterations, discovery of novel targeted therapies, and 
demonstration of clinical benefit for a biomarker-enriched population.

Overall, targeted therapies have had a profound effect on cancer medicine, although there are still scientific 
obstacles to the broad implementation of precision oncology. Of note, only approximately 20% of oncogenic 
or tumor suppressor proteins can be targeted by currently available medicines[76]. Recent advances, however, 
have allowed the clinical development of inhibitors against mutant KRAS, the paradigm of unactionable 
target[77], and altered in almost half of eCCA. On the other hand, tumor heterogeneity adds a new level of 
complexity that is likely to have an impact on the efficacy of targeted therapies, something that might be 
better understood thanks to the emergence of single-cell sequencing technologies[78]. In addition, genomic 
alterations are only one of several biologic drivers of cancer. As a consequence, DNA sequencing would 
need to be complemented by other high-throughput technologies such as DNA methylation, RNA 
sequencing or phosphoprotein profiling in order to expand the current therapeutic armamentarium of 
eCCA.

To conclude, in contrast to the historic "one-size-fits-all" chemotherapy strategy used for the treatment of 
eCCA, the comprehensive molecular profiling of this disease conducted over the last decade is approaching 
a precision oncology discipline[79], where patient characteristics are combined with their tumor genomic 
landscape to enable matching with molecularly targeted agents in order to maximize treatment efficacy and 
minimize toxicity.
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