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An algorithm for chemotherapy treatment of recurrent glioma patients after temozolomide failure in the general oncology setting

Introduction

High-grade gliomas (WHO grade 3 and 4 gliomas), and especially glioblastoma, are among the most difficult cancers to treat with short survival and poor response to chemotherapeutic drug intervention [START_REF] Levin | Chemotherapy for brain tumors of astrocytic and oligodendroglial lineage: the past decade and where we are heading[END_REF]. The reasons for the poor efficacy of these agents include the bloodbrain barrier which forms a pharmacological sanctuary, the expression of multidrug resistance proteins in glioma tumor cells and associated capillaries [START_REF] Alexiou | Fotopoulos AD Influence of Glioma's Multidrug Resistance Phenotype on (99m)Tc-Tetrofosmin Uptake[END_REF], the genetic, molecular, and metabolic heterogeneity of glioma tumor cells [START_REF] Kyritsis | Mutations of the p16 gene in gliomas[END_REF], resistance mechanism to commonly used alkylating agents, and, possibly, defects of both humoral and cellular immunity [START_REF] Gousias | Frequent abnormalities of the immune system in gliomas and correlation with the WHO grading system of malignancy[END_REF]. Tumor stem cells that exist within malignant gliomas, may provoke glioma development, perpetuation, and resistance to chemotherapy and radiation, accounting for the failure of conventional therapies and emergence of tumor recurrence [START_REF] Hadjipanayis | Tumor initiating cells in malignant gliomas: biology and implications for therapy[END_REF]. In addition, radiation therapy, the primary treatment modality for gliomas, triggers several signal transduction pathways and toxic events to the tumor, such as direct DNA damage which can lead either to cell death or to mutations in the surviving tumor cells that might result in subsequent emergence of resistant clones and recurrence [START_REF] Kargiotis | Effects of irradiation on tumor cell survival, invasion and angiogenesis[END_REF].

In general, postoperative adjuvant radiation therapy and chemotherapy with the second-generation monofunctional alkylating agent temozolomide (TMZ) became the standard care for newly diagnosed malignant gliomas soon after its introduction [START_REF] Yung | Temozolomide in malignant gliomas[END_REF][START_REF] Stupp | Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma[END_REF][START_REF] Stupp | Effects of radiotherapy with concomitant and adjuvant temozolomide versus radiotherapy alone on survival in glioblastoma in a randomised phase III study: 5-year analysis of the EORTC-NCIC trial[END_REF].

Unfortunately, high-grade gliomas usually recur despite treatment. In most cases, the radiographic determination of tumor growth is obvious, but sometimes radiation effect or outright radiation necrosis mimics tumor growth and requires different treatment. As a result, sometimes reoperation and/or biopsy are needed to confirm the diagnosis or to debulk tumor prior to chemotherapy. If surgery is not an option, specific imaging modalities, prior to initiation of secondary therapies, may help to establish the probability of tumor growth versus radiation effect [START_REF] Alexiou | Glioma recurrence versus radiation necrosis: accuracy of current imaging modalities[END_REF][START_REF] Alexiou | Evaluation of brain tumor recurrence by (99m)Tc-tetrofosmin SPECT: a prospective pilot study[END_REF][START_REF] Kaplan | Thallium-201 brain tumor imaging: a comparative study with pathologic correlation[END_REF][START_REF] Kumar | Malignant gliomas: MR imaging spectrum of radiation therapy-and chemotherapy-induced necrosis of the brain after treatment[END_REF][START_REF] Wong | Correlation between dynamic MRI and outcome in patients with malignant gliomas[END_REF].

For relapsed glioma patients that did not receive adjuvant TMZ chemotherapy, therapy with TMZ still remains a good choice [START_REF] Yung | A phase II study of temozolomide vs. procarbazine in patients with glioblastoma multiforme at first relapse[END_REF][START_REF] Yung | Multicenter phase II trial of temozolomide in patients with anaplastic astrocytoma or anaplastic oligoastrocytoma at first relapse. Temodal Brain Tumor Group[END_REF]. Some authorities recommend rechallenge with alternative dosing TMZ for recurrent malignant gliomas even if patients had received previously standard TMZ chemotherapy [START_REF] Brandes | Temozolomide 3 weeks on and 1 week off as firstline therapy for recurrent glioblastoma: phase II study from gruppo italiano cooperativo di neuro-oncologia (GICNO)[END_REF][START_REF] Franceschi | Salvage temozolomide for prior temozolomide responders[END_REF][START_REF] Wick | New (alternative) temozolomide regimens for the treatment of glioma[END_REF]. Perry et al. using continuous dose-intense TMZ for recurrent or progressive gliomas on standard TMZ therapy reported benefit with 6month progression-free survival of 23.9% in patients with GBM and 35.7% in patients with anaplastic glioma [START_REF] Perry | Phase II trial of continuous dose-intense temozolomide in recurrent malignant glioma: RESCUE study[END_REF]. In this review we evaluated all major phase II trials for recurrent gliomas, published after the emergence of TMZ and all active chemotherapies prior to the TMZ era. Our goal was to construct an algorithm for the general oncologist and not the specialist neuro-oncologist, how to treat an individual patient with recurrent glioma after TMZ failure, depending on the individual patient characteristics.

Evaluation of phase II studies

The criteria used to evaluate the various therapies include response rate which is associated with reduction in progression rate [START_REF] Hess | Response and progression in recurrent malignant glioma[END_REF], histology which is a dominant factor in determining outcome [START_REF] Wong | Outcomes and prognostic factors in recurrent glioma patients enrolled onto phase II clinical trials[END_REF], and progression-free survival (PFS) which is a more reliable end-point than overall survival since it reflects the true antitumor benefit of the chemotherapy [START_REF] Levin | Impact of phase II trials with progression-free survival as end-points on survival-based phase III studies in patients with anaplastic gliomas[END_REF] (Table 1).

In addition, a six-month PFS is strongly associated with survival suggesting that it is a valid end point in recurrent glioma trials [START_REF] Ballman | The relationship between six-month progression-free survival and 12-month overall survival end points for phase II trials in patients with glioblastoma multiforme[END_REF][START_REF] Lamborn | Progression-free survival: an important end point in evaluating therapy for recurrent high-grade gliomas[END_REF]. Objective response as an endpoint in phase II glioma trials may have limitations due to the frequent low response rates observed in recurrent glioma trials rendering extremely difficult to assess its predictive value to PFS and overall survival [START_REF] Van Den Bent | End point assessment in gliomas: novel treatments limit usefulness of classical Macdonald's Criteria[END_REF]. Furthermore, the radiologic assessment of response to treatment in patients with recurrent glioma is vulnerable to substantial inter-observer inconsistency [START_REF] Vos | Interobserver variability in the radiological assessment of response to chemotherapy in glioma[END_REF].

However, if the treatment has efficacy and the objective response substantial, it may be linked to survival and could be a reliable predictor of a treatment benefit in recurrent glioma patients [START_REF] Prados | Response as a predictor of survival in patients with recurrent glioblastoma treated with bevacizumab[END_REF].

Typically, the rate of 6-month progression-free survival (PFS-6) is 21% for TMZ naïve patients with recurrent glioblastoma (GBM) after treatment with TMZ [START_REF] Yung | A phase II study of temozolomide vs. procarbazine in patients with glioblastoma multiforme at first relapse[END_REF]. The PFS-6 in studies of patients with anaplastic glioma (AG) ranged from 37 to 41% [START_REF] Levin | Impact of phase II trials with progression-free survival as end-points on survival-based phase III studies in patients with anaplastic gliomas[END_REF]. After primary therapy with radiotherapy and TMZ followed by adjuvant TMZ, no standard salvage therapy exists for patients with high-grade glioma, although the FDA has approved recently an antiangiogenic therapy with bevacizumab for recurrent GBM because of promising response rates and increased median PFS [START_REF] Kreisl | Phase II trial of single-agent bevacizumab followed by bevacizumab plus irinotecan at tumor progression in recurrent glioblastoma[END_REF].

Molecular targeted therapies

What defines this therapeutic approach varies among physician-scientists. On the one hand alkylating agents that "target" DNA could be called targeted therapy, although most consider targeted therapy to be therapy that is directed toward specific signaling pathways, whether cell surface receptors, signaling proteins in the cytosol, or enzymes important to transcription or DNA effects in the nucleus. Unfortunately, many of the new purported targeted therapies are, in fact, drugs that target anywhere from 3 to more than 5 other proteins and thus are far from being specific and targeted therapies. Common among many of the reversible tyrosine kinase inhibitors is unexpected systemic toxicity based on their promiscuous behaviour to receptor and intracellular kinases.

While many of the new targeted drugs have been studied alone, lack of definite activity in many cases has led to their use in combination with alkylating agents such as temozolomide or with other presumed targeting agents. Combination of molecularly targeted therapies, such as anti-angiogenesis through inhibition of the VEGFR pathway (eg, bevacizumab), EGF receptor tyrosine kinase inhibitors (gefitinib and erlotinib), PDGF receptor inhibitors (imatinib), mTOR inhibitors (temsirolimus and everolimus), and protein kinase C-beta and other angiogenesis pathway inhibitors (vatalanib and enzastaurin) may be in theory more efficient therapies however, the lack of specificity of many of the protein tyrosine kinase inhibitors has led to unexpected dose-limiting toxicities [START_REF] Omuro | Exploring multi-targeting strategies for the treatment of gliomas[END_REF]. Unfortunately, most studies with such compounds, apart from few exceptions, have proven ineffective. For example, a phase II trial of combination of imatinib mesylate, an ATP-mimetic, tyrosine kinase inhibitor, plus hydroxyurea, showed good tolerance but only moderate activity in some patients with recurrent AG [START_REF] Desjardins | Phase II study of imatinib mesylate and hydroxyurea for recurrent grade III malignant gliomas[END_REF]. Similarly, administration of gefitinib (250 mg/d), an EGFR inhibitor, after first-line chemotherapy showed limited activity in patients with recurrent gliomas [START_REF] Franceschi | Gefitinib in patients with progressive high-grade gliomas: a multicentre phase II study by Gruppo Italiano Cooperativo di Neuro-Oncologia (GICNO)[END_REF]. However, the maximum tolerated dose of gefitinib could be 500 to 1000 mg/kg depending on the concomitant use of non-EIAEDs or EIAEDs respectively [START_REF] Reardon | Phase 1 trial of gefitinib plus sirolimus in adults with recurrent malignant glioma[END_REF]. Cetuximab, an EGFR antagonist showed limited toxicity and activity against recurrent GBM independently of the EGFR status of the tumors [START_REF] Neyns | Stratified phase II trial of cetuximab in patients with recurrent high-grade glioma[END_REF]. Overall, studies on EGFR inhibitors found no significant activity of these agents in high-grade gliomas [START_REF] Brandes | Epidermal growth factor receptor inhibitors in neuro-oncology: hopes and disappointments[END_REF]. The phase II clinical trials for recurrent glioblastoma and anaplastic glioma after temozolomide failure are depicted in tables 2 and 3 respectively.

Anti-angiogenesis

Recent research and therapy strategies have focused on understanding the mechanisms leading to the origin of tumor angiogenesis in order to develop new approaches that effectively block angiogenesis and promote tumor regression [START_REF] Kargiotis | Mechanisms of angiogenesis in gliomas[END_REF]. Angiogenesis can be targeted by molecules against the vascular endothelial growth factor (VEGF), or its receptor, VEGFR (small molecule tyrosine kinase inhibitors) [START_REF] Chamberlain | Antiangiogenic therapy for high-grade gliomas[END_REF]. Although antiangiogenic treatment is usually well tolerated, life-threatening complications can occur, such as thromboembolism, hemorrhage and gastrointestinal perforation [START_REF] Norden | Colon perforation during antiangiogenic therapy for malignant glioma[END_REF].

Bevacizumab is a humanized monoclonal antibody against VEGF-A, that has been shown to have significant biologic activity in patients with recurrent GBM [START_REF] Kreisl | Phase II trial of single-agent bevacizumab followed by bevacizumab plus irinotecan at tumor progression in recurrent glioblastoma[END_REF] (Table 2).

Bevacizumab seems to suppress the enhancing tumor recurrence more effectively than the non-enhancing infiltrative tumor [START_REF] Norden | Bevacizumab for recurrent malignant gliomas: efficacy, toxicity, and patterns of recurrence[END_REF]. It has been shown that while antiangiogenic therapy improves PFS, it may not prolong overall survival in patients with recurrent malignant glioma [START_REF] Norden | An exploratory survival analysis of anti-angiogenic therapy for recurrent malignant glioma[END_REF]. Other studies have demonstrated that bevacizumab improved survival but it was unclear if it increased the invasiveness of the tumor [START_REF] Narayana | Antiangiogenic therapy using bevacizumab in recurrent high-grade glioma: impact on local control and patient survival[END_REF]. Furthermore, if patients progressed on a regimen consisted of a combination of bevacizumab with chemotherapy, rarely responded to a second bevacizumab-containing chemotherapeutic regimen [START_REF] Quant | Role of a second chemotherapy in recurrent malignant glioma patients who progress on bevacizumab[END_REF].

Irinotecan (CPT-11)

Irinotecan, is an inhibitor of topoisomerase I, crosses the blood-brain barrier and has antitumor activity against gliomas [START_REF] Vredenburgh | Experience with irinotecan for the treatment of malignant glioma[END_REF]. The activity of irinotecan may be limited though with the concomitant administration of enzyme-inducing antiepileptic drugs (EIAEDs), since the pharmacokinetic studies indicated that the total body clearance of irinotecan is markedly enhanced and the maximum tolerated dose is increased 3.5 times in this study population [START_REF] Gilbert | Phase I clinical and pharmacokinetic study of irinotecan in adults with recurrent malignant glioma[END_REF].

Cloughesy et al. reported in two studies with irinotecan (CPT-11) activity against recurrent glioma especially with escalating doses suggesting that patients on EIAEDs may be underdosed [START_REF] Cloughesy | Two studies evaluating irinotecan treatment for recurrent malignant glioma using an every-3-week regimen[END_REF]. However, Prados et al. failed to show such an association but the CPT-11 dose in patients that received EIAEDs was 750 mg/m2, lower to the maximum of 1700 mg/m2 that was used in the previous study [START_REF] Prados | A phase 2 trial of irinotecan (CPT-11) in patients with recurrent malignant glioma: a North American Brain Tumor Consortium study[END_REF].

Thalidomide

Thalidomide, an antiangiogenic agent, has been considered a therapeutic option for patients with recurrent GBM after failure of other more active chemotherapeutic drugs, since it is generally well tolerated [START_REF] Morabito | Thalidomide prolongs disease stabilization after conventional therapy in patients with recurrent glioblastoma[END_REF]. However, thalidomide as a single agent had very limited antitumor activity in patients with recurrent malignant gliomas [START_REF] Fine | Phase II trial of the antiangiogenic agent thalidomide in patients with recurrent high-grade gliomas[END_REF].

Fotemustine

Fotemustine, a third generation chloroethylnitrosourea given to recurrent glioma patients after TMZ failure showed very promising results and limited toxicity in three recent studies from Italy [START_REF] Fabi | Treatment of recurrent malignant gliomas with fotemustine monotherapy: impact of dose and correlation with MGMT promoter methylation[END_REF][START_REF] Fabrini | A multi-institutional phase II study on second-line Fotemustine chemotherapy in recurrent glioblastoma[END_REF][START_REF] Scoccianti | Second-line chemotherapy with fotemustine in temozolomide-pretreated patients with relapsing glioblastoma: a single institution experience[END_REF]. In addition, like other alkylating agents, fotemustine appears more effective in patients with O6-methylguanine-DNA methyltransferase (MGMT) gene promoter methylation [START_REF] Fabi | Treatment of recurrent malignant gliomas with fotemustine monotherapy: impact of dose and correlation with MGMT promoter methylation[END_REF].

Retinoids

Retinoic acid, a synthetic analog of vitamin A, has multiple biologic effects against malignant gliomas and may be suitable as a maintenance therapy for patients that enter a remission after a primary treatment [START_REF] Wismeth | Maintenance therapy with 13-cis retinoid acid in high-grade glioma at complete response after first-line multimodal therapy--a phase-II study[END_REF]. An earlier study of cis-retinoic acid (cRA) in recurrent glioma had indicated activity of this agent especially in GBMs [START_REF] Yung | Treatment of recurrent malignant gliomas with high-dose 13-cis-retinoic acid[END_REF]. However, a retrospective analysis of 82 patients with recurrent GBM, most of whom had been previously heavily treated with chemotherapy showed modest activity with cRA with response and stable disease of 45%, a median PFS of 19 wks, but in the subset of 11% who responded, the median PFS was 59 weeks [START_REF] See | 13-cis-retinoic acid in the treatment of recurrent glioblastoma multiforme[END_REF]. Another synthetic retinoid derivative, fenretinide, has been inactive in a phase II trial of recurrent malignant glioma [START_REF] Puduvalli | Phase II study of fenretinide (NSC 374551) in adults with recurrent malignant gliomas: A North American Brain Tumor Consortium study[END_REF]. Similar results were obtained with all-trans-retinoic acid (tretinoin) [START_REF] Kaba | The treatment of recurrent cerebral gliomas with all-trans-retinoic acid (tretinoin)[END_REF].

Combination chemotherapy 1. Bevacizumab and irinotecan

A combination of bevacizumab at 10-15mg/kg every 3 weeks with irinotecan at 125-340 mg/m2 depended on the use or not of EIAEDs and administered at various schedules showed significant activity in anaplastic glioma patients with PFS6 of 55% and median OS of 65 weeks [START_REF] Desjardins | Bevacizumab plus irinotecan in recurrent WHO grade 3 malignant gliomas[END_REF]. Activity of this regimen with acceptable toxicity was also documented in multiple phase II trials of only GBM patients [START_REF] Vredenburgh | Bevacizumab plus irinotecan in recurrent glioblastoma multiforme[END_REF][START_REF] Friedman | Bevacizumab alone and in combination with irinotecan in recurrent glioblastoma[END_REF] or studies that combined a mixture of recurrent GBM and AG patients [START_REF] Vredenburgh | Phase II trial of bevacizumab and irinotecan in recurrent malignant glioma[END_REF][START_REF] Kang | Irinotecan and bevacizumab in progressive primary brain tumors, an evaluation of efficacy and safety[END_REF][START_REF] Poulsen | Bevacizumab plus irinotecan in the treatment patients with progressive recurrent malignant brain tumours[END_REF][START_REF] Bokstein | Treatment with bevacizumab and irinotecan for recurrent high-grade glial tumors[END_REF].

Other irinotecan-based combinations

Puduvalli et al. reported that a combination of CPT-11 with the anti-angiogenesis agent thalidomide resulted in potentially promising results in 32 previously treated GBM patients, 83.8% of whom had temozolomide-based chemotherapies. The PFS6 in this study was 14%

and the median overall survival 30 weeks. However, in that study there were 4 deaths, 2 of them possibly due to treatment-related toxicity [START_REF] Puduvalli | Phase II trial of irinotecan and thalidomide in adults with recurrent glioblastoma multiforme[END_REF]. A smaller study in 16 patients with recurrent GBM using the same agents failed to show any additional benefit from the addition of thalidomide to irinotecan [START_REF] Fadul | A phase II study of thalidomide and irinotecan for treatment of glioblastoma multiforme[END_REF]. Combination of CPT-11 with VM-26 a topoisomerase II inhibitor showed no synergy between the 2 drugs and the results were comparable to results when each drug used individually [START_REF] Feun | Clinical trial of CPT-11 and VM-26/VP-16 for patients with recurrent malignant brain tumors[END_REF] In a phase I study the combination of BCNU with escalating dose of weekly administered CPT-11 was evaluated. From this study it was determined that, the recommended CPT-11 dose for patients on EIAEDs was 125 mg/m2 and for patients not on EIAEDs it was 225 mg/m2 [START_REF] Quinn | Phase 1 trial of irinotecan plus BCNU in patients with progressive or recurrent malignant glioma[END_REF]. However, a phase II trial employing such a combination resulted in comparable results to that of CPT-11 alone and increased toxicity [START_REF] Reardon | Phase 2 trial of BCNU plus irinotecan in adults with malignant glioma[END_REF]. Similarly, ACNU, another nitrosourea given alone or in combination with teniposide or cytarabine in patients with GBM after TMZ failure resulted in limited activity and considerable toxicity [START_REF] Happold | ACNU-based chemotherapy for recurrent glioma in the temozolomide era[END_REF]. The combination of CPT-11 and celecoxib, a selective COX-2 inhibitor was well tolerated and had a marginal activity against heavily pretreated recurrent glioma (mostly GBM) patients with PFS6 of 25.1% [START_REF] Reardon | Phase II trial of irinotecan plus celecoxib in adults with recurrent malignant glioma[END_REF].

Other chemotherapeutic combinations

Addition of metronomic etoposide in bevacizumab treated patients with recurrent glioma had no additional benefit compared to bevacizumab alone but resulted in increased toxicity [START_REF] Reardon | Metronomic chemotherapy with daily, oral etoposide plus bevacizumab for recurrent malignant glioma: a phase II study[END_REF].

Combination of carboplatin and high-dose tamoxifen in a mixture of patients with recurrent malignant gliomas of various histologies showed a median OS of 56 weeks similar to other active regimens and equivalent to those found using tamoxifen as monotherapy [START_REF] Tang | A phase II study of carboplatin and chronic high-dose tamoxifen in patients with recurrent malignant glioma[END_REF]. Use of pegylated liposomal doxorubicin in order to improve better penetration through the bloodbrain barrier, alone or in combination with high dose tamoxifen resulted in PFS6 of 15%, and median TTP of 17 weeks, suggesting moderate effectiveness in patients with recurrent highgrade glioma [START_REF] Hau | Pegylated liposomal doxorubicin-efficacy in patients with recurrent high-grade glioma[END_REF]. Combination of carboplatin at a dose of AUC 6mg x ml/min administered every 28 days, and erlotinib 150 mg/d had modest activity with median PFS of 9 weeks, PFS6 of 14%, and median OS of 30 weeks [START_REF] De Groot | Phase II study of carboplatin and erlotinib (Tarceva, OSI-774) in patients with recurrent glioblastoma[END_REF].

Nitrosourea combinations have long been popular and efficacious, although considerably more toxic than temozolomide-based treatments. Lomustine alone [START_REF] Wick | Phase III study of enzastaurin compared with lomustine in the treatment of recurrent intracranial glioblastoma[END_REF] or in combination with other agents [START_REF] Ahluwalia | Society for Neuro-Oncology Annual Meeting: a report of selected studies[END_REF] has demonstrated activity against recurrent GBM after temozolomide failure. Prior to temozolomide, a chemotherapy combination was developed called TPCH (6-thioguanine, procarbazine, lomustine and hydroxyurea) and was created to increase tumor cell kill and, hopefully, to reduce repair of DNA damage. The therapy was active against previously-treated recurrent anaplastic glioma but less so against glioblastoma [START_REF] Kyritsis | Combination of 6-thioguanine, procarbazine, lomustine, and hydroxyurea for patients with recurrent malignant gliomas[END_REF]. More recently, another combination chemotherapy protocol was developed called TCCC (6-thioguanine, lomustine or temozolomide, capectabine, celecoxib) and was designed to be used for patients failing either temozolomide (lomustine arm) or lomustine (temozolomide arm). The vast majority of patients were treated on the lomustine arm and, like the prior TPCH therapy, glioblastoma patients did not do as well as the anaplastic glioma patients that had combined response and stable disease rate of 68% with a PFS at 12 months of 44% [START_REF] Walbert | Combination of 6-thioguanine, capecitabine, and celecoxib with temozolomide or lomustine for recurrent high-grade glioma[END_REF].

Association of certain genetic abnormalities and response to chemotherapy

O(6)-methylguanine-DNA methyltransferase (MGMT), is a DNA repair enzyme that is frequently up-regulated in gliomas, rendering alkylating treatment insufficient [START_REF] Silber | O6methylguanine-DNA methyltransferase-deficient phenotype in human gliomas: frequency and time to tumor progression after alkylating agent-based chemotherapy[END_REF].

Methylation and silencing of MGMT promoter may be a favorable prognostic factor in patients with glioblastoma treated with alkylating agents [START_REF] Hegi | MGMT gene silencing and benefit from temozolomide in glioblastoma[END_REF]. Thus, in glioma patients if antiepileptic medication is needed, use of levetiracetam, a potent inhibitor of MGMT, may sensitize glioma cells to alkylating agents [START_REF] Bobustuc | Levetiracetam enhances p53-mediated MGMT inhibition and sensitizes glioblastoma cells to temozolomide[END_REF]. Furthermore, clinical trials to deplete MGMT by O-6-benzylguanine, a noncytotoxic substrate of this enzyme, in combination with alkylating agents are in progress [START_REF] Quinn | Phase I trial of temozolomide plus O6-benzylguanine for patients with recurrent or progressive malignant glioma[END_REF][START_REF] Quinn | Phase II trial of temozolomide plus o6-benzylguanine in adults with recurrent, temozolomide-resistant malignant glioma[END_REF].

In tumors of oligodendroglial origin the -1p/-19q genotype may predict response to cytotoxic chemotherapy and favorable outcome [START_REF] Walker | Clinical use of genotype to predict chemosensitivity in oligodendroglial tumors[END_REF]. However, the presence of polysomy for chromosomes 1 and 19 in anaplastic oligodendrogliomas with concurrent deletion of 1p/19q is a marker of early recurrence [START_REF] Snuderl | Polysomy for chromosomes 1 and 19 predicts earlier recurrence in anaplastic oligodendrogliomas with concurrent 1p/19q loss[END_REF]. Irinotecan as single agent in patients with recurrent, TMZ-refractory, 1p19q co-deleted, anaplastic oligodendroglioma showed only modest effect [START_REF] Chamberlain | CPT-11 for recurrent temozolomide-refractory 1p19q co-deleted anaplastic oligodendroglioma[END_REF], but improved activity with a combination of bevacizumab and irinotecan [START_REF] Taillibert | Bevacizumab and irinotecan for recurrent oligodendroglial tumors[END_REF], or bevacizumab alone [START_REF] Chamberlain | Bevacizumab for recurrent alkylator-refractory anaplastic oligodendroglioma[END_REF].

Future directions

Use of various dietary and nutraceutical approaches in patients with gliomas as adjuncts to standard therapies might prove to be beneficial for patients with recurrent gliomas. These agents include certain natural dietary components such as phytoestrogens and flavonoids, methionine restriction which may modulate MGMT activity and polyamine activity, antiinflammatory drugs, and certain polyunsaturated fatty acids such as gamma-linolenic acid (GLA) that may exert antineoplastic activity against gliomas without harming normal cells [START_REF] Kyritsis | Modulation of Glioma Risk and Progression by Dietary Nutrients and Antiinflammatory Agents[END_REF]. For example, intratumoral administration of GLA in 9 patients with recurrent GBM showed some effect and no significant side effects suggesting that high doses of GLA should be investigated in subsequent studies [START_REF] Bakshi | Gamma-linolenic acid therapy of human gliomas[END_REF]. Similarly, eflornithine (DFMO), an irreversible inhibitor of ornithine decarboxylase, the first enzyme in polyamine synthesis, has shown activity against gliomas as a single agent and in combination with cytotoxic drugs [START_REF] Levin | Phase I-II study of eflornithine and mitoguazone combined in the treatment of recurrent primary brain tumors[END_REF][START_REF] Levin | Phase III randomized study of postradiotherapy chemotherapy with combination alphadifluoromethylornithine-PCV versus PCV for anaplastic gliomas[END_REF][START_REF] Levin | Phase III randomized study of postradiotherapy chemotherapy with alpha-difluoromethylornithineprocarbazine, N-(2-chloroethyl)-N'-cyclohexyl-N-nitrosurea, vincristine (DFMO-PCV) versus PCV for glioblastoma multiforme[END_REF]. In patients with recurrent glioma and epilepsy, combination of chemotherapy with antiepileptic drugs that demonstrate antineoplastic activities might offer an additional benefit [START_REF] Kargiotis | AP Epilepsy in the cancer patient[END_REF].

Other potential useful approaches may include use of dendritic cell vaccines [START_REF] Wheeler | Dendritic cell vaccines to combat glioblastoma[END_REF], and gene therapy, virotherapy or stem cells as adjuncts to conventional therapies for gliomas [START_REF] Kyritsis | Viruses, gene therapy and stem cells for the treatment of human glioma[END_REF].

Replication-incompetent or competent viruses can be used either as gene delivery vehicles to gliomas or to induce oncolysis and avoid damage of the adjacent normal cells [START_REF] Kargiotis | Adenovirus-mediated transfer of siRNA against MMP-2 mRNA results in impaired invasion and tumor-induced angiogenesis, induces apoptosis in vitro and inhibits tumor growth in vivo in glioblastoma[END_REF][START_REF] Kyritsis | Viruses, gene therapy and stem cells for the treatment of human glioma[END_REF]. Similar approach consists of the use of stem cells for more efficient delivery of genetic material to glioma cells. Continuing research in improvement of gene transfer efficiency and stem cell technology may overcome various safety issues, and open new avenues in the management of gliomas in the future.

Conclusion

The management of newly diagnosed malignant gliomas include maximal surgery, postoperative radiation therapy and, commonly, adjuvant chemotherapy with TMZ. At recurrence, patients that did not receive adjuvant TMZ chemotherapy should probably receive a TMZ-based chemotherapy. Based on our personal objective evaluation of the published phase II trials, for patients that do not participate in phase II trials, we recommend the following chemotherapies after TMZ failure in order of priority (Figure 1): In patients with adequate bone marrow reserve and methylated MGMT status (likely sensitive to alkylating agents), nitrosourea (fotemustine, lomustine), bevacizumab/irinotecan and cis-retinoic acid. In patients with poor bone marrow reserve and methylated MGMT status, bevacizumab alone should be used followed by cis-retinoic acid. In patients with adequate bone marrow reserve and unmethylated MGMT (likely resistant to alkylating agents), bevacizumab/irinotecan followed by cRA, although TPCH or TCCC-like treatments might still have activity in about 30% of patients [START_REF] Kyritsis | Combination of 6-thioguanine, procarbazine, lomustine, and hydroxyurea for patients with recurrent malignant gliomas[END_REF] could be used. In patients with poor bone marrow reserve and unmethylated MGMT, bevacizumab alone followed by cis-retinoic acid is recommended.

Future studies employing dietary and nutraceutical approaches, tumor vaccines, gene therapy, virotherapy and stem cells may be proven to be useful as adjuncts to standard chemotherapies in order to improve the therapeutic benefit and prolong survival. 
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 1 Figure 1. Algorithm for management of glioma recurrence after initial surgery, radiotherapy
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 1 Endpoints for evaluation of phase II clinical trials in recurrent glioma

	Study	No	Age	Karnofsky	Prior	Prior
		patients	(range)		surgeries	chemotherapy

Table 2 .

 2 Results of phase II clinical trials in recurrent glioblastoma patients after temozolomide failure

	Study	Treatment	No	Toxicity levels 3/4	Response + Stable Disease, %	MPFS, weeks	PFS6 (95% CI)	Median OS, weeks	Comment
	Franceschi et al, 2007 [32]	Gefitinib	16	None	17.9		12.5% 38.4%) (1.6-	NC	Limited activity
	Neyns et al, 2009 [34]	Cetuximab	55	13.6%	35.1	7.6	7.3% (0-14%)	20	Limited activity No differences between EGFR + and EGFR -
	Puduvalli et al, 2008 [64]	CPT-11 and Thalidomide	32	56%	65.6	13	25% (14-46%)	36	CPT-11 with thalidomide is promising
	Fadul et al, 2008 [65]	CPT-11 and Thalidomide	16	37.5%	18.8		19% (4-46%)	41	Comparable to CPT-11 alone
	De Groot et al, 2008 [74]	Carboplatin and Erlotinib	43	100%	49.3	9	14% (4-24%)	30	Carboplatin with erlotinib has modest activity
	Fabrini et a,						48.7%		
	2009 [50]	Fotemustine	41	14%	62	23.6	(35.2-	NC	Fotemustine was safe and effective
							62.2)		
	Scoccianti et al, 2008 [51] Fotemustine	27	14.8%	48.1	22.8	48.1% (39.1-57.1)	36.4	Fotemustine was safe and effective
	Prados et al, 2006 [46]	CPT-11	38	On EIAED = 0 (Not on EIAED) = 19.6%	NC		15.7% (7-31%).		Ineffective
	Reardon et al, 2005 [70]	CPT-11 and celecoxib	33	21.6% On EIAED = 0 (Not on EIAED) =	55.8	11.1	48.6%) 27.5% (15.5-	31.1	CPT-11 and celecoxib had some activity

time of relapse to death; PFS6: progression-free survival at 6 months; EIAEDs: enzyme-inducing antiepileptic drugs; EGFR: epidermal growth factor receptor; EGFR +: amplified EGFR; EGFR -: Normal EGFR; cRA: 13-cis-Retinoic acid; NC: not clear; *: Objective response.

Table 3 .

 3 Phase II clinical trials in recurrent anaplastic glioma patients after temozolomide failure -6 previous chemotherapies, including temozolomide; Anaplastic glioma (AG): included patients with anaplastic astrocytoma, anaplastic oligodendroglioma and anaplastic mixed glioma; AO: anaplastic oligodendroglioma; MPFS: median progression-free survival; OS: overall survival, measured from time of relapse to death; PFS6: progression-free survival at 6 months; PFS12: progression-free survival at 12 months; EIAEDs: enzyme-inducing antiepileptic drugs; TTP: thrombotic thrombocytopenic purpura; MGMT: O6-methylguanine-DNA methyltransferase; NC: not clear; ND: Not determined; NR: Not reached.

	Study	Treatment	No	Toxicity levels	Response	MPFS,	PFS6,	PFS12,	Median OS,	Comment
				3/4	+ Stable	weeks	%	%	weeks	
					Disease,					
					%					
	Desjardins et	Imatinib	32	23%	43	11	24	14	33	Anti-tumor activity in
	al, 2007 [31]	mesylate plus								some AG patients
		hydroxyurea								
	Chamberlain	CPT-11	22 (AO)	14%	59	18	33	4.5	22	Modest activity in
	and Glantz,									recurrent 1p19q co-
	2008 [86]									deleted AO
	Fabrini et a,	Fotemustine	9	14%		37	66	NR	NC	Fotemustine was safe
	2009 [50]									and effective
	Fabi et al,	Fotemustine	26	35%	54	NC	NC	NC	NC	Fotemustine was
	2009 [49]									effective especially with
										MGMT promoter
										methylation
	Prados et al,	CPT-11	13	Grade 4 (EIAED)	ND	ND	23.1	ND	ND	Ineffective
	2006 [46]			= 0						
	Desjardins et	CPT-11 plus	33	1 CNS bleed	94	30	55	39	65	Active regimen
	al, 2008 [57]	bevacizumab		1 TTP						
	Taillibert et	CPT-11 plus	25 (AO)	24% intratumoral	88	20	42	ND	NR	Effective therapy for
	al, 2009 [87]	bevacizumab		bleed						recurrent AO
				symptomatic						No relation to 1p19q co-
				bleed 4%						deletion
	Vredenburgh	CPT-11 plus	9	NC	100	30	56	ND	NR	Active regimen with
	et al, 2007	bevacizumab								acceptable toxicity
	[58]									
	Chamberlain	Bevacizumab	22 (AO)	41 %	73	27	68	23	34	Efficacy and acceptable
	and Johnston,									toxicity
	2009 [88]									
	Walbert et al,	6-thioguanine	23 of 31	18% grade 3 and	68	24	44	44	54	Effective with acceptable
	2010 [78]	followed by	on	6% grade 4						toxicity
		lomustine or	lomustine	myelotoxicity						
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