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Targeted systemic therapies for primary brain tumors

The diagnosis and treatment of malignant brain tumors have been a challenge in the past decades. However, great strides 
have been made recently in the field of neuro-oncology with advances in diagnostic tools, neurosurgical techniques, 
radiotherapeutic applications, development of potent chemotherapeutic agents, immuno-oncologic agents, dendritic cell 
vaccines and oncolytic viral therapies. In addition, new biologic modifiers such as antiangiogenic agents and molecular 
targeted therapies are changing the paradigm of diagnostic and therapeutic approaches based on their molecular genetic 
profiling. In 2016, for the first time, new WHO Classification Tumors of the Central Nervous System incorporated molecular 
parameters to histology to define many brain tumor types, thus, opening a new era for molecular based diagnosis and 
treatment. For example, glioblastoma is now subclassified based on MGMT methylation and isocitrate dehydrogenase (IDH) 
mutation status. Oligodendroglioma is now diagnosed based on 1IDH mutation and 1p19q co-deletion status and even if the 
tumor appears to resemble oligodendroglioma morphologically, but does not express IDH mutation and 1p19q co-deletion, 
then, it cannot be considered as oligodendroglioma but as astrocytoma.

The advent of molecular profiling including next generation sequencing with advances in understanding molecular genetics 
opened a new door for the treatment of malignant gliomas and tumors that were previously thought to be not treatable or 
resistant to conventional chemotherapeutic agents. High grade gliomas including glioblastoma have a poor prognosis with 
a median survival of 14–18 months with 5-year overall survival of <10%. Traditionally, the treatment of malignant gliomas 
including glioblastoma has been surgery and radiation therapy, however, the overall survival remained poor. The role of 
chemotherapy has been elusive with no clear benefit of improved survival until the introduction of temozolomide for the 
treatment of glioblastoma which has shown a clear benefit of tumor response and survival extending 5 years and beyond in 
a small group of long-term survivors, particularly, with MGMT methylation. There are other potential molecular targets 
including vascular endothelial growth factor (VEGF), epidermal growth factor receptor (EGFR), programmed cell death 
protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) and multi tyrosine kinases of many different pathways for therapeutic 
implications. Diffuse midline glioma is highly aggressive glioma affecting children and young adults that has a very poor 
prognosis especially with H3K27M mutation. However, ONC201, a highly selective antagonist of dopamine receptor D2 
(DRD2) and ClpP agonist, was found to be highly effective in a small trial for H3K27M mutant gliomas and if ongoing 
pivotal trial confirms the benefit of this drug, it could become a drug of choice for this indication. Other tumors such as 
meningiomas, craniopharyngiomas and pituitary tumors that were conventionally known to have no clear therapeutic options 
except surgery and radiation therapy are now found to have some interesting novel markers that could make them attractive 
for molecular targeted therapies such as VEGF, platelet-derived growth factor receptor (PDGFR), mammalian target of 
rapamycin (mTOR) and BRAF inhibitors.

To that extent, in this CCO focused series of the “Targeted systemic therapies for primary brain tumors”, Ali et al. and Wagel  
et al. eloquently discuss the role of targeted treatment options with stereotactic radiation for recurrent gliomas and targeted 
therapies in glioblastoma respectively while Kim and Martinez et al. extensively review the role of molecular targeted therapy 
options in the treatment of meningioma and other skull based tumors such as pituitary tumor and craniopharyngioma, respectively.

In conclusion, advances in medical engineering and nanotechnology that can enable us to identify specific biological 
markers and potential targets and subsequent development of therapeutic agents with better central nervous system (CNS) 
penetration and drug delivery system, advances in molecular genetic profiling and alteration, better understanding of cancer 
stem cell and inhibition and development of immuno-oncologic therapies, oncolytic viral therapies and vaccines are opening 
new opportunities for better targeted therapeutic options for the treatment of primary brain tumors based on their molecular 
characteristics that hopefully would improve the overall management and the outcome of the primary brain tumors.
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