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Primary brain tumors is a large group of malignant and non-malignant tumors including heterogeneous entities with various biological and clinical behaviors. Up to recently diagnosis of brain cancers, that drives treatment decision-making, was based on integration of clinical, radiological and pathological features of patients and tumors. Over last years, practical neurooncology has entered an era of molecular-based personalized medicine. Indeed, molecular features of tumors provide critical information to physicians for daily clinical management of patients and for design of relevant clinical research.

Sporadic gliomas or glial tumors are the most common primary brain tumors in adults.

Recently, their medical management has been revolutionized by molecular data. Indeed, optimal therapeutic management of grade III glioma patients requires now assessment of chromosome arms 1p/19q copy number and IDH mutational statuses as predictive and prognostic biomarkers. Indeed, two large phase III clinical trials have demonstrated that early chemotherapy plus radiotherapy, versus radiotherapy alone, doubles median overall survival of patients suffering from 1p/19q co-deleted and/or IDH mutated anaplastic oligodendroglial tumor. Interestingly, both biomarkers have been identified in a large proportion of WHO grade II gliomas, their clinical value, in this population, is under investigations through multiple phase III clinical trials. In sporadic WHO grade I gliomas and specifically in pilocytic astrocytomas, MAPK signaling pathway activation is a frequent event, mainly due to genetic alterations involving BRAF gene. This characteristic opens new therapeutic perspectives using MAPK signaling pathway inhibitors. Finally, in the most aggressive gliomas, WHO grade IV gliomas, two critical biomarkers have been identified: (i) MGMT promoter methylation associated with longer survival and better response to chemotherapy and (ii) IDH mutations predicting better prognosis. Although, further studies are needed, MGMT promoter methylation will undoubtedly be transferred soon in clinical practice.

Molecular characteristics start to be valuable and indispensable in neuro-oncology for a better management of brain tumors patients. The upcoming future will be marked by identification of novel molecular biomarkers and their validation for clinical practice.

Résumé

Jusqu'à tout récemment, le diagnostic des tumeurs cérébrales, pivot de la prise en charge thérapeutique, était basé sur les caractéristiques clinico-radiologiques et neuropathologiques du patient et de la tumeur.

Ces dernières années, la neuro-oncologie clinique est entrée dans l'ère de la médecine personnalisée moléculaire. En effet, les caractéristiques moléculaires de la tumeur apportent des informations majeures au clinicien pour le traitement du patient.

Les gliomes sont les tumeurs cérébrales primitives les plus fréquentes chez l'adulte. Leur prise en charge médicale a été transformée, depuis peu, par les données moléculaires. A titre d'exemple, le traitement optimal des patients souffrant d'un gliome de grade III nécessite désormais la détermination des statuts des chromosomes 1p et 19q et des gènes IDH. En effet, deux essais cliniques de phase III ont démontré que la chimiothérapie précoce plus la radiothérapie, versus la radiothérapie seule, double la survie globale médiane des patients souffrant d'un gliome grade III 1p/19q co-délété et/ou IDH muté.

Les données moléculaires sont dorénavant indispensables en neuro-oncologie pour une prise en charge médicale optimale des patients. Les prochaines années seront incontestablement marquées, dans tous les sous-types de tumeurs cérébrales, par l'identification et la validation de nouveaux biomarqueurs moléculaires pertinents pour la pratique clinique.
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Introduction

Diagnosis of primary brain tumors in adults is based on cytological and pathological features (i.e. morphological aspects of tumor cells and their tissue organization). This subgroup of tumors is very heterogeneous in terms of pathology but also in terms of prognosis and response to anti-tumor treatments. Indeed, the World Health organization (W.H.O.) individualizes more than 100 entities defined by their putative embryological cell of origin, their anatomical location and their grade of malignancy from I to IV [START_REF] Louis | The 2007 WHO classification of tumours of the central nervous system[END_REF]. Taking into account all these parameters, five mains groups of primary brain tumors are individualized: (i) neuroepithelial tumors, (ii) meningeal tumors, (iii) hematopoietic tumors, (iv) germ cell tumors and (v) hypothalamopituitary tumors. These main subgroups are also subdivided into multiple subcategories. In the present review illustrating the impact of molecular characteristics of brain tumors in medical management of neuro-oncology patients, we will focus on the largest subgroup of neuroepithelial tumors in adults (i.e. glial tumors or gliomas). Indeed, gliomas are the most common primary brain tumors in adults. Every year, approximately 3000 to 4000 new cases are diagnosed in France [START_REF] Rigau | French brain tumor database: 5-year histological results on 25 756 cases[END_REF]. Based on tumor cell phenotype and grade of malignancy integrating cell density, cell differentiation, mitosis, necrosis and angiogenesis eight main subgroups of gliomas are distinguished by the W.H.O. classification: (i) grade I astrocytomas, (ii) grade II astrocytomas, (iii) grade II oligoastrocytomas, (iv) grade II oligodendrogliomas, (v) grade III astrocytomas (vi) grade III oligoastrocytomas, (vii) grade III oligodendrogliomas, and (viii) grade IV astrocytomas or glioblastomas [START_REF] Louis | The 2007 WHO classification of tumours of the central nervous system[END_REF].

Although the morphological aspect is quite similar within each glioma subgroup, clinical behavior of tumors within the same pathological group is very heterogeneous disconcerting physicians and limiting their ability to predict accurately clinical course, with or without treatments, in individual patient [START_REF] Van Den Bent | Interobserver variation of the histopathological diagnosis in clinical trials on glioma: a clinician's perspective[END_REF]. Therefore additional biomarkers are needed in clinics for better anticipation of clinical course of the disease.

Over the last years, mainly due to the development of novel high throughput technologies in molecular biology, significant advances have been accomplished in molecular characterization of brain tumors paving the way for a personalized medical management of glioma patients combining clinical, pathological, radiological and molecular features of tumors and patients. Through the group of gliomas, we will illustrate how molecular data already help physicians to overcome intertumor clinical heterogeneity, to guide treatments decision-making and to design relevant clinical research.

Grade IV glioma or glioblastoma

Glioblastoma or grade IV glioma is the most common and the most aggressive primary malignant brain tumors in adults. The annual incidence rate is estimated around 3.19 per 100000. Glioblastoma occur mainly in adults aged between 60 to 70 years old [START_REF] Ostrom | CBTRUS statistical report: primary brain and central nervous system tumors diagnosed in the United States in 2007-2011[END_REF][START_REF] Ostrom | The epidemiology of glioma in adults: a "state of the science" review[END_REF]. This tumor type is characterized by poorly differentiated tumor cells, abundant angiogenesis, high mitotic activity, areas of necrosis, and high tumor cells density. Several morphologic variant have been identified with imperfectly known clinical and biological significance [START_REF] Karsy | Established and emerging variants of glioblastoma multiforme: review of morphological and molecular features[END_REF].

The radiological aspect is quite characteristic. On MRI, glioblastoma usually appears as a large contrast ring-enhancing mass, with surrounding edema, central necrosis and mass effect on normal brain structures.

The main clinical prognostic factors are age and performance status. Indeed, younger patients (i.e. below 70 years old although additional threshold were used) and patients with good performance status (i.e. Karnofsky performance score above 70 although additional threshold are used) have better survival independently of treatments [START_REF] Li | Validation and simplification of the Radiation Therapy Oncology Group recursive partitioning analysis classification for glioblastoma[END_REF].

The standard of care for glioblastoma patients in good clinical conditions relies on maximal safe surgical resection, radiotherapy with concurrent temozolomide (an alkylating cytotoxic chemotherapeutic agent) and adjuvant temozolomide in young patients while it relies on hypofractioned radiotherapy alone in elderly patients [START_REF] Stupp | Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma[END_REF][START_REF] Keime-Guibert | Radiotherapy for glioblastoma in the elderly[END_REF].

Comprehensive molecular analysis of glioblastoma have been performed over the last years, worldwide, allowing identification of multiple molecular abnormalities with biological and clinical relevance.

MGMT is a gene located on chromosome 10 that encodes Methylguanine DNA methylguanine DNA methyltransferase, a DNA repair enzyme. MGMT protein, when expressed, removes alkylating lesions induced by alkylating chemotherapeutic agents to DNA. It has been shown in a translational study linked to a phase III clinical trial that MGMT promoter methylation is a prognostic biomarker but also a predictive biomarker of response to the standard of care for glioblastoma (i.e. radiotherapy with concurrent temozolomide plus adjuvant temozolomide). Indeed, patients with MGMT-methylated-glioblastoma survive longer (median overall survival, median OS=18.2 months) compared to their MGMTunmethylated counterparts (median OS=12.2 months) regardless of the treatments received.

Similarly, when treated with combined treatment, patients with MGMT-methylated tumor survive longer (median OS=21.7 months) compared to patients with MGMT-unmethylated tumor (median OS=12.7 months) [START_REF] Hegi | MGMT gene silencing and benefit from temozolomide in glioblastoma[END_REF]. The technical approach to assess MGMT promoter status in individual case is still debated making this major biomarker not enough mature for clinical use [START_REF] Wick | MGMT testing--the challenges for biomarker-based glioma treatment[END_REF][START_REF] Tabouret | Predictive biomarkers investigated in glioblastoma[END_REF]. The upcoming years will permit to validate and standardize its use in clinics.

EGFRvIII, is a truncated variant of EGFR (Epidermal growth factor receptor) located on chromosome 7. EGFRvIII induces a constitutive activation, independently from the ligand, of EGFR and EGFR signaling pathway. Interestingly, this genetic alteration is rare in normal cells and other subtypes cancer cell types. Therefore, EGFRvIII detected in approximately 20% of newly diagnosed glioblastoma appears as an interesting target for vaccine strategies [START_REF] Gan | The epidermal growth factor receptor variant III (EGFRvIII): where wild things are altered[END_REF]. A phase III clinical trial testing an EGFRvIII vaccine (rindopepimut) is ongoing after promising data resulting from a phase II clinical trial [START_REF] Sampson | Immunologic escape after prolonged progression-free survival with epidermal growth factor receptor variant III peptide vaccination in patients with newly diagnosed glioblastoma[END_REF].

Additional molecular alterations have been identified in glioblastoma [START_REF] Genome | Comprehensive genomic characterization defines human glioblastoma genes and core pathways[END_REF][START_REF] Killela | TERT promoter mutations occur frequently in gliomas and a subset of tumors derived from cells with low rates of self-renewal[END_REF][START_REF] Sturm | Hotspot mutations in H3F3A and IDH1 define distinct epigenetic and biological subgroups of glioblastoma[END_REF][START_REF] Parsons | An integrated genomic analysis of human glioblastoma multiforme[END_REF]. Although some of them are widely used as inclusion or stratification criteria in clinical trials, they have not reached clinical use yet.

WHO grade III gliomas or anaplastic gliomas

WHO grade III gliomas or anaplastic gliomas, include anaplastic astrocytomas, anaplastic oligoastrocytomas and anaplastic oligoastrocytoma. Anaplastic glioma are relatively rare gliomas accounting for approximately 20-25% of all gliomas. The median age of occurrence is 50 years [START_REF] Schwartzbaum | Epidemiology and molecular pathology of glioma[END_REF]. Pathological examination of anaplastic gliomas reveals signs of malignancy (i.e. cytonuclear atypia and/or mitotic activity) [START_REF] Louis | The 2007 WHO classification of tumours of the central nervous system[END_REF]. The radiological aspect on MRI is extremely heterogeneous ranging from a diffuse-low grade-like tumor (i.e. non contrastenhanced) to a glioblastoma-like lesion (i.e. ring contrast-enhancement with hypointense central area).

Similarly to imaging features, prognosis of anaplastic gliomas patients is also very heterogeneous across patients. Indeed, 25% of patients are short survivors (below 24 months) and 25% long survivors (over 10 years) [START_REF] Cairncross | Phase III trial of chemoradiotherapy for anaplastic oligodendroglioma: long-term results of RTOG 9402[END_REF][START_REF] Van Den Bent | Adjuvant procarbazine, lomustine, and vincristine chemotherapy in newly diagnosed anaplastic oligodendroglioma: long-term follow-up of EORTC brain tumor group study 26951[END_REF]. The management of these tumors relies on maximal safe resection, radiotherapy and/or chemotherapy.

Significant advances have been accomplished in molecular characterization of anaplastic gliomas over the last twenty years allowing deciphering this heterogeneous subgroup of diffuse gliomas into more homogeneous histomolecular subgroups [START_REF] Cairncross | Specific genetic predictors of chemotherapeutic response and survival in patients with anaplastic oligodendrogliomas[END_REF][START_REF] Reifenberger | Molecular genetic analysis of oligodendroglial tumors shows preferential allelic deletions on 19q and 1p[END_REF]. Indeed, three molecular subgroups with strong clinical relevance have been identified: (i) chromosome arms 1p/19q co-deleted and IDH mutated tumor, (ii) Non 1p/19q co-deleted and IDH mutated and (iii) Non 1p/19q co-deleted and Non IDH mutated [START_REF] Yan | IDH1 and IDH2 mutations in gliomas[END_REF][START_REF] Sanson | Isocitrate dehydrogenase 1 codon 132 mutation is an important prognostic biomarker in gliomas[END_REF].

The whole chromosome arms 1p and 19q co-deletion mediates an unbalanced reciprocal translocation t(1;19)(q10;p10) [START_REF] Idbaih | Two types of chromosome 1p losses with opposite significance in gliomas[END_REF][START_REF] Jenkins | A t(1;19)(q10;p10) mediates the combined deletions of 1p and 19q and predicts a better prognosis of patients with oligodendroglioma[END_REF][START_REF] Griffin | Identification of der(1;19)(q10;p10) in five oligodendrogliomas suggests mechanism of concurrent 1p and 19q loss[END_REF] (Figure 1). The putative chimeric gene resulting from this translation has not been identified so far [START_REF] Benetkiewicz | NOTCH2 is neither rearranged nor mutated in t(1;19) positive oligodendrogliomas[END_REF]. However, frequent inactivating point mutations have been identified in FUBP1 (far upstream element -FUSEbinding protein 1) gene and in CIC (capicua transcriptional repressor) gene located on chromosome arm 1p and 19q respectively [START_REF] Bettegowda | Mutations in CIC and FUBP1 contribute to human oligodendroglioma[END_REF]. CIC is a transcriptional regulator of tyrosine kinase receptors signaling pathway while FUBP1 transcriptional regulator of MYC (v-myc avian myelocytomatosis viral oncogene homolog) gene [START_REF] Jiménez | The Capicua repressor--a general sensor of RTK signaling in development and disease[END_REF][START_REF] Zhang | Far upstream element binding protein 1: a commander of transcription, translation and beyond[END_REF]. On imaging (i.e. brain MRI), diffuse low grade gliomas appear classically as T1 hypointense without contrast enhancement and T2 hyperintense lesions.

IDH (isocitrate
WHO grade II gliomas are infiltrative lesions with low level proliferative activity [START_REF] Louis | The 2007 WHO classification of tumours of the central nervous system[END_REF]. Indeed, WHO grade II gliomas are slow growing primary malignant brain tumors. However, they virtually all recur with volumetric or anaplastic (i.e. higher grade of malignancy) tumor progression compromising prognosis and quality of life of patients.

Prognosis of diffuse low grade gliomas is heterogeneous varying from a couple of years to more than 20 years. The median OS is 15 years [START_REF] Capelle | Spontaneous and therapeutic prognostic factors in adult hemispheric World Health Organization Grade II gliomas: a series of 1097 cases: clinical article[END_REF]. The clinical prognostic factors are: (i) age, (ii) astrocytoma phenotype, (iii) tumor size, (iv) crossing the blood brain barrier, (v) neurological deficit at diagnosis, (vi) cognitive status, (v) extend of surgery and (vi) growth velocity [START_REF] Pignatti | Prognostic factors for survival in adult patients with cerebral low-grade glioma[END_REF][START_REF] Soffietti | Guidelines on management of low-grade gliomas: report of an EFNS-EANO Task Force[END_REF][START_REF] Daniels | Validation of EORTC prognostic factors for adults with low-grade glioma: a report using intergroup 86-72-51[END_REF][START_REF] Pallud | Prognostic value of initial magnetic resonance imaging growth rates for World Health Organization grade II gliomas[END_REF].

Treatment of WHO grade II gliomas relies on maximal safe surgery for resectable tumor. For unresectable patients, after diagnostic biopsy, two therapeutic strategies are recommended based on the prognostic risk-group, the tumor growth rate and the seizure. The following parameters are included the risk classification: (i) age >40 years, (ii) astrocytoma phenotype, (iii) tumor size >6 cm, (iv) crossing midline and, (v) neurologic deficit. Patients with a score >= 3 are classified as high-risk patients for whom medical treatment is recommended. Patient exhibiting low-risk tumor can be managed with close clinical and radiological monitoring (i.e. wait and see strategy). Although debated due late-onset radiation-induced cognitive troubles, radiotherapy remains the standard of care in diffuse low-grade glioma patients requiring medical treatment. However, upfront chemotherapy merits consideration and discussion in particular cases [START_REF] Van Den Bent | Current treatment of low grade gliomas[END_REF][START_REF] Viaccoz | Chemotherapy in low-grade gliomas[END_REF]. 

Grade I glioma

The vast majority of WHO grade I gliomas are pilocytic astrocytomas. These WHO grade I are the most common glioma in children. Pilocytic astrocytomas in adults are rare and occur mainly in young adults at 20-25 years. The annual incidence rate of grade I in adults is estimated less than 0.33/100000 [START_REF] Ostrom | CBTRUS statistical report: primary brain and central nervous system tumors diagnosed in the United States in 2007-2011[END_REF][START_REF] Ostrom | The epidemiology of glioma in adults: a "state of the science" review[END_REF][START_REF] Johnson | Pilocytic astrocytoma survival in adults: analysis of the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute[END_REF].

The radiological features of pilocytic astrocytomas are singular with contrast enhanced nodule hooked on the wall of a cystic cavity. In adults, pilocytic astrocytomas are located in the supratentorial areas and infratentorial regions in 40% of cases in 40% respectively [START_REF] Johnson | Pilocytic astrocytoma survival in adults: analysis of the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute[END_REF].

Under the microscope, pilocytic astrocytomas are characterized by: (i) Rosenthal fibers, corkscrew-shaped intracytoplasmic inclusions (ii) eosinophilic granular bodies, (iii) cluster of tumor cells, (iv) bipolar diploid cell and (v) calcifications [START_REF] Wippold | Neuropathology for the neuroradiologist: Rosenthal fibers[END_REF]. This entity is peculiar in the large subgroup of gliomas. Indeed, it is the sole glioma that is curable with a complete tumor surgical resection. The malignant transformation, in contrast to the other subtype of gliomas (i.e. diffuse glioma) remains exceptional and debated.

Treatment of pilocytic astrocytoma relies on complete safe surgical resection. Radiotherapy and cytotoxic chemotherapy are usually used faced to a progressive unresectable disease.

Oncogenesis of grade I gliomas is mainly driven by Neurofibromin 1 (NF1) -Rat sarcoma viral oncogene homolog (RAS)-RAF-Mitogen-Activated Protein Kinase (MAPK) signaling pathway. Activation of MAPK intracellular signaling pathway induces tumor cells proliferation. Several genetic alterations activating MAPK signaling pathway have been identified in pilocytic astrocytoma. The most common genetic alteration is duplicationrearrangement of BRAF (V-raf murine sarcoma viral oncogene homolog B1) gene located on chromosome 7q34. BRAF encodes an intracellular serine-threonine kinase which is tandemduplicated and fused with various partners. The most frequent partner is KIAA-1549 also located in chromosome 7q34. The fusion BRAF-KIAA1549 is observed in approximately two third of pilocytic astrocytomas. Although less frequent, additional genetic alterations disrupting MAPK signaling pathway have been reported in pilocytic astrocytomas [START_REF] Jones | MAPK pathway activation in pilocytic astrocytoma[END_REF][START_REF] Roth | Chromosome Band 7q34 Deletions Resulting in KIAA1549-BRAF and FAM131B-BRAF Fusions in Pediatric Low-Grade Gliomas[END_REF].

The prognostic value of BRAF-fusion remains unsettled with conflicting results in the literature [START_REF] Roth | Chromosome Band 7q34 Deletions Resulting in KIAA1549-BRAF and FAM131B-BRAF Fusions in Pediatric Low-Grade Gliomas[END_REF].

Multiple MAPK pathway inhibitors (i.e. BRAF inhibitor, MEK inhibitor) are already available or under development. Pilocytic astrocytomas exhibiting genetic abnormalities disrupting MAPK are candidate diseases for these molecular targeted therapies. Interestingly, it has been shown that pilomyxoid astrocytoma, ganglioglioma and pleomorphic xanthoastrocytoma, which are other subtypes of gliomas with frequent MAPK signaling pathway activation, can respond to vemurafenib [START_REF] Chamberlain | Salvage therapy with BRAF inhibitors for recurrent pleomorphic xanthoastrocytoma: a retrospective case series[END_REF][START_REF] Skrypek | Pilomyxoid astrocytoma treated successfully with vemurafenib[END_REF][START_REF] Bufalo | Response of recurrent BRAFV600E mutated ganglioglioma to Vemurafenib as single agent[END_REF].

Discussion

In parallel to their impact in our understanding of basic central nervous system oncogenesis, genetic and more broadly molecular characteristics of brain tumors have increasing importance in medical management of neuro-oncology patients. Indeed, these molecular alterations become more and more essential in the standard of care of patients suffering from brain cancers. These molecular alterations are used as biomarkers or molecular targets for developing innovative molecular drugs and/or for designing smart clinical trials.

Although the vast majority of primary malignant brain tumors are sporadic, constitutional single nucleotid polymorphism associated with increased susceptibility have been identified. These polymorphisms as biomarkers of susceptibility to develop glioma participate to our understanding of gliomagenesis [START_REF] Shete | Genomewide association study identifies five susceptibility loci for glioma[END_REF][START_REF] Wrensch | Variants in the CDKN2B and RTEL1 regions are associated with high-grade glioma susceptibility[END_REF].

Diagnosis of brain tumors and particularly in WHO grade II/III gliomas is challenging in practice with high interobserver and intraobserver variability. Indeed, the semi-quantitative pathological and histological criteria of the WHO classification lack of reproducibility and clear-cut threshold. Molecular biomarkers already help pathologists in diagnosis. For instance, IDH immunostaining detecting the most common IDH1 mutation R132H strongly argue in favor of a grade II or grade III glioma [START_REF] Reuss | ATRX and IDH1-R132H immunohistochemistry with subsequent copy number analysis and IDH sequencing as a basis for an "integrated" diagnostic approach for adult astrocytoma, oligodendroglioma and glioblastoma[END_REF].

Prognosis is frequently discussed between in one hand neuro-oncologist and in the other hand glioblastoma patient and his family. In diffuse WHO IV tumor, MGMT promoter methylation status can be very helpful helping the physician to soften the dismal prognostic associated with this aggressive disease. Nonetheless, prognostic prediction should be cautious in individual patient due to interaction with other prognostic factors [START_REF] Teo | The validity of EORTC GBM prognostic calculator on survival of GBM patients in the West of Scotland[END_REF].

Treatment decision-making is pivotal in WHO grade III tumors. Radiotherapy was the standard of care for several years. PCV-chemotherapeutic regimen was known to be efficient in anaplastic gliomas and was deferred at recurrence. As mentioned above, two phase III clinical trials have demonstrated that delivering early PCV at diagnosis doubles median overall survival of patients suffering from 1p/19q co-deleted anaplastic glioma. This results has dramatically changed treatment decision-making and illustrates that molecular features are now mandatory for an optimal management of anaplastic glioma patients. IDH status is also mandatory for management of WHO grade III glioma patients. Additional biomarkers will undoubtedly be incorporated in neuro-oncology algorithms within the next years (e.g. MGMT promoter methylation; ATRX mutation, Histone H3.3 mutation; TERT promoter mutation) in routine neuro-oncology [START_REF] Killela | TERT promoter mutations occur frequently in gliomas and a subset of tumors derived from cells with low rates of self-renewal[END_REF][START_REF] Wu | The genomic landscape of diffuse intrinsic pontine glioma and pediatric non-brainstem high-grade glioma[END_REF][START_REF] Johnson | Mutational analysis reveals the origin and therapy-driven evolution of recurrent glioma[END_REF][START_REF] Heaphy | Altered telomeres in tumors with ATRX and DAXX mutations[END_REF]. ATRX mutations and TERT promoter mutations are mutually exclusive mutations which both result in the maintenance of telomere length. ATRX mutations are observed in most IDH-mutated gliomas without 1p/19q codeletion. They are easy to identify (nuclear loss of expression) and mutually exclusive with the 1p/19q co-deletion. TERT promoter mutations are frequently found either in de novo glioblastomas (80%) or in 1p/19q co-deleted gliomas (nearly constant). In de novo glioblastomas they are associated with poor prognosis. Histone H3.3 mutations are frequently found in brainstem gliomas, especially in children and young adults, where they represent an interesting diagnostic biomarker.

Finally, molecular characterization of brain tumors has identified targets for innovative treatment. Indeed, some molecular alteration are already actionable using molecular targeted drugs. For instance, MET amplification detected in some glioblastoma are druggable using crizotinib a c-MET inhibitor [START_REF] Chi | Rapid radiographic and clinical improvement after treatment of a MET-amplified recurrent glioblastoma with a mesenchymal-epithelial transition inhibitor[END_REF].

In summary, these last years have inaugurated the entry in the molecular neuro-oncology era (Table ). Indeed, nowadays, neuro-oncology practice should integrate clinical, radiological, pathological and molecular features of patients and their tumor. Although molecular data have opened diagnostic and therapeutic avenues they also raised several challenges that need to be addressed other the next years: (i) defining and validating the role of each biomarker in clinical management of brain tumor patients, (ii) defining and validating the technics to determinate each biomarker. 
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  dehydrogenase 1, NADP+) gene family encompasses three isoforms IDH1, IDH2 and IDH3. IDH3 has not been shown to be involved in gliomas. In contrast, the cytosolic isoforms IDH1 (encoded from chromosome arm 2q) and the mitochondrial isoform IDH2 (encoded from chromosome 15q) have been shown to be mutated in ~50% of anaplastic gliomas. Both genes are involved in cell metabolism. While the wild-type IDH enzyme convert isocitrate to 2 hydroxyglutarate, the mutated variant converts isocitrate to alphaketoglutarate acting as an oncometabolite promoting oncogenesis. Molecular characterization is now mandatory for an optimal medical management of WHO grade III glioma patients. Two large phase III randomized controlled phase III clinical trials conducted by the EORTC (European Organisation for Research and Treatment of Cancer) and the RTOG (Radiation Therapy Oncology Group) have demonstrated that patients suffering from anaplastic oligodendroglial tumor exhibiting chromosome arms 1p and 19q co-deletion double their median OS if they received early (i.e. just before or just after radiotherapy) cytotoxic chemotherapy with PCV regimen versus radiotherapy alone (~8 years versus ~16 years). PCV regimen includes the following cytotoxic agents: (i) procarbazine, (ii) lomustine and, (iii) vincristine [21,20]. Similarly, based on the RTOG phase III clinical trial, patients exhibiting IDH mutated anaplastic glioma benefit from early PCV (5.5 years versus 3.3 years) [33] (Figure 2). Overall 1p/19q co-deleted and IDH mutated anaplastic gliomas have the best and the intermediate prognosis respectively while non 1p/19q co-deleted and non IDH mutated anaplastic gliomas have the worse prognosis. The group of anaplastic gliomas clearly demonstrated that molecular features of tumors have nowadays dramatic therapeutic impacts in medical management of primary brain tumor patients. WHO grade II glioma or diffuse low grade gliomas WHO grade II gliomas or diffuse low grade gliomas include grade II astrocytomas, grade II oligoastrocytomas and grade II oligodendrogliomas. They represent approximately 15-20% of all diffuse gliomas. They affect young adults with median age at diagnosis of ~40 years[19].

  Similarly to what was described above in anaplastic gliomas, molecular characterization of WHO grade II gliomas has identified three major molecular subgroups with clinical relevance: (i) 1p/19q co-deleted and IDH mutated tumor, (ii) Non 1p/19q co-deleted and IDH mutated and (iii) Non 1p/19q co-deleted and non IDH mutated. Although, several studies have shown the positive prognostic value of 1p/19q co-deletion and IDH mutation in WHO grade II diffuse gliomas, three major clinical trials are currently investigating prospectively in a robust manner their prognostic and predictive value (www.clinicaltrials.gov). Molecular biomarkers will undoubtedly be integrated in medical management of diffuse low grade gliomas soon based on the results of the ongoing phase III clinical trials.
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 1 Figure 1. Single nucleotid polymorphism (SNP) array profiles of two anaplastic
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 2 Figure 2. Current approach to anaplastic gliomas as recommended by the French POLA (Prise
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Table . Main molecular biomarkers used or close to be used in clinical neuro-oncology

 . IHC: immunohistochemistry; GBM: glioblastoma; LOH: loss of heterozygosity; FISH: fluorescence in situ hybridization; MSP:methylation specific PCR; rtPCR: real-time PCR

		across histologies	better outcome in grade II	grade II to IV gliomas	
			and III gliomas		
	Predictive value	IDH 1/2 mutation Yes, mutated anaplastic	1p/19q co-deletion Yes, co-deleted grade III	MGMT promoter Yes, methylated grade III	BRAF alteration Possible biomarker for
		gliomas benefit from	gliomas benefit from	methylation gliomas benefit from	targeted therapies
	Biological consequence	Increased concentrations adjuvant PCV	Unclear, recurrent adjuvant PCV	Reduced DNA repair adjuvant PCV	MAPK pathway activation
		of 2-hydroxyglutarate, chemotherapy, possible	mutations of CIC (19q) chemotherapy	chemotherapy and	
		hypermethylated biomarker for targeted	and FUBP1 (1p)	methylated GBM from	
		phenotype (G-CIMP) therapies		temozolomide	
	Methods of assessment IDH: isocitrate dehydrogenase;	IHC for IDH1 R132H,	Microsatellite analysis for	MSP or pyrosequencing	duplication/fusion: FISH,
		sequencing for other	LOH, FISH, genomic		rtPCR; mutation: IHC for
		IDH1 and IDH2	arrays		BRAFV600E, sequencing
		mutations			
	Frequency				
	Diffuse intrinsic brainstem	Children : 0%	Children : 0%	Unknown	Children : 0%
	glioma	Adults : 30%	Adults : <1%	Adults :	Adults : 0%
	Pilocytic astrocytoma	0%	0%	<10%	60-80%
					(duplication/fusion : 50-
					70% ; mutation : 10%)
	Pleomorphic	0%	0%	10-20%	60-70% (mutation)
	xanthoastrocytoma				
	Grade II astrocytoma	70-80%	15%	40-50%	<5%
	Grade II	70-80%	60-80%	60-80%	<5%
	oligodendroglioma				
	Grade III astrocytoma	50-70%	15%	50%	<5%
	Grade III	50-80%	60-80%	70%	<5%
	oligodendroglioma				
	Glioblastoma	5-10% (secondary GBM) < 5%	35-50%	<5%
	Diagnostic value	Yes, allows the diagnosis	Strong association with	No	Yes, strong associations
		of diffuse glioma	oligodendroglial		with pilocytic astrocytoma
			morphology		and pleomorphic
					xanthoastrocytoma
	Prognostic value	Yes, better outcome	Yes, associated with	Yes, better outcome in	Unclear
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