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Introduction

The prognosis of patients who develop metastatic soft tissue sarcoma (STS) remains poor. Despite the best standard chemotherapy available (anthracyclines and ifosfamide), the median survival is only 12 months and long-term survival is observed in less than 10% of patients [1]. Therefore, new effective systemic treatments are urgently needed for this patient population.

There are several lines of evidence indicating that sarcomas are angiogenesis dependent. Sarcomas are known to express potent angiogenic factors [2, 3], which may play a crucial role in the formation of metastasis. For instance, studies in rhabdomyosarcoma have shown that higher levels of VEGF and MMP expression may contribute to a metastatic phenotype [4,5]. Therefore, tumor angiogenesis could be a crucial therapeutic target in soft tissue sarcoma patients.

Metronomic chemotherapy refers to the frequent, even daily, administration of cytotoxic agents at doses significantly less than the maximum-tolerated dose, with no prolonged rest periods [6]. Unlike traditional chemotherapy schedules, the main targets of which are presumed to be proliferating tumor cells, the main targets of metronomic chemotherapy are the endothelial cells of the growing vasculature of a tumor [7]. This ''anti-angiogenic'' effect, demonstrated in several preclinical models, result from the continuous exposure of the proliferating tumor endothelial cells to the cytotoxic drug, thereby limiting their opportunity to repair DNA damage. The therapeutic role of metronomic chemotherapy in soft tissue sarcomas has been suggested in preclinical studies demonstrating the efficacy and the safety of low-dose cyclophosphamide in rat and dog sarcoma models [8,9].

We report here a mono-institutional experience that tested the activity of a metronomic chemotherapy in metastatic soft tissue sarcoma patients.

Patients and methods

Patients

From 1995 to 2008, 746 patients all C15 years with a soft tissue sarcoma were admitted at Institut Bergonie (Bordeaux, France) for the management of a first tumor event and were included in the database of the French Sarcoma Group (GSF). For all patients, a histological review was performed by the members of the GSF pathological subcommittee. The histological diagnosis was established according to the World Health Organization Classification of Tumors [10]. The histological grade was determined after central review as previously described according to the Fe ´de ´ration Nationale des Centres de Lutte Contre le Cancer (FNCLCC) grading system [11]. One hundred and sixty-nine patients (23%) presented with metastatic disease during their clinical course. Among them, twenty-six patients received metronomic chemotherapy during the course of their disease. Their medical charts were reviewed by two independent investigators who were not involved in the care of the patients. This study was approved by the local ethics committee.

Treatment

Metronomic chemotherapy consisted of etoposide 100 mg/ day (fixed dose) orally for 21 consecutive days, repeated every 4 weeks. A blood cell count was performed every week. If neutrophils or platelets were below 1000/mm 3 or 100,000/mm 3 , respectively, treatment was delayed until recovery for a maximum of 2 weeks. If no recovery took place, a dose reduction was made from 100 to 75 or 50 mg. Treatment dose was also reduced in case of non-hematological grade 3 or 4 toxicity or persistent grade 2 toxicity despite adequate symptomatic treatment. The treatment was continued until patients experienced disease progression, unacceptable toxicity, or death.

Treatment evaluations

The best response to treatment was evaluated according to Response Evaluation Criteria in Solid Tumors [12]. Progression-free survival (PFS) was defined as the time from the start of metronomic chemotherapy until disease progression, death or last patient contact. Overall survival (OS) was defined as the time from the start of metronomic chemotherapy until death or last patient contact. National Cancer Institute Common toxicity Criteria (version 3.0) were used to classify adverse events.

Statistical analysis

The statistical analysis of baseline demographics and clinical outcome is based on all data available up to the cutoff date of June 30, 2009. Survival rates were estimated with the use of the Kaplan-Meier method. Descriptive statistics were used to show the distribution of variables in the population. Differences between groups were evaluated by the Chi square test or Fisher's exact test for categorical variables and t test for continuous variables. Prognostic factors were planned to be identified by univariate and multivariate analyses by using Cox regression model. Variables associated with PFS and/or OS with a P value \0.05 in the univariate analysis were planned to be included in the multivariate regression. Analyses were performed using SPSS 12.0 statistical software (IPSS Inc., Chicago, USA). All statistical tests were two sided, and P \ 0.05 indicated statistical significance.

Results

Patients (Table 1)

The study population included 26 patients. Their characteristics are described in Table 1. All but three received prior treatment with doxorubicin and/or ifosfamide in the adjuvant and/or metastatic setting. All the patients had documented progressive disease at initiation of treatment.

Treatment

In 7 cases, the starting dose of treatment differed from the fixed dose of 100 mg/day orally commonly used in the study period: 5 patients received a starting daily dose of 75 mg of etoposide, 2 patients a starting daily dose of 150 mg of etoposide. The median duration of treatment was 21 weeks (range 2 to 83).

Safety

The overall safety profile was favorable, two patients experienced grade 4 febrile neutropenia. One of them died of severe sepsis 2 weeks after starting etoposide at the daily dose of 100 mg. Eleven patients had grade 3 neutropenia, without any fever. Grade 3 thrombocytopenia was observed in two patients. Grade 3 non-hematological toxicity occurred in three patients (mucositis). A dose reduction, based on hematological toxicity, was applied in four patients who were initially treated with a starting dose of 100 mg (n = 3) or 75 mg (n = 1) of etoposide. Efficacy (Table 2; Fig. 1)

The median follow-up was 10 months (range 0.5-57). One patient (4%) had partial response and 11 patients (42%) had stable disease for more than 24 weeks. The clinical characteristics of patients who experienced clinical benefit (partial response or stable disease C24 weeks) are described in Table 2. The median PFS was 4.9 months [95% CI: 2.9; 7]. The 6-month and the 1-year PFS rates were 42% [95% CI: 23; 61] and 23% [95% CI: 7; 39], respectively. At the time of analysis, 25 patients had died and 1 was still alive. Twenty-four deaths were the result of sarcoma and one death was related to the treatment (severe sepsis) and 2 deaths were the result of other causes. The median OS was 9.8 months [95% CI: 6.4; 13.2]. The 6-month and the 1year OS rates were 69% [95% CI: 51; 87] and 31% [95% CI: 13; 49], respectively. Although advanced age, grade 3 and liver metastasis were associated with a trend for poor outcome in terms of PFS and OS, none of these factors reached statistical significance on univariate analysis (data not shown).

Discussion

Etoposide is supposed to have only a limited activity in STS when delivered in the context of a ''maximum-tolerated dose'' chemotherapy regimen [START_REF] Dombernowsky | VP-16 in advanced soft tissue sarcoma: a phase II study of the EORTC Soft Tissue and Bone Sarcoma Group[END_REF][START_REF] Bramwell | Cyclophosphamide versus ifosfamide: a randomized phase II trial in adult soft-tissue sarcomas. The European Organization for Research and Treatment of Cancer [EORTC], Soft Tissue and Bone Sarcoma Group[END_REF]. In this study, etoposide was not used as conventional cytotoxic drug but as anti-angiogenic agent. Indeed, preclinical studies of metronomic chemotherapy in cytotoxic-resistant tumor models have shown that tumor cell apoptosis is preceded by increased death of tumor-associated endothelial cells, indicating that endothelial cells are a primary target of metronomic chemotherapy [START_REF] Browder | Antiangiogenic scheduling of chemotherapy improves efficacy against experimental drug-resistant cancer[END_REF]. The exact mechanisms by which metronomic chemotherapy targets selectively endothelial cells are not yet fully understood. Several studies have shown that activated endothelial cells of newly formed blood vessels are highly and selectively sensitive to very low doses of various cytotoxic drugs such as etoposide, cyclophosphamide, methotrexate, paclitaxel, vinblastine, taxanes, doxorubicin, and 5-fluorouracil [START_REF] Twardowski | Biologic markers of angiogenesis: circulating endothelial cells in patients with advanced malignancies treated on phase I protocol with metronomic chemotherapy and celecoxib[END_REF][START_REF] Bocci | Protracted low-dose effects on human endothelial cell proliferation and survival in vitro reveal a selective antiangiogenic window for various chemotherapeutic drugs[END_REF]. Interestingly, recent data have suggested that this antiangiogenic effect of metronomic chemotherapy may be also mediated by the induction of the expression of the endogenous inhibitor of angiogenesis thrombospondin (TSP)-1 [START_REF] Bocci | Thrombospondin 1, a mediator of the antiangiogenic effects of low-dose metronomic chemotherapy[END_REF]. The objective of this study was to explore whether metronomic chemotherapy, the activity of which has been already observed in other solid tumor types [START_REF] Borne | Oral metronomic cyclophosphamide in elderly with metastatic melanoma[END_REF][START_REF] Samuel | Antiangiogenic (metronomic) chemotherapy for brain tumors: current and future perspectives[END_REF][START_REF] Nelius | Clinical outcome of patients with docetaxel-resistant hormone-refractory prostate cancer treated with second-line cyclophosphamide-based metronomic chemotherapy[END_REF][START_REF] Mancuso | Circulating endothelial-cell kinetics and viability predict survival in breast cancer patients receiving metronomic chemotherapy[END_REF][START_REF] Colleoni | Metronomic lowdose oral cyclophosphamide and methotrexate plus or minus thalidomide in metastatic breast cancer: antitumor activity and biological effects[END_REF][START_REF] Dellapasqua | Metronomic cyclophosphamide and capecitabine combined with bevacizumab in advanced breast cancer[END_REF][START_REF] Coleman | Prednisone, etoposide, procarbazine, and cyclophosphamide (PEP-C) oral combination chemotherapy regimen for recurring/refractory lymphoma: lowdose metronomic, multidrug therapy[END_REF][START_REF] Garcia | Phase II clinical trial of bevacizumab and low-dose metronomic oral cyclophosphamide in recurrent ovarian cancer: a trial of the California, Chicago, and Princess Margaret Hospital phase II consortia[END_REF][START_REF] Quintela-Fandino | Phase II trial of pharmacodynamically (PDally)-guided optimal biologic dose titration (OBDT) of sorafenib (S) in combination with metronomic cyclophosphamide (mC) in advanced neuroendocrine tumors (aNET)[END_REF], warrants further investigation in STS. There is accumulating evidence that antitumor activity of angiogenesis inhibitors is better reflected in terms of parameters of disease stabilization rather than by objective response. Therefore, the endpoint of progression-free survival was considered as a valuable alternative by the EORTC group to estimate the clinical activity of this type of agents. For patients with advanced STS who have failed for first-line therapy with anthracyclines and/or ifosfamide, agents that yielded a 6-month PFS rate greater than 20% deserve additional investigation [START_REF] Van Glabbeke | Progression-free rate as the principal end point for phase II trials in soft tissue sarcomas[END_REF]. Despite their retrospective nature, our results showing a 6-month PFS rate of 42% represent the first confirmation in adult STS of the preclinical data indicating a potential activity of metronomic chemotherapy. These results reproduce also those obtained in the pediatric setting. Indeed, a recent study evaluating the safety and efficacy of metronomic etoposide in children with advanced sarcoma has reported a clinical benefit rate of 43%, quite similar to that observed in our study [START_REF] Kebudi | Oral etoposide for recurrent/ progressive sarcomas of childhood[END_REF].

By showing a high clinical benefit rate in a heavily pretreated population who has failed the two most active agents in STS (doxorubin and ifosfamide), our data suggest the clinical relevance of targeting angiogenesis in STS. Three recent phase II trials including patients with advanced STS have reported the efficacy profile of multikinase angiogenesis inhibitors namely sorafenib, sunitinib, and pazopanib that targets, among other receptors, VEGF receptors and PDGF receptors and which represent an alternative way to inhibit angiogenesis in STS [START_REF] Sleijfer | Pazopanib, a multikinase angiogenesis inhibitor, in patients with relapsed or refractory advanced soft tissue sarcoma: a phase II study from the European organisation for research and treatment of cancer-soft tissue and bone sarcoma group (EORTC study 62043)[END_REF][START_REF] George | Multicenter phase II trial of sunitinib in the treatment of nongastrointestinal stromal tumor sarcomas[END_REF][START_REF] Maki | Phase II study of sorafenib in patients with metastatic or recurrent sarcomas[END_REF]. As observed with metronomic chemotherapy, these agents yield low objective response rates but showed a similar relevant antitumor activity in terms of PFS.

In our series, the safety profile of metronomic chemotherapy was acceptable. Thirteen patients have experienced at least one episode of grade 3 or 4 neutropenia during the course of the treatment. These data confirm that blood cell count should be closely monitored during metronomic chemotherapy. Indeed, release of endothelial progenitor cells (CEP) from the bone marrow into the circulation in response to cytotoxic agents has been largely documented [START_REF] To | The biology and clinical uses of blood stem cells[END_REF]. Recent data have demonstrated that maximum-tolerated dose cyclophosphamide mobilizes viable CEPs, whereas metronomic cyclophosphamide did not mobilize CEPs and, moreover, increased the frequency of apoptotic CEP [START_REF] Bertolini | Maximum tolerable dose and low-dose metronomic chemotherapy have opposite effects on the mobilization and viability of circulating endothelial progenitor cells[END_REF]. These results suggest that in addition to antiangiogenic mechanisms related to the direct cytotoxicity on endothelial cells of metronomic chemotherapy, an antivasculogenic process may also be involved that is mediated through effects on reducing CEP mobilization and viability. Therefore, the metronomic dose of chemotherapy should be adapted for each patient in order to deliver the highest dose that is not associated with clinical bone marrow perturbation. Further studies are needed in order to explore the role of new circulating endothelial cells assays to monitor metronomic chemotherapy in STS patients.

Altogether, our study indicates that metronomic chemotherapy has a good clinical index profile, with minimal toxicity and significant potential benefit and, thus, warrants further prospective investigation in STS. These prospective studies will have to answer several questions. Indeed, our data do not allow us to identify a subgroup of patients who are more likely to benefit from metronomic chemotherapy. The level of circulating endothelial cells and the serum VEGF were suggested to be relevant biomarkers for predicting the clinical response in patients undergoing metronomic chemotherapy in breast cancer patients [START_REF] Mancuso | Circulating endothelial-cell kinetics and viability predict survival in breast cancer patients receiving metronomic chemotherapy[END_REF][START_REF] Colleoni | Metronomic lowdose oral cyclophosphamide and methotrexate plus or minus thalidomide in metastatic breast cancer: antitumor activity and biological effects[END_REF] and should therefore be explored in STS patients. Moreover, whether the efficacy of metronomic chemotherapy could be increased by combining it with other antiangiogenic agents is a matter of interest. In a phase II clinical trial including ovarian cancer patients, co-administration of metronomic cyclophosphamide, and bevacizumab resulted in superior antitumor activity when compared with historic controls [START_REF] Garcia | Phase II clinical trial of bevacizumab and low-dose metronomic oral cyclophosphamide in recurrent ovarian cancer: a trial of the California, Chicago, and Princess Margaret Hospital phase II consortia[END_REF]. Promising results have also been recently reported in patients with neuroendocrine tumors treated with metronomic cyclophosphamide in combination with sorafenib [START_REF] Quintela-Fandino | Phase II trial of pharmacodynamically (PDally)-guided optimal biologic dose titration (OBDT) of sorafenib (S) in combination with metronomic cyclophosphamide (mC) in advanced neuroendocrine tumors (aNET)[END_REF]. Finally, the favorable safety profile of metronomic chemotherapy should lead to consider its role as a maintenance treatment after a conventional front-line therapy. Indeed, metronomic chemotherapy and conventional ''maximum-tolerated dose'' chemotherapy are not mutually exclusive and future studies have to determine the optimal way to use these two different approaches to improve survival of patients with advanced STS.
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Fig. 1

 1 Fig. 1 Kaplan-Meier curves of progression-free survival (a) and overall survival (b) for the overall population

Table 1

 1 Patients characteristics and patterns of treatment (n = 26)

	Characteristic	No. of patients
	Median age (years)	49
	Range	23-78
	Sex	
	Male	14
	Female	12
	Performance status (ECOG)	
	1	2 1
	2	5
	Metastatic disease	
	Synchronous	6
	Metachronous	20
	Sites of metastasis	
	Lung	20
	Liver	6
	Bone	2
	Brain	1
	Nodes/skin/soft tissue	9
	Histopathological subtype	
	Malignant fibrous histiocytoma	3
	Fibrosarcoma	3
	Liposarcoma	4
	Leiomyosarcoma	3
	Rhabdomyosarcoma	3
	Synovial sarcoma	5
	MPNST	1
	Unclassified sarcoma	3
	Myxoid chondrosarcoma	1
	FNCLCC grade	
	Grade 1	2
	Grade 2	10
	Grade 3	14
	Prior lines of chemotherapy	
	0	3
	1	1 4
	2	7
	3	1
	4	1

Table 2

 2 Characteristics of patients with clinical benefit from metronomic chemotherapy (n = 12)

	Characteristic	No. of patients	%
	Median age (years)	57	
	Range	27-76	
	Sex		
	Male	6	50
	Female	6	50
	Performance status (ECOG)		
	1	1 1	9 2
	2	1	8
	Metastatic disease		
	Synchronous	2	17
	Metachronous	10	83
	Sites of metastasis		
	Lung	8	67
	Liver	3	25
	Skin/soft tissue/nodes	5	51
	Histopathological subtype		
	Malignant fibrous histiocytoma	1	8
	Fibrosarcoma	1	8
	Liposarcoma	2	17
	Leiomyosarcoma	1	8
	Rhabdomyosarcoma	2	17
	Synovial sarcoma	3	25
	MPNST	1	8
	Myxoid chondrosarcoma	1	8
	FNCLCC grade		
	Grade 1	1	8
	Grade 2	5	42
	Grade 3	6	50
	Prior lines of chemotherapy		
	0	1	8
	1	6	5 0
	2	4	3 4
	4	1	8
	Metronomic regimen		
	Etoposide 100 mg/day	8	67
	Etoposide 75 mg/day	3	25
	Etoposide 150 mg/day	1	8
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