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Biliary tract cancers (BTC) are a heterogeneous group of epithelial neoplasms, with a poor prognosis.

Advanced BTC remains a challenging, non-curable disease. In this review, we provide an overview of the medical treatment options in advanced BTC and new strategies under development. Gemcitabine plus platinum chemotherapy is the standard first-line therapy in this setting. Recently, FOLFOX (5fluorouracil, folinic acid plus oxaliplatin) regimen became the only second-line therapy to be prospectively validated beyond failure of gemcitabine plus cisplatin combination in a phase III study, even though chemotherapy yielded modest survival improvement over best supportive care. Antiepidermal growth factor receptor and anti-angiogenic antibodies have not demonstrated any survival benefit in unselected patient populations. In recent years, knowledge about the molecular heterogeneity of BTC has considerably increased with the advent of large-scale genomic and transcriptomic analyses, opening up new perspectives for so-called personalised targeted therapies.

Patients with BTC may be particularly good candidates for biomarker-driven strategies in clinical practice. Among current developments, the targeting of fibroblast growth factor receptor and isocitrate dehydrogenase gene alterations are the most promising avenues, and combination immunotherapies are under investigation.

Introduction

Biliary tract cancer (BTC) is the second most frequent primary liver malignancy (10,000 and 12,000 new cases/year in Europe and the United States, respectively) after hepatocellular carcinoma (HCC) [START_REF] Lepage | Survival in patients with primary liver cancer, gallbladder and extrahepatic biliary tract cancer and pancreatic cancer in Europe 1999-2007: Results of EUROCARE-5[END_REF][START_REF] Siegel | Cancer statistics[END_REF]. BTCs are a heterogeneous group of epithelial neoplasms (adenocarcinoma in 90% of cases) and are classified into four subtypes based on their anatomical origin: (i) peripheral or intra-hepatic cholangiocarcinoma (iCCA), developed within the liver parenchyma; (ii) perihilar cholangiocarcinoma (pCCA), also known as Klatskin tumours, between the second-order bile ducts and the cystic duct; (iii) distal cholangiocarcinoma (dCCA), located on the main bile duct below the bifurcation of the cystic duct, which are often grouped with pCCAs under the appellation extra-hepatic cholangiocarcinoma (eCCA); (iv) and gallbladder carcinoma [START_REF] Rizvi | Cholangiocarcinoma -evolving concepts and therapeutic strategies[END_REF][START_REF] Valle | Biliary cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF]. BTCs are rare tumours, with less than six new cases per 100,000 people each year. This incidence, higher in Asia, is increasing, mainly for iCCA [START_REF] Valle | Biliary cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF]. BTC diagnosis can be challenging and main differential diagnoses include metastases, carcinoma of unknown primary (CUP), or HCC especially in cirrhotic patients. Of note, combined hepatocellular cholangiocarcinoma (cHCC-CCA) is rare entity (<2% of patients with liver tumours), the diagnosis of which is often made on surgical specimen to identify both cellular components, with more aggressive behaviour and worse survival outcomes than either HCC or CCA [START_REF] Stavraka | Combined hepatocellular cholangiocarcinoma (cHCC-CC): an update of genetics, molecular biology, and therapeutic interventions[END_REF]. Epidemiological and therapeutic specificities of each subtype are summarized in Figure 1.

BTCs display a poor prognosis, with a five-year overall survival (OS) rate for all stages taken together of less than 20% [START_REF] Miller | Cancer treatment and survivorship statistics[END_REF]. This poor prognosis is mainly due to late diagnosis, as only 20%-30% of patients with BTC are amenable to surgery, which is the only treatment with curative intent [START_REF] Rizvi | Cholangiocarcinoma -evolving concepts and therapeutic strategies[END_REF][START_REF] Valle | Biliary cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF]. Complete surgical resection (R0 margin) of localized BTC, followed by six months of adjuvant chemotherapy with oral capecitabine, is the only treatment that can provide prolonged survival, with a median OS up to 51 months (15-month benefit over observation, yet not statistically significant), in the BILCAP phase III trial [START_REF] Primrose | Adjuvant capecitabine for biliary tract cancer: The BILCAP randomized study[END_REF].

The majority (70%-80%) of patients with BTC are diagnosed at an advanced, unresectable stage, owing to the presence of distant metastasis, vascular invasion, and/or the extent of intra-hepatic involvement with insufficient remaining healthy liver parenchyma [START_REF] Rizvi | Cholangiocarcinoma -evolving concepts and therapeutic strategies[END_REF]. In addition, in those who are operated on, tumour relapse is frequent, occurring mainly in the first three years after surgery [START_REF] Rizvi | Cholangiocarcinoma -evolving concepts and therapeutic strategies[END_REF].

Advanced or recurrent BTC remains a challenging, non-curable disease, for which therapeutic options are limited and mainly rely on supportive care and systemic chemotherapy with the aim of improving patient OS and health-related quality of life (HRQoL) [START_REF] Valle | Biliary cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF][START_REF]National Comprehensive Cancer Network Guidelines[END_REF]. Remarkably, the prognosis of patients with advanced BTC is highly heterogeneous, with median OS ranging from three to more than 12 months across studies [START_REF] Sharma | Best supportive care compared with chemotherapy for unresectable gall bladder cancer: a randomized controlled study[END_REF][START_REF] Glimelius | Chemotherapy improves survival and quality of life in advanced pancreatic and biliary cancer[END_REF].

In this review, we provide an overview of the medical treatment options and continuum of care for patients with advanced BTC.

Chemotherapy

First-line chemotherapy

Prospective randomized studies showed that systemic chemotherapy is superior to best supportive care (BSC) on OS in patients with advanced BTC [START_REF] Sharma | Best supportive care compared with chemotherapy for unresectable gall bladder cancer: a randomized controlled study[END_REF]. Gemcitabine plus cisplatin doublet (CISGEM; gemcitabine 1000 mg/m 2 plus cisplatin 25 mg/m 2 on day 1 and day 8, every three weeks) became the first-line (L1) reference chemotherapy in this setting in 2010 based on the ABC-02 phase III trial [START_REF] Valle | Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer[END_REF].

This study showed the superiority of CISGEM over gemcitabine monotherapy (1000 mg/m 2 on day 1, day 8 and day 15, every four weeks) in terms of OS (median: 11.7 months vs. 8.1 months, p<0.001) and progression-free survival (PFS; median: 8.0 months vs. 5 months, p<0.001) in 410 patients with advanced BTC and Eastern Cooperative Oncology Group (ECOG) performance status (PS) ≤ 2 [START_REF] Valle | Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer[END_REF]. A similar magnitude of benefit was found in a Japanese randomized phase II trial [START_REF] Okusaka | Gemcitabine alone or in combination with cisplatin in patients with biliary tract cancer: a comparative multicentre study in Japan[END_REF], and in a metaanalysis pooling the results from these two trials (hazard ratio [HR] for OS: 0.65, p<0.001; for PFS: 0.64, p<0.001) [START_REF] Valle | Cisplatin and gemcitabine for advanced biliary tract cancer: a meta-analysis of two randomised trials[END_REF].

Due to better tolerance and simpler outpatient administration, many European centres use the gemcitabine plus oxaliplatin doublet (GEMOX; gemcitabine 1000 mg/m 2 on day 1 and oxaliplatin 100 mg/m 2 on day 1 or day 2, every two weeks), which is considered as a standard equivalent to CISGEM and backbone chemotherapy in many clinical trials, and yields a median OS of 10-12 months [START_REF] André | Gemcitabine combined with oxaliplatin (GEMOX) in advanced biliary tract adenocarcinoma: a GERCOR study[END_REF][START_REF] Fiteni | Cisplatin/gemcitabine or oxaliplatin/gemcitabine in the treatment of advanced biliary tract cancer: a systematic review[END_REF]. Of note, a phase III equivalence study in gallbladder carcinoma showed a trend in favour of modified GEMOX (gemcitabine 900 mg/m 2 and oxaliplatin 80 mg/m 2 on day 1 and 8, every three weeks) compared to CISGEM in terms of OS (median: 8.3 months vs. 9 months, p=0.057). This trial was not powered to demonstrate superiority [START_REF] Sharma | Modified gemcitabine and oxaliplatin or gemcitabine + cisplatin in unresectable gallbladder cancer: Results of a phase III randomised controlled trial[END_REF]. Based on these data, CISGEM or GEMOX chemotherapy doublets are well-established L1 reference therapy in patients with advanced BTC and a PS ≤ 2 [START_REF] Rizvi | Cholangiocarcinoma -evolving concepts and therapeutic strategies[END_REF][START_REF] Valle | Biliary cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF].

Recently, a randomized phase III trial showed the non-inferiority of the capecitabine (oral fluoropyrimidine) plus oxaliplatin doublet (CAPOX; capecitabine 1000 mg/m 2 , twice daily, on days 1-14 and oxaliplatin 130 mg/m 2 on day 1, every three weeks, for eight cycles) compared to a modified GEMOX regimen, in terms of 6-month PFS rate (46.7% vs. 44.5% months, respectively) in 222 patients with advanced BTC [START_REF] Kim | Capecitabine plus oxaliplatin versus gemcitabine plus oxaliplatin as first-line therapy for advanced biliary tract cancers: a multicenter, open-label, randomized, phase III, noninferiority trial[END_REF]. Thus, CAPOX chemotherapy is an option in case of contra-indication to gemcitabine. Other studies have shown encouraging results with nab-paclitaxel or S-1 drug.

Currently, the AMEBICA PRODIGE 38 phase II/III trial (NCT02591030) compares a modified FOLFIRINOX (5-fluorouracil [5FU], folinic acid, irinotecan, and oxaliplatin) chemotherapy with the reference CISGEM regimen. Main trials evaluating chemotherapy agents in the first-line setting in advanced BTC are summarized in Table 1.

Beyond the first-line chemotherapy

At the time of disease progression under L1 chemotherapy, between 15% and 40% of patients with advanced BTC remain in good general condition, and thus may receive subsequent line(s) of therapy [START_REF] Valle | Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer[END_REF][START_REF] Bridgewater | Outcome of second-line chemotherapy for biliary tract cancer[END_REF][START_REF] Walter | Feasibility and benefits of second-line chemotherapy in advanced biliary tract cancer: a large retrospective study[END_REF][START_REF] Malka | Gemcitabine and oxaliplatin with or without cetuximab in advanced biliary-tract cancer (BINGO): a randomised, open-label, non-comparative phase 2 trial[END_REF][START_REF] Brieau | Second-line chemotherapy for advanced biliary tract cancer after failure of the gemcitabine-platinum combination: A large multicenter study by the Association des Gastro-Entérologues Oncologues: Chemotherapy for Advanced Biliary Tract Cancer[END_REF]. This raises the question of the identification of advanced BTC patients who are the best candidates for second-line therapy (L2).

Performance status is the strongest independent prognostic factor and a "pragmatic" parameter frequently used in routine practice to estimate the potential benefit of L2. Patients with ECOG PS ≥ 2 should probably not be considered for L2 therapy due to their short life expectancy, with median OS not exceeding 3-4 months [START_REF] Walter | Feasibility and benefits of second-line chemotherapy in advanced biliary tract cancer: a large retrospective study[END_REF][START_REF] Brieau | Second-line chemotherapy for advanced biliary tract cancer after failure of the gemcitabine-platinum combination: A large multicenter study by the Association des Gastro-Entérologues Oncologues: Chemotherapy for Advanced Biliary Tract Cancer[END_REF][START_REF] Neuzillet | Prediction of survival with second-line therapy in biliary tract cancer: Actualisation of the AGEO CT2BIL cohort and European multicentre validations[END_REF][START_REF] Lee | Prognostic factor analysis of second-line chemotherapy in advanced biliary tract cancer[END_REF][START_REF] Fornaro | Multivariate prognostic factors analysis for second-line chemotherapy in advanced biliary tract cancer[END_REF]. Beside patient's PS, disease-related factors were also associated with OS in multivariate analyses, including primary tumour location, metastatic stage, peritoneal carcinomatosis, and elevated serum carbohydrate antigen 19-9 (CA19-9) levels [START_REF] Brieau | Second-line chemotherapy for advanced biliary tract cancer after failure of the gemcitabine-platinum combination: A large multicenter study by the Association des Gastro-Entérologues Oncologues: Chemotherapy for Advanced Biliary Tract Cancer[END_REF][START_REF] Fornaro | Multivariate prognostic factors analysis for second-line chemotherapy in advanced biliary tract cancer[END_REF][START_REF] Fornaro | Second-line chemotherapy in advanced biliary cancer progressed to first-line platinum-gemcitabine combination: a multicenter survey and pooled analysis with published data[END_REF][START_REF] Cereda | Second-line therapy in advanced biliary tract cancer: What should be the standard?[END_REF][START_REF] Kang | Prognostic Factors for the Selection of Patients Eligible for Second-Line Chemotherapy in Advanced Biliary Tract Cancer[END_REF][START_REF] Zheng | A randomised phase II study of second-line XELIRI regimen versus irinotecan monotherapy in advanced biliary tract cancer patients progressed on gemcitabine and cisplatin[END_REF][START_REF] Kim | Prognostic factors in patients with advanced biliary tract cancer treated with first-line gemcitabine plus cisplatin: retrospective analysis of 740 patients[END_REF]. Alternatively, treatment-related parameters such as previous surgical resection of the primary tumour and L1 efficacy (tumour response, duration of disease control) were also predictors of longer OS in some studies [START_REF] Walter | Feasibility and benefits of second-line chemotherapy in advanced biliary tract cancer: a large retrospective study[END_REF][START_REF] Brieau | Second-line chemotherapy for advanced biliary tract cancer after failure of the gemcitabine-platinum combination: A large multicenter study by the Association des Gastro-Entérologues Oncologues: Chemotherapy for Advanced Biliary Tract Cancer[END_REF][START_REF] Neuzillet | Prediction of survival with second-line therapy in biliary tract cancer: Actualisation of the AGEO CT2BIL cohort and European multicentre validations[END_REF][START_REF] Lee | Prognostic factor analysis of second-line chemotherapy in advanced biliary tract cancer[END_REF][START_REF] Fornaro | Multivariate prognostic factors analysis for second-line chemotherapy in advanced biliary tract cancer[END_REF] (Table 2). Recently, our group has proposed the CT2BIL score (based on PS, reason for L1 discontinuation, prior resection of primary tumour, and presence of peritoneal carcinomatosis) to refine the prognostic stratification of patients at the beginning of L2 [START_REF] Neuzillet | Prediction of survival with second-line therapy in biliary tract cancer: Actualisation of the AGEO CT2BIL cohort and European multicentre validations[END_REF].

In a systematic review of the literature gathering 25 non-randomized prospective and retrospective studies involving 761 patients, Lamarca et al. [START_REF] Lamarca | Second-line chemotherapy in advanced biliary cancer: a systematic review[END_REF] reported median OS and PFS of 7.2 months and 3.2 months, respectively, with L2 therapy in patients with advanced BTC. Fornaro et al. [START_REF] Fornaro | Second-line chemotherapy in advanced biliary cancer progressed to first-line platinum-gemcitabine combination: a multicenter survey and pooled analysis with published data[END_REF] described similar findings in a large multicentre Italian survey and pooled analysis with published data in a total of 499 patients, with median OS and PFS of 6.3 months and 3.1 months, respectively. In these two articles, gathering a variety of chemotherapy regimens, the overall objective response rate (ORR) did not exceed 8% to 10%.

In the absence of validated standard therapy in L2 in BTC, various chemotherapy regimens have been used according to center/national clinical practices. In a large retrospective multicentre study (AGEO CT2BIL cohort) with European external validations (France, Italy, United Kingdom), nearly 800 patients with advanced BTC who received L2 after progression under gemcitabine plus platinum L1 chemotherapy (GEMOX in 91% of patients) were analysed [START_REF] Brieau | Second-line chemotherapy for advanced biliary tract cancer after failure of the gemcitabine-platinum combination: A large multicenter study by the Association des Gastro-Entérologues Oncologues: Chemotherapy for Advanced Biliary Tract Cancer[END_REF][START_REF] Neuzillet | Prediction of survival with second-line therapy in biliary tract cancer: Actualisation of the AGEO CT2BIL cohort and European multicentre validations[END_REF]. Fluoropyrimidine-based doublet chemotherapies were the most represented (combination with irinotecan [48%] or platinum [23%]).

Sixteen percent of patients received fluoropyrimidine monotherapy (5FU or capecitabine, 16%).

There was no significant OS difference between chemotherapy regimens [START_REF] Neuzillet | Prediction of survival with second-line therapy in biliary tract cancer: Actualisation of the AGEO CT2BIL cohort and European multicentre validations[END_REF]. Noticeably, in the first publication, fluoropyrimidine monotherapy and doublets yielded similar PFS (median: 3.3 months vs.

3.0 months, p=0.91) and OS (median: 5.6 months vs. 6.3 months, p=0.93); median OS and PFS with FOLFIRI chemotherapy (5FU, folinic acid, and irinotecan, most widely used L2 regimen) were measured at 6.1 months and 2.6 months, respectively [START_REF] Brieau | Second-line chemotherapy for advanced biliary tract cancer after failure of the gemcitabine-platinum combination: A large multicenter study by the Association des Gastro-Entérologues Oncologues: Chemotherapy for Advanced Biliary Tract Cancer[END_REF].

Besides, taxane-based chemotherapy was also explored in L2 treatment, particularly docetaxel in association with erlotinib. A phase II study showed a 16-week PFS of 64% and median OS of 5.7 months in patients with refractory BTC [START_REF] Chiorean | Phase II trial of erlotinib and docetaxel in advanced and refractory hepatocellular and biliary cancers: Hoosier Oncology Group GI06-101[END_REF]. However, data from clinical trials with taxanes in L2 are scarce and this option has been more evaluated in L1, e.g.: docetaxel monotherapy (with a median time to tumour progression of 6 months) or nab-paclitaxel combined with gemcitabine (Table 1) [START_REF] Papakostas | Firstline chemotherapy with docetaxel for unresectable or metastatic carcinoma of the biliary tract. A multicentre phase II study[END_REF][START_REF] Sahai | Nab-Paclitaxel and Gemcitabine as First-line Treatment of Advanced or Metastatic Cholangiocarcinoma: A Phase 2 Clinical Trial[END_REF][START_REF] Shroff | Gemcitabine, Cisplatin, and nab-Paclitaxel for the Treatment of Advanced Biliary Tract Cancers: A Phase 2 Clinical Trial[END_REF].

Until 2019, no prospective evidence from phase III randomized study was available in L2 setting. The ABC-06 phase III trial, presented at the ASCO 2019 meeting, compared modified 5FU, folinic acid and oxaliplatin combination (FOLFOX) to BSC in fit BTC patients (ECOG PS 0-1) with disease progression after L1 with 6 cycles of CISGEM. This study showed a modest yet significant improvement in OS (median: 6.2 vs. 5.3 months, p=0.031) in 162 patients with advanced BTC. Interestingly, there was no cross-resistance between cisplatin and oxaliplatin, since patients with platinum-resistant (progressive disease within three months after the end of CISGEM) or refractory (progressive disease under CISGEM) disease seemed to benefit the most from FOLFOX chemotherapy. Based on these preliminary results (pending article publication), FOLFOX regimen becomes the standard of care for fit BTC patients in L2 [START_REF] Lamarca | ABC-06 | A randomised phase III, multi-centre, open-label study of active symptom control (ASC) alone or ASC with oxaliplatin / 5-FU chemotherapy (ASC+mFOLFOX) for patients (pts) with locally advanced / metastatic biliary tract cancers (ABC) previously-treated with cisplatin/gemcitabine (CisGem) chemotherapy[END_REF]. These results repositioned the CISGEM regimen (rather than GEMOX) as preferential first-line regimen. Taken together, the preferred treatment sequence is CISGEM in L1 followed by FOLFOX in L2. In case of L1 with GEMOX, evidence is more limited and the recommended regimens in L2 could be 5FU monotherapy, FOLFIRI, or 5FU plus cisplatin [START_REF]NCCN Clinical Practive Guidelines in Oncology (NCCN Guidelines) Hepatobiliary Cancers[END_REF]. The ongoing NALIRICC randomized phase II trial (NCT03043547) is evaluating 5FU plus Nal-IRI combination vs. 5FU in patients with advanced BTC in L2, and will provide prospective data to answer to the question of monotherapy vs. doublet in L2.

Overall, despite these recent advances, chemotherapy shows limited efficacy in advanced BTC and the development of new therapeutic options on one side, and the identification biomarkers predictive of response to refine the selection and stratification of patients on another side, are crucial issues to improve patient outcomes (37).

Intra-arterial approaches

Loco-regional therapies (i.e. liver intra-arterial chemotherapy, selective internal radiation therapy

[SIRT], chemoembolization, and selective chemoembolization with drug-eluting beads loaded) and external radiotherapy are options for liver-predominant disease (50% of iCCA) [START_REF] Boehm | Comparative effectiveness of hepatic artery based therapies for unresectable intrahepatic cholangiocarcinoma[END_REF].

iCCAs are often hypervascular with a predominantly arterial vascularization, and good candidates for intra-arterial approaches. Hepatic intra-arterial infusion (HAI) has been studied for the treatment of locally advanced iCCA to selectively administer chemotherapy into liver lesions with less systemic toxicities. Adding intra-arterial infusion to systemic chemotherapy (gemcitabine, irinotecan, or 5FU), yielded improved OS (median: 30.8 months vs. 18.4 months, p<0.001) [START_REF] Konstantinidis | Unresectable intrahepatic cholangiocarcinoma: Systemic plus hepatic arterial infusion chemotherapy is associated with longer survival in comparison with systemic chemotherapy alone[END_REF]. Also, a meta-analysis involving 20 studies highlighted a better OS with HAI (median: 22.8 months) compared to transcatheter arterial chemoembolization (TACE), drug-eluting bead TACE, and Yttrium 90 radioembolization (median: 12.4 months, 12.3 months, and 14.9 months, respectively). However, grade III/IV toxicities were higher for HAI (0.35 events per patient) vs. other intra-arterial techniques [START_REF] Boehm | Comparative effectiveness of hepatic artery based therapies for unresectable intrahepatic cholangiocarcinoma: Hepatic Artery Therapy for Unresectable ICC[END_REF]. A phase II study evaluating intra-arterial GEMOX administered as L2 treatment in patients with non-metastatic unresectable iCCA is ongoing (GEMOXIA: NCT03364530).

Radioembolization with Yttrium 90 microspheres or SIRT (preferred appellation) was explored in a systematic review in iCCA with liver-predominant disease: the median OS was 15.5 months, and the ORR was 28%, with a stability of 54% [START_REF] Dp | Treatment of unresectable intrahepatic cholangiocarcinoma with yttrium-90 radioembolization: a systematic review and pooled analysis[END_REF]. In addition, the combination of chemotherapy and SIRT was evaluated in a phase II study (MISPHEC) and showed an ORR of 39%, as well as a median PFS of 14 months [START_REF] Edeline | Radioembolization Plus Chemotherapy for First-line Treatment of Locally Advanced Intrahepatic Cholangiocarcinoma: A Phase 2 Clinical Trial[END_REF].

Thus, in some selected patients, intra-arterial approaches can induce tumour downstaging allowing secondary surgical resection, are options for patients with locally advanced/liver-predominant iCCA.

However, none of these approaches has been evaluated in randomized clinical trials so far (pending results from SIRCCA phase II-III trial [NCT02807181] for SIRT).

Targeted therapies

"Un-"targeted therapies

Similar to other gastrointestinal cancers, the two classes of targeted therapies that have been the most extensively studied in BTC are anti-epidermal growth factor receptor (EGFR) and antiangiogenic agents [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF][START_REF] Marret | Medical management of cholangiocarcinomas in 2015[END_REF]. A pooled analysis in the L1 setting suggested that the addition of a targeted therapy (predominantly, anti-EGFR agents) to a gemcitabine-based chemotherapy significantly increased the tumour control rate, PFS, and OS [START_REF] Eckel | Chemotherapy and targeted therapy in advanced biliary tract carcinoma: a pooled analysis of clinical trials[END_REF]. Nevertheless, these "classical" targeted agents failed to demonstrate any significant clinical activity in subsequent randomized trials [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF].

EGFR overexpression was described in 11%-27% and 5%-19% of iCCA and eCCA, respectively, which gave a rationale for the development of EGFR-targeted therapies in BTC [START_REF] Chong | The landscape of targeted therapies for cholangiocarcinoma: current status and emerging targets[END_REF]. However, three randomized phase II studies that evaluated cetuximab or panitumumab in association with GEMOX L1 chemotherapy [START_REF] Malka | Gemcitabine and oxaliplatin with or without cetuximab in advanced biliary-tract cancer (BINGO): a randomised, open-label, non-comparative phase 2 trial[END_REF][START_REF] Chen | A KRAS mutation status-stratified randomized phase II trial of gemcitabine and oxaliplatin alone or in combination with cetuximab in advanced biliary tract cancer[END_REF][START_REF] Leone | Panitumumab in combination with gemcitabine and oxaliplatin does not prolong survival in wild-type KRAS advanced biliary tract cancer: A randomized phase 2 trial (Vecti-BIL study)[END_REF] and one phase III study using erlotinib [START_REF] Lee | Gemcitabine and oxaliplatin with or without erlotinib in advanced biliary-tract cancer: a multicentre, open-label, randomised, phase 3 study[END_REF] showed no PFS nor OS improvement compared to chemotherapy alone. Results in L2 studies were also negative [START_REF] Chiorean | Phase II trial of erlotinib and docetaxel in advanced and refractory hepatocellular and biliary cancers: Hoosier Oncology Group GI06-101[END_REF][START_REF] Philip | Phase II study of erlotinib in patients with advanced biliary cancer[END_REF]. By analogy with colorectal cancer, KRAS status was postulated to modulate BTC tumour sensitivity to anti-EGFR therapy [START_REF] Jensen | Phase II marker-driven trial of panitumumab and chemotherapy in KRAS wild-type biliary tract cancer[END_REF]. KRAS mutations are found in 9%-24% and 40% of iCCA and pCCA, respectively [START_REF] Chong | The landscape of targeted therapies for cholangiocarcinoma: current status and emerging targets[END_REF], but did not appear to modulate survival and tumour response in post-hoc analyses [START_REF] Malka | Gemcitabine and oxaliplatin with or without cetuximab in advanced biliary-tract cancer (BINGO): a randomised, open-label, non-comparative phase 2 trial[END_REF][START_REF] Chen | A KRAS mutation status-stratified randomized phase II trial of gemcitabine and oxaliplatin alone or in combination with cetuximab in advanced biliary tract cancer[END_REF]. This was further confirmed by two phase II studies, which enrolled only patients with wild-type KRAS BTC, and showed that panitumumab did not prolong survival even in this molecularly-selected patient population [START_REF] Leone | Panitumumab in combination with gemcitabine and oxaliplatin does not prolong survival in wild-type KRAS advanced biliary tract cancer: A randomized phase 2 trial (Vecti-BIL study)[END_REF][START_REF] Vogel | PICCA study: panitumumab in combination with cisplatin/gemcitabine chemotherapy in KRAS wild-type patients with biliary cancer-a randomised biomarker-driven clinical phase II AIO study[END_REF]. Overall, these results highlight the marginal role of anti-EGFR therapy in BTC.

The vascular endothelial growth factor (VEGF) and its tyrosine kinase receptors (VEGFR) have also been explored as therapeutic targets in BTC [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF][START_REF] Marret | Medical management of cholangiocarcinomas in 2015[END_REF]. Several single-arm phase II studies evaluated antiangiogenic agents (bevacizumab [START_REF] Zhu | Efficacy and safety of gemcitabine, oxaliplatin, and bevacizumab in advanced biliary-tract cancers and correlation of changes in 18-fluorodeoxyglucose PET with clinical outcome: a phase 2 study[END_REF][START_REF] Lubner | Report of a multicenter phase II trial testing a combination of biweekly bevacizumab and daily erlotinib in patients with unresectable biliary cancer: a phase II Consortium study[END_REF], sorafenib [START_REF] Lee | A phase II study of gemcitabine and cisplatin plus sorafenib in patients with advanced biliary adenocarcinomas[END_REF]) in L1 in combination with chemotherapy in non-selected BTCs (i.e. regardless of the BTC anatomical subtype and molecular profile). The survival results were disappointing, with median OS ranging between 9.9 months and 14.4 months, which did not compared favourably with CISGEM historical data. Likewise, randomized phase II trials with cediranib [START_REF] Valle | Cediranib or placebo in combination with cisplatin and gemcitabine chemotherapy for patients with advanced biliary tract cancer (ABC-03): a randomised phase 2 trial[END_REF], sorafenib [START_REF] Moehler | Gemcitabine plus sorafenib versus gemcitabine alone in advanced biliary tract cancer: a double-blind placebocontrolled multicentre phase II AIO study with biomarker and serum programme[END_REF], and vandetanib (58) were also negative. In L2, sunitinib provided a marginal median time to progression of 1.7 months in a single-arm phase II study [START_REF] Yi | A phase II study of sunitinib as a second-line treatment in advanced biliary tract carcinoma: a multicentre, multinational study[END_REF]. On another hand, antiangiogenics may be of interest in patients with iCCA. Extrahepatic CCA (pCCA and dCCA) are closely anatomically and biologically related to pancreatic cancer, and are typically paucivascular tumours [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF]. In contrast, as mentioned above, iCCA are often hypervascular tumours displaying enhancement on imaging at the arterial phase after intravenous contrast injection, and are biologically closer to HCC [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF]. Comparative immunohistochemistry studies showed an overexpression of VEGF-A and increased microvessel density in iCCA, which was not observed in extrahepatic subtype, prompting the evaluation of antiangiogenics in this specific subgroup of BTCs [START_REF] Guedj | Comparative protein expression profiles of hilar and peripheral hepatic cholangiocarcinomas[END_REF][START_REF] Wiggers | Differences in immunohistochemical biomarkers between intra-and extrahepatic cholangiocarcinoma: a systematic review and meta-analysis[END_REF]. In small phase II studies including only patients with iCCA treated with sunitinib monotherapy [START_REF] Neuzillet | Second line therapy with sunitinib as single agent in patients with advanced intrahepatic cholangiocarcinoma (update on SUN-CK phase II trial)[END_REF] or bevacizumab in combination with FOLFIRI (63) in L2, the median OS reached 9.6 and 20 months, respectively.

In addition, apatinib, a small-molecule inhibitor of VEGFR-2, has demonstrated encouraging anticancer activity in preclinical studies [START_REF] Peng | Apatinib inhibits VEGF signaling and promotes apoptosis in intrahepatic cholangiocarcinoma[END_REF], and phase III studies are ongoing evaluating anlotinib or surufanitib as L2 therapy in patients with iCCA (NCT03940378; NCT03873532). Recent phase II trial suggested activity of regorafenib in patients with pre-treated BTC all localisations taken together [START_REF] Sun | A phase 2 trial of regorafenib as a single agent in patients with chemotherapy-refractory, advanced, and metastatic biliary tract adenocarcinoma[END_REF][START_REF] Demols | Exploratory analysis based on tumor location of REACHIN, a randomized, double-blinded, placebocontrolled phase 2 trial of regorafenib after failure of gemcitabine and platinum-based chemotherapy for advanced/metastatic biliary tract tumors. Oral abstract at ESMO World Congress on GI Cancer[END_REF]. The results of phase II studies using other antiangiogenic therapies such as ramucirumab (VEGFR2-binding monoclonal antibody) in L2 are still pending (Table 3).

Overall, trials with "classical" targeted therapies (i.e., anti-EGFR, antiangiogenics) in unselected patient population, alone or in combination with cytotoxic drugs, have so far yielded no or marginal benefits in the treatment of BTC [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF][START_REF] Marret | Medical management of cholangiocarcinomas in 2015[END_REF]. This may be explained in part by the biological and molecular heterogeneity of BTCs and the lack of predictive biomarkers to refine patient selection.

The example of the antiangiogenic treatment specifically dedicated to patients with iCCA, based on the rationale of an angiogenic profile restricted to this subtype, while no activity was observed in the whole population, is an illustration of the importance of patient selection [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF][START_REF] Marret | Medical management of cholangiocarcinomas in 2015[END_REF].

Molecular classification of BTC: not a single disease

In recent years, knowledge about BTC molecular heterogeneity has considerably progressed with the advent of high-throughput genomic and transcriptomic analyses, opening up new avenues for targeted therapies and patient therapeutic stratification [START_REF] Goldstein | New molecular and immunotherapeutic approaches in biliary cancer[END_REF].

Comprehensive whole-exome and transcriptome sequencing revealed the landscape of genetic alterations and defined BTC molecular subtypes. In a cohort of 260 patients, Nakamura et al. [START_REF] Nakamura | Genomic spectra of biliary tract cancer[END_REF] identified potentially targetable genetic driver alterations in 39% of tumours. Interestingly, some mutations or gene rearrangements were associated with primary tumour location, with significantly different frequencies in iCCA, eCCA, and gallbladder carcinoma (Figure 2). Notably, alterations in isocitrate dehydrogenase 1/2 (IDH1/2) (23%-28%), fibroblast growth factor receptor 2 (FGFR2) (7%-14%), BAP1 (encoding a nuclear deubiquitinase, 9%-12%), and ARID1A

(encoding a subunit of the SWI/SNF chromatin-remodelling complex, 15%-36%) genes were specifically identified in iCCA [START_REF] Valle | New Horizons for Precision Medicine in Biliary Tract Cancers[END_REF]. IDH is involved in mitochondrial respiration and its mutation leads to the production of an oncometabolite (D-2-hydroxyglutarate), responsible for epigenetic and genetic dysregulations [START_REF] Farshidfar | Integrative Genomic Analysis of Cholangiocarcinoma Identifies Distinct IDH-Mutant Molecular Profiles[END_REF]. iCCAs harbouring IDH mutation exhibited molecular and phenotypic similarities with other IDH-mutant liver tumours (70) (i.e. high expression of mitochondrial genes, low chromatin-modifier signature) and IDH mutation had no prognostic impact [START_REF] Javle | Biliary cancer: Utility of nextgeneration sequencing for clinical management[END_REF]. Alternatively, FGFR2 gene fusions drive the activation of the FGFR tyrosine-kinase receptor independent from its ligand binding, thereby promoting cellular proliferation and migration, and neoangiogenesis [START_REF] Nakamura | Genomic spectra of biliary tract cancer[END_REF].

FGFR2 alterations were associated with favourable survival outcome [START_REF] Javle | Biliary cancer: Utility of nextgeneration sequencing for clinical management[END_REF][START_REF] Jain | Cholangiocarcinoma With FGFR Genetic Aberrations: A Unique Clinical Phenotype[END_REF]. New fusion genes were also identified in iCCA and other subtypes, involving genes from the family of neurotrophic tyrosine receptor kinase (NTRK) (4%) [START_REF] Valle | New Horizons for Precision Medicine in Biliary Tract Cancers[END_REF][START_REF] Amatu | NTRK gene fusions as novel targets of cancer therapy across multiple tumour types[END_REF][START_REF] Ross | New routes to targeted therapy of intrahepatic cholangiocarcinomas revealed by next-generation sequencing[END_REF].

Conversely, pCCA and dCCA presented mostly alterations in the EGFR gene family (EGFR/ERBB2 in 4%-25%, and ERBB2/ERBB3 in 11%-14% of tumours, respectively), as well as protein kinase A pathway aberrations (PRKACA or PRKACB gene fusions, in 10% of pCCA) [START_REF] Valle | New Horizons for Precision Medicine in Biliary Tract Cancers[END_REF]. These latters are notably involved in metabolic regulation, and have been described in fibrolamellar carcinomas [START_REF] Nakamura | Genomic spectra of biliary tract cancer[END_REF][START_REF] Honeyman | Detection of a recurrent DNAJB1-PRKACA chimeric transcript in fibrolamellar hepatocellular carcinoma[END_REF]).

Nakamura's classification (68) also included an eCCA subtype associated with an increase in gene expression involved in the activation of antitumor immunity pathways and mutations in TP53, BRCA1/2 (DNA repair machinery), and PI3KCA genes. This cluster exhibited a higher tumour mutational burden and was associated with a poor prognosis [START_REF] Nakamura | Genomic spectra of biliary tract cancer[END_REF].

Other classifications have analysed the profile of fluke-related (Opisthorchis viverrini and Clonorchis sinensis, mainly found in Asia) vs. non-infection-related BTC [START_REF] Jusakul | Whole-Genome and Epigenomic Landscapes of Etiologically Distinct Subtypes of Cholangiocarcinoma[END_REF][START_REF] Chan-On | Exome sequencing identifies distinct mutational patterns in liver fluke-related and non-infection-related bile duct cancers[END_REF]. Comparisons between these two groups of iCCA demonstrated statistically significant differences in methylation patterns and genetic/transcriptomic landscape [START_REF] Jusakul | Whole-Genome and Epigenomic Landscapes of Etiologically Distinct Subtypes of Cholangiocarcinoma[END_REF][START_REF] Chan-On | Exome sequencing identifies distinct mutational patterns in liver fluke-related and non-infection-related bile duct cancers[END_REF]. Overall, BAP1 and IDH1/2 were more frequently mutated in non-fluke-related BTC, with an enrichment in FGFR gene expression, whereas TP53 mutations and ERBB2 amplification showed the reciprocal pattern [START_REF] Jusakul | Whole-Genome and Epigenomic Landscapes of Etiologically Distinct Subtypes of Cholangiocarcinoma[END_REF][START_REF] Chan-On | Exome sequencing identifies distinct mutational patterns in liver fluke-related and non-infection-related bile duct cancers[END_REF]. Wnt/β-catenin pathway alterations were also described in a mixed (fluke-positive and negative samples) cluster [START_REF] Jusakul | Whole-Genome and Epigenomic Landscapes of Etiologically Distinct Subtypes of Cholangiocarcinoma[END_REF]. In addition, non-flukerelated BTCs displayed better prognosis [START_REF] Jusakul | Whole-Genome and Epigenomic Landscapes of Etiologically Distinct Subtypes of Cholangiocarcinoma[END_REF][START_REF] Chan-On | Exome sequencing identifies distinct mutational patterns in liver fluke-related and non-infection-related bile duct cancers[END_REF].

Wardell et al. [START_REF] Wardell | Genomic characterization of biliary tract cancers identifies driver genes and predisposing mutations[END_REF] analysed genomic features of 412 BTC samples from Japanese and Italian populations. A total of 32 significantly and commonly mutated genes were identified, including TP53, KRAS, SMAD4, NF1, ARID1A, PBRM1, and ATR, some of which negatively affected patient prognosis, including a novel deletion of MUC17 at 7q22.1. Moreover, deleterious germline mutations of cancerpredisposing genes such as BRCA1, BRCA2, RAD51D, MLH1, or MSH2 were detected in 11% (16/146) of BTC patients [START_REF] Wardell | Genomic characterization of biliary tract cancers identifies driver genes and predisposing mutations[END_REF]. These observations were similar in other cohorts of eCCAs or advanced BTCs [START_REF] Montal | Molecular classification and therapeutic targets in extrahepatic cholangiocarcinoma[END_REF][START_REF] Chae | Therapeutic relevance of targeted sequencing in management of patients with advanced biliary tract cancer: DNA damage repair gene mutations as a predictive biomarker[END_REF] Recently, molecular profiling of BTCs was updated with new insights from large cohorts, each including more than 2,000 patients (Figure 2) [START_REF] Battaglin | Comprehensive molecular profiling of IDH1/2 mutant biliary cancers (BC)[END_REF][START_REF] Ross | Primary versus metastatic intrahepatic cholangiocarcinoma: A comparative comprehensive genomic profiling (CGP) study[END_REF]. IDH and FGFR alterations represent the two main "modern" therapeutic targets in CCA and are the most advanced in their clinical development.

Interestingly, these molecular alterations do not seem fully mutually exclusive: FGFR2 fusion was detected in 2% with IDH mutated iCCA vs. 7% of patients with IDH wild type iCCA [START_REF] Battaglin | Comprehensive molecular profiling of IDH1/2 mutant biliary cancers (BC)[END_REF]. The potentially targeted genomic alterations could represent up to 50% of BTCs, mainly in iCCAs [START_REF] Ross | Primary versus metastatic intrahepatic cholangiocarcinoma: A comparative comprehensive genomic profiling (CGP) study[END_REF], which compares favourably with pancreatic cancer (where only 7-8% of patients harbour targetable alterations, i.e. germline BRCA, NTRK and other fusion transcripts, MSI). Overall, BTC are particularly good candidates for molecular screening approaches.

Consequently, these molecular classifications have unravelled the genomic, epigenomic, and transcriptomic diversity of BTCs and paved the way for new therapeutic options.

Toward personalised therapy

The identification of BTC subtypes with specific molecular alterations, some of which may be druggable, led to hypothesize that treatment may be tailored for each patient based on genomic and transcriptomic profiling of tumours, in the era of precision oncology [START_REF] Goldstein | New molecular and immunotherapeutic approaches in biliary cancer[END_REF].

The MOSCATO-01 trial provided first evidence that high-throughput molecular profiling, performed in a clinically relevant timing, was feasible and could improve outcomes, particularly in BTC patients [START_REF] Verlingue | Precision medicine for patients with advanced biliary tract cancers: An effective strategy within the prospective MOSCATO-01 trial[END_REF][START_REF] Massard | High-Throughput Genomics and Clinical Outcome in Hard-to-Treat Advanced Cancers: Results of the MOSCATO 01 Trial[END_REF]. Among 43 BTC patients, 34 were evaluable for analysis (contributory biopsy, tumour cellularity > 30%) [START_REF] Verlingue | Precision medicine for patients with advanced biliary tract cancers: An effective strategy within the prospective MOSCATO-01 trial[END_REF]. They had an ECOG PS 0-1 and 77% had iCCA; they had received a median number of two previous lines of treatment. Median time from biopsy to treatment decision (multidisciplinary tumour board meeting) was 21 days (range: 7-133 days). The success rate to detect at least one targetable molecular alteration was approximately 70%. Consistent with previous reports, the most frequent alterations were IDH1/2 mutations (18%), FGFR1/2 translocations or mutations (16%), and activating alterations in EGFR, ERBB2, or ERBB3 (16%). Of note, multiple molecular aberrations were detected in 87% of cases. Twenty three patients had a targetable alterations and molecular-matched treatment was administered in 18 patients (78%), with a ratio of PFS over PFS with the previous line > 1.3 (cut-off used to define L2 benefit) for 9 patients (50 % of treated patients and 21% of all BTCs included), an ORR of 33% and a disease control rate (DCR) of 88%. The best responders were treated with inhibitors of human epidermal growth factor receptor (HER) 2, HER3, or FGFR [START_REF] Verlingue | Precision medicine for patients with advanced biliary tract cancers: An effective strategy within the prospective MOSCATO-01 trial[END_REF]. The magnitude of benefit was comparable to which observed with similar molecules in other cancers [START_REF] Pishvaian | Overall survival in patients with pancreatic cancer receiving matched therapies following molecular profiling: a retrospective analysis of the Know Your Tumor registry trial[END_REF], with PFS ranging from weeks to months (≥ 6 months in 37%) and a median OS reaching 17 months in this highly selected population vs. 5 months with nonbioguided therapy (n=25) This study suggested that patients with BTC might be particularly good candidates for biomarker-driven therapy in clinical practice. Following these results, other molecular screening programs are ongoing in advanced BTC (NCT02836847; NCT02465060; NCT02091141; NCT03768375).

IDH and FGFR alterations are the main "modern" targets with a substantial therapeutic impact and the most advanced development in clinical trials. The favourable, recently updated, results observed with a pan-FGFR inhibitor (BGJ398, infigratinib), with an ORR of 26.9%, a disease control rate of 83.6%, and a median PFS of 6.8 months [START_REF] Javle | Phase II Study of BGJ398 in Patients With FGFR-Altered Advanced Cholangiocarcinoma[END_REF], in a phase II trial involving 71 pre-treated patients with FGFR2 fusion-positive iCCA, are promising. The safety profile showed 41% of grade 3 or 4 treatmentrelated toxicities, mainly hyperphosphatemia (16.4%), stomatitis (6.6%), and palmar-plantar erythrodysesthesia (4.9%) [START_REF] Javle | Phase II Study of BGJ398 in Patients With FGFR-Altered Advanced Cholangiocarcinoma[END_REF]. Similar results were reported in a recent phase II trial with pemigatinib (FGFR1/2/3 inhibitor). In 107 patients with advanced CCA with FGFR2 rearrangement/fusion, the ORR and median PFS were 35.5% and 6.9 months respectively [START_REF] Vogel | LBA40FIGHT-202: A phase II study of pemigatinib in patients (pts) with previously treated locally advanced or metastatic cholangiocarcinoma (CCA)[END_REF].

However, they should be interpreted with caution given the spontaneously more favourable outcomes in these patients and data from randomized controlled trials are warranted. Three FGFR inhibitors are currently being evaluated in phase III trials (NCT03773302; NCT03656536; NCT04093362) (Table 3). Of note, as for other small molecule inhibitors, polyclonal secondary FGFR2 resistance mutations can emerge under FGFR inhibitor therapy [START_REF] Goyal | Polyclonal Secondary FGFR2 Mutations Drive Acquired Resistance to FGFR Inhibition in Patients with FGFR2 Fusion-Positive Cholangiocarcinoma[END_REF].

Targeting IDH mutations in iCCA is another promising approach. A phase I study enrolled 73 patients with IDH1-mutant iCCA upon progression after gemcitabine-based chemotherapy to receive an oral inhibitor of IDH1 (AG-120, ivosidenib) [START_REF] Lowery | Phase I study of AG-120, an IDH1 mutant enzyme inhibitor: Results from the cholangiocarcinoma dose escalation and expansion cohorts[END_REF]. The disease control rate was 56% and median PFS was 3.8 months [START_REF] Lowery | Phase I study of AG-120, an IDH1 mutant enzyme inhibitor: Results from the cholangiocarcinoma dose escalation and expansion cohorts[END_REF]. The toxicities were acceptable (fatigue [21%], nausea [18%], and diarrhea [10%]) without dose-limiting toxicity [START_REF] Lowery | Phase I study of AG-120, an IDH1 mutant enzyme inhibitor: Results from the cholangiocarcinoma dose escalation and expansion cohorts[END_REF]. The development of this molecule has continued in a phase III trial including 185 previously treated patients with advanced CCA with IDH1 mutation. The ClarIDHy study demonstrated the superiority of ivosidenib over placebo in terms of PFS (median: 2.7 months vs. 1.4 months, p<0.001) and disease control rate (53% vs. 28%) [START_REF] Abou-Alfa | LBA10_PRClarIDHy: A global, phase III, randomized, double-blind study of ivosidenib (IVO) vs placebo in patients with advanced cholangiocarcinoma (CC) with an isocitrate dehydrogenase 1 (IDH1) mutation[END_REF]. Moreover, BRAF V600E mutations are observed in a subset of iCCA and can be targeted using combination of BRAF and MEK inhibitors. The ROAR trial showed, in 35 patients with BTC, an ORR of 42% with the combination dabrafenib (BRAF inhibitor) plus trametinib (MEK inhibitor) [START_REF] Wainberg | Efficacy and safety of dabrafenib (D) and trametinib (T) in patients (pts) with BRAF V600E-mutated biliary tract cancer (BTC): A cohort of the ROAR basket trial[END_REF]. An evaluation of TRK inhibitors (larotrectinib [NCT02576431], which received a "tumour-agnostic" FDA approval in 2019 for NTRK-fusion positive cancers in adults and children; entrectinib [NCT02568267]) is also ongoing in phase II studies, for patients with advanced BTC and NTRK1/2/3 gene fusion [START_REF] Amatu | NTRK gene fusions as novel targets of cancer therapy across multiple tumour types[END_REF].

Other small molecule inhibitors may be effective in BTCs and are currently evaluated in several phase II and III trials (Table 3). HER2 (encoded by ERBB2 gene) overexpression has been documented in 2% and 5%-20% of iCCA and pCCA, respectively [START_REF] Chong | The landscape of targeted therapies for cholangiocarcinoma: current status and emerging targets[END_REF], and in 19% of gallbladder carcinoma [START_REF] Galdy | HER2/HER3 pathway in biliary tract malignancies; systematic review and meta-analysis: a potential therapeutic target?[END_REF]. By analogy with breast or gastric cancers, patients with HER2-positive advanced BTC may benefit from HER2-blockade [START_REF] Neuzillet | Unravelling the pharmacologic opportunities and future directions for targeted therapies in gastro-intestinal cancers Part 1: GI carcinomas[END_REF][START_REF] Bang | Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, randomised controlled trial[END_REF].

Lapatinib failed to demonstrate any clinical activity in phase II studies in a non-molecularly selected BTC patient population [START_REF] Ramanathan | A phase II study of lapatinib in patients with advanced biliary tree and hepatocellular cancer[END_REF][START_REF] Peck | HER2/neu may not be an interesting target in biliary cancers: results of an early phase II study with lapatinib[END_REF]. The encouraging results in case reports using trastuzumab in patients with gallbladder carcinoma [START_REF] Sorscher | Marked radiographic response of a HER-2-overexpressing biliary cancer to trastuzumab[END_REF][START_REF] Roa | Overexpression of the HER2/neu Gene: A New Therapeutic Possibility for Patients With Advanced Gallbladder Cancer[END_REF] revealed the potential interest of these therapies in selected patients (Table 3). Prospective studies in HER2-positive BTC are warranted [START_REF] Harding | O-005Treating HER2-mutant advanced biliary tract cancer with neratinib: benefits of HER2-directed targeted therapy in the phase 2 SUMMIT 'basket' trial[END_REF].

In summary, new therapeutic perspectives are emerging in BTCs, particularly in iCCA, from a better understanding of the biological and molecular mechanisms underlying the heterogeneity of these tumours.

Microsatellite instability and immune therapy

Previously described molecular classifications revealed a rare subgroup of BTCs (5% of pCCAs and gallbladder carcinomas; up to 10% of iCCAs and dCCAs) associated with DNA mismatch repair (MMR) deficiency and/or microsatellite instability (MSI), resulting in abundant tumour-specific neoantigens [START_REF] Le | Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade[END_REF]100). Microsatellite instability is associated with response to immune checkpoint inhibitors (ICI), and has led to a pan-tumour FDA (Food and Drug Administration) approval of pembrolizumab for MSI solid tumours in 2017 (101). MSI BTCs are sensitive to anti-PD1 therapy, with median OS reaching 24 months (99,102).

Beyond MSI, ICIs have been tested in early studies in BTC regardless of MMR status and showed first signal of activity.. Pembrolizumab, a humanized monoclonal antibody against programmed death 1 (PD-1), has been explored in pre-treated patients with programmed death ligand-1 (PD-L1)-positive (> 1% positive cells) BTC (103). In this phase Ib study, among 89 patients, 37 (42%) had PD-L1-positive tumours and 24 patients received pembrolizumab monotherapy (anti-PD-1 antibody). The ORR was 17%, with 5 patients with prolonged response (> 40 weeks), and low rates of immune-mediated toxicity (103). In phase II with 61 patients with PD-L1 combined positive score ≥ 1, ORR was 6.6%, median PFS was 2.0 months, and a favourable toxicity profile with pembrolizumab alone (104,105).

Interestingly, two cases of complete tumour response were reported after pembrolizumab alone in L2 treatment (106). Nivolumab showed similar results in a phase II study in 54 chemo-refractory BTC patients. The median PFS was 4.0 months, the DCR was 60%, and 10 (22%) patients had a partial response (107). Of note, all patients who responded across these three studies were microsatellite stable. MMR deficiency/MSI is detected in only 5-10% of BTCs. Thus, the population of BTC patients who are responders to ICIs (up to 20%) extends beyond MSI-positive tumours (104).

A phase I study evaluated durvalumab (anti-PD-L1 antibody) alone (n=42) or combined with tremelimumab (anti-cytotoxic T-lymphocyte-associated antigen 4 [CTLA-4] antibody; n=65) in Asian patients. It showed limited ORR (4.7% and 7.7% with monotherapy and combination, respectively) but promising disease control rates at 12 weeks (6.7% and 32.2%, respectively), median durations of response (9.7 and 8.5 months, respectively), and median OS (8.1 and 10.1 months, respectively) in pre-treated patients. The grade ≥ 3 treatment-related adverse events were similar in these two cohorts (19% and 23%, respectively) (108). Nivolumab was also tested alone or in combination with cisplatin plus gemcitabine in a phase I study in Japanese patients. Median OS and PFS were 15.4 and 4.2 months, respectively, with the combined therapy (109). Of note, 11 out of 30 (36.7%) patients had an objective response (109).

Various phase II and III trials are ongoing evaluating anti-PD-1/PD-L1 antibodies as monotherapy or in combination with anti-CTLA-4, chemotherapy, or other therapy (e.g. GM-CSF, MEK inhibitor, TGFβ inhibitor) (Table 4). A bifunctional anti-PD-L1/TGFβ trap fusion protein (M7824) has also shown encouraging results as monotherapy in 30 Asian patients with pre-treated advanced BTC, with longterm responses in eight (27%) patients (110). Phase II-III trials with M7824 are ongoing (NCT03833661; NCT04066491). Vaccines (111-113) and cellular therapies (114,115), as chimeric antigen receptor-engineered T cell targeting HER2 (116), have also been explored in phase I/II studies with preliminary results of activity as monotherapy (NCT03801083; NCT03042182). Overall, immunotherapies are under clinical development in BTCs. Data from phase III studies are awaited and there is no validated strategy to date. An important issue to improve the activity of ICIs is the identification of biomarkers to guide patient selection for these strategies. Similarly to other cancers, only a subset of patients seems to benefit from immunotherapy, and predictive biomarkers of response are strongly needed, highlighting the importance of translational studies in ongoing trials (117,118).

Issues and perspectives

BTCs are a heterogeneous group of epithelial neoplasms, with a poor prognosis. Advanced BTC remains a challenging, non-curable disease. Gemcitabine and platinum-based chemotherapy is the standard L1 therapy in this setting. Recently, FOLFOX regimen became the standard therapy in L2.

Chemotherapy yields modest survival results and no "classical" targeted therapy has been validated for this indication in unselected patient population. Intra-arterial approaches in combination with chemotherapy could be an alternative to improve efficacy in patient with liver-predominant iCCAs.

The identification of prognostic and predictive biomarkers to better stratify patients with BTC and guide therapeutic decisions has become a major research area in recent years. Understanding molecular alterations, their mechanisms of action, and how they can be exploited in a therapeutic perspective is a major challenge in BTC. Thereby, a transcriptomic profiling of all tumours will become essential in the therapeutic management of these patients. These techniques will uncover other issues that will need to be integrated into the continuum of care: timing, cost, type of biopsies (solid or liquid), panel of molecular profiles. Access to tumour material and repeated biopsies are also essential for a better understanding of BTC biology and resistance to therapy. Among the ongoing therapeutic developments, targeting of FGFR and IDH alterations in iCCA, as well as "agnostic" NTRK and MSI, hold many promises for the next future. 
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 1 Figure 1: Clinical characteristics of the different anatomical subtypes of biliary tract cancer.

Figure 2 :

 2 Figure 2: Molecular targets in the different anatomical subtypes of biliary tract cancer.

Table 1 . Phase II or III trials evaluating chemotherapy in biliary tract cancer in the first-line setting Study/Author, Year Phase Number of patients Experimental arm Control arm Median OS

 1 TABLES

		Median PFS
	(months)	(months)

Abbreviations : IIR : phase II, randomized ; BSC : best supportive care; CAPOX: capecitabine plus oxaliplatin; GEMOX : gemcitabine plus oxaliplatin ; CISGEM : gemcitabine plus cisplatin ; GEM : gemcitabine ; RT : radiotherapy ; 5FU : 5 fluorouracil ; CDDP : cisplatin ; OS : overall survival; PFS : progression free survival ; PS : performance status; ND : not determined.

Table 2 : Summary of previously published retrospective studies of second-line chemotherapy in patients with advanced biliary tract cancer.

 2 Overall Survival; PFS: progression-free survival; PR: partial response; PS: performance status; Ref: reference; SD: stable disease; TTP: time to tumour progression.

	Author, Year ref	Number of patients	Median PFS	Median OS	Prognostic factors
			(months)	(months)	(multivariate analysis)
	Brieau et al., 2015(21)	196	3.2	6.7	-PS 0-1
					-PR/SD with L1
					-CA19-9 ≤ 400 UI/ml
	Fornaro et al., 2014(24)	300	3.2	7.2	-PS 0
					-CA19-9 ≤ 152 UI/ml
					-PFS with L1 ≥ 6 months
					-Surgery on primary tumour
	Fornaro et al., 2015(25)	174	3.0	6.6	-PS 0
		Pooled analysis with	3.1	6.3	-CA19-9 < 157 UI/ml
		published data: 499			-Locally advanced stage
	Kim et al., 2017(29)	321	1.9	6.5	-Intra-hepatic CCA
					-TTP with L1 > 4 months
					-CA19-9 at diagnosis
					-Metastatic stage at diagnosis
	Neuzillet et al., 2019 (22) 797	ND	CT2BIL score:	-PS 0
				-0-1: 12.7	-Discontinuation of L1 for toxicity
				-2: 6.9	-Surgery on primary tumour
				-3: 3.5	-Peritoneal carcinomatosis
	Abbreviations: CA19-9: carbohydrate antigen 19-9; CCA: cholangiocarcinoma; L1: first-line
	(treatment); OS:				

Servier (consultant/board), OSE Immunotherapeutics (clinical trial), Roche (research funding), AstraZeneca (clinical trial, consultant/board), Bristol-Myers Squibb, (clinical trail), Amgen (consultant/board), Merck (consultant/board), MSD (consultant/board), Novartis (consultant/board), Incyte (consultant/board), Baxter (consultant/board), Nutricia (consultant/board).
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