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INTRODUCTION (FRANÇAIS)

Les gliomes diffus de bas grade constituent un groupe hétérogène de tumeurs cérébrales primitives, 

développées

INTRODUCTION

Diffuse low-grade gliomas (DLGG) consist of a group of rare primary brain tumors, originating from glial cells. They are relatively slow-growing tumors occurring in young adults that will constantly evolve into a high-grade glioma, with an overall median survival without treatment of six to seven years 1,2 , and with treatment reaching at least fourteen to fifteen years [START_REF] Jakola | Surgical resection versus watchful waiting in lowgrade gliomas[END_REF]3 .

The most common symptom is seizure and is often resistant to medical treatment alone. Early maximal and safe surgical resection is currently the first treatment of DLGG 4 . Awake surgery with intraoperative electrostimulation allows for the maximal tumor resection without postoperative neurological deficit, delaying anaplastic transformation and improving overall survival 5 .

Chemotherapy as adjuvant treatment in DLGG after surgery can be decided in some cases depending notably on biological parameters, clinical parameters, or the extent of resection. It can be also used in patients with re-evolution of the tumor residue or epilepsy relapse without feasible surgery 6 . Either Temozolomide (TMZ) 7 or PCV (procarbazine, lomustine/CCNU, vincristine) 8 have demonstrated efficacy in DLGG.

Chemotherapy-related cognitive impairment, such as executive, memory, or attention difficulties, was mainly demonstrated in non-central nervous system tumors, affecting up to 75% of patients during or after treatment 9 . In the context of glioma, few works have explored clinical neurocognitive functioning after TMZ or PCV. The limited data available does not seem to indicate an alteration in the quality of life in patients receiving TMZ [10][START_REF] Blonski | Combination of neoadjuvant chemotherapy followed by surgical resection as a new strategy for WHO grade II gliomas: a study of cognitive status and quality of life[END_REF][START_REF] Liu | Quality of life in low-grade glioma patients receiving temozolomide[END_REF][START_REF] Fountain | Reporting of patientreported health-related quality of life in adults with diffuse low-grade glioma: a systematic review[END_REF] .

Resting-state functional MRI (rs-fMRI) is a non-invasive and robust method for exploring functional brain networks. In DLGG patients, studies have indeed highlighted changes in brain activity (BA) along with morphological modifications, particularly in gray matter volume [START_REF] Lv | Neuroplasticity of Glioma Patients: Brain Structure and Topological Network[END_REF] . It has been shown before surgery [START_REF] Liu | Structural and Functional Reorganization Within Cognitive Control Network Associated With Protection of Executive Function in Patients With Unilateral Frontal Gliomas[END_REF][START_REF] Fang | Contralesional functional network reorganization of the insular cortex in diffuse low-grade glioma patients[END_REF] , and after surgery [START_REF] Boyer | Longitudinal Changes in Cerebellar and Thalamic Spontaneous Neuronal Activity After Wide-Awake Surgery of Brain Tumors: a Resting-State fMRI Study[END_REF][START_REF] Vassal | Recovery of functional connectivity of the sensorimotor network after surgery for diffuse low-grade gliomas involving the supplementary motor area[END_REF][START_REF] Coget | Transient immediate postoperative homotopic functional disconnectivity in low-grade glioma patients[END_REF][START_REF] Krainik | Role of the healthy hemisphere in recovery after resection of the supplementary motor area[END_REF] . Rs-fMRI has also been extensively used in other non-brain tumors: alterations of brain activity have been shown after chemotherapy in gastric cancer [START_REF] Kim | Altered intrinsic brain activity after chemotherapy in patients with gastric cancer: A preliminary study[END_REF] and breast cancer 9,[START_REF] Feng | Chemotherapy-induced brain changes in breast cancer survivors: evaluation with multimodality magnetic resonance imaging[END_REF] . However, to our knowledge, no study investigated potential functional changes in fMRI after chemotherapy with TMZ in DLGG.

Preserving functional networks and quality of life is essential for these patients owing to the long survival expectancy [START_REF] Duffau | Paradoxes of evidence-based medicine in lower-grade glioma: To treat the tumor or the patient?[END_REF] . Therefore, we believe that a better understanding of functional reorganizations after glioma treatment and notably after chemotherapy is necessary to help to improve therapeutic management and eventually quality of life.

Hence, we aimed at exploring functional fluctuations in the contralesional hemisphere using rs-fMRI in a cohort of patients with DLGG after at least three months of chemotherapy with TMZ. 

Data analysis

We started by discarding the first five volumes of rs-fMRI to ensure both equilibration of the magnetic field and participants' adaptation to the scanning environment. We then preprocessed the data, before extracting the brain activity data of interest for analysis. Details are described in the following.

Preprocessing

The rs-fMRI acquisitions were preprocessed using SPM (SPM12; http://www.fil.ion.ucl.ac.uk/spm/software) in MATLAB (R2020b; The Mathworks Inc.), following an 8-step method: 1) reorientation to the manually defined anterior commissure using T1-weighted imaging, 2) T1-segmentation (grey matter, white matter, cerebrospinal fluid), 3) slice timing, to correct for the temporal misalignment in slice acquisition due to the repeat time (TR), 4) correction for signal inhomogeneity, a potential confounder in image data analysis due to magnetic field nonuniformity, using a bias correction algorithm (N4ITK in ANTs) [START_REF] Tustison | N4ITK: improved N3 bias correction[END_REF] , 5) motion correction (with threshold set at 2.5 mm), 6) coregistration with T1-weighted sequence, 7)

normalization (based on T1 with the DARTEL approach to generate a template corresponding to each patient's age), and 8) smoothing (FWHM 6×6×6 mm).

As we aim to study the contralesional hemisphere, all images from patients with a right-sided tumor were flipped around the midline axis to virtually have the tumoral side on the left and the contralesional side on the right for all patients.

Extraction of brain activity maps

The amplitude of low-frequency fluctuations (ALFF) and regional homogeneity (ReHo) are two methods that describe brain activity at a local level, using different approaches.

ALFF corresponds to the total power spectrum within the frequency range between 0.01 and 0.1

Hz, calculated for each voxel time series, assuming that most of the relevant neuronal component of the signal is predominantly in the low-frequency range [START_REF] Yu-Feng | Altered baseline brain activity in children with ADHD revealed by resting-state functional MRI[END_REF] . It can be considered a reflection of neuronal activity power. ReHo, on the other hand, is based on the temporal correlation of a voxel time series to that of its local neighboring voxels and is another reproducible and accepted marker of local brain activity [START_REF] Jiang | Regional Homogeneity: A Multimodal, Multiscale Neuroimaging Marker of the Human Connectome[END_REF][START_REF] Zang | Regional homogeneity approach to fMRI data analysis[END_REF] .

Values of ALFF and ReHo were calculated for each voxel with the REST toolbox (https://www.nitrc.org/projects/rest) in MATLAB (R2020b; The Mathworks Inc.) and separated into different ROIs following the AAL (Automated Anatomical Labeling) atlas [START_REF] Rolls | Automated anatomical labelling atlas 3[END_REF] . As previously said, to better assess the effects of the chemotherapy alone with the least confounds related to local alterations by the tumor itself and the surgery, we chose to focus our analysis on the contralesional hemisphere. Thus, all the regions of the atlas belonging to the right hemisphere were manually selected for analysis. As such, any ROI from the posterior fossa was not included for analysis. The list of all included ROI is available for information in the supplementary table 1. For each ROI, one value corresponding to the median value of said region was retained and converted into Zscores for comparison. To check for a global effect of chemotherapy, a whole hemispheric value of ALFF and ReHo was also calculated, representing the median of all values in the right hemisphere.

Tumor volume

Tumor volumes were defined by first using a local experimental automated segmentation tool to generate masks of the lesions, which were then all thoroughly reviewed and corrected by hand using Mricron (v1.0.20190902, http://people.cas.sc.edu/rorden/mricron) (Figure 2).

This experimental tool relied on the nnU-Net framework, a self-adapting convolutional neural network that was recently proposed and has shown good performance for image segmentation tasks [START_REF] Isensee | nnU-Net for Brain Tumor Segmentation[END_REF] . This framework combines the U-net architecture [START_REF] Ronneberger | U-Net: Convolutional Networks for Biomedical Image Segmentation[END_REF] with data preprocessing techniques to improve efficiency and simplify application [START_REF] Isensee | nnU-Net: a self-configuring method for deep learning-based biomedical image segmentation[END_REF] . This nnU-Net was trained on routine clinical LGG images including pre-and post-surgical images to automatically segment DLGG lesions.

Their volumes were then calculated. The obtained masks were spatially normalized to Montreal Neurological Institute (MNI) stereotactic space using the parameters derived from T1normalization. 

Comparison with a control population

To increase sensitivity in the detection of functional alterations, we conducted a new methodology.

Using a local database of resting state brain intrinsic activity data from a large population of healthy volunteers, we compared the values of ALFF and ReHo from our study group to assess their deviation from the median values measured in a wider, more representative part of the general population. This control population consists in a total of 569 healthy volunteers (mean age: 66.9

+/-21 [12 -97]; sex ratio: 326 women/243 men). The processing pipeline of their rs-fMRI data was strictly identical (using SPM and REST toolbox in MATLAB), to generate similar ALFF and ReHo maps. Age-related reference intervals were then calculated for each region of the AAL atlas following steps of Altman's method [START_REF] Altman | Construction of age-related reference centiles using absolute residuals[END_REF] . First, a polynomial regression of degree 3 was performed on the values of the metrics to generate an age-dependent median. A second regression of lesser degree was then performed on the absolute value of the residuals to calculate the two bounds (lower/higher) corresponding to approximately two standard deviations (SD) each. Finally, we calculated for each patient the deviation of its metric (ALFF/ReHo) value from the median of the reference interval (said deviation expressed in percentage, positive when higher, negative when lower and zero when equal to the median).

Comparison by tumor response

As exploratory testing, to better evaluate the potential effect of the heterogeneity of tumoral response on our results, we compared the hemispheric ALFF and ReHo values between the ten patients with the better response to TMZ (higher tumor volume decrease, in percentage of initial tumor volume, mean -53.7%, SD 17.8), with the ten patients who progresses the most (higher tumor volume increase, mean +95.8%, SD 94) under treatment. 

Statistical analysis

Our data samples of ALFF and ReHo values were not normally distributed, hence the use of nonparametric tests. We started with a paired-samples Wilcoxon test to compare the differences in ALFF and ReHo values before and during chemotherapy, first in a whole hemisphere analysis to check for any diffuse and global effect of the TMZ, followed by a more precise ROI-based comparison. A value of p < 0.05 was considered statistically significant. For correction of multiple comparisons, adjusted p-values (false discovery rate, p-FDR corrected) were calculated using the Benjamini-Hochberg procedure [START_REF] Benjamini | Controlling the False Discovery Rate: A Practical and Powerful Approach to Multiple Testing[END_REF] .

We then assessed for any influence of potential confounds such as tumor volume difference (in cm 3 ) and the interval between MRI-1 and MRI-2 (in days); using Spearman's correlation coefficient between those and the difference in ALFF or ReHo values (difference was calculated as MRI-2 minus MRI-1).

The deviation from the normative values in the control population, being self-explanatory, was plotted to assess where our study group stands in relation to a wider healthy population and how their position evolves during chemotherapy.

The comparison of patients according to their response to chemotherapy was performed with a non-parametric Friedman test for repeated measures, taking into account only the patients who responded and those who progressed the most.

RESULTS

Population' characteristics

A total of forty-seven participants were included. Their characteristics along with the tumoral profiles are reported in Table 1.

All patients (n=47)

Age (years, mean +/-SD) 41 (+/-8.3)

Gender (n)

Female 25

Male 22

Handedness (n)

Right 37

Left 9

Ambidextrous 1 *histopathology is based on the 3 rd edition of WHO classification of tumors of the central nervous system (Louis et al., 2007). **consider lesion overlap in multiples lobes 5.2. ALFF and ReHo within the whole contralesional hemisphere First, we compared median ALFF and ReHo values within the whole contralesional hemisphere between MRI-1 and MRI-2 to check for global hemispheric alterations during chemotherapy, and no statistically significant difference has been highlighted (p = 0.85 and 0.83 respectively for ALFF and ReHo).

MRI magnet (n) 1,5T 20 

ALFF and ReHo analysis: ROI level

When comparing ReHo values in ROIs defined previously between MRI-1 and MRI 2, we did not observe any significant changes. Before correction, values appeared initially lower in right cuneus and thalamus regions during chemotherapy, but these differences did not remain significant after FDR correction (median difference -0.12 and -0.11; p-uncorrected = 0.01 and 0.03; p-FDR = 0.58 and 0.75 respectively).

Regarding ALFF values in ROIs previously defined, no significant difference was found from MRI-1 to MRI-2.

Confounders

We thought that the tumor volume difference (in cm 3 ) and the delay between the two MRIs (in days) could be important confounders in our analysis. However, we found no correlation between those variables and the differences of ReHo or ALFF values (p = 0.54 and 0.24 respectively for ReHo and p = 0.54 and 0.41 for ALFF).

Comparison with a control population

Concerning the whole contralesional hemisphere, the median of ALFF and ReHo was overall in the upper range of the normative values in the healthy population, while not exceeding the limits of standard deviation (+/-2 SD), both on MRI-1 and MRI-2 (Figure 4). There was a decrease between MRI-1 and MRI-2 that was not significant: ALFF went from +74% to +68% during chemotherapy (p = 0.91), and ReHo from +33% to +23% (p = 0.46). 

Comparison by tumor response

There is no statistically significant difference in ALFF (p = 0.79) or ReHo (p = 0.69) fluctuations between the patients with the higher tumoral volume decrease during treatment compared with those who progressed the most.

Figure 5. Plotted data (Box and Whisker plot) for ALFF and ReHo in patients who

responded and progressed under TMZ. In order, from left to right: responders beforeafter, progressors before-after.

DISCUSSION

This study is, to our knowledge, the first to investigate the potential changes in rs-fMRI after TMZ in DLGG. We found no statistically significant difference in ALFF or ReHo values between the two-time points, whether in the whole contralesional hemisphere or at a local level. This result suggests that chemotherapy has no significant short-term effect on local brain activity.

First one would expect disruption of functional networks. Neurological adverse effects of chemotherapy for non-brain tumors are well demonstrated with both clinical and functional examination, i.e., neurocognitive deficits or alteration in fMRI, but have not yet been studied with TMZ in the context of glioma. It has mostly been investigated in the context of breast cancer.

Zheng et al. showed in a cohort of 21 patients both neurocognitive impairment with a decrease in memory, attention, executive function, and processing speed, with in parallel, using rs-fMRI, increased ALFF in brain areas constituting the default mode network (DMN) [START_REF] Zheng | Study on Neurologic and Cognitive Dysfunction in Breast Cancer Patients Undergoing Chemotherapy with Resting State fMRI[END_REF] . Feng et al. also evaluated 17 patients using rs-fMRI and found increased within-network connectivity in resting state networks (RSN) after treatment of breast cancer, results that they hypothesized may be related to compensation for chemotherapy damage to maintain normal function [START_REF] Feng | Network-level functional connectivity alterations in chemotherapy treated breast cancer patients: a longitudinal resting state functional MRI study[END_REF] . Interestingly, in this same longitudinal study, these modifications tended to return to baseline levels six months after the end of treatment, supporting that the effects were temporary. In a meta-analysis, Kestler et al. demonstrated the possibility of using the DMN with fMRI as a potential biomarker of chemotherapy-related brain injury in breast cancer patients [START_REF] Kesler | Default mode network as a potential biomarker of chemotherapy-related brain injury[END_REF] . But in front of the known clinical evidence concerning neurological adverse effects of TMZ, our result may not be surprising. Indeed, TMZ has been shown to have limited neurocognitive toxicity. Studies on TMZ in gliomas were primarily focused on the efficacy and clinical benefits, with adverse effects mainly reported as secondary endpoints 7,10,[START_REF] Lashkari | Using different schedules of Temozolomide to treat low grade gliomas: systematic review of their efficacy and toxicity[END_REF][START_REF] Khan | A phase II study of extended low-dose temozolomide in recurrent malignant gliomas[END_REF][START_REF] Rudà | Efficacy of initial temozolomide for high-risk low grade gliomas in a phase II AINO (Italian Association for Neuro-Oncology) study: a post-hoc analysis within molecular subgroups of WHO 2016[END_REF][START_REF] Jaeckle | Phase III study of RT, RT + Temozolomide (TMZ), or TMZ for newly-diagnosed 1p/19q Codeleted Oligodendroglioma. Analysis from the initial study design[END_REF][START_REF] Wahl | Chemotherapy for adult low-grade gliomas: clinical outcomes by molecular subtype in a phase II study of adjuvant temozolomide[END_REF] . Most of the reported events were hematological disorders (neutropenia, lymphopenia, thrombocytopenia…), while other non-hematological events were not specific (nausea, fatigue). In a study focusing on the adverse effects of TMZ in DLGG as the primary endpoint, Pouratian et al. found comparable results [START_REF] Pouratian | Toxicity and efficacy of protracted low dose temozolomide for the treatment of low grade gliomas[END_REF] : the few neurological adverse effects reported were cognitive impairment for only one patient (4%), and depression for two patients (8%). The few studies available focusing on the quality of life rather than precise adverse effects tend to indicate that TMZ does not alter the patient's quality of life [START_REF] Blonski | Combination of neoadjuvant chemotherapy followed by surgical resection as a new strategy for WHO grade II gliomas: a study of cognitive status and quality of life[END_REF][START_REF] Liu | Quality of life in low-grade glioma patients receiving temozolomide[END_REF][START_REF] Fountain | Reporting of patientreported health-related quality of life in adults with diffuse low-grade glioma: a systematic review[END_REF] .

On the other hand, we could assume that in the case of the efficacy of the chemotherapy, fiber pathways would become free of glioma cells leading to subsequent improvement of information propagation along these fibers, better functioning neural network, and finally restored local brain activity in rs-fMRI 6 . However, no study has described clinical cognitive improvement or brain intrinsic activity enhancement after TMZ.

We have in this study precisely opted for a short delay between chemotherapy and fMRI assessment to be the least affected by the known and expected modifications related to brain reorganization. This short time frame may also partially explain the absence of statistically significant differences between the two MRIs. While there was no previous equivalent study in DLGG patients undergoing TMZ, other studies, mostly in breast cancer, chose the follow-up time point after the end of chemotherapy, often one month after. We have seen that the effects of chemotherapy on brain intrinsic activity may be temporary and most visible in the short term before a period of recovery. But the time point set to 3 months after the initiation of treatment, even with a final mean delay of 6 months (Table 1), may have been too early to detect beginning changes and can be thus considered as a limitation of our study. Even though, in this setting, we found no correlation between the delay between the two MRIs and the fluctuations in BA values.

With a study group of forty-seven patients, comparable to or even larger in size than previous studies [START_REF] Lv | Neuroplasticity of Glioma Patients: Brain Structure and Topological Network[END_REF] , statistical power seems sufficient. Nevertheless, more subtle changes might have not been detected. While the usual tests showed no notable difference, the new methodology of comparison to a wider healthy population (569 volunteers) allowed us to have another vision of our study group. We were able to see that after surgery and before chemotherapy (MRI-1), overall values of ALFF and ReHo in the contralesional hemisphere were both in the high range of the standard values. These observations can be related to the works of Almeirac et al., who demonstrated both an increase of functional connectivity [START_REF] Almairac | Homotopic redistribution of functional connectivity in insula-centered diffuse low-grade glioma[END_REF] and morphological changes [START_REF] Almairac | Contralesional macrostructural plasticity of the insular cortex in patients with glioma: A VBM study[END_REF] in the contralesional insula in insula-centered DLGG, hinting at a homotopic, contralateral structural plasticity in parallel of a functional reorganization in response to insular damage. Lv et al. also showed, in a review of 22 studies using fMRI in glioma patients, similar modifications in BA related to brain plasticity [START_REF] Lv | Neuroplasticity of Glioma Patients: Brain Structure and Topological Network[END_REF] .

For exploratory purposes, to better assess the potential impact of the heterogeneity of tumoral response on our results, we compared the evolution of BA values in the ten patients with the higher tumor volume decrease after TMZ to those with the higher tumor volume increase, and we found no significant difference. That is consistent with the previous result and adds evidence that tumor volume was not found as a confounding factor in this study.

Our study has other limitations, the first being the retrospective aspect. One main shortcoming related to that retrospective nature is the lack of scheduled concomitant clinical neurocognitive assessment at each time point. We selected patients with resting-state fMRI included in their routine radiological follow-up protocol, but systematic neurophysiological testing was not planned for every patient, when not needed. While it could have been difficult to draw conclusions as to the effects of chemotherapy itself on the potential results, it would have certainly been interesting to study it in parallel with rs-fMRI and to guide further studies.

In addition, our study group consists of patients treated for DLGG in the last decade, up to 2012.

In this interval, the WHO classification of central nervous system tumors was updated twice, to its fourth and fifth editions in 2016 and 2021 [START_REF] Louis | The 2021 WHO Classification of Tumors of the Central Nervous System: a summary[END_REF] . It now uses, in addition to histopathological features, immunohistochemical molecular markers, to allow for a more precise diagnosis and prognosis. But in our group, every patient treated between those dates has histopathological data that have not been necessarily updated after the initial surgery, thus a potentially more heterogeneous population than expected. That is also why we chose not to report in detail nor made use of the tumoral immunohistochemical profile of our patients, being not equally available for all.

CONCLUSION

In total, using a large sample of DLGG patients, we did not show any short-term effect of Temozolomide on brain intrinsic activity. These findings add evidence to the growing literature suggesting overall good neurological tolerance of TMZ. Future studies should aim to assess the longer-term potential effects of chemotherapy, coupled with clinical neurocognitive evaluation; and whether adjuvant chemotherapy helps to promote plasticity and brain reorganization after surgery.
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➢ Que les hommes m'accordent leur estime si je suis fidèle à mes promesses. Que je sois couvert (e) d'opprobre et méprisé (e) de mes confrères si j'y manque.

RESUME Objectifs

Cette étude a pour but de mettre en évidence les potentiels effets de la chimiothérapie adjuvante par Temozolomide sur l'activité neuronale locale dans le traitement des gliomes diffus de bas grade. 
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Figure 1 .

 1 Figure 1. Flowchart

Figure 2 .

 2 Figure 2. a. Left fronto-temporo-insular diffuse low-grade glioma. Notice the surgical cavity centering the residual lesion. b. Corresponding tumor mask (red) generated with an experimental automated segmentation software, manually corrected.

Figure 3 .

 3 Figure 3. Examples of DLGG patients under TMZ, with imaging response (a, b) or imaging progression (c, d). a, c. Before TMZ. b, d. During TMZ

Figure 4 .

 4 Figure 4. Plotted data compared to a control population. a. Whole hemispheric ALFF. b. Whole hemispheric ReHo. Y-axis: Z-score value. X-axis: age. Solid red line: median value in the control population. Dotted red lines: upper and lower range (+/-2 SD) in the control population. Blue dots: values corresponding to each participant (n=569) in the control population. Green dots: values corresponding to each participant (n=47) for MRI-1. Purple dots: values corresponding to each participant (n=47) for MRI-2. Blue star: centroid value of all patients in the study group (n=47).

  d'activité neuronale locale après chimiothérapie par Temozolomide. Pour cela, nous avons inclus quarante-sept patients opérés pour gliome diffus de bas grade, ayant bénéficié d'une IRM fonctionnelle de repos après chirurgie et avant chimiothérapie, puis après au moins une cure de TMZ. Afin de mettre en évidence des effets systémiques liés à la chimiothérapie et limiter les potentiels effets liés à la tumeur résiduelle elle-même ou les remaniements post-opératoires, nous avons décidé d'étudier les métriques d'activité neuronale locale dans l'hémisphère controlésionnel, dit « sain ». En extrayant des valeurs d'ALFF et de ReHo au sein de cet hémisphère, métriques reflétant de deux manières différentes l'activité neuronale locale, puis en les comparant entre les deux points d'intérêt, nous n'avons pas observé de différence statistiquement significative après chimiothérapie. Nous n'avons par ailleurs pas retrouvé de corrélation entre les fluctuations d'ALFF et de ReHo avec des facteurs potentiellement confondants que sont la variation de volume tumoral et le délai entre les deux IRM. Ce résultat suggère l'absence d'effet à court terme du TMZ sur l'activité neuronale. Cela va dans le sens des données cliniques issues de la littérature sur le TMZ, à savoir qu'il présente un bon profil de tolérance, avec très peu d'effets indésirables neurologiques, rares et non graves concernant ceux rapportés. Nous avons appliqué dans un second temps une méthode nouvelle, qui consiste à comparer les valeurs d'ALFF et de ReHo des 47 patients à une population contrôle plus large, regroupant 569 volontaires sains. Ce groupe constitue un vaste échantillon reflétant la norme dans la population saine source. L'intérêt de cette approche est de pouvoir situer nos patients par rapport à cette norme, et pourrait permettre un gain de sensibilité pour détecter des réorganisations fonctionnelles plus discrètes. Ainsi, nous avons pu observer que les valeurs de nos patients se situent initialement dans la fourchette haute des valeurs normatives en population saine, sans toutefois les dépasser (< + 2 DS). Cette augmentation globale des marqueurs d'activité neuronale dans l'hémisphère sain rejoint les données de précédentes études, qui ont démontré en effet que cette dernière est augmentée avant et après la chirurgie, du fait de mécanismes de plasticité cérébrale. Cette étude présente des limitations notamment du fait de l'évaluation relativement précoce des effets de la chimiothérapie. Il serait intéressant d'en évaluer les effets sur un délai plus long, afin d'avoir une meilleure vision de la dynamique d'évolution de l'activité neuronale sous chimiothérapie. Il serait également intéressant d'évaluer en parallèle des paramètres cliniques et neurocognitifs, pour corréler leur évolution respective dans le temps. Ces travaux futurs apparaissent importants pour avancer dans la compréhension de l'évolution sous traitement de ces patients, et ainsi optimiser leur prise en charge après la chirurgie.

Quarante-sept patients

  opérés pour lésion gliale de bas grade ayant bénéficié d'au moins trois mois de traitement par Temozolomide ont été inclus. Des acquisitions IRM avec séquences d'IRM fonctionnelle de repos avaient été réalisées avant et pendant chimiothérapie. Les valeurs d'ALFF et de ReHo, métriques d'activité neuronale, ont été extraites au sein l'hémisphère sain à l'échelle globale puis au sein des régions de l'atlas AAL. Nous avons comparé ces valeurs avant et pendant chimiothérapie puis les avons confrontées à une base de données témoin comportant 569 volontaires sains. Résultats La comparaison des valeurs d'ALFF et de ReHo obtenues lors des acquisitions IRM réalisées avant et pendant chimiothérapie, ne montre pas de différence statistiquement significative à l'échelle hémisphérique ou à l'échelle régionale. Par rapport à la base témoin, ces valeurs se situent dans les normes hautes, sans dépasser les limites supérieures (< +2 DS). Conclusion Nous ne montrons pas d'effet significatif à court terme de la chimiothérapie par Temozolomide sur l'activité neuronale locale au niveau de l'hémisphère sain chez des patients porteurs de lésions gliales de bas grade. Ces résultats sont concordants avec les données cliniques de la littérature indiquant une neurotoxicité limitée du Temozolomide et l'absence d'altération de la qualité de vie imputable au traitement chez ces patients. MOTS-CLES : gliome diffus de bas grade, activité neuronale, IRM fonctionnelle, Temozolomide, chimiothérapie
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  aux dépends des cellules gliales et correspondant précédemment aux grades II de la classification OMS. Il s'agit de lésions infiltrantes, de croissance constante et qui évoluent inexorablement vers des lésions de haut grade. Elles doivent ainsi être considérées comme des tumeurs pré-malignes.La chirurgie est au coeur de leur prise en charge actuelle. Elle se doit d'être maximale : il a été démontré que la résection complète ou subtotale améliore la survie globale en retardant la transformation maligne tout en préservant au mieux la qualité de vie. Dans certains cas, la 'IRMf, du fait de sa robustesse et reproductibilité, a été utilisée lors de nombreuses études chez des patients porteurs de gliomes diffus de bas grade. Des altérations de la connectivité fonctionnelle et de l'activité neuronale locale ont été démontrées à la fois en période préthérapeutique, liés à l'envahissement de la tumeur elle-même, mais aussi en période postopératoire, traduisant des phénomènes complexes de neuroplasticité et d'adaptation. Toutefois, à 'est pourquoi nous avons pour objectif dans cette étude d'analyser les variations des marqueurs d'activité neuronale locale dans l'hémisphère sain après chimiothérapie par TMZ chez des patients traités pour un gliome diffus de bas grade.

chimiothérapie par PCV ou Temozolomide (TMZ) peut être indiquée pour ralentir la progression de la maladie, avec des taux et durées de réponses relativement similaires, mais un meilleur profil de tolérance du TMZ. La toxicité des chimiothérapies, notamment neurocognitive, n'est plus à démontrer. Elle est communément admise sur le plan clinique, mais a également été prouvée à l'aide d'outils d'IRM fonctionnelle (IRMf) sur le plan de l'activité neuronale locale, altérée après chimiothérapie dans le cadre d'autres néoplasies primitives tels que le cancer du sein ou de l'estomac. Lnotre connaissance, aucune étude d'IRMf n'a été réalisée dans le contexte de chimiothérapie par TMZ. C

Table 1 . Patients' characteristics.

 1 

Supplementary table 1. List of all ROI included in the analysis, corresponding to the AAL atlas 28 .

  En présence des Maîtres de cette école, de mes chers condisciples et devant l'effigie d'Hippocrate, je promets et je jure, au nom de l'Etre suprême, d'être fidèle aux lois de l'honneur et de la probité dans l'exercice de la médecine.

	10. ANNEXES 52 Occipital_Mid_R	37	-80	19
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	56 Fusiform_R	34	-39	-20
	58 Postcentral_R	41	-25	53
	AAL index 60 Parietal_Sup_R Abbreviation	26	MNI coordinates -59 62
	62 Parietal_Inf_R	46	-46	50
	2 Precentral_R 64 SupraMarginal_R	41 58	-8 -32	52 34
	4 Frontal_Sup_R 66 Angular_R	22 46	31 -60	44 39
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	42 Amygdala_R	27	1	-18
	44 Calcarine_R	16	-73	9
	46 Cuneus_R	14	-79	28
	48 Lingual_R	16	-67	-4
	50 Occipital_Sup_R	24	-81	31
				31
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MATERIALS AND METHODS

Population

Forty-seven patients (mean age: 41 +/-8.3 [29 -67]; sex ratio: 25 women/22 men, Table 1) with DLGG were included in this study (Table 1). Participants were exhaustively selected from the