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Introduction

Cholangiocarcinoma (CCA) corresponds to a very heterogeneous group of invasive cancers developed from the epithelium of the biliary tree. Anatomically, four main groups are distinguisheds as follows: intrahepatic cholangiocarcinomas (iCCA) arising from small intrahepatic bile ducts upstream of the right and left hepatic ducts (around 20% of CCAs); perihilar cholangiocarcinomas (pCCA), previously called Klastkin's tumors, developed from second biliary ducts segmentation down through common hepatic duct (50-60% of CCAs); distal cholangiocarcinomas (dCCAs), located in the main biliary tract downstream of the insertion of the cystic duct (20-30% of CCAs); and adenocarcinomas of the gallbladder [START_REF] Valle | Biliary tract cancer[END_REF].

The pCCAs and dCCAs were grouped as extrahepatic CCAs (eCCAs) according to former classifications but the trend is to separate these 2 subtypes [START_REF] Valle | Biliary tract cancer[END_REF]. In addition, ampullary adenocarcinoma constitutes a distinct entity with specific morphologic and molecular features and are considered separately from CCAs, although it is regularly included in clinical trials of biliary tract cancers.

Cholangiocarcinoma is a rare disease that represents 3% of digestive cancers with an annual incidence rate of approximately 2 per 100,000 inhabitants in Western countries.

Worldwide, CCA incidence is very variable and can reach up to 80 cases per 100,000 inhabitants in certain regions such as Northern Thailand (endemic area for liver flukes) [START_REF] Valle | Biliary tract cancer[END_REF][START_REF] Izquierdo-Sanchez | Cholangiocarcinoma landscape in Europe: Diagnostic, prognostic and therapeutic insights from the ENSCCA Registry[END_REF][START_REF] Clements | Risk factors for intrahepatic and extrahepatic cholangiocarcinoma: A systematic review and meta-analysis[END_REF].

The global trend is towards an increase in the number of CCAs, particularly in Western countries [START_REF] Vithayathil | Current epidemiology of cholangiocarcinoma in western countries[END_REF]. This rising incidence seems to be mainly related to the increase of iCCA with an incidence that has increased from 0.44 to 1.18 per 100,000 population over the last 30 years [START_REF] Saha | Forty-Year Trends in Cholangiocarcinoma Incidence in the U.S.: Intrahepatic Disease on the Rise[END_REF][START_REF] Neuzillet | Patient healthcare trajectories of intrahepatic cholangiocarcinoma in France: A nationwide retrospective analysis[END_REF]. This increase is related to various factors such as the better radiological and histological characterization of hepatic nodules leading to a reclassification of ACUP (adenocarcinoma of unknown origin) into iCCAs which account for about 30-35% of ACUP with intrahepatic predominance [START_REF] Conway | Intrahepatic cholangiocarcinoma hidden within cancer of unknown primary[END_REF], and the reclassification of certain hepatocellular carcinomas (HCC) in patients with chronic liver disease due to increasing recommendations to perform tumor and non-tumor liver biopsy in front of any primary liver cancer suspicion [START_REF] Blanc | Hepatocellular carcinoma: French Intergroup Clinical Practice Guidelines for diagnosis, treatment and follow-up (SNFGE, FFCD, GERCOR, UNICANCER, SFCD, SFED, SFRO, AFEF, SIAD, SFR/FRI)[END_REF][START_REF] Galle | EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma[END_REF]. In addition, there is an overall increase in primary liver tumors (HCC and iCCA) in relation to the increasing incidence of chronic liver disease, mostly related to alcohol consumption and metabolic syndrome [START_REF] Clements | Risk factors for intrahepatic and extrahepatic cholangiocarcinoma: A systematic review and meta-analysis[END_REF].

Cholangiocarcinoma is one of the deadliest cancers with a median overall survival (OS) of less than 12 months (10) and a 5-year OS of less than 5% [START_REF] Mosconi | Cholangiocarcinoma[END_REF]. At the diagnosis, the vast majority (60-70%) of patients have an unresectable disease. When resection is possible, the 5-year OS is still low, varying between 15 and 40% fo iCCAs, 8 and 47% for pCCAs and 20 and 54% for dCCAs, with a strong negative impact of R1 margins or lymph node involvement [START_REF] Khan | Cholangiocarcinoma[END_REF][START_REF] Bridgewater | Guidelines for the diagnosis and management of intrahepatic cholangiocarcinoma[END_REF].

J o u r n a l P r e -p r o o f

Very few therapeutic options are available in CCA with only one approved first line as well as one second line chemotherapy until 2021. This review aims to expose the recent advances in systemic treatments for all-comers CCAs, as well as the advent of molecular profiling, which allows access to personalized medicine and reshuffle the cards of CCA patients' care. . They may represent news options but need further studies [START_REF] Chiang | A phase II trial of nivolumab and gemcitabine and S-1 as the first-line treatment in patients with advanced biliary tract cancer[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]. However, the NuTide:121 trial comparing cisplatin-NUC-1031, an optimized gemcitabine derivative, with CISGEM [START_REF] Knox | Phase III study of NUC-1031 + cisplatin vs gemcitabine + cisplatin for first-line treatment of patients with advanced biliary tract cancer (NuTide:121)[END_REF] was stopped prematurely in January 2022 by the study's independent data monitoring committee due to futility at interim analysis with no published results to date, despite promising results in phase 1 [START_REF] Mcnamara | A Phase Ib Study of NUC-1031 in Combination with Cisplatin for the First-Line Treatment of Patients with Advanced Biliary Tract Cancer (ABC-08)[END_REF].

Regarding the use of 5-fluorouracil (5FU)-based regimens in first line, the AMEBICA-PRODIGE 38 trial comparing modified FOLFIRINOX to CISGEM, recently failed to meet its phase 2 objective (hypothesis of a 6-month progression-free survival (PFS) rate of 59%) with a 6-month PFS of 44.6% (90% CI: [35.7-53.7]) in modified FOLFIRINOX arm versus 47.3% (90% CI: [38.4-56.3]) in CISGEM arm [START_REF] Jm | Modified FOLFIRINOX Versus CISGEM Chemotherapy for Patients With Advanced Biliary Tract Cancer (PRODIGE 38 AMEBICA): A Randomized Phase II Study[END_REF].

The NIFE trial, a German randomized non-comparative phase 2 study, compared 5FU/leucovorin-Naliri (nano-liposomal irinotecan) with a CISGEM control arm in 93 patients.

The primary objective was met with a 4-month PFS rate of 51% in the 5FU/leucovorin-Naliri arm, but was lower than the control arm (59.5% with the CISGEM regimen) [START_REF] Perkhofer | LBA10 Nal-IRI with 5-fluorouracil (5-FU) and leucovorin or gemcitabine plus cisplatin in advanced biliary tract cancer: Final results of the NIFE-trial (AIO-YMO HEP-0315), a randomized phase II study of the AIO biliary tract cancer group[END_REF]. PFS and OS data are immature at this stage. Interestingly, a differential effect was observed between iCCA and eCCA, where CISGEM and 5FU-Naliri seemed to be more active, respectively;

J o u r n a l P r e -p r o o f however, this result should be taken with caution, due to low number in these subgroups.

This study suggests that 5FU-Naliri may be of interest as a first-line treatment for biliary tract cancer, but the results have not yet been published and need to be confirmed by larger studies.

Finally, 2022's breakthrough in advanced CCA is the arrival of immunotherapy in first-line setting with the phase 3 TOPAZ-1 trial studying CISGEM in combination with durvalumab, an anti-PD-L1 (Programmed death 1 ligand) checkpoint inhibitor, or a placebo, for 8 cycles, followed by a maintenance therapy with durvalumab or placebo. As presented at ASCO GI 2022 congress and recently published, the primary objective was met with an OS of 12.8 months in the CISGEM-Durvalumab arm versus 11.5 months in the CISGEM-placebo arm (HR = 0.80; 95%CI: [0.66-0.97]; p=0.021) following the interim analysis considered as the final analysis. Besides, the estimated 24-month OS seems promising with a rate of 24.9% in durvalumab arm versus 10.4% for placebo even though long-term follow-up data are needed.

The response rate and PFS were also higher in the CISGEM-durvalumab arm. Nonetheless, due to limited duration of follow-up, it is difficult to determine if there is a long-term survival benefit of responders as typical with immunotherapy. The benefit appears to be smaller in patients of non-Asian origin and in gallbladder localization, with the caveat of subgroup analyses. Survival analysis according to PD-L1 expression showed that the CISGEMdurvalumab combination was associated with better PFS when the PD-L1 TAP (tumor area positivity) was greater than or equal to 1%, but without any significant impact on OS [START_REF] Oh | A phase 3 randomized, double-blind, placebo-controlled study of durvalumab in combination with gemcitabine plus cisplatin (GemCis) in patients (pts) with advanced biliary tract cancer (BTC): TOPAZ-1[END_REF][START_REF] Oh | Durvalumab plus Gemcitabine and Cisplatin in Advanced Biliary Tract Cancer[END_REF].

Overall, more translational research is required to identify more discriminating predictive biomarkers of response to immune therapy.

After 12 years without a positive phase 3 trial in first-line treatment of advanced CCA, the TOPAZ-1 trial, which was positive on all endpoints and showed no signal of overtoxicity, places the combination CISGEM-durvalumab as the new standard in advanced CCA. Thus, in September 2022, durvalumab has been approved by the US Food and Drug Administration (FDA) in this indication. The European Medicines Agency (EMA) is pending but its reimbursement was already allowed in European countries such as France. However, the magnitude of the benefit is modest in an unselected population, relaunching the debate on the need for relevant selection criteria to predict which subgroups of patients benefit more from immunotherapy based strategies in bile tract cancers. Besides, the results of the phase 3 KEYNOTE-966 study evaluating pembrolizumab versus placebo in combination with CISGEM (followed by a maintenance with gemcitabine plus pembrolizumab or placebo) should be released soon and are seriously expected to better understand if immunotherapy really brings an added value in advanced cholangiocarcinoma.

Second-line treatment

J o u r n a l P r e -p r o o f

Until 2019, no phase 3 study was available to assess the input of second-line (L2) chemotherapy in CCA even though retrospective studies were already in favor of a benefit of L2 in patients with good performance status after first line chemotherapy. Data from retrospective series and systematic reviews suggest that around 30-40% of patients are fit for L2, with a wide range of estimated rates of eligible patients from 15% after CISGEM firstline in ABC-02 trial, to 75% based on retrospective analyses in high volume anticancer centers [START_REF] Valle | Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer[END_REF][START_REF] Brieau | Secondline chemotherapy for advanced biliary tract cancer after failure of the gemcitabine-platinum combination: A large multicenter study by the Association des Gastro-Entérologues Oncologues[END_REF][START_REF] Lamarca | Second-line chemotherapy in advanced biliary cancer: a systematic review[END_REF][START_REF] Lowery | Secondline chemotherapy in advanced biliary cancers: A retrospective, multicenter analysis of outcomes[END_REF].

In 2020, the ABC-06 phase 3 study showed an OS increase with FOLFOX when compared with best supportive cares alone in ECOG PS of 0-1 [START_REF] Lamarca | Second-line FOLFOX chemotherapy versus active symptom control for advanced biliary tract cancer (ABC-06): a phase 3, open-label, randomised, controlled trial[END_REF]. However, this gain was inferior to 1 month in median OS (6.2 vs. 5.3 months, HR: 0.69, 95%CI [0.50-0.97], p=0.031). The response rate was also low, around 5%. Interestingly, FOLFOX was not less effective in patients who progressed rapidly under first-line CISGEM. Morever, results of quality of life and value of health analyses were recently presented at ESMO congress 2022 and revealed that FOLFOX was stabilizing quality of life [START_REF] Lamarca | 54MO Quality of life (QoL) and value of health (V-He) in advanced biliary cancers (ABC) treated with second-line active-symptom-control (ASC) alone or ASC with oxaliplatin/5-FU chemotherapy (ASC+FOLFOX) in the randomised phase III, multi-centre, open-label ABC-06 trial[END_REF]. Despite a very limited magnitude of benefit, FOLFOX is the only second-line standard to date in all comers advanced CCA with good performans status.

Other therapeutic schemas were recently tested with interesting results of irinotecan based combination such as XELIRI (capecitabine-irinotecan) compared with irinotecan alone in a small single-center Chinese randomized phase 2 trial, which showed a survival benefit of the doublet (PFS: 3.7 vs. 2.4 months, OS: 10.1 vs. 7.3 months) at the price of an acceptable toxicity [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]. A South Korean randomized phase 2 study enrolling 120 patients showed that mFOLFIRI was not superior to mFOLFOX with a PFS of 2.1 months (95%CI: 1.3-2.9) in mFOLFIRI arm versus 2.8 months (95%CI: 2.3-3.3) with mFOLFOX (p = 0.682) and an OS of 5.9 months (95%CI: 4.3-7.5) versus 6.6 months (95%CI:5.6-7.6) (p = 0.887) [START_REF] Kim | A randomized phase II study of oxaliplatin/5-FU (mFOLFOX) versus irinotecan/5-FU (mFOLFIRI) chemotherapy in locally advanced or metastatic biliary tract cancer refractory to first-line gemcitabine/cisplatin chemotherapy[END_REF]. Even though this trial may suggest that mFOLFIRI does not constitute a good challenger of mFOLFOX in an Asian population, these results need to be confirmed in a Western countries population. Besides, advances may be made with the nanoliposomal galenic of irinotecan which showed interesting results in another South Korean randomized phase II study, the NIFTY trial, comparing the combination of 5FU/leucovorin-Naliri versus 5FU alone. 5FU-Naliri showed an improvement in PFS (primary endpoint) with a median of 7.1 months vs. 1.4 months in the control arm, HR 0.56, 95%CI: [0.39-0.81], p=0.0019). There was also a benefit in OS (median: 8.6 vs. 5.5 months HR 0.68, 95%CI: [0.48-0.98], p=0.0349) and objective response rate (14.8% vs 5.8%) compared with the 5FU-leucovorin regimen alone [START_REF] Yoo | Liposomal irinotecan plus fluorouracil and leucovorin versus fluorouracil and leucovorin for metastatic biliary tract cancer after progression on gemcitabine plus cisplatin (NIFTY): a multicentre, open-label, randomised, phase 2b study[END_REF].

These results are very promising but need to be confirmed in a Western population, which is the purpose of the ongoing European phase 2 study NalIRICC (NCT03043547). Morever, to date, no phase 3 trial compared the benefit of 5FU-based doublets versus 5FU alone in second-line setting of advanced CCA and data from prospective European cohorts suggest J o u r n a l P r e -p r o o f that doublets do not bring a benefit when compared with 5FU alone [START_REF] Neuzillet | Fluropyrimidine single agent or doublet chemotherapy as second line treatment in advanced biliary tract cancer[END_REF]. This question need to be adressed by randomized phase 3 trials.

Beyond L2, no randomized trial has demonstrated the value of systemic treatment in allcomers advanced CCAs, i.e. CCAs not selected according to specific molecular characteristics. On the other hand, multiple studies have demonstrated the interest to detect molecular alterations in patients still in good general condition after one or two lines of systemic treatment in order to allow access to targeted therapies directed against these socalled "actionable" alterations.

Molecular profiling: an essential step to offer personalized medicine

Several high throughput sequencing studies integrating DNA next generation sequencing (NGS) and RNA sequencing (RNAseq) have highlighted the huge molecular heterogeneity of CCAs, with multiple tumor gene alterations including a significant proportion of actionable targets [START_REF] Lowery | Comprehensive Molecular Profiling of Intrahepatic and Extrahepatic Cholangiocarcinomas: Potential Targets for Intervention[END_REF][START_REF] Voss | Molecular profiling of cholangiocarcinoma shows potential for targeted therapy treatment decisions[END_REF][START_REF] Montal | Molecular classification and therapeutic targets in extrahepatic cholangiocarcinoma[END_REF][START_REF] Nepal | Genomic perturbations reveal distinct regulatory networks in intrahepatic cholangiocarcinoma[END_REF]. Indeed, the most frequent alterations found in CCA are mutations of the genes encoding isocitrate dehydrogenases 1 and 2 (IDH1 and IDH2) in 10-20% of iCCAs and rearrangements and fusions of the fibroblast growth factor receptor 2 (FGFR2) gene in 10 to 15% of iCCAs. Amplification and/or overexpression of the ERBB2 gene encoding the protein HER2 (human epidermal growth factor receptor 2) is also found in about 15% of perihilar, distal and gallblader CCAs. Other alterations such as the presence of microsatellite instability (MSI), BRAF V600E mutation, NRTK (neurotrophin receptor tyrosine kinase) fusion, KRAS G12C mutation are less frequent (1 to 5%) but also open the access to targeted therapies thus enlarging the therapeutic arsenal for patients with advanced or metastatic CCA [START_REF] Valle | New Horizons for Precision Medicine in Biliary Tract Cancers[END_REF][START_REF] Verlingue | Matching genomic molecular aberrations with molecular targeted agents: Are biliary tract cancers an ideal playground?[END_REF] (Figure 2).

The benefit of personalized medicine has been demonstrated by several molecular profiling studies including the MOSCATO-1 trial which included 1035 patients, of whom 43 had a CCA (67% iCCA). Molecular profiling could be performed in 79% of patients by DNA and RNA extraction from biopsies. Among analyzable patients, 91% had at least one molecular alteration, 68% had an alteration theoretically accessible to a targeted therapy, and 53% received a targeted treatment in fine, i.e. 42% of the whole CCA cohort. A clinical benefit (defined as a ratio PFS under the matched targeted therapy/PFS under previous systemic treatment > 1.3) was found in 9/18 (50%) CCA patients vs only 7% of overall hard-to-treat advanced cancers cohort and a survival benefit was observed in patients treated with personalized medicine compared with patients who did not have access to it (HR = 0.29; 95%CI: [0.11-0.76]; p = 0.008) [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]. Thus, from the initial diagnostic phase, the preservation of tissue for complementary molecular analyses must be anticipated by taking optimal quality samples and by sparing the J o u r n a l P r e -p r o o f material available for histological diagnosis. Indeed, in recent years, molecular profiling of CCAs has become more and more systematic, and is now recommended in parallel with the first line of chemotherapy in patients with an Eastern Cooperative Oncology Group (ECOG) performance status (PS) 0-1 in order to organize the subsequent lines of treatment according to tumor molecular alterations.

Molecular profiling should be performed as early as possible for several reasons: 1) A majority of patients are not suitable for L2 due to tumor aggressivity with rapid general status deterioration as above mentioned. 2) The delay in the delivery of profiling results can be long and therefore inappropriate for the treatment of patients when initiated too late. Moreover, samples may need to be repeated due to unsufficient quality or quantity and further increase the delay. As an example, the delay between the performance of a biopsy and the delivery of the molecular screening results was 21 days in the MOSCATO-01 study [START_REF] Verlingue | Precision medicine for patients with advanced biliary tract cancers: An effective strategy within the prospective MOSCATO-01 trial[END_REF]. Outside of a clinical trial, data from daily life show lower performances [START_REF] Lamarca | Molecular Profiling in Daily Clinical Practice: Practicalities in Advanced Cholangiocarcinoma and Other Biliary Tract Cancers[END_REF] and this time is probably greater than 1 month as it includes time to de-archive and send samples to an molecular platform, notably if it is outside of the healthcare center in which the patient is treated, time of analyses (2 to 4 weeks for high-throughput DNA and RNA sequencing), and time to screen and include patients in a clinical trial or initiate a matched targeted therapy. 3) Dominant oncogenic alterations called "drivers" occur from the earliest stages of oncogenesis, and persist during tumor growth, suggesting that early molecular mapping remains relevant after 1 to 2 lines of chemotherapy [START_REF] Macconaill | Clinical Implications of the Cancer Genome[END_REF].

Molecular profiling of tumors should allow the detection of all alterations accessible to treatment, which corresponds to class I to III molecular targets according to the European ESCAT (ESMO Scale for Clinical Actionability of Molecular Target) classification [START_REF] Mateo | A framework to rank genomic alterations as targets for cancer precision medicine: the ESMO Scale for Clinical Actionability of molecular Targets (ESCAT)[END_REF]. It must therefore detect mutations of genes such as IDH1, BRAF and KRAS by NGS DNA sequencing, and fusions or rearrangements of genes such as FGFR2 or more rarely NRTK by RNAseq. Overexpression of HER2 protein can be observed by immunohistochemistry (IHC) but with no consensus on the scoring score, therefore requiring confirmation by FISH (fluorescent in situ hybridization) if overexpression is less than 3+; in addition, most of DNA NGS panels include the search for amplification/overexpression of ERBB2, by studying the copy number variant of the gene [START_REF] Javle | HER2/neudirected therapy for biliary tract cancer[END_REF]. Finally, DNA sequencing panels often include the detection of microsatellite instability (MSI), ideally, the NCI-Pentaplex panel (BAT25, BAT26, NR21, NR22 or NR27/Mono-27, NR24) as recommended [START_REF] Boland | A National Cancer Institute Workshop on Microsatellite Instability for cancer detection and familial predisposition: development of international criteria for the determination of microsatellite instability in colorectal cancer[END_REF] to allow access to immunotherapy in rare cases of MSI tumors. Alternatively, the Mismatch Repair System (MMR) proteins can be stained in IHC to detect MMR deficiency (dMMR), but this type of finding must be systematically confirmed by molecular biology.

Because good quality tissue samples are often hard to get, especially in eCCAs, liquid biopsy may represent an alternative to screen patients for molecular alterations. It may also J o u r n a l P r e -p r o o f be of particular value for inaccessible tumours or in case of tissue biopsies at high risk of complications. Liquid biopsy is often referring to circulating tumor DNA (ctDNA) which is the most studied technique but peripheral blood of cancer patients carries other sources of genetic information such as circulating tumor cells (CTCs), circulating cell-free noncoding RNAs (cfRNAs) and circulating exosomes available in fluids. [START_REF] Rompianesi | Liquid biopsy in cholangiocarcinoma: Current status and future perspectives[END_REF][START_REF] Barile | Exosomes: Therapy delivery tools and biomarkers of diseases[END_REF][START_REF] Cescon | Circulating tumor DNA and liquid biopsy in oncology[END_REF]. These analyses are not well validated to date but they may offer an easy and non-invasive way of getting initial molecular profiling as well as monitoring tumour response along therapy [START_REF] Mody | Circulating Tumor DNA Profiling of Advanced Biliary Tract Cancers[END_REF][START_REF] Merker | Circulating Tumor DNA Analysis in Patients With Cancer: American Society of Clinical Oncology and College of American Pathologists Joint Review[END_REF]. Among alterations of interest in CCA, IDH mutations can be detected on ctDNA from peripheral blood either by NGS or digital droplet PCR with a sensivity of 85%. Besides, its quantitative analysis might bring valuable information to assess tumor response as an increase of circulating IDH1 mutation has already been associated with tumor progression in IDHmutated tumors while a tendency of longer survival was observed in patients with a IDHmutant decrease [START_REF] Lapin | Monitoring of Dynamic Changes and Clonal Evolution in Circulating Tumor DNA From Patients With IDH-Mutated Cholangiocarcinoma Treated With Isocitrate Dehydrogenase Inhibitors[END_REF]. KRAS mutations including G12C and BRAF mutations can be detected on cfDNA as well, and FGFR2 fusions detection was also described as feasible in CCA [START_REF] Mody | Circulating Tumor DNA Profiling of Advanced Biliary Tract Cancers[END_REF][START_REF] Thein | Identification of KRASG12C Mutations in Circulating Tumor DNA in Patients With Cancer[END_REF][START_REF] Goyal | Updated results of the FOENIX-CCA2 trial: Efficacy and safety of futibatinib in intrahepatic cholangiocarcinoma (iCCA) harboring FGFR2 fusions/rearrangements[END_REF]. Moreover, in the latter, ctDNA may be an interesting tool to detect acquired resistance in FGFR2-rearranged CCAs treated by FGFR inhibitors. Interestingly, the number of FGFR alterations associated with resistance suggests a polyclonal mechanism that only ctDNA analysis can reveal [START_REF] Varghese | Noninvasive Detection of Polyclonal Acquired Resistance to FGFR Inhibition in Patients With Cholangiocarcinoma Harboring FGFR2 Alterations[END_REF]. Even though liquid biopsy, mostly based on ctDNA analysis, seems of interest in bile tract cancers, further investigations are required to better assess its diagnostic performances and harmonize its use, in order to make it suitable for routine care.

Therefore, today, in the context of screening patients with advanced CCA, it is recommended to perform first a DNA and RNA NGS panel from tissue samples, to cover all actionable alterations and offer the best chances to patients of access to personalized medicine.

Personalized medicine: which targets are currently actionable ? IDH1 mutations (ESCAT I-A)

Isocitrate dehydrogenases are key enzymes of the Krebs cycle, which in physiological conditions catalyze the oxidative decarboxylation of isocitrate to α-ketoglutarate. Somatic point mutations in IDH1 and IDH2 genes confer a gain of function for cancer cells, resulting in the nonreversible secretion and accumulation of an oncometabolite, D2-hydroxyglutarate (D-2HG) that promotes histone methylation, DNA methylation, and impacts cell differentiation. IDH1 mutations are found in approximately 13% of iCCAs compared to only J o u r n a l P r e -p r o o f 0.8% of pCCAs and dCCAs. The most frequent IDH1 mutations are R132C (68-74% of cases), R132L (11-17%), and R132G (10-14%) [START_REF] Boscoe | Frequency and prognostic significance of isocitrate dehydrogenase 1 mutations in cholangiocarcinoma: a systematic literature review[END_REF].

Ivosidenib, an oral drug inhibiting the mutated form of IDH1, was studied in a large phase 1 of 73 patients with IDH mutated CCA, followed by the randomized phase 3 ClarIDHy trial (n=185) [START_REF] Lowery | Safety and activity of ivosidenib in patients with IDH1-mutant advanced cholangiocarcinoma: a phase 1 study[END_REF][START_REF] Abou-Alfa | Ivosidenib in IDH1-mutant, chemotherapy-refractory cholangiocarcinoma (ClarIDHy): a multicentre, randomised, double-blind, placebo-controlled, phase 3 study[END_REF]. In the latter, ivosidenib significantly improved PFS compared with placebo (2.7 vs. 1.4 months; HR: 0.37; 95%CI: 0.25-0.54, p<0.001) in patients with advanced CCA previously treated with one or two lines of systemic therapy. OS was 10.8 months in the ivosidenib arm versus 9.7 months (HR: 0.69, p=0.06) in the placebo arm. However, as 57% of patients in the placebo arm had access to ivosidenib after tumor progression, an a priori planned statistical analysis incorporating the impact of this crossover on OS showed a significant increased OS of 10.8 months with ivosidenib versus 6.0 months with placebo (HR: 0.46, p = 0.0008). The safety profile was acceptable with mostly grade 1-2 adverse events (AEs) such as nausea, diarrhea, fatigue, and cough in 33%, 31%, 23%, and 21%, respectively, and few grade 3 AEs [START_REF] Abou-Alfa | Ivosidenib in IDH1-mutant, chemotherapy-refractory cholangiocarcinoma (ClarIDHy): a multicentre, randomised, double-blind, placebo-controlled, phase 3 study[END_REF]. Ivosidenib should therefore be proposed to patients with IDH1-mutated CCA in L2 and more.

FGFR2 fusions and rearrangements (ESCAT I-B)

The FGFR2 pathway is involved in cell proliferation, survival, migration and differentiation. A fusion or rearrangement of the FGFR2 gene is a potent oncogenic signal and is observed in approximately 15% of CCAs, almost exclusively iCCA. Several FGFR2 inhibitors have already shown benefit in phase 2 trials in patients with FGFR2 fusion/rearrangement CCA who have failed at least one line of systemic therapy, such as pemigatinib, futibatinib, infigratinib, or derazantinib (59-62) (Table 1). These inhibitors achieve objective response rates of 20-35%, with median PFS of 6-7 months. Toxicity profile mainly includes hyperphosphatemia requiring the use of low-phosphorus diet ± phosphorus chelators, skin disorders, marked mucocutaneous dryness, and ophthalmologic disorders requiring specialized follow-up. Currently, pemigatinib, infigratinib and futibatinib were approved by the FDA and only pemigatinib and futibatinib were approved by the EMA for use in patients with advanced CCA with FGFR2 fusion or rearrangement previously treated by at least one line of systemic therapy. The approval of pemigatinib followed the results of the FIGHT-202 trial (59), a phase 2 studying pemigatinib in 147 patients with unresectable CCA, including 107 with FGFR2 fusion or rearrangement, 20 with another FGF/FGFR alteration and 18 without any FGF/FGFR alteration. The objective response rate was 35.5% in the FGFR2 fusion/rearrangement group (3 complete responses and 35 partial responses), while no objective response was observed in the other groups. The PFS rate at 12 months was 29% in the FGFR2 fusion/rearrangement group versus 0% in the other groups. These results clearly confirm that the theoretical benefit of FGFR2 inhibitors, although significant in case of J o u r n a l P r e -p r o o f FGFR2 fusion or rearrangement, seems to drop in case of other FGF/FGFR alterations, as well as in the absence of alterations. Safety profile was acceptable with among all grade treatment-related AEs, hyperphosphatemia as the most frequent AE (55%), followed by alopecia (46%), dysgeusia (38%), diarrhea (34%), asthenia (31%), stomatitis (27%) and dry mouth (29%). Among grade 3 or higher treatment-related AEs, the most frequent were hypophosphatemia (7%), stomatitis (5%), arthralgias (4%), and palmoplantar erythodysesthesia (4%). There was no toxic death [START_REF] Abou-Alfa | Pemigatinib for previously treated, locally advanced or metastatic cholangiocarcinoma: a multicentre, open-label, phase 2 study[END_REF]. Other inhibitors are being studied, and several randomized phase 3 trials versus CISGEM in first-line therapy are underway, such as the FIGHT-302 trial (pemigatinib; NCT036536), and the FOENIX-CCA3 trial (Futibatinib; NCT04093362) or the PROOF trial (Infigratinib; NCT03773302). However, because of a strong industrial competition and a complexe organization of the molecular profiling before starting L1, conducting phase 3 randomized trial in FGFR2 rearranged CCAs represents a huge challenge. Indeed, PROOF trial was recently prematurely closed and FOENIX-CCA3 discontinuation has also been announced.

To finish, it has been shown that activity of the pan-FGFR inhibitor futibatinib extends to FGFR mutations, including efficacy in patients with acquired resistance mutation to other FGFR inhibitors. Indeed, in futibatinib's phase 1, 36% of patients with a solid tumor harboring FGF/FGFR aberration were previously treated by FGFR inhibitors and 17.9% experienced objective response [START_REF] Meric-Bernstam | Futibatinib, an Irreversible FGFR1-4 Inhibitor, in Patients with Advanced Solid Tumors Harboring FGF/FGFR Aberrations: A Phase I Dose-Expansion Study[END_REF]. These results pave the way for sequential treatment strategy in FGFR2 altered CCAs.

Alterations of the ERBB2 gene (ESCAT II-B)

Alterations of the ERRB2 or HER/Neu gene may correspond to amplifications, overexpression or more rarely mutations. They are mainly observed in perihilar, distal and gallblader CCAs with a frequency of around 15% as previously mentioned, they are also found in adenocarcinomas of the ampulla and are more rarely detected in iCCA. The nonrandomized phase II trial MyPathway studied the combination of two humanized anti-HER2 monoclonal antibodies, trastuzumab and pertuzumab, in a cohort of patients with multiple primary ERBB2 overexpression or amplification. Of these patients, 39 had HER2+ metastatic CCA (detected by IHC, FISH, or NGS), previously treated with one to two lines of systemic therapy, with an ECOG PS of 0-2. An objective response rate of 23% and tumor control of 51% were observed. The safety profile was acceptable, with grade 1-2 diarrhea and grade 3 hypertransaminasemia among the most frequent toxicities in 33% and 13% of cases respectively [START_REF] Javle | Pertuzumab and trastuzumab for HER2-positive, metastatic biliary tract cancer (MyPathway): a multicentre, open-label, phase 2a, multiple basket study[END_REF]. To date, these interesting results remain preliminary, but the association trastuzumab-pertuzumab may represent a new option in HER2 amplified CCA patients.

J o u r n a l P r e -p r o o f

Recently the combination modified FOLFOX with trastuzumab tested in the single-arm phase 2 trial KCSG-HB19-14 (NCT04722133) reinforced the signal of the interest of anti-HER2 therapies in second line of HER2-amplified CCA patients after progression under CISGEM.

Based on unpublished results, tolerance was acceptable, ORR, DCR and PFS were respectively 29.4% (95%CI 15.1-47.5), 79.4% and 5.1 months (95%CI 3.6-6.7). Median OS was not reached (95%CI 7.1-NR) and 12-months OS rate was 50.6% (95%CI 29.3-63.6) [START_REF] Lee | Trastuzumab plus FOLFOX for gemcitabine/cisplatin refractory HER2-positive biliary tract cancer: A multiinstitutional phase II trial of the Korean Cancer Study Group (KCSG-HB19-14)[END_REF].

New therapies are under investigation such as the zanidatamab, a novel bispecific antibody that targets HER2 domains ECD2 and ECD4, resulting in increased antibody binding density and improved receptor internalization and downregulation relative to trastuzumab. We expect the final results of the phase I ZWI-ZW25-101 (NCT02892123), in which zanidatamab was well tolerated with promising anti-tumor as a single-agent (ORR= 47%, DCR = 65%, duration of response = 6.6 months), as well as the results of the ongoing single-arm phase 2b trial HERIZON-BTC-01 (NCT04466891) evaluating zanidatamab in monotherapy in patients with HER2-amplified, inoperable, advanced or metastatic CCA [START_REF] Pant | A phase IIb, open-label, single-arm study of zanidatamab (ZW25) monotherapy in subjects with advanced or metastatic HER2-amplified biliary tract cancers[END_REF][START_REF] Meric-Bernstam | Zanidatamab (ZW25) in HER2-positive biliary tract cancers (BTCs): Results from a phase I study[END_REF].

As well, trastuzumab deruxtecan (T-DXd), an antibody-drug conjugate composed of a humanized monoclonal anti-HER2 antibody, a cleavable linker, and a topoisomerase I inhibitor, also showed very promising results in the single-arm phase 2 study DS-8201/ HERB trial in patients with HER2-expressing unresectable or recurrent biliary tract cancer. ORR, DCR, median PFS and OS were respectively 36.4% (90%CI: 19.6-56.1; p = 0.01), 81.8% (95%CI: 59.7-94.8), 4.4 months (95%CI: 2.8-8.3), and 7.1 months (95%CI: 4.7-14.6). Safety was manageable with grade 3 and more AEs in 81.3% (26/32), the most common being anemia (53.1%), neutropenia (31.3%), and leukopenia (31.3%). Interstitial lung disease and drug discontinuation both occurred in 25.0% of patients (68) (Table 1).

Even though no phase 3 trial has been published yet HER2 in CCA, many options are emerging in HER2-amplified CCA, confirming the interest to target this pathway.

NRTK fusions (ESCAT I-C)

Fusions of one of the three neurotrophic tyrosine receptor kinase genes (NTRK) 1, 2, 3 encoding the tropomyosin receptor kinase (TRK) A, B, C are rare alterations in biliary tract cancers (<1%). Nevertheless, as they are associated with a powerful oncogenic signal whose pharmacological inhibition seems promising, they should be systematically sought [START_REF] Drilon | TRK inhibitors in TRK fusion-positive cancers[END_REF][START_REF] Marchiò | ESMO recommendations on the standard methods to detect NTRK fusions in daily practice and clinical research[END_REF]. Larotrectinib, an oral TRK A/B/C inhibitor, was evaluated in a phase 1-2 study including 55 patients aged 4 months to 76 years with 17 tumor types with NTRK fusion.

Objective response rate was 75% and tumor response was found in 1 of the 2 CCA patients.

Safety profile was acceptable with grade 1-2 hypertransaminasemia and dizziness in respectively 38 and 25% of cases [START_REF] Drilon | Efficacy of Larotrectinib inTRKFusion-Positive Cancers in Adults and Children[END_REF]. Entrectinib, another TRK A/B/C inhibitor, showed an J o u r n a l P r e -p r o o f objective response rate of 57% including 7% of complete response in an analysis integrating 3 phase 1-2 trials pooling a total of 54 patients with NTRK fusion-positive advanced cancer.

The only CCA included was among these responders [START_REF] Doebele | Entrectinib in patients with advanced or metastatic NTRK fusion-positive solid tumours: integrated analysis of three phase 1-2 trials[END_REF]. These 2 inhibitors have FDA and EMA approval for the treatment of NTRK fusion-positive solid tumors and patients with this type alteration should have access to these promising therapies.

RET fusions (ESCAT I-C)

The proto-oncogene RET encodes a transmembrane tyrosine kinase receptor which plays a physiological role in the embryonic development of the nervous system and the kidneys. RET mutation of alteration induce oncogenic transformation with an aberrant activation of RET receptor. RET fusions are found in various cancers including CCA, with a prevalence around 1%, except for non small cell lung cancer (NSCLC) and papillary thyroid cancers in which prevalence reaches respectively 2 and 20% RET fusions [START_REF] Kato | RET Aberrations in Diverse Cancers: Next-Generation Sequencing of 4,871 Patients[END_REF][START_REF] Thein | Precision therapy for RETaltered cancers with RET inhibitors[END_REF]. To date, 2 orally bioavailable potent selective RET TKI-inhibitors showed promising preliminary results in solid tumors. The pralsetinib (BLU-667) was tested in the phase 1/2 trial ARROW (NCT03037385) including 29 patients with RET-fusion positive solid tumors. An objective response rate of 57% was observed, with a tumor shrinkage in 91% of the evaluable patients according to RECIST 1.1 criteria. Two of the 3 CCAs included, experienced tumor response. Safety was acceptable with neutropenia (29%), anemia (14%) and increased aspartate transaminase (AST ; 10%), as the most common grade 3 and more TRAEs [START_REF] Subbiah | Pancancer efficacy of pralsetinib in patients with RET fusion-positive solid tumors from the phase 1/2 ARROW trial[END_REF]. The selpercatinib (LOXO-292), which first showed interesting results in RET-fusion positive thyroid cancer and NSCLC within the pivotal phase 1/2 LIBRETTO-001 (NCT03157128) [START_REF] Wirth | Efficacy of Selpercatinib in RET-Altered Thyroid Cancers[END_REF][START_REF] Drilon | Efficacy of Selpercatinib in RET Fusion-Positive Non-Small-Cell Lung Cancer[END_REF], was then evaluated in another cohort of 45 patients with other RET fusion-positive tumors including 2 CCAs. The objective response rate was 43.9% and the only evaluable CCA experienced tumor response. The duration of response and the PFS were respectively 24.5 (9.2-not evaluable) and 13.2 (7.4-26.2) months. The most common grade 3 and more TRAEs were hypertension (22%) increased alanin transaminase (16%), and increased AST (13%). Treatment-emergent serious adverse events occurred in 40% of patients and no treatment-related deaths occurred [START_REF] Subbiah | Tumour-agnostic efficacy and safety of selpercatinib in patients with RET fusion-positive solid tumours other than lung or thyroid tumours (LIBRETTO-001): a phase 1/2, open-label, basket trial[END_REF]. In September 2022, the FDA granted selpercatinib for an accelerated approval in locally advanced or metastatic RET-fusion positive solid tumors.

Microsatellite instability and immunotherapy (ESCAT I-C)

As in most digestive tumors, mismatch repair deficiency and/or microsatellite instability should be investigated as they are present in < 5% of CCAs and may allow access to immunotherapy. The dMMR can be part of either a Lynch syndrome or be a sporadic alteration, corresponding to a constitutional or acquired mutation in one of the MMR proteincoding genes, respectively. The non-randomized phase II KEYNOTE-168 trial evaluated the J o u r n a l P r e -p r o o f pembrolizumab, an anti-PD-1 monoclonal antibody, in 233 patients with 27 types of MSI/dMMR tumors, previously treated with at least one line of systemic therapy, and with ECOG PS 0-1. In this cohort, 22 patients had advanced CCA, a subgroup in which an objective response rate of 40.9%, a PFS of 4.2 months and an OS of 24.3 months were observed [START_REF] Marabelle | Efficacy of Pembrolizumab in Patients With Noncolorectal High Microsatellite Instability/Mismatch Repair-Deficient Cancer: Results From the Phase II KEYNOTE-158 Study[END_REF]. Immunotherapy thus represents a promising therapeutic option in MSI CCAs within a clinical trial or in daily care according to countries practices and standards, as pembrolizumab has been approved by both the FDA and the EMA in advanced dMMR/MSI cholangiocarcinoma.

BRAFV600E mutation (ESCAT II-B)

The V600E mutation of the BRAF gene is observed in approximately 3-7% of biliary cancers with a predominance of intrahepatic cancers [START_REF] Valle | New Horizons for Precision Medicine in Biliary Tract Cancers[END_REF]. The non-randomized phase II ROAR trial evaluated the safety and efficacy of the combination of the BRAF inhibitor dabrafenib and the mitogen-activated protein kinase kinase (MEK) inhibitor trametinib in 43 previously treated patients with an advanced BRAF V600E -mutated CCA with an ECOG PS of 0-2. An objective response rate of 47% and a control rate of 82% were observed [START_REF] Subbiah | Dabrafenib plus trametinib in patients with BRAFV600E-mutated biliary tract cancer (ROAR): a phase 2, open-label, single-arm, multicentre basket trial[END_REF]. The AEs were mostly grade 2 with hyperthermia (60%), nausea (42%), vomiting (33%), asthenia (33%), diarrhea (30%), and chills (28%) as the most frequent. Thus, this combination shows promising preliminary results and constitutes a new option for BRAF V600E -mutated CCA patients.

KRASG12C mutation (ESCAT II-B)

An activating mutation of the KRAS oncogene is found in 15-25% of biliary tract cancers. To date, only the KRASG12C mutation is accessible to pharmacological inhibition. This mutation is found in only 1% of CCAs but the results are particularly promising and should strongly motivate the inclusion of patients in clinical trials offering access to this type of inhibitor. Indeed, the phase 1/2 KRYSTAL-1 trial studied the safety and antitumor activity of adagrasib, a KRASG12C inhibitor, in 42 patients including 8 advanced CCAs, pre-exposed to at least two lines of systemic treatment, in which an objective response rate of 50% and a tumor control rate of 100% were observed. The main AEs were nausea, vomiting, diarrhea and fatigue in 48%, 43% and 29% of cases, respectively [START_REF] Bekaii-Saab | KRYSTAL-1: Updated activity and safety of adagrasib (MRTX849) in patients (Pts) with unresectable or metastatic pancreatic cancer (PDAC) and other gastrointestinal (GI) tumors harboring a KRASG12C mutation[END_REF]. At this moment, only sotorasib, another oral inhibitor specific for KRASG12C mutations, has been approved in non-small cell lung cancer by FDA and EMA, but no data is available for this latter in CCA. At this time, no KRASG12C inhibitor is considered as a standard of care in CCA but the presence of this type of mutation must lead to patients' inclusion in dedicated clinical trials.

Conclusion

J o u r n a l P r e -p r o o f

CCA is a rare disease with an increasing incidence, a very poor prognosis with a 5-year survival rate of less than 15% for all stages combined, and a limited therapeutic arsenal.

Even though recently a significant advance was made in all comers CCA with the arrival of the CISGEM-durvalumab combination in L1, the real change comes from molecular profiling which opens the way to personalized medicine. This profiling is now recommended from the time of the diagnosis due to the frequency of actionable alterations such as IDH1 mutations and FGFR2 rearrangements/fusions in iCCA, as well as HER amplication/overexpression in gallbladder cancers, pCCAs and dCCAs. Even though no direct comparative data are available versus FOLFOX, regarding the oncological results of matched targeted therapies, these treatments should be proposed from the second line in patients with actionable alterations. Moreover, many upcoming trials will aim to demonstrate the value of these targeted treatments from L1 such as in FGFR2 rearranged cholangiocarcinomas or the ambitious European randomized phase 3 trial SAFIR/ABC-10 which will compare chemotherapy versus maintenance by matched therapy according to profiling results, after 3 months of L1. These studies should help to proove the benefit of personalized medicine from the first steps of patients' therapeutic pathway. Thus, as integration of personalized medicine in the treatment of CCA is now unavoidable, molecular profiling structuring represents a huge challenge to improve patients' care and homogeneize the access to innovative therapies worldwide. 

  Systemic treatments: What are the standards of care and what is new? First-line treatment Since 2010, the only standard of care for first-line treatment is the combination of CISGEM (cisplatin-gemcitabine) administered for 24 weeks (8 cycles). The latter has shown superiority compared to gemcitabine alone with an OS of 11.7 vs. 8.1 months (HR: 0.64; 95% confidence interval (CI) [0.52-0.80]; p < 0.001), independent of tumor stage and CCA location, in the ABC-02 phase 3 trial (13). These results were confirmed in an Asian population in the BT-22 phase 2 trial (CISGEM versus gemcitabine, for 48 weeks). GEMOX and CAPOX represent alternative with comparable performances on the basis of several studies including prospective phase 2 trials (14-16), but their use tends to decrease due to recent validated oxaliplatin-based second-line option in patients who have failed CISGEM. Other gemcitabine-based combinations showed promising results in single-arm phase 2 trials such as gemcitabine-nivolumab-S1 in Asia (objective response rate (ORR)= 41.7%, disease control rate (DCR) > 12 weeks = 77.1%, PFS= 8.0 months (95%CI : 5.8-not reached) and OS not reached (95%CI : 10.7-not reached) or CISGEM-nab-paclitaxel (ORR= 45%, DCR= 84%, PFS= 11.8 months (95%CI: 6.0-15.6), OS= 19.2 months (95%CI:13.2 months-not reached)
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Figure 1 :

 1 Figure 1: Cholangiocarcinomas subtypes: epidemiology, clinical presentation, management principles and most frequent molecular alterations.

Figure 2 :

 2 Figure 2: Molecular actionable alterations' landscape in cholangiocarcinoma with corresponding targeted therapeutic options. This pie chart presentation aims to offer a rapid overview of actionable alterations in iCCA and eCCA with their respective relative frequency without taking into account the possibility of overlap of several alterations. Abbreviations: ESCAT: ESMO Scale for Clinical Actionability of Molecular Targets, FGFR2 : Fibroblast growth factor receptor 2, FISH: fluorescent in situ hybridation, IDH1: Isocitrate deshydrogenase 1, IHC: immunohistochemistry, HER2 : human epidermal growth factor receptor 2, MSI : Microsatellite instability, NGS: next generation sequencing, NTRK: neurotrophic tyrosine receptor kinase, RNAseq: RNA sequencing

Table 1 : Published studies evaluating targeted therapies against most frequent actionable alterations in cholangiocarcinoma (IDH1 mutation, FGFR2 fusions and HER amplification/overexpression).

 1 Abbreviations: Ab: antibody, chemo: chemotherapy, ESCAT: ESMO Scale for Clinical Actionability of molecular Targets, FGFR: fibroblast growth factor receptor, IDH1: isocitrate deshydrogenase 1, L: line, L2+: line 2 and more, m: month, mut: mutation, n: number, ORR: objective response rate, OS: overall survival, PFS: progression-free survival, pts: patients TOP1: topoisomerase 1

	Actionable	Drug name	Trial (Name,	Phase and study	Population	Primary	Results (final results, intermediate analyses)	
	alteration		ClinicalTrials.gov	design	(number, line of	objectives			
	ESCAT class	Drug class	Identifier or other,		treatment)				
			reference)				ORR	mPFS	mOS
		Ivosidenib (AG-120)	ClarIDHy	Randomized (2 :1)	n=185 pts	OS	Ivosidenib vs	Ivosidenib vs Placebo :	Ivosidenib vs Placebo : 10.8 vs 9.7 m
	IDH1 mutation		NCT02989857	multicenter phase 3	L2-L3		Placebo : 2 vs 0%	2.7 vs 1.4 m	(HR 0.69, 95%CI: 0.44-1.10 p=0.060)
		IDH1mut -inhibitor	Lancet 2020 (58)	versus Placebo					
	ESCAT I-A							(HR:0.37; 95%CI:0.25-0.54, p<0.001)	Placebo (RPSFT-adjusted OS): 6.0 m (HR 0.46 95%CI:0.28-0.75; p=0.0008)
		Pemigatinib	FIGHT-202	Single-arm	n=147 pts	ORR	Cohort fusion:	12m-PFS: 29% in	N/A
			NCT02924376	multicenter phase 2	(107 pts with		35.5%	fusion cohort	
		FGFR1/2/3 inhibitor	Lancet Oncol 2020 (59)		FGFR2-fusions)			(0% in other cohorts)	
					L2+		Other alterations:		
							0%		
		Futibatinib	FOENIX-CCA2	Single-arm	n=103 pts	ORR	41.7%	9.0m	21.7m
	FGFR2 alterations	FGFR1-4 inhibitor	NCT02052778 Cancer Res 2021 (Abst) (60)	multicenter phase 2	(78% of pts with FGFR2-fusion) L2+				
	ESCAT I-B	Infigratinib (BGJ398)	NCT02150967 CBGJ398X2204	multicenter phase 2 Single-arm	(48 pts with n=61 pts		14.8%	5.8m	N/A
		FGFR1/2/3 inhibitor	J Clin Oncol 2017 (61)		FGFR2-fusions)		Cohort fusion:		
					L2+		18.8%		
		Derazantinib	FIDES-01	Single-arm	n=28 pts	3m-PFS	8.7%	7.3m	N/A
		(ARQ 087)	NCT03230318	multicenter phase 2	L2+				
			J Clin Oncol 2022					3m-PFS: 76.3%	
		FGFR1/2/3 inhibitor	(Abst) (62)					6m-PFS: 50.3%	
		Trastuzumab-pertuzumab	myPathway	Single-arm	n=39 pts	ORR	23%	4.0m	10.9m
			NCT02091141	multicenter phase 2	L2+				
	HER n overexpressio amplification /	Anti-HER2 Ab Chemo + anti-HER2 Ab FOLFOX-trastuzumab	Lancet Oncol 2021 (64) (Abst) (65) J Clin Oncol 2022 NCT04722133 KCSG-HB19-14	multicenter phase 2 Single-arm	L2-L3 n=34pts	ORR	29.4%	5.1m	not reached
	ESCAT II-B	(T-DXd; DS-8201) Trastuzumab-deruxtecan	JMA-IIA00423 HERB trial	multicenter phase 2 Single-arm	(24 HER2-positive n=32pts	in HER-ORR	36.4% HER-positive:	HER-positive: 4.4m	HER-positive: 7.1m
			J Clin Oncol 2022		and 8 HER2-low)	positive		HER2-low: 4.2m	HER2-low: 8.9m
		Anti-HER2 Ab conjugated	(Abst) (68)		L2+		HER2-low: 12.5%		
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