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a b s t r a c t

Adrenocortical carcinoma is a rare malignant tumor of poor prognosis, frequently requiring additional treatments after initial surgery. Due to its adrenolytic action, mitotane has become the first-line medical treatment in patients with aggressive adrenocortical carcinoma. Over the last 2 years, apart from the classical chemotherapy based on etoposide and platinum salts, several studies reported the use of drugs such as temozolomide, tyrosine kinase inhibitors or immunotherapy, with more or less convincing results. The aim of this review is to give further insights in the use of these drugs, and to describe potential therapeutic perspectives based on recent pangenomic studies, for the future management of these still difficult to treat tumors.

Introduction

Adrenocortical carcinoma (ACC) is a rare malignant tumor with an annual incidence of between 0.7 to 2 cases per million population per year [START_REF] Fassnacht | Update in adrenocortical carcinoma[END_REF][START_REF] Kerkhofs | Surgery for adrenocortical carcinoma in The Netherlands: analysis of the national cancer registry data[END_REF]. The disease can appear at any age, with a peak in childhood and a plateau between 40 and 60 years old, with women being substantially more frequently affected than men (60% vs. 40%) [START_REF] Fassnacht | Adrenocortical carcinoma: a clinician's update[END_REF]. Around 55% of patients present with symptoms linked to adrenocortical hypersecretion (in general hypercortisolism ± combined with hyperandrogenism), while 30-40% of patients have symptoms related to tumor volume, and the other 10% are discovered fortuitously [START_REF] Fassnacht | European Society of Endocrinology Clinical Practice Guidelines on the management of adrenocortical carcinoma in adults, in collaboration with the European Network for the Study of Adrenal Tumors[END_REF].

ACC prognosis is mixed, with a 5-year survival rate that varies between 80% for patients with localised disease to 15% in patients presenting with more advanced disease (stage III-IV), according to the staging proposed by the European Network for the Study of Adrenal Tumors (ENS@T) [START_REF] Fassnacht | Limited prognostic value of the 2004 International Union Against Cancer staging classification for adrenocortical carcinoma: proposal for a Revised TNM Classification[END_REF]. In addition to ENS@T stage, patient age [START_REF] Libé | Prognostic factors in stage III-IV adrenocortical carcinomas (ACC): a European Network for the Study of Adrenal Tumor (ENSAT) study[END_REF], R0 status (cancer surgery by laparoscopy except in the case of contrary decision taken by expert surgical team) [START_REF] Bilimoria | Adrenocortical carcinoma in the United States: treatment utilization and prognostic factors[END_REF], Ki-67 index [START_REF] Beuschlein | Major prognostic role of Ki67 in localized adrenocortical carcinoma after complete resection[END_REF], as well as molecular markers [START_REF] Assié | Integrated genomic characterization of adrenocortical carcinoma[END_REF], have proven useful when looking at prognosis in patients with an ACC. Integrative models that take into account both the clinical features of the tumor and molecular prognostic markers seem to facilitate more precise characterisation of patient prognosis [START_REF] Lippert | Targeted molecular analysis in adrenocortical carcinomas: a strategy toward improved personalized prognostication[END_REF].

Due to their rarity, the recommendations for management of ACC rely purely on data from retrospective studies, and few therapeutic options are currently available. Complete tumor resection, including peri-tumoral fat, as well as locoregional lymphadenectomy, when this is feasible, currently represents the best curative option for patients with an ACC [START_REF] Fassnacht | European Society of Endocrinology Clinical Practice Guidelines on the management of adrenocortical carcinoma in adults, in collaboration with the European Network for the Study of Adrenal Tumors[END_REF]. The recurrence rates reported in the literature are quite variable, being 30-85% [START_REF] Fassnacht | Improved survival in patients with stage II adrenocortical carcinoma followed up prospectively by specialized centers[END_REF][START_REF] Amini | Curative resection of adrenocortical carcinoma: rates and patterns of postoperative recurrence[END_REF]. Recruitment bias and different initial modalities of treatment at the commencement of patient management likely explain the differences in data from different centers. The rarity of the disease means that patients require personalised care by a multidisciplinary team, expert in managing ACC, and that each case is discussed in a multidisciplinary meeting based on current recommendations.

This literature review will evaluate currently-used medical therapies for management of ACC and will also particularly focus on new therapies that are or will be available.

Currently recommended therapies

Mitotane

Mitotane is currently the only treatment that is recommended for the management of advanced ACC and its use is advocated in many centers for the treatment of patients at high risk of recurrence, that is, those with ENS@T stage III tumors (pT3-T4, N1), those who have had incomplete surgical resections, and those with Ki-67 index > 10% [START_REF] Fassnacht | European Society of Endocrinology Clinical Practice Guidelines on the management of adrenocortical carcinoma in adults, in collaboration with the European Network for the Study of Adrenal Tumors[END_REF].

At the molecular level, mitotane acts via inhibition of sterol-O-acetyl transferase enzyme (SOAT-1), leading to endoplasmic reticulum stress and lysis of adrenocortical cells [START_REF] Weigand | Expression of SOAT1 in adrenocortical carcinoma and response to mitotane monotherapy: an ENSAT multicenter study[END_REF]. Mitotane is a drug with a very long half-life, high toxicity and a therapeutic window that is very narrow (between 8 and 25 mg/mL). The dose of mitotane needs to be guided by, at minimum, monthly measurements of serum levels of the drug. Due to the adrenolytic activity of mitotane, glucocorticoids (hydrocortisone) need to be administered to avoid patients suffering acute adrenal insufficiency, the dose being around 50 mg per day, though due to the enzymatic activity of mitotane, the dose may need to be as high as 80-100 mg/day. Most published studies have suggested that treatment needs to be maintained for at least 2 years (range: 2-5 years), due to the frequency of recurrence being high during this period. In view of the poor tolerance of the treatment in a significant number of patients, the duration of treatment also depends on the risk-benefit ratio, which needs to be evaluated on a case by case basis, on the basis of mitotane levels and of treatment tolerance (INCa Comete Network).

In a retrospective study that included 177 patients, the progression-free survival in the group of patients who were systematically treated with mitotane as adjuvant therapy after complete surgical resection, was significantly higher than that of non-treated patients [START_REF] Terzolo | Adjuvant mitotane treatment for adrenocortical carcinoma[END_REF].

The question of the benefit of mitotane in patients with an ACC at low to intermediate risk of recurrence (ENS@T stages 1, 2 and 3, and R0, with Ki-67 index < 10%) is currently the subject of a randomised phase III multicenter trial (ADIUVO, NCT00777244). According to several studies, the objective tumor response rate for advanced ACC is between 13 and 31%, though these studies were of short duration [START_REF] Else | Adrenocortical carcinoma[END_REF][START_REF] Megerle | Mitotane monotherapy in patients with advanced adrenocortical carcinoma[END_REF].

Another randomised multicenter phase III study, coordinated by ENS@T, is currently underway. This study will evaluate the efficacy of mitotane as monotherapy compared to mitotane combined with cisplatin and etoposide, in patients who have undergone surgery for ACC and have a high risk of recurrence (ADIUVO-2, NCT03583710).

Cytotoxic chemotherapy

Chemotherapy, based on platinum salts, generally in combination with etoposide (doxorubicin) and mitotane (E(D)P-M), currently represents first-line treatment for advanced ACC [START_REF] Fassnacht | European Society of Endocrinology Clinical Practice Guidelines on the management of adrenocortical carcinoma in adults, in collaboration with the European Network for the Study of Adrenal Tumors[END_REF]. This recommendation comes from the FIRM-ACT trial which showed greater efficacy using the E(D)P-M protocol compared to a treatment group who received streptozotocin combined with mitotane, with a progression-free survival of 5.5 versus 2.1 months [START_REF] Fassnacht | Combination chemotherapy in advanced adrenocortical carcinoma[END_REF]. Later, a phase II trial looking at the combination of cisplatin and docetaxel, as first-line chemotherapy, reported a progression-free survival of 3 months and a partial response in 21% of cases [START_REF] Urup | Treatment with docetaxel and cisplatin in advanced adrenocortical carcinoma, a phase II study[END_REF]. However, none of the patients in this study showed a complete response, thus this treatment modality was not retained as first-line chemotherapy.

Current recommendations for management of ACC suggest 2nd line therapies for those patients who show progression after the E(D)P-M protocol [START_REF] Fassnacht | European Society of Endocrinology Clinical Practice Guidelines on the management of adrenocortical carcinoma in adults, in collaboration with the European Network for the Study of Adrenal Tumors[END_REF]. Two cytotoxic agents are suggested for 2nd line chemotherapy, streptozotocin combined with mitotane [START_REF] Fassnacht | Combination chemotherapy in advanced adrenocortical carcinoma[END_REF] and the combination of gemcitabine/capecitabine ± combination with mitotane [START_REF] Henning | Gemcitabine-based chemotherapy in adrenocortical carcinoma: a multicenter study of efficacy and predictive factors[END_REF]. However, even though some patients have benefited from long term tumoral control, these two modalities of 2nd line therapy have been disappointing in terms of efficacy, with the rate of objective tumoral response being < 10% and the median progression-free survival < 4 months. Local treatments (surgery, radiotherapy, chemoembolization, radiofrequency ablation. . .) should be preferred, if possible, in cases of lesions that are accessible and disease that is not already very metastatic (even before commencing systemic treatment). This has been recently suggested by a retrospective single center study that included patients with advanced/metastatic ACC. The study showed an increase in overall progression-free survival in patients who had surgical removal of residual tumor after treatment with EDP-M, compared to those who had chemotherapy alone [START_REF] Laganà | Efficacy of the EDP-M scheme plus adjunctive surgery in the management of patients with advanced adrenocortical carcinoma: the Brescia Experience[END_REF].

More recently, an Italian retrospective multicenter study evaluated the efficacy of temozolomide in 28 patients with metastatic ACC who had failure of first-, second-or third-line treatment. This study showed encouraging results, with progression-free survival of 3.5 months, and an overall survival of 7.2 months [START_REF] Cosentini | Activity and safety of temozolomide in advanced adrenocortical carcinoma patients[END_REF].

Data concerning efficacy of adjuvant chemotherapy in patients with ACC are scarce. Recently, in a retrospective study including 577 patients with adrenalectomy (389 patients with adrenalectomy alone and 188 patients receiving adjuvant chemotherapy with no precise data on the type of chemotherapy, duration. . .), no correlation between adjuvant chemotherapy and overall survival was evidenced [START_REF] Asadi | Analysis of adjuvant chemotherapy in patients undergoing curative-intent resection of localized adrenocortical carcinoma[END_REF]. This clearly emphasizes the need to have a clearcut protocol to determine whether patients could benefit from early chemotherapy in ACC.

New therapeutic modalities: Targeted therapies and Immunotherapy

Targeted therapies

Tyrosine kinase inhibitors (TKI)

Receptor tyrosine kinases (RTK), possess a ligand binding extracellular domain, a transmembrane domain permitting signal transduction and an intracellular kinase domain that is involved in phosphorylation of tyrosine residues of the receptor itself, and as a consequence, its activation. Activation of RTKs induces a cascade of signalling (via phosphorylation) which leads to the activation of transcription factors which regulate cell growth and differentiation. Selective tyrosine kinase inhibitors exist, as well as multi-tyrosine kinase inhibitors, which can be used as anti-cancer drugs.

Multi-tyrosine kinase inhibitors (mTKI).

Tumoral neoangiogenesis is a well-established therapeutic target in numerous cancers. The majority of mTKIs currently in use target vascular endothelial growth factor (VEGF) and its receptor (VEGFR2), and also generally inhibit other kinases, such as those of platelet derived growth factor receptors (PDGFR), the epidermal growth factor receptor (EGFR) and fibroblast growth factor receptor (FGFR), to varying degrees. ACCs often show a clear over-expression of VEGF and of its receptor VEGFR2 [START_REF] Mariniello | Combination of sorafenib and everolimus impacts therapeutically on adrenocortical tumor models[END_REF][START_REF] Kroiss | Sunitinib inhibits cell proliferation and alters steroidogenesis by down-regulation of HSD3B2 in adrenocortical carcinoma cells[END_REF], suggesting it may be beneficial to use mTKI in these patients.

Sorafenib and sunitinib have been evaluated as therapies in the management of ACC: in fact, preclinical data suggests efficacy of these two mTKIs [START_REF] Mariniello | Combination of sorafenib and everolimus impacts therapeutically on adrenocortical tumor models[END_REF][START_REF] Kroiss | Sunitinib inhibits cell proliferation and alters steroidogenesis by down-regulation of HSD3B2 in adrenocortical carcinoma cells[END_REF]. However, a phase II study which included 9 patients with advanced ACC, treated with metronomic chemotherapy using sorafenib and paclitaxel, was interrupted early due to early progression of the disease in all 9 patients [START_REF] Berruti | Phase II study of weekly paclitaxel and sorafenib as second/third-line therapy in patients with adrenocortical carcinoma[END_REF]. Additionally, in the phase II SIRAC trial, only 5 of 35 patients with ACC who showed disease progression after first-line treatment, showed stable disease at the first evaluation 12 weeks after treatment initiation, and the median disease-free survival was 2.8 months [START_REF] Kroiss | Sunitinib in refractory adrenocortical carcinoma: a phase II, single-arm, open-label trial[END_REF].

Cabozantinib is an inhibitor of c-MET, VEGFR2, AXL and RET and has been recommended for use in several solid cancers. A multicenter study, including 16 patients with ACC, has recently been published [START_REF] Kroiss | Objective response and prolonged disease control of advanced adrenocortical carcinoma with cabozantinib[END_REF]. This study showed an objective tumoral response in 3 patients as well as progression free survival of more than 4 months in 8 patients, suggesting significant clinical efficacy.

Currently, two phase II trials of cabozantinib in patients with ACC are in the process of patient recruitment in Europe (NCT03612232) and the United States (NCT03370718).

Selective tyrosine kinase inhibitors (TKI). It has been shown

that dysregulation of the FGF signalling pathway is associated with tumor development as well as tumor progression. Amplification of the FGFR1 gene, shown using comparative genomic hybridization, has been described in 10.7% of patients with ENS@T stage III-IV ACC [START_REF] Martino | Molecular screening for a personalized treatment approach in advanced adrenocortical cancer[END_REF]. In addition, over-expression of mRNA for both FGFR2 and FGFR4 has been demonstrated in patients with ACC compared to patients with adrenocortical adenomas [START_REF] Giordano | Molecular classification and prognostication of adrenocortical tumors by transcriptome profiling[END_REF].

To date, only deranzantinib (ARQ087), a pan-FGFR inhibitor has been evaluated in a phase I trial on 4 patients with ACC. Of these 4 patients, 2 presented with stable disease of over one year [START_REF] Papadopoulos | A phase 1 study of ARQ 087, an oral pan-FGFR inhibitor in patients with advanced solid tumours[END_REF].

Regarding the EGF signalling pathway, over-expression of membrane EGFR has been reported in 36% of ACC [START_REF] Adam | Epidermal growth factor receptor in adrenocortical tumors: analysis of gene sequence, protein expression and correlation with clinical outcome[END_REF], and a reduction in cell viability was observed in primary cultures of ACC cells after inhibition of the EGFR pathway [START_REF] Gagliano | Inhibition of epithelial growth factor receptor can play an important role in reducing cell growth and survival in adrenocortical tumors[END_REF]. However, neither of the two TKIs that are specific for EGFR (erlotinib and gefitinib) showed any clinical benefit in patients with advanced ACC [START_REF] Quinkler | Treatment of advanced adrenocortical carcinoma with erlotinib plus gemcitabine[END_REF].

Insulin-like growth factor (IGF) pathway inhibitors

The IGF signalling pathway plays a major role in the regulation of various adrenal functions and is one of the signalling pathways that is most frequently altered in ACC [START_REF] Altieri | The role of insulin-like growth factor system in the adrenocortical tumors[END_REF]. IGF-2, IGF-1 receptor (IGF-1R) as well as the insulin receptor (IR), are frequently overexpressed in ACC [START_REF] Martino | IGF and mTOR pathway expression and in vitro effects of linsitinib and mTOR inhibitors in adrenocortical cancer[END_REF], leading to an autocrine/paracrine regulatory loop in which IGF-2, by its action of stimulating IGF-1R and IR which in turn activate the IGF signalling pathway, stimulates cell proliferation, motility and survival [START_REF] Altieri | The role of insulin-like growth factor system in the adrenocortical tumors[END_REF].

NVP-AEW541, a selective inhibitor of IGF-1R and cixutumumab, a monoclonal antibody directed against IGF-1R, reduce the prolifer-ation of the NCI-H295R cell line in vitro, and equally in xenografted mouse models [START_REF] Barlaskar | Preclinical targeting of the type I insulin-like growth factor receptor in adrenocortical carcinoma[END_REF][START_REF] Almeida | Expression of insulin-like growth factor-II and its receptor in pediatric and adult adrenocortical tumors[END_REF]. However, a randomised phase III trial comparing linsitinib, a specific IGF-1R and IR inhibitor, to placebo showed no efficacy in improving progression-free survival nor on overall survival in ACC [START_REF] Fassnacht | Linsitinib (OSI-906) versus placebo for patients with locally advanced or metastatic adrenocortical carcinoma: a double-blind, randomised, phase 3 study[END_REF].

Interestingly, metformin, which is widely used in current clinical practice in the management of type 2 diabetes, interacts with the IGF-1R signalling pathway and can also have a direct anti-tumoral effect. Specifically, one study has shown an anti-proliferative effect on ACC cell lines (NCI-H295R) in vitro and in vivo in mouse xenograft models [START_REF] Poli | Metformin as a new anti-cancer drug in adrenocortical carcinoma[END_REF]. However, to date, clinical data evaluating the efficacy of metformin in management of ACC has not been reported.

Mammalian target of rapamycin (mTOR) signalling pathway

Dysregulation of the mTOR signalling pathway has been reported in patients with ACC and the use of mTOR inhibitors (sirolimus, everolimus and temsirolimus), alone or in combination with mitotane, has shown anti-proliferative effects, both in vitro and in vivo [START_REF] Martino | IGF and mTOR pathway expression and in vitro effects of linsitinib and mTOR inhibitors in adrenocortical cancer[END_REF].

However, only few studies have evaluated the clinical efficacy of mTOR inhibitors in ACC, and these showed no benefit [START_REF] Naing | Phase I trial of cixutumumab combined with temsirolimus in patients with advanced cancer[END_REF][START_REF] Ganesan | Phase I clinical trial of lenalidomide in combination with temsirolimus in patients with advanced cancer[END_REF].

Sterol-O-acetyltransferase (SOAT1) inhibitors

Nevanimib (ATR-101) is a new SOAT1 inhibitor, which is adrenal specific. This drug has been shown, in a preclinical study, to inhibit adrenocortical steroidogenesis at low doses and to cause adrenolysis at high doses. Nevanimib has been evaluated in the setting of a phase I study including 63 patients with metastatic ACC. No patients showed either a complete or partial response. Twentyseven percent of patients who had imaging at 2 months showed stable disease, and 4 patients showed stable disease at > 4 months [START_REF] Smith | A phase 1 study of nevanimibe HCl, a novel adrenal-specific sterol Oacyltransferase 1 (SOAT1) inhibitor, in adrenocortical carcinoma[END_REF].

Immunotherapy

Preclinical data on the benefit of the use of immunotherapy in management of ACC is scarce. In other types of cancer, three principal markers of response to treatment are used, these being expression of PD-1 and PD-L1, microsatellite instability (MSI) and somatic mutations. Here, we present the few trials that have evaluated the efficacy of immunotherapy in ACC.

PD-1 antagonists

The use of pembrolizumab, a programmed death-1 (PD-1) antagonist, is approved by the Federal Drug Agency (FDA) for the treatment of tumors presenting with MSI, independent of their histological profile. This approval is based on therapeutic trials that reported an objective response rate of around 40% in this patient population [START_REF] Marcus | FDA approval summary: pembrolizumab for the treatment of microsatellite instability-high solid tumors[END_REF].

Recently, a phase 2 study (NCT02673333) evaluated the clinical efficacy of pembrolizumab (200 mg every three weeks) in 39 patients with advanced ACC, independent of their previous treatment [START_REF] Raj | PD-1 blockade in advanced adrenocortical carcinoma[END_REF]. The objective response rate on pembrolizumab was 23% and the disease control rate was 52%, median progressionfree survival was 2.1 months and the median overall survival was 24.9 months. The expression of PD-1 and presence of MSI were not correlated to the objective response rate.

A second phase 2 multicenter single-arm study (NCT02720484) of 10 patients with metastatic ACC treated with nivolumab, gave disappointing results with a median progression-free survival of 1.8 months [START_REF] Carneiro | Nivolumab in metastatic adrenocortical carcinoma: results of a phase 2 trial[END_REF].

Additionally, a recent retrospective multicenter study evaluated the efficacy of a combination of pembrolizumab/lenvatinib and showed encouraging results, notably with a median progressionfree survival of 5.5 months [START_REF] Bedrose | Combined lenvatinib and pembrolizumab as salvage therapy in advanced adrenal cortical carcinoma[END_REF]. Evaluating therapeutic approaches that use a combination of drugs may be of interest, potentially allowing these aggressive tumors to be controlled through treatment that targets several pathways simultaneously.

PD-L1 antagonists

A phase 1b study (NCT01772004) has evaluated the efficacy of avelumab in 50 patients with metastatic ACC. The objective response rate was 6%, with a median progression-free survival of 2.6 months and a median overall survival of 10.6 months. Twelve tumors showed over-expression of PD-L1 while 30 tumors did not over-express PD-L1, with the objective tumoral response rates being 16.7% vs. 3.3%, respectively [START_REF] Tourneau | Avelumab in patients with previously treated metastatic adrenocortical carcinoma: phase 1b results from the JAVELIN solid tumor trial[END_REF].

The modest results observed with immunotherapy may be linked, in part, to an immunodepletion in these patients, possibly related to the local production of glucocorticoids by the tumor. Thus, the use of an adjuvant therapy aimed at reducing the local production of glucocorticoids might improve the response of ACC to immunotherapy [START_REF] Landwehr | Interplay between glucocorticoids and tumor-infiltrating lymphocytes on the prognosis of adrenocortical carcinoma[END_REF].

Perspectives: future molecular targets

Recent pan-genomic approaches have led to the identification of genetic alterations in ACC, which could represent potential therapeutic targets of choice, but might also allow better characterization of the aggressiveness of some tumors whose prognosis is unclear at diagnosis (when defined by classical markers such as Ki-67 and ENS@T stage) [START_REF] Assié | Integrated genomic characterization of adrenocortical carcinoma[END_REF][START_REF] Martino | Molecular screening for a personalized treatment approach in advanced adrenocortical cancer[END_REF][START_REF] Zheng | Comprehensive pan-genomic characterization of adrenocortical carcinoma[END_REF]. These data are summarised in comprehensive reviews by Crona and Beuschlein and Altieri et al. [START_REF] Crona | Adrenocortical carcinoma -towards genomics guided clinical care[END_REF][START_REF] Altieri | Next-generation therapies for adrenocortical carcinoma[END_REF]. Here, we will concentrate on the genes that have aroused the most interest and comprehensively describe their in vitro, preclinical and clinical data and their potential impact in future management of ACC.

Inhibitors of the Wnt/ˇcatenin signalling pathway

The Wnt/␤catenin signalling pathway plays an integral role in the development of numerous organs, notably the adrenal gland. Somatic mutations that are activating the CTNNB1 gene, which codes for ␤catenin (p.S45B) were found in 40% of ACC cases [START_REF] Assié | Integrated genomic characterization of adrenocortical carcinoma[END_REF]. Concomitant appearance of alterations in the Wnt pathway and inactivation of TP53, induced in a transgenic mouse model, resulted in adrenocortical carcinomas in the mice that were particularly aggressive in terms of metastasis, suggesting the potential interest of molecular targeting of these two pathways (Wnt/␤catenin and P53) as a new therapeutic approach [START_REF] Borges | Wnt/␤-catenin activation cooperates with loss of p53 to cause adrenocortical carcinoma in mice[END_REF]. Additionally, other types of alterations can occur that lead to an over-activation of the Wnt/␤catenin pathway, one of the most frequent being a lossof-function mutation in ZNRF3, a tumor-suppressor gene with a negative regulatory role in the Wnt/␤catenin pathway. Blocking this signalling pathway has been shown to increase apoptosis as well as block steroidogenesis in ACC cells expressing the pS54P mutation in vitro [START_REF] Leal | Inhibition of the Tcf/beta-catenin complex increases apoptosis and impairs adrenocortical tumor cell proliferation and adrenal steroidogenesis[END_REF]. Mice lacking ZNRF3 develop adrenocortical carcinomas, with the pro-tumoral effect of WNRF3 inactivation occurring through the action of the protein Porcupine, which plays a key role in the secretion of Wnt ligands [START_REF] Basham | A ZNRF3-dependent Wnt/␤-catenin signaling gradient is required for adrenal homeostasis[END_REF]. Porcupine inhibitors are in the process of being developed, with the aim of treating ACC carrying a ZNRF3 mutation. Recently, a study exploring the repurposing of drugs (an emerging concept where new indications are found for old drugs), identified a molecule with an anti-cancer effect that act through inhibition of the Wnt/␤catenin signalling pathway. Rottlerin, a natural polyphenol isolated from the Asian tree Mallotus philippensis, inhibits proliferation and induces apoptosis in cell lines derived from ACC as well as in mouse xenograft models [START_REF] Zhu | Rottlerin as a novel chemotherapy agent for adrenocortical carcinoma[END_REF].

Inhibitors of the cyclin-dependent kinase (CDK) signalling pathway

The cell cycle is regulated by several key proteins, notably by cyclin-dependent kinases (CDK), which are targets for cell cycle checkpoint inhibitors that have recently been discovered.

Several studies have reported that alterations in the oncogene CDK4 may be frequent in ACC, with a prevalence of between 7% and 40% [START_REF] Assié | Integrated genomic characterization of adrenocortical carcinoma[END_REF][START_REF] Martino | Molecular screening for a personalized treatment approach in advanced adrenocortical cancer[END_REF][START_REF] Zheng | Comprehensive pan-genomic characterization of adrenocortical carcinoma[END_REF][START_REF] Crona | Adrenocortical carcinoma -towards genomics guided clinical care[END_REF][START_REF] Ross | Next-generation sequencing of adrenocortical carcinoma reveals new routes to targeted therapies[END_REF]. Over-expression of CDK4 has also been shown at the protein level in ACC [START_REF] Liang | Targeted gene expression profile reveals CDK4 as therapeutic target for selected patients with adrenocortical carcinoma[END_REF]. These observation suggest a potential role for CDK4/6 inhibitors, such as palbociclib, ribociclib and abemaciclib, as promising candidates for management of ACC. Additionally, palpociclib has been shown to have an effect on cell viability in cell lines derived from ACC (NCI-H295R, SW13 and MUC1) as well as in primary cultures [START_REF] Liang | Targeted gene expression profile reveals CDK4 as therapeutic target for selected patients with adrenocortical carcinoma[END_REF][START_REF] Hadjadj | A hypothesis-driven approach identifies CDK4 and CDK6 inhibitors as candidate drugs for treatments of adrenocortical carcinomas[END_REF][START_REF] Fiorentini | Palbociclib inhibits proliferation of human adrenocortical tumor cells[END_REF]. Palbociclib is currently approved by the FDA for use in treatment of locally advanced and metastatic breast cancers, with an acceptable level of toxicity. It would be of interest to investigate this drug as a potential novel therapeutic option for the treatment of ACC.

Inhibitors of the Notch signalling pathway

Genomic alterations in genes of the signalling pathway for Notch (gain of copy number for JAG1 and NOTCH1) are frequently identified in ACC [START_REF] Lippert | Targeted molecular analysis in adrenocortical carcinomas: a strategy toward improved personalized prognostication[END_REF][START_REF] Ronchi | Single nucleotide polymorphism array profiling of adrenocortical tumors -evidence for an adenoma carcinoma sequence?[END_REF]. Additionally, over-expression of proteins of the Notch pathway, JAG1, activated NOTCH1 and HEY2, have also been reported in ACC compared to normal adrenal tissue or adrenocortical adenoma [START_REF] Ronchi | Notch1 pathway in adrenocortical carcinomas: correlations with clinical outcome[END_REF]. This suggests a role for this signalling pathway in tumorigenesis. Clinical trials have tested several gamma-secretase inhibitors (GSI), which inhibit the Notch pathway by blocking cleavage of the transmembrane domain of Notch, in various solid tumors though not specifically in ACC [START_REF] Cook | A phase I trial of the ␥-secretase inhibitor MK-0752 in combination with gemcitabine in patients with pancreatic ductal adenocarcinoma[END_REF]. Future studies are thus needed to explore the role of GSI in patients with ACC. Neurofibromin 1 (NF1) is a protein that plays a role in an inhibitory pathway of the proto-oncogene RAS. In fact, an alteration in NF1 leads to over-activation of the Ras/Raf/MEK/ERK pathway that has been implicated in tumorigenesis. Neurofibromatosis type 1 (NF1) is a neuro-cutaneous syndrome that predisposes subjects to several benign and/or malignant tumors. Adrenocortical carcinoma has been reported only rarely in patients presenting with NF1. In sporadic ACC, mutations in NF1 that lead to a loss of function have been observed in around 10% of cases [START_REF] Assié | Integrated genomic characterization of adrenocortical carcinoma[END_REF][START_REF] Lippert | Targeted molecular analysis in adrenocortical carcinomas: a strategy toward improved personalized prognostication[END_REF][START_REF] Zheng | Comprehensive pan-genomic characterization of adrenocortical carcinoma[END_REF]. This data is of interest since NF1 could represent a therapeutic target for MAPK/ERK signalling pathway inhibitors (MEKi). Additionally, it has been shown that inhibition of MEK1 by PD184352 significantly reduces cell proliferation as well as steroidogenesis in the H295R ACC cell line [START_REF] Pereira | MAPK/ERK pathway inhibition is a promising treatment target for adrenocortical tumors[END_REF]. Further studies are now required to evaluate the potential role of MEKi in ACC.

BRAF

The serine/threonine kinase B-Raf plays a key role in the Ras/Raf/MEK/ERK signalling pathway. Activating mutations of the proto-oncogene BRAF have been found in numerous cancers. It has been shown, using DNA sequencing data, that activating mutations of BRAF are present in 2% to 6% of the ACC cases that have been studied [START_REF] Assié | Integrated genomic characterization of adrenocortical carcinoma[END_REF][START_REF] Zheng | Comprehensive pan-genomic characterization of adrenocortical carcinoma[END_REF][START_REF] Kotoula | Mutational analysis of the BRAF, RAS and EGFR genes in human adrenocortical carcinomas[END_REF]. This observation is of interest since the V600E BRAF mutation represents a therapeutic target for BRAF inhibitors. In fact, vemurafenib, lencorafenib and dabrafenib have been approved by the FDA for the treatment of metastatic melanomas that carry the V600E BRAF mutation. Therefore, specific inhibitors of the Ras/Raf/MEL/ERK pathway could be candidates for future clinical trials in patients with ACC who are carefully selected based on their BRAF mutation status.

PARP inhibitors

Genes that play a role in DNA repair (DNA damage repair genes, DDR) play a key role in maintaining genomic stability. Conversely, alterations in DNA repair mechanisms are involved in tumorigenesis, tumor progression and the response to therapy. Drugs that inhibit the protein, poly ADP-ribose polymerase (PARP1) can cause multiple breaks in double-stranded DNA and, in tumors expressing BRCA1, BRCA2 or PALB2 mutations, these double-strand breaks, which cannot be repaired, result in cellular apoptosis. PARP inhibitors are approved by the FDA for treatment of solid tumors with germline mutations in BRCA (olaparib and rucaparib for ovarian carcinomas, talazoparib for breast cancer). Additionally, a deficit in ATM, a protein kinase that plays a key role in DNA repair mechanisms secondary to double-strand breaks, has been reported to be associated with increased efficacy of olaparib in a number of cancers [START_REF] Guo | The efficacy and safety of olaparib in the treatment of cancers: a meta-analysis of randomized controlled trials[END_REF]. In ACC, somatic mutations in BRCA1, BRCA2 and ATM have been reported in around 4% of cases [START_REF] Crona | Adrenocortical carcinoma -towards genomics guided clinical care[END_REF]. However, there have been no reported preclinical studies, to date, evaluating the efficacy of PARPi in ACC. A very recent study has evaluated the potential benefit of 90 Y-177 Lu-DOTATOC as peptide receptor radionuclide therapy (PRRT) in 19 patients with advanced ACC. Initially, only the patients presenting with strong tumoral uptake of 68 Ga-DOTATOC, indicating an over-expression of somatostatin receptors, showed a treatment benefit. Two patients (11%) were therefore treated with PRRT and showed stable disease for 4 and 12 months, respectively [START_REF] Grisanti | Treatment with 90Y/177Lu-DOTATOC in patients with metastatic adrenocortical carcinoma expressing somatostatin receptors[END_REF]. PRRT, through its interaction with somatostatinergic receptors, could thus represent a treatment option in patients with ACC who are pre-selected based on specific imaging characteristics.

Conclusion

A great deal of research has been carried out with the aim of finding new therapies for the management of advanced ACC. However, to date, results of these studies have been disappointing, and treatment with mitotane, with or without addition of E(D)P chemotherapy, remains the standard therapy. To explain this lack of success, it is well-established that ACC is a highly heterogeneous disease, and for this reason therapeutic approaches targeting single disease mechanisms may have failed. In order to remedy this, our understanding of the heterogeneity of the disease, at a molecular level, needs to be rapidly improved. Therapeutic approaches that use drugs in combination need to be evaluated in the hope of stopping these aggressive tumors by simultaneously targeting multiple pathways. Another possible explanation for the failure of novel therapies is that several of them (including all of the TKI drugs) are metabolised by CYP3A4 and that even minimal concentrations of mitotane are sufficient to reduce the efficacy of these therapies [START_REF] Takeshita | Mitotane induces CYP3A4 expression via activation of the steroid and xenobio-tic receptor[END_REF][START_REF] Kroiss | Drug interactions with mitotane by induction of CYP3A4 metabolism in the clinical management of adrenocortical carcinoma[END_REF]. Lastly, it is important that viable predictive biomarkers are identified which will facilitate truly personalised treatments for this rare disease. Such research projects will succeed only when they are carried out as part of a multicentric effort, as part of ENDOCAN-COMETE and ENS@T.
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