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A B S T R A C T

Despite advances in neurosurgical techniques and radio-/chemotherapy, the treatment of brain tumors remains a
challenge. This is particularly true for the most frequent and fatal adult brain tumor, glioblastoma (GB). Upon
diagnosis, the average survival time of GB patients remains only approximately 15 months. The alkylating drug
temozolomide (TMZ) is routinely used in brain tumor patients and induces apoptosis, autophagy and unfolded
protein response (UPR). Here, we review these cellular mechanisms and their contributions to TMZ chemore-
sistance in brain tumors, with a particular emphasis on TMZ chemoresistance in glioma stem cells and GB.

1. Glioblastoma: Epidemiology, classification and current
management

1.1. Epidemiology

Primary central nervous system (CNS) tumors are a histologically
diverse group of neoplasms with over one hundred distinct entities
identified in the current World Health Organization (WHO) classifica-
tion system (Louis et al., 2016). Glioblastoma (GB), a high grade form
of diffuse glioma, is the most common malignant CNS tumor in adults,
representing 46.6% of cases (Ostrom et al., 2016). The incidence of
adult GB increases with age, with a median age of 64 years at diagnosis
(Ostrom et al., 2016). The natural history is characterized by rapid,
aggressive growth and they are incurable at diagnosis. The outcomes

for GB remain poor, with modern therapies resulting in a median
overall survival (OS) of approximately 14 months (Stupp et al., 2009),
and a 5 year survival of only 5.5% (Ostrom et al., 2016). GB can result
in devastating neurological sequelae, with common presenting symp-
toms including weakness, visual and sensory changes, alterations in
mood, memory or executive function, headaches and seizures
(Alexander & Cloughesy, 2017). Given their high mortality and relative
resistance to conventional therapy, there has been significant interest in
improving our understanding of the molecular landscape and optimal
treatment of GB.

1.2. Classification

Classically, CNS tumors have been classified microscopically based
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