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Introduction. Glioblastoma (GBM) and diffuse midline glioma (DMG) are aggressive forms of primary brain cancer that occur in adults and children, respectively. These tumours arise from glial cells in the brain and are characterised by a high degree of heterogeneity and invasiveness, leading to treatment resistance and poor patient survival. There is increasing interest in developing novel immune-based approaches for the treatment of GBM and DMG, including Chimeric Antigen Receptor (CAR)-T cells. However, emerging evidence suggests that myeloid cells present major barriers to the successful deployment of this therapeutic approach.
Aims. Our work aims to develop novel CAR-T cell therapies for GBM and DMG and understand myeloid-based resistance mechanisms that can be targeted to improve treatment success.
Results. We have identified multiple suitable CAR-T cell target antigens for adult and paediatric glioma, including GD2, FAP and EphA3. Using primary cell cultures, organoids and orthotopic mouse models derived from patient tumour material, we have validated the tumour-killing activity of CAR-T cells targeting one or multiple antigens. Moreover, we have progressed GD2-targeting CAR-T cells to phase I clinical trials, which are currently active at the Royal Adelaide Hospital and Sydney Children’s Hospital (for adult GBM and paediatric DMG patients, respectively). Early results are promising, including partial tumour regressions in many patients, but so far these responses have not been sustained and patients eventually relapse. Detailed characterisation of the tumour microenvironment (TME) using single cell RNA sequencing and flow cytometry confirmed the presence of dominant myeloid cell populations in human GBM, while biomarker analyses of clinical trial blood and CSF specimens revealed a negative correlation between immunosuppressive myeloid signatures and response to CAR-T cell therapy. Of note, the myeloid cell-dominated TME of human GBM is replicated in immune-competent mouse brain tumour models, where GD2 CAR-T cell therapy also has modest benefit, providing a useful platform to investigate strategies to overcome these barriers.
Discussion. Our clinical and pre-clinical program shows the potential of CAR-T cell therapies to transform the treatment of aggressive brain cancers, although myeloid cells in the TME present a significant barrier. Current work is focussed on exploring whether arming CAR-T cells with interleukin-15 may overcome myeloid-induced suppression of CAR-T cell activity in brain tumours and lead to more effective therapies.
