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ABSTRACT

In a recent article, Bisogno et al. (Lancet Oncol, 2019) reported that in a randomized trial, the addition of metronomic maintenance therapy (MMT) with vinorelbine and cyclophosphamide for children with rhabdomyosarcoma resulted in a significant increase in overall and event-free survival. While the mechanism of action remains to be fully elucidated, this study paves the way for further evaluation of MMT as potential therapeutic strategy in paediatric patients with high risk disease. TEXT According to the U.S. National Cancer Institute's, maintenance therapy is defined as a "Treatment that is given to help keep cancer from coming back after it has disappeared following the initial therapy." The aim of maintenance treatment in many advanced or high risk cancers is to prolong survival while maintaining the patient's quality of life". Therefore, maintenance therapy requires minimal drug toxicity to ensure extended duration of therapy. Metronomic chemotherapy (MC) given frequently or continuously for extended periods of time matches the pharmacological definition of maintenance therapy [START_REF] André | Metronomics: towards personalized chemotherapy?[END_REF].

Building on previous experience with maintenance [START_REF] Klingebiel | Treatment of children with metastatic soft tissue sarcoma with oral maintenance compared to high dose chemotherapy: report of the HD CWS-96 trial[END_REF] and MC with vinorelbine [START_REF] Minard-Colin | Phase II study of vinorelbine and continuous low doses cyclophosphamide in children and young adults with a relapsed or refractory malignant solid tumour: good tolerance profile and efficacy in rhabdomyosarcoma--a report from the Société Française des Cancers et leucémies de l'Enfant et de l'adolescent (SFCE)[END_REF] in rhabdomyosarcoma, Bisogno and colleagues recently reported the results of a randomized trial that evaluated a 6-month metronomic maintenance therapy (MMT) of weekly intra-venous vinorelbine and daily oral cyclophosphamide in 371 paediatric patients with non-metastatic high-risk rhabdomyosarcoma [START_REF] Bisogno | Vinorelbine and continuous low-dose cyclophosphamide maintenance chemotherapy in patients with high-risk rhabdomyosarcoma[END_REF]. Interestingly, the addition of the MMT has led to a statistical increase in both Event Free Survival (69.8 % vs 77.8%; p =0.05) and Overall Survival (73.5% vs 86.3%; p= 0.01). Of note, no clinical co-variables i.e. age, histological subtypes, and tumour size, tumour site, IRS, local nodal involvement help identifying which patients were more likely to benefit from the maintenance treatment.

These results appoint to a new standard of care for rhabdomyosarcoma, and pave the way to further explore this treatment strategy in other tumour types, at least in paediatric patients. While MMT is a simple and old concept for the treatment of several diseases including acute lymphoblastic leukaemia (ALL) [START_REF] Bisogno | Vinorelbine and continuous low-dose cyclophosphamide maintenance chemotherapy in patients with high-risk rhabdomyosarcoma[END_REF]), in the era of modern and expensive immunotherapy hype, such treatment modality is refreshing as it is inexpensive, non-toxic, and has demonstrated therapeutic benefit for cancer patients

The therapeutic results of the MMT in this study raised several questions, some of which are related to the clinical pharmacological parameters that should be further explored, as outlined below:

Choice of drug combination: The authors have chosen to use 2 different anticancer agents (vinorelbine and cyclophosphamide), but topoisomerase inhibitors such as etoposide, irinotecan or alkylating agents such as trofosfamide could also be used for MMT, as previously successfully reported [START_REF] André | Metronomics: towards personalized chemotherapy?[END_REF][START_REF] Klingebiel | Treatment of children with metastatic soft tissue sarcoma with oral maintenance compared to high dose chemotherapy: report of the HD CWS-96 trial[END_REF]. Similarly, in ALL the maintenance therapy phase relies on the administration of vincristine, purinethol, methotrexate and steroids [5]. Furthermore, in paediatric patients with high-risk brain tumours, rotating combinations of chemotherapy (etoposide, cyclophosphamide, temozolomide) and repurposed drugs (valproic acid, celecoxib, retinoic acid) as a maintenance therapy after high-dose chemotherapy have been used [START_REF] Choi | Feasibility of metronomic maintenance chemotherapy following high-dose chemotherapy for malignant central nervous system tumors[END_REF]. Thus, preclinical and clinical studies should focus on the proper combinations to be used in MMT.

Duration of treatment:

In children with ALL the duration of maintenance therapy has progressively decreased over time following the results of several trials. Yet, it is currently longer than the duration of maintenance therapy tested in high-risk rhabdomyosarcoma. It is plausible that the establishment of an optimal duration can be achieved according to patient's tumour burden or risk. For instance, maintenance therapy longer than 1-year is being tested in very high-risk rhabdomyosarcoma patients. This maintenance is therefore twice longer than the maintenance reported by Bisogno and colleagues in non-metastatic high-risk rhabdomyosarcoma patients, suggesting that a long maintenance may be required for more severe disease.

Drug dose:

Improving efficacy could also rely on adapted dosing. For instance, in patients with ALL, genome-wide association studies have identified a link between mutations in TMPT or NUD15 and mercaptopurine dosing. Increased toxicity was observed in mutated patients during maintenance. More specifically, individualized purinethol dosing can be used after genotyping to minimize adverse effects without compromising overall treatment outcomes [5]. Therefore, further exploring the genetic determinants of cyclophosphamide and/or navelbine PK/PD may shed light on drug dosing in specific patient population like rhabdomyosarcoma. Elsewhere, dosing could be optimized through computational pharmacology as already carried out in silico and in vivo with metronomic gemcitabine [START_REF] Ciccolini | Pharmacokinetics and Pharmacodynamics-Based Mathematical Modeling Identifies an Optimal Protocol for Metronomic[END_REF] To advance the use of MMT there is a need to better understand its mechanisms of action, that may lead to identification of new targeted agents, anti-angiogenics or immunotherapies to strengthen efficacy, duration of response, and overcome resistance. In their paper, the author only mentioned once the term metronomic but coining the term 'metronomic' to this maintenance therapy approach may help gaining mechanistic insights on how such therapy actually works. Indeed, although initially reported to be an anti-angiogenic treatment, MC is now recognized as a multi-targeted therapy acting on the tumor and on the stromal cells of the tumor microenvironment.

MC has antiangiogenic properties, and it is recognized as an immunomodulatory agent. In addition, it has been shown to directly target cancer cells and cancer stem cells [START_REF] Shaked | Balancing efficacy of and host immune responses to cancer therapy: the yin and yang effects[END_REF]. Therefore MC can be used as a maintenance therapy to overcome resistance and relapse. Another aspect of the mechanisms by which MC acts against tumors is by inhibiting the pro-tumorigenic effects of standard dose chemotherapy. Maximum tolerated dose (MTD) chemotherapy has anti-tumor activity, but recent studies demonstrated that it also generates pro-tumorigenic effects that in turn contribute to tumor relapse and metastasis, in a process termed 'host response to cancer therapy' [START_REF] André | Metronomic Chemotherapy: Direct Targeting of Cancer Cells after all Trends[END_REF]. It has been shown that MC opposes the host effects generated following MTD, and thus a chemo-switch regimen or MMT can improve the therapeutic outcome of standard chemotherapy [START_REF] André | Metronomic Chemotherapy: Direct Targeting of Cancer Cells after all Trends[END_REF]. The different mechanisms of MC are demonstrated in Figure 1.

It is therefore critical that future trials investigate the role of MMT not only in pediatric rhabdomyosarcoma but also for in tumour of pediatric and adult types. For instance, studies of colorectal cancer patients initially treated with standard dose of capecitabine, oxaliplatin and bevacizumab, that were put on a MMT regimen of low-dose capecitabine with bevacizumab showed a significant PFS and no alteration of quality of life (CAIRO3 study) [START_REF] Simkens | Maintenance treatment with capecitabine and bevacizumab in metastatic colorectal cancer(CAIRO3): a phase 3 randomised controlled trial of the Dutch Colorectal Cancer Group[END_REF].

In forthcoming studies, incorporating ancillary measurements such as immunemonitoring, anti-angiogenic biomarkers, and circulating DNA, can help exploring the mechanisms of action of such maintenance therapy and help identifying patients who will most likely benefit from this treatment approach. 
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 1 Figure 1: Potential mechanism of action of the navelbine-cyclophosphamide metronomic maintenance therapy